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A b s t r a c t 

I n o u r e v e r y d a y l i v e s we a r e s u r r o u n d e d by c o n t r o l 
s y s t e m s . C o m p u t e r b a s e d c o n t r o l s y s t e m s a r e beco m i n g 
i n c r e a s i n g l y i m p o r t a n t . The h a r d w a r e c u r r e n t l y e x i s t s i n 
t h e m a j o r i t y o-f s c h o o l s w h i c h w o u l d e n a b l e p u p i l s t o 
p a r t i c i p a t e i n c o m p u t e r b a s e d c o n t r o l . 

P r i m a r y s c h o o l s a r e b e g i n n i n g t o r e c o g n i s e t h e p o t e n t i a l 
o-f c o m p u t e r b a s e d c o n t r o l . However, c o n t r o l d o e s n o t 
g e n e r a l l y - f e a t u r e i n t h e - f i r s t o r s e c o n d y e a r c u r r i c u l u m 
i n s e c o n d a r y s c h o o l s , w h i c h o n l y t e n d t o p r o v i d e 
e x p e r i e n c e o f i t t o f o u r t h and f i f t h f o r m p u p i l s a s p a r t 
o f t h e i r e x a m i n a t i o n c o u r s e s . 

T h i s r e s e a r c h a t t e m p t s t o e s t a b l i s h w h e t h e r c o m p u t e r b a s e d 
c o n t r o l i s a s u i t a b l e a c t i v i t y f o r f i r s t and s e c o n d y e a r 
p u p i l s . I t d r a w s f r o m t h e e x p e r i e n c e o f many c u r r i c u l u m 
a r e a s and a r g u e s t h a t t h e a c t i v i t i e s a s s o c i a t e d w i t h 
c o m p u t e r b a s e d c o n t r o l a r e c o n s i s t e n t w i t h t h e p r e v i o u s 
e x p e r i e n c e o f p u p i l s ; t h a t p u p i l s w o u l d be m o t i v a t e d by 
t h e a c t i v i t i e s and t h a t t h e y w o u l d d e v e l o p p r o c e d u r a l 
u n d e r s t a n d i n g . 

T h e t h e s i s d e s c r i b e s ? a s u r v e y i n t o o w n e r s h i p and u s e o f 
c o n s t r u c t i o n k i t s j a t w e l v e week c o u r s e i n c o m p u t e r b a s e d 
c o n t r o l ; t h e r e s o u r c e s w h i c h w e r e d e v e l o p e d t o s u p p o r t t h e 
c o u r s e ; and t h e t r i a l s o f t h e c o u r s e . 

T h e r e s e a r c h s u g g e s t s t h a t c o m p u t e r b a s e d c o n t r o l c a n 
p r o v i d e s u i t a b l e a c t i v i t i e s f o r t w e l v e and t h i r t e e n y e a r 
o l d p u p i l s . I t i d e n t i f i e s a number o f p r o b l e m s w h i c h seem 
t o i n d i c a t e t h a t when m o d e l l i n g p u p i l s t e n d t o o p e r a t e a t 
an a e s t h e t i c r a t h e r t h a n f u n c t i o n a l l e v e l , and t h a t t h e 
d i f f i c u l t y w h i c h p u p i l s e n c o u n t e r w i t h a t a s k i s a 
f u n c t i o n o f t h e number o f ' s t e p s ' i n v o l v e d i n t h e t a s k . 



An i n v e s t i g a t i o n i n t o t h e f e a s i b i l i t y o f i n t r o d u c i n g 
c o m p u t e r b a s e d c o n t r o l i n t o t h e e a r l y y e a r s o f s e c o n d a r y 
e d u c a t i o n . 
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C h a p t e r 

An I n t r o d u c t i o n to C o n t r o l Technology 



We a r e s u r r o u n d e d by, and a r e r e l i a n t upon, c o n t r o l 

s y s t e m s . T h e y a r e n o t r e c e n t i n n o v a t i o n s ; t h e y h a v e been 

u s e d by man s i n c e he f i r s t b e g a n t o d e v e l o p t e c h n o l o g i c a l 

d e v i c e s . Our c u r r e n t l i f e - s t y l e and e x p e c t a t i o n s a r e 

a t t r i b u t a b l e t o o u r a b i l i t y t o c o n t r o l i n c r e a s i n g l y 

c o m p l e x d e v i c e s . C o n t r o l T e c h n o l o g y i s c o n c e r n e d w i t h t h e 

d e v e l o p m e n t and o p e r a t i o n o f c o n t r o l s y s t e m s . 

A c o n t r o l s y s t e m c o l l e c t s and p r o c e s s e s i n f o r m a t i o n i n 

o r d e r t o c o n t r o l a d e v i c e o r p r o c e s s . S y s t e m s c a n be 

d e s c r i b e d i n t e r m s o f t h e i n f o r m a t i o n w h i c h i s i n p u t t o 

and o u t p u t f r o m them. 

E a r l y c o n t r o l s y s t e m s e m p l o y e d humans t o c o l l e c t 

i n f o r m a t i o n . Someone w o u l d ' t a k e t h e t e m p e r a t u r e ' o f a 

k i l n , ' s e e how f a s t t h e w i n d m i l l was t u r n i n g ' e t c . The 

a c c u r a c y and s p e e d o f t h e s e s y s t e m s was d e t e r m i n e d by 

t h e human o p e r a t o r . I n o r d e r t o m a x i m i s e t h e e f f i c i e n c y o f 

a s y s t e m and t o m i n i m i s e t h e r u n n i n g c o s t s t e c h n o l o g i s t s 

h a v e c o n t r i v e d t o r e d u c e t h e 'human e l e m e n t ' i n c o n t r o l 

s y s t e m s and s o , a s t e c h n o l o g y h a s d e v e l o p e d , i t h a s 

become p o s s i b l e f o r c o n t r o l s y s t e m s t o c o l l e c t i n f o r m a t i o n 

d i r e c t l y . T h i s d a t a c o l l e c t i o n i s p e r f o r m e d by 

t r a n s d u c e r s . A t r a n s d u c e r i s a d e v i c e w h i c h " c o n v e r t s a 

s i g n a l o r p h y s i c a l q u a n t i t y o f one k i n d i n t o a 

c o r r e s p o n d i n g p h y s i c a l q u a n t i t y o f a n o t h e r k i n d " ( B S 1 5 2 3 ) . 

T h i s d e f i n i t i o n , a s w e l l a s c o v e r i n g s e n s i n g d e v i c e s s u c h 

a s s w i t c h e s , t h e r m i s t e r s and p o t e n t i o m e t e r s , a l s o c o v e r s 

a c t u a t o r s s u c h a s m o t o r s and i n d i c a t o r s w h i c h c a u s e some 

c h a n g e t o t a k e p l a c e i n t h e o u t s i d e w o r l d . An ' i n p u t ' 

t r a n s d u c e r i s o n e w h i c h p r o v i d e s i n f o r m a t i o n t o a c o n t r o l 



s y s t e m and an ' o u t p u t ' t r a n s d u c e r i s one w h i c h i s 

c o n t r o l l e d by a s y s t e m . A c o n t r o l s y s t e m c a n t h e r e f o r e 

b e d e s c r i b e d i n t e r m s o f t h r e e c o m p o n e n t s ; t h e i n p u t 

t r a n s d u c e r s , t h e p r o c e s s i n g e l e m e n t and t h e o u t p u t 

t r a n s d u c e r s . 

A c o n t r o l s y s t e m 

i n p u t 
t r a n s d u c e r s 

p r o c e s s i n g 
e l e m e n t 

o u t p u t 
t r a n s d u c e r s 

i n p u t 
t r a n s d u c e r s 

p r o c e s s i n g 
e l e m e n t 

o u t p u t 
t r a n s d u c e r s t 

T h e p r o c e s s i n g e l e m e n t o f a s y s t e m c a n t a k e many d i f f e r e n t 

f o r m s . I t c o u l d be a s i m p l e m e c h a n i s m , an a n a l o g o r 

d i g i t a l c o n t r o l c i r c u i t o r a p n e u m a t i c l o g i c s y s t e m . W i t h 

a n y o f t h e s e s y s t e m s t h e r e q u i r e d c o n t r o l s e q u e n c e w i l l 

h a v e b e e n t r a n s l a t e d i n t o e i t h e r a m e c h a n i c a l l i n k a g e , an 

e l e c t r o n i c c i r c u i t o r a p n e u m a t i c l o g i c s y s t e m . The 

c i r c u i t w i l l h a v e b e e n d e s i g n e d f o r one s p e c i f i c 

a p p l i c a t i o n and w i t h o u t m o d i f i c a t i o n c o u l d n o t be u s e d f o r 

a n y t h i n g e l s e . S u c h s y s t e m s a r e t h e r e f o r e v e r y l i m i t e d i n 

t h e i r a p p l i c a t i o n and a r e r e l a t i v e l y e x p e n s i v e a s e a c h one 

i s p r e p r o g r a m m e d . 

As t e c h n o l o g y d e v e l o p e d i t was f o u n d t h a t c o m p u t e r s c o u l d 

b e u s e d i n s t e a d o f t h e s e more t r a d i t i o n a l p r o c e s s i n g 

c o m p o n e n t s . T h e m a j o r a d v a n t a g e o f u s i n g c o m p u t e r s i s 

t h a t t h e y c a n be programmed t o p e r f o r m a s p e c i f i c t a s k . 

S h o u l d t h e r e q u i r e m e n t s c h a n g e t h e c o m p u t e r c a n 

s i m p l y be r e p r o g r a m m e d . R i s i n g l a b o u r c o s t s i n t h e W e s t e r n 

e c o n o m i e s and t h e i n c r e a s i n g number o f m a n u f a c t u r i n g t a s k s 



w h i c h n e e d t o be c a r r i e d o u t i n h o t , h e a v y o r t o x i c 

e n v i r o n m e n t s h a v e i n c r e a s e d t h e demand f o r a u t o m a t e d 

s y s t e m s . 

T h e a d v e n t o f t h e m i c r o p r o c e s s o r meant t h a t a f l e x i b l e 

c o n t r o l e l e m e n t c o u l d be p r o d u c e d r e l a t i v e l y c h e a p l y . T h i s 

s t i m u l a t e d i n t e r e s t i n , and demand f o r , i n c r e a s i n g l y 

s o p h i s t i c a t e d c o n t r o l s y s t e m s and h a s l e ^ t o t h e 

s i t u a t i o n i n w h i c h we f i n d o u r s e l v e s t o d a y - s u r r o u n d e d by 

c o n t r o l s y s t e m s . As s o c i e t y and i n d u s t r y comes t o t e r m s 

w i t h e a c h new a p p l i c a t i o n o f c o n t r o l s y s t e m s , i t d i s c o v e r s 

many o t h e r p o t e n t i a l a p p l i c a t i o n s and makes demands upon 

t e c h n o l o g y f o r f u r t h e r d e v e l o p m e n t s i n t h i s a r e a . 

T h e g e n e r a l p u r p o s e m i c r o c o m p u t e r s y s t e m s w h i c h a r e 

c u r r e n t l y i n e v e r y d a y u s e c a n n o t be u s e d i n c o n t r o l 

s y s t e m s w i t h o u t some a d d i t i o n a l h a r d w a r e . An i n p u t 

i n t e r f a c e a nd an o u t p u t i n t e r f a c e w o u l d be r e q u i r e d . T h e s e 

i n t e r f a c e s p r o t e c t t h e i n p u t and o u t p u t ' p o r t s ' o f t h e 

c o m p u t e r f r o m ' damage by i n c o m p a t i b l e s i g n a l s o r l o a d s , 

and e n a b l e t h e i n d i v i d u a l c o n n e c t i o n s i n t h e p o r t t o be 

e a s i l y a c c e s s e d . 

A M i c r o c o m p u t e r b a s e d C o n t r o l S y s t e m 

i n p u t 
t r a n s d u c e r ! 

i n p u t 
i n t e r f a c e 

c o m p u t e r o u t p u t 
i n t e r f a c e 

o u t p u t 
t r a n s d u c e r s ! 
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T h e m a j o r i t y o f s e c o n d a r y s c h o o l s and an i n c r e a s i n g number 

o f p r i m a r y s c h o o l s w i l l h a v e t h e r e s o u r c e s w h i c h would 

e n a b l e p u p i l s t o a s s e m b l e and t e s t c o m p u t e r b a s e d c o n t r o l 

s y s t e m s . 

T h e E 2 l i t i 9 D 2 f Q2Qtrol. I§chngl.ogif in t h e s c h o o l , 
C u r r i c u l u m 

I n o r d e r t o p r e s e n t a c o h e r e n t p i c t u r e o f C o n t r o l 

T e c h n o l o g y i n s c h o o l s we n e e d t o c o n s i d e r i t s d e v e l o p m e n t 

i n r e c e n t y e a r s . 

T h e P r o j e c t T e c h n o l o g y p i l o t s t u d y , e s t a b l i s h e d i n 1966, 

a i m e d t o i n c r e a s e c h i l d r e n ' s t e c h n o l o g i c a l k n o w l e d g e and 

s k i l l s and t o make them more a w a r e o f s c i e n t i f i c and 

t e c h n i c a l d e v e l o p m e n t s and t h e i m p o r t a n c e o f t h e s e t o 

s o c i e t y . T h e a p p r o a c h a d o p t e d was b a s e d on i n v e s t i g a t i o n 

a n d p r o b l e m s o l v i n g . 

I n 1975 a C o n t r o l T e c h n o l o g y module was d e v e l o p e d a s p a r t 

o f t h i s P r o j e c t T e c h n o l o g y p a c k a g e . T h i s module r e l i e d on 

r e l a y s , t r a n s i s t o r s , o r p n e u m a t i c s t o p r o v i d e t h e c o n t r o l 

e l e m e n t , and on m e c c a n o f o r t h e s t r u c t u r e s and m e c h a n i s m s . 

I t p r o v i d e d p u p i l s w i t h an o p p o r t u n i t y t o a s s e m b l e c o n t r o l 

s y s t e m s w h i c h w o u l d " s e n s e , w a r n , d i s p e n s e , s o r t , r e p e a t , 

d i s p l a y , r e a c t , s e l e c t o r i n o t h e r w a y s c o n t r o l a m a c h i n e 

o r s y s t e m " . ( T e c h n o l o g y i n S c h o o l s , 1982, p . 8 ) 



T h e m o s t e x c i t i n g d e v e l o p m e n t s w e r e made p o s s i b l e when 

r a t h e r t h a n u s i n g t h e l o g i c b a s e d s y s t e m w h i c h was a p a r t 

o f t h e P r o j e c t T e c h n o l o g y c o u r s e , m o d e l s w e r e b u i l t and 

i n t e r f a c e d t o a m i c r o c o m p u t e r . By u s i n g t h e c o m p u t e r a s 

t h e c o n t r o l e l e m e n t , t h e r a n g e o f a c t i v i t i e s was i n c r e a s e d 

w h i l e t h e a c t u a l k n o w l e d g e o f e l e c t r o n i c s r e q u i r e d o f t h e 

p u p i l s was c o n s i d e r a b l y r e d u c e d . R a t h e r t h a n b e i n g an 

a c t i v i t y f o r a m i n o r i t y o f p u p i l s who w e r e c a p a b l e o f 

m a s t e r i n g e l e c t r o n i c s , i t become an a c t i v i t y s u i t a b l e f o r 

p u p i l s o f a l l a b i l i t i e s . 

A l t h o u g h m i c r o c o m p u t e r s had begun t o f i n d t h e i r way i n t o 

s e c o n d a r y s c h o o l s i n 1978, i t was s e v e r a l y e a r s b e f o r e 

t h e y b e g a n t o a p p e a r i n a n y n u m b e r s . I n t h e s e e a r l y d a y s 

t h e s c a r c i t y o f c o m p u t e r s p r e c l u d e d t h e d e v e l o p m e n t o f 

p u p i l - c e n t r e d a c t i v i t i e s i n c o m p u t e r b a s e d c o n t r o l . The 

s i t u a t i o n i n t e r m s o f c o m p u t i n g r e s o u r c e s , g e n e r a l l y 

i m p r o v e d a f t e r 1 9 8 3 . T h i s i m p r o v e m e n t c a n be a t t r i b u t e d t o 

t h e M i c r o e l e c t r o n i c s i n S c h o o l s programme (MEP March 1980) 

and t h e T V E I p i l o t s c h e m e (November 1 9 8 2 ) , b o t h o f w h i c h 

e m p h a s i s e d t h e i m p o r t a n c e o f i n f o r m a t i o n t e c h n o l o g y , and 

f u e l l e d t h e a r g u m e n t f o r more m i c r o e l e c t r o n i c r e s o u r c e s t o 

be made a v a i l a b l e t o t h e s c h o o l s . 

H a v i n g i d e n t i f i e d c o n t r o l t e c h n o l o g y a s one domain o f i t s 

a c t i v i t y , t h e MEP was r e s p o n s i b l e f o r t h e d e v e l o p m e n t o f a 

number o f r e s o u r c e s d e s i g n e d t o s u p p o r t C o n t r o l 

T e c h n o l o g y ; t h e MFA C o u r s e , C o n t r o l B a s i c , t h e c o n t r o l 

l a n g u a g e B I T S , t h e BBC Buggy, t h e VELA and t h e C o n t r o l 
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P a t h w a y s m a t e r i a l s w e r e some o f t h e most n o t a b l e 

d e v e l o p m e n t s . T h e s e r e s o u r c e s w e r e d e s i g n e d t o p r omote 

c o n t r o l t e c h n o l o g y a s a p u p i l - c e n t r e d a c t i v i t y . P u p i l s 

c o u l d become i n v o l v e d r a t h e r t h a n s i m p l y b e i n g s p e c t a t o r s . 

C o n t r o l T e c h n o l o g y h a s b e e n i n t r o d u c e d i n t o s c h o o l s i n an 

a d - h o c manner. T h e e m p h a s i s p l a c e d upon i t , and t h e manner 

i n w h i c h i t i s p r e s e n t e d , i s d e p e n d e n t upon t h e r e s o u r c e s 

a v a i l a b l e i n t h e s c h o o l and on t h e e x p e r t i s e and 

e n t h u s i a s m o f i n d i v i d u a l t e a c h e r s . T h e m a j o r i t y o f c o n t r o l 

t e c h n o l o g y c o u r s e s and a c t i v i t i e s h a v e , u n t i l v e r y 

r e c e n t l y , b e e n d e s i g n e d f o r p u p i l s o f a b o v e a v e r a g e 

a b i l i t y i n y e a r s f o u r and f i v e o f s e c o n d a r y e d u c a t i o n . A 

r e v i e w o f t h e l i t e r a t u r e , i n c l u d i n g an o n - l i n e 

b i b l i o g r a p h i c s e a r c h o f t h e E R I C and N E R I S d a t a b a s e s , d i d 

n o t i d e n t i f y a n y s i g n i f i c a n t r e s e a r c h i n t o c o n t r o l 

t e c h n o l o g y a s a c u r r i c u l u m a c t i v i t y f o r 11 t o 13 y e a r o l d 

pup i I s . 

E l e m e n t s o f c o n t r o l t e c h n o l o g y c a n be i d e n t i f i e d i n 

s c i e n c e , t e c h n o l o g y and I T c o u r s e s . A s u r v e y o f t h e GCSE 

s y l l a b i o f f e r e d by t h e NEA g r o u p f o r e x a m i n a t i o n i n 1988 

s h o w e d t h a t , i n a d d i t i o n t o b e i n g o f f e r e d a s a s u b j e c t i n 

i t s own r i g h t , c o n t r o l t e c h n o l o g y a l s o a p p e a r e d i n a 

number o f o t h e r s u b j e c t s . I was a b l e t o i d e n t i f y a s p e c t s 

o f c o n t r o l t e c h n o l o g y i n t h e f o l l o w i n g s y l l a b u s e s : -

C o m p u t e r S t u d i e s , C r a f t D e s i g n : E n g i n e e r i n g , C D T : D e s i g n 

and C o m m u n i c a t i o n s , C D T r D e s i g n and R e a l i s a t i o n , 

C D T : T e c h n o l o g y s y l l a b u s B, C D T : T e c h n o l o g y , I n f o r m a t i o n 

T e c h n o l o g y s y l l a b u s A, I n f o r m a t i o n T e c h n o l o g y s y l l a b u s B 
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and S c i e n c e : M o d u l a r . I w i l l n e e d t o draw from t h e 

l i t e r a t u r e o f t h e s e c u r r i c u l u m a r e a s i n o r d e r t o s u p p o r t a 

number o f my a r g u m e n t s 

12 



C h a p t e r 2 

S c i e n c e _ a n d _ T e c h n g l g g y _ 
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"Man I s a t e c h n o l o g i c a l c r e a t u r e . I n t h e b e g i n n i n g , he 
u s e d h i s n a t u r a l g i f t s o f i n t e l l e c t and d e x t e r i t y t o r a i s e 
h i s s t a n d a r d s o f l i f e . He f a s h i o n e d f l i n t a x e - h e a d s and 
r a i s e d h i s c a p a b i l i t i e s f o r h o u s e b u i l d i n g ; he made f i r e s 
t o c o o k h i s f o o d ; he made t h e p l o u g h t o p r o v i d e him w i t h 
r e g u l a r s u p p l i e s o f f o o d . H i s bows and a r r o w s made him a 
more e f f i c i e n t h u n t e r : w o r d s , p h r a s e s and l a n g u a g e h e l p e d 
him t o c o m m u n i c a t e w i t h h i s n e i g h b o u r s . " ( S c h o o l 
T e c h n o l o g y F o r u m , 1 9 7 3 ) 

P r i m i t i v e man u s e d many t h i n g s b e f o r e he c o u l d u n d e r s t a n d 

t h e g e n e r a l p r i n c i p l e s upon w h i c h t h e y w o r k e d . By w o r k i n g 

w i t h m a t e r i a l s " A r t i s t s and A r t i s a n s d e v e l o p e d a p o o l o f 

k n o w l e d g e a b o u t t h e w a y s o f t h i n g s and s u b s t a n c e s " . 

( H i n d l e B . , 1 9 8 0 , p . 1 4 ) T h i s k n o w l e d g e and t h e a s s o c i a t e d 

c r a f t s k i l l s w e r e p r e s e r v e d by t h e p r a c t i t i o n e r s . The 

c r a f t s k i l l s c o u l d o n l y be l e a r n t t h r o u g h w o r k i n g w i t h t h e 

m a t e r i a l s . As man began t o c o n t r o l d e v i c e s and p r o c e s s e s , 

t h e s k i l l s w h i c h w e r e r e q u i r e d became more t e c h n i c a l and 

r e q u i r e d an u n d e r s t a n d i n g o f t h e t e c h n o l o g y w h i c h was i n 

u s e a t t h e time.. T e c h n o l o g y h a s b e e n d e f i n e d a s : -

" . . . e x t e n d i n g t o a l l t h e s k i l l s , k n o w l e d g e and p r o c e d u r e s 
f o r m a k i n g , u s i n g and d o i n g t h i n g s " . ( T a s k e r M.,1980) 

T h i s d e f i n i t i o n g o e s some way t o i l l u s t r a t e t h e 

c o n t e m p o r a r y v i e w o f t e c h n o l o g y . A s w e l l a s b e i n g 

c o n c e r n e d w i t h k n o w l e d g e , i t i s a l s o c o n c e r n e d w i t h t h e 

d e v e l o p m e n t o f s k i l l s and p r o c e d u r e s . ( R e p o r t o f S u r v e y o f 

D e s i g n and T e c h n o l o g i c a l A c t i v i t i e s i n t h e S c h o o l 

C u r r i c u l u m , 1 9 8 3 , p . 2 ) T e c h n o l o g y i s a c r e a t i v e a c t i v i t y 

w h i c h s h o u l d n o t be s e e n s i m p l y a s a p p l y i n g t h e k n o w l e d g e 

w h i c h s c i e n c e h a s made a v a i l a b l e . I t i s an a r e a o f 

e x p e r i e n c e i n i t s own r i g h t . R a t h e r t h a n b e i n g d e p e n d e n t 

upon s c i e n c e , s c i e n c e i s o f t e n u s e d t o " b u t t r e s s t h e 
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e m p i r i c a l t e c h n i q u e s " w h i c h h a v e b e e n d e v e l o p e d by 

t e c h n o l o g y . ( M a t h i a s P., 1972) 

S c i e n c e i s o f t e n p e r c e i v e d a s d e a l i n g w i t h f a c t s , o r t o 

a n s w e r t h e q u e s t i o n ' i s i t t r u e ' , w h e r e a s t e c h n o l o g y i s 

more c o n c e r n e d w i t h p r o c e s s e s o r i n a n s w e r i n g t h e q u e s t i o n 

'how c a n i t be d one'. "The s c i e n t i s t i s i n g e n e r a l a 

q u e s t i o n e r o f n a t u r e w h i l e t h e t e c h n o l o g i s t m a n i p u l a t e s 

n a t u r e . " (Hodgson B. and S c a n l o n E . , 1985, p.9) 
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A _ t e c h n o l . o g i . c a l e d u c a t i o n 

T h e l i t e r a t u r e p r e s e n t s d i f f e r i n g v i e w s on how a 

t e c h n o l o g i c a l e d u c a t i o n s h o u l d be d e l i v e r e d , and w h e t h e r 

c o u r s e s i n t e c h n o l o g y s h o u l d be o f f e r e d , o r w h e t h e r t h e 

"main r o a d t o t e c h n o l o g i c a l u n d e r s t a n d i n g " s h o u l d be 

t h r o u g h s c i e n c e . ( N e w t o n P.M., 1 9 8 7 , p . 8 5 ) 

D e s p i t e t h e c l a i m s made by R o g e r s t h a t t e c h n o l o g y t e a c h i n g 

b e g a n i n 1885 ( R o g e r s R., 1985) o n l y a v e r y l i m i t e d 

number o f s c h o o l s i n c l u d e d t e c h n i c a l s u b j e c t s a s an 

i n t e g r a l p a r t o f t h e c u r r i c u l u m p r i o r t o t h e 1944 

E d u c a t i o n A c t . (Howard A. E . , 1959, p . 7 ) T h e s e t e c h n i c a l 

s u b j e c t s t e n d e d t o be c l a s s e d a s c r a f t s u b j e c t s . 

" S c h o o l c r a f t d e p a r t m e n t s d e v e l o p e d u s i n g t h e t e c h n i q u e s 
c u r r e n t i n s k i l l e d t r a d e s o f t h e l a s t c e n t u r y and w e r e 
l a r g e l y s t a f f e d by s k i l l e d t r a d e s m e n w i t h a p p r o p r i a t e 
e d u c a t i o n a l q u a l i f i c a t i o n s . T he t e c h n i q u e s e m p l o y e d w e r e 
t h o s e c u r r e n t i n i n d u s t r y , and t h e t r a i n i n g was o r i e n t e d 
t o w a r d s a ' p r e - a p p r e n t i c e ' t y p e o f p u p i l . " (Mead T . , 1 9 8 3 ) 

An i n v e s t i g a t i o n i n t o t e c h n i c a l e d u c a t i o n i n S c o t t i s h 

S e c o n d a r y S c h o o l s i n 1972 f o u n d t h a t c r a f t d e p a r t m e n t s 

o f t e n " r e d u c e d t h e c u r r i c u l u m t o a s e r i e s o f p r a c t i c a l 

e x e r c i s e s b a s e d on a number o f j o i n t s " . T h e y s u g g e s t e d 

t h a t t h e i m p l i c a t i o n s o f s u c h an a p p r o a c h was t h a t 

" c r a f t w o r k t h e n t e n d e d t o be d u l l and r e p e t i t i v e , and f o r 

t h e m a j o r i t y o f p u p i l s l a c k e d c r e a t i v e i n t e r e s t . " 

( T e c h n i c a l E d u c a t i o n i n S e c o n d a r y S c h o o l s , 1972, p.9) 
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A l a t e r s u r v e y o-f Technology in s c h o o l s found t h a t i t was 

common f o r h e a d t e a c h e r s to be c r i t i c a l of t r a d i t i o n a l 

c r a f t c o u r s e s . (Technology i n S c h o o l s , 1982, p.17) These 

c o u r s e s were c o n s i d e r e d to be e x p e n s i v e i n c a p i t a l c o s t s , 

c a p i t a t i o n and s t a f f p u p i l r a t i o s . Woodwork and Metalwork 

were not c o u r s e s which were sought a f t e r by p a r e n t s ; they 

were i d e n t i f i e d a s 'boys i n t e r e s t s ' , they had v e r y l i t t l e 

a c c e p t a b i l i t y i n employment or i n f u r t h e r e d u c a t i o n and 

v i r t u a l l y none i n h i g h e r e d u c a t i o n . C r a f t c o u r s e s were 

g e n e r a l l y aimed a t lower a b i l i t y p u p i l s who were 'good 

w i t h t h e i r hands'. 

The r e l a t i o n s h i p between c r a f t and t e c h n o l o g y has always 

been fudged and t h i s i s one r e a s o n why technology i s held 

i n t h e same low esteem a s c r a f t . Many a d v o c a t e s of 

t e c h n o l o g y i n s c h o o l s were wary of "becoming a s s o c i a t e d 

w i t h t r a d i t i o n a l c r a f t t e a c h i n g , or w i t h v o c a t i o n a l 

t r a i n i n g . " ( McCulloch B . , J e n k i n s E. and Layton D., 1985, 

p.192) In an a ttempt to promote technology as a 

l e g i t i m a t e academic a c t i v i t y , t e a c h e r s and t e c h n o l o g i s t s 

have s t r e s s e d t h e i n t e l l e c t u a l and c u l t u r a l a s p e c t s of 

t e c h n o l o g y . 

T h i s problem of image was a d d r e s s e d by the former prime 

m i n i s t e r , J . C a l l a g h a n , i n the R u s k i n C o l l e g e speech i n 

1976 when he s t r e s s e d t h e need to change s o c i a l and 

e d u c a t i o n a l a t t i t u d e s and, i n p a r t i c u l a r , the need to 

r e l a t e e d u c a t i o n more u s e f u l l y to s o c i e t y and i n d u s t r y . 

(Times E d u c a t i o n a l Supplement, 1976) I t was hoped t h a t 

i n c r e a s e d i n t e r e s t i n s c i e n c e and t e c h n o l o g y would r e s u l t 
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i n i n c r e a s e d e n r o l m e n t s . Such an i n c r e a s e would i n t u r n 

produce a l a r g e r s c i e n t i f i c and t e c h n i c a l work-force, and 

would g e n e r a l l y i n c r e a s e t e c h n i c a l l i t e r a c y . 

18 



A_Sc j^en t i. f i^c_Educat i.on 

We have s u g g e s t e d t h a t t h e s c i e n t i s t , prompted by the 

d e s i r e f o r a b e t t e r u n d e r s t a n d i n g of h i s world, becomes a 

q u e s t i o n e r of n a t u r e . A s t u d y of s c i e n c e would 

t h e r e f o r e help p u p i l s to make s e n s e out of t h e i r world. 

The DES P o l i c y S tatement, S c i e n c e 5-16 recommends t h a t 

" s c i e n c e s h o u l d have a p l a c e i n the e d u c a t i o n of a l l 

p u p i I s " . ( S c i e n c e 5-16, p . l , 1985) In the p a s t when p u p i l s 

have been g i v e n an o p t i o n , many have chosen not to take 

s c i e n c e c o u r s e s , and much of the blame f o r t h i s poor ta k e 

up has been a p p o r t i o n e d t o the r e l a t i v e l y poor image which 

c h i l d r e n have of s c i e n c e . 

The_Prob ].em_of _ I^mage_ 

"At a p e r s o n a l l e v e l , - s c i e n c e i s seen a s d i f f i c u l t , o f t e n 

d u l l , and not i m p o r t a n t i n one's own l i f e . " ( I n t e r n a t i o n a l 

E n c y c l o p a e d i a of E d u c a t i o n , 1985, p.4451) I t i s seen a s a 

'hard' s u b j e c t a t a l l l e v e l s from se c o n d a r y to higher 

e d u c a t i o n , and c o n s e q u e n t l y , a s i t u a t i o n seems to e x i s t 

where s c i e n c e i s g e n e r a l l y viewed a s an "important and 

c r i t i c a l endeavour, but i t i s one to be pursued by 

somebody e l s e . " ( I n t e r n a t i o n a l E n c y c l o p a e d i a of 

E d u c a t i o n , 1985, p.4451) 

T h i s poor image t e n d s to be s e l f p e r p e t u a t i n g . As a r e s u l t 

of t h e f a i l u r e of s c i e n c e to a t t r a c t p u p i l s , s c i e n c e 

g r a d u a t e s have a l w a y s been i n s h o r t s u p p l y , and t h e r e f o r e 

i n g r e a t demand. T h i s s h o r t a g e has r e s u l t e d i n many 
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s c i e n c e c o u r s e s i n s c h o o l s being taught by n o n - s c i e n t i s t s 

and has had s e r i o u s i m p l i c a t i o n s f o r S c i e n c e . A 'non-

s c i e n t i s t ' who i s made to t e a c h S c i e n c e because i t 'has 

t o ' be i n c l u d e d i n the c u r r i c u l u m , i s not l i k e l y e i t h e r 

t o improve t h e image of s c i e n c e , or to i n c r e a s e the 

numbers e n r o l l i n g on s c i e n c e c o u r s e s a t any l e v e l . 

S c i e n c e i _ a _ D i f f i.cul. t_Sub j e c t 

S c i e n c e i s "concerned w i t h t h i n g s i n our s u r r o u n d i n g s t h a t 

can be i n v e s t i g a t e d w i t h the a i d of our s e n s e s " . T h i s 

means t h a t the laws and p r i n c i p l e s of s c i e n c e , i . e . i t s 

knowledge base, can be proved or demonstrated by p r a c t i c a l 

experiment.(Hodgson B. and S c a n l o n E., 1985, p.43) One 

might e x p e c t t h a t t h i s would help p u p i l s to understand the 

s u b j e c t m a t t e r , y e t Dobson c i t e s e v i d e n c e which s u g g e s t s 

t h a t a v e r y l a r g e number of s c h o o l c h i l d r e n do not 

u n d e r s t a n d p h y s i c s . ( D o b s o n K., 1985, p.188) I t i s 

a p p r o p r i a t e a t t h i s s t a g e to c o n s i d e r why p u p i l s f i n d 

s c i e n c e d i f f i c u l t . 

