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A

D uring  t h e  e a r l y  I960 * 3 new s y l l a b u r e s  i n  Chem is try  were i n t r o -  

: duced i n t o  o c o t t i s h  s c h o o l s .  A r e s e a r c h  programme "was beeun to 

e v a l u a t e  t h e s e  new s y l l a b u s e s  by compar ing  th e  perfo rmance  and a t t i -  

i t u d e s  o f  u n i v e r s i t y  s t u d e n t s  r e a r e d  on t h e  o ld  and new s y s t e m s ,  

d i f f e r e n c e s  wer^ found i n  f a v o u r  o f  t h e  new s y l l a b u s  s t u d e n t s .

I n i t i a l l y ,  as  a s u b s i d i a r y  p a r t  o f  t h i s  ^ n v e s t i y a t i o n ,  a s tu d y  

was made o f  t h e  s y l l a b u s  a r e a s  vrkich the s t u d e n t s  r e p o r t e d  to  be d i f f i 

c u l t .  On a n a l y s i s ,  t h e s e  d i f f i c u l t i e s  f e l l  i n t o  two w e l l  d e f i n e d  

proups  -

( a )  t o p i c s  a s s o c i a t e d  w i th  f o r m u l a e ,  e q u a t i o n s  and t h e  n o l e ,  and ,

(b )  o r g a n ic  t o p i c s  r e l a t e d  t o  h y d r o l y s i s  and c o n d e n s a t i o n  r e a c t i o n s .

To t r a c e  t h e  s o u r c e  o f  t h e s e  problems t h e  i n v e s t i g a t i o n  moved

i n t o  s c h o o l s  a t  *0* r r a d e ,  *11* grade  and S i x t h  Year S t u d i e s  l e v e l s .

The same problem a r e a s  became e v i d e n t  a t  a l l  o f  t h e s e  l e v e l s  and as 

f a r  dovon as T h i rd  Form. Almost a l l  o f  th e  c a l c u l a t i o n s  were b a s e d  

on t h e  o p e r a t i o n  o f  s imple  p r o p o r t i o n ,  a s k i l l  which was t a u g h t  i n  

p r im ary  s c h o o l .  The d i f f i c u l t i e s  w i th  o rg a n ic  -vere a l l  r e l a t e d  to  

s p a t i a l  arran.memenis -of m o l e c u la r  models  and the ir-  corresnon&inm 

r e p r e s e n t a t i o n s  as  fo rm u lae .

Remedies v/erc sough t  in  t e rm s  o f  s y l l a b u s  r e a r r a n g e n - n t s  and 

changes  i n  method and th e s e  i n v e s t i g a t i o n s  ore c o n t i n u i n g .  A c l o s e  

ex a m in a t io n  of  th e  p roblems i n  th e  l i - h t  o f  t h e  d e ve lopm en ta l  work 

o f  P i a r e t  has  shorn  t h a t  th e y  a r e  a lm o s t  c e r t a i n l y  l i n k e d  -with 

m a t u r i t y  b a r r i e r s .

The o p e r a t i o n  o f  s im ple  p r o p o r t i o n  i n t r o d u c e d  a t  p r im a ry  schoo l  

wel l  /



v-ell "before t h °  c h i l d  has  reac h ed  the  n e c e s s a r y  l e v e l  o f  m a t u r i t y  

( ap p ro x .  I p )  nay w el l  he  a t  th e  r o o t  o f  t h e  t r o u b l e  w i th  c a l c u l a t i o n s .  

7/hen t h i s  v/ar the n  b r o u g h t  i n t o  c o n t a c t  w i th  the  m u l t i v a r i a t e  t h i n k i n g  

in v o l v e d  i n  w r i t i n g  chemica l  fo rm u la e ,  i t  was n o t  s u r p r i s i n g  t h a t  

prob lems o c c u r r e d .

th e n  t'we i n v e s t i g a t i o n  was b e i n g  c a r r i e d  • o u t  a t  S i x t h  Year  S t u d i e s  

l e v e l  t h e  o p p o r t u n i t y  was ta k e n  to  r a t h e r  t h e  v iews  o f  *--oth s t u d e n t s  

and t e a c h e r s  as t o  how well  th e  c o u r s e  was f u l f i l l i n ' -  the  o b j e c t i v e s  

around  which i t  was d e s ig n e d .  The f i n d i n g s ,  on the whole ,  were v e r y  

f a v o u r a b l e  towards  th e  s y l l a b u s .

The work embodied i n  t h i s  e n t i r e  i n v e s t i g a t i o n  i s  now a c t i v e l y  

b e i n g  u sed  by  t h e  C o n s u l t a t i v e  Committee on t h e  C urr icu lum  i n  i t s  

p l a n n i n g  o f  t h e  ’’second g e n e r a t i o n ” o f  new s y l l a b u s e s .



I N T R O D U C T I O N

I n  t h e  1950*s ,  consequen t  upon t h e  l a u n c h i n g  o f  t h e  R u s s ia n  

S p u t n i k s ,  a co n ce rn ,  b o r d e r i n g  upon p a n i c ,  was f e l t  i n  t h e  U n i t e d  

' S t a t e s  abou t  t h e  c o n d i t i o n  o f  s c i e n c e  e d u c a t i o n  i n  t h a t  c o u n t r y .

From t h i s  grew a number o f  programmes aimed a t  im p ro v in g  t h e  q u a l i t y  

o f  s c i e n c e  e d u c a t i o n  and among t h e s e  were two i n  c h e m is t r y  -  Chemical 

E d u c a t io n  M a t e r i a l s  Study (Chem. Study) and Chemical  Bond -Approach 

(CBA). S y l l a b u s e s  were p roduced  v/ l th accompanying t e x t - b o o k s ,  

t e a c h e r s 1 g u i d e s ,  f i l m s  and l a b o r a t o r y  programmes.  • The aims  o f  t h e s e  

programmes were n o t  v e ry  c l e a r l y  d e f i n e d  i n  b e h a v i o r a l  t e r m s ,  b u t  th e y  

d i d  p rovoke ,  by t h e i r  s u c c e s s e s  and f a i l u r e s ,  much more fundamenta l  

t h i n k i n g  abou t  schoo l  c h e m is t r y .

Both  Chem. Study  and Chem. Bond were d e s i g n e d  by t e a c h e r s  i n  

t e r t i a r y  e d u c a t i o n  and p r e s e n t e d  to  se c o n d a ry  t e a c h e r s .  T h i s  may to  

some e x t e n t  e x p l a i n  t h e  r a p i d  d i s a p p e a r a n c e  o f  CBA and t h e  l a t e r  demise 

o f  Chem. Study.  I t  i s  c l e a r  t h a t  i n s u f f i c i e n t  c a r e  had been  t a k e n  to  

d e s i g n  t h e  co u r s e  w i th  t h e  low q u a l i t y  o f  t e a c h e r s  and t h e  l a c k  o f  

l i t e r a c y  o f  t h e  s t u d e n t s  i n  mind.

However someth ing  o f  t h e  new t h i n k i n g  i n  s choo l  c h e m i s t r y  was 

i n j e c t e d  i n t o  B r i t a i n  a t  t h e  c o n f e r e n c e  on chem ica l  e d u c a t i o n  h e l d  a t  

G rey s to n es  i n  I r e l a n d  i n  March i 960 u n d e r  t h e  a u s p i c e s  o f  O.E.N.C.

Among t h e  s p e a k e r s  were two from t h e  U n i te d  S t a t e s  -  J .A .  Campbell 

(Chem. Study) and L .F .  S t rong .

B r i t i s h  p a r t i c i p a n t s  i n  t h e  c o n f e r e n c e  were co n s p ic u o u s  by t h e i r

ab s en ce  s i n c e  on ly  two d e l e g a t e s  were p r e s e n t  -  J .R.M.M. Brown, H.M.I.%
o f  t h e  S c o t t i s h  E duca t ion  Depar tment and J . C .  S t r e d d e r  o f  ' .Wellington 

School ,  Somerset .

Brown a c t e d  a s  j o i n t  e d i t o r  o f  t h e  p r o c e e d i n g s  o f  t h e  c o n fe re n c e  

which appea red  i n  1961 un d e r  t h e  t i t l e  o f  "New T h i n k in g  i n  School 

C h e m is t ry " .^  The c o n fe r e n c e  recommendat ions  were  c l e a r l y  i m p o r t a n t ,  

d e s i r a b l e  and p o s s i b l e .  To r e a d  t h e s e  recommendat ions  i s  t o  r e a d ,  

i n  o u t l i n e ,  eve ry  modern c h e m i s t r y  s y l l a b u s  which has  a p p e a re d  i n  

B r i t a i n  ove r  t h e  p a s t  t e n  y e a r s .

I n  p a r a l l e l  w i th  t h e  "G reys tones  t h i n k i n g "  a r e a p p r a i s a l  o f  

c h e m is t r y  t e a c h i n g  i n  S c o t l a n d  had been  t a k i n g  p l a c e  u n d e r  t h e  gu idance  

o f  A . J .  j-lee. The outcome was t h a t  G rey s to n es  m a t e r i a l  and t h e  t h i n k i n g



o f  o t h e r  s eco n d a ry  t e a c h e r s ,  i n c l u d i n g  t h a t  o f  t h e  a u t h o r ,  was welded 

t o g e t h e r  hy Hee to  p roduce  a p i l o t  new s y l l a b u s  i n  c h e m i s t r y .

One o f  t h e  G reys tones  recommendations  r e a d s  ’’The Seminar s u g g e s t s

t h a t  0 . 3 . E.G. recommends to  Member c o u n t r i e s  who o p e r a t e  a n a t i o n a l

s y l l a b u s  and e x a m in a t io n ,  t h a t  d e s i g n a t e d  s c h o o l s  be p e r m i t t e d  to

t e a c h  o t h e r  approved  c o u r s e s  on an e x p e r i m e n t a l  b a s i s  and t h a t  a r r a n g e -
2imen ts  be made f o r  t h e  e x a m in a t io n  o f  such  c o u r s e s ” .