An HMI s u r v e y found t h a t most s c i e n c e c o u r s e s c o n c e n t r a t e d 

on s c i e n c e c o n c e p t s and f a i l e d to p r o v i d e e i t h e r the 

s t i m u l u s or the o p p o r t u n i t y f o r the p u p i l s to observe 

a p p l i c a t i o n s and to become p e r s o n a l l y i n v o l v e d i n a p p l y i n g 

t h e s e c o n c e p t s . ( A s p e c t s of Secondary E d u c a t i o n , 1979, 

p.172) T h i s view i s s h a r e d by the APU (APU 7., p . 3 ) , who 

c o n s i d e r t h a t "the s t a n d p o i n t adopted i n most p u b l i s h e d 
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s c i e n c e c o u r s e s i s one i n which the o v e r a l l aim of the 

c o u r s e i s p r e d o m i n a n t l y concerned w i t h the accumulated 

body of knowledge of s c i e n c e and the e x p l a n a t o r y power 

which d e r i v e s from an u n d e r s t a n d i n g of i t s key c o n c e p t s . " 

P a p e r t a r g u e s t h a t t h e r e a r e two ways of knowing: 

"knowing-that" v e r s u s "knowing-how" or " p r e p o s i t i o n a l 

knowledge" v e r s u s " p r o c e d u r a l knowledge" or " f a c t s " v e r s u s 

" s k i l l s " . ( P a p e r t S., 1982, p.135 ) S c i e n c e g i v e s g r e a t e r 

emphasis to the a c q u i s i t i o n of i n f o r m a t i o n r a t h e r than to 

t h e a c q u i s i t i o n of i n f o r m a t i o n h a n d l i n g s k i 1 I s . ( S t o n i e r 

T., 1983, p.101) Some people w i l l e n j o y 'knowing t h a t ' . 

However, i n e v e r y d a y l i f e , i n f o r m a t i o n or knowledge has 

v e r y l i t t l e v a l u e u n l e s s i t can be a p p l i e d to the s o l u t i o n 

of some problem. 

During the p a s t twenty y e a r s c o n c e r n has been growing t h a t 

t h e emphasis which s c i e n c e c o u r s e s have p l a c e d on 

p r e p o s i t i o n a l knowledge has not p r o v i d e d p u p i l s w i t h a 

' s c i e n c e e d u c a t i o n ' . I f t h i s emphasis i s c o n s i d e r e d along 

w i t h L a y t o n ' s view t h a t "much of s c i e n c e i n v o l v e s the 

u n d e r s t a n d i n g of c o n c e p t s which a r e h i g h l y a b s t r a c t and 

c o n n e c t e d t o o b s e r v a t i o n s o n l y by complex l o g i c a l and 

m a t h e m a t i c a l r e l a t i o n s h i p s " , i t might be f a i r to c o n c l u d e 

t h a t s c i e n c e i s a t t e m p t i n g the i m p o s s i b l e . ( L a y t o n 

D., 1973, p.19-23) 
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However t h e r e i s a view t h a t s c i e n c e i s c a p a b l e of 

p r o v i d i n g a c t i v i t i e s " i n which t h e knowledge burden i s not 

a s g r e a t , nor i t s a c q u i s i t i o n seen a s being the s o l e 

purpose of t he l e s s o n s " (Dobson K., 1985, p. 1 9 ) . 

Jmgroy i.ng_the_2mage_of _ S c i e n c e 

A number of a t t e m p t s have been made a t improving the 

image of s c i e n c e . The l a t e 1950s' marked the end of a long 

p e r i o d of s t a b i l i t y i n t h e s c h o o l s c i e n c e c u r r i c u l u m and 

t h e b e g i n n i n g of a p e r i o d of r a p i d c u r r i c u l u m development. 

(Hodson D. , 1985, p.25) The common aim of t h e s e 

developments was t o make s c i e n c e c o u r s e s more i n t e r e s t i n g , 

more r e l e v a n t and more p r a c t i c a l . One s i g n i f i c a n t r e s u l t 

of t h e s e developments was the N u f f i e l d S c i e n c e C o u r s e s . 

The N u f f i e l d p r o j e c t c o n c e n t r a t e d on d e v e l o p i n g m a t e r i a l s 

which would e n a b l e the c l a s s r o o m t e a c h e r to p r e s e n t 

s c i e n c e i n a more l i v e l y and m o t i v a t i n g f a s h i o n . 

These development were a d d r e s s e d p r i n c i p a l l y towards the 

more a b l e p u p i l s and were l i m i t e d i n t h e i r impact upon the 

e v e r y d a y a t t i t u d e s and p r a c t i c e s of the s c h o o l s . 

(McCullock 6 . , J e n k i n s E. and Layton D., 1985, p.191) The 

p r i o r i t y appeared to be the t r a i n i n g of ' s c i e n t i s t s ' 

r a t h e r than p r o v i d i n g a s c i e n c e e d u c a t i o n f o r a l l p u p i l s . 
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T h e _ P r o c e s s e s _ o f _Sc i^ence 

Leek a r g u e s t h a t w h i l e many p u p i l s a r e unable to reproduce 

f a c t s and i n f o r m a t i o n , they can l e a r n how t o o b t a i n f a c t s 

t h r ough f a m i l i a r i t y w i t h b a s i c p r o c e s s e s of s c i e n c e . ( L e e k 

B., 1987, p.15) For s c i e n c e , a s w e l l a s being concerned 

w i t h a body of knowledge, i s a l s o concerned w i t h 

s c i e n t i f i c p r o c e s s e s . The APU i d e n t i f y the p r o c e s s e s of 

s c i e n c e a s s -

"communicating ( v i a p r o s e , graphs, c h a r t s and t a b l e s ) , 
o b s e r v i n g , p r e d i c t i n g , i n f e r r i n g , h y p o t h e s i s i n g , 
i n t e r p r e t i n g , p l a n n i n g , i n v e s t i g a t i n g and problem 
s o l v i n g " . ( A P U 9, 1987, p.6) 

and t h e e x i s t e n c e and v a l u e of t h e s e p r o c e s s e s has been 

r e c o g n i s e d f o r some time. 

" t h e v a l u e of s c i e n c e i n e d u c a t i o n c o n s i s t s not i n the 
amount of knowledge a c q u i r e d c o n c e r n i n g work done by 
o t h e r s , but i n t r a i n i n g t h e f a c u l t i e s both of o b s e r v a t i o n 
and r e a s o n i n g on f a c t s a s c e r t a i n e d by the p e r s o n a l e f f o r t 
and e x p e r i m e n t of t he p u p i l " ( B o a r d of E d u c a t i o n r e p o r t , 
1909) 

In r e c e n t y e a r s t h e r e has been a move away from the 

t e a c h i n g of s c i e n c e a s a body of knowledge towards the 

" e x p e r i e n c e of s c i e n c e a s a method of g e n e r a t i n g and 

v a l i d a t i n g s u c h knowledge". (Hodson D., 1985, p.34) The 

g o a l i s t h a t p u p i l s s h o u l d 'know-how' r a t h e r than to 

'know-that'. One major advantage of t h i s approach i s t h a t 

more p u p i l s s h o u l d be a b l e to s u c c e e d because the t a s k s 

i n v o l v e d w i l l r e l y l e s s h e a v i l y on taught c o n c e p t s . 
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S c i e n c e c o u r s e s have g e n e r a l l y i n c l u d e d some form of 

p r a c t i c a l work. Dne might have expected t h a t the 

p r a c t i c a l work would have been d e s i g n e d to develop the 

p r o c e s s e s of s c i e n c e . However the APU p o i n t out t h a t more 

o f t e n than not, the purpose of t h i s p r a c t i c a l work has 

been t o i l l u s t r a t e the i d e a or c o n c e p t under c o n s i d e r a t i o n 

and not t o deve l o p p r o c e d u r a l s k i l l . ( A P U 9, 1987, p.6) 

P e r r y r e c o u n t s a b r i l l i a n t freshman s c i e n t i s t who was so 

d i s g u s t e d w i t h 'cook book' l a b o r a t o r y e x e r c i s e s t h a t he 

took t o p l a y i n g v a r i a t i o n s on themes and f i n a l l y provoked 

h i s i n s t r u c t o r i n t o b l u r t i n g : " see h e r e , t h e r e ' l l be no 

more e x p e r i m e n t i n g i n t h i s l a b o r a t o r y " . ( P e r r y W.G., 1970) 

The DES p o l i c y document S c i e n c e 5 -16(1985, p.13) e x p e c t s 

t h a t , i n a d d i t i o n to t e a c h i n g an u n d e r s t a n d i n g of 

s c i e n t i f i c knowledge and i d e a s , p u p i l s s h o u l d have the 

o p p o r t u n i t y to develop s c i e n t i f i c t h i n k i n g and apply t h e i r 

s c i e n t i f i c knowledge to s o l v i n g s o c i a l , e n v i r o n m e n t a l and 

t e c h n o l o g i c a l problems. Many a u t h o r s have s t r e s s e d the 

importance of e x p o s i n g p u p i l s to p r a c t i c a l problem s o l v i n g 

a c t i v i t i e s i n o r d e r t h a t they might b e n e f i t from the 

p r o c e s s of d e v e l o p i n g s o l u t i o n s to p r a c t i c a l problems. By 

p l a c i n g g r e a t e r emphasis on p r o b l e m - s o l v i n g , s c i e n c e would 

then be a b l e t o d e l i v e r a s c i e n c e e d u c a t i o n t o more p u p i l s 

than would be p o s s i b l e by employing the more t r a d i t i o n a l 

methods. 
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" S c i e n c e and t e c h n o l o g y a r e i n t i m a t e l y l i n k e d " , and y e t 

th e r e l a t i o n s h i p between s c i e n c e and technology has always 

been uneasy. ( S c i e n c e 5 - 16, 1985, p.13) They have tended 

t o develop a s s e p a r a t e s u b j e c t s and i n the p r o c e s s have 

e s t a b l i s h e d new c u r r i c u l u m b o u n d a r i e s , r a t h e r than having 

eroded e x i s t i n g ones. And y e t t h e r e a r e many advantages to 

be g a i n e d from c o - o p e r a t i o n between s c i e n c e and 

t e c h n o l o g y . One su c h advantage was i d e n t i f i e d i n a s u r v e y 

i n t o t h e a t t i t u d e s of teenage p u p i l s t o technology and 

i n d u s t r y which found t h a t i n s c h o o l s which had s t r o n g 

s c i e n c e and CDT departments, and e s p e c i a l l y where c o u r s e s 

were based on p r a c t i c a l e x p e r i m e n t a l work, p u p i l s 

developed f a v o u r a b l e a t t i t u d e s . (Page R. and Nash M. , 

1980) T h i s c o - o p e r a t i v e approach would a l s o mean t h a t a 

wider range of e x p e r t i s e and r e s o u r c e s would be a v a i l a b l e 

t o p u p i l s . (Technology and School S c i e n c e , 1986, p.28) 

92[2tC2i_il_§_?2!!}E2QSDt_2f_InfoC!D§ti2Q_I?£t!Q2i29^ 

The M i c r o - e l e c t r o n i c s ' r e v o l u t i o n ' has focused a t t e n t i o n 

on t h e r e l a t i o n s h i p between s c i e n c e and technology. 

Technology has a c q u i r e d a new importance and c r e d i b i l i t y 

t hrough m i c r o - e l e c t r o n i c s . B e v i s a r g u e s t h a t 

c o l l a b o r a t i o n between s c i e n c e and technology i n s c h o o l s 

w i l l be e s s e n t i a l a s " m i c r o e l e c t r o n i c s i s v e r y d i f f e r e n t 

from a n y t h i n g t h a t e x i s t s i n e i t h e r department, and 

bec a u s e t h e complementary s k i l l s of the two a r e needed." 
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( B e v i s 6., 1985, p.110) 

C o n t r o l i s a component of both s c i e n c e and technology, and 

a s both of t h e s e c u r r i c u l u m a r e a s s e a r c h f o r r e l e v a n t 

p r o b l e m - s o l v i n g a c t i v i t i e s i t i s l i k e l y t h a t they w i l l 

p l a c e g r e a t e r emphasis on c o n t r o l a c t i v i t i e s . 

C o n s e q u e n t l y , a problem which i n c l u d e s some element of 

computer based c o n t r o l i s l i k e l y to have g r e a t e r r e l e v a n c e 

f o r t h e p u p i l and, i n a d d i t i o n to p r o v i d i n g p u p i l s w i t h 

an e x p e r i e n c e of I n f o r m a t i o n Technology, i t w i l l a l s o 

s e r v e t h e i n t e r e s t s of both s c i e n c e and technology. 
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Chapter 3 

_Comguter_Ba5ed_Con t r o l , _ a s _ a _ C u r r i 
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By r e q u i r i n g c h i l d r e n to complete a p e r i o d of formal 

e d u c a t i o n , s o c i e t y a t t e m p t s to d e l i v e r what i t p e r c e i v e s 

to be an e d u c a t i o n . T h i s p r o c e s s , a s w e l l as p r o v i d i n g 

c h i l d r e n w i t h t h e knowledge, s k i l l s and a t t i t u d e s which 

w i l l a l l o w them to s u r v i v e i n s o c i e t y , a l s o e n s u r e s t h a t 

t h e v a l u e s of t h a t s o c i e t y a r e t r a n s m i t t e d from one 

g e n e r a t i o n t o t h e n e x t . To a l a r g e e x t e n t the v a l u e s of 

s o c i e t y w i l l d e t e r m i n e what i s t a u g h t , and when i t i s 

t a u g h t . 

The A g r a r i a n and the I n d u s t r i a l R e v o l u t i o n s both had 

profound e f f e c t s on t h e s o c i e t i e s of t h e i r time. Both 

f o r c e d fundamental changes to be made to s o c i e t y and t h i s 

i n t u r n i n f l u e n c e d e d u c a t i o n . We a r e c u r r e n t l y w i t n e s s i n g 

an i n f o r m a t i o n r e v o l u t i o n , and a s a s o c i e t y we cannot 

a f f o r d t o i g n o r e I n f o r m a t i o n Technology. 

"the p e o p l e and the n a t i o n s t h a t don't l e a r n to 
p a r t i c i p a t e i n an i n f o r m a t i o n based s o c i e t y w i l l be i t s 
p e a s a n t s . " ( C l e v e l a n d H., 1986, p.62) 

S c h o o l s "have a r e s p o n s i b i l i t y to respond to s o c i a l 

c h a nges" brought about by t h i s t e c h n o l o g y . (The C u r r i c u l u m 

from 5-16, 1985, p.6) Thus, s c h o o l s a r e being urged to 

make p u p i l s aware of the a p p l i c a t i o n s of i n f o r m a t i o n 

t e c h n o l o g y , and to equip t h o s e p u p i l s w i t h the knowledge, 

s k i l l s , and a t t i t u d e s which w i l l e n a b l e them to take 

a d vantage of t h i s t e c h n o l o g y . As c o n t r o l technology i s a 

major component of i n f o r m a t i o n t e c h n o l o g y , s c h o o l s w i l l 

need to p r o v i d e p u p i l s w i t h some e x p e r i e n c e of c o n t r o l 

t e c h n o l o g y . 
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I n o r d e r t o d e l i v e r an e d u c a t i o n , s c h o o l s p r o v i d e or 

encourage a range of a c t i v i t i e s which comprise the 

c u r r i c u l u m . The C u r r i c u l u m from 5-16 i d e n t i f i e s a 

fundamental problem: 

"There i s so much knowledge which i s p o t e n t i a l l y u s e f u l or 
of i n t r i n s i c i n t e r e s t t h a t s y l l a b u s e s a r e o f t e n o v e r l a d e n 
w i t h f a c t u a l c o n t e n t . - s c h o o l s need to be h i g h l y 
s e l e c t i v e when d e c i d i n g what i s to be taught". (The 
C u r r i c u l u m from 5-16, 1985, p.37) 

T h i s problem of t r y i n g to " f i t a q u a r t i n t o a p i n t pot" 

has become v e r y a p p a r e n t i n r e c e n t y e a r s a s the c u r r i c u l u m 

has been c o n s t a n t l y urged to r e f l e c t the advances of 

t e c h n o l o g y and the changing f a c e of our s o c i e t y . Coates 

d e s c r i b e s t h e s i t u a t i o n which c u r r e n t l y p r e v a i l s i n 

c u r r i c u l u m development i n the a r e a of technology. 

" t r a i n i n g and c u r r i c u l u m development a r e proceeding 
c o n c u r r e n t l y . Changes a r e being made to the c u r r i c u l u m 
b e f o r e t h e f u l l c o nsequences can be worked out through 
t r i a l s and c a r e f u l p r e p a r a t i o n s . " ( C o a t e s B., 1982) 

The c u r r e n t p l e t h o r a of c u r r i c u l u m i n i t i a t i v e s r e f l e c t s 

t h e i m p ortance which s o c i e t y g i v e s to developments in 

s c i e n c e and t e c h n o l o g y . In t he p a s t , " f o l l o w i n g a 

t e c h n o l o g i c a l r e v o l u t i o n , a s t a b l e p e r i o d allowed 

e d u c a t o r s to develop t h e i r methods ... Today the r a p i d i t y 

of t h e changes does not p e r m i t s u c h a l u x u r y . " (Sharon D., 

1986, p.21) I t i s not s u f f i c i e n t to argue t h a t computer 

based c o n t r o l s h o u l d be a p a r t of t he c u r r i c u l u m without 

a l s o c o n s i d e r i n g t h e v a l u e of t he a c t i v i t i e s i n v o l v e d . 

29 



The worth of an a c t i v i t y can be judged by the 

e f f e c t i v e n e s s of t h e l e a r n i n g e x p e r i e n c e s which i t 

p r o v i d e s . The e f f e c t i v e n e s s of t h e s e e x p e r i e n c e s w i l l be 

a s s e s s e d i n terms of the s k i l l s and competences they 

d e v e l o p and t h e awareness or u n d e r s t a n d i n g which they 

promote. For l e a r n i n g to be most e f f e c t i v e the l e a r n e r 

must p a r t i c i p a t e i n , and be p e r s o n a l l y i n v o l v e d i n an 

a c t i v i t y . However i f t h a t a c t i v i t y does not a t t r a c t or 

m o t i v a t e t h e p u p i l he w i l l not become i n v o l v e d i n i t , and 

th e a c t i v i t y i s t h e r e f o r e u n l i k e l y to promote e f f e c t i v e 

l e a r n i n g . An a c t i v i t y must i n some way c o n v i n c e the p u p i l 

t h a t they want t o p a r t i c i p a t e i n i t . 

U n l e s s t h e l e a r n e r can s e e an " a p p l i c a t i o n f o r l e a r n i n g , 

or u n l e s s he g a i n s improved s t a t u s or enjoyment from 

p o s s e s s i o n of i t , he i s u n l i k e l y to v a l u e t h a t 

knowledge", or a p p r e c i a t e i t s r e l e v a n c e . ( S p a r k e s R.A., 

1986) 

"The more t h a t knowledge and s k i l l s l e a r n e d i n s c h o o l can 
be developed w i t h i n and a p p l i e d to a c t i v i t i e s t h a t have 
r e a l purpose and p l a c e i n the wider world, the more 
c l e a r l y t h e i r r e l e v a n c e w i l l be p e r c e i v e d by the p u p i l s . " 
(The C u r r i c u l u m from 5-16, 1985, p.46) 

C o n t r o l Technology can o f f e r a w e a l t h of problems s o l v i n g 

a c t i v i t i e s which t h e l e a r n e r p e r c e i v e s to be r e l e v a n t and 

which a r e c o n s i s t e n t w i t h t h e i r p r e v i o u s l e a r n i n g . 
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Computer based EEQ^H^i ^yii^l_yE2Q_!:^!l!£i_i!]E EiUli^ E^Q 
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Ausubel s u g g e s t s t h a t t h e most i m p o r t a n t s i n g l e f a c t o r i n 

i n f l u e n c i n g l e a r n i n g i s what the l e a r n e r a l r e a d y knows. He 

a d v i s e s us t o : - " A s c e r t a i n t h i s and t e a c h him 

a c c o r d i n g l y . " (Ausubel D.P., 1968, p.31) Any t u t o r i n g 

s y s t e m , whether human or machine has some model of what 

t h e l e a r n e r a l r e a d y knows. As the i n t e r a c t i o n between the 

l e a r n e r and t u t o r d e v e l o p s , so t he t u t o r ' s p e r c e p t i o n of 

what t h e l e a r n e r knows i s r e f i n e d . Our t e a c h i n g and in 

t u r n t h e l e a r n i n g environment which we en g i n e e r r e l i e s on 

what we t h i n k t h e p u p i l knows. 

I t would appear t h a t something i s ' l e a r n t ' a s a r e s u l t of 

' i n t e r a c t i o n ' between t h e l e a r n e r and h i s immediate 

environment. (Kolb D.A., 1984, p.23) I f two people a r e 

p l a c e d i n t h e same l e a r n i n g environment i t would be 

u n l i k e l y t h a t both would ' l e a r n ' e x a c t l y the same. How the 

s t i m u l i a r e i n t e r p r e t e d w i l l depend upon what they have 

l e a r n t p r e v i o u s l y , which w i l l i n t u r n a f f e c t what i s 

l e a r n t i n t h e f u t u r e . 

" e v e r y e x p e r i e n c e both t a k e s up something from t h o s e which 
have gone b e f o r e and m o d i f i e s i n some way the q u a l i t y of 
t h o s e which come a f t e r " (Dewey J . , 1938, p.35) 

C h i l d r e n e n j o y p l a y i n g and a r e motiv a t e d to p l a y . They do 

not need to be t a u g h t to p l a y . 
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"One of the most i m p o r t a n t m o t i v a t i o n s of l e a r n i n g i s the 
E x p l o r a t i o n or o r i e n t a t i v e d r i v e - and t h i s a c t i v i t y has 
an i m p o r t a n t r o l e i n p l a y i n g " (Grastym E. and V e r e c k i 
A., 1974) 

From a v e r y e a r l y age c h i l d r e n i n v e s t i g a t e the environment 

i n which they f i n d t h e m s e l v e s and t h i s i n t e r e s t a r i s e s 

from t h e i r d e s i r e t o c o n t r o l or use the t h i n g s around 

them. (Crowther R e p o r t , 1959). Much of t h i s i n v e s t i g a t i o n 

and e x p e r i m e n t a t i o n i s seen a s p l a y by the c h i l d w i t h 

l e a r n i n g t a k i n g p l a c e when t h e r e i s a need to l e a r n , and 

a t t h e c h i l d ' s own pace. 

Many of the t o y s and models which c h i l d r e n encounter i n 

t h e i r p l a y a r e becoming i n c r e a s i n g l y t e c h n o l o g i c a l . I t i s 

through e x p e r i e n c e w i t h t h e s e t e c h n i c a l t o y s t h a t c h i l d r e n 

w i l l g e t t h e i r f i r s t hands-on e x p e r i e n c e of machinery. 

" The s k i l l s which c h i l d r e n l e a r n from t h e s e t o y s l a y the 
f o u n d a t i o n s of mathematics, s c i e n t i f i c and t e c h n o l o g i c a l 
l e a r n i n g ; they develop e l e m e n t a r y p r o b l e m - s o l v i n g c o n c e p t s 
and i n t r o d u c e t h e language of s c i e n c e . " ( G i r l s and 
I T . , 1985, p.4) 

Pe r h a p s the most i m p o r t a n t s k i l l which i s developed i s the 

i n t u i t i v e approach to p r o b l e m - s o l v i n g . Most of the 

l e a r n i n g which c h i l d r e n b r i n g w i t h them to the primary 

s c h o o l w i l l have been l e a r n t through p l a y . At the c o r e of 

most of t h e a c t i v i t i e s which they a s s o c i a t e w i t h 'play' 

w i l l be some form of m o d e l l i n g . 
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"Even a t a v e r y e a r l y age p u p i l s can begin to g a i n 
c o n f i d e n c e i n t h e i r a b i l i t y to g e t to g r i p s w i t h the world 
about them; to be a c t i v e p a r t i c i p a n t s a s w e l l a s u s e r s and 
s p e c t a t o r s . Such m o d e l l i n g can be r e a d i l y extended to 
p r o v i d e some inv o l v e m e n t and i n s i g h t i n t o the p r o c e s s o-f 
t e c h n o l o g y ; eg. d e s i g n i n g a model c r a n e which w i l l 
a c t u a l l y l i - f t something." (The C u r r i c u l u m from 5-16, 
1985, p.35) 

Computer based c o n t r o l r e l i e s h e a v i l y upon mod e l l i n g i n 

one form or a n o t h e r . The c h i l d might be r e q u i r e d to 

produce a p h y s i c a l model of a d e v i c e , or to produce a 

model of a p r o c e s s i n the form of a c o n t r o l program. There 

would appear to be many s i m i l a r i t i e s between p l a y and the 

p r o c e s s e s of computer based c o n t r o l . I would contend t h a t 

p u p i l s would show s i m i l a r l e v e l s of m o t i v a t i o n towards 

c o n t r o l a c t i v i t i e s a s they would towards p l a y and hence 

c o n t r o l can f u l f i l one of the c r i t e r i a f o r meaningful 

l e a r n i n g , t h a t i s m o t i v a t i o n . 

Cgmeyter ba5ed_cgn t r o l . b§§_§2!!]§it!iQa_t2_2ff§[l_EyEii§ S f 
a l l a b i l i t i e s 

T h a t s c i e n c e i s p e r c e i v e d a s a d i f f i c u l t s u b j e c t has been 

a t t r i b u t e d to an o v e r e m p h a s i s on c o n t e n t and a b s t r a c t 

c o n c e p t s . I f , a s Cusak s u g g e s t s , a high p e r c e n t a g e of 

a d o l e s c e n t s and young a d u l t s o p e r a t e a t the c o n c r e t e 

o p e r a t i o n a l l e v e l , then many p u p i l s w i l l o p e r a t e a t t h i s 

l e v e l throughout t h e i r p e r i o d of secondary 

e d u c a t i o n . ( C u s a k M., 1986, p.95) Any c o u r s e which i s aimed 

a t p u p i l s of a l l a b i l i t i e s s h o u l d t h e r e f o r e not r e l y 

h e a v i l y on a b s t r a c t e x p e r i e n c e s and must t a k e heed of 

33 



A u s u b e l ' s a d v i c e t h a t a s t e a c h e r s we s h o u l d f i n d out what 

t h e p u p i l s know and b u i l d upon t h a t knowledge. C h i l d r e n 

can p l a y , t h e y a r e m o t i v a t e d by p l a y , and t h e r e f o r e 

s c h o o l s s h o u l d endeavour to b u i l d upon the l e a r n i n g which 

i t promotes. 

C o n t r o l i s c a p a b l e of o f f e r i n g both c o n c r e t e and a b s t r a c t 

e x p e r i e n c e s . The r e s e a r c h of Cantu and Heron s u g g e s t s 

t h a t even though the performance of f o r m a l - o p e r a t i o n a l 

s t u d e n t s i s l i k e l y to be g r e a t e r on any concept s t u d i e d , 

t h e performance of c o n c r e t e - o p e r a t i o n a l s t u d e n t s may be 

q u i t e s a t i s f a c t o r y when c o n c r e t e c o n c e p t s a r e s t u d i e d . 

(Cantu L.L. and Herron J.D., 1978, p.141) By p r o v i d i n g 

c o n c r e t e l e a r n i n g e x p e r i e n c e s , the l e s s - a b l e a s w e l l a s 

the more-able p u p i l s would g a i n something from the 

l e a r n i n g s i t u a t i o n . 

T h i s would be c o n s i s t e n t w i t h the view of Cantu and Herron 

who argue t h a t the u s e of models, i l l u s t r a t i o n s and 

d i a g r a m s , can help a l l p u p i l s r e g a r d l e s s of t h e i r 

i n t e l l e c t u a l l e v e l . (Cantu LL and Herron J.D., 1978, 

p.142) L a y t o n t a k e s t h i s f u r t h e r and a r g u e s t h a t i t i s 

through a c q u a i n t a n c e w i t h i d e a s a p p l i e d i n s i t u a t i o n s 

which a r e meaningful and r e l e v a n t to them t h a t most 

c h i l d r e n can b e s t approach an u n d e r s t a n d i n g of a b s t r a c t 

i d e a s . ( L a y t o n D., 1973, p.19) 

I t would appear t h e r e f o r e t h a t m o d e l l i n g , i n one form or 

a n o t h e r , has a u s e f u l r o l e to p l a y i n c o n c e p t a c q u i s i t i o n 
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r e g a r d l e s s of t h e s t a g e of c o g n i t i v e development to which 

the l e a r n e r has p r o g r e s s e d . Computer based c o n t r o l 

c o u r s e s would develop p r o c e d u r a l s k i l l s based on the 

c h i l d ' s e x p e r i e n c e of m o d e l l i n g . T h i s approach would 

e n s u r e t h a t any p u p i l , r e g a r d l e s s of a b i l i t y , would be 

a b l e to t a k e an a c t i v e p a r t i n p r o b l e m - s o l v i n g a c t i v i t i e s . 

Computer _ba5ed_control^_i.n_the_erim 

C u r r e n t p r i m a r y s c h o o l p r a c t i c e t e n d s to encourage 

p r a c t i c a l ' p u p i l c e n t r e d ' a c t i v i t i e s . With t h e s e 

a c t i v i t i e s t h e p u p i l s have a g o a l , whether i t i s to do 

some t h i n g , t o make something or to s o l v e a problem. They 

a r e not con c e r n e d about u s i n g some p a r t i c u l a r knowledge, 

s k i l l s or t o o l s ; they have a problem to s o l v e , and they 

u s e whatever t o o l they t h i n k a p p r o p r i a t e , along w i t h what 

'they know' or 'can do' i n order to s o l v e i t . Here t h e r e 

a r e no d e m a r c a t i o n l i n e s l a i d down by s u b j e c t departments, 

nor i s t h e r e p r e s s u r e from e x t e r n a l e x a m i n a t i o n s and, a s 

th e c u r r i c u l u m i s l a r g e l y c h i l d - c e n t e r e d a s opposed to 

s u b j e c t - c e n t r e d , t h e p u p i l s a r e not b l i n k e r e d by the 

s u b j e c t b o u n d a r i e s . 

The HMI recommend t h a t t h e work of p u p i l s i n primary 

s c h o o l s s h o u l d "encourage the development of s k i l l s and 

i n v e n t i v e n e s s i n p r o d u c i n g a r t e f a c t s " . They a l s o recommend 

t h a t more emphasis s h o u l d be p l a c e d on work i n t h r e e 

d i m e n s i o n s and s u g g e s t t h a t some of t h i s work might be of 
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a " s i m p l e t e c h n o l o g i c a l k i n d aimed a t d e s i g n i n g and making 

t h i n g s t h a t work." (The School C u r r i c u l u m , 1981, p.12) 

With a c t i v i t i e s i n c o n t r o l t e c h n o l o g y t h e r e i s a " t a n g i b l e 

end p r o d u c t which i s p e r s o n a l to the c h i I d " . ( J o n e s A. and 

P r e e c e , 1984, p.145) The c h i l d can b r i n g the model to 

l i f e and e x e r c i s e c o n t r o l over i t . 

"There can be few a c t i v i t i e s i n t he p r i m a r y s c h o o l t h a t 
p r o v i d e more l e a r n i n g o p p o r t u n i t i e s than b u i l d i n g 
c o n t r o l l e d models." (Hardwick S.,1986) 

I f t h e r e i s to be c o n t i n u i t y w i t h i n the e d u c a t i o n system, 

then s e c o n d a r y s c h o o l s must b u i l d upon the work which 

p u p i l s do i n p r i m a r y s c h o o l s . D e s p i t e the problem 

h i g h l i g h t e d i n S c i e n c e 5 - 16 (1985, p . 5 ) , t h a t 

development i n p r i m a r y s c h o o l s t e n d s to be t a k i n g p l a c e in 

a p i e c e m e a l f a s h i o n , an i n c r e a s i n g number of p u p i l s w i l l 

be a r r i v i n g i n the s e c o n d a r y s c h o o l having developed 

v a l u a b l e problem s o l v i n g s k i l l s , o n l y to be f i t t e d i n t o a 

s u b j e c t based c u r r i c u l u m which, i n many c a s e s , does not 

a c c o r d g r e a t v a l u e to t e c h n o l o g i c a l problem s o l v i n g 

a c t i v i t i e s . 

I f a l l p u p i l s a r e to l e a v e s c h o o l a t 16 having some 

knowledge and e x p e r i e n c e of t e c h n o l o g y i t needs to be a 

"compulsory p a r t of the c u r r i c u l u m of a l l p u p i l s " . 

(Technology i n S c h o o l s , 1985, p.27) I n c l u d i n g a c o u r s e 

i n computer based c o n t r o l i n the f i r s t and second year 

c u r r i c u l u m of s e c o n d a r y s c h o o l s would go some way to 

p r o v i d i n g t h i s e x p e r i e n c e . Such a c o u r s e would a l s o 

a d d r e s s the problem i d e n t i f i e d by the HMI who found t h a t 

" t h e e a r l y y e a r s of the s e c o n d a r y s c h o o l appear to be 
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a l m o s t d e v o i d of t e c h n o l o g i c a l c o n t e n t i n CDT c o u r s e s " , 

(Technology i n S c h o o l s , 1982, p . 1 5 ) . 
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Computer based t e c h n o l o g y promotes p r o b l e m - s o l v i n g s k i l l s 

I n t h e p r e c e d i n g c h a p t e r , p r o b l e m - s o l v i n g was i d e n t i f i e d 

a s an i m p o r t a n t component i n the c h i l d - c e n t r e d c u r r i c u l u m 

b e i n g o f f e r e d by many pr i m a r y s c h o o l s . In the p r o c e s s of 

s o l v i n g a n o v e l problem t h e l e a r n e r w i l l need to choose a 

s t r a t e g y . I f ( s ) h e has not encountered t h i s p a r t i c u l a r 

problem ( s ) h e w i l l need to s e a r c h through the s t r a t e g i e s 

which ( s ) h e has used p r e v i o u s l y and look f o r s i m i l a r i t i e s 

between t h e problem which ( s ) h e i s t r y i n g to s o l v e and 

t h o s e which ( s ) h e has s o l v e d i n t h e p a s t . (S)he w i l l then 

s e l e c t a s t r a t e g y which ( s ) h e t h i n k s w i l l have the most 

chance of s u c c e s s , and e i t h e r by r e a s o n i n g or by 

e x p e r i m e n t , ( s ) h e w i l l t e s t h i s s t r a t e g y . As ( s ) h e 

c o n v e r g e s on a s o l u t i o n t h e s u c c e s s or l a c k of s u c c e s s 

which ( s ) h e e n c o u n t e r s a s a r e s u l t of u s i n g the v a r i o u s 

s t r a t e g i e s w i l l modify the way i n which ( s ) h e t a c k l e s any 

n o v e l problems i n the f u t u r e . I n the p r o c e s s of problem-

s o l v i n g t h e l e a r n e r i s e x e r c i s i n g c o n t r o l over h i s 

t h i n k i n g . He i s d e v e l o p i n g h i s p r o b l e m - s o l v i n g s k i l l s . I f 

a s o l u t i o n works, or i s a t l e a s t p a r t l y e f f e c t i v e , the 

c h i l d w i l l g a i n c o n f i d e n c e to t a c k l e f u r t h e r problems. 

By s o l v i n g problems t h e l e a r n e r has to t h i n k about how he 

has s o l v e d p r e v i o u s problems. Through t h i s p r o c e s s he w i l l 

come to a b e t t e r u n d e r s t a n d i n g a s to how he l e a r n s and 

w i l l h o p e f u l l y become a more e f f i c i e n t l e a r n e r . In order 

f o r t h e l e a r n e r to become a b e t t e r l e a r n e r , he must be 

g i v e n t h e o p p o r t u n i t y t o p r a c t i s e d e c i s i o n making 

r e g a r d i n g t h e s e l e c t i o n and a p p l i c a t i o n of e v a l u a t i o n 

s t r a t e g i e s . ( B a i r d J.R., 1986, p.226) 
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" I f t h e r e i s a s i n g l e , c e n t r a l l e s s o n to be d e r i v e d from 
y e a r s of r e s e a r c h on l e a r n i n g s e t s , i t i s t h a t a n i m a l s 
( i n c l u d i n g man) l e a r n g e n e r a l i s e d problem s o l v i n g s k i l l s 
t hrough r e p e a t e d e x p e r i e n c e w i t h d i f f e r e n t problems of the 
same t y p e . " ( C o l e M., 1977, p.81) 

Computer based c o n t r o l i s c a p a b l e of p r o v i d i n g a w e a l t h 

of problem s o l v i n g a c t i v i t i e s which a r e r e l e v a n t to the 

c h i l d . By p r o v i d i n g p u p i l s w i t h t h e o p p o r t u n i t y to engage 

i n problem s o l v i n g a c t i v i t i e s which a r e l i k e l y to motivate 

them and i n which they a r e l i k e l y to e x p e r i e n c e s u c c e s s 

t hey w i l l become more c o n f i d e n t and more w i l l i n g to t a c k l e 

more complex problems i n t he f u t u r e . Through t h i s p r o c e s s 

t h e y w i l l h o p e f u l l y develop more e f f i c i e n t s t r a t e g i e s 

a l o n g t h e way. 

The way i n which p u p i l s approach a problem i s important 

when we c o n s i d e r t h e range and c o m p l e x i t y of the equipment 

which s u r r o u n d s them i n t h e i r e v e r y d a y l i v e s . A v e r y l a r g e 

p r o p o r t i o n of s o c i e t y cannot attempt to understand the 

wor k i n g s of t h e d e v i c e s which they use. The domestic 

washing machine i s no longer a u s e r r e p a i r a b l e d e v i c e , and 

the c a r i s r a p i d l y f o l l o w i n g the same r o u t e . These 

developments a r e i n c r e a s i n g the f e e l i n g of h e l p l e s s n e s s 

which a f f e c t s many people, so t h a t fewer people can now 

p r i d e t h e m s e l v e s on being an e x p e r t on a p a r t i c u l a r 

d e v i c e , or on having t h e a b i l i t y to r e p a i r i t . 

C o n s i d e r i n g the c u r r e n t pace of development i n technology 

i t would be unwise to propose t h a t an e d u c a t i o n system 

s h o u l d aim to e d u c a t e people so t h a t they can become 
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e x p e r t s on c u r r e n t t e c h n o l o g y . Today's technology i s 

a l r e a d y out of d a t e . I t c o u l d be argued t h a t t e a c h i n g the 

m a j o r i t y of p u p i l s about the components which a r e 

a s s o c i a t e d w i t h a p a r t i c u l a r t e c h n o l o g y would be of 

l i m i t e d v a l u e , and t h a t i t would be more u s e f u l f o r p u p i l s 

t o d e v e l o p a s y s t e m a t i c approach t o p r o b l e m - s o l v i n g . 

The s y s t e m s or black-box approach to problem s o l v i n g 

assumes t h a t t h e s o l u t i o n i s a system, and t h a t t h i s 

s y s t e m can be d e s c r i b e d i n terms of subsystems ( b l a c k 

b o x e s ) . E a c h b l a c k box w i l l perform a s p e c i f i c f u n c t i o n , 

and i t i s the f u n c t i o n which t h a t b l a c k box performs t h a t 

i s t h e c o n c e r n of t he l e a r n e r , not the c o n t e n t s of the 

box. By d e v i s i n g a s o l u t i o n to a p a r t i c u l a r problem a t 

b l a c k box l e v e l t h e l e a r n e r i s i n f a c t producing a model 

of the problem, and a s m o d e l l i n g i s a p r o c e s s w i t h which 

he i s l i k e l y to be f a m i l i a r , he i s t h e r e f o r e more l i k e l y 

t o e x p e r i e n c e s u c c e s s . By promoting t h i s systems approach 

t o problem s o l v i n g i n a p r a c t i c a l c o n t e x t through making 

use of t o d a y ' s t e c h n o l o g y ( i n s i d e t h e b l a c k boxes) p u p i l s 

w i l l a c q u i r e a f u n c t i o n a l u n d e r s t a n d i n g of the d e v i c e s 

which s u r r o u n d them i n t h e i r e veryday l i v e s . As w e l l a s 

going someway to d e m y s t i f y , t e c h n o l o g y t h i s approach would 

a l s o equip p u p i l s w i t h an approach to p r o b l e m - s o l v i n g 

which would be u s e f u l r e g a r d l e s s of t h e technology. 
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C o n t r o l a s a C r o s s - C u r r i c u l a r a c t i v i t y 

Computer based c o n t r o l i s c a p a b l e of " c r o s s i n g s u b j e c t 

a r e a s w i t h l i t t l e r e s p e c t f o r the s u b j e c t s p e c i a l i s t , and 

can even extend both the p r i m a r y and secondary 

c u r r i c u l u m " . ( B o s t o c k M., 1986, p.34) B a l l e r i n i s u g g e s t s 

t h a t computer c o n t r o l p r e s e n t s an o p p o r t u n i t y to b r i n g 

t o g e t h e r and develop i n a meaningful way a range of s k i l l s 

and e x p e r i e n c e s which have been a c q u i r e d i n many d i f f e r e n t 

a r e a s of the p r i m a r y c u r r i c u l u m . He c o n s i d e r e d t h a t : -

" I t e n s h r i n e s the b e s t of Plowden. I t i s , i f you l i k e , the 
f r u i t of a c o - o p e r a t i v e , i n v e s t i g a t i v e approach. I t 
promotes l e a r n i n g . I t a l l o w s the p o o r e s t to succeed in the 
same a r e a a s the most a b l e w h i l s t being so open ended as 
to be o n l y l i m i t e d by the bounds of the p u p i l s ' and 
t e a c h e r s i m a g i n a t i o n s . In a world o b s e s s e d w i t h computer 
promoted unemployment c h i l d r e n can l e a r n how i t i s they, 
who can be i n c o n t r o l . " ( B a l l e r i n i A., 1985, p.10) 

I t c o u l d be argued t h a t a s c o n t r o l i s a component of 

a number of d i f f e r e n t c u r r i c u l u m a r e a s , i t i s by i t s v e r y 

n a t u r e a c r o s s - c u r r i c u l a r a c t i v i t y . The p o s i t i o n of 

c o n t r o l a s s u c h an a c t i v i t y i s s t r e n g t h e n e d when one 

c o n s i d e r s t h a t both Technology and I n f o r m a t i o n Technology 

a r e t h e m s e l v e s seen to be c r o s s - c u r r i c u l a r a c t i v i t i e s . 

The v a l u e of c r o s s - c u r r i c u l a r a c t i v i t i e s i s acknowledged 

i n t h e C u r r i c u l u m from 5 - 1 6 (1985, p . 1 0 ) . T h i s r e p o r t 

a r g u e s t h a t u n l e s s each s u b j e c t i s taught w i t h c l o s e 

r e f e r e n c e to o t h e r s , t h e r e i s a r i s k of " l o s i n g t h a t very 

b r e a d t h and 'wholeness' which most s c h o o l s , i n t h e i r aims, 

u n d e r t a k e to p r o v i d e " . Competencies l e a r n t i n d i f f e r e n t 

c u r r i c u l u m a r e a s can be used i n the s o l u t i o n of a problem. 
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Problem s o l v i n g a c t i v i t i e s i n computer based c o n t r o l would 

g i v e a p p l i c a t i o n t o , and would " e n r i c h and add i n t e r e s t to 

what i s t a u g h t i n o t h e r s u b j e c t s " . (The School C u r r i c u l u m , 

1981, p.17) 

I t i s c l e a r t h a t p r o b l e m - s o l v i n g i s being g i v e n g r e a t e r 

e mphasis a s a c u r r i c u l u m a c t i v i t y , but i n many i n s t a n c e s 

the r e s o u r c e s a v a i l a b l e i n a s c h o o l w i l l l i m i t the number 

of a c t i v i t i e s i n which i t would be f e a s i b l e f o r p u p i l s to 

work on t h e i r own. T h i s would a l m o s t c e r t a i n l y be the 

c a s e w i t h computer based c o n t r o l . P u p i l s a r e becoming 

i n c r e a s i n g l y i n v o l v e d i n group a c t i v i t i e s , and a lthough 

o f t e n n e c e s s i t a t e d by l i m i t e d r e s o u r c e s , "most academic 

t e a c h e r s would a g r e e t h a t t e a c h i n g and l e a r n i n g i n s m a l l 

groups has a v a l u a b l e p a r t to p l a y i n the a l l - r o u n d 

e d u c a t i o n of a s t u d e n t " ( J a c q u e s D., 1984, p . x i ) The 

S c h o o l s C o u n c i l i d e n t i f i e d "the a b i l i t y to work in a 

group" a s one of the "handful of fundamental s k i l l s " which 

a l l o w p u p i l s to l e a r n . (The P r a c t i c a l C u r r i c u l u m , 1981) 

The main a d v a n t a g e s of a l e a r n i n g environment i n which 

p u p i l s work i n groups i s t h a t members w i l l have an 

expanded range of knowledge and a b i l i t i e s to draw on and 

through i n t e r a c t i o n w i t h i n the group they w i l l develop 

c o l l a b o r a t i v e s k i l l s . I n a s m a l l group environment p u p i l s 

a r e l e s s l i k e l y to be i n h i b i t e d by the o t h e r members of 

t h e group or by the t e a c h e r . They a r e t h e r e f o r e more 

l i k e l y to u s e t a c i t knowledge and the i n t u i t i v e approach 

to p r o b l e m - s o l v i n g which they had developed though t h e i r 
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p r i m a r y s c h o o l e x p e r i e n c e . Through t h i s a c t i v e 

e x p e r i m e n t a t i o n a l l p u p i l s w i l l develop p r o c e d u r a l 

u n d e r s t a n d i n g . 

Cgmeyter based c o n t r o l . and the develogment of 
I?9t![2°i2Bi£§i_Q§Q§bi]. i _ t ^ 

"The a r e a of doing, managing and making i s i n c r e a s i n g l y 
b e i n g r e f e r r e d to a s c a p a b i l i t y " . ( T o f t P., 1985, p.26) 

The Assessment of Performance U n i t (Understanding Design 

and Technology, 1982, p.2) d e f i n e t e c h n o l o g i c a l c a p a b i l i t y 

i n terms of t w e l v e c o m p e t e n c i e s , t h e s e then being 

c l a s s i f i e d a s e i t h e r s k i l l s , v a l u e judgements or 

knowledge. They conducted a s u r v e y of the t e a c h e r s of 14-

16 y e a r s o l d p u p i l s to d e t e r m i n e which s u b j e c t s aimed to 

develop t e c h n o l o g i c a l u n d e r s t a n d i n g and competency. The 

s u r v e y a l s o e s t a b l i s h e d to what e x t e n t each of the 

s u b j e c t s aimed t o f o s t e r e a c h of the t w e l v e competencies. 

The r e s u l t s of the s u r v e y shows t h a t of the f i v e 

c o m p e t e n c i e s which they c l a s s e d a s s k i l l s , implementation 

was c o n s i d e r e d to be a s u b s t a n t i a l aim i n o n l y a few 

c u r r i c u l a a r e a s . T h i s would tend to r e f l e c t the low v a l u e 

and s t a t u s which has t r a d i t i o n a l l y been a f f o r d e d to 

p r o c e d u r a l knowledge. 

T h i s low s t a t u s has c o n t r i b u t e d to the poor image of 

Technology which was d i s c u s s e d i n Chapter 2. Page and 

Nash s u g g e s t t h a t one way of improving the a t t i t u d e of 

p u p i l s towards Technology would be f o r them to engage in 
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p r a c t i c a l l y based s c i e n t i f i c work and p r o b l e m - s o l v i n g 

a c t i v i t i e s . (Page R. and Nash M., 1980, p.61) 

The_HYgothe5i.5 

I have argued t h a t computer based c o n t r o l i s a worthwhile 

c u r r i c u l u m a c t i v i t y f o r t w e l v e and t h i r t e e n year o l d 

c h i l d r e n ; t h a t i t c o u l d be i n t r o d u c e d u s i n g 

a p p r o a c h e s w i t h which they would be f a m i l i a r ; t h a t they 

would be m o t i v a t e d by the a c t i v i t i e s and t h a t they would 

develop p r o c e d u r a l u n d e r s t a n d i n g . 
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Chapter 4. 

Toward5_a c o u r 5 e _ i n _ c o m B u t e r _ b a 5 e d _ c g n t r o l 
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My h y p o t h e s i s i s based upon the pr e m i s e t h a t t w e l v e and 

t h i r t e e n y e a r o l d p u p i l s a r e a b l e to handle the c o n c e p t s , 

p r o c e d u r e s and a p p a r a t u s a s s o c i a t e d w i t h computer based 

c o n t r o l s y s t e m s . The absence of documented r e s e a r c h i n t o 

computer based c o n t r o l a t t h i s l e v e l means t h a t e v i d e n c e 

t o s u p p o r t t h i s p r e m i s e would need to be drawn from the 

e x p e r i e n c e of o t h e r c u r r i c u l u m a r e a s . 

The M i c r o - e l e c t r o n i c s For A l l (MFA) Course, a l t h o u g h not 

s p e c i f i c a l l y d e s i g n e d a s a c o n t r o l technology c o u r s e , 

does p r o v i d e some e x p e r i e n c e of the p r i n c i p l e s of c o n t r o l . 

T h i s c o u r s e i s aimed a t p u p i l s from the complete range of 

a b i l i t y and does r e q u i r e p u p i l s to handle r e l a t i v e l y 

complex a p p a r a t u s . The c o u r s e i s based upon: four i n p u t 

and t h r e e output t r a n s d u c e r s ; the AND, OR and NOT l o g i c 

g a t e s ; memory and c o u n t e r c i r c u i t s ; an i n t e r f a c e and a 

number of p l u g - i n output modules. By u s i n g the b a s i c l o g i c 

b o a r d s , p u p i l s can as s e m b l e d e d i c a t e d c o n t r o l c i r c u i t s . By 

u s i n g t h e memory and c o u n t e r modules i t i s p o s s i b l e to 

r e p e a t a c o n t r o l sequence. The computer module a l l o w s the 

t r a n s d u c e r s t o be i n t e r f a c e d to e i t h e r an RML or BBC 

microcomputer. I n t h i s form i t becomes a computer based 

c o n t r o l s ystem. P e r s o n a l e x p e r i e n c e of the c o u r s e and the 

e v i d e n c e p r o v i d e d by t he s c h o o l s ' t r i a l s of the Course 

would s u p p o r t my p r e m i s e t h a t p u p i l s would be a b l e to 

han d l e r e l a t i v e l y complex a p p a r a t u s . ( M i c r o e l e c t r o n i c s For 

A l l F i l e 4.) 

Much of t h e c o n t e n t of t he MFA c o u r s e i s r e l e v a n t to 

m i c r o - e l e c t r o n i c s or i n f o r m a t i o n t e c h n o l o g y c o u r s e s but 

i s not e s s e n t i a l f o r a c o u r s e i n computer based c o n t r o l . 
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I n t r o d u c i n g l o g i c g a t e s , c o u n t e r s and memory systems to a 

computer based c o n t r o l c o u r s e i s to i n t r o d u c e u n n e c e s s a r y 

c o m p l i c a t i o n s . In o r d e r to t e s t my h y p o t h e s i s I needed to 

p r o v i d e p u p i l s w i t h e x p e r i e n c e of computer based c o n t r o l 

by means of a c o u r s e of s t u d y , and, a s I was unable to 

i d e n t i f y a s u i t a b l e c o u r s e , i t became n e c e s s a r y to d e s i g n 

one. 

Ib§_f2yQd§ii2D§_9Q_(2!biEd_i9_byild_-_A_surve 
and a t t i t u d e s towards, t e c h n i c a l c o n s t r u c t i o n k i t s 

I have s u g g e s t e d t h a t t e c h n o l o g i c a l m o d e l l i n g might 

p r o v i d e t h e f o u n d a t i o n s upon which a computer based 

c o n t r o l c o u r s e c o u l d b u i l d . C h i l d r e n of both s e x e s and of 

a l l a b i l i t i e s can be o b s e r v e d , from the age of 4 to 14+, 

' p l a y i n g ' w i t h t e c h n i c a l c o n s t r u c t i o n k i t s . 

I n o r d e r to e s t a b l i s h what common e x p e r i e n c e p u p i l s had of 

t e c h n i c a l m o d e l l i n g a s u r v e y was conducted of a l l p u p i l s 

i n t h e f i r s t and second y e a r s of an 11 - 18 comprehensive 

s c h o o l . A copy of the q u e s t i o n n a i r e used and the d a t a 

which i t p r o v i d e d i s p r e s e n t e d i n Appendix 1. The t a b l e 

below g i v e s a breakdown of the p u p i l s i n v o l v e d i n terms 

of a b i l i t y and s e x . 

A b i l i t y Band 

- U E B ^ C - _!!]iddle_ _Lgwer l2±§i_ 

Male 41 73 48 162 

Female 62 87 28 177 

T o t a l 103 160 76 339 
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The t a b l e below shows the number of p u p i l s who had e i t h e r 

owned, or who had used, a c o n s t r u c t i o n k i t . The k i t s 

c o v e r e d by t h e s u r v e y were LEGO, Meccano, F i s h e r T e c h n i c 

and LEGO T e c h n i c . 

Owned or Used a K i t 

A b i 1 i t y Band 

Upper Middle Lower T o t a l 

Male 40 977. 71 977. 47 977. 158 977. 

Female 56 907. 86 987. 22 787. 164 927. 

T o t a l 96 937. 157 987. 69 907. 322 947. 

The d a t a s u g g e s t s t h a t t h e m a j o r i t y o-f p u p i l s had some 

e x p e r i e n c e o-f u s i n g a c o n s t r u c t i o n k i t , and t h a t t h i s use 

d i d not depend upon sex or a b i l i t y . Of the k i t s covered by 

th e s u r v e y , LEGO had been owned or used by 292 (867.) , 

Meccano by 126 (377.), LEGO T e c h n i c by 51 (157.) and F i s h e r 

T e c h n i c by 13 (37. ) . More than h a l f of the p u p i l s (567.) 

had e i t h e r owned or used one of the more t e c h n i c a l k i t s 

(Meccano, F i s h e r T e c h n i c or LEGO T e c h n i c ) . 

P u p i l s were asked to r a t e t h e k i t s i n terms of how 

i n t e r e s t i n g , or how d i f f i c u l t they were to use. S i n c e 

LEGO was c l e a r l y t h e most popular medium, the d a t a 

p r o v i d e d by p u p i l s who had e i t h e r owned or used LEGO or 

LEGO T e c h n i c has been t a b u l a t e d below. 
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I n t e r e s t (n=33f> 

No. 7. 

Very i n t e r e s t i n g 52 15 

I n t e r e s t i n g 121 35 

Average 110 32 

B o r i n g 29 8 

Very B o r i n g 15 4 

( Ambiguous ) 12 -

D i f f i c u l t y L e v e l n=339 

No. 7. 

F a r too d i f f i c u l t 1 

D i f f i c u l t 13 3 

Average 71 20 

E a s y 134 39 

Very e a s y 106 31 

( Ambiguous ) 14 

The m a j o r i t y of p u p i l s (837.) c o n s i d e r e d t h a t the LEGO and 

LEGD T e c h n i c c o n s t r u c t i o n k i t s t o be of average or above 

a v e r a g e i n t e r e s t , w h i l e 917. of p u p i l s c o n s i d e r e d 

them to be a v e r a g e or below a v e r a g e i n terms of d i f f i c u l t y 

of u s e . T h i s f i r s t s u r v e y e s t a b l i s h e d t h a t the m a j o r i t y 

of 11 - 13 y e a r o l d p u p i l s had had some e x p e r i e n c e of 

u s i n g c o n s t r u c t i o n k i t s and t h a t more than h a l f of the 

p u p i l s had used a t e c h n i c a l k i t . 
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A E!I^£^i£§i_§§§§§§!!}§Q^ 2f_tt!§_§^ili!t^_of i° yi§ 
LEBO_f or _ t e c h n i c a ],_model l i n g 

In o r d e r to d e t e r m i n e whether p u p i l s c o u l d f o l l o w 

i n s t r u c t i o n s and to t e s t i f they c o u l d employ the v a r i o u s 

t e c h n i c a l f i t t i n g t e c h n i q u e s i t was n e c e s s a r y t o d e s i g n 

and a d m i n i s t e r t h r e e s h o r t p r a c t i c a l t e s t s . The LEGO 

T e c h n i c k i t was chosen f o r use i n the t e s t s both because 

of i t s s i m i l a r i t y w i t h t r a d i t i o n a l LEGO, which many 

p u p i l s had e x p e r i e n c e d , and because of the t e c h n i c a l 

m o d e l l i n g which i t a l l o w e d . 

In o r d e r t h a t t h e p u p i l s i n v o l v e d i n the t e s t s s h o u l d be 

r e p r e s e n t a t i v e of the a b i l i t y range, two p u p i l s were 

chosen a t random from an upper, a middle and a lower 

a b i l i t y c l a s s i n both the f i r s t and second y e a r s . A t o t a l 

of t w e l v e p u p i l s took p a r t i n the t e s t s . A l l t h r e e t e s t s 

were completed i n a f o r t y minute l e s s o n . P u p i l s were 

a l l o w e d a maximum of ten minutes to complete the f i r s t 

t e s t , a f u r t h e r t en minutes f o r the second and f i f t e e n 

m i n u tes f o r the t h i r d t e s t . 

I n t h e f i r s t t e s t e a ch p u p i l was g i v e n a LEGO T e c h n i c k i t 

( T e c h n i c 1) and a copy of a worksheet on which t h e r e were 

photographs of 5 s i m p l e LEGO a s s e m b l i e s (Appendix 2 a ) . 

They were asked t o make a l l of the a s s e m b l i e s which were 

shown on the w o r k s h e e t . In o r d e r to do t h i s , p u p i l s would 

need t o u s e a l l of the common LEGO T e c h n i c f i t t i n g 

t e c h n i q u e s . A l l p u p i l s were a b l e to i d e n t i f y and use the 

n e c e s s a r y f i t t i n g t e c h n i q u e s a l t h o u g h some p u p i l s took 
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l o n g e r to 'work them out'. Ten of the t w e l v e p u p i l s were 

a b l e to i d e n t i f y t h e v a r i o u s components shown on the 

photographs, and were a b l e to r e l a t e them to the a c t u a l 

LEGO components. The o t h e r two p u p i l s a l t h o u g h a b l e to 

i d e n t i f y components of the c o r r e c t c o l o u r and w i t h the 

r e q u i r e d f e a t u r e s , found i t d i f f i c u l t to s e l e c t components 

ha v i n g t h e r e q u i r e d d i m e n s i o n s . 

In t h e second t e s t , t h e same p u p i l s were asked to 

f o l l o w t h e i n s t r u c t i o n s g i v e n on a LEGO T e c h n i c worksheet 

(Appendix 2b ) . The i n s t r u c t i o n s were i n a g r a p h i c form 

and d e s c r i b e d how a s i m p l e p u l l e y system c o u l d be 

ass e m b l e d . P u p i l s e n c o u n t e r e d v e r y l i t t l e d i f f i c u l t y w i t h 

t h i s t e s t . They were a b l e to rea d the i n s t r u c t i o n s 

( p h o t o g r a p h s / d i a g r a m s ) and were a b l e to t r a n s l a t e them 

i n t o LEGO models. 

The t h i r d t e s t p r e s e n t e d p u p i l s w i t h a s k e t c h (Appendix 

2 c ) , which showed a box w i t h a l i n e drawn from i t , over a 

wheel and on towards another wheel. They were asked to 

make a s i m p l e c r a n e which would l i f t a s t a n d a r d LEGO 

b r i c k . I t was s u g g e s t e d t h a t the s k e t c h might help them. 

P u p i l s e x p e r i e n c e d c o n s i d e r a b l e d i f f i c u l t y w i t h t h i s t e s t . 

I t was o b v i o u s t h a t they were aware of the f u n c t i o n of a 

c r a n e and t h a t they needed to use a winder and a p u l l e y . 

However, c o n s t r u c t i o n of the framework and the p o s i t i o n i n g 

of t h e main p u l l e y d e t e r i o r a t e d i n t o a t r i a l and e r r o r 

e x e r c i s e . 
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The d a t a p r o v i d e d by t h e s e t e s t s s u g g e s ted t h a t p u p i l s 

were a b l e to engage i n t e c h n i c a l m o d e l l i n g when i t was of 

a p r e s c r i p t i v e n a t u r e but t h a t they encountered d i f f i c u l t y 

when t h e m o d e l l i n g took a more c r e a t i v e or f u n c t i o n a l 

g u i s e . I t was a p p a r e n t from l i s t e n i n g to t h e p u p i l s t h a t 

t h e y had a l i m i t e d t e c h n i c a l v o c a b u l a r y , and t h e r e f o r e , 

b e f o r e p r o c e e d i n g f u r t h e r , i t was n e c e s s a r y to e s t a b l i s h a 

v o c a b u l a r y which c o u l d be used i n the c o u r s e . 

I n o r d e r to e s t a b l i s h a t e c h n i c a l v o c a b u l a r y , a t e s t was 

d e v i s e d i n which 64 p u p i l s were asked to d e s c r i b e a number 

of LEGO T e c h n i c components. The components were f i x e d to 

bo a r d s (See Appendix 11a) and the boards were p r e s e n t e d in 

t u r n t o a l l of t h e p u p i l s . They were asked to d e s c r i b e the 

components. The words which p u p i l s used most f r e q u e n t l y i n 

t h e i r d e s c r i p t i o n s have been l i s t e d i n Appendix l i b . 

The d a t a c o n f i r m e d t h a t p u p i l s d i d have a v e r y l i m i t e d 

t e c h n i c a l v o c a b u l a r y and a s a r e s u l t they tended to 

d e s c r i b e components i n terms of t h e i r c o l o u r , r e l a t i v e 

d i m e n s i o n s , shape and f e a t u r e s . I t was apparent t h a t the 

m a j o r i t y of p u p i l s were not f a m i l i a r w i t h terms such a s 

'gear', ' a x l e ' , ' p u l l e y ' or 'screw'. Indeed s u r p r i s i n g l y 

few p u p i l s used t h e term ' b r i c k ' , so t h a t when d e s c r i b i n g 

a s t a n d a r d LEGO b r i c k , the m a j o r i t y of p u p i l s would 

e x p l a i n t h a t i t was r e d and l a r g e , w i t h v e r y few p u p i l s 
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t h i n k i n g i t n e c e s s a r y to g i v e a c t u a l dimensions. A number 

of p u p i l s d i d e x p l a i n t h a t i t had two rows of four 

bumps/humps. 

Assessment of E y B i i l l §biiii^ to i d e n t i f y cgmmgn 
mechan isms 

Mechanisms p l a y a major p a r t i n most computer based 

c o n t r o l s y s t e m s and a s s u c h would be p a r t of any c o n t r o l 

c o u r s e . W h i l s t i t may not be n e c e s s a r y f o r p u p i l s to be 

a b l e t o name mechanisms, i t was f e l t important t h a t they 

have a ' f e e l ' f o r what they do. T h e r e f o r e , a l t h o u g h a 

l i m i t e d v o c a b u l a r y had not p r e v e n t e d p u p i l s from 

s u c c e s s f u l l y engaging i n m o d e l l i n g a c t i v i t i e s , i t was 

thought n e c e s s a r y to determ i n e what common e x p e r i e n c e of 

mechanisms t h e p u p i l s had. 

F i f t y p u p i l s from two second y e a r c l a s s e s , one a middle 

and t h e o t h e r a lower a b i l i t y band c l a s s , were shown seven 

LEGO models (See appendix 1 2 ) . Each of t h e s e seven models 

was based on a d i f f e r e n t mechanism which were a s f o l l o w s : 

a l e v e r , a winder, a b e l t and p u l l e y , a r a c k and p i n i o n , 

a s t r a i g h t g e a r , a worm gear and a b e v e l gear. P u p i l s 

were asked t h r e e q u e s t i o n s : -

1) What does i t do? 

2) Where have you seen i t b e f o r e ? 

3) What happens when the handle i s t u r n e d ? 

Q u e s t i o n 1 i n r e t r o s p e c t was a v e r y d i f f i c u l t q u e s t i o n and 
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produced v e r y l i t t l e u s e f u l d a t a . The r e s u l t s f o r 

q u e s t i o n s 2 and 3 a r e t a b u l a t e d below. In q u e s t i o n 2 t h e r e 

was a tendency f o r p u p i l s to d e s c r i b e t h e mechanism i n a 

' i t l o o k s l i k e a — ' s t y l e . Answers of t h i s type were not 

a c c e p t e d . Answers were o n l y i n c l u d e d i n the count i f i t 

was c l e a r t h a t the p u p i l had a s s o c i a t e d the LEGD mechanism 

w i t h one which they had encountered i n r e a l l i f e . 

P u p i l s who r e c o g n i s e d t h e mechanism (n=60) 

No. 7. 

L e v e r 41 68 

Winder 39 65 

B e l t + P u l l e y 31 51 

Rack + P i n i o n 12 20 

S t r a i g h t Gear 8 13 

Worm D r i v e 3 5 

B e v e l Gear 3 5 

What happens when t h e handle i s t u r n e d ? (n=60) 

No. 7. 

L e v e r 32 53 

Winder 25 41 

B e l t + P u l l e y 19 31 

Rack + P i n i o n 18 30 

S t r a i g h t Gear 15 25 

Worm D r i v e 12 20 

B e v e l Gear 21 35 

The d a t a s u g g e s t s t h a t p u p i l s were more f a m i l i a r w i t h some 

mechanisms than they were w i t h o t h e r s . They were most 
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f a m i l i a r w i t h t h e l e v e r , the winder and the b e l t and 

p u l l e y and l e a s t f a m i l i a r w i t h the worm and b e v e l gear. I t 

was i n t e r e s t i n g t h a t o n l y 57. were a b l e to r e c o g n i s e the 

worm d r i v e , y e t 207. were a b l e to s a y what happened when 

th e h a n d l e was t u r n e d . T h i s t r e n d was a l s o apparent w i t h 

t h e b e v e l g e a r , t h e s t r a i g h t gear and the r a c k and p i n i o n . 

With t h e s e mechanisms p u p i l s appeared to e x p e r i e n c e l e s s 

d i f f i c u l t y i n u n d e r s t a n d i n g what they d i d a t 'the handle 

was t u r n e d which t u r n e d a s m a l l cog, which moved the comb 

( r a c k ) a l o n g ' l e v e l , than when asked to r e l a t e them to 

mechanisms which they were f a m i l i a r w i t h . 

I t was c l e a r t h a t p u p i l s d i d not have a common e x p e r i e n c e 

o f , or i n t e r e s t i n mechanisms. C e r t a i n l y , the m a j o r i t y of 

p u p i l s d i d not s h a r e P a p e r t ' s e n t h u s i a s m f o r mechanisms, 

and i t would be s a f e to assume t h a t most p u p i l s were 

f a m i l i a r o n l y w i t h t h e l e v e r and w i n d e r . ( P a p e r t S, 1982, 

p . v i i ) 
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The d a t a p r o v i d e d by t he s u r v e y and s h o r t t r i a l s would 

s u g g e s t t h a t p u p i l s had some common e x p e r i e n c e of 

t e c h n i c a l m o d e l l i n g and some had f a v o u r a b l e a t t i t u d e s 

towards s u c h a c t i v i t i e s . I t a l s o i d e n t i f i e d c r e a t i v e 

m o d e l l i n g and mechanisms a s two a r e a s i n which p u p i l s had 

l i m i t e d e x p e r i e n c e . However i f a computer based c o n t r o l 

c o u r s e was d e s i g n e d c a r e f u l l y , t h i s l i m i t e d e x p e r i e n c e 

s h o u l d not p r e s e n t major problems, and i t would be l i k e l y 

t h a t s u c h a c o u r s e c o u l d p r o v i d e o p p o r t u n i t i e s f o r p u p i l s 

to e x tend t h e i r e x p e r i e n c e i n a meaningful way. 

A c c e p t i n g t h a t p u p i l s s h o u l d be a b l e to handle the 

t e c h n i c a l m o d e l l i n g element, i t was n e c e s s a r y to determine 

whether they c o u l d come to terms w i t h the oth e r major 

components of a computer based c o n t r o l c o u r s e . Such a 

c o u r s e would r e q u i r e p u p i l s to use t r a n s d u c e r s , i n t e r f a c e s 

and c o n t r o l programs i n a p r o b l e m - s o l v i n g environment. In 

o r d e r t o a s s e s s how w e l l p u p i l s would perform i n such an 

environment and how w e l l they would come to terms w i t h the 

c o n c e p t s and a p p a r a t u s i n v o l v e d , i t was n e c e s s a r y to 

develop a c o u r s e and the s u p p o r t i n g c u r r i c u l u m m a t e r i a l s . 

The c o u r s e aimed:-

1) t o s t i m u l a t e and f o s t e r an i n t e r e s t i n , and an 
enjoyment of te c h n o l o g y ; 

2) t o de v e l o p t h e s k i l l s and co m p e t e n c i e s which w i l l 
e n a b l e t h e p u p i l to engage i n p r a c t i c a l problem s o l v i n g 
a c t i v i t i e s ; 

3) to promote an awar e n e s s of c o n t r o l technology. 
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I t must be s t r e s s e d t h a t the c o u r s e was designed s o l e l y to 

a s s i s t w i t h t h e v a l i d a t i o n of my h y p o t h e s i s and as such 

made a number of a s s u m p t i o n s and compromises. The c o u r s e 

r e l i e d on s k i l l s , c o n c e p t s and knowledge which would be 

developed i n many c u r r i c u l u m a r e a s . I t r e l i e d on a 

knowledge of s i m p l e e l e c t r i c a l c i r c u i t s , of s t r u c t u r e s , 

g e a r s and mechanisms, and on a b a s i c l e v e l of competence 

i n programming. A d e t a i l e d o u t l i n e of the c o u r s e i s gi v e n 

i n Appendix 3. 