3
From t h i s  was b o rn  t h e  i d e a  o f  an ’’A l t e r n a t i v e  S y l l a b u s ” which 

■was o f f e r e d  -to s c h o o l s  i n  S c o t l a n d  c o n c u r r e n t l y  vd th  t h e  e x i s t i n g  

’’T r a d i t i o n a l  S y l l a b u s ” . The A l t e r n a t i v e  S y l l a b u s  i n c o r p o r a t e d  t h e  

t h i n k i n g  o f  t h e  most  p r o g r e s s i v e  s econda ry  t e a c h e r s  and i n s p e c t o r s  

and was l a u n c h e d  w i t h  l e s s  t h a n  t h e  -w holehea r ted  s u p p o r t  o f  a l l  t h e  

u n i v e r s i t i e s .  The S y l l a b u s  o r i g i n a t e d  from t h e  s c h o o l s  and was n o t  

imposed from above .  No t e a c h e r s  were t a k e n  o u t  o f  t h e  t e a c h i n g  

s i t u a t i o n  to  form a commit tee  cha rge d  w i th  p ro d u c in g  t h e  S y l l a b u s  

and so t h o s e  who c o n t r i b u t e d  to  i t s  c o m p i l a t i o n  were c o n s t a n t l y  b e i n g  

s u b j e c t e d  to  t h e  humbl ing  and r e a l i s t i c  demands o f  r e a l  -pup i l s  i n  r e a l  

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

A l though t h e r e  was i n i t i a l l y  a s t r o n g  r e a c t i o n  from s c h o o l s  to  

t h e  i n t r o d u c t i o n  o f  t h e  new m a t e r i a l  and i t s  a t t e n d a n t  new methods 

and s p i r i t ,  t h e  A l t e r n a t i v e  S y l l a b u s  was a dop ted  v e r y  r a p i d l y  by 

s c h o o l s  (T ab le  l ) .

T A B L E  1

3 . G.E. ’0 ’ Grade C a n d id a te s

•
T r a d i t i o n a l A l t e r n a t i v e

T o t a l
P r e s e n t a t i o n

/£ i n c r e a s e  o f  
p r e s e n t a t i o n  from 
one y e a r  to  th e  n e x t

1966 8444 3409 H 853

1967 ’4528 8146 12474 5 . 2/
1968 2039 11366 13405 7 . 5/
1969 690 13756 14446 7.

1970 200 15153 15353 6 . 3 /

1971 66 17105 17171 1 0 . 6 /

W i th in  /



-  3 -

V/ithin e i g h t  y e a r s  o f  t h e  i n t r o d u c t i o n  o f  th e  A l t e r n a t i v e  

S y l l a b u s ,  t h e  e x a m in a t io n s  i n  th e  T r a d i t i o n a l  S y l l a b u s  were d i s 

c o n t i n u e d  b e c a u s e  o f  th e  l a c k  o f  c a n d i d a t e s .  Meanwhile,  i n  1968,

an a d d i t i o n a l  S y l l a b u s  was i n t r o d u c e d  f o r  s i x t h  fo rm ers  c a l l e d  S ix th  
4Year S t u d i e s .

However, b e f o r e  t h e  T r a d i t i o n a l  S y l l a b u s  d i s a p p e a r e d  i t  was 

d e c i d e d  t h a t  some a t t e m p t  sh o u ld  be  made to  compare t h e s e  p u p i l s  

w i th  t h o s e  b r o u g h t  up on t h e  A l t e r n a t i v e  Syllabu.s .  The compar ison  

was t o  be  made i n  a number o f  'ways a t  v a r i o u s  l e v e l s .

U n i v e r s i t y  f i r s t  y e a r  s t u d e n t s  were t o  be  compared i n  t h e i r  

pe r fo rm a nce  and i n  t h e i r  a t t i t u d e s  t o  t h e i r  c h o i c e  o f  c h e m is t r y  a s  

a s t u d y .  A s i m i l a r  i n v e s t i g a t i o n  was t o  be conduc ted  a t  t e c h n i c a l  

c o l l e g e  l e v e l .  Both  s t u d i e s  were to  be  c o n t in u e d  i n t o  second  y e a r  

t o  see  i f  any o f  t h e  d i f f e r e n c e s  i n  f i r s t  y e a r  p e r s i s t e d  i n t o  second  

y e a r .

I n  p a r a l l e l  w i t h  t h i s  work,  t h e  new S y l l a b u s  was to  be examined 

f o r  a r e a s  o f  d i f f i c u l t y  which migh t  be  a t t r i b u t e d  to  l a c k  o f  m a t u r i t y  

o f  t h e  s t u d e n t s  o r  t h e  t o t a l  u n s u i t a b i l i t y  o f  the  m a t e r i a l  and t h i s  

i n  t u r n  would form a b a s i s  f o r  any f u t u r e  S y l l a b u s  r e v i s i o n s .

S i m i l a r  s t u d i e s  were t o  be  a p p l i e d  to  th e  S ix th  Year  S t u d i e s  

S y l l a b u s  i n  c h e m i s t r y .

From t h e s e  i n v e s t i g a t i o n s  have  grown a number o f  b r a n c h e s  and 

now f i v e  r e s e a r c h  s t u d e n t s  (M .Sc . )  a r e  engaged i n  w iden ing  t h e  

r e s e a r c h  f r o n t .  7/here t h e i r  work l i n k s  w i t h  t h e  main themes o f  t h i s

t h e s i s  w i l l  be  i n d i c a t e d  t h r o u g h o u t .
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I n  t h i s  c h a n t e r  com nsr i sons  be tween A l t e r n a t i v e  and T r a d i t i o n a l  

s t u d e n t s  w i l l  be made i n  t^ o  ways -

A. by a n a l y s i s  o f  t h e i r  r e s u l t s  i n  th e  w r i t t e n  e x a m in a t io n s  s e t  by 

t h e  U n i v e r s i t y  o f  Glasgow each terra,

3 . . .  by  an a n a l y s i s  o f  a Q u e s t ' o n n a i r e  i n  which i n f o r m a t i o n  was 

sought  abou t  th e  aye o f  c h o ice  f o r  a s c i e n c e  c o u r s e  and the  

f a c t o r s  a f f e c t i n g  t h a t  c h o i c e .

In  a d d i t i o n  to  t h i s ,  a p r e l i m i n a r y  e x p l o r a t i o n  o f  a r e a s  o f  

d i f f i c u l t y  in  t h e  s t u d e n t s ’ s chool  c o u r s e s  was begun .

By th e  t ime t h i s  i n v e s t i g a t i o n  b egan ,  s t u d e n t s  were e n t e r i n g  

u n i v e r s i t y  w i th  p a s s e s  i n  t h e  ^ew C e r t i f i c a t e  o f  S ix th  Year S tu d ie s  

( 3 . Y . S . )  and so th e  compar isons  a r e  c o m p l i c a t e d .  S ince  t h e r e  was 

no o f f i c i a l  S i x t h  Year Course f o r  T r a d i t i o n a l  s t u d e n t s ,  a f u r t h e r  

c o m p l i c a t i o n  a p p e a r s .  Under th e  h e a d i n g  o f  " T r a d i t i o n a l ” , i n  a l l  

t h e  com par i sons ,  i s  g a t h e r e d  t o g e t h e r  s t u d e n t s  w i th  a v a r i e t y  o f  

backg rounds .  The common f a c t o r  i s  t h a t  a l l  o f  them fo l lo w ed  the 

T r a d i t i o n a l  s y l l a b u s  u n t i l  t h e  end o f  f i f t h  y e a r  a t  s c h o o l .  A f t e r  

t h a t  th e  v a r i a t i o n s  ap p e a r ;  f o r  example -

( i )  t h e  b u lk  o f  t h e  s t u d e n t s  came t o  u n i v e r s i t y  w i th o u t  d o ing  any 

s i x t h  y e a r  work

( i i )  some s t a y e d  a t  schoo l  f o r  a s i x t h  y e a r  and r e p e a t e d  f i f t h  y e a r  

work i n  t h e  hope o f  im prov ing  H ighe r  Grade p a s s e s

( i i i )  some s p e n t  th e  s i x t h  ye.-r do in g  advanced  work f o r  th e  U n i v e r s i t y  

B u r s a r y  E xam ina t ions .  There a r e  a l s o  a few o t h e r  minor v & r ia -  

s t i o n s .

S tu d e n t s  /



- 1 . 2  -

1 uden ts  " a t h e r e d  under  th e  headinm ’’A l t e r n a t i v e ' 1 a r e  n o t  a 

homogeneous croup e i t h e r .  T h e i r  c o m  on f a c t o r  i s  t h a t  a l l  o f  them 

fo l lo w e d  the  A l t e r n a t i v e  s y l l a b u s  t i l l  the end o f  f i f t h  y e a r .  The 

m a j o r i t y  o f  them came s t r a i g h t  t o  u n i v e r s i t y  w i th o u t  a s i x t h  y e a r ;  

b u t  a few o f  them s ta y e d  f o r  a s i x t h  y e a r  po r  th e  sane  r e a s o n s  as  

t h e i r  T r a d i t i o n a l  c o u n t e r n a r t s .

Although J i x t h  Year S t u d i e s  s t u d e n t s  a r e ,  i n  some t a b l e s  o f  

r e s u l t s ,  t r e a t e d  s e p a r a t e l y ,  t h e  f a i r e s t  compar ison  i s  be tw een  t h o s e  

who s a t  H igher  Chem is try  on the  T r a d i t o n a l  S y l l a b u s  w i th  t h o s e  who 

s a t  i t  on t h e  A l t e r n a t i v e  S y l l a b u s .  T h i s  would in v o l v e  the merg ing  

o f  th e  r e s u l t s  f o r  l . Y . S .  s t u d e n t s  with  t h o s e  f o r  A l t e r n a t i v e  s t u d e n t s .  

The e f f e c t  would be t o  enhance t h e  d i f f e r e n c e s  be tween  th e  A l t e r n a t i v e  

and T r a d i t i o n a l  s t u d e n t s .

A. Exam inat ion  B e s u l t s  -  U n i v e r s i t y  o f  Glasgow, Chem is t ry
Depa r tm en t  ( d e s s i o n  ~1969-70 ) .

The com par isons  i n  t h i s  s e c t i o n  were done w i t h  45C* s t u d e n t s  

r e a d i n g  Chem is try  i n  t h e  f i r s t  y e a r  o f  t h e i r  Pure S c ience  Course.

The c l a s s  was d i v i d e d  i n t o  t h i r d s  ( t o p ,  midd le  and bo t tom )  b e c a u s e  

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

b a s e d  t o  o b t a i n  d i s c r i m i n a t i n g  pov/ers . .

T A B L E  1. 1

/
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T A B L E  1. 1

Trad -  
: i t i  onol

A l t e r -
:n? t , ivp <-. y ^ A l t .  + 3 . T . 3 . r; . C. p r

P r o p o r t i o n  o f  .Students 
in  the  y e a r 2 g lo/j 69$ 65̂

Nov. 19o9 Top T h i rd 13?? 54?? 2&f~ 80$ 7$

F i d d l e  T h i rd 475? 18f"' 65 £ 8$

Bottom T h i rd 39?? 48?? 95' 57/' A<H-g

J a n .  1970 Top T h i rd 1 47?? 26^ 73$ 8$

F i d d l e  T h i rd 17^ 63?? 15^ 78$ 5$

Bottom T h i r d 42^ 4Of> 13^ 5-3$ 5$

June  1970 Top T h i r d 18^ 47?? 26^ . 73$ 9$

Middle T h i rd 22}' 59?? 16$ 75 m1 3$

Bottom T h i rd 29^ 59?? ' 8/y 67$ 4$

Kxemptions from June  
1970 exam i n c l u d e d  i n  
Top T h i r d

9fJ 59?? 22$ 81?? 10$

J i g n i f i c a n c e  -  ( a )  Tak ing  TRAD, v ALT. + 3 .Y .S .
2

^  ~ 37*3 ^ ^ i ^ i f i o a n t  a t  b e t t e r  th a n  vf.<
l e v e l .

(b)  T ak ing  TRAD, v ALT. v 3 . Y .3 .
9 >

* %  = 4 1 .3  .'. S i g n i f i c a n t  a t  b e t t e r  t h a n  lyo
l e v e l .

Prom t h e s e  r e s u l t s  i t  i s  c l e a r  t h a t  s t u d e n t s  w i th  an A l t e r n a t i v e  

s y l l a b u s  background  wpr e  pe r fo rm in g  s i g n i f i c a n t l y  b e t t e r  th a n  t h e i r  

T r a d i t i o n a l  c o l l e a g u e s  i n  t h e  e x a m in a t io n  sys tem used  in  t h e  f i r s t  

y e a r  Pure  S c ie n ce  Chem is try  i n  Glasgow. The d i f f e r e n c e s  be tween th e  

two groups p e r s i s t e d  t h r o u g h o u t  th e  f i r s t  year  and,  t o  a l e s s e r  e x t e n t ,  

i n t o  /
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i n t o  second y e a r  (Appendix p.  A l . 4 ) .

DISCUSSION

The d i f f e r e n c e s  n o te d  cou ld  a r i s e  i n  a number o f  ways.  I t  i s  

u n l i k e l y  t h a t  any one o f  t h e s e  f a c t o r s  i s  th e  s o l e  cause  o f  th e  

d i f f e r e n c e s  o r  t h a t  any one i s  p r e d o m i n a n t .

1.  The Glasgow f i r s t  y e a r  c o u r s e  may be d e s ig n e d  i n  c o n t e n t  and 

approach  to.  f a v o u r  A l t e r n a t i v e  s t u d e n t s .

2. The " b e t t e r "  s c h o o l s  may have  t a k e n  up t h e  A l t e r n a t i v e  s y l l a b u s  

more q u i c k l y  th a n  t h e  o t h e r s  and so th e  d i f f e r e n c e s  a r e  mere ly  

a r e f l e c t i o n  o f  schoo l  q u a l i t y  i n  t e rm s  o f  t e a c h i n g  and e q u ip 

m e n t .

3 . I t  cou ld  be t h a t ,  a r i s i n g  from 2, t h e  more a b l e  c h i l d r e n  from 

s e l e c t i v e  s c h o o l s  a r e  showing t h e i r  prowess and d i s t o r t i n g  t h e  

A l t e r n a t i v e  sample upwards .

4 . The A l t e r n a t i v e  s y l l a b u s  may encourage  p r i n c i p l e  o r i e n t e d  t h i n k -  

r i n g  and may make th e  s t u d e n t  more q u e s t i o n i n g .

5. The S ix th  Year S tu d i e s  Course.may produce  m a tu re r  s t u d e n t s  

(m a t u r e r  i n  a r e  and i n  a t t i t u d e s )  who have l e a r n e d  to be 

in d e p e n d e n t  and adop t  good s tu d y  h a b i t s .

6. The S ix th  Year  S tu d ie s  Course may a n t i c i p a t e  t h e  c o n t e n t  o f  t h e  

f i r s t  y e a r  u n i v e r s i t y  c o u r s e .

Th is  l i s t  o f  f a c t o r s  i s  n o t  e x h a u s t i v e ,  b u t  p ro b a b ly  c o n t a i n s  

the  most  im p o r t a n t  ones .

These w i l l  be examined i n  t u r n  and ev idence  f o r  them a s s e s s e d .

i -  /
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1. There wns a t  t h i s  t i r e  no obv ious  afctemot to b r i a r  t h e  "bulk of  

the  Cl a 3 .tow cou rse  i n t o  l i r e  w i t h  t Ke t h i n k i n ~  e f  apt .'roach adon ted  

i n  s c h o o l s .  The p r i n c i p a l  aim o f the  c o a r s e  seemed t o  ho the  pu r -  

:veyin<r o" f a c t s  f o r  l a t e r  r e p a i r - i t  a t  io n  i n  e x a m in a t io n s .  With a 

few e x c e p t i o n s ,  p r i n c i p l e  o r i e n t e d  t e a c h i n g  was obv ious  by i t s  

ab s e n c e .  At schoo l  the A l t e r n a t i v e  co u r s e  placer1 l e s s  r e l i a n c e  on 

t h e  memory and rnove on thn a b i l i t y  to  s ee  p a t t e r n s  i n  f a c t s  and to  

r e a s o n  w i th  them. The form o^ t h e  Glasgow co u r s e  was more l i k e  the  

T r a d i t i o n a l  s choo l  cou r se  than  th e  A l t e r n a t i v e  one.  This  i s  r e -

: f l e e t e d  in  t h e  a n a l y s i s  o f  a u n i v e r s i t y  d e c re e  ex am in a t io n  p a p e r
A /

( p . A l . 1 6 )  and s u b s t a n t i a t e d  by work done i n  a n o t h e r  u n i v e r s i t y .

The s y l l a b u s  c o n t e n t  o f  t h e  Glasgow c o u r s e ,  w i t h i n  a few l e c t u r e s ,  

l e f t  th e  s choo l  c o u r s e s ,  b o th  A l t e r n a t i v e  and T r a d i t i o n a l ,  f a r  b e h in d .

This  f i r s t  f a c t o r  i s ,  t h e r e f o r e ,  n o t  c o n s i d e r e d  td  be a majo r  

c o n t r i b u t o r  to  t h e  d i f f e r e n c e s  shown i n  Tab le  1 . 1 .

2. The i d e a  t h a t  th e  ’’b e t t e r  s c h o o l s  e f f e c t "  was im p o r t a n t  seemed 

v e ry  p l a u s i b l e .  To check t h i s  an i n v e s t i g a t i o n  was done w hich  showed 

t h a t  t h i s  f a c t o r  was o f  no im p o r tan ce  (Appendix p.  A l . l ) .

3. I t  was found in  i n v e s t i g a t i n g  2 t h a t  the  s e l e c t i v e  s c h o o l s  l i d  

n o t  f i y u r e  p ro m in en t ly  i n  nroducin. 'v t h e  b e s t  s t u d e n t s .  Then a com-

i p a r i s o n  was made of  the  R ic h e r  g rades  o b t a in e d  by t h e  A l t e r n a t i v e  

and T r a d i t i o n a l  s t u d e n t s  no s i g n i f i c a n t  d i f f e r e n c e  was found 

(Appendix p. A 1 .2 ) .  I t  i s  t h e r e f o r e  v e r y  p robab le  t h a t  th e  d i f f e r 

e n c e s  between A l t e r o a b i ^ e  and T r a d i t i o n a l  s t u d e n t s  shown i n  Table  

1 .1  do n o t  depend upon d i f f e r e n c e s  in  schoo l  background o r  chemical  

a b i l i t y .

4. /



4.  T’ -3 b a s i c  co n ce p t  o f  the  A l t e r n a t i v e  s y l l a b u s  was t o  encourage  

th e  p u p i l s  to  t h i n k  about  f a c t s ;  to  look  f o r  c o n n e c t i o n s  be tween  

them and t o  be c r i t i c a l  o f  c a t e g o r i c a l  s t a t e m e n t s .  I t  has  been  t h e  

s u b j e c t i v e  o b s e r v a t i o n  o f  u n i v e r s i t y  t e a c h e r s  a t  t u t o r i a l s  t h a t  t h e  

A l t e r n a t i v e  a n d  i i x t h  Year S tu d ie s  s t u d e n t s  have shown t h e s e  c r i t i c a l  

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

D e s p i t e  the  w e i r h t  o f  f a c t u a l  m a t e r i a l  p l a c e d  unon t h e  s t u d e n t s ,  t h e s e  

f a c u l t i e s  have n o t  be^n quenched even i n  second y e a r  p r o v id e d  t h a t  

t h e  t u t o r s  have abandoned a d i d a c t i c  app roac h .

T h i s  t r e a t m e n t  o f  f a c t u a l  m a t e r i a l  may be an im p o r t a n t  f a c t o r  i n  

c a u s i n g  th e  d i f f e r e n c e s  between t h e  two yroups  o f  s t u d e n t s .  S ince  

u n i v e r s i t y  c o u r s e s ,  u n l i k e  th e  more r e c e n t  schoo l  c o u r s e s ,  have  n o t  

been b ased  on c l e a r l y  s p e c i f i e d  o b j e c t i v e s ,  i t  was i m p o s s i b l e  t o  be  

s u r e  what a t t r i b u t e s  a s t u d e n t  r e q u i r e d  to  s a t i s f y  t h e  ex a m in e r s .

I t  may have  been  t h a t  th e  A l t e r n a t i v e  way o f  t h i n k i n g  was what th e  

u n i v e r s i t y  had ,  c o n s c i o u s l y  o r  u n c o n s c i o u s l y ,  been  s e e k i n g  i n  i t s  

s t u d e n t s  w i th o u t  t a k i n r  c l e a r  e d u c a t i o n a l  s t e p s  to  a c h i e v e  i t .  