S y E E o r t i n g _ M a t e r i a i 5 _ 

The c o u r s e r e q u i r e d t h a t p u p i l s s h o u l d have a c c e s s to: a 

c o n s t r u c t i o n medium which they c o u l d use; a range of 

t r a n s d u c e r s which were c o m p a t i b l e w i t h the c o n s t r u c t i o n 

medium; i n p u t and output i n t e r f a c e s which c o u l d be 

i n t e r f a c e d t o t h e a v a i l a b l e microcomputer systems; and a 

s u i t a b l e c o n t r o l language. 

As a r e s u l t of t h e d a t a p r o v i d e d by the e a r l y t r i a l s LEGO 

T e c h n i c was adopted a s the c o n s t r u c t i o n medium. The 

r e m a i n i n g hardware r e q u i r e m e n t s c r e a t e d a number of 

problems. I was un a b l e to i d e n t i f y any c o m m e r c i a l l y 

a v a i l a b l e t r a n s d u c e r s which were c o m p a t i b l e w i t h LEGO, and 

so a number of common t r a n s d u c e r s were f i x e d on to 

s t a n d a r d LEGO b r i c k s . The t r a n s d u c e r s were s e l e c t e d so 

t h a t p u p i l s c o u l d r e l a t e them to t h o s e which they were 

l i k e l y to e n c o u n t e r i n t h e i r e v e r y day l i v e s . The 

t r a n s d u c e r s were w i r e d to 1mm s o c k e t s which were a l s o 
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mounted on the b r i c k s . The i n p u t t r a n s d u c e r s used were:-

l i g h t s e n s o r s , t o g g l e s w i t c h e s , push s w i t c h e s , t i l t 

s w i t c h e s , magnetic s w i t c h e s and p r e s s u r e s w i t c h e s . The 

o u t p u t t r a n s d u c e r s used were:- motors, b u l b s and b u z z e r s . 

By r e q u i r i n g t h a t the t r a n s d u c e r s c o u l d be i n t e r c o n n e c t e d 

( i . e . a l i g h t s e n s o r s h o u l d be a b l e to d i r e c t l y c o n t r o l a 

m o t o r ) , the o utput from the l i g h t s e n s o r had to be 

a m p l i f i e d . T h i s r e s u l t e d i n a r a t h e r clumsy u n i t r e q u i r i n g 

i t s own power s u p p l y . 

Although t h e r e were a number of i n t e r f a c e s on the market 

which c o u l d have been used, they tended to be v e r y 

e x p e n s i v e , o f t e n were dual purpose i n p u t / o u t p u t u n i t s and 

d i d not u s e 1mm p l u g s which were r e q u i r e d by the 

t r a n s d u c e r s . 
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The BBC microcomputer was adopted f o r use i n the c o u r s e . 

Although t h e c h o i c e of computer system was determined by 

the hardware a v a i l a b l e i n t he t r i a l s c h o o l , i t would not 

be u n t y p i c a l of t h a t a v a i l a b l e i n the average 

comprehensive. 

E i g h t i n p u t , and four output i n t e r f a c e s were designed and 

c o n s t r u c t e d s p e c i f i c a l l y f o r the c o u r s e . The i n t e r f a c e s 

e a c h had e i g h t c h a n n e l s . The i n p u t i n t e r f a c e was 

c o n n e c t e d v i a the u s e r p o r t , and the output i n t e r f a c e to 

the p r i n t e r p o r t on the BBC computer. 

B I T S , a programming language developed by the South 

Y o r k s h i r e and Humberside MEP R e s o u r c e C e n t r e , was chosen 

a s t h e c o n t r o l language a s i t bore a c l o s e resemblance to 

the v e r s i o n of LOGO which p u p i l s had used 

d u r i n g t h e i r f i r s t y e a r I n f o r m a t i o n Technology Course. 

W h i l e B I T S i s not an i d e a l c o n t r o l language a s i t has many 

weak n e s s e s and l i m i t a t i o n s , i t was c o n s i d e r e d to be the 

b e s t language a v a i l a b l e a t the time. 

These r e s o u r c e s meant t h a t a LEGO model c o u l d be b u i l t , 

t h e t r a n s d u c e r s mounted onto the model and then connected 

to t h e i n t e r f a c e s . A c o n t r o l program c o u l d be w r i t t e n to 

c o n t r o l t h e model. T h i s approach a l l o w e d systems to 

be r a p i d l y c o n s t r u c t e d , i n t e r f a c e d and brought to l i f e . 
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Chapter 5. 

The Course T r i a l s 
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The c o u r s e was t r i a l l e d i n a seven form e n t r y 11-18 r u r a l 

Comprehensive s c h o o l . The s c h o o l o p e r a t e d a broad a b i l i t y 

banding system i n which two forms belonged to the upper 

band, t h r e e to t h e middle and two to the lower band. With 

the e x c e p t i o n of one middle band and one lower band form, 

a l l second y e a r p u p i l s were i n v o l v e d i n the t r i a l s . The 

c o u r s e was f o l l o w e d by one hundred and t h i r t y two p u p i l s 

and i t was p r e s e n t e d a s a module of an I n f o r m a t i o n 

Technology c o u r s e . 

A s 5 e s 5 m e n t _ 0 b j e c t i v e s 

In o r d e r to p r o v i d e a ' y a r d s t i c k ' w i t h which to judge the 

r e l a t i v e s u c c e s s of t h e c o u r s e , a number of l e a r n i n g 

outcomes were e s t a b l i s h e d and a r e l i s t e d below. 

Having completed t h e c o u r s e p u p i l s s h o u l d be a b l e to: 

1 ) I d e n t i f y , name and c l a s s i f y a g i v e n t r a n s d u c e r , 

2 ) S e l e c t a t r a n s d u c e r f o r a g i v e n a p p l i c a t i o n , 

3 ) P r e d i c t t h e e f f e c t of a g i v e n output code. 

4 ) P r e d i c t t h e i n p u t code which would be gener a t e d under 
g i v e n c o n d i t i o n s . 

5 ) Design a c o n t r o l program to s o l v e a g i v e n problem, 

6 ) E n t e r and t e s t a g i v e n c o n t r o l program. 

7 ) Design and t e s t a c o n t r o l sequence i n order to s o l v e a 
g i v e n problem, 

8 ) Amend a c o n t r o l program, 
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9 ) D e s i g n a p p r o p r i a t e t e s t d a t a f o r a g i v e n c o n t r o l 
program, 

10 ) Design and a s s e m b l e s t r u c t u r e s and mechanisms to 
s o l v e g i v e n or p e r c e i v e d problems, 

11 ) Assemble s i m p l e s t r u c t u r e s and mechanisms from 
w r i t t e n or g r a p h i c i n s t r u c t i o n s , 

12 ) E x p l a i n the f u n c t i o n which would be performed by the 
t r a n s d u c e r s i n a g i v e n c o n t r o l system. 

13 ) Assemble a c o n t r o l system from w r i t t e n or g r a p h i c 
i n s t r u c t i o n s . 

14 ) S e l e c t , p o s i t i o n and i n t e r f a c e t r a n s d u c e r s in the 
s o l u t i o n of a g i v e n or p e r c e i v e d c o n t r o l problem, 

15 ) Demonstrate an enjoyment i n the use of technology, 
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Assessment o+_the_Learn i^ng_Outcomes 

I n t h e absence of any e s t a b l i s h e d t e s t s , a number of 

q u e s t i o n s / t a s k s were d e v i s e d , some of which r e q u i r e d 

w r i t t e n r e s p o n s e s w h i l e o t h e r s were of a more p r a c t i c a l 

n a t u r e . The q u e s t i o n s / t a s k s were compiled i n t o four 

w r i t t e n t e s t s , s i x t e e n p r a c t i c a l t e s t s and a 

q u e s t i o n n a i r e . I n o r d e r to help w i t h the a d m i n i s t r a t i o n of 

th e t e s t s and t h e a n a l y s i s of t h e r e s u l t s , each t e s t was 

g i v e n a name ( e.g. " T r a n s d u c e r " , "Washing Machine" e t c . ) 

C o p i e s of t he w r i t t e n t e s t s a r e i n c l u d e d i n Appendix 4, 

th e p r a c t i c a l t e s t s i n Appendix 5 and the q u e s t i o n n a i r e i n 

Appendix 6. 

In g e n e r a l , t h e w r i t t e n q u e s t i o n s sought to a s s e s s how 

w e l l a p u p i l had come t o terms w i t h the c o n c e p t s i n v o l v e d , 

w h i l e t h e p r a c t i c a l e x p e r i m e n t s were more concerned w i t h 

a s s e s s i n g p r o c e d u r a l u n d e r s t a n d i n g . Assessment of 

a t t i t u d e was based on t he r e s u l t s of the i n f o r m a t i o n 

p r o v i d e d by t he q u e s t i o n n a i r e , and on the o b s e r v a t i o n s of 

th e c o u r s e t u t o r . 

Commentary_on_the_course 

The c o u r s e was p r e s e n t e d i n a s p r a c t i c a l a manner as 

p o s s i b l e w i t h i n t h e c o n s t r a i n t s of the t i m e t a b l e and 

a v a i l a b l e r e s o u r c e s . The s t y l e of the c o u r s e tended to be 

c l a s s based f o l l o w e d by group p r a c t i c a l s . When working on 

p r a c t i c a l a s s i g n m e n t s or e x e r c i s e s p u p i l s worked i n groups 
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o-f 3 or 4, except when t h e a c t i v i t y i n v o l v e d t he use o-f an 

o u t p u t i n t e r - f a c e when the group s i z e would in c r e a s e t o a 

maximum o-F 7. 

The course i n t r o d u c e d a range of common t r a n s d u c e r s . 

P u p i l s were encouraged t o use the t r a n s d u c e r s t o s e t up 

s i m p l e c i r c u i t s and t o d i s c u s s t y p i c a l a p p l i c a t i o n s -for 

each o-f t h e t r a n s d u c e r s . A d i s t i n c t i o n was made between 

t r a n s d u c e r s which p r o v i d e i n f o r m a t i o n ( i n p u t t r a n s d u c e r s ) 

and those which cause something t o happen(output 

t r a n s d u c e r s ) . The i n p u t i n t e r f a c e was i n t r o d u c e d as a 

d e v i c e which a l l o w s i n p u t t r a n s d u c e r s t o be connected t o a 

computer and as means of p r o t e c t i n g the computer. P u p i l s 

were g i v e n t h e o p p o r t u n i t y t o i n t e r f a c e a number of i n p u t 

t r a n s d u c e r s and t o e n t e r c o n t r o l programs which would 

d i s p l a y t h e s t a t u s of t h e i n p u t t r a n s d u c e r s . 

P u p i l s were i n t r o d u c e d t o an i n f o r m a t i o n processing view 

o f a c o n t r o l system, and they d i s c u s s e d t he r o l e of the 

c o n t r o l program, t h e i n t e r f a c e s and the t r a n s d u c e r s . They 

then took p a r t i n p r a c t i c a l s e s s i o n s i n which they 

developed and t e s t e d programs which produced given o u t p u t 

codes. P u p i l s d e v i s e d and t e s t e d programs which switched 

on, or s w i t c h e d o f f s p e c i f i e d t r a n s d u c e r s . 

P u p i l s were shown how i t was p o s s i b l e t o r e p e a t a sequence 

o f i n s t r u c t i o n s w i t h i n a program, and how t h i s would a l l o w 

them t o o u t p u t s p e c i f i e d o u t p u t codes i n response t o given 

i n p u t c o n d i t i o n s . 
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P u p i l s i n v e s t i g a t e d a number o-f a p p l i c a t i o n s i n which a 

motor was used t o open or c l o s e , or r a i s e or lower, 

something. These a p p l i c a t i o n s tended t o r e l y on a motor 

which c o u l d be made t o r o t a t e i n e i t h e r a c l o c k w i s e , or an 

a n t i - c l o c k w i s e d i r e c t i o n . Throughout t he course p u p i l s 

were encouraged t o per-form p r a c t i c a l experiments and t o 

r e l a t e t h e i r a c t i v i t i e s t o everyday computer based c o n t r o l 

systems. 

The course was presented by an experienced 

teacher who had n o t encountered computer based c o n t r o l 

p r i o r t o her involvement i n the t r i a l s . She considered 

t h a t t h e m a j o r i t y o f p u p i l s had enjoyed t he course and 

t h a t they had been m o t i v a t e d by the a c t i v i t i e s . 

Moreover she r e p o r t e d t h a t t h i s i n t e r e s t and enjoyment was 

common t o b o t h g i r l s and boys, and t h a t the l e s s a ble 

p u p i l s appeared t o en j o y t he course as much as the more 

ab l e . 

E a r l y concern t h a t t h e 1mm pl u g s which were used might 

p r e s e n t some mechanical or h a n d l i n g problems proved t o be 

un-founded. On t h e whole t h e hardware proved t o be very 

r e l i a b l e . The l i g h t sensor seemed t o pr e s e n t p u p i l s w i t h 

most problems i n t h a t they had d i f f i c u l t y a c c e p t i n g t h a t 

t h e l i g h t sensor should r e q u i r e f o u r c onnections t o be 

made when a l l o t h e r t r a n s d u c e r s worked q u i t e h a p p i l y w i t h 

two. 

The o n l y major problem w i t h t h e course was t h a t the 

t h i r t y - f i v e minute lesson s e v e r e l y r e s t r i c t e d the 

a c t i v i t i e s . P u p i l s had t o be stopped from working! 
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The_Wr i. t t e n _ T e 5 t 5 

A d m i n i 5 t r a t i o n _ g f _ t h e _ T e s t s 

The module was completed i n 17 weeks. T h i s i n c l u d e d 3 

weeks taken up by t h e w r i t t e n t e s t s , 2 weeks by the 

p r a c t i c a l t e s t s and 1 week by t h e q u e s t i o n n a i r e . As a 

r e s u l t o f unforeseen circumstances i t was o n l y p o s s i b l e 

t o a d m i n i s t e r t h r e e of the w r i t t e n t e s t s , "Transducer", 

" I n t e r f a c e " and "Washing Machine". "Transducer" was 

completed a f t e r lesson 2 , " I n t e r f a c e " a f t e r lesson 10, 

and "Washing Machine" a t the end of t h e course. 

The t e s t s were conducted under normal examination 

c o n d i t i o n s , each p u p i l s being g i v e n a q u e s t i o n paper and a 

sheet of f i l e paper. Each t e s t was completed w i t h i n a 

t h i r t y f i v e minute lesson. 

Commentar^_on_the_Test5 

A l t h o u g h 132 p u p i l s took p a r t i n the t e s t s , not a l l p u p i l s 

were p r e s e n t f o r a l l of the t e s t s . "Transducer" was 

completed by 124 p u p i l s , " I n t e r f a c e " by 100 and "Washing 

Machine" by I I B . The data from the w r i t t e n t e s t s i s 

p r e s e n t e d i n Appendix 7. In order t o a s s i s t w i t h the 

i n t e r p r e t a t i o n o f t h e d a t a . Appendix 8 and Appendix 9 

shows t h e same data i n a reduced form. 

I n t h e d i s c u s s i o n which f o l l o w s t h e data from the 

i n d i v i d u a l q u e s t i o n s i s considered i n the l i g h t of the 
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data p r o v i d e d by Appendix B and 9, and the d i s c u s s i o n i s 

or g a n i s e d around t h e l e a r n i n g outcomes l i s t e d a t the 

b e g i n n i n g of t h e c h a p t e r . 

Dutcome_],_-_Xden t i f ^_and_Cl^a5si,f ̂ _a_Tr 

The p u p i l s were shown a s l i d e of a l l of the tr a n s d u c e r s 

which had been i n t r o d u c e d d u r i n g t h e course. When asked t o 

name n i n e o f t h e t r a n s d u c e r s ( q u e s t i o n 1 "Transducer"), 

t h r e e q u a r t e r s o f t h e p u p i l s , (737.) were a b l e t o c o r r e c t l y 

name more than 4 of them. Table 1 g i v e s a breakdown of the 

dat a i n terms of t h e i n d i v i d u a l t r a n s d u c e r s . 

I§ble_l_ 

ld§Qtil}^i_§Qd_name_a_tran5ducer_f rom 

No. n = 124 

L i g h t sensor 77 62-/. 

Motor 88 707. 

Pressure s w i t c h 83 667. 

Magnetic s w i t c h 76 617. 

Toggle s w i t c h 84 677. 

T i l t s w i t c h 97 787. 

Buz zer 81 657. 

Bulb 83 667. 

Micro s w i t c h 60 487. 

I n t h e second p a r t of t h i s q u e s t i o n p u p i l s were asked t o 

i d e n t i f y which of t h e t r a n s d u c e r s shown on the s l i d e , 

were used f o r i n p u t and which f o r o u t p u t . More than one 
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h a l f o f the p u p i l s (597 . ) were a b l e t o c o r r e c t l y c l a s s i f y 

more than 4 of t h e t r a n s d u c e r s . 

P u p i l s demonstrated t h a t , i n a d d i t i o n t o being able t o 

name t h e common t r a n s d u c e r s , they were a l s o a b l e t o name 

th e more obscure t r a n s d u c e r s ( i . e . t he t i l t s w i t c h and 

t h e m i c r o - s w i t c h ) , which they were l e s s l i k e l y t o have 

encountered i n t h e i r everyday l i v e s . The data suggests 

t h a t p u p i l s found i t more d i f f i c u l t t o c l a s s i f y t h e 

t r a n s d u c e r s than t o name them. 

Table 2 shows t h e number of p u p i l s who c o r r e c t l y named and 

c l a s s i f i e d each of t h e t r a n s d u c e r s . From t h i s data i t 

would appear t h a t p u p i l s experienced t h e most d i f f i c u l t y 

w i t h t h e l i g h t sensor, t he magnetic s w i t c h and the micro-

s w i t c h . 

Table 2 

N§!D§_§Qd_Classif y_a_ t r a n s d u c e r _from_a 

No. n = 1 2 4 

L i g h t sensor i n p u t 50 4oy. 

Motor o u t p u t 7 6 627. 

Pressure s w i t c h i n p u t 6 3 527. 

Magnetic s w i t c h i n p u t 4 6 387. 

Toggle s w i t c h i n p u t 7 6 627. 

T i l t s w i t c h i n p u t 6 2 517. 

Buzzer o u t p u t 6 3 527. 

Bulb o u t p u t 7 5 617. 

M i c r o s w i t c h i n p u t 4 5 377. 
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I n q u e s t i o n 1 and 2 ("Washing Machine") p u p i l s were given 

a s k e t c h o f a Washing Machine. I n c l u d e d on the sk e t c h were 

e i g h t t r a n s d u c e r s . 5 of these t r a n s d u c e r s , ( t h e l e v e l 

s w i t c h , t e m p e r a t u r e s w i t c h , water v a l v e s Cin and out 3 , and 

h e a t e r ) , had n o t been s p e c i f i c a l l y covered i n the course. 

The p u p i l s were asked t o c l a s s i f y t h e t r a n s d u c e r s as 

e i t h e r i n p u t or o u t p u t . The r e s u l t s a re t a b u l a t e d i n Table 

4. 

Table 4 

Qi§Hifif_t!I§D§dy£§!I§_fC2!!}_§Q_§EBiiE§t i_on_ 

No. n=l 18 

On/off s w i t c h i n p u t 81 687. 

Level s w i t c h i n p u t 97 82/. 

Door s w i t c h i n p u t 98 837. 

Temperature s w i t c h i n p u t 83 707. 

Water v a l v e ( i n ) o u t p u t 47 397. 

Water v a l v e ( o u t ) o u t p u t 60 507. 

Heater o u t p u t 74 627. 

Motor o u t p u t 81 687. 

Two t h i r d s of t h e p u p i l s (667.) were a b l e t o c o r r e c t l y 

c l a s s i f y more than 4 of t h e t r a n s d u c e r s . As a l l of the 

i n p u t t r a n s d u c e r s were 'swit c h e s ' , one might expect t h a t 

p u p i l s c o u l d have employed a s e l e c t i o n s t r a t e g y which 

c l a s s i f i e d a l l s w i t c h e s as i n p u t , and which d i d not 

c o n s i d e r t h e f u n c t i o n o f t h e t r a n s d u c e r . T h i s was not the 

case w i t h t h e o u t p u t t r a n s d u c e r s . The motor, which p u p i l s 

would have encountered was c o r r e c t l y c l a s s i f i e d by 687. of 
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p u p i l s . However, as they had n o t encountered the water 

h e a t e r , p u p i l s would need t o t h i n k about i t s f u n c t i o n 

b e f o r e they c o u l d c l a s s i f y i t . 627. were a b l e t o c l a s s i f y 

t h e heater as an o u t p u t t r a n s d u c e r . 

P u p i l s c o u l d be expected t o have some everyday experience 

o f a h e a t e r , b u t few, i f any, would have encountered 

e l e c t r i c water v a l v e s . The problem of c l a s s i f i c a t i o n was 

f u r t h e r compounded i n t h a t one v a l v e was l a b e l l e d Water 

( i n ) and one Water ( o u t ) . Both v a l v e s ought t o have been 

c l a s s e d as o u t p u t t r a n s d u c e r s , and i t i s c l e a r from the 

r e s u l t s t h a t some p u p i l s d i d c l a s s t he W a t e r ( i n ) v a l v e as 

i n p u t , and t h e Water ( o u t ) as o u t p u t . However, as more 

than one t h i r d o f t h e p u p i l s (397.) were a b l e t o avoid 

these d i s t r a c t i o n s and c o r r e c t l y c l a s s i f y t he Water ( i n ) 

v a l v e , i t would seem t o i n d i c a t e t h a t these p u p i l s had a 

good u n d e r s t a n d i n g of what a t r a n s d u c e r ' i s ' and what i t 

' does ' . 

0utcgme_2_- Sel,ec t _ a _ T r ansducer _ f or _a_given_aBe l,ic 

"Transducer" d e s c r i b e d e i g h t a p p l i c a t i o n s i n which 

t r a n s d u c e r s c o u l d be used, and asked p u p i l s t o s e l e c t the 

t r a n s d u c e r which would be most a p p r o p r i a t e f o r each 

a p p l i c a t i o n . Two t h i r d s of the p u p i l s , (677.) were able t o 

s e l e c t t r a n s d u c e r s f o r more than 3 of the given 

a p p l i c a t i o n s . P u p i l s had t o t h i n k about the phenomena 

which would a f f e c t t h e t r a n s d u c e r as w e l l as i t s f u n c t i o n 

b e f o r e being a b l e t o make any s e l e c t i o n . The c o m p l e x i t y of 
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t h e phenomena which had t o be considered d i f f e r e d i n each 

of the a p p l i c a t i o n s . 

The r o l l - o v e r warning q u e s t i o n r e q u i r e d an understanding 

of a r e l a t i v e l y s i m p l e phenomenon and as p u p i l s had 

a l r e a d y been i n t r o d u c e d t o a t i l t - s w i t c h , which they could 

e a s i l y r e l a t e t o t h e problem, the m a j o r i t y of p u p i l s 

encountered v e r y l i t t l e d i f f i c u l t y w i t h t h i s a p p l i c a t i o n . 

The a p p l i c a t i o n s which appeared t o pr e s e n t the most 

d i f f i c u l t y were those which i n v o l v e d the more complex 

phenonoma, i . e . t h e depth-warning, t h e a u d i b l e warning and 

t r a f f i c sensing a p p l i c a t i o n s . I t would appear t h a t t h e r e 

may be some r e l a t i o n s h i p between the d i f f i c u l t y which 

p u p i l s encountered w i t h an a p p l i c a t i o n and the c o m p l e x i t y 

of t h e phenonoma which had t o be considered. I t i s 

d i f f i c u l t t o e x p l a i n why p u p i l s had d i f f i c u l t y w i t h the 

a u d i b l e warning q u e s t i o n s . 

I t i s i n t e r e s t i n g t o note t h a t of the 84 p u p i l s who were 

p r e s e n t f o r a l l t e s t s 24 c o r r e c t l y s e l e c t e d a transducer 

f o r t h e depth w a r n i n g , 28 f o r t h e a u d i b l e warning and 17 

f o r t h e t r a f f i c sensor. None of these p u p i l s belonged t o 

t h e lower a b i l i t y band. T h i s might suggest t h a t the 

g e n e r a l a b i l i t y of the p u p i l s might have i n f l u e n c e d t h e i r 

performance. 
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Table 3 

S e ^ e c t _ a n _ a g g r o g r i a t e _ t r a n s d u c e r _ f o r 

No. n=124 

T r a c t o r r o l l - o v e r ( t i l t s w i t c h ) 102 807. 

Magnetic (magnetic s w i t c h ) 74 597. 

P r o p e l a car (motor) 85 687. 

S t r e e t l i g h t s w i t c h ( l i g h t sensor) 59 477. 

Depth warning ( p r e s s u r e s w i t c h ) 39 317. 

A u d i b l e warning (buzzer) 40 327. 

T r a f f i c sensor ( l i g h t sensor) 
(p r e s s u r e s w i t c h ) 
(micro-swi t c h ) 

27 217. 

That one t h i r d o f t h e p u p i l s ( 317.) were a b l e t o see t h a t 

t h e p r e s s u r e s w i t c h c o u l d be used t o p r o v i d e a depth 

warning demonstrated t h a t t he p u p i l s were prepared t o 

t h i n k about t h e problem and t o apply knowledge which they 

had l e a r n t elsewhere. 

• u t c o m e _ 3 _ - _ P r e d i c t _ t h e _ e f f e c t _ g f 

When g i v e n a s k e t c h of a c o n t r o l system and an o u t p u t code 

( q u e s t i o n l a I n t e r f a c e ) t h e m a j o r i t y of p u p i l s (897.) were 

a b l e t o p r e d i c t t h e e f f e c t o f t h e code i n terms o f which 

t r a n s d u c e r s would be 'switched on' . Question 6 (Washing 

Machine) present e d p u p i l s w i t h a s i m i l a r problem b u t was 

more concerned w i t h t h e i m p l i c a t i o n s o f an o u t p u t code. 

N e a r l y t h r e e q u a r t e r s of t h e p u p i l s (747.) r e a l i s e d t h a t 

t h e e f f e c t o f t h e code would be t h a t t he heater would be 

s w i t c h e d on, though these p u p i l s a l s o r e a l i s e d t h a t t h e r e 

would be no water i n t h e machine. In gene r a l t h i s l ed 
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p u p i l s t o conclude t h a t t h e heater would " have n o t h i n g t o 

heat". 

P u p i l s e x p e r i e n c e d l e s s success when they were asked t o 

p r e d i c t t h e code which would produce a g i v e n e f f e c t . In 

q u e s t i o n 5 Washing Machine 607. were a b l e t o p r e d i c t the 

code which would cause t h e water ( i n ) v a l v e t o be switched 

on. 

In t h e i r response t o these q u e s t i o n s p u p i l s demonstrated 

t h a t they were a b l e t o p r e d i c t t he p r i m a r y e f f e c t of an 

o u t p u t code and were w i l l i n g t o go on t o consider the 

i m p l i c a t i o n s of t h e e f f e c t . 

Outcome 4 - Pc§dic t t h e i n g u t code which W2yid_^§ 
g e n e r a t e d _ u n d e r _ g i y e n _ c o n d i t i o n 5 

Question 2 ( " I n t e r f a c e " ) d e s c r i b e d a c o n t r o l system, gave 

t h e s t a t u s of t h e i n p u t t r a n s d u c e r s and asked p u p i l s t o 

p r e d i c t t h e code which would be generated. Nearly t h r e e 

q u a r t e r s of t h e p u p i l s (737.) were a b l e t o p r e d i c t the 

c o r r e c t code. I t would seem f a i r t o assume t h a t the 

r e a s o n i n g r e q u i r e d t o answer t h i s q u e s t i o n would be very 

s i m i l a r t o t h a t r e q u i r e d i n q u e s t i o n l a . In bo t h of these 

q u e s t i o n s p u p i l s were e i t h e r g i v e n the s t a t e of the i n p u t 

t r a n s d u c e r s , or an o u t p u t code, and asked t o p r e d i c t the 

e f f e c t . They appeared t o encounter very l i t t l e d i f f i c u l t y 

w i t h t h i s t y p e o f q u e s t i o n . 

" I n t e r f a c e " q u e s t i o n l a asked p u p i l s t o p r e d i c t what 
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s t a t e t h e i n p u t t r a n s d u c e r s must be i n t o cause the given 

code t o be generated. Here p u p i l s were g i v e n the e f f e c t 

and were asked t o p r e d i c t the cause. G e n e r a l l y p u p i l s 

found t h i s much more d i f f i c u l t than when they were given 

t h e cause and asked t o p r e d i c t t h e e f f e c t , and o n l y one 

h a l f of t h e p u p i l s c o u l d r e l a t e the code t o the s t a t e of 

t h e i n p u t t r a n s d u c e r s . T h i s i s c o n s i s t e n t w i t h the r e s u l t s 

from q u e s t i o n 5 ("Washing Machine"). I n order t o answer 

t h i s t y p e of q u e s t i o n p u p i l s had t o work backwards and i t 

would appear t h a t p u p i l s f i n d t h i s t y p e of reasoning q u i t e 

d i f f i c u l t . 

Q uestion 4 b ("Washing Machine") added a f u r t h e r 

dimension t o t h e "what caused t h i s " s t y l e of q u e s t i o n . 

I t asked p u p i l s t o p r e d i c t t h e i n p u t code which would 

cause t h e c o n t r o l program t o generate an o u t p u t code which 

i n t u r n would s w i t c h on t h e motor. In order t o do t h i s 

p u p i l s would need t o have some un d e r s t a n d i n g of the basic 

' c y c l e ' t h r o u g h which an automatic washing machine would 

n o r m a l l y go, and would need t o r e l a t e t h i s process t o the 

g i v e n 'model' of a washing machine. 

P u p i l s needed t o r e a l i s e t h a t b e f o r e the motor i s switched 

on t h e machine should be on, the temperature should be a t 

some predetermined l e v e l , t he door should be closed and 

t h e water l e v e l c o r r e c t . T h i s i n v o l v e s some r e l a t i v e l y 

complex a b s t r a c t r e a s o n i n g and, not s u r p r i s i n g l y , p u p i l s 

found t h i s v e r y d i f f i c u l t as i s i l l u s t r a t e d i n t a b l e 5 . 

Table 5 
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What i n p u t eede weuld eaus© the e e n t r e l p r e i r a m t e s w i t c h 
on t h e motor. 

Washing machine 4b 

No. n=118 

On/off s w i t c h ON 27 227. 

Temperature DK 26 217. 

Door Closed 36 307. 

Water Level C o r r e c t 26 217. 

I t i s i n t e r e s t i n g t h a t t he i n p u t which appeared t o be most 

i m p o r t a n t t o t h e p u p i l s was t h a t t he door should be 

c l o s e d . The i m p l i c a t i o n s of t h e open door must have 

had more impact on t h e p u p i l s than washing w i t h o u t 

s u f f i c i e n t water or a t too low a temperature. 

Qyi£9!D§ 5 Z 0§§i9Q_§_£9Qtrol__Brogram_to sol^ve §_aiven 
erob l_em^ 

When asked t o w r i t e i n s t r u c t i o n s which would produce a 

g i v e n o u t p u t code, the m a j o r i t y of p u p i l s (877.), gave the 

c o r r e c t commands ( q u e s t i o n l b " I n t e r f a c e " ) . However, when 

asked t o w r i t e a procedure t o s o l v e a g i v e n problem, o n l y 

45 p u p i l s made any a t t e m p t a t a s o l u t i o n ; of these p u p i l s 

o n l y 17 were c o n s i d e r e d t o have made a reasonable attempt 

( q u e s t i o n 2c " I n t e r f a c e " ) , w h i l e o n l y 2 p u p i l s were able 

t o d e sign a procedure which c o u l d have been considered t o 

be complete. However i t i s i n t e r e s t i n g t o note t h a t 10 of 

th e 17 p u p i l s were a l s o a b l e t o s e l e c t t r a n s d u c e r s f o r the 

more a b s t r a c t a p p l i c a t i o n s . 
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P u p i l s appeared t o experi e n c e the same degree of 

d i f f i c u l t y w i t h t h i s programming q u e s t i o n as they d i d w i t h 

t h e more a b s t r a c t t r a n s d u c e r and code q u e s t i o n s . 
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The w r i t t e n t e s t s p r o v i d e d data on t h r e e main aspects of 

t h e course: t r a n s d u c e r s ; i n p u t / o u t p u t codes; and 

programming. To help w i t h t h e i n t e r p r e t a t i o n of t h i s data 

i t has been compressed and i s presented i n Appendix 9. 

As n o t a l l p u p i l s were p r e s e n t f o r a l l t e s t s , t h e 

f o l l o w i n g a n a l y s i s r e l i e s o n l y on the data which r e l a t e s 

t o t h e 84 p u p i l s who were p r e s e n t f o r a l l of the t e s t s . 

The data suggest t h a t : -

a. ) Three q u a r t e r s of t h e p u p i l s had formed some 

c o n c e p t i o n o f a t r a n s d u c e r , and, t o v a r y i n g degrees had 

developed an u n d e r s t a n d i n g of the p a r t which they played 

i n c o n t r o l systems. 

b. ) Four o u t of f i v e p u p i l s had developed an 

u n d e r s t a n d i n g of i n p u t / o u t p u t codes and of the r o l e which 

they p l a y i n c o n t r o l systems. 

c. ) Three o u t of f i v e p u p i l s (647.) had developed an 

u n d e r s t a n d i n g of t r a n s d u c e r s and of i n p u t / o u t p u t codes. 

d. ) More than t h r e e q u a r t e r s of the p u p i l s (877.) were 

a b l e t o employ s i m p l e commands i n order t o produce a given 

o u t p u t code; 

e. ) The m a j o r i t y o f p u p i l s were UNABLE t o design a program 

which r e q u i r e d t h e use of a n y t h i n g o t h e r than simple 

command sequences; 

77 



A l l of t h e 17 p u p i l s who were a b l e t o make a 

' s a t i s f a c t o r y ' a t t e m p t a t w r i t i n g a c o n t r o l program 

belonged t o t h e upper a b i l i t y band. These p u p i l s had a l s o 

mastered b o t h concepts and were a b l e t o reproduce the 

commands which would generate t h e r e q u i r e d o u t p u t code. 