U n i v e r s i t y  s t a f f  were a lm os t  unanimous i n  c l a i m i n g  t h a t  t h e y  wanted  

s t u d e n t s  ”to  t h i n k ” b u t  when asked  to  show what p o s i t i v e  measures  

were b e i n y  t a k en  to  f o s t e r  t h i s  d e s i r a b l e  q u a l i t y ,  t h e y  were h a rd  

pu t  t o  quo te  any.

p. The S i x t h  Year  S t u d i e s  co u r s e  s e t  ou t  amonm i t s  aims t o  p r o v id e  

s i t u a t i o n s  which would encouraye  mature  and in d e p en d en t  t h i n k i n y  

and v .o rk iny .^  Itembers o f  t h e  u n i v e r s i t y  s t a f f ,  who have v i s i t e d  

s c h o o l s  to  o bse rve  S .Y .3 .  t e a c h i n g  i n c l u d i n g ,  p r o j e c t  .work, have been 

im nressed  by t h e  q u a l i t y  ( n o t  s o p h i s t i c a t i o n )  and m a t u r i t y  o f  ^ork  

e x h i b i t e d  by th e  s i x t h  '"ormers. There  seemed to  be a r e a l i s a t i o n  

t h a t  /
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t h a t  s t u d e n t s  iifp-’e c a p a b le  of  q u i t e  matu re  t h o u r h t  and judmeraent 

beyond th e  l e v e l  u s u a l l y  asked  o f  them in t h e  normal '  f i r s t  y e a r  

c o u r s e .  T h i s  i s s u e d  i n  a p r o j e c t / d i s c u s s i o n  approach be^nv  t r i e d  

v ' i th  s i x t y  f i r s t  y e a r  s t u d e n t s  i n  th e  U n i v e r s i t y  o f  Glasrow in  

S ess io n  1970-71 .  T h e . s t a f f  who p a r t i c i p a t e d  were g e n e r a l l y  

p l e a s a n t l y  s u r p r i s e d  by the  s t u d e n t  per fo rm ance  i n  h a n d l i n g  m a t e r i a l  

w e l l  above th e  ’’l e a r n - r e n a r m i t a t e M l e v e l  and by t h e i r  w i l l i n g n e s s  to  

u se  l i b r a r y  f a c i l i t i e s .

These a t t i t u d e s  and a b i l i t i e s  e x h i b i t e d  by S . ' i . d .  s t u d e n t s  i s  

p r o b a b ly  a m a j o r -  f a c t o r  i n  t h e i r  mood pe r fo rm ance  shown i n  Tab le 1 . 1 .

6.  The 3 .Y .S .  c o u r s e  was d es in n e d  t o  have o n l y  a sm a l l  c o n t e n t  o f  

new m a t e r i a l  compared w i th  an ’A’ l e v e l  c o u r s e .  Th is  was t o  a l low  

t ime f o r  d i s c u s s i o n ,  and p r o j e c t  work.  In n e i t h e r  s i z e  n o r  scope 

was th e  cou rse  c o n t e n t  a n y t h i n r  l i k e  th e  Glasmow f i r s t  y e a r  c o u r s e .  

Some o f  th e  t o n i c s  were common t o  b o t h ,  a t  l e a s t  i n  name, b u t  no t  

i n  t r e a t m e n t  o r  d e p t h .  However, some o f  th e  more d i f f i c u l t  f i r s t  

y e a r  cou r se  c o n ce p ts  were met i n  3 .Y .3 .  a t  d i s c u s s i o n  l e v e l  when 

s t u d e n t s  cou ld  c l a r i f y  t h e i r  th in k in m  by d i r e c t  i n t e r a c t i o n  w i th  a 

t e a c h e r .  Examples o f  t h e s e  were f r e e  e r e r p y ,  e n t r o p y  a^d s imple 

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

C hap te r s  3 an ,q 4«

CONCLUSION

I t  seems v e ry  l i k e l y  t h a t  t h e  d i f f e r e n c e s  shown, i n  T ab le  1 .1  

can be  b e s t  e x p l a i n e d  i n  te rms  o f  th e  new ty p e  o f  t h i n k i n -'' engendered  

by th e  A l t e r n a t i v e  and 3 .Y .3 .  c o u r s e s  r a t h e r  t h a n  by any schoo l  back-  

: yround e f f e c t s .

A /
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A d e t a i l e d  s tu d y  of  t h e  e f f e c t s  o f  S ix th  Year S t u d i e s  Chem is try  

on s t u d e n t s  i n  a l l  o f  the  S c o t t i s h  U n i v e r s i t i e s  i s  a t  p r e s e n t  b e i n g  

c a r r i e d  out  by D.G. Hoare o f  the U n i v e r s i t y  o f  Dundee.

Power o f  3 . G . E .  H igher  Grades to  p r e d i c t  r l r s t  y e a r  u n i v e r s i t y
•performance i n  C h e n i s t r y .

The o n n o r t u n i t y  was t a h e n  to  examine tbrj a v a i l a b l e  s t a t i s t i c s  

to  compare th e  p r e d i c t i v e  power o f  T r a d i t i o n a l  and A l t e r n a t i v e  

H ig h e r  g r a d e s .

The groups chosen  f o r  t h i s  e x e r c i s e  were -

( a )  t h e  c l a s s  o f  1966-7  which was -wholly T r a d i t i o n a l

(b)  t h e  T r a d i t i o n a l  p o r t i o n  o f  t h e  1969-70 c l a s s

( c )  t h e  A l t e r n a t i v e  p o r t i o n  o f  t h e  1969-70 c l a s s .

I n  each case  th e  p r o p o r t i o n  o f  t h e  H ighe r  g r a d e s  A, B and G 

was o f  t h e  o r d e r  o f  25s 40: 35 j t h a t  i s ,  r o u g h l y  i n  t h i r d s .  The

r e l a t i o n s h i p  be tween  A, B and G grade  and th e  t o p  t h i r d ,  t h e  middle

t h i r d  and the  bo t tom  t h i r d  o f  t h e  u n i v e r s i t y  c l a s s e s  was c a l c u l a t e d .

The r e s u l t s  a r e  shown below and th e  d e t a i l e d  r e s u l t s  a p p e a r  i n  

Appendix p. A l . 3 .

*
T A B L E  1. 2

8. G.E. Grade
» ----

Cont ingency
v.  c l a s s  p o s i t i o n X2 c o e f f i c i e n t  ( c ) K

T r a d i t i o n a l  1966-7 52.8 0 .3 9  •

T r a d i t i o n a l  1969-70 84 .0 0 .4 7

A l t e r n a t i v e  1969-70 107 .9 0 .51

* /
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3€

This  i s  an i n d i c a t i o n  o f  c o r r e l a t i o n  be tween t h e  two f a c t o r s  

b e i n g  comoared.  The v a lu e  o f  c has  a maximum a t  a p p r o x im a te ly  0.75* 

T h e r e f o r e ,  v a l u e s  a round  0 .5  i n d i c a t e  q u i t e  h i r h .  c o r r e l a t i o n .

C0UCLU3I0N

There i s  a f a i r l y  good c o r r e l a t i o n  be tween 3.C.B. g rad es  and 

u n i v e r s i t y  f i r s t  y e a r  per fo rm ance  i n  c h e m i s t r y .  A l l  t h e  r e s u l t s  

have s i - 'm i f i c a n c e  a t  b e t t e r  th a n  th e  Yfr. l e v e l .

The A l t e r n a t i v e  p r e d i c t i o n  i s  r a t h e r  b e t t e r  t h a n  t h a t  o f  th e  

T r a d i t i o n a l  p r e d i c t i o n s .  Th is  i s  one more n ie ce  o f  ev id en ce  o f  

t h e  rood " f i t ” o f  t h e  A l t e r n a t i v e  cou r se  and th e  Glasgow f i r s t  year  

c o u r s e .

B. A t t i t u d e s  o f  T r a d i t i o n a l  and A l t e r n a t i v e  S t u d e n t s .

On th e  f i r s t  day o f  t h e  S e s s i o n  1969-70)  a l l  the f i r s t  year  

s t u d e n t s  s t u d y i n g  c h e m is t r y  in  th e  U n i v e r s i t i e s  o f  Glasgow and 

S t r a t h c l y d e  were asked  to  f i l l  i n  a Q u e s t i o n n a i r e  (Appendix p .A 1 . 5 ) .  

R e p l i e s  were r e c e i v e d  from 1045 s t u d e n t s  (80^  r e t u r n ) .

The Q u e s t i o n n a i r e  had t h r e e  main pu rp o s es  -

( a )  t o  d e t e rm in e  a t  what age th e  S t u d e n t s ’ i n c l i n a t i o n  tow ards  s c i e n c e  

o c c u r r e d  •

(b)  to  examine th e  f a c t o r s  vdiich a f f e c t e d  t h e i r  ch o ic e  o f  a s c i e n c e  

c a r e e r

( c )  to  o b t a i n  t h e  s t u d e n t s '  s u b j e c t i v e  a p p r a i s a l  o f  t h e  s choo l  c o u r s e s  

t h e y  had j u s t  com ple ted .

Ab th e  same t im e  a s i m i l a r  Q u e s t i o n n a i r e  was g iven  to  400 A r t s  

s t u d e n t s  i n  th e  U n i v e r s i t y  o f  Glasgow to  see  how the A l t e r n a t i v e  s y l l a b u s

had /
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^ad a f f e c t e d  t h e i r  d e c i s i o n  n o t  to trike un a s c i e n t i f i c  c a r e e r .

( a ̂  Ace o f  I n c l i n a t i o n

^ u ° s t i o n  3.  -  Sc ience  Q u e s t i o n n a i r e  (p .  A l . 5 ) .

”At what s t a g e  in  your  s c h o o l  c a r e e r  d id  you f i r s t  d e t e c t  an 

i n c l i n a t i o n  tow ards  s c i e n c e  i n  g e n e r a l ? ” (Note t h a t  t h e  q u e s t i o n  i s  

abou t  i n c l i n a t i o n  and n o t  f i n a l  c h o i c e . )

1E3P0NSE

T A B L E  1. 5

7/hole s 
s u b j e c t

ample w i th o u t  
d i s t i n c t i o n

V/hole sample

ALT • TRAP. ALT. TRAD.

Boys G i r l s Boys G i r l s

P r im a ry 10 . 4?' 6 .9  $ 9.3f^ 4 . 9 $ 9-B0

v.‘•CO

P a r ly  Secondary ( 1 1 - 1 3)

V?o'"g"IT\ 61. 44«4g’ 68. 2^ 55-35'- 4 7 .6 4

Hid Secondary  (14 -16) 29.5^' 30 . 2^ 34.79" 24.4fS 29 .64 53-30

Late  Secondary  ( lo + ) O.09o 1.  64 11 .6 4 2 .4 # 5.24. 1 0 .6 4

No. o f  S tu d e n t s 616 129 259 41 745 300

A d e t a i l e d  t a b l e  o f  r e s u l t s  showing t h e  r e s p o n s e  f o r  pure  s c i e n c e ,  

m e d ic a l  and e n g i n e e r i n g  s t u d e n t s  a p p e a r s  i n  t h e  Appendix p. A1.9-.

D I 3  P I T  1  S I O N

I n  a l l  c a s e s  t h e  c h o ic e s  f o r  P r im a ry  and Late Secondary  were few. 

About 604 o f  s t u d e n t s  had e x p e r i e n c e d  t h e  i n c l i n a t i o n  towards  

s c i e n c e  by th e  a^e o f  13 w i th  t h e  tendency  s l i g h t l y  h i g h e r  in  t h e  

c a s e  /
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c a s e  o f . t h e  A l t e r n a t i v e  s t u d e n t s .  T’-'e g i r l s  tended  t o  d e t e c t  t h e  

i n c l i n a t i o n  e a r l i e r  than  th e  hoys .

By ’O’ g rade  (a~e  l o )  abou t  9GC/- o f  a l l  s t u d e n t s  had i n d i c a t e d  

t h e i r  i n t e r e s t  i n  s c i e n c e .

I n  th e  l i g h t  o f  t h i s  i t  ceens  t h a t  e f f o r t s  made by t e r t i a r y  

c e n t r e s  to  a t t r a c t  s i x t h  fo rm ers  i n t o  s c i e n c e  by means o f  open days ,  

l e c t u r e s  and propaganda  l i t e r a t u r e  i s  l a r g e l y  a waste o f  t im e  s i n c e  

t h e y  a r e  m e r r ly  c o n v e r t i n g  t h e  c o n v e r t e d .  . /here ouen days and 

l i t e r a t u r e  cou ld  be h e l p f u l  i s  i n  t h e  a r e a  o f  d e t a i l e d  s u b j e c t  

c h o i c e .

P u b l i c i t y  i t  mould a p p e a r ,  should  be  aimed a t  a much lo w er  l e v e l  

i n  s c h o o l s  i f  i t  i s  to  have any e f f e c t  upon t h e  number o f  p o t e n t i a l  

s t u d e n t s .

These r e s u l t s  a l s o  p o i n t  to  the  c r i t i c a l  im p o r tan ce  o f  t h e  e a r l y  

s eco n d a ry  s choo l  c o u r s e s .  Iluch e f f o r t  ha s  been  exnended on ' 0 '  g rad e  

and more advanced c o u r s e s  w h i le  t h e  j u n i o r s  have sometimes been  l e f t  

t o  t h e  m e rc ie s  o f  i n t e r r a t e d  c o u r s e s  t a u g h t  by n o n - s p e c i a l i s t s . There  

i s  pe rhaps  a ca s e  h e r e  f o r  th e  most s k i l l e d  t e a c h e r s  t o  t u r n  t h e i r  

a t t e n t i o n  to  th e  j u n i o r s  r a t h e r  th a n  devo te  t h e  b u lk  o f  t h e i r  t ime to  

s e n i o r s .

The A r t s  'Q ues t ionna i re  (Appendix p.  A1.14) asked  i n  Q ues t ion  5 -

r,At what s t a g e  d id  you op t  ou t  o f  s c i e n c e  a t  s c h o o l ? ”

Ti33?0NS3

T A B L E  1 . 4

/
9
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I  a :n L 3 1 .4

..................................
A l t e r n a t i v e T r a d i t i o n a l A l l  S tu d e n t s

E a r l y  Secondary (11 -13) 34. 2̂ - 65.7?' 58.3?'

*0* Erode ( l o ) 19.  j ! 12.45? 14.03'

*T-IT Grade (17+) and 
l a t e r 46.35* 21.95? 21 . y

I n  t h i s  c a s e  t h e r e  a r e  q u i t e  d i s t i n c t  d i f f e r e n c e s  ( s i g n i f i c a n t  

a t  t h e  I0/- l e v e l )  between A l t e r n a t i v e  and T r a d i t i o n a l  s t u d e n t s .  None 

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

f o r  c a r e e r  p u rposes  and y e t  a c o n s i d e r a b l e  p r o p o r t i o n  o f  them con- 

: t i nued the  s tu d y  o f  a s c i e n c e  up to  the  mad o f  t h e i r  s c h o o l  c a r e e r .  

Th is  i s  p a r t i c u l a r l y  n o t i c e a b l e  i n  t h e  c a s e  o f  A l t e r n a t i v e  s t u d e n t s .

The S c o t t i s h  h i g h e r  system a l lo w s  p u p i l s  to  t a k e  f i v e  o r  s i x  s u b j e c t s  

to  •H* m a d e  and i t  i s  i n t e r e s t i n g  t h a t  so many A r t s  s t u d e n t s  were 

p r e p a r e d  to  pu rsue  a s c i e n c e  s u b j e c t  as  one o f  t h e i r  5 o r  ^ t o  an 

advanced l e v e l  f o r  i t s  own s a k e .  Th is  i s  s u p p o r te d  by th e  r e s p o n s e s  

i n  Tab le  l . S ,  p . 1 .1 7  which show t h a t  th e  A r t s  s t u d e n t s ,  w h i le  s t u d y -  

r i n g  a s c i e n c e ,  had l i t t l e  o r  no i n t e n t i o n  o f  u s i n g  i t  e v e n t u a l l y  f o r  

c a r e e r  p u rp o s e s .

( "b) f a c t o r s  a f f e c t i n g  i n c l i n a t i o n

Having e s t a b l i s h e d  t h e  age of  i n c l i n a t i o n  towards  s c i e n c e  i t  -was 

de c id e d  to  examine the  f a c t o r s  which a f f e c t e d  t h e  c h o i c e  o f  s c i e n c e .  

S tu d e n t s  were o f f e r e d  a cho ice  f i v e  f a c t o r s  w i th  room f o r  a d d i t i o n a l  

f a c t o r s  to  he s u p p l i e d  by the s t u d e n t .  Th is  l a s t  o p t i o n  was n o t  t a k e n  

up.

-Science /
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S c ience  h u e s t i o r n a i r e  -  Quest ion  0.

’BThat do you t h i n k  v!as th e  o r i g i n  o f  t h i s  i n c l i n a t i o n ? ”

T A B L E  1. 3

F a c t o r le sconces  w i th o u t  su~ 
d i s t i n c t i o n

y je c t O v e r a l l r e s p o n s e s

ALT. T1 \D. ALT. T :vA d.

Boys G i r l s Boys G i r l s

Books 14 .8 4 .8 19.1 10 .0 15 .0 17 .8

T e l e v i s i o n 7.7 3*4 12 .2 4 .0 6 .9 10 .9

Good Teacher 28 .9 41 .8 54.0 46.0 51.2 55.8

P a r e n t a l
O ccupa t ion 7 .7 9 .6 5-6 6 .0 8 .0 5 .6

I n t e r e s t i n g  
school  course 40 .9 40 .4 29.2 54.0 40 .8 29.9

'To. o f  s t u d e n t s 675 146 288 50 821 358

S tu d e n t s  ’./ere s l lov/ed  to make more th a n  one r e s p o n s e .  The 

r e s u l t s  i n  th e  T ab le  a r e  e x p re s s e d  as a p e r c e n t a g e  o f  t h e  t o t a l  

r e s n o n s e .

A d e t a i l e d  T ab le  of  r e s u l t s  showiny th e  r e s p o n s e s  f o r  pure  

s c i e n c e ,  medica l  and e n r i n ^ e r i n y  s t u d e n t s  a p p e a r s  in  Appendix 

p. A1.10.

B I S O I T  1 5 1  P I T

There .vere a number o f  i n t e r s s t i n r  d i f f e r e n c e s  shown up in  

t h i s  s u rv e y  a l t h o u g h  none o f  them were h i g h l y  s i m i f i c a n t  ( s i y n i -  

: f l e a n t  a t  2 0 l e v e l ) .  F o r e v e r ,  d i f f e r e n c e s  in  the  sane d i r e c t i o n s  

./ere /
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were r ’-'owr. in  a follov,*-un s u r v e y  conducted  b y  th® a u t h o r  i n  1970-71  

snd p ro c e s s e d  b y  I . rT. Haton.*3

The t'vo most  i m p o r t a n t  f a c t o r s  a re  ’V^ood t e a c h e r ” and ”i n t ® r e s t -  

: i n p  s choo l  c o u r s e ” .

The A l t e r n a t i v e  hoys th ro u g h o u t  f a v o u r  ”i n t e r e s t i . n g  schoo l  

c o u r s e '*• v/hi lg t h e  T r a d i t i o n a l  "boys tend  to  op t  f o r  ’’rood t e a c h e r ” .

G i r l s ,  on t h e  o t h e r  hand,  f a v o u r  "rood t e a c h e r ” h u t  t h e  A l t e r n a 

t i v e  g i r l s  chose " in  t e r e s  t i n e  school  c o u r s e ” as a c l o s e  second w h i l e  

T r a d i t i o n a l  g i r l s  r e l e g a t e  th e  c o u r s e  t o  a much lo w er  l e v e l .

These r e s u l t s  on t h e i r  own do n o t  c o n s t i t u t e  e v id e n c e  f o r  t h e  

s u p e r i o r i t y  o f  A l t e r n a t i v e  c o u r s e s  over  T r a d i t i o n a l  o n es ,  h u t ,  t a k e n  

t o g e t h e r  w i t h  t h e  o t h e r  e v i d ^ c e  i n  the  Q u e s t i o n n a i r e ,  they  a r e  an 

i n d i c a t i o n  o f  such  a t r e n d .