When d e a l i n g w i t h c o n ceptual ideas i n i s o l a t i o n p u p i l s 

performed q u i t e w e l l , however when t h e ideas r e l i e d on a 

number of r e l a t e d concepts p u p i l s encountered g r e a t e r 

d i f f i c u l t y . As t h e r e a s o n i n g became more complex or more 

a b s t r a c t p u p i l s appeared t o encounter d i f f i c u l t y . 
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Chapter 6. 

The P r a c t i c a l Tests 
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Admi^n i. s t r a t i . o n _ o f _ t h e _ T e s t s 

The purpose of the p r a c t i c a l t e s t s was to a s s e s s how w e l l 

p u p i l s per-formed i n a p r a c t i c a l p r o b l e m - s o l v i n g 

environment and t o i d e n t i f y any problems which they might 

e n c o u n t e r w i t h t h e a p p a r a t u s r e q u i r e d f o r s u c h a c t i v i t i e s . 

The t e s t s p r e s e n t e d p u p i l s w i t h a problem which they had 

t o s o l v e u s i n g t h e a v a i l a b l e a p p a r a t u s and r e s o u r c e s . The 

t e s t s a r e i n c l u d e d i n Appendix 5. 

The 16 p r a c t i c a l t e s t s were a d m i n i s t e r e d to 120 p u p i l s . 

E a c h t e s t was d e s i g n e d so t h a t i t c o u l d be completed i n 

a p p r o x i m a t e l y t h i r t y minutes. They i n v o l v e d the use of the 

r e s o u r c e s and the programming language which had been used 

throughout the module. 

E i g h t of t h e t e s t s were completed d u r i n g week 15, and a 

f u r t h e r e i g h t d u r i n g week 16, of the module. The f i r s t 

e i g h t t e s t s t o be a d m i n i s t e r e d were:- " B u i l d " , " R e v e r s e " , 

" D r i v e " , " B u z z e r " , " D a y b e l l " , "Lawnmower", "Mechanisms", 

and "Gate". These were f o l l o w e d by:- "Car", " B u r g l a r 

Alarm", " R a i l w a y C r o s s i n g " , " L i f t " , " T r a f f i c L i g h t s " , 

" B a n d i t " , "Automatic Doors", and "Conveyor". These t e s t s 

were p r e s e n t e d t o the p u p i l s a s p r a c t i c a l p r o j e c t s , and 

not a s t e s t s . 

E a c h member of a c l a s s was a l l o c a t e d to one of the e i g h t 

p r o j e c t s , t h e r e f o r e each p u p i l would complete, i n t o t a l , 

two t e s t s . B e f o r e a t t e m p t i n g t h e s e p r a c t i c a l t e s t s 

p u p i l s had p r e v i o u s l y completed 3 w r i t t e n t e s t s . Appendix 

10 groups p u p i l s t o g e t h e r a c c o r d i n g to the p r a c t i c a l t e s t s 
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which they attempted and i n c l u d e s d e t a i l s o-f t h e i r 

per-Formance i n the w r i t t e n t e s t s . 

The a l l o c a t i o n to p r o j e c t s was p u r e l y random, and 

depending upon c l a s s s i z e , g e n e r a l l y r e s u l t e d i n e i g h t 

groups o-F between two and -four p u p i l s . On the -few 

o c c a s i o n s t h a t c l a s s e s had l e s s than s i x t e e n p u p i l s , one 

t e s t would be o m i t t e d i n o r d e r t h a t i n d i v i d u a l s d i d not 

work on t h e i r own. As -far a s was p o s s i b l e , w i t h i n the 

c o n s t r a i n t s of a t t e n d a n c e , p u p i l s would work i n the same 

groups -for both of t h e i r p r a c t i c a l t e s t s . 

The t e s t s were conducted i n a l a r g e computing l a b o r a t o r y 

w hich a l l o w e d a generous working s p a c e f o r each t e s t . The 

a p p a r a t u s which was r e q u i r e d f o r the t e s t was s e t out 

p r i o r t o t h e a r r i v a l of t he p u p i l s . I f a computer was 

r e q u i r e d f o r a p a r t i c u l a r t e s t , i t would be p o s i t i o n e d 

b e s i d e the a p p a r a t u s and would have the c o n t r o l language 

a l r e a d y loaded. The t e s t s were observed and a d m i n i s t e r e d 

by m y s e l f and the s u b j e c t t e a c h e r . Throughout the t e s t s 

o b s e r v a t i o n s were r e c o r d e d on p r e p a r e d c h e c k l i s t s or in 

n o te form. 

As e a c h group was a l l o c a t e d to a p r o j e c t they would be 

g i v e n a w o r k s h e e t , d i r e c t e d to the a p p a r a t u s , and 

i n s t r u c t e d t o r e a d t h e worksheet and t o f o l l o w the 

i n s t r u c t i o n s v e r y c a r e f u l l y . Most of the t e s t s r e q u i r e d 

t h e p u p i l s t o r e c o r d some i n f o r m a t i o n onto t h e i r 

w o r k s h e e t . 
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Commentary_on_the_Test5 

I n t h e d i s c u s s i o n which f o l l o w s , the performance of p u p i l s 

i n t h e p r a c t i c a l t e s t s has been c o n s i d e r e d i n the l i g h t of 

t h e i r p erformance i n the w r i t t e n t e s t s . I n order to 

a s s i s t w i t h t h i s a n a l y s i s t h e d a t a from the w r i t t e n t e s t s 

has been grouped by p r a c t i c a l t e s t and i s p r e s e n t e d in 

Appendix 10. 

0utcgme_6i._- E n t e r _ a n d _ t e 5 t _ a _ g i v e n _ B r o g r a m i 

A l l of t h e groups which attempted the t e s t s "Railway 

C r o s s i n g " , " B a n d i t " and "Buzzer" demonstrated t h a t , when 

g i v e n a l i s t i n g of a c o n t r o l program they were a b l e to 

e n t e r and t e s t i t . 

Outcgme_7^-_De5ign_and_Te5t_a_contro]^ 

The d a t a p r o v i d e d by t h e w r i t t e n t e s t s appeared t o s u g g e s t 

t h a t p u p i l s would encounter d i f f i c u l t y i n w r i t i n g a l l but 

t h e s i m p l e s t of c o n t r o l programs. Many of the p r a c t i c a l 

t e s t s p r e s e n t e d p u p i l s w i t h a problem i n which they had to 

d e s i g n and t e s t a c o n t r o l program. 

" B u r g l a r Alarm" p r e s e n t e d p u p i l s w i t h a model of a house 

com p l e t e w i t h t h r e e i n p u t t r a n s d u c e r s and a b u z z e r . They 

were a s k e d t o d e s i g n and t e s t a c o n t r o l program f o r the 

a l a r m system. Four of the f i v e groups attempted a 

c o n t r o l program and t h r e e of t h e s e groups went on to 

produce working programs. T h i s c o n f l i c t s w i t h the d a t a 
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from the w r i t t e n t e s t s which would appear to s u g g e s t t h a t 

o n l y one of the groups s h o u l d have been a b l e to develop 

s u c h a r e l a t i v e l y complex program. 

I t i s i n t e r e s t i n g t o compare the performance of p u p i l s who 

t a c k l e d " B u r g l a r Alarm" w i t h t h a t of t h o s e who t a c k l e d 

" R a i l w a y C r o s s i n g " . Both of t h e s e t e s t s c o u l d be 

c o n s i d e r e d t o be e q u a l l y d i f f i c u l t . However, appendix 10 

would seem to i n d i c a t e t h a t t h e p u p i l s who attempted 

t h e s e t e s t s were of s i m i l a r a b i l i t y , t h a t i s , they had 

performed e q u a l l y w e l l i n t he w r i t t e n t e s t s . I t would then 

seem f a i r t o assume t h a t p u p i l s would e x p e r i e n c e the same 

l e v e l of s u c c e s s w i t h both of t h e s e t e s t s . 

T h i s was not the c a s e . None of the groups which t a c k l e d 

" R a i l w a y C r o s s i n g " were a b l e to produce a working program, 

and, a s an a c t i v i t y , t h i s t e s t d i d not appear to a t t r a c t , 

or m a i n t a i n , t h e i n t e r e s t of t he p u p i l s . The groups had 

ample time t o d e s i g n t h e program but they seemed to be 

d i s a p p o i n t e d w i t h t h e r e l a t i v e s i m p l i c i t y of the p r o j e c t 

compared w i t h some of t h o s e which surrounded them. 

I t would appear t h a t the performance of p u p i l s on t h e s e 

two t e s t s was i n some way i n f l u e n c e d by t he i n t r i n s i c 

i n t e r e s t of t h e a c t i v i t y . The i n t e r e s t or a t t r a c t i o n 

which p u p i l s had f o r an a c t i v i t y appeared to a f f e c t t h e i r 

m o t i v a t i o n which, i n t u r n , i n f l u e n c e d t h e i r performance. 

I f t h e p r a c t i c a l t e s t s were to be ranked on t h e i r 

m o t i v a t i o n a l v a l u e , I would s u s p e c t t h a t " L i f t " would be 
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near t h e top. In t h i s t e s t p u p i l s needed to c o n s t r u c t a 

winding mechanism, p o s i t i o n and i n t e r f a c e the t r a n s d u c e r s , 

and to d e s i g n and t e s t a c o n t r o l program. In the time 

a v a i l a b l e o n l y one group p r o g r e s s e d to the s t a g e where 

they c o u l d i n t e r f a c e and c o n t r o l the winder. 

As an a c t i v i t y " L i f t " had something to i n t e r e s t a l l 

p u p i l s . W i t h i n t h e groups a l l p u p i l s found t h a t they had 

something to c o n t r i b u t e whether i t was i n the c o n s t r u c t i o n 

of t h e winding mechanism or the d e s i g n of the program. 

While t h i r t y f i v e minutes was not long enough to complete 

t h i s t e s t , I would argue n e v e r t h e l e s s t h a t t h i s d i d not 

d e t r a c t from i t s v a l u e a s an a c t i v i t y . The group which 

d i d d evelop a program s i m p l y produced a t e s t r o u t i n e which 

o p e r a t e d t h e winder and a s s u c h d i d not c o n s i d e r any 

i n p u t s . 

" D r i v e " appeared to m o t i v a t e p u p i l s to a s i m i l a r degree. 

A l l f i v e groups made an attempt a t a c o n t r o l procedure, 

however i n the time a v a i l a b l e o n l y one group had 

p r o g r e s s e d t o t h e s t a g e where they t e s t e d t h e i r procedure. 

The o t h e r four groups were i n the p r o c e s s of d e s i g n i n g 

q u i t e s e n s i b l e p r o c e d u r e s when time r a n out. Both " D r i v e " 

and " L i f t " were a m b i t i o u s t e s t s . However p u p i l s appeared 

to e n j o y them and a l l i n d i c a t i o n s l e d me to b e l i e v e t h a t 

g i v e n time p u p i l s would have s o l v e d both problems d e s p i t e 

t h e i r c o m p l e x i t y . 
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Although " T r a f f i c L i g h t s " asked p u p i l s to w r i t e down the 

codes which would produce t h e t r a f f i c l i g h t sequence, a l l 

f i v e groups i n t e r p r e t e d t h i s a s r e q u i r i n g them to w r i t e 

t h e c o n t r o l program. C o n t r a r y to Appendix 10, which 

s u g g e s t s t h a t o n l y t h r e e of the groups s h o u l d have been 

a b l e t o w r i t e a program, a l l of the groups demonstrated 

t h a t they were a b l e t o develop a program. 

The d i s c r e p a n c y between what p u p i l s might be expected to 

be a b l e t o do, and what they were a c t u a l l y a b l e to do, 

d e s e r v e s some i n v e s t i g a t i o n . The common f a c t o r i n the 

p r a c t i c a l t e s t s i n which t h i s phenomenon was observed 

a p p e a r s to be m o t i v a t i o n , so t h a t when motivated by an 

a c t i v i t y , p u p i l s appeared to perform b e t t e r i n p r a c t i c a l 

t e s t s than t h e i r performance i n t h e w r i t t e n t e s t s might 

s u g g e s t . 

D e s p i t e h a v i n g t a c k l e d a s i m i l a r problem d u r i n g the 

module, p u p i l s were i n t e r e s t e d i n the problem and were 

m o t i v a t e d t o s o l v e i t . Under normal c i r c u m s t a n c e s , i f 

p u p i l s were p r e s e n t e d w i t h a problem which they had 

t a c k l e d p r e v i o u s l y one might e x p e c t the 'we have done i t 

b e f o r e ' r e s p o n s e . T h i s was not the c a s e w i t h t h i s 

a c t i v i t y . The program to g e n e r a t e t h e t r a f f i c l i g h t 

s equence was r e l a t i v e l y s i m p l e , i t d i d not need to 

c o n s i d e r any feedback and was t h e r e f o r e w e l l w i t h i n the 

c a p a b i l i t y of t h e m a j o r i t y of p u p i l s . 
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P u p i l s e n c o u n t e r e d more d i f f i c u l t y , and e x p e r i e n c e d l e s s 

s u c c e s s , a s t he programming component of a problem became 

more complex. A l l of the f i v e groups which t a c k l e d 

" R e v e r s e " e n c o u n t e r e d problems i n the d e s i g n of the 

c o n t r o l p r o c e d u r e . One group which c o u l d remember the 

sequence t o r e v e r s e t h e motor, c o u l d not come to terms 

w i t h t h e l o g i c r e q u i r e d . Another group was r e a s o n a b l y 

happy w i t h t h i s l o g i c but c o u l d not produce the sequence 

which would r e v e r s e t h e motor. The group from the lower 

a b i l i t y band was g i v e n c o n s i d e r a b l e a s s i s t a n c e and was the 

o n l y group t o d e v e l o p a working program. 

P u p i l s e n c o u n t e r e d s i m i l a r problems w i t h the t e s t "Car". 

T h i s t e s t posed a p a r t i c u l a r l y d i f f i c u l t problem, g i v e n 

the l i m i t a t i o n s of the programming language. The t h r e e 

groups which had been a b l e t o i n t e r f a c e the model, 

demonstrated t h a t they c o u l d d e s i g n a s i m p l e program which 

d i s p l a y e d t h e s t a t e of the i n p u t s . Appendix 10 would 

s u g g e s t t h a t two of the groups s h o u l d have been a b l e to go 

on t o w r i t e a c o n t r o l program to s o l v e the problem. 

However, none of the groups were a b l e to d e s i g n a c o n t r o l 

program f o r t h i s problem. The c h a r a c t e r i s t i c s of t h i s 

problem would seem to d e f i n e the upper ' c e i l i n g ' of the 

r a n g e of problems which p u p i l s c o u l d be r e a l i s t i c a l l y 

e x p e c t e d to a t t e m p t . 

Only one of the f o u r groups which t a c k l e d " D a y b e l l " were 

a b l e t o d e s i g n and e n t e r a c o n t r o l p r o c e d u r e . T h i s 

p r o c e d u r e f u n c t i o n e d c o r r e c t l y a f t e r e a r l y m o d i f i c a t i o n . 

I t i s i n t e r e s t i n g t h a t when p r e s e n t e d w i t h the same 
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problem i n t he MFA c o u r s e t h e m a j o r i t y of p u p i l s would be 

a b l e to s o l v e t h i s problem by u s i n g l o g i c c i r c u i t s . 

I n a l l of t h e p r a c t i c a l t e s t s v e r y few groups d i d any 

p r e l i m i n a r y d e s i g n or p l a n n i n g b e f o r e e n t e r i n g a program. 

0utcome_8i_-_ Amend a_cgn t r ol. _er ogr am^ 

Thre e of t he groups which t a c k l e d " B a n d i t " had to be giv e n 

c o n s i d e r a b l e a s s i s t a n c e i n order to i n c o r p o r a t e a loop 

i n t o t h e p r o c e d u r e . A l l of t h e s e groups r e a l i s e d t h a t a 

REPEAT i n s t r u c t i o n was r e q u i r e d but were unable to use the 

CHANGE command. P u p i l s encountered s i m i l a r problems in 

"B u z z e r " when asked to modify the c o n t r o l procedure. The 

commands which p o s i t i o n e d the c u r s o r d u r i n g the e d i t i n g 

p r o c e s s were r a t h e r d i f f i c u l t to master and prov i d e d the 

m a j o r i t y of the d i f f i c u l t y but, w i t h a s s i s t a n c e , t h r e e of 

th e groups were a b l e to amend t h e i r p rocedure. What was 

r e a l l y a s i m p l e e d i t i n g p r o c e s s proved to be v e r y time 

consuming. One of the groups i n t r o d u c e d a d e l a y of one 

second (WAIT 10) r a t h e r than t h e r e q u i r e d 10 seconds (WAIT 

10 0 ) . They r e a l i s e d t h e i r m i s t a k e and went on to c o r r e c t 

i t . 

Outcome 9_j^ - De s i g n _ a g e r o e r i a t e _ t e 5 t _ d a t a i a n d _ t e 5 t _ a 
con t r o l . _grogrami^ 

G e n e r a l l y t h e p u p i l s were v e r y thorough and c o n s t r u c t i v e 

when t e s t i n g t h e i r programs. In " B u r g l a r Alarm" the t i n 

f o i l p r e s e n t e d an i n t e r e s t i n g problem a s i t produced a 
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l o g i c a l '1' when the f o i l was i n t a c t , and a '0' when 

broken. T h i s appeared to c h a l l e n g e t h e i r popular 

c o n c e p t i o n of a t r a n s d u c e r which would produce a '0' i f 

e v e r y t h i n g was 'normal' and a '1' i f something had 

'happened'. Only one group r e a l i s e d t h a t an alarm b e l l 

which c o u l d be s w i t c h e d o f f i f the b u r g l a r c l o s e d the 

window a f t e r b r e a k i n g i n , would be of l i m i t e d v a l u e . T h i s 

group went on to r e f i n e t h e i r s o l u t i o n to e l i m i n a t e t h i s 

problem, and d i s c u s s e d the p o s s i b i l i t y of d e l a y i n g the 

sounding of the a l a r m . 

Two of the groups which t a c k l e d " B a n d i t " were a b l e to 

e x p l a i n t h a t the b a n d i t was not random, another group 

r e a l i s e d t h a t something was not q u i t e r i g h t but were 

u n a b l e to e x p l a i n what was wrong w i t h the system. The 

f o u r t h group, which was from the lower a b i l i t y band, were 

so p l e a s e d w i t h t h e model which they had brought to l i f e , 

t h a t they were u n a b l e to c o n c e i v e t h a t t h e r e c o u l d be 

a n y t h i n g wrong w i t h i t . The p r o c e d u r e which was g i v e n had 

to be e x e c u t e d each time t h a t the b a n d i t was to run and, 

t h i s was seen a s a l i m i t a t i o n , a s w e l l a s a n u i s a n c e , by 

a l l of t h e groups. One of the groups, w i t h o u t a s s i s t a n c e 

or prompting, were a b l e to modify the procedure so t h a t i t 

ra n c o n t i n u o u s l y . 

DutcomB_10_-_De5ign_and_a55emb1 
t 9 _ l o l v e _ g i v e n _ o r _ E e r c e i v e d _ g r o b l e m 

In t h e p r o j e c t " L i f t " , t h e d e s i g n and the c o n s t r u c t i o n of 

t h e winder took the l i o n ' s s h a r e of the a v a i l a b l e time. 

None of the four groups were a b l e to d e s i g n and c o n s t r u c t 
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a mechanism which f u n c t i o n e d a t t h e i r f i r s t attempt. None 

of t h e groups made any attempt to d e s i g n the winder on 

paper p r i o r to a s s e m b l i n g i t . Three of the groups were 

a b l e to produce a f u n c t i o n a l winder. The f o u r t h group, 

a l t h o u g h they r e a l i s e d t h a t some form of g e a r i n g was 

n e c e s s a r y , were u n a b l e to assemble a working arrangement. 

The most common problem which was encountered was t h a t 

p u p i l s would tend to i n c r e a s e t h e gear r a t i o , r a t h e r than 

d e c r e a s e i t . Dne group attempted to i n t r o d u c e g e a r i n g by 

i n c r e a s i n g t h e di a m e t e r of the motor s p i n d l e , and then 

wrapping t h e s t r i n g around i t , i t d i d n ' t work! 

Of t h e t h r e e groups which produced a f u n c t i o n a l winder, 

o n l y one group went on to c o n s i d e r how the cage c o u l d be 

lowered. T h i s group, a l t h o u g h aware t h a t the cage could 

be lowered by r e v e r s i n g the motor, were unable to t e s t 

t h e i r i d e a s on how to r e v e r s e t h e motor because a s soon as 

the y d i s c o n n e c t e d t h e power s u p p l y , g r a v i t y r e t u r n e d the 

cage t o t he ground f l o o r . 

Four out of the f i v e groups t h a t t a c k l e d "Gate" produced a 

g a t e complete w i t h f u n c t i o n a l h i n g e s . Some of the hinge s 

were v e r y i n g e n i o u s , w h i l e o t h e r s i m i t a t e d the a c t u a l 

h i n g e s g i v e n to t he groups a s p a r t of the p r o j e c t . The 

group from t h e l e a s t a b l e c l a s s s p e n t the m a j o r i t y of 

t h e i r time t r y i n g to copy t h e g a t e which was shown in the 

photograph. They succeeded i n producing the g a t e but d i d 

not have time t o d e s i g n t h e h i n g e s . 
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A l l of t h e f i v e groups which t a c k l e d "Lawnmower" s e t about 

c o n s t r u c t i n g something which looked l i k e a lawnmower. None 

of t h e groups attempted to d e s i g n the lawnmower b e f o r e 

b u i l d i n g i t , indeed none of the groups r e a l l y c o n s i d e r e d 

the d e s i g n r e q u i r e m e n t s . Only one group went on to modify 

t h e i r model so t h a t i t might have f u n c t i o n e d . Another 

group d e s i g n e d a c y l i n d e r type mower which i n c o r p o r a t e d a 

motor and a s w i t c h , but which employed a d i r e c t c h a i n 

d r i v e from t h e motor to the c y l i n d e r . One v e r y f a s t 

lawnmowerI Although t h i s model looked l i k e a lawnmower, 

the c u t t i n g c y l i n d e r was s i m p l y a number of cogs f i t t e d 

onto a common s h a f t . 

The groups appeared to pay more a t t e n t i o n to a e s t h e t i c s 

r a t h e r than f u n c t i o n a l c o n s i d e r a t i o n s . Two of the groups 

produced models which n e i t h e r looked l i k e , nor had any 

hope of f u n c t i o n i n g a s a lawnmower, and y e t both of t h e s e 

groups, when q u e s t i o n e d , thought t h a t t h e i r models d i d 

look l i k e a lawnmower which they had seen. P u p i l s were 

m o d e l l i n g a p e r c e p t i o n which was not the hoped-for 

c o n c e p t u a l i s a t i o n . 

One group appeared to be v e r y i n d u s t r i o u s and d i d b u i l d 

many s u b - a s s e m b l i e s , but each time they seemed to be 

c o n v e r g i n g on a s o l u t i o n , they would abandon i t and s t a r t 

a g a i n . 
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I t i s i m p o r t a n t to remember t h a t p u p i l s had not been 

f o r m a l l y i n t r o d u c e d to e i t h e r s t r u c t u r e s or mechanisms. 

Although t h i s o m i s s i o n was n e c e s s a r y f o r the purposes 

of t h e s e t r i a l s , i t was a p p a r e n t t h a t p u p i l s d i d not have 

s u f f i c i e n t e x p e r i e n c e to a l l o w them ' e f f i c i e n t l y ' to 

s o l v e problems by m o d e l l i n g . I t i s i n t e r e s t i n g to c o n t r a s t 

t h e a b i l i t y of t h e p u p i l s to model f o r enjoyment where 

th e y were more con c e r n e d w i t h v i s u a l s i m i l a r i t y , i . e . ' i t 

l o o k s l i k e ' , and t h e i r a b i l i t y to use m o d e l l i n g in a 

problem s o l v i n g environment. P u p i l s can o b v i o u s l y model a t 

the ' l o o k s l i k e ' l e v e l but had d i f f i c u l t y a t f u n c t i o n a l 

model l i n g . 

I t appeared t h a t t h e i r c o n c e p t u a l i s a t i o n of a lawnmower 

d i d not i n c l u d e many f u n c t i o n a l c o n c e p t s . T h i s c o u l d have 

been b e c a u s e t h e a p p l i c a t i o n l a c k e d r e l e v a n c e or because 

t h e p u p i l s had not developed the n e c e s s a r y 

f u n c t i o n a l / t e c h n i c a l c o n c e p t s . 

Outcome llj^ Z _ A 5 s e m b i e _ 5 i m E i g _ 5 t r u c t u r e 5 and_mechani5m5 
f r o n i _ w r i t t e n _ o r _ g r a e h i c _ i n 5 t r 

A l l of t he f i v e groups which t a c k l e d B u i l d were a b l e to 

f o l l o w the LEGO as s e m b l y diagrams, and to assemble a q u i t e 

complex model. 

"Mechanisms" asked p u p i l s to match LEGO mechanisms w i t h 

photographs of ' r e a l ' mechanisms. Of the two groups from 

t h e upper a b i l i t y band, the f i r s t group were a b l e to 

c o r r e c t l y match s e v e n , and the second group s i x of the 
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s e v e n mechanisms. Of the middle band groups, one was a b l e 

to match s e v e n , and the o t h e r f i v e of the mechanisms. The 

group from the lower band was o n l y a b l e to match two of 

th e mechanisms. 

The r e s u l t s a r e t a b u l a t e d below:-

LEGO 
mechan ism 
( n=7 

Screw 4 

Rack 3 

B e v e l gear 3 

L e v e r 5 

S t r a i g h t gear 4 

Winder 3 

E c c e n t r i c 5 

The second p a r t of t h i s t e s t p r e s e n t e d p u p i l s w i t h seven 

'black boxes' each of which c o n t a i n e d a d i f f e r e n t 

mechanism. The i n p u t and output s h a f t s or l e v e r s 

p r o t r u d e d from t h e boxes and were the o n l y c l u e s to the 

a c t u a l mechanism which was i n s i d e the box. The groups 

were asked t o match the hidden mechanisms w i t h photographs 

of ' r e a l ' mechanisms. 

Of the two groups from the upper band, both matched f i v e 

out of t h e s e v e n . Of the two groups from the middle band, 

one was a b l e to match f o u r , and the o t h e r group a l l seven 

of t h e mechanisms. The group from the lower a b i l i t y band 

was a b l e t o match four out of the seven mechanisms. 
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The r e s u l t s a r e t a b u l a t e d below:-

B l a c k Box 

( n=7 ) 

Screw 5 

Rack 3 

B e v e l gear 1 

L e v e r 5 

S t r a i g h t gear 2 

Winder 4 

E c c e n t r i c 5 

P u p i l s demonstrated t h a t they were a b l e to r e l a t e a LEGO 

mechanism to a r e a l mechanism and t h a t they c o u l d t r a c e 

the movement through a b l a c k box. 

Outcome 1,2̂  - i><Bi§iQ the f u n c t i o n which] woyld.be 
E§Cf2C!D§d_by_the_transducer5_in_a_control 

The t i n f o i l a c r o s s the window i n the B u r g l a r Alarm 

problem was new to the p u p i l s , and y e t , a f t e r an i n i t i a l 

i n v e s t i g a t i o n and some d i s c u s s i o n , a l l of the groups 

r e a l i s e d t h a t i f the f o i l was broken, t h i s i n t u r n would 

break t h e c i r c u i t . Four out of the f i v e groups used the 

term 'broken c i r c u i t ' , w h i l e the f i f t h group were q u i t e 

c o n f i d e n t t h a t the computer would 'know' when the f o i l was 

broken but had to be encouraged to c o n s i d e r how i t would 

know. Once they d i r e c t e d t h e i r a t t e n t i o n to t h i s 'how' 

problem, t h e y v e r y soon r e l a t e d the f o i l t o a s w i t c h . 

When, i n t h e same p r a c t i c a l t e s t , p u p i l s were asked to 

e x p l a i n how a l i g h t s e n s o r c o u l d be used a s p a r t of an 
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a l a r m s y s t e m , t h r e e of the groups demonstrated t h a t they 

had some a p p r e c i a t i o n of the p a r t which such a se n s o r 

c o u l d p l a y i n an a l a r m system. T h i s p r o j e c t tended to 

encourage v e r y l i v e l y and d e t a i l e d d i s c u s s i o n s , which on 

two o c c a s i o n s , s u g g e s t e d t h a t some p u p i l s were a l i t t l e 

t oo f a m i l i a r w i t h t h e o p e r a t i o n of domestic b u r g l a r 

a l a r m s . 

On t h e whole p u p i l s were a b l e to i d e n t i f y a range of 

t r a n s d u c e r s and c o u l d answer the 'how d i d the computer 

know' q u e s t i o n s . The p r a c t i c a l t e s t 'Car', prompted a 

number of d i s c u s s i o n s on e x i s t i n g or p o t e n t i a l automobile 

c o n t r o l s y s t e m s . The sy s t e m s d i s c u s s e d ranged from the 

s e a t b e l t warning l i g h t on the B.L. Metro to the s e a t 

h e a t e r on a Volvo. One group engaged i n a v e r y l i v e l y 

d i s c u s s i o n a s t o why Volvo s h o u l d not use a l i g h t s e n s o r 

t o s w i t c h o f f t he s i d e l i g h t s d u r i n g the hours of 

d a y 1 i g h t . 

In Automatic Doors, a l l f i v e of t h e groups were a b l e to 

l o c a t e t h e t r a n s d u c e r s . Four of t h e s e groups were a b l e to 

e x p l a i n what i n f o r m a t i o n would be pr o v i d e d by each of the 

t r a n s d u c e r s . None of the groups r e a l i s e d t h a t the motor 

c o n n e c t i o n s s h o u l d be r e v e r s e d to open or c l o s e the door. 

A l l f o u r of t h e groups which t a c k l e d " L i f t " r e a l i s e d t h a t 

t h e magnet f i x e d t o t h e cage would o p e r a t e the magnetic 

s w i t c h e s , and t h a t i f t h e s e s w i t c h e s were to p r o v i d e 

p o s i t i o n a l i n f o r m a t i o n , one r e e d s w i t c h would need to be 

p o s i t i o n e d on ea c h f l o o r . Only two of the groups c o r r e c t l y 
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p o s i t i o n e d both t h e magnetic and the push s w i t c h e s , and 

one of t h e s e groups went on to c o n n e c t the push s w i t c h on 

f l o o r 1 to t h e magnetic s w i t c h on f l o o r 2. 

" R a i l w a y C r o s s i n g " p r e s e n t e d a s i m i l a r problem where a 

r e e d s w i t c h was to p r o v i d e p o s i t i o n a l i n f o r m a t i o n . Three 

out of the four groups d i s c o v e r e d v e r y r a p i d l y t h a t t h e r e 

was a magnet a t t a c h e d to the u n d e r s i d e of the locomotive, 

and t h a t t h i s would o p e r a t e the reed s w i t c h e s which were 

f i x e d to the t r a c k . The o t h e r group, w h i l e a c c e p t i n g t h a t 

the computer 'knew' where the l o c o m o t i v e was, showed v e r y 

l i t t l e i n t e r e s t i n the p r o j e c t and seemed to t h i n k t h a t i t 

was not n e c e s s a r y t o i n v e s t i g a t e f u r t h e r . 

"Conveyor" showed t h a t a l l f i v e groups were a b l e to 

p o s i t i o n t h e motor and to a t t a c h the d r i v e b e l t so t h a t 

t h e conveyor b e l t would o p e r a t e . They had no d i f f i c u l t y in 

c o n n e c t i n g the motor t o the power su p p l y and in 

d e m o n s t r a t i n g t h a t the conveyor worked when the power was 

a p p l i e d . A l l groups were a b l e to r e l a t e the p o i n t of s a l e 

t e r m i n a l shown i n the photograph to the model conveyor and 

t o e x p l a i n t h a t the b e l t s h o u l d s t o p when the g r o c e r i e s 

had moved alo n g to the t i l l o p e r a t o r . However p u p i l s 

had d i f f i c u l t y i n c o n n e c t i n g up the c i r c u i t g i v e n on the 

w o r k s h e e t and i t appeared t h a t the c i r c u i t was d i f f i c u l t 

f o r them t o f o l l o w and the m a j o r i t y of the groups had 

d i f f i c u l t y w i t h the four w i r e s r e q u i r e d by the l i g h t 

s e n s o r . 
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Outcome 1.3 z_^i:M§CD^ie_g_£2Qt!19i_§Y§i§!!] fCQED ten_gr 
graehi_c_i_n5truc t i g n s 

P u p i l s demonstrated t h a t g e n e r a l l y they were able t o 

•follow g r a p h i c i n s t r u c t i o n s , and t o a l e s s e r e x t e n t 

w r i t t e n i n s t r u c t i o n s . 

gutcgme_14_-_Sel,ectj._Bg5itign_and_ i n t e r t r a n s d u c e r s 

P u p i l s encountered v e r y l i t t l e d i - f - f i c u l t y when they were 

g i v e n e i t h e r a diagram or a photograph o-f a system and 

asked t o i n t e r - f a c e t h e t r a n s d u c e r s . 

A l l f i v e o-f t h e groups which t a c k l e d " D r i v e " demonstrated 

t h a t they c o u l d -follow w r i t t e n i n s t r u c t i o n s and connect up 

a - f a i r l y complex system. One group made the c o r r e c t 

p h y s i c a l c o n n e c t i o n s b u t when i t came t o copying i t onto 

paper they showed t h e s w i t c h e s connected t o the o u t p u t 

i n t e r - f a c e , and t h e motors t o the i n p u t 

O-f t h e -five groups which t a c k l e d "Automatic Doors", a l l of 

them were a b l e t o i n t e r f a c e the i n p u t t r a n s d u c e r s . However 

one group d i d connect a s w i t c h t o an o u t p u t i n t e r f a c e , but 

i t was obvious t h a t they had made a mistake when 

c o n n e c t i n g up t h e c i r c u i t , as they had intended t o connect 

i t t o an i n p u t i n t e r f a c e . Only one group r e a l i s e d t h a t the 

motor, because i t had t o r e v e r s e , needed t o be connected 

t o a 'Motor o u t p u t ' on the i n t e r f a c e . 
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The t e s t "Conveyor" presented problems. Three of the -five 

groups had d i f f i c u l t y i n t r a n s l a t i n g t he c i r c u i t given i n 

th e diagram i n t o an a c t u a l c i r c u i t w h i l e o n l y one group 

progressed onto t h e q u e s t i o n which asked them t o show how 

t h e l i g h t sensor and motor c o u l d be i n t e r f a c e d t o a 

computer. 