The t r l s  c h o ice  i s  v e r y  much as  an e x p e r i e n c e d  t e a c h e r  would 

e x p e c t .  P e r s o n a l i t y  r a t h e r  than  a b s t r a c t  s u b j e c t  m a t t e r  seems to  

be m ore■i m p o r t a n t  to them. The e f f e c t s  o f  books and t e l e v i s i o n  were 

f a i r l y  low and c e r t a i n l y  low er  t h a n  some p u b l i c  s t a t e m e n t s  i n  t h e  

p r e s s  would s u r e s t .  The e f f e c t  o f  t e l e v i s i o n  was most  marked i n  

t h e  c a s e  o f  e n g i n e e r i n g  and m e d ica l  s t u d e n t s .  Th is  i3  n o t  s u r p r i s i n g  

when t h e  c o m p o s i t io n  o f  T.V. s c i e n c e  programmes i s  examined.  They 

t e n d  to  de a l  w i th  a p p l i e d  s c i e n c e ,  e . g .  "Tomorrow's ’T o r l d ” and 

" H o r i z o n ” , r a t h e r  t h a n  w i th  t h e  pure s c i e n c e s  and so would tend  t o  

a p p e a l  t o  p o t e n t i a l  e n g i n e e r i n g  and medica l  s t u d e n t s .

There  might  be  a ca se  he re  f o r  s u g g e s t i n g  t h a t  .genera l  i n t e r e s t  

pure  s c i e n c e  programmes shou ld  be b r o a d c a s t  n o t  o n ly  f o r  t h e  sake o f  

p o t e n t i a l  s t u d e n t s ,  b u t  a l s o  fo th e  i n t e l l i g e n t  layman.

To ge t  th e  o t h e r  s i d e  of  t h e  p i c t u r e  th e  A r t s  Q u e s t i o n n a i r e  asked  

".‘/ha t  f a c t o r s  made you d e c i d e  a g a i n s t  s c i e n c e ? ” ( Q u e s t io n  7 )*

T A B L T 1 .6
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T A I L S  1. 6

f a c t o r A l t e r n a t i v e T r a d i t i o n a l A l l  i t u d ^ n t s

Poor  e xan re  s u l t  s 9 .0 1 .8 9 .6

- 'o p e r a t e  exam r e s u l t s  b u t  
p o o r e r  than  the  o t h e r  o p t i o n 32 .1 12.8 25 .1

P e v u l s io n  a g a i n s t  m a t e r i a l 
i s t i c  s c i e n c e 7 .7 8 .2 8 .1

B o r in n  s c i e n c e  c o u r s e s 1 5 .4 25-3 2 1 .4

Poor  t e a c h i n g 1 1 . 5 11 .0 1 1 .2

Lack o f  e x p e r i m e n t a l  s k i l l 5-3 6.5 5*9

P a r e n t a l  p e r s u a s i o n 1 .3 1 .2 1 . 2

Teacher  p e r s u a s i o n 1 .3 1 .2 1 . 2

D i f f i c u l t y  w i th  maths 17 .9 15 .9 I 0 . 4

S tu d e n t s  we-e a l low ed  to  make more t h a n  one r e s p o n s e  and t h e  

f r e q u e n c i e s  above a r e  e x p re s s e d  as p e r c e n t a g e s  o f  the  t o t a l  r e s p o n s e .

D IS f  TTq IIQTT

The A l t e r n a t i v e  and T r a d i t i o n a l  columns a r e  rem arkab ly  s i m i l a r .  

The main d i f f e r e n c e s  o ccu r  i n  two p l a c e s  -

( i )  ex a m in a t io n  r e s u l t s ,  and

( i i )  b o r i n g  s c i e n c e  c o u r s e s .

These d i f f e r e n c e s  a r e  s i g n i f i c a n t .

( i )  The f i r s t  i s  a r e f l e c t i o n  o f  som eth 'np  which nas been  s u s p e c t e d  

h r  some t im e .  lien th e  new s y l l a b u s  was launched  emphas is  was 

removed from r o t e  l e a r n i n g  arm1 t r a n s f e r r e d  t o  u n d e r s t a n d i n g .  T e a c h e r s  

in  t h e i r  e n th u s i a s m  tended to  s e t  ex a m in a t io n  pau-'-rs >-ith l i t t l e  o r  no 

r e c a l l .  /
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r e c a l l .  Th is  in  i t s e l f  way no t  n e c e s s a r i l y  l a d ,  h u t  p i r d l s  . found 

t h a t  t h e  s c i e n c e s  were ve ry  d i f f e ^ e ^ t  from t h ^ i r  o t h e r  sub ^ e c t s  which 

s t i l l  o p e r a t e d  l a r g e l y  a t  r e c a l l  l e v e l .  G i r l s  r e a c t e d  p a r t i c u l a r l y  

to  t h i s  and,  f o r  a w h i l e ,  t h i r d  y e a r  c h e m is t r y  c l a s s e s  i n  s c h o o l s  

c o n t a i n e d  few " i r i s .  G ra d u a l ly  the chen;i.stry exans  s e t t l e d  down to 

a compromise s i t u a t i o n ,  numbers o f  hoys and " i r i s  e n t e r i n g  t h i r d  y e a r  

i n c r e a s e ' -1 and th e  r a t i o  o f  hoys t o  g i r l s  s e t t l e d ' a t  a b o u t  3 : ! •

The s c i e n c e s  have  i n c r e a s e d  s t e a d i l y  (Tab le  1 . 7 ) o ve r  t h e  y e a r s  

a t  a g r e a t e r  r a t e  than  com parab le  a r t s  s u b j e c t s .  T h i s  might  i n d i c a t  

t h a t  t h e  i n c r e a s e  i s  n o t  m ere ly  a r e f l e c t i o n  o f  i n c r e a s e d  school  

p o p u l a t i o n ,  b u t  o f  a r e c o v e r y  o f  the  s c i e n c e s .  (A s i m i l a r  p a t t e r n  

a p p e a r s  i n  the  I n t r o d u c t i o n ,  T ab le  1 . )

T A B L E  1 . 7

PH 13 :’T?ATIOi AT 'O ’ GRADE.

S u b je c t 1965 1970 ^  I n c r e a s e

Chemis try 11,406 15,350 34.6

P h y s i c s 12 ,444 13,011 27.1

Trench . 17,231 21,481 24.7

I n  b o th  Chemis try  and P h y s ic s  abou t  t w o - t h i r d s  o f  the  p u p i l s  

proceeded  to  s i t  H i r b e r .

In  Trench j u s t  over  h a l f  o f  t h e  ' C  g rade  c a n d i d a t e s  p roceeded  

to  H ig h e r .

( i i )  /
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( i i )  -'"he c o m p la in t  about  " b o r i n c  s c i e n c e  c o u r s e s "  .vas co'* s i d e r a b l y  

l e s s  f o r  A l t e r n a t i v e  S tude- ' t s  th a n  f o r  T r a d i t i o n a l  l o u d e n t s .  T h i s  

n r o v i d e s  one n o re  n ie c e  o f  ev idence  i n  f av o u r  o f  th e  A l t e r n a t i v e  

c o u r s e s .

One o t h ^ r  n i e c e  o f  ev id e n c e  was sough t  t o  ^ ive  some i n d i c a t i o n  

o f  how many Arts- s t u d e n t s  mi.yht have b e e n  swayed i n t o  s c i e n c e .  The 

q u e s t i o n  was put  i n  r e v e r s e  to  make i t  l e s s  b l u n t .

A r t s  Q u e s t i o n n a i r e , Q u e s t io n  8.  '

" In  you r  c a s e ,  was t h e  cho ice  be tween s c i e n c e  and a r t s  ( a )  a 

v e r y  d i f f i c u l t  one to  make (b)  a f a i r l y  d i f f i c u l t  one to  make ( c )  

an e a s y  one to  make?"

T A B L E  1. 8 

2A3'2 0?  CHOI03 B3T7331T $0131103 AND ARTS

D i f f i c u l t y A l t e r n a t i v e T r a d i t i o n a l A l l  S t u d e n t s

Very d i f f i c u l t 8 . ? i 6 . 0 ^ 6.6/J

F a i r l y  d i f f i c u l t 15 O i 1 2 . 0 ^ 12.  8f*

3a sy 7S.3/) 8 2 . 0< CO o

There was no th in '*  s i g n i f i c a n t  i n  t h e  d i f f e r e n c e  be tween t h e  two 

g r o u p s .

Only abou t  20y o f  t h o s e  d o in g  A r t s  might  have cone into,  t h e  

s c i e n c e s ,  i . e .  t h o s e  who found th e  c h o ic e  "ve ry  d i f f i c u l t "  o r  " f a i r l y  

d i f f i c u l t " .

Jbiil'ARY /
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318"'A ̂

T A 13 L 3 1 .9

ALT ERUATIV S T 1A.DIT ION AL

U n i v e r s i t y  lie s u i t s

Age o f  I n c l i n a t i o n  t o  
S c ience

F a c t o r s  a f f e c t l n r  I n c l i n a t i o n

A r t s  s t u d e n t s  -  age o f  o p t i n g  
o u t  o f  s c i e n c e

A r t s  r e a c t i o n  to  s c i e n c e  
c o u r s e

F avourab le  U nfavourab le

A l t e r n a t i v e  e a r l i e r  th a n  T r a d i t i o n a l

Good co u r s e  the n  Good t e a c h e r  th e n  
"ood t e a c h e r  good cou rse

L ate  secondary  E a r l y  seco n d a ry

A l t e r n a t i v e  l e s s  b o r i n g  th a n  T r a d i t i o n a l

OCGGLU3ION

The change to  A l t e r n a t i v e  c o u r s e s  has  a l t e r e d  "both t h e  p e r fo rm -  

: ance  and a t t i t u d e s  o f  the  s t u d e n t s  i n  th e  r i g h t  d i r e c t i o n .  Th i s  

can  he seen  as  phase  one o f  a s e r i e s  o f  changes i n  t h i s  d i r e c t i o n  

r a t h e r  t h a n  as  a once f o r  a l l  remedy.  As can he seen  from t h e

r e m a in d e r  o f  t h i s  t h e s i s ,  t h e  work has  a l o n r  way to  go b e f o r e  th e  

c o u r s e  i s  s u i t a b l e  f o r  a c h i e v i n g  t h e  o b j e c t i v e s  s e t  f o r  i t .  In 

f a c t ,  some o f  t h e  o b j e c t i v e s  may have  to  be r e t h o u g h t  i n  th e  l i g h t  

o f  t h e  s t u d i e s  on m a t u r i t y  and d i f f i c u l t y  l e v e l s .

33A-1C-! FOR A1- h\S 0? PI FFICULTY

I n  t h e  n r e v i o u s  s e c t i o n  i t  was no ted  t h a t  th e  t r e n d  be run by 

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

however,  /
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However, e x p e r i e n c e  o f  t e a c h i n g  the  s y l l a b u s  l e f t  no one i n  any doubt

t h a t  a l l  was n o t  w e l l  w i th  t h e  s y l l a b u s .  This  was a l s o  shovm un r h e n

the  n a t i o n a l  e x a m in a t io n s  were s c r u t i n i s e d  f r o n  t h e  s e t t e r ’ s and

5e x a m i n e r ’ s n o i n t  o f  v i e w . '  There were d i s t i n c t  a r e a s  in  th e  s y l l a b u s  

■which were n o t  b e i n g  a c c e p te d  by t h e  p u p i l s .  The r e a s o n s  f o r  t h i s  

co u ld  be many; poor  methods o f  t e ach !nay  t o p i c s  i n  e x c e s s  o f  th e  

m a t u r i t y  l e v e l s  o f  p u p i l s ,  ’’c l e v e r ’1 exam ina t ions ' ,  p o o r e r  q u a l i t y  o f  

c a n d i d a t e s  c o r r e s p o n d i n g  w i th  i n c r e a s e d  numbers s i t t i n g  ex am in a t io n s  

and so on.

The o p p o r t u n i t y  was t a k e n  -’'hen th e  s u rv e y  (Appendix p . A l . 7 ) was 

b e i n g  done to  i n c l u d e  a s e c t i o n  on d i f f i c u l t  a r e a s  t o  -get t h e  p u p i l s '  

view o f  th e  s i t u a t i o n .

The r e s p o n s e s  were t a k e n  from A l t e r n a t i v e  s t u d e n t s  i n  th e  f i r s t  

y e a r  o f  th e  U n i v e r s i t i e s  o f  Glasgow and o t r a t h c l y d e .  Th is  was done 

tv / ice ,  i n  s e s s i o n s  1969-70 and 1970-71* '  The p r o c e s s i n g  o f  the  r e s u l t  

o f  t h e  l a t t e r  was done by I . I I .  Pa ton  w h i l e  he was working  u n d e r  t h e
r

d i r e c t i o n  o f  t h e  a u t h o r  and th e y  a p p e a r  i n  h i s  3 . 5 c .  T h e s i s  r e p o r t .

A l i s t  o f  schoo l  c h e m is t r y  t o p i c s  was o ro v ided  and t h e  s t u d e n t s  

were asked  t o  p l a c e  each t o p i c  i n t o  one o f  f o u r  c a t e g o r i e s  each o f  

which was d e f in e d  (Appendix p. A1.7)*

The r e s u l t s  a r e  shown in  the  graphs  below.

Graph 1 .1  -  shows the  t o p i c s  ’’d i f f i c u l t  t o  g r a s p ” -
U n i v e r s i t y  o f  Glasgow. ( 1 9 6 9 -7 0 ) .

Graph 1 . 2  ( o v e r l a y )  -  shows the  sane  t o p i c s  -  U n i v e r s i t y  o f
S t r a t h c l y d e .  (1 9 6 9 -7 0 ) .

Graph 1 . 3  ( o v e r l a y )  -  shows th e  same t o n i c s  -  a composi te  o f
Glasgow' and S t r a t h c l y d e  (1970-71)*

r
Graph 1 . 3  -  i s  based  on P a t o n ’3 'work. '1

/
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The v e ry  c l o s e  c o i n c id e n c e  c p t h e s e  g raphs  i n d i c a t e d  t h a t  the  

s u b j e c t i v e  a s s e s sm e n t  o f  t h e se  t o p i c s  by th e  s t u d e n t s  was none t h e  

l e s s  s i g n i f i c a n t .  C le a r  peaks appea red  a t  th e  same p o i n t s  on e a c h  

r r a p h  s h ov ing  t h a t  the se  t o p i c s  were p a r t i c u l a r l y  t ro u b le s o m e .  The 

code l e t t e r s  co r re s p o n d  w i th  t h e  Q u e s t i o n n a i r e  and a r e  b a s e d  upon 

3 .0 ." ] .  s y l l a b u s  s e c t i o n s .

These t o p i c s  were -

'O ’ m a d e  
t r e a t m e n t

1111 m a d e  
t r e a t m e n t

These problem a r e a s  f a l l  i n t o  two main groups w -

( i )  Those r e l a t e d  t o  e q u a t io n s  and th e  mole and having- some a r i t h 

m e t i c a l  c o n t e n t  -  H , J ? , l'i? , P , ^ , Q2 , R^.

( i i )  O rgan ic  t o p i c s  w i th  th e  p o s s i b l e  l i n k  of  e s t e r i f i c a t i ' - n ,  con- 

: d e n s a t i o n  and h y d r o l y s i s .

I t  i s  i n t e r e s t i n g  to  co te  t h a t  s u b s t a n t i a l l y  the  same d i f f i c u l t i e s

emerge /

C a l c u l a t i o n s  a r i s i n g  from e q u a t i o n s  

pH and v o l u m e t r i c  work i n c l u d i n g  m o l a r i t i e s  

-  I o n - e l e c t r o n  e q u a t io n s

A lc o h o l s ,  Acids  and E s t e r s  

F a t s ,  Soaps and D e t e r g e n t s  

P r o t e i n s

A vogadro 's  Humber and t h e  Mole

Heats  o f  R e a c t io n ,  H e s s ’ s Law and "Bond E n e r g i e s

Redox R e a c t io n s  and E° v a l u e s

E q u i l i b r i u m

Aromatic (Benzene) Chem is try  

Amines

Carbonyl Compounds (Aldehydes and K e tones )
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emerge from a t h e o r e t i c a l  P i a r e t  t r e a t m e n t  o f  the  'O'  l e v e l  N u f f i e l d  

10Scheme.

Under thp  a u t h o r ’s d i r e c t i o n  l i n k ?  . /ere sought  b e t r e e n  th e s e  

t o p i c s  by means o f  Punch -ca rd  o n t i c a l  c o i n c id e n c e  ( l .TI.  P a t o n ) .

The p r i n c i p l e  was t h a t  eve ry  s t u d e n t  was r i v e n  a number.  Each 

t o n i c  was r i v e n  a punch card  and a h o le  was punched,  a t  t h e  app ro -  

: p r i a t e  p o s i t i o n ,  f o r  each s t u d e n t  who found d i f f i c u l t y  w i t h  the  

t o p i c .

Sards  were t h e n  super im posed  i n  p a i r s  on a l i t  s t a g e  and the  

number o f  c o i n c i d e n t  h o l e s  was coun ted .  The p e r c e n t a g e  c o in c id e n c e  

was t h e n  o b t a i n a b l e  based  on th e  ca rd  v.dth the  few er  h o l e s .

I t  was now p o s s i b l e  to  de te rm ine  i f  th e  s t u d e n t s  h a v i n g  d i f f i 

c u l t y  v i t h  t o p i c  were the  same as t h o s e  h av in g  d i f f i c u l t y  w i th  

Mp ■, (Appendix p. A l . l l ) .

A d e t a i l e d  a n a l y s i s  i s  shown in  the  Appendix p. A1.12.

A few o f  t h e  r e s u l t s  a r e  quoted  below as sam ples .

T A U L E 1 .10

$T op ic s Coinc idence

' Glasgow o t r a t h c l y d e

H3 + h
•

64 68

H3 + P3 . 6? 60

3 2 + ? 3 71 7°

s 9 + S3
81 66

P3 + h 44 30

K +
h 20 30

As /
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Aj e x p e c t e d , t ' ^ere  was a h 1 rh c o i n c id e n c e  "bet-reen J 0 + P x b o th

b e i r . r  based  on th e  node,  

c o r r e l a t e d  . / e l l .

,, + d> wew- b o th  o rm a n i c . to  pics and 
j

Honever,  t h e r e  was low c o in c id e n c e  b e t - e e n  K and «A. because  anv
4

d i f f i c u l t i e s  w i th  s u lp h u r  c h e m is t r y  ( t r e a t e d  l a r y e l y  d e s c r i p t i v e l y ) 

and ha logen  c h e m is t r y  ( t r e a t e d  as a f a m i ly )  would no t  be the same.

P^ and were no t  wel l  r e l a t e d  and t h i s  was n o t  s u r p r i s i n r  f o r  

the  co n c e p t s  in P^ ( t h e  mole)  were no t  th e  sane a s  t h o s e  i n  

( f a c t o r s  a f f e c t i n y  r a t e  and c a t a l y s i s ) .

I t  was now p o s s i b l e  t o  look  f o r  a s e r i e s  o f  c l e a r  r e l a t i o n s h i p s  

to  l i n k  t o g e t h e r  th e  c h a in  o f  t h o u r h t  common to  the  a r r a s  of  d i f f i 

c u l t y  (Tab le  l . l l ) .

T A 3 L E 1 .11

!
B a s ic  Topic Good c o i n c id e n c e

TJ
' ‘2

TJ M
V  2

b Jp j  P ^ ? , ^2

J 2 P y  0-2

P 3
none

A c l e a r  ch a in  o f  development was nov' e v i d e n t .

( fo rm u lae  and e q u a t i o n s )  pave l i t t l e  t r o u b l e  to  the  s t u d e n t s ,

b u t ,  the  moment t h e y  a p p l i e d  a r i t h m e t i c  t o  them, t r o u b l e  be ran .  This

was s een  in  Volumetr ic  work an/! th e  h o l e ,  P e a t s  o f  de-action and G

v a l u e s .  All  o f  t h e s e  r e q u i r e d  so-re a r i t h m e t i c a l  m a n ip u la t io n  even 

as s im ple  as a d d i t i o n  and s u b t r a c t i o n .  from ev idence  b ased  on 

.exam ina t ion  /
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e x a m in a t io n  nerforman.ee,  t h e  a r i t h m e t i c a l  o p e r a t i o n  c a u s i n ^  moot

t r o u b l e  ’’as s imple n r o n o r t i o n . Even in  f i r s t  y e a r  u n i v e r s i t y ,

s t u d e n t s  i n  t h e  l a b o r a t o r y  bad t r o u b l e  i n  d e c i d i n g  'Vha t  shou ld  go

on t h e  ton  l i n e " .