Two of t h e f i v e groups which t a c k l e d t he t e s t "Bandit" 

were a b l e t o read t h e g i v e n diagram, and t o r e a l i s e both 

t h a t t h e s w i t c h should n o t have been connected t o an 

o u t p u t i n t e r f a c e , and t h a t t he motor should not have been 

connected t o t h e i n p u t i n t e r f a c e . Another of the groups 

r e p o r t e d , q u i t e c o r r e c t l y , t h a t t h e r e was no power supply. 

Out come 15̂ ^ - Demonstrate §n_enio;^men t _ i n t h e U5e_of 

The p r a c t i c a l t e s t s demonstrated t h a t p u p i l s were able t o 

handle t h e a p p a r a t u s c o n f i d e n t l y and w i t h t he necessary 

c a r e . Rather than being i n t i m i d a t e d by the technology 

p u p i l s appeared t o be g e n u i n e l y i n t e r e s t e d and eager t o 

p a r t i c i p a t e i n t h e a c t i v i t i e s . From t h e o b s e r v a t i o n s of 

t h e course t u t o r i t was apparent t h a t t h i s l e v e l of 

i n t e r e s t and m o t i v a t i o n had been m a i n t a i n e d t h r o u g h o u t the 

course. 

The a c t i v i t i e s were such t h a t a l l p u p i l s had the 

o p p o r t u n i t y t o c o n t r i b u t e something t o the group e f f o r t . 

The p u p i l s worked w e l l i n t h e groups. One p u p i l would put 

f o r w a r d an idea or h y p o t h e s i s , i t would be e v a l u a t e d by 
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t h e group and m o d i f i e d i n the l i g h t of the d i s c u s s i o n s . 

D i s c u s s i o n s were o f t e n heated as p u p i l s argued about the 

l i m i t a t i o n s and r e l a t i v e m e r i t s of t h e proposed s o l u t i o n s . 

The a c t i v i t i e s c e r t a i n l y encouraged i n t e r a c t i o n between 

p u p i l s and I b e l i e v e t h a t t h i s i n t e r a c t i o n c o n t r i b u t e d t o 

t h e success of t h e a c t i v i t i e s . 

What_the_guBi]^s_t hough t_ab 

The q u e s t i o n n a i r e , (see Appendix 6 ) , was completed by 

142 p u p i l s who had completed a two year I n f o r m a t i o n 

Technology course. 119 of t h e p u p i l s had f o l l o w e d a course 

which i n c l u d e d t h e C o n t r o l Technology module. The 

r e m a i n i n g 23 p u p i l s had f o l l o w e d t h e same course but 

i n s t e a d o f t a k i n g t h e C o n t r o l Technology module they spent 

e x t r a t i m e on t h e F i l e Processing and Word Processing 

modules. The s y l l a b u s of the IT course covered the 

f o l l o w i n g t o p i c s : - Communications, Programming , F i l e 

P r o c e s s i n g , Word Processing and, f o r t h e m a j o r i t y of the 

p u p i l s . C o n t r o l Technology. 
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The data p r o v i d e d by t h e q u e s t i o n n a i r e has been grouped 

by t o p i c (module) and i s summarised below:-

_;̂ What gar t _ o f _ t h e _ i n f o r matron _Techngl.og^_c you 
enjoyed_the_mg5t_?^ 

I n c l u d i n g 
C o n t r o l Tech. 

Exclu d i n g 
C o n t r o l Tech. 

n = 119 n = 23 

Commun i c a t i o n s 1 0*/. - -
Programming 14 117. - -
F i l e P r o cessing 17 147. 10 437. 

Word Processing 13 107. 13 567. 

C o n t r o l Technology 66 557. - -
Unable t o c l a s s i f y B 

"Wh^t B a r t _ g f _ t h e _ l n f g r m a t i g n _ T e c h n g l g g y _ h a v 
t h e l e a s t " ? 

I n c l u d i n g 
C o n t r o l Tech. 

Exclu d i n g 
C o n t r o l Tech. 

n = 119 n = 23 

Commun i c a t i o n s 4 37. - -7. 

Programming 12 107. 1 47. 

F i l e P r o cessing 12 107. 5 217. 

Word Processing 17 147. 15 657. 

C o n t r o l Technology 24 207. - -
Unable t o c l a s s i f y 50 (wr i t i n g e t c . ) 
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^What 9l_tlD§_iQf °!lQ]§tion_Techno].og;)/_course_did you 
f i D d _ t h e _ m o 5 t _ d i f f i c u l t _ ? ; ; : 

I n c l u d i n g E x c l u d i n g 
C o n t r o l Tech. C o n t r o l Tech. 

n = 119 n = 23 

Communications - - - -

Programming 15 127. 1 47. 

F i l e P rocessing 2 17. 2 87. 

Word Processing 14 117. 13 567. 

C o n t r o l Technology 47 397. - -7. 

Unable t o c l a s s i f y 41 7 
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Fi^nd i n g s 

More than one t h i r d (397.) of the p u p i l s thought t h a t 

C o n t r o l was t h e most d i f f i c u l t p a r t of the IT course. I f 

t h i s i s c o n s i d e r e d along w i t h t he 557. who thought t h a t i t 

was t h e most e n j o y a b l e t o p i c , i t might be f a i r t o assume 

t h a t w h i l s t b eing e n j o y a b l e i t i s a l s o a demanding t o p i c . 

P u p i l s appeared t o favour t he most r e c e n t t o p i c which they 

had s t u d i e d . I n r e t r o s p e c t I b e l i e v e t h a t t h i s apparent 

b i a s was t h e r e s u l t of the p o o r l y designed 

q u e s t i o n n a i r e . T h i s poor design might a l s o e x p l a i n why, i n 

response t o t h e q u e s t i o n "What t o p i c d i d you enjoy the 

l e a s t 7", o n l y 577. of t h e 119 p u p i l s had produced 

responses which c o u l d be c l a s s i f i e d . The responses which 

were n o t c l a s s i f i e d g e n e r a l l y mentioned ' w r i t i n g ' or the 

' w r i t t e n t e s t s ' (my t e s t s ! ) . 

D e s p i t e t h e obvious problems w i t h t he q u e s t i o n n a i r e I 

b e l i e v e t h a t i t has p r o v i d e d s u f f i c i e n t evidence t o 

suggest t h a t p u p i l s had enjoyed t h e course. This would 

c e r t a i n l y be c o n f i r m e d by o b s e r v a t i o n s of the course 

t u t o r . 
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F i n d i n g s e-f t h e P r a c t i c a l Tests 

The performance of p u p i l s i n the t e s t s would suggest t h a t 

t h e m a j o r i t y of p u p i l s were:-

a. ) m o t i v a t e d by, enjoyed, and b e n e f i t e d from the 

i n v e s t i g a t i v e p r o b l e m - s o l v i n g a c t i v i t i e s which the course 

p r o v i d e d ; 

b. ) a b l e t o s e l e c t , p o s i t i o n and i n t e r f a c e the 

t r a n s d u c e r s t o which they had been i n t r o d u c e d and were 

a b l e , by f o l l o w i n g photographs or LEGO s t y l e diagrams, t o 

assemble c o n t r o l systems. However p u p i l s encountered 

d i f f i c u l t y when they were asked t o f o l l o w w r i t t e n 

i n s t r u c t i o n s . or when they were asked t o design 

s t r u c t u r e s or mechanisms which were t o perform a s p e c i f i c 

f u n c t i o n or s o l v e a g i v e n problem; 

c.) a b l e t o e n t e r and t e s t a g i v e n c o n t r o l program but 

encountered d i f f i c u l t y when they were asked t o design a 

program t o s o l v e a g i v e n problem, or when asked t o amend a 

program. 
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Chapter 7. 

Conelusions. 
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I t was c l e a r from t h e t r i a l s t h a t computer based c o n t r o l 

was capable of p r o v i d i n g a range of l e a r n i n g experiences 

which were c o n s i s t e n t w i t h the p r e v i o u s experience of 

t w e l v e and t h i r t e e n year o l d p u p i l s . I argued e a r l i e r 

t h a t much of t h e u n d e r s t a n d i n g which p u p i l s would have 

developed from t h e i r e a r l y e x p e r i e n c e would be of a 

p r o c e d u r a l n a t u r e and t h i s was confirmed by the 

o b s e r v a t i o n s made d u r i n g the p r a c t i c a l t e s t s . I t was 

apparent t h a t p u p i l s d i d have a working knowledge which, 

i n many cases, they were not a b l e t o express. They knew 

how t o make something happen but were unable t o e x p l a i n 

why i t happened or o f t e n how they had made i t happen. In a 

t r a d i t i o n a l c u r r i c u l u m t h i s t a c i t u n d e r standing would be 

g i v e n l i t t l e v a l u e but t o i g n o r e t h i s i n t u i t i v e 

u n d e r s t a n d i n g i s t o i g n o r e much of the p u p i l ' s e a r l y 

l e a r n i n g . The p r a c t i c a l p r o b l e m - s o l v i n g approach used 

a l l o w e d p u p i l s t o c a p i t a l i s e on t h i s u n d e r s t a n d i n g , and 

t h e r e f o r e t o t a k e a more a c t i v e p a r t i n the l e a r n i n g 

s i t u a t i o n . As they experienced some degree of success 

they become more c o n f i d e n t , and i n t u r n developed t h e i r 

u n derstand i n g . 

P u p i l s were m o t i v a t e d by the a c t i v i t i e s which the course 

p r o v i d e d . I n Chapter 3, I argued t h a t the i n t r i n s i c 

i n t e r e s t which c o n t r o l a c t i v i t i e s appeared t o have could 

be e i t h e r a r e s u l t of p u p i l s a s s o c i a t i n g the a c t i v i t i e s 

w i t h ' p l a y ' , or because they p e r c e i v e d them t o be r e l e v a n t 

and t h e r e f o r e w o r t h w h i l e . The models upon which the 

p r a c t i c a l a c t i v i t i e s were based were q u i t e 'rough and 

ready'. They were wooden frameworks t o which t r a n s d u c e r s 

104 



and mechanisms were a t t a c h e d . P u p i l s were not f r i g h t e n e d 

by o v e r l y s o p h i s t i c a t e d models. They co u l d r e l a t e the 

ba s i c framework t o something from t h e i r everyday 

e x p e r i e n c e and t h e r e f o r e t h e a c t i v i t y became r e l e v a n t t o 

them. 

P u p i l s appeared t o per f o r m b e t t e r on the p r a c t i c a l t e s t s 

thfsn t hey d i d on t h e w r i t t e n t e s t s . I t was not p o s s i b l e t o 

i d e n t i f y one s i n g l e f a c t o r which would e x p l a i n t h i s 

improved performance. However, t h e two major 

c h a r a c t e r i s t i c s o f t h e p r a c t i c a l t e s t s were t h a t they 

p r e s e n t e d problems i n a p r a c t i c a l c o n t e x t , and t h a t p u p i l s 

worked i n groups. 

I argued i n Chapter 3 t h a t by working i n groups p u p i l s 

would have access t o a wider range of a b i l i t i e s and 

knowledge and c o u l d be expected t o experience g r e a t e r 

success. I n t h e p r a c t i c a l a c t i v i t i e s p u p i l s would p u t 

f o r w a r d a h y p o t h e s i s , i t would be e v a l u a t e d by the group 

and then m o d i f i e d i n t h e l i g h t of the d i s c u s s i o n . P u p i l s 

were keen t o d i s c u s s t h e l i m i t a t i o n s and r e l a t i v e m e r i t s 

of t h e proposed s o l u t i o n s and t h r o u g h t h i s process they 

would converge on a s o l u t i o n . These a c t i v i t i e s generated 

p u r p o s e f u l d i s c u s s i o n which i n t u r n l e d t o n e g o t i a t e d 

d e c i s i o n making, and encouraged p u p i l s t o take account of 

each o t h e r ' s view. I n a d d i t i o n t o p r o v i d i n g many 

o p p o r t u n i t i e s f o r language development these a c t i v i t i e s 

a l s o encouraged p u p i l s t o t h i n k about how best t o approach 

a problem. 
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The t r i a l s demonstrated t h a t computer based c o n t r o l was 

capable of p r o v i d i n g p r a c t i c a l problem s o l v i n g a c t i v i t i e s . 

The range of p o s s i b l e a c t i v i t i e s meant t h a t t h e r e were 

a p p r o p r i a t e a c t i v i t i e s f o r a l l p u p i l s , r e g a r d l e s s of t h e i r 

sex or a b i l i t y . P u p i l s were m o t i v a t e d by the a c t i v i t i e s 

and t h e m a j o r i t y of them enjoyed t a k i n g p a r t . T his 

enjoyment i s o f t e n undervalued i n school s . I would argue 

t h a t i f a p u p i l e n j o y s an a c t i v i t y they w i l l become more 

c o n f i d e n t , more prepared t o experiment and t h e r e f o r e take 

more from t h e l e a r n i n g s i t u a t i o n , "the prime experience we 

shou l d g i v e p u p i l s must be t h a t of success: c o n f i d e n c e 

f i r s t , doubt l a t e r ! " . (Dobson K., 1985, p.190) 

The r e s e a r c h h i g h l i g h t e d a number of problems. The 

problems c o u l d g e n e r a l l y be f i t t e d i n t o one of two 

c a t e g o r i e s . The f i r s t c a t e g o r y would embrace the problems 

which arose as a r e s u l t of assumptions which had been 

made about t h e p r e v i o u s e x p e r i e n c e or a b i l i t y of the 

p u p i l s . The second would embrace problems of a more 

fundamental n a t u r e which r e l a t e d t o the understanding 

which t h e course aimed t o develop. 

The course assumed t h a t p u p i l s had some p r e v i o u s 

e x p e r i e n c e of programming, s t r u c t u r e s , and mechanisms. In 

g e n e r a l , i t was found t h a t p u p i l s d i d not have as much 

common e x p e r i e n c e i n these areas as had been o r i g i n a l l y 

expected. The e x p e r i e n c e they d i d have had not been 

developed i n a p r o b l e m - s o l v i n g environment and was 

t h e r e f o r e o f l i m i t e d v a l u e i n many of the a c t i v i t i e s . I t 
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was c l e a r from t h e survey t h a t the m a j o r i t y of p u p i l s had 

used c o n s t r u c t i o n k i t s , b u t the evidence p r o v i d e d by the 

p r a c t i c a l t e s t s suggested t h a t a l t h o u g h they were f a m i l i a r 

w i t h , and p r o f i c i e n t i n t h e use of these k i t s , they had 

d i f f i c u l t y d e s i g n i n g s t r u c t u r e s or mechanisms t o s o l v e 

p a r t i c u l a r problems. 

I t would appear t h a t most of t h e i r e x p e r i e n c e would have 

been gained by f o l l o w i n g d e t a i l e d p l a n s or through 

a e s t h e t i c m o d e l l i n g where the model d i d not have t o 

p e r f o r m a s p e c i f i c f u n c t i o n . With t h i s a e s t h e t i c m o d e l l i n g 

p u p i l s c o n s t r u c t e d models which matched t h e i r p e r c e p t i o n 

o f t h e o b j e c t or d e v i c e . I t was e v i d e n t from the p r a c t i c a l 

t e s t s t h a t o f t e n t h i s was not the hoped-for 

c o n c e p t u a l i s a t i o n . P u p i l s worked a t t h i s a e s t h e t i c l e v e l 

even though t h e problem encouraged them t o work a t the 

f u n c t i o n a l l e v e l . I t appeared t h a t p u p i l s a r r i v e d a t the 

l e a r n i n g s i t u a t i o n w i t h a preconceived idea t h a t m o d e l l i n g 

was an a e s t h e t i c r a t h e r than a f u n c t i o n a l process. More 

r e s e a r c h i s necessary t o determine e x a c t l y how the 

p r e c o n c e p t i o n s t h a t p u p i l s possess might i n f l u e n c e t h e i r 

a b i l i t y t o engage i n t e c h n o l o g i c a l m o d e l l i n g . This i s 

p a r t i c u l a r l y i m p o r t a n t i f , as Hashweh argues, 

p r e c o n c e p t i o n s t a k e t h e form of p r o c e d u r a l knowledge, 

and t h a t p r o c e d u r a l knowledge i s very d i f f i c u l t t o change. 

(Hashweh, 1986, p.229) I t might be t h a t , g i v en more 

c u r r i c u l u m t i m e , p u p i l s would have been a b l e t o c o n f r o n t 

t h e i r p r e c o n c e p t i o n s and then been a b l e t o use t h e i r 

p r e c o n c e p t i o n s as " b u i l d i n g b l o c k s " . ( G i I b e r t J.K. and 

Watts D.M., 1983, p.61). I f t h i s was the case such a 

course would have much t o o f f e r t e c h n o l o g i c a l e d u c a t i o n . 
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A second assumption which had t o be made a t the time when 

th e course was con c e i v e d , was t h a t p u p i l s had a basic 

knowledge and ex p e r i e n c e of programming i n LOGO. I t was 

th o u g h t t h a t t h e ex p e r i e n c e which p u p i l s had w i t h LOGO 

would help when they were i n t r o d u c e d t o the BITS 

programming language, and t o a l i m i t e d e x t e n t , t h i s was 

found t o be t r u e . However, i t was apparent t h a t p u p i l s 

found programming d i f f i c u l t . Some of the problems which 

t h e y encountered c o u l d be a t t r i b u t e d t o the language used, 

w h i l e o t h e r s were r e l a t e d t o the demands which programming 

made on t h e p u p i l . I n order t o w r i t e a program the p u p i l 

must c o n c e p t u a l i s e t h e problem, design a s o l u t i o n and then 

t r a n s l a t e t h e i r s o l u t i o n i n t o a program. As the problem 

becomes more i n v o l v e d so the reasoning becomes more 

a b s t r a c t . I t was u n f o r t u n a t e t h a t t h e w r i t t e n t e s t "Dry 

Run", which would have p r o v i d e d more data on the problems 

which p u p i l s encountered when programming, was not 

a d m i n i s t e r e d . 

There appears t o be s i m i l a r i t i e s between the problems 

which p u p i l s encountered when programming and those they 

encountered when m o d e l l i n g . I n bot h cases, as the 

re a s o n i n g became more complex or more a b s t r a c t , more 

p u p i l s e x p e r i e n c e d d i f f i c u l t y . T h i s was p a r t i c u l a r l y 

a pparent when p u p i l s attempted a n y t h i n g o t h e r than the 

s i m p l e s t o f programs or when they were asked t o b u i l d a 

model which would p e r f o r m a s p e c i f i c f u n c t i o n . In both 

s i t u a t i o n s t h e burden o f conceptual u n d e r s t a n d i n g could be 

seen t o be g r e a t e r than i n any of the o t h e r a c t i v i t i e s i n 

the course. As might have been expected p u p i l s experienced 

l e s s success i n these s i t u a t i o n s . 
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I t would appear t h a t t h e r e might be some r e l a t i o n s h i p 

between t h e number of l o g i c a l 'steps' i n v o l v e d i n a task 

and t h e d i f f i c u l t y which p u p i l s encountered w i t h the task. 

I f t h e task was 'simple' enough f o r t h e p u p i l t o be a b l e 

t o see t h e 'whole p i c t u r e ' they appeared t o perform 

b e t t e r than i f they had t o draw the p i c t u r e t o g e t h e r from 

many c o n c e p t s / i d e a s / s t e p s . 

I argued e a r l i e r t h a t meaningful and r e l e v a n t s i t u a t i o n s 

would help p u p i l s t o develop a b s t r a c t ideas. To a l a r g e 

e x t e n t t h i s argument has been supported by t h i s r e s e arch. 

P u p i l s performed b e t t e r than might have been expected when 

they were m o t i v a t e d by an a c t i v i t y . 

I t was not c l e a r whether t h e d i f f i c u l t i e s which p u p i l s 

e x p e r i e n c e d r e s u l t e d from problems w i t h the design or 

p r e s e n t a t i o n of t h e course m a t e r i a l , or whether some of 

t h e a c t i v i t i e s demanded a l e v e l of u n d e r s t a n d i n g which was 

beyond t h a t which t w e l v e and t h i r t e e n years o l d s could 

r e a l i s t i c a l l y be expected t o have developed having 

f o l l o w e d a s i x hour course. 
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Recommendations 

T h i s r e s e a r c h would suggest t h a t computer based c o n t r o l 

i s capable of p r o v i d i n g w o r t h w h i l e l e a r n i n g experiences. 

I t would i n d i c a t e t h a t f u r t h e r r e s e a r c h i s r e q u i r e d i n 

o r d e r t o c l a r i f y a number of issues which have been 

r a i s e d . 

I t would be i m p o r t a n t t o e s t a b l i s h what prec o n c e p t i o n s 

p u p i l s have about m o d e l l i n g , and t o i d e n t i f y when, and why 

t h e y had been formed. I t i s l i k e l y t h a t t h i s would have 

i m p l i c a t i o n s f o r a l l stages of t e c h n o l o g i c a l e d u c a t i o n . I t 

might be t h a t t h e e x p e r i e n c e which p u p i l s have of 

m o d e l l i n g , i n h i b i t s r a t h e r than promotes the development 

of t e c h n o l o g i c a l c a p a b i l i t y , and perhaps c o n t r i b u t e s t o 

t h e poor image o f t e c h n o l o g y as an a c t i v i t y . I t c o u l d be 

t h a t t h e t e c h n o l o g i c a l c o n t e n t of the p r i m a r y c u r r i c u l u m 

as w e l l as many popular m o d e l l i n g k i t s needs t o be 

examined. 

F u r t h e r r e s e a r c h i s r e q u i r e d t o e s t a b l i s h what 

programming competencies t w e l v e and t h i r t e e n year o l d 

p u p i l s c o u l d r e a s o n a b l y be expected t o develop. I would 

recommend t h a t a more a p p r o p r i a t e language needs t o be 

i d e n t i f i e d o r , i f necessary, developed b e f o r e t h i s 

r e s e a r c h i s conducted. 
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Have you e v e r owned any o-f the t h e s e c o n s t r u c t i o n k i t s ? 
LEGO MECCANO , FISHER TECHNIC or LEGO TEChNIC 

I f you have . w r i t e down t h e type o-f k i t AND how o l d you were 
when you - f i r s t used i t . 

2. I-f you have owned any o-f t h e s e l ; i t s do you :-

a) Use i t everyday. 
b) Once or t w i c e a week. 
c) Once or t w i c e a month. 
d) Not v e r y o-ften. 

3. I-f you have not owned your own k i t have you ever used any o-f 
t h e s e k i t s ? 

LEGO , MECCANO , FISHER TECHNIC or LEGO TECHNIC 

I f you have w r i t e down t h e name of t h e k i t and your age when 
you f i r s t u sed i t . 

4 . I f you have used any of t h e s e k i t s , d i d you f i n d t h e k i t : -

a) V e r y i n t e r e s t i n g 
b) I n t e r e s t i n g 
c ) of a v e r a g e i n t e r e s t 
d) B o r i n g 
e) V e r y b o r i n g 

5. I f you have used any of t h e s e k i t s , d i d you f i n d t h e k i t : -

a) F a r t o o d i f f i c u l t t o use 
b) D i f f i c u l t t o use 
c) Average 
d> E a s y t o use 
e) Very e a s y t o use 

6 . Draw a s k e t c h of t h e most i n t e r e s t i n g mechanism ( something 
m e c h a n i c a l which moves ) t h a t you have ever seen. 

7. On t h e back of t h e answer s h e e t draw a s k e t c h of t h e most 
i n t e r e s t i n g t h i n g t h a t you have e v e r made. 
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Modules- C o n t r o l Technology 

Pre-knowledge T h i s module assumes t h a t p u p i l s have some 
e x p e r i e n c e of programming i n LOGO and are capable o-f 
assembling LEGO s t r u c t u r e s and mechanisms. 

T h i s module aims t o : -

1.) s t i m u l a t e an i n t e r e s t i n , and an enjoyment o-F 
t e c h n o l o g y ; 

2.) p r o v i d e p u p i l s w i t h a p r a c t i c a l i n t r o d u c t i o n t o 
c o n t r o l systems; 

3 . ) p r o v i d e p u p i l s w i t h an awareness o-f a range o-f common 
a p p l i c a t i o n s of c o n t r o l t e c h n o l o g y ; 

4.) p r o v i d e p u p i l s w i t h an o p p o r t u n i t y t o apply c o n t r o l 
t e c h n o l o g y i n t h e s o l u t i o n of r e a l problems; 

5.) promote an u n d e r s t a n d i n g of t h e computer as a general 
purpose p r o b l e m - s o l v i n g t o o l . 

Having f o l l o w e d t h i s module p u p i l s c o u l d be expected t o be 
a b l e t o : -

1. ) demonstrate a f u n c t i o n a l u n d e r s t a n d i n g of the 
component p a r t s of a c o n t r o l system; 

2. ) demonstrate an awareness of a range of common 
c o n t r o l a p p l i c a t i o n s ; 

3 . ) handle r e l a t i v e l y s o p h i s t i c a t e d resources w i t h 
c o n f i d e n c e and r e s p e c t ; 

4. ) assemble and t e s t simple c o n t r o l systems; 

5. ) d e s i g n and implement a s o l u t i o n ( i n c l u d i n g t h e 
c o n t r o l program) t o a simp l e c o n t r o l problem. 

IZO 



Content, 

Transducers 

I n t r o d u c t i o n t o a range of common t r a n s d u c e r s . ( t o g g l e , 
s l i d e , push, micro, magnetic, t i l t and l i g h t s e n s i t i v e 
s w i t c h e s , b u l b s , motors and buzzers) 

C l a s s i f i c a t i o n of t r a n s d u c e r s , ( i n p u t or o u t p u t , sensors 
or a c t u a t o r s ) 

D i s c u s s i o n of where, i n terms of devices/equipment which 
t h e p u p i l s a r e l i k e l y t o come i n t o c o n t a c t w i t h , and why, 
i n terms of what i n f o r m a t i o n t h e y p r o v i d e or what f u n c t i o n 
t h e y p e r f o r m , t r a n s d u c e r s are used. 

The I n p u t I n t e r f a c e 

D i s c u s s i o n of t h e need f o r , and t h e f u n c t i o n of i n p u t 
i n t e r f a c e s . 

Demonstration of how i n p u t t r a n s d u c e r s are connected t o 
( i n t e r f a c e d t o ) an i n p u t i n t e r f a c e . 

Demonstration of t h e o p e r a t i o n of a si m p l e c o n t r o l system 
c o n s i s t i n g o f : - an i n p u t t r a n s d u c e r , an i n p u t i n t e r f a c e , a 
microcomputer and a c o n t r o l program. 

Programming - a si m p l e c o n t r o l procedure 

D i s c u s s i o n of t h e r o l e of t h e c o n t r o l program i n a 
c o n t r o l system. 

Demonstration of t h e i n p u t p a t t e r n s which can be produced 
by a range of t r a n s d u c e r s when th e y are i n t e r f a c e d t o a 
microcomputer. 

Class e x e r c i s e - p r e d i c t i o n of t h e b i n a r y i n p u t p a t t e r n s 
which would be generated under g i v e n c o n d i t i o n s f o r a 
range of d i f f e r e n t i n p u t c o n f i g u r a t i o n s . 

I n t r o d u c t i o n t o t h e concept of a channel and a b i t . 
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Programming - how t o e n t e r and execute a c o n t r o l progra m. 

I n t r o d u c t i o n t o , and demo n s t r a t i o n of t h e f o l l o w i n g 
commands:- B u i l d , Repeat, I n p u t , Again and End. 

P r e p a r a t i o n f o r a p r a c t i c a l l e s s o n . Classroom procedures, 
r e v i s i o n of i n t e r f a c i n g , t h e i n p u t window and t h e 
o p e r a t i o n of i n p u t t r a n s d u c e r s . 

P r a c t i c a l Session - i n p u t p a t t e r n s 

P u p i l s t o e n t e r and execute a g i v e n c o n t r o l procedure and 
t o r e c o r d t h e i n p u t p a t t e r n s which are produced under 
g i v e n i n p u t c o n d i t i o n s , or t o p r e d i c t t h e s t a t u s of t h e 
i n p u t t r a n s d u c e r s f o r a gi v e n i n p u t p a t t e r n . 

A C o n t r o l System 

I n t r o d u c t i o n t o a c o n t r o l system i n terms of an i n p u t 
i n t e r f a c e , a computer system, an o u t p u t i n t e r f a c e , a 
c o n t r o l program and t r a n s d u c e r s . 

D i s c u s s i o n of t h e f u n c t i o n of an o u t p u t i n t e r f a c e . 

D emonstration of t h e Set and Reset commands as a means of 
pr o d u c i n g an o u t p u t p a t t e r n . 

Class e x e r c i s e - p u p i l s t o use t h e Set/Reset commands t o 
produce a g i v e n o u t p u t p a t t e r n . 

The Output I n t e r f a c e 

D emonstration of t h e r e l a t i o n s h i p between t h e value of a 
p a r t i c u l a r b i t i n t h e o u t p u t window t o t h e s t a t e of t h e 
o u t p u t t r a n s d u c e r which i s connected t o t h a t --channel'. 

Demonstration of how o u t p u t t r a n s d u c e r s can be i n t e r f a c i n g 
and c o n t r o l l e d . 

D i s c u s s i o n of t h e Repeat/Again command and i n t r o d u c t i o n 
t o t h e Wait command as a means of i n t r o d u c i n g a delay 
i n t o a sequence. 
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P r a c t i c a l Session - T r a f f i c L i g h t s 

P u p i l s t o i n t e r f a c e a set of ^ t r a f f i c l i g h t s ' , and t o 
de s i g n , e n t e r and t e s t a c o n t r o l sequence. 

Programming - Making d e c i s i o n s 

D i s c u s s i o n of t h e d e c i s i o n s which have t o be made by the 
programs which c o n t r o l a number of common de v i c e s . 

Demonstration o f t h e I f / T e s t command. 

Class e x e r c i s e - p u p i l s t o design and t e s t a number of 
c o n t r o l programs based on t h e I f / T e s t command. 

Programming - Loops 

D i s c u s s i o n of a c o n t r o l a p p l i c a t i o n which operates 
c o n t i n u o u s l y h i g h l i g h t i n g t h e need f o r a programming 
language t o have a 'loop" f a c i l i t y . 

I n t r o d u c t i o n t o a c o n d i t i o n a l loop ( Repeat N/Again 
command). 

P r a c t i c a l s e s s i o n s based on c o n d i t i o n a l l o o p s . 

Programming - Reversing a Motor 

D i s c u s s i o n of a p p l i c a t i o n s / d e v i c e s which r e l y on a motor 
being a b l e t o r o t a t e i n both a c l o c k w i s e and an a n t i ­
c l o c k w i s e d i r e c t i o n . 

Demonstrate a c o n t r o l sequence which w i l l r e v e r s e a motor. 

P r a c t i c a l problem s o l v i n g e x e r c i s e s 

P u p i l s t o work on a number of p r a c t i c a l problems which 
c o u l d make use of a c o n t r o l system. 
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stoe€=?-t CD-F î  I— i t i i~» <3 f ) (3 r _ 

1_> CcDnne?c=-t -tto<= s«=nscDi 

-tcD t t o e inpDn-t ir-i-tet^-f.=ic=:< 

i n -ttoe < -i :i. < tz} i— ^rr»_ 

^ n d EC 

I S stocDi/vjn 

i cz u i -t _ 

•s<=toer— tcD cztoeczl-c V" <=> Li r— 

' V FD «̂  i n -t to i |=>f~CD<=edl_lt— I 

B L J I L O C R O S S 

Fc E : f=- E : nr 

T"VI=> • C F t O S S ^ n d p>t—e; •ttoe F i : E : - r i _ J F = t l N l 

McDv̂ G? -ttoe mcDdeX e n g i n e CDvet—• 

•ttoe senscDi— <̂  _ I CD CD I< ^-t t t o e 

s c : i - - e e n _ UJt-ri-te cJ cj ^-J n «^to^-t to^pjpjons-

McDN/-e -ttoe mcDdeX e n g i n e CDv^et̂  

-ttoe senscDr— Ei_ Uli—i-te dcDwn wto^-t 

| - ^ ^ p> |:D e r"i S _ 

3 _ > W to ̂  -t i n -f- czt I— < n • 

^ ^ n <il 1̂1 <zj i. 3. f-1 g _ 

s e n s CDî  s 
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w h i <= h 
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the 

En t 

3_> UJith ^ r- ̂ •iSt.X Xi-F^ r—<=\xX«̂a-ŷ  
<: _ I— ossing ,the tr» * A t-" i ^ r" «-%>cD«_tXd not 
8z> GE- i— <:i\ X ^ d oi— XcDî t̂̂ «sd v-jithC3t_tt 
g iv ing i i t̂ î—ning to th«= 
motot^i st _ 

E: ; < pj X .a i n h a t o «_t i-j o «_t X d 
mod€E=X to rnal-::e i t mot—<=• i 

add to t h. 
•«̂a3- i^ti<=_ 

^ _ > 
n s i n g 
' V I -> <— -

/ 

fZjXain the 
ii^tomatio t> a 

.adx/-antage?i 
t—r— iei— s o-F 

o-F 
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B U Fi S l_ <=> F? «l J-̂FR 

t-J I— i-te -ycDLn̂  n̂ rr»es,-FcDi— m ^nd ttoe 
F=-t—CDjec=-t r\J.̂ rr>e CDn -ttoe -top o-F V̂oni— 
stoee"t o-F wr—itini 

X _ > 
t to es< 
PD ei 

. o o l-c 
cq|i_iei 

i-t -t to. 
.-t i on • 

mod e X 
o n -yo 1^ 

nd n̂si/>*et̂  
t— i -t i n g 

^ > 
l < n o 

Ho«/̂  «/%»ouXd -ttoe 
i -F i-\>indo«/M B to^d 

iX 

to . 

It—m svs-tem 
>en tof—otcen 

to> Hoî  i/vioi_iXd -ttoe X̂̂ t—m 
l-̂ now i-F windo«/v» C to ̂  d to e e n 
ofD e n 'T* 

s V'S't em 
-F ot— c: ed 

c=> Hov-N» c-JouXd -ttoe X̂̂ i—m s-ys-tem 
l-<:no«̂  i-F sometoodv to^d »/>ĵXI-=ed into 
-ttoe t—oom 

:2 _ > 
#̂  , B 
0 l"» ̂  n n e X s 
1 n-ter--F̂ c=e 
czonneci-ted 

UJitto -ttois 
^nd C 

0 , 1 

-to 
oi_t-t|T>«_t-t in-tet̂ -F& 

modeX -t to e sensor—s 
e <=onne<=-ted "to 

^ n d on -ttoe input 
"Ttoe toi_i:;:2:ei— is 

crt-isinneX ^ on ttoe 



UJi-itcE? thts |r>i-ot=edi_ir-e 
c-j r 1 1 c; I 1 t-jiXX sound the aXa 
IT <̂  (_< > - i s hi—ol<«=n in to-

t — m i -f= ^ the? 

3 _ > Dt- ai.̂  
hoi-Ni a Xicjht 

as pDai— t o-F 

diaigi—.am i--jhicrh shot̂ s 
€̂=nso«— czociXd he used 
ht_it—gX̂ar— aXat—m_ 

t h -
Get the t 

modeX to th. 
:het- to 
: o m p3 n t e r 

c: on n ec= t 

fZ» t — o o e d »_i I— e _ 
and test VOL-lt— 

S_> UJr—ite doi-Nin th. 
«_ising t=omp>»_itet— 
hi_ii—gXat— aXat— ms_ 

advantages o-F 
oontt—oX X ed 
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£ t : i o _ i e o t C J a m e 

^ '• i t VO«_it— names ,-Fot—m and th. 
E'«—ojeczt .INJame on the t o (=> o-F 

i-N»i— i t i n g ptapet— _ sI-» e e t o-F 
Vo«_it— 

X _ > 
-î  i >c ed 
i s 
c= o X o«_«. 1— 
sen SOI— 
sen SOI— 

TTh ei— e 
to th< 

cz on n e<= ^ 
ed vvi i t 

and 
d oes _ 

ar—e thi—ee sensoi—s 
imodeX _ Each sensor— 
?d hv' di-F-Fet—ent 

l_oot= at eaoh 
deoide v%>hat eaoh 

UJr-ite down, Wt:»i.jte then e>j|z»Xain 
i-jhat >̂o«_i thinl^c that tf-ie sensot-
î -jxth the UJhite î ir—es c=o«_»Xd he 
i_ised . -Fot— _ 

lAji—ite dovvjn î.Ol< amd expXain 
i^hat that sensot— oonXd toe «_ised 
-F or- _ 

Wt—ite doi.-jn 2r!̂ X_i.ow and 
«̂ t"»at that sensot— cro«_iXd h. 
-F o(- _ 

p X a i n 
«_i sed 

Yon want to design a oonti—oX 
svstem whic=h wiXX onX>̂  Xet the 
<=l»"î t̂— Stat—t the oat— engine i -F he 
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!• 11— i e ! 
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•- to stai-t the 
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en g i n e 

E>ip3X^in how >̂ot_ii— oonti—oX s->̂ stem 
wonXd deoide when the dt—ivet- has 
done ev^et—y'thing o ot—i—eo t X •y'-

3 -> "The diagt—.am on •ŷont— wi— i t i n g 
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rii odeX_ Ot-> t h i s diagt—am show how 
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x-| _ ) t - j ! - J 1_ < ' ^ pr-oc=edut-e 
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engine 

o «_t t p «_i t 
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O LI T 1̂  LJ "T 
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UJi— i t e VOt_ii— n<=<mes ,-Fot— m ^ n d ttoe 
F̂ t—ojjeot fxĴme on ttoe top o-F -yoi-ti— 
stoeet o-F îr— i t i n g p̂ pet— _ 
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i^i X X 
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s to o ve 
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* ,̂B,c:; ^nd !:>_ 
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ttoen e;-cpX în wto^t -you ttoinl< ttoe 
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rr»«_ist t>c=? giv'en 
i n t -̂ ots- t o 
e.S'CH-ienczrts? - • 

»̂ pj ̂  11 < 
t o 1 1 I < 

p> o d «_K 
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i r > i_ < > r f . < < ; » • -
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3 - > 
p I— o c; 

TT v r=> 
e d L_n'-

£E<n d t eist 

UfNiTT I L_ 
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SET X 
UJ(̂  I T S 
R E s e: T c> 
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ElxJD 
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UJ <=> n X d von t=t G 

t - n I fc. ^ n d i t 
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r=> tr) _ i . ^ t rvi ^ I 

UJt— i t e -yon I — n^mes^-fot—m ^ n cd t|-»< 

l=-r—o J «=? 0= t tvl f11«= on t t-k e top* o-F yom 
s|->eet o-F v M i ^ i t i n g pâpDei— 

1 _ > F̂ i -t - tt-ie motoi— t o t»-i< 

cronveyoi^ ta e X t so tM^ t whien t M < 

mcz»tor- tnr-ns tt-^e Izi e' Xt mox^es-

Get 

mc3d «= X 

-y onr- te^<=l-ier- t o crh-ieotc yoni— 

Z2 - > Connecrt t f-> e motor-

p3C3VN«er- snp̂ paXv" ^nd c:»-»ec:l-c t o 

tf-»€= tjeXt moves-

t o t |-»e 

3- > l_oô < .^t tl-«e 
s.t-»ov>JS =1 c;or-»N êVOt-

pD|-»otogî .ap>t-» 
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^ I D C I 1 tz) ^nd 

C D L i t p n Xz in.ter—-<=^c:e 

^ X i <3 ri Xz st=nscDi-

mo-t. CDt— -

On Xz t 3 cz> d i ^ c f r - t-i CD w •t 
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cz: c=>n v^Vcai-- tD c=f X t crcDnXd tD o c= CDn t C D 1 1 <=d 
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IAJ i t e V-O nt— n-s.mes, -Foi—nr» ^nd tl~»< 

l=-r-oje<=t txj-3.me on t h e topj o-F -yoni 

^|->eet o-F v-ji— i t i n g pĵ p>et— 

X - > I ool-c -^t tf-»e' di^gt—w>t->ic:t~i 

t-»^s t>een st«_ic:j-:: on to -yont— i^ i^ i t ing 

pj .EEvpj ei— -

3_> l='nt t|-ie inter--F.^<=es, p»o«/v»e»— 

snpjpjXv' ^nd I EGO tingg-y on tf-ie 
t^tziXe ,.^s sf-to v-j n i n t|-»e di^gr-^ m _ 

t^oi^ nse tl-ie t-jir-es t o cronnectt npa 

t h e c:ir-<=nit tay -FoXXoi^ing these 

i nst i^nt^t i onsr • — 

^> Conneot t h e motor—s o-F t h e 

l_EGO trtnggv t o cAarx-nci./ X ^nd 

cj\<x,-\v\'<ij ^ o n t h e on tpn t 

i .-i-tei F^cre-

t=»'> Conneot t h,e veXXow pnsh 

s i t <= h t cz> <= h n n e X on t h e inp>nt 

i ntei— -F̂ cr e- <s< n d t h e tztX^cit̂  pnsh 
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i ntet—F-=ic::e_ 

«=> M l̂-ce sni— e t h ^ t t h e p>ouvJet— 

snppiXv i s fNJOT F=-L_LJGGED I fvj 

Connecrt t—ed wi i t—e -Fr—om t h e X.̂ t—ge 
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-the X.̂ 1—ge B I _ * = > C ; H C socr^<et on t h e 
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ĉ=>czl<et on t h e ontpant inter--F&<=e_ 

F^e^d t h e instt— nc: t ions ^gsiin ^nd 

cz:l-»e<=:l-i yont— czii—crnit-

3_) Shot»J how -yon h -̂s/e <z:onnec=ted 

tf-ie c^ii—onit t^y dt—.swing t h e wit—es 

CDnto -yon I — dî scji—sm 
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.3 13 cJ Xm-it—ns X c?X- t i-^j I D C = I3 XZ l3 . 

s»^itc=t-i i s FDt—essed_ 

pD I ' - <:z* "ZZ* '"3 c=? cJ 
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^•HS-ieot M^Oje G^TE 

Wr— i t e -yont— ri * (t> < ' ^ C <_> r - rii , » r i <7i t he 
F'!—ojeczt . Nsime on t h e topj o-F Vont— 
sheet o-F wi— i t i n g p>.̂ pjet— _ 

X-> •— ootc .^t t he h inges whiczh yon 
h^sN^eheen g i v e n -

l_ool< .Sit t h e p> h o t og t—.̂pj h o-F t he 

I—ool-:: ^ t _ t he f r inges on the 
c=np>tDO,si—d door—s_ 

M̂ al-ce ^ I— EGO g-ate wr-»i<:=h o ŝn hi 
opaened £?ind t=Xosed-

*̂ sl< yont— te.sic=het— t o ohe<=l< yont— 
lod e X _ 

S _> D«—.ek̂w sl-^etoh o-F yont— g.s.te_ 

S how on t h e stcett=h whet—e yon 
• w C3 n Xd p>nt sensoi— so th.st .s 
X i g h t i n tl-»e Inonse wonXd czome on 
when t h e g<=a.te w <st s op>ened_ 

Wt— i t e down t h e n.sime o-F t h e sensot— 
y o n w o n X d n s e -
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-} f - ^ b!̂ CQe L£̂UJtNjr̂CJlAjE;F< 

Wt-ite yon.- n m e s , ̂ = cz..-m ^nd t h e 
F=>,-oje<=:t fxl̂ me c=,n t h e top» <=>̂  yont-
sheet o-F wt—iting |=»-̂pjer— _ 

X_ > l-l^lce ^ modeX o-F ^ Xswnmowet-. 
The modeX shonXd h^ve ^ motor- t o 
""̂ •=«s i t w c 3 . - t c ^nd toggXe 

t h e motot— _ t o c=onti—oX 
; w i t <= h 

2 _ > 

t o t h 
Test y o n r— 

.C3 h e r— 
modeX .snd show i t 

3 : _ > 
how 
i t wor— R 

Dr-^w <=iL di^gr-^m whic=h shows 
yon toniXt yonr- modeX snd how 

I 
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pDowet— snpDpXy-
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• w i t cr h 
Tc yont 
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so t h s t 

se<=onds , 
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^nd o-F-F -Fot— ,XO seoonds, on -Fot— XO 
seoonds .snd o-F-F -Fot— XO set=onds, 
e _ t _ c= _ 

Test yont— pat—o<=ednt—e_ 

M&l-=:e .s czopay o-F t h e pat—ooednt—e 
yont— wi—iting pâpaei— _ 

S_ > E>jp»X.=̂ in wh.^t yon -Fonnd t o ta. 

di-F-Fic:nXt w i t h t h i s par—ojeot-
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X _ > Conneczt . np> t h e 
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egni pament 
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#̂ sl-= yont— te^c=h€ 
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t h. 
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3 _ > Wr—ite t h e czontr—oX par—oc=ednr—e 
whioh dr— i ves t h e motot— i n one 
dii—eotion when t h e yeXXow sw i toh 
î s pai— essed .s<nd i n t h e other— 
dit—ecition when t h e G r-e. e n switcrh 
i s pn—essed _ 

• y f 3 e i n "x-ont— fat—oc=. d̂nt—e .sind t e s t 

i t 
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on nntxX t h e gt—een 
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Appendix 6. 

The Q u e s t i o n n a i r e . 
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End of C o u r s e Q u e s t i o n s 

1,. What have you l e a r n t m :,. n f o r mat x on t e c h n o l o g y l e s s o n . 

d u r i n g t h e l a s t t w o ye. 

2. What p a r t o f t h e . n t o r ..at :i. on t e c h n o l o g y c o u r s e have you 

e n j o y e <;J t h e; m c j s t . 

3. What p a r t o f t h e i n f o r m a t i o n t e c h n o l o g y c o u r s e have you 

e n j o y e d t h e l e a s t . 

4. What p a r t o f t h e i n f o r m a t i o n t e c h n o l o g y c o u r s e d i d you f i n d 

t h e most d i f f i c u l t , . 

c o m p u t e r s do many d i f f e r e n t .obs. W r i t e down t h r e e ,obs 

w h i c h a r e done by a computer.. 



Appendix 7. 

The d a t a from the w r i t t e n t e s t s i s p r e s e n t e d i n the t a b l e 

below. E a c h row i n the t a b l e p r e s e n t s the d a t a f o r one 

p u p i l . T h i s d a t a c o m p r i s e s : - a s t u d e n t number, a c l a s s 

code, the se;-; of the p u p i l , a code f o r each of the 

p r a c t i c a l t e s t s a s w e l l a s p r e s e n t i n g t h e ' s c o r e ' awarded 

f o r t h e i r r e s p o n s e s to each of the t w e l v e w r i t t e n 

q u e s t i o n s . 

Note. 

The d a t a which r e l a t e s t o the 84 p u p i l s who were p r e s e n t 

f o r a l l t e s t s i s grouped t o g e t h e r a t the b e g i n n i n g of the 

t a b l e . 
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K e y t o A p p e n d i x / 

C o l u a n C o n t e n t s o r B r i e f d e s c r i p t i o n of q u e s t i o n ( 5 ) 
N i l f i b e r 

t O l S t u d e n t H u s b e r 

Hiee of 
W r i t t e n T e s t 

Q u e s t i o n 
N u a b e r ( E ) 

t02 

»03 

• F o r a 

S e s 

t04 First Practical Test 

105 Second Practical Test 

t06 Naee transducers froa photographs Transducer 1 part a 

107 Classify transducers froe photograph Transducer I part b 

t08 Select transducers for an application Transducer 5 

to? Classify transducers froc application Hashing Machine 1 and 2 

t l O Effect of o/p pattern on o/p transducers Interface la 

til Explain the iaplications of an o/p pattern Hashing Machine 6 

t l 2 Write instructions to produce given o/p pattern Interface lb 

t l 3 Given state of o/p tranducers- predict o/p pattern Washing Machine 5 

t l 4 . Given state of i/p transducers- predict i/p pattern Interface 2b 

t l 5 DraM circuit fros written description Interface qu. 2a 

t l 6 Given an i/p pattern- predict the state of i/p trans Interface 3 

t l 7 Write a procedure froa written specification Interface 2c 
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Append!) 

R e s u l t s o-f t h e W r i t t e n T e s t s ( p u p i l number o r d e r ) 

TABLE 1 — P u p i l s who were p r e s e n t -for a l l t e s t s . 

p c s P P 
u 1 B r r 
p a >! a a 
i s c G 
1 s t t 

i i 
W c c 
o a a 

1 1 

1. 

«: « t. « * *06 *07 *08 *09 «10 *11 «12 *13 *14 *15 «16 «17 

100 21 m r e ifia 9 9 7 6 1 1 1 1 0 4 2 1 
101 21 m ga ve 9 9 U 6 1 1 1 0 0 1 
102 21 f d r au 4 cr 

v J 1 7 1 1 2 0 1 4 1 
103 21 f bu d i 7 5 5 c .J 1 1 9 1 1 4 2 0 104 21 i r e wa 6 4 2 cr 1 1 2 0 1 0 1 2 
105 21 f Im l i c-U 0 5 0 1 0 0 0 0 0 0 106 21 m b l u r 9 9 7 6 1 1 2 1 1 4 2 1 
107 21 f ga ve 9 9 cr 3 1 1 2 1 1 3 0 3 l o a 21 f r e wa 0 6 0 8 1 1 1 1 4 0 0 109 21 f zz ca 4 c 4 6 0 1 2 0 1 4 0 0 
111 21 -f ga ve 9 9 5 0 1 1 2 1 1 4 2 1 
113 21 f bu di 1 2 1 2 0 1 2 0 0 2 2 0 114 21 m bu di 7 9 5 o> 1 1 2 1 1 2 0 2 115 21 f me t r 8 7 3 8 1 1 2 1 0 4 2 0 116 21 m me 6 5 4 4 0 1 •y 1 0 4 1 1 
117 21 m bl u r 5 4 3 1 1 2 1 1 4 2 0 
119 21 f d r au 3 4 2 8 1 0 2 1 1 4 2 0 
120 21 m z z ca 5 2 0 4 0 1 2 1 0 2 2 0 
121 21 m Im l i 9 9 7 8 1 1 1 1 4 2 4 
123 21 m bu di 9 6 7 8 1 1 2 1 1 4 2 0 124 21 m zz ca 7 1 8 4 1 1 2 1 1 4 1 4 
125 21 m d r au 9 e 6 6 1 0 0 1 4 2 1 
127 21 f ga ve 3 6 1 6 1 1 2 1 1 4 2 2 
128 21 f zz ca 7 8 3 5 1 0 2 1 1 2 2 0 
129 21 f Im 11 7 5 2 3 1 1 2 0 1 4 0 2 
130 21 m Im l i 9 4 7 7 1 1 2 1 1 4 2 2 
131 28 i zz ca 5 4 3 8 1 1 2 0 1 4 0 0 
133 28 m me ve 1 4 1 5 1 0 0 1 0 0 0 0 
134 28 f 5 4 2 8 1 1 2 0 1 4 0 0 
135 28 f ga u r 5 4 3 7 1 1 2 1 0 3 0 0 
li6 28 f r e t r 5 6 3 7 1 1 2 1 1 4 0 0 
138 28 m zz ca 2 0 2 6 1 1 0 0 0 4 1 0 
140 28 m d r au 5 0 4 6 1 1 2 1 1 0 1 0 
141 28 m 3 3 4 5 1 1 2 0 1 0 1 0 
143 28 i Im ve 5 4 2 6 1 1 2 1 0 4 0 0 

(77 
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144 28 ffl re t r cr u 4 1 1 0 1 0 1 0 
145 23 m ca 6 6 6 0 1 2 1 1 0 2 0 
148 23 f bu wa 4 4 .ji 1 0 0 1 1 0 0 0 
151 23 m r e d i a 8 4 tr 1 0 1 0 0 4 0 0 
152 23 f Im l i 0» • 4 4 1 0 0 1 1 0 0 0 
153 23 -f z z ve 8 9 cr 

U 7 1 0 1 1 4 1 0 
154 23 m zz ve 8 8 8 vJ 1 0 2 0 0 0 0 0 
155 23 m me ur 8 7 tr 6 1 0 0 0 0 ^ 0 0 
156 23 i r e d i 1 1 1 1 0 1 0 0 0 
157 23 m wa 7 4 4 C" 1 0 0 0 0 0 0 0 
153 23 f b l t r 5 1 6 7 1 0 0 0 0 0 0 0 
159 23 f zz ye 0 0 1 4 1 0 2 0 0 0 0 0 
160 23 f bu wa 9 6 6 4 0 1 '7 1 1 0 2 1 
161 23 m b l t r 4 4 <-> 0 0 2 0 1 0 2 1 
162 23 m bu wa 9 9 5 5 1 0 2 0 1 4 0 1 
163 23 m dr ca 7 7 7 5 1 1 2 0 1 0 0 0 
164 23 m r e d i 9 9 7 4 1 1 0 1 4 0 0 
165 23 f ga 4 1 4 3 1 0 0 1 1 0 0 2 
166 23 i d r ca 0 7 1 1 1 0 1 0 0 1 
167 23 f me ur 4 1 o 8 1 1 1 0 1 0 0 0 
168 23 m . me u r 9 7 8 6 1 1 2 1 1 0 2 1 
169 23 m Im l i 4 1 8 1 1 2 1 0 0 0 
170 23 f b l t r 1 1 7 1 0 0 0 1 0 0 0 
171 23 i au 1 4 6 0 0 1 1 1 0 1 0 
172 23 m ga au 8 7 5 5 1 0 2 0 4 0 0 
173 22 m dr au 9 a 7 5 1 1 2 0 1 4 2 1 
174 22 m bu d i 5 a 2 a 1 1 2 1 1 4 2 2 
175 22 f ga u r 5 6 cr 8 1 1 2 1 1 4 0 0 
176 22 m ga ur 6 6 5 6 1 1 2 1 1 4 2 1 
177 22 i me t r 5 5 4 "7 1 1 2 1 1 4 1 0 
178 22 m zz ca 6 7 6 5 1 1 2 1 1 4 2 2 
179 22 m b l ve 5 a 4 a 1 1 2 1 1 4 2 2 
180 22 m me t r 7 0 6 a 1 1 2 1 1 4 2 2 
181 22 m me t r 3 8 4 7 1 1 2 1 1 4 2 2 
182 22 i d r au 3 4 1 1 1 1 2 1 1 4 1 1 
183 22 m ZZ ca 7 4 6 a 1 1 2 1 1 4 2 
184 22 m Im 5 4 7 8 1 1 2 1 1 4 2 1 
186 22 f r e wa 4 7 4 5 1 1 2 1 1 0 2 1 
187 22 m r e wa 9 9 7 5 1 1 2 1 1 4 2 0 
188 22 m b l ve 9 9 a a 1 1 2 1 1 4 2 2 
192 22 f bu d i e 7 7 7 1 1 2 1 1 0 1 0 
194 22 f r e wa 4 3 4 2 1 1 2 1 4 2 1 
196 22 f l i 4 3 3 7 1 1 1 1 1 2 2 0 
198 22 m ga ur 8 0 6 5 1 1 2 1 1 4 2 0 
199 22 m Im l i 9 a 7 5 1 1 2 0 1 4 2 1 
201 22 f zz ca 0 0 8 4 1 1 2 1 1 0 2 1 
202 22 f ga u r 4 7 5 8 1 1 2 1 1 4 2 3 
203 22 f b l ve 1 4 3 4 1 0 2 1 1 0 1 1 

TOTALS ~ 461 422 352 462 74 63 137 55 62 207 88 62 



Appendix 

TABLE 2. — P u p i l s who were absent f o r one o r more w r i t t e n t e s t s . 
t * * * * *06 *07 *0S *09 «10 *11 *12 *13 *14 *15 *16 *17 
110 21 i t r 3 4 4 1 1 4 1 
112 21 -f b l u r 7 7 1 1 4 9 1 118 21 i 6 6 2 8 1 1 

1 
122 21 f me t r c- 1 1 0 1 4 9 0 126 21 m dr au 6 5 tr 1 1 4 (J 1 

0 
0 

132 28 m ga ur 5 4 1 2 1 0 1 
0 

1 
0 
0 137 28 m dr au 6 0 6 1 0 0 

1 
0 

1 
0 
0 139 29 m r e 7 8 4 1 r> 0 0 0 0 142 -28 m Im r> 1 r> 1 0 0 0 0 0 

146 23 f ga au 8 8 6 5 1 1 
0 

147 23 f zz ve 6 C %J 1 1 2 0 0 9 1 
149 23 m Im l i 7 8 4 1 0 2 0 0 

0 150 23 m dr ca 9 7 7 0 0 1 0 0 
0 
0 

185 22 m 7 9 6 8 1 
0 

189 22 f r e wa 1 2 
1 

1 4 2 0 190 22 f dr au 7 1 1 2 1 1 4 9 1 
191 22 f b l 6 6 1 2 0 4 0 0 
193 22 f Im l i 8 0 6 1 2 1 4 2 0 195 22 f Im l i •y 6 5 5 0 1 

0 

197 22 i bu d i 0 1 1 2 1 1 3 9 1 
200 22 -f dr au 7 1 1 2 1 1 0 2 1 
204 25 i 4 2 3 4 1 0 
205 25 m r e t r 7 5 5 4 1 0 
206 25 m ga u r c 6 6 3 Q 1 
207 25 i ga u r 4 1 0 
208 25 -f zz ca 6 4 5 0 
209 25 m me wa 9 9 c 2 0 
210 25 f 9 9 5 6 1 0 
211 25 -f me wa 7 7 5 5 0 
212 25 m au 9 9 7 1 1 
213 25 m zz ca 8 4 3 3 0 
214 25 f r e t r 7 6 4 3 1 0 
215 25 i d i 8 8 4 4 1 0 
216 25 f Im l i 7 5 5 4 0 
217 25 m b l ve 5 1 4 4 1 
218 25 m Im l i 9 7 5 4 1 
219 25 m au 6 2 3 5 1 1 
220 25 m d i 8 7 7 5 I 0 
221 25 i au 5 2 3 3 0 
222 25 m zz ca 7 3 4 6 1 1 
223 25 i b l ve 5 3 4 5 1 0 
224 25 m r e t r 9 8 8 6 1 
225 25 m Im l i 9 7 6 7 1 
226 25 m zz ca 9 9 8 6 1 1 
227 25 -f Im l i 5 6 6 4 0 
228 25 f ve 5 5 4 3 0 
229 25 i ga 5 7 3 6 1 0 
230 25 f me wa 4 0 0 
231 25 m au 3 1 0 

TOTALS — 268 226 196 159 15 27 30 16 11 37 19 7 

COMBINED TOTALS — 729 648 548 621 89 90 167 71 73 244 107 69 
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The d a t a -from the w r i t t e n t e s t s i s p r e s e n t e d i n a coded 

form i n the t a b l e below« A b i n a r y code was used i n which a 

1 was r e c o r d e d i f a p u p i l produced a s a t i s f a c t o r y r e s p o n s e 

to a q u e s t i o n . In o r d e r to determine whether or not a 

p u p i l had produced a ' s a t i s f a c t o r y ' r e s p o n s e , each 

q u e s t i o n was c o n s i d e r e d i n terms of the r e s p o n s e an 

'averacje p u p i l ' might has'e g i v e n by i d r a w i n g on h i s 

e v e r y d a y e x p e r i e n c e . Anything above t h i s l e v e l was 

c o n s i d e r e d t o be a s a t i s f a c t o r y r e s p o n s e . 

The c r i t e r i a e s t a b l i s h e d by t h i s a n a l y s i s i s g i v e n in the 

t a b l e below:--

Column Q u e s t i o n Response 

*06 Ou. 1 ( T r a n s d u c e r ) p a r t a 

*07 Qu. 1 ( T r a n s d u c e r ) p a r t b 

#08 Qu. 5 ( T r a n s d u c e r ) 

*09 Ou. 1 and 2 (Washing Machine) 

*10 Qu. 1 ( I n t e r f a c e ) p a r t a 

*11 Qu. 6 (Washing Machine ) 

*12 Qu. 1 ( I n t e r f a c e ) p a r t b 

*13 Qu. 5 (Washing Machine) 

#14 Ou. 2 ( I n t e r f a c e ) p a r t ta 

*15 Qu. 2 ( I n t e r f a c e ) p a r t a 

*16 Ou. 3 ( I n t e r f a c e ) 

*17 Ou. 2 ( I n t e r f a c e ) p a r t c 

s c o r e 

s c o r e > 

s c o r e > 

s c or e > 

s c o r e > 

s c o r e > 

s c o r e > 

4 

4 

0 

O 

0 

s c o r e > 0 

s c o r e > 0 

s c o r e 

s c o r e > 0 

s c o r e 

18.Q 
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R e s u l t s o f t h e W r i t t e n T e s t s ( p u p i l number o r d e r ) 

TABLE 1 — P u p i l s who were p r e s e n t -for a l l t e s t s . 

p c s P P 
u 1 B r r 
p a >; a a 
i - c c 
1 5 : t t 

: i i 
W c c 
o a a 

• 1 1 

1. 2. 

t * * * * *06 *07 *08 *09 *10 *11 *12 *13 «14 *15 «16 *17 

100 21 m r e wa 1 1 1 1 1 1 1 1 0 1 1 0 
101 21 m ga ve 1 1 1 1 1 1 1 1 0 1 0 0 
102 21 f dr au 0 1 0 1 1 1 1 0 1 1 1 1 
103 21 f bu d i 1 1 1 1 1 1 1 1 1 1 1 0 
104 21 f r e wa 1 0 0 1 1 1 1 0 1 0 1 1 
105 21 f Im l i 0 1 0 1 0 1 0 0 
106 21 m b l u r 1 1 1 1 1 1 1 1 1 1 1 0 
107 21 i ga ve 1 1 1 0 1 1 1 1 1 1 0 1 
108 21 •f r e wa 0 1 1 1 1 1 1 1 1 0 0 
109 21 i ca 0 1 1 1 0 1 1 0 1 1 0 0 
111 21 i ga ve 1 1 1 1 1 1 1 1 1 1 1 0 
113 21 f bu d i 0 0 0 0 0 1 1 0 0 1 0 
114 21 m bu d i 1 1 1 0 1 1 1 1 1 0 0 1 
115 21 f me t r 1 1 0 1 1 1 1 1 0 1 1 0 
116 21 m me 1 1 1 0 0 1 1 1 0 1 1 0 
117 21 m b l u r 1 0 1 0 1 1 1 1 1 1 1 0 
119 21 f d r au 0 0 1 1 0 1 1 1 1 1 0 
120 21 m zz ca 1 0 0 0 0 1 1 1 0 1 0 
121 21 m Im l i 1 1 1 1 1 1 1 1 1 1 1 1 
123 21 m bu d i 1 1 1 1 1 1 1 1 1 1 1 0 
124 21 m z z ca 1 0 1 0 1 1 1 1 1 1 1 1 
125 21 m d r au 1 1 1 1 1 0 1 0 1 1 1 0 
127 21 f ga ve 0 1 0 1 1 1 1 1 1 1 1 1 
128 21 f ZZ ca 1 1 0 1 1 0 1 1 1 1 0 
129 21 f Im l i 1 1 0 0 1 1 1 0 1 1 0 1 
130 21 m Im l i 1 0 1 1 1 1 1 1 1 1 1 1 
131 28 f zz ca 1 0 0 1 1 1 1 0 1 1 0 0 
133 2a m me ve 0 0 0 1 1 0 0 1 0 0 0 
134 28 i 1 0 0 1 1 1 1 0 1 1 0 0 
135 28 i ga u r 1 0 0 1 1 1 1 1 0 1 0 0 
136 28 f r e t r 1 1 0 1 1 1 1 1 1 1 0 0 
138 28 m zz ca 0 0 0 1 1 1 1 1 0 
140 28 m dr au 1 0 1 1 1 1 1 1 1 0 1 0 
141 28 m 0 0 1 1 1 1 1 0 1 0 1 0 
143 28 f Im ve 1 0 0 1 1 1 1 1 0 1 0 0 
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145 23 m ca 1 1 c 1 1 1 1 0 1 0 
148 23 i bu wa 0 0 1 0 0 1 1 0 0 0 
151 23 m r e d i 1 1 1 0 1 c 0 1 0 0 
152 23 i Im l i 0 0 1 0 0 1 1 0 0 0 
153 23 f zz ve 1 1 1 0 1 1 1 1 1 0 
154 23 m zz ve 1 1 1 0 1 0 0 0 0 0 
155 23 m me ur 1 1 1 0 0 0 0 0 0 0 
156 23 -F r e d i 0 0 1 1 1 0 1 0 0 0 
157 23 m wa 0 1 .1 0 0 0 0 0 0 0 
158 23 f b l t r 0 1 1 0 0 0 0 0 0 0 
159 23 f zz ve 0 0 1 0 0 0 0 0 
160 23 -f bu wa 1 0 0 1 1 1 1 0 1 0 
161 23 m b l t r 0 0 0 0 1 0 1 0 1 0 
162 23 m bu wa 1 1 1 0 1 0 1 1 0 0 
163 23 m d r ca 1 1 1 1 1 0 1 0 0 0 
164 23 m r e d i 1 0 1 1 1 0 1 1 0 0 
165 23 f ga 0 0 0 1 1 0 0 1 
166 23 i d r ca 0 1 1 1 1 0 1 0 0 0 
167 23 f me u r 0 1 1 1 1 0 1 0 0 0 
168 23 m me ur 1 1 1 1 1 1 1 0 1 0 
169 23 m Im l i 0 1 1 1 1 1 0 0 0 0 
170 23 -f b l t r 0 1 1 0 0 0 1 0 0 
171 23 f au 0 1 0 0 1 1 1 0 1 0 
172 23 m ga au 1 1 1 0 1 0 0 1 0 
173 22 m dr au 1 1 1 1 1 0 1 1 1 0 
174 22 m bu d i 1 1 1 1 1 1 1 1 1 1 
175 22 f ga u r 1 1 1 1 1 1 1 1 0 
176 22 m ga ur 1 1 1 1 1 1 1 1 1 0 
177 22 i me t r 1 0 1 1 1 1 1 1 1 0 
178 22 m z z ca 1 1 1 1 1 1 1 1 1 1 
179 22 m b l ve 1 1 1 1 1 1 1 1 1 1 
180 22 m me t r 0 1 1 1 1 1 1 1 1 1 
181 22 m me t r 1 1 1 1 1 1 1 1 1 1 
182 22 f d r au 1 1 1 1 1 1 0 
183 22 m z z ca 0 1 1 1 1 1 1 1 1 1 
184 22 m Im 1 1 1 1 1 1 1 ,1 0 
186 22 f r e wa 1 1 1 1 1 1 1 0 1 0 
187 22 m r e wa 1 1 1 1 1 1 1 1 1 0 
188 22 m b l ve 1 1 1 1 1 1 1 1 1 1 
192 22 f bu d i 1 1 1 1 1 1 1 0 1 0 
194 22 f r e wa 0 1 1 1 0 1 1 0 
196 22 f l i 0 1 1 1 1 1 1 0 1 0 
198 22 m ga ur 0 1 1 1 1 1 1 1 1 0 
199 22 m Im l i 1 1 1 1 1 0 1 1 1 0 
201 22 f z z ca 0 0 0 1 1 1 1 1 0 1 0 
202 22 f ga u r 0 1 1 1 1 1 1 1 1 1 1 
203 22 f b l ve 0 0 0 0 1 0 1 1 1 0 

* 
0 

TOTALS 54 46 52 61 74 63 72 55 62 49 51 18 

1«2_ 
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TABLE 2. -- Pup i 1 s who were ab s e n t f o r one or more w r i t t e n t e s t s . 

* * * * * *06 *07 *08 *09 *10 *11 *12 *13 *14 t l 5 *16 *17 

110 21 f t r 0- 0 1 0 1 0 1 0 1 1 1 0 
112 21 f b l u r 1 1 0 0 1 0 1 0 1 1 1 0 
118 21 f 1 1 1 0 1 0 1 0 0 0 0 
122 21 i me t r 0 1 0 0 1 1 1 0 1 1 1 0 
126 21 m dr au 1 1 1 0 1 0 1 0 1 1 0 0 
132 28 m ga u r 1 0 0 1 0 1 0 1 0 1 0 
137 28 m dr au 1 1 0 1 0 1 0 0 0 0 0 
139 28 m r e 1 1 1 0 1 0 1 0 0 0 0 0 
142 28 m Im 0 0 1 0 0 0 0 0 0 0 
146 23 f ga au 1 1 1 1 0 1 0 1 0 0 0 0 
147 23 f z z ve 1 1 1 0 1 0 1 0 0 0 1 0 
149 23 m Im l i 1 1 1 0 1 0 1 0 0 0 0 0 
150 23 m dr ca 1 1 1 0 0 0 0 0 1 0 0 0 
185 22 m 1 1 1 1 0 1 0 1 0 0 0 0 
189 22 f r e wa 0 0 0 0 0 1 0 1 1 1 0 
190 22 i dr au 0 0 1 1 1 1 1 1 1 1 0 
191 22 -f b l 1 0 1 0 1 0 1 0 0 1 0 0 
193 22 f Im l i 1 1 0 1 0 1 0 1 1 1 0 
195 22 i Im l i 1 1 1 0 0 0 . 1 0 0 0 0 
197 22 f bu d i 0 0 0 0 1 1 1 1 1 1 1 0 
200 22 f dr au 0 0 1 1 1 1 1 1 0 1 0 
204 25 { 0 0 0 0 0 1 0 0 0 0 0 0 
205 25 m r e t r 1 1 1 0 0 1 0 0 0 0 0 0 
206 25 m ga u r 1 1 1 0 0 0 0 1 0 0 0 0 
207 25 f ga u r 0 0 0 0 1 0 0 0 0 0 0 
208 25 f z z ca 1 0 1 1 0 1 0 0 0 0 0 0 
209 25 m me wa 1 1 1 0 0 0 0 0 0 0 0 0 
210 25 f 1 1 1 1 0 1 0 0 0 0 0 0 
211 25 f me wa 1 1 1 1 0 0 0 0 0 0 0 0 
212 25 m au 1 1 1 0 0 1 0 1 0 0 0 0 
213 25 m zz ca 1 0 0 0 0 0 0 0 0 0 0 0 
214 25 i r e t r 1 1 1 0 0 1 0 0 0 0 0 0 
215 25 f d i 1 1 1 0 0 1 0 0 0 0 0 0 
216 25 f Im l i 1 1 1 0 0 0 0 0 0 0 0 0 
217 25 m b l ve 1 1 0 0 1 0 1 0 0 0 0 
218 25 m Im l i 1 1 1 0 0 0 0 1 0 0 0 0 
219 25 m au 1 1 0 1 0 1 0 0 0 0 
220 25 m d i 1 1 1 1 0 1 0 0 0 0 0 0 
221 25 f au 1 0 0 0 0 0 0 0 0 0 0 
222 25 m z z ca 1 0 1 1 0 1 0 1 0 0 0 0 
223 25 i b l ve 1 1 1 0 1 0 0 0 0 0 0 
224 25 m r e t r 1 1 1 1 0 1 0 1 0 0 0 0 
225 25 m Im l i 1 1 1 1 0 1 0 1 0 0 0 0 
226 25 m z z ca 1 1 1 1 0 1 0 1 0 0 0 0 
227 25 i Im l i 1 1 1 0 0 1 0 0 0 0 0 0 
228 25 f ve 1 1 1 0 0 1 0 0 0 0 0 0 
229 25 f ga 1 1 0 1 0 1 0 0 0 0 0 0 
230 25 f me wa 0 0 0 0 0 0 0 0 0 0 0 0 
231 25 m au 0 0 0 0 0 1 0 0 0 0 0 0 

TOTALS 37 28 32 17 15 27 15 16 11 9 10 0 

COMBINED TOTALS — 91 74 84 78 89 90 87 71 73 58 61 18 

i«5 
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Appendix 9. 

The w r i t t e n t e s t s p r o v i d e d d a t a on t h r e e main a s p e c t s o-f 

the c o u r s e , b e i n g t r a n s d u c e r s , i n p u t / o u t p u t codes and 

programming. To h e l p w i t h the i n t e r p r e t a t i o n of t h i s d a t a 

i t has been compressed and i s p r e s e n t e d i n the t a b l e 

below. D e t a i l s o-f t he method used to compress the d a t a a r e 

g i v e n below:-

Column A i s d e r i v e d from columns 6 to 9 i n appendix 8. I f 

a 1 a p p e a r s i n two or more of t h e s e columns, i . e . a p u p i l 

has performed s a t i s f a c t o r i l y i n two or more of the 

q u e s t i o n s Qu.1 ( p a r t a and b ) , and Qu.5 C T r a n s d u c e r ] , and 

Qu.1 and Ou.2 CWashing Ma c h i n e ] , a 1 was e n t e r e d i n t o t h i s 

column. 

Column B i s d e r i v e d from columns 10,11,13,14,16 i n 

appendix 8. I f a 1 a p p e a r s i n t h r e e or more of t h e s e 

columns, i . e . the p u p i l has produced a s a t i s f a c t o r y 

r e s p o n s e to t h r e e o r more of the q u e s t i o n s : - Qu. l a , 2b 

and 3 C I n t e r f a c e l l ? and Qu. 5 and 6 CWashing Machine], a 1 

would be r e c o r d e d i n column B. 

Column C i s a copy of column 12 i n appendix 8 i n which a 

1 a p p e a r s i f the p u p i l has produced a s a t i s f a c t o r y 

r e s p o n s e to q u e s t i o n lb ( I n t e r f a c e ) . 

Column D i s a copy of column 17 i n which a 1 app e a r s i f 

th e p u p i l has produced a s a t i s f a c t o r y r e s p o n s e to q u e s t i o n 

2c ( I n t e r f a c e ) . 

186 



By u s i n g t h i s s y stem a 1 i n column A would i n d i c a t e t h a t 

t h e p u p i l had formed an u n d e r s t a n d i n g of a t r a n s d u c e r , 

s i m i l a r l y a 1 i n column B would i n d i c a t e t h a t the p u p i l 

had formed an u n d e r s t a n d i n g of an i n p u t / o u t p u t code. 

ia..7 



Append i x 

Compression of d a t a p r e s e n t e d i n Appendix 

Key, 

Co1umn C o n t e n t s i Q t e r e r e t a t i o n 

*A 1 i f t h e r e a r e 2 or 
more I ' s i n columns 
•K-06, *07, *08 and *09 

1 i f t h e r e a r e 3 or 
more I ' s i n columns 
«-10, *11, *13 ,*14 
and *16 

The c o n c e p t of a 
t r a n s d u c e r has been 
formed 

The concept of a 
I/O code has been 
formed 

*C Copy of column •K-12 

*D 

* F 

Copy of column *17 

*A AND *B 

*C AND *D 

*B AND 

*D AND 

*C 

* E 

P u p i l c a p a b l e of 
r e c a l l i n g the 
i n s t r u c t i o n s which 
produce an D/P code 

P u p i l c a p a b l e of 
w r i t i n g a program 
from a s p e c i f i c a t i o n 

Concept of an I/O 
code AND t r a n s d u c e r 
formed 

P u p i l a b l e to produce 
an 0/P code AND a b l e 
t o w r i t e a program 
from a s p e c i f i c a t i o n 

Concept of an I/O 
code and a b l e produce 
an 0/P code 

Concept of an I/O 
code AND a t r a n s d u c e r 
AND a b l e to w r i t e a 
program from a 
spec i f i c a t i o n 
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R e s u l t s o-f t h e W r i t t e n T e s t s coded fro m Appendix 

p c p P 
u . 1 e r r 
p \ ' a a 
i c c c 
1 S t t 

i i 
W c c 
o a a 

1 1 

1. 2. 

*A *B *C *D 
» E *F *G *H 
A.B C D B.C D.E 
* * * t 

100 21 m. r e wa 1 1 1 0 1 0 1 0 
101 21 m ga ve 1 1 1 0 1 0 1 0 
102 21 f d r au 1 1 1 1 1 1 1 1 
103 21 f bu d i 1 1 1 0 1 0 1 0 
104 21 f r e wa 1 1 1 1 1 1 1 1 
105 21 f Im l i 1 0 0 0 0 0 0 0 
106 21 m b l u r 1 1 1 0 1 0 1 0 
107 21 f ga ve 1 1 1 1 1 1 1 1 
108 21 f r e wa 1 1 1 0 1 0 1 0 
109 21 f zz ca 1 0 1 0 0 0 0 0 
111 21 f ga ve 1 1 1 0 1 0 1 0 
113 21 f bu d i 0 0 1 0 0 0 0 0 
114 21 m bu d i 1 1 1 1 1 1 1 1 
115 21 f me t r 1 1 1 0 1 0 1 0 
116 21 m me 1 1 1 0 1 0 1 0 
117 21 m b l u r 1 1 1 0 1 0 1 0 
119 21 f d r au 0 1 1 0 0 0 1 0 
120 21 m z z ca 0 1 1 0 0 0 1 0 
121 21 m Im l i 1 1 1 1 1 1 1 1 
123 21 m bu d i 1 1 1 0 1 0 1 0 
124 21 m ZZ ca 1 1 1 1 1 1 1 1 
125 21 m d r au 1 1 1 0 1 0 1 0 
127 21 f ga ve 1 1 1 1 1 1 1 1 
128 21 f zz ca 1 1 1 0 1 0 1 0 
129 21 f Im l i 1 1 1 1 1 1 1 1 
130 21 m Im l i 1 1 1 1 1 1 1 1 
131 28 f z z ca 1 1 1 0 1 0 1 0 
133 28 m me ve 0 0 0 0 0 0 0 0 
134 28 f 1 1 1 0 1 0 1 0 
135 28 f ga u r 1 1 1 0 1 0 1 0 

1^^ 
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*-B *tc *b 
136 28 f r e t r 1 1 1 0 1 0 1 0 
138 28 m c a 0 1 0 0 0 0 0 0 
140 28 m dr au 1 1 1 0 1 0 1 0 
141 28 m 1 1 1 0 1 0 1 0 
143 28 f Iffl ve 1 1 1 0 1 0 1 0 
144 28 m r e t r 1 1 0 0 1 0 0 0 
145 23 m c a 1 1 1 0 1 0 1 0 
148 23 f bu wa 0 1 0 0 0 0 0 0 
151 23 m r e d i 1 0 1 0 0 0 0 0 
152 23 f Im l i 0 1 0 0 0 0 0 0 
153 23 f zz ve 1 1 1 0 1 0 1 0 
154 23 ffl zz ve 1 0 1 0 0 0 0 0 
155 23 m me ur 1 0 0 0 0 0 0 0 
156 23 f r e di 0 1 1 0 0 0 1 0 
157 23 m wa 1 0 0 0 0 0 0 0 
158 23 f bl t r 1 0 0 0 0 0 0 0 
159 23 f ZZ ve 0 0 1 0 0 0 0 0 
160 23 i bu wa 1 1 1 0 1 0 1 0 
161 23 m bl t r 0 0 1 0 0 0 0 0 
162 23 m bu wa 1 0 1 0 0 0 0 0 
163 23 m. dr ca 1 1 1 0 1 0 1 0 
164 23 m r e di 1 1 1 0 1. 0 1 0 
165 23 f ga 0 1 0 1 0 0 0 0 
166 23 f dr ca O l i o 0 0 1 0 
167 23 i me u r 0 1 1 0 0 0 1 0 
168 23 m me u r 1 1 1 0 1 0 1 0 
169 23 m Im l i 0 1 1 0 0 0 1 • 0 
170 23 i bl t r 0 0 0 0 0 0 0 0 
171 23 f au 1 1 1 0 1 0 1 0 
172 23 m ga au 1 0 1 0 0 0 0 0 
173 22 m dr au 1 1 1 0 1 0 1 0 
174 22 m bu d i 1 1 1 1 1 1 1 1 
175 22 f ga ur 1 1 1 0 1 0 1 0 
176 22 m ga ur 1 1 1 0 1 0 1 0 
177 22 f me t r 1 1 1 0 1 0 1 0 
178 22 m z z ca 1 1 1 1 1 1 1 1 
179 22 m bl ve 1 1 1 1 1 1 1 1 
180 22 m me t r 1 1 1 1 1 1 1 1 
181 22 m me t r 1 1 1 1 1 1 1 1 
182 22 f d r au 0 1 1 0 0 0 1 0 
183 22 m ZZ ca 1 1 1 1 1 1 1 1 
184 22 m Im 1 1 1 0 1 0 1 0 
186 22 f r e wa 1 1 1 0 1 0 1 0 
187 22 m r e wa 1 1 1 0 1 0 1 0 
188 22 m bl ve 1 1 1 1 1 1 1 1 
192 22 f bu di 1 1 1 0 1 0 1 0 
194 22 f r e wa 0 1 1 0 0 0 1 0 
196 22 f l i O l i o 0 0 1 0 
198 22 m ga u r 1 1 1 0 1 0 1 0 
199 22 m Im l i 1 1 1 0 1 0 1 0 
201 22 f ZZ ca 0 1 1 0 0 0 1 0 
202 22 f ga u r 1 1 1 1 1 1 1 1 

TOTALS. — 63 68 71 18 17 63 17 

H O 



Append!; 

TABLE 2. P u p i l s who were absent f o r one o r more w r i t t e n t e s t s . 

* * * * * * * *A *B *c *D A.B C D B.C D.E 
* *• * t 

203 22 f b l ve 0 1 1 0 0 0 1 0 110 21 f t r 0 1 1 0 0 0 1 0 112 21 f b l u r 1 1 1 0 1 0 1 
0 

0 
118 21 f 1 0 0 0 0 0 

1 
0 0 

0 122 21 f me t r 0 1 1 0 0 0 1 
0 
0 126 21 m dr au 1 0 1 0 0 0 0 0 

132 28 m ga ur 0 1 1 0 0 0 1 0 
137 28 m dr au 1 0 1 0 0 0 0 0 
139 2a m r e 1 0 1 0 0 0 0 0 
142 28 m Iffl 0 0 0 0 0 0 0 0 

0 146 23 f ga au 1 0 0 0 0 0 0 
0 
0 

147 23 f zz ve 1 0 1 0 0 0 0 0 
149 23 m Im l i 1 0 1 0 0 0 0 0 
150 23 m dr ca 1 0 0 0 0 0 0 0 
185 22 m 1 0 0 0 0 0 0 0 
189 22 f r e wa 0 0 1 0 0 0 0 0 
190 22 f dr au 0 1 1 0 0 0 1 0 
191 22 f . b l 1 0 1 0 0 0 0 0 
193 22 f Im l i 1 1 1 0 1 0 1 0 
195 22 f Im l i 1 0 0 0 0 0 0 0 
197 22 f bu d i 0 1 1 0 0 0 1 0 
200 22 f dr au 0 1 1 0 0 0 1 0 
204 25 f 0 0 0 0 0 0 0 0 
205 25 m r e t r 1 0 0 0 0 0 0 0 
206 25 m ga ur 1 0 0 0 0 0 0 0 
207 25 f ga ur 0 0 0 0 0 0 0 0 
208 25 f z z ca 1 0 0 0 0 0 0 0 
209 25 m me wa 1 0 0 0 0 0 0 0 
210 25 f 1 0 0 0 0 0 0 0 
211 25 f me wa 1 0 0 0 0 0 0 0 
212 25 m au 1 0 0 0 0 0 0 0 
213 25 m z z ca 0 0 0 0 0 0 0 0 
214 25 f r e t r 1 0 0 0 0 0 0 0 
215 25 f d i 1 0 0 0 0 0 0 0 
216 25 f Im l i 1 0 0 0 0 0 0 0 
217 25 m b l ve 1 0 0 0 0 0 0 0 
218 25 m Im l i 1 0 0 0 0 0 0 0 
219 25 m au 1 0 0 0 0 0 0 0 
220 25 m d i 1 0 0 0 0 0 0 0 
221 25 f au 0 0 0 0 0 0 0 0 
222 25 m z z ca 1 0 0 0 0 0 0 0 
223 25 f b l ve 1 0 0 0 0 0 0 0 
224 25 m r e t r 1 0 0 0 0 0 0 0 
225 25 m Im l i 1 0 0 0 0 0 0 0 
226 25 m z z ca 1 0 0 0 0 0 0 0 
227 25 f Im l i 1 0 0 0 0 0 0 0 
228 25 f ve 1 0 0 0 0 0 0 0 
229 25 f ga 1 0 0 0 0 0 0 0 
230 25 f me wa 0 0 0 0 0 0 0 0 
231 25 m au 0 0 0 0 0 0 0 0 

TOTALS — 35 9 16 0 2 0 9 0 

COMBINED TOTALS. — 98 77 87 18 56 17 72 17 

1^1 
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Appendi> 

R e s u l t s o f t h e W r i t t e n T e s t s coded -from Appendi> 
( s o r t e d by p r a c t i c a l g r o u p) 

p c 5 P P 
u 1 = r r 
p a >; a a 
i c c 
1 3 : t t 

i i 
M c t 
o a a 

• 1 1 

1. 

f £" •*# 
t * * * * *B #c *D A.B C D B.C D.E 

* * * t 

P r a c t i c a l T e s t : - A u t o m a t i c Doors -

125 21 ir d r au 1 1 1 0 1 0 1 0 
102 21 -f d r au 1 1 1 1 1 1 1 1 
119 21 -f d r au 0 1 1 0 0 0 1 0 
126 21 m d r au 1 0 1 0 0 0 0 0 

173 22 m d r au 1 1 1 0 1 0 1 0 
182 22 f d r au 0 1 1 0 0 0 1 0 
200 22 f d r au 0 1 1 0 0 0 1 0 
190 22 i d r au 0 1 1 0 0 0 1 0 

146 23 i ga au 1 0 0 0 0 0 0 0 
172 23 m ga au 1 0 1 0 0 0 0 0 
171 23 i au 1 1 1 0 1 0 1 0 

212 25 m au 1 0 0 0 0 0 0 0 
219 25 m au 1 0 0 0 0 0 0 0 
221 25 -f au 0 0 0 0 0 0 0 0 
231 25 m au 0 0 0 0 0 0 0 0 

140 28 m d r au 1 1 1 0 1 0 1 0 
137 28 m d r au 1 0 1 0 0 0 0 0 



Appendix 

V 

P r a c t i c a l T e s t : - Car. 

128 21 i Z 2 ca 1 1 1 0 1 0 1 0 
109 21 i z z ca 1 0 1 0 0 0 0 0 
124 21 m ca 1 1 1 1 1 1 1 1 
120 21 m ca 0 1 1 0 0 0 1 0 

201 ca 0 1 1 0 0 0 1 0 
173 22 m ca 1 1 1 1 1 1 1 1 
183 •22 m ca 1 1 1 1 1 1 1 1 

166 23 f d r ca 0 1 1 0 0 0 1 0 
150 23 m d r ca 1 0 0 0 0 0 0 0 
163 23 (11 d r ca 1 1 1 0 1 0 1 (J 
145 23 (D ca 1 1 1 0 1 0 1 0 

222 25 m z z ca 1 0 0 0 0 0 0 0 
213 25 m z z ca 0 0 0 0 0 0 0 0 
2oa 25 i 2 Z ca 1 0 0 0 0 0 0 0 

25 m z z ca 1 0 0 0 0 0 0 0 

138 28 m ca 0 1 0 0 0 0 0 0 
131 28 f Z Z ca 1 1 1 0 1 0 1 0 

P r a c t i c a l T e s t : - B a n d i t . 

114 21 m bu d i 1 1 1 1 1 1 1 1 
113 21 i bu d i 0 0 1 0 0 0 0 0 
103 21 -f bu d i 1 1 1 0 1 0 1 0 
123 21 m bu d i 1 1 1 0 1 0 1 0 

197 22 f bu d i 0 1 1 0 0 0 1 0 
174 22 m bu d i 1 1 1 1 1 1 1 1 
192 22 f bu d i 1 1 1 0 1 0 1 0 

151 23 m r e d i 1 0 1 0 0 0 0 0 
156 23 f r e d i 0 1 1 0 0 0 1 0 
164 23 m r e d i 1 1 1 0 1 0 1 0 

215 25 i d i 1 0 0 0 0 0 0 0 
220 25 (11 d i 1 0 0 0 0 0 0 0 



Appendi; 

P r a c t i c a l T e s t : L i f t . 

105 21 i Im l i 1 0 0 0 0 0 0 0 
121 21 m Im l i 1 1 1 1 1 1 1 1 
129 21 f Im l i 1 1 1 1 1 1 1 1 
130 21 m Im l i 1 1 1 1 1 1 1 1 

195 i Im l i 1 0 0 0 0 0 0 0 
199 1'? m Im l i 1 1 1 0 1 0 1 0 
193 i.jL. f Iffl l i 1 1 1 0 1 0 1 0 
196 f l i 0 1 1 0 0 0 1 0 

169 23 ffl Im l i 0 1 1 0 0 0 1 0 
149 23 m Im l i 1 0 1 0 0 0 0 0 
152 23 f Im l i 0 1 0 0 0 0 0 0 

227 25 i Im l i 1 0 0 0 0 0 0 0 
218 25 m Iffl l i 1 0 0 0 0 0 0 0 
225 25 m Im l i 1 0 0 0 0 0 0 0 
21.6 25 f Im l i 1 0 0 0 0 0 0 0 

P r a c t i c a l T e s t : - T r a f f i c L i g h t s . 

122 21 f me t r 0 1 1 0 0 0 1 0 
115 21 f me t r 1 1 1 0 1 0 1 0 
110 21 f t r 0 1 1 0 0 0 1 0 

177 22 f me t r 1 1 1 0 1 0 1 0 
180 22 m me t r 1 1 1 1 1 1 1 1 
181 22 m me t r 1 1 1 1 1 1 1 1 

170 23 f b l t r 0 0 0 0 0 0 0 0 
161 23 m b l t r 0 0 1 0 0 0 0 0 
150 23 f b l t r I 0 0 0 0 0 0 0 

224 25 m r e t r 1 0 0 0 0 0 0 0 
214 25 f r e t r 1 0 0 0 0 0 0 0 
205 25 m r e t r 1 0 0 0 0 0 0 0 

136 28 f r e t r 1 1 1 0 1 0 1 0 
144 28 m r e t r 1 1 0 0 1 0 0 0 



Append!; 

P r a c t i c a l T e s t : - B u r q l a r Alarm. 

112 21 f b l ur 1. 1 1 0 1 0 1 0 
117 21 m b l ur 1 1 1 0 1 0 1 0 
106 21 ffl b l ur 1 1 fj 1 0 1 0 

202 i ga ur 1 1 1 1 1 1 1 
175 i qa u r 1 1 1 0 1 0 1 0 
176 m ga ur 1 1 1 0 1 0 1 0 
198 22 m ga u r 1 1 0 1 0 1 0 

167 23 i (Tie u r 0 1 0 0 0 1 0 
168 23 (11 (ne ur 1 1 1 0 1 0 1 0 
155 23 m (ne u r 1 0 0 0 0 0 0 

207 25 i ga u r 0 0 0 0 0 0 0 
206 25 tn ga u r 1 0 '̂ 0 0 0 0 0 

132 28 m ga u r 0 1 1 0 0 0 1 0 
135 28 ga ur 1 1 ^ 0 1 0 1 0 

P r a c t i c a l T e s t : - Conveyor 

127 21 i ga v e 1 1 1 1 1 1 1 1 
101 21 m ga ve 1 1 1 0 1 0 1 0 
107 21 f ga ve 1 1 1 1 1 1 1 1 
111 21 •f ga ve 1 1 1 0 1 0 1 0 

179 22 (n b l ve 1 1 1 1 1 1 1 1 
188 22 (n b l ve 1 1 1 1 1 1 1 1 
203 22 i b l ve 0 1 1 0 0 0 1 0 

159 23 f ZZ ve 0 0 1 0 0 0 0 0 
154 23 (n zz ve 1 0 1 0 0 0 0 0 
153 23 f 2 Z ve 1 1 1 0 1 0 1 0 
147 23 f z z ve 1 0 1 0 0 0 0 0 

223 25 f b l ve 1 0 0 0 0 0 0 0 
217 25 m b l ve 1 0 0 0 0 0 0 0 
228 25 f ve 1 0 0 0 0 0 0 0 

133 28 (n (ne ve 0 0 0 0 0 0 0 0 
143 28 f l(n ve 1 1 1 0 1 0 1 0 



Appendix 

R e s u l t s of the Written T e s t s coded from Appendix 
( s o r t e d by p r a c t i c a l group) 

p c 5 P P 
u 1 = r r 
p a X a a 
1 5 c c 
1 5 : t t 

i i 
M c c 
o a a 

• 1 1 

1 2 

•fF •»6-
* * * * t *B *c *D A.B C D B.C D.E 

* t « 
P r a c t i c a l Test : ~ Daybel1 

112 21 f bl ur 1 1 1 0 1 0 1 0 
117 21 m bl ur 1 1 1 0 1 0 1 0 
106 21 tr bl ur 1 1 1 0 1 0 1 0 

203 22 f bl ve 0 1 1 0 0 0 1 0 
188 22 m bl ve 1 1 1 1 1 1 1 1 
179 22 m bl ve 1 1 1 1 1 1 1 1 
191 22 f bl 1 0 1 0 0 0 0 0 

170 23 f bl t r 0 0 0 0 0 0 0 0 
161 23 m bl t r 0 0 1 0 0 0 0 0 
158 23 f bl t r 1 0 0 0 0 0 0 0 

217 25 m bl ve 1 0 0 0 0 0 0 0 
223 25 f bl ve 1 0 0 0 0 0 0 0 

Prac±ical T e s t : - B u i l d 

114 21 m bu di 1 1 1 1 1 1 1 1 
113 21 f bu di 0 0 1 0 0 0 0 0 
103 21 f bu di 1 1 1 0 1 0 1 0 
123 21 m bu di 1 1 1 0 1 0 1 0 

197 22 f bu di 0 1 1 0 0 0 1 0 
174 22 m bu di 1 1 1 1 1 1 1 1 
192 22 f bu di 1 1 1 0 1 0 1 0 

162 23 m bu wa 1 0 1 0 0 0 0 0 
148 23 f bu wa 0 1 0 0 0 0 0 0 
160 ZS f bu wa 1 1 I 0 1 0 \ 0 



Appendix 

P r a c t i c a l T e s t : - R a i l w a y C r o s s i n g . 

104 21 i r e wa 1 1 1 1 1 1 1 1 
100 21 m r e wa 1 1 1 0 1 0 1 0 
108 21 f r e wa 1 1 1 0 1 0 1 0 

194 r e wa (.") 1 1 0 0 0 1 0 
187 22 m r e wa 1 1 1 0 1 0 1 0 
189 '^'^ ^ r e wa 0 0 1 0 0 0 0 0 
186 r e 'wa 1 1 1 0 1 0 1 0 

162 23 m bu wa 1 0 1 0 0 0 0 0 
148 23 f bu wa 0 1 0 0 0 0 0 0 
160 23 f bu wa 1 1 1 0 1 0 1 0 
157 23 m wa 1 0 0 0 0 0 0 0 

209 25 ffl me wa 1 0 0 0 0 0 0 0 
211 25 f me wa 1 0 0 0 0 0 0 0 
230 25 f me wa 0 0 0 0 0 0 0 0 

Absentees. 

116 21 m me 1 1 0 1 0 1 0 
0 229 25 f ga 1 0 0 0 0 0 0 
0 
0 

191 22 f b l 1 0 1 0 0 0 0 0 
139 28 m r e 1 0 1 0 0 0 0 0 142 28 (n Im 0 0 0 0 0 0 0 
184 22 (n Im 1 1 1 0 1 0 1 0 
118 21 f 1 0 0 0 0 0 0 0 
185 22 m 1 0 0 0 0 0 0 0 
204 25 f 0 0 0 0 0 0 0 210 25 f 1 0 0 0 0 0 0 0 

0 165 23 f ga 0 1 0 1 0 0 0 
0 
0 

141 28 (n 1 1 1 0 1 0 1 0 
134 28 f 1 1 0 1 0 1 0 

TOTALS ~ 98 77 87 18 56 17 72 17 
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P r a c t i c a l T e s t : - D r i v e 

125 21 m d r au 1 1 1 0 1 0 1 0 
102 21 f dr au 1 1 1 1 1 1 1 1 
119 21 f d r au 0 1 1 0 0 0 1 0 
126 21 m d r au 1 0 1 0 0 0 0 0 

173 m dr au 1 1 1 0 1 0 1 0 
182 f d r au 0 1 1 0 0 1 0 
200 f d r au 0 1 1 0 0 0 1 0 
190 22 f d r au 0 1 1 0 0 0 1 0 

163 m d r ca 1 1 1 0 1 0 1 0 
166 f d r ca 0 1 1 0 0 0 1 0 
150 23 m d r ca 1 0 0 0 0 0 0 0 

137 28 m • dr au 1 0 1 0 0 0 0 0 
140 28 m d r au 1 1 1 0 1 0 1 0 

P r a c t i c a l T e s t : - 6a t e 

127 21 f ga ve 1 1 1 1 1 1 1 1 
101 21 m ga ve 1 1 1 0 1 0 1 0 
107 21 f ga ve 1 1 1 1 1 1 1 1 
111 21 f ga ve 1 1 1 0 1 0 1 0 

175 f ga u r 1 1 1 0 1 0 1 0 
176 22 m ga u r 1 1 1 0 1 0 1 0 
198 22 m ga u r 1 1 1 0 1 0 1 0 
202 97 f ga u r 1 1 1 1 1 1 1 1 

165 f ga 0 1 0 1 0 0 0 0 
146 23 f ga au 1 0 0 0 0 0 0 0 
172 23 m ga au 1 0 1 0 0 0 0 0 

229 25 f ga 1 0 0 0 0 0 0 0 
206 25 m ga u r 1 0 0 0 0 0 0 0 
207 25 f ga u r 0 0 0 0 0 0 0 0 

132 28 1 m ga u r 0 1 1 0 0 0 1 0 
135 28 f ga u r 1 1 1 0 1 0 1 0 
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P r a c t i c a l T e s t : - Lawnmov^er. 

105 21 •f liTi l i 1 0 0 0 0 0 0 0 
121 21 m Im l i 1 1 1 1 1 1 1 1 
129 21 •f Im l i r 1 1 1 1 1 1 1 
130 21 m Im l i 1 1 1 1 1 1 1 1 

195 22 f Im l i 1 0 0 0 0 0 0 0 
184 '-i'-i m Im 1 1 1 0 1 0 1 0 
199 m Im l i 1 1 1 0 1 0 1 0 
193 i Im l i 1 1 I 0 1 0 1 0 

152 f Im l i 0 1 0 0 0 0 0 0 
169 23 m l(n l i 0 1 1 0 0 0 1 (I) 
149 23 m Im l i 1 0 1 0 0 (J 0 0 

216 25 •f Im l i 1 0 0 0 (I) 0 0 0 
227 -f. Im l i 1 0 0 0 0 0 0 0 
218 25 m Im l i 1 0 0 0 0 0 0 0 
225 25 m Im l i 1 0 0 0 0 0 0 0 

142 28 m Im 0 0 0 0 0 0 0 (.") 
143 28 i Im ve 1 1 1 0 1 0 1 0 

P r a c t i c a l T e s t : - Mechanisms 

122 21 f me t r 0 1 1 0 0 0 1 0 
116 21 m (tie 1 1 1 0 1 0 1 0 
115 21 i me t r 1 1 1 0 1 0 1 0 

181 22 m (ne t r 1 1 1 1 1 1 1 1 
177 22 f me t r 1 1 1 0 1 0 1 0 
180 22 m me t r 1 1 1 1 1 1 1 1 

167 23 •f me u r 0 1 1 0 0 0 1 0 
168 23 m me u r 1 1 1 0 1 0 1 0 
155 23 m me u r 1 0 0 0 0 0 0 0 

211 25 f (ne wa 1 0 0 0 0 0 0 0 
230 25 f me wa 0 0 0 0 0 0 0 0 
209 25 m me wa 1 0 0 0 0 0 0 0 

133 28 m (ne ve 0 0 0 0 0 0 0 0 
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P r a c t i c a l T e s t : - Reverse 

104 21 f r e wa 1 1 1 1 1 1 1 1 
100 21 m r e wa 1 1 1 0 1 0 1 0 
l o a 21 f r e wa 1. 1 1 0 1 0 1 0 

194 22 f r e wa 0 1 1 0 0 0 1 0 
187 22 m r e wa 1 1 1 0 1 0 1 0 
189 22 f r e wa 0 0 1 0 0 0 0 0 
186 22 f r e wa 1 1 1 0 1 0 1 0 

164 23 m r e d i 1 1 1 0 1 0 1 0 
151 23 m r e d i 1 0 1 0 0 0 0 0 
156 23 i r e d i 0 1 1 0 0 0 1 0 

224 25 m r e t r 1 0 0 0 0 0 0 0 
214 25 f r e t r 1 0 0 0 0 0 0 0 
205 25 m r e t r 1 0 0 0 0 0 0 0 

139 28 m r e 1 0 1 0 0 0 0 0 
144 28 m r e t r 1 1 0 0 1 0 0 0 
136 28 f r e t r 1 1 1 0 1 0 1 0 

P r a c t i c a l T e s t : - Buz z e r . 

12-8 21 f zz ca 1 1 1 0 1 0 1 0 
109 21 i zz ca 1 0 1 0 0 0 0 0 
124 21 m zz ca 1 1 1 1 1 1 1 1 
120 21 m zz ca 0 1 1 0 0 0 1 0 

201 22 f zz ca 0 1 1 0 0 0 1 0 
178 22 m zz ca 1 1 1 1 1 1 1 1 
183 22 m zz ca 1 1 1 1 1 1 1 1 

159 23 f zz ve 0 0 1 0 0 0 0 0 
154 23 m zz ve 1 0 1 0 0 0 0 0 
153 23 f zz ve 1 1 1 0 1 0 1 0 
147 23 f zz ve 1 0 1 0 0 0 0 0 

226 25 m 2 Z ca 1 0 0 0 0 0 0 0 
222 25 m zz ca 1 0 0 0 0 0 0 0 
213 25 m z z ca 0 0 0 0 0 0 0 0 
208 25 f zz ca 1 0 0 0 0 0 0 0 

131 28 •f zz ca 1 1 1 0 1 0 1 0 
138 28 m z z ca 0 1 0 0 0 0 0 0 
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Absentees. 

1 10 21 f t r 0 1 1 0 0 0 1 0 
118 21 f 1 0 0 0 0 0 0 0 
185 m 1 0 0 0 0 0 0 0 
196 f l i 0 1 1 0 0 0 1 (J 
157 m wa 1 0 0 0 0 0 0 0 
171 23 -f au 1 1 1 0 1 0 1 0 
145 m ca 1 1 1 0 1 0 1 0 
228 •-icr i ve 1 0 0 0 0 0 0 0 
212 m au 1 0 0 0 0 0 0 0 
219 25 m au 1 0 0 0 0 0 0 0 
215 OCT f d i 1 0 0 0 0 0 0 0 
204 f 0 0 0 0 0 0 0 0 
210 f 1 0 0 0 0 0 0 0 

25 f au 0 0 0 0 0 0 0 0 
220 OCT m d i 1 0 0 0 0 0 0 0 
231 25 m au 0 0 0 0 0 0 0 0 
141 28 m 1 1 1 0 1 0 1 0 
134 28 f 1 1 1 0 1 0 1 0 

TOTALS -- 98 77 87 18 56 17 72 17 
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