P e rhaps  t h i s  a r e a  o f  d i f f i c u l t y  r o e s  f u r t h e r  back i n t o  the

P r im a ry  school  whe:'e s im ole  p r o p o r t i o n  may be i n t r o d u c e d  a t  too

e a r l y  a s t a r e  b e f o r e  t h e  p u p i l ' s  m a t u r i t y  i s  exeat  enough to  cope

wi th  i t .  I n s e c u r i t y  a r i s i n g  h e r e  could  p e r s i s t  f o r  a long  t im e .

'TiTith the  l e s s  a b l e  p u p i l s  th e  t r o u b l e  wi th  a r i t h m e t i c  was even

more a c u t e . ^  T h i s  i s  a l s o  s e e n - i n  Chapter  2 , p . 6 , where a normal

’O’ -Trade sample i s  b e i n g  c o n s i d e r e d ,  and a l s o  i n  a p ap e r  by Howe 
9

and J o h n s to n e .

The o t h e r  d i f f i c u l t  a r e a  -  th e  o rg a n ic  -  can be r e l a t e d  s i m i l a r l y  

(T ab le  1 . 1 2 ) .

T A B L E  1 .12

r * ...... ...........
B a s ic  Topic Hood c o i n c id e n c e F a i r  c o in c id e n c e

h N 11 N29 y  4 31, p2 ,

N2 Kj, 1I4, 3r  S2, S3

N3 •
V  Sl ’ S2 ’ s 3

N4 h ’ V  s 3

31 3 ,,  S3

s n
2 3

A l l  th e  o r g a n i c  t o n i c s  were c l e a r l y  r e l a t e d ,  b u t  the  common th r e a d  

-was more d i f f i c u l t  t o  s e e .  The r ea son  may n o t  have been an 

i n t e l l e c t u a l  /
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i n t e l l e c t u a l  one a t  a l l .

I n  th e  pyies t i o n n a i r e  s t u d e n t s  were o f f e r e d  a ’’n e v e r  s t u d i e d "

column a g a i n s t  each t o p i c .  The t o p i c s  which were most f r e q u e n t l y

r e p o r t e d  as "never  s t u d i e d "  were N. ( p r o t e i n s )  and 3 , S. and S.,
4 I e 2

( t h e  Higher  o r g a n i c  to  s i c s ) .  The s t u d e n t s  who had n e v e r  s t u d i e d  

t h e s e  t o n i c s  were n o t  the same as  t h o s e  who r e p o r t e d  t h e s e  t o p i c s  

to  he d i f f i c u l t .  There i s ,  however,  a c lu e  h e r e ,

The o r g a n ic  t o n i c s  a p p e a r  a t  th e  end o f  t h e  'O ’ g rade  p r i n t e d  

s y l l a b u s  and a g a i n  a t  the  end o f' t h e  ,!T’ g rade  s y l l a b u s .  Although 

t h e  s y l l a b u s e s  a r e  n o t  i n t e n d e d  t o  be a t e a c h i n g  o r d e r ,  t h e y  a re

u s u a l l y  t r e a t e d  as such .  As t e a c h i n g  t ime grows s h o r t  b e f o r e  the
f

n a t i o n a l  ex am in a t io n s  t h e  o rg a n ic  p a r t  o f  the  work i s  skimped o r  

o m i t t e d .  More ev idence  f o r  t h i s  ap p ea r s  i n  Chapter  2, p . 2 .6 .

The t ime f a c t o r  i s  p ro b ab ly  n o t  t h e  o n ly  one and i t  i s  proposed  

d u r i n g  s e s s i o n  1972-5  to  i n v e s t i g a t e  o t h e r  p o s s i b i l i t i e s  i n  d e p th .

( s e e  th e  s u g g e s t i o n s  in  C hap te r  5> 10* 5*10*)

PARALLEL 3TIJ.CY OF ’O’ C1A3H PTTFI L3 IN PNC C0UR3CS

Under t h e  a u t h o r ’ s d i r e c t i o n  a s tu d y  i s  b e i n g  conduc ted  i n  a l l  

t h e  S c o t t i s h  T e c h n ic a l  C o l l e g e s  by T . I .  M or r i son .  He i s  i n v e s t i g a t i n g  

t h e  e f f e c t  o f  th e  A l t e r n a t i v e  cou r se  upon s t u d e n t  per formance  and 

a t t i t u d e s  i n  th e  f u r t h e r  e d u c a t i o n  c e n t r e s .

Some o f  b i s  work i s  i n c o r p o r a t e d  in an a r t i c l e  in  "Educa t ion  i n  

C hem is t ry" .  ^ His f i n d i r - s  r e g a r d i n g  a r e a s  o f  d i f f i c u l t y  c o i n c i d e  

e x a c t l y  w i th  t h o s e  ment ioned i n  t h i s  c h a p t e r .

In bo th  o f  t h e s e  su rveys  t h e  s t u d e n t s  have been  th o s e  who have 

s u c c e s s f u l l y  completed t h e  ’O’ grade'  o r  ‘II’ grade c o u r s e s ,  'but t ’he 

A l t e r n a t i v e  /
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A l t e r n a t i v e  s y l l a b u s  i s  used f o r  a much w ide r  spec trum o f  p u n i l s ,  

some o f  whom may neve r  a t t e m p t  a n a t i o n a l  e x am in a t io n  vi t h  any hone 

o f  p a s s i n g .  The r e a c t i o n s  o f  p u n i l s  a c r o s s  t h e  e n t i r e  spec trum o f  

a b i l i t y  a r e  s e t  ou t  i n  Chanter  2.
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"'BUTT’"!'' ■GOUCCLS

A s t a t i s t i c a l  compar ison .‘/as  made be tween t h e  s c h o o l s  o f  o r i y i n  

o f  s t u d e n t s  i n  s e s s i o n  1966-7 and 1969-70• The fo rm er  yroup con- 

r s i s t e d  a lm o s t  e n t i r e l y  o f  T r a d i t i o n a l  S tu d e n t s  and t h e  l a t t e r  con-  

s t a i n e d  a p p ro x im a te ly  75̂ 6 o f  A l t e r n a t i v e  S tu d e n t s .

The 1966-7  r e s u l t s  wore t a k e n  as a s t a n d a r d  by which  to  i d e n t i f y  

th e  " b e t t e r  s c h o o l s "  a^d -’i t h  t h i s  was compared the  l i s t  o f  s c h o o l s  

'" iv inn  th e  A l t e r n a t i v e  S tu d e n t s  i n  1969-70.

The a n a l y s i s  was c a r r i e d  o u t  as f o l l o w s .

( a )  An a l p h a b e t i c a l  l i s t  o f  s ch o o ls  was made in  each case  and the  

number o f  s t u d e n t s  p rov ided  by each school  was r e c o r d e d .  A p ro d u c t  

moment c o r r e l a t i o n  ( r )  was found between t h e s e  two l i s t s  ~ i v in #  a 

v a l u e  r  = C . 6 . Th i s  i n d i c a t e d  t h a t  t b e  same s c h o o l s  were p r o v i d i n g  

th e  s t u d e n t s  i n  b o th  samples i n  ab o u t  t h e  same p r o p o r t i o n .

Th is  i s  a n o t  unexpec ted  phenomenon i n  t h e  Glasgow a r e a .  The 

U n i v e r s i t y  has t r a d i t i o n a l l y  drawn more than 90f> o f  i t s  s t u d e n t s  from 

th e  West o f  S c o t l a n d , ^

(b)  I n  b o th  sam ples ,  the  s t u d e n t s  were d i v i d e d  i n t o  to o  t h i r d , middle 

t h i r d  and bot tom t h i r d  on the  b a s i s  o f  t h e i r  f i r s t  y e a r  e x a m in a t io n s .  

The s c h o o l s  i n  the to p  t h i r d  o f  each samole were compared f o r  t h e i r  

c o n t r i b u t i o n  o f  s t u d e n t s .  Th i s  was r e p e a t e d  f o r  each o f  t h e  o t h e r  

t h i r d s .

The p ro d u c t  moment c o r r e l a t i o n s  between t h e  t h i r d s  i s  shown below/.

T op  t h i r d  1366-7 v.  Top t h i r d  1969-70 r  = 0 .29

k i d d l e  t h i r d  " v.  k i d d i e  " " r  -  0 .12

Bottom t h i r d  " v.  Bottom " " r  = 0 .00

Th is  /
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This  s^ows a 'poor r e l a t i o n s b i o  b e t ’-^en th^  s c hoo ls  p r o v i d i r r“

' the  b ^ s t  s t u d ^ ^ t o  i n  th^  e a r l y  a”1/3 l a t e  s am nles .  Gone sc h o o l s  which 

c o n t r i b u t e d  h e a v i l y  to  the  ton  t h i r d  i n  1G66- 7 , c o n t r i b u t e d  no s tud  e a t s  

' a t  a l l  t o  t'-'e top  t h i r d  i n  1 % 9“70 and o t h e r s  which r a v "  s t u d e n t s  to  

th e  bo t tom t h i r d  on ly  i n  1966-7  f i ,rured  p ro m in e n t ly  i n  the top  t h i r d  

i n  I 969- 7O. In g e n e ra l  the ,fnanr-d" s e l e c t i v e  s c h o o l s  d i d  worse i n  

1969-70  than  i n  1966-7  and t h e i r  p l a c e s  vn-re t a k e n  by new»r conprehen-  

: s i v e  s c h o o l s .

The r' b e t t e r  s c h o o l s  e f f e c t "  was c l e a r l y  no t  the  f a c t o r  c a u s in g  

t h e  d i f f e r e n c e s  i n  Tab le 1 . 1 .

The c a l c u l a t i o n s  o f  r  f o r  t h i s  exper iment  were done by Miss K. 

U r q u h a r t .

COMPARISON OP HIGHSR GRAD IS POR TRADITIONAL A'P ALT 3RNATIVC STUD HITS
1969-70 

TA3L3 A l . l

G .0 .3 .  Grade T r a d i t i o n a l A l t e r n a t i v e .3. Y. 0 . A l t .  and S .Y .3 .

. A 2M6 20?' 25r 21?'

B 4 5°/' 5o£ 4 &?>

C 56?' 351-' 2?5- 33?'

The d i f f e r e n c e s  a re  s t a t i s t i c a l l y  n o t  s i g n i f i c a n t .

The d i f f e r e n c e  i n  q u a l i t y  o f  b i b b e r  pass  between T r a d i t i o n a l  and 

A l t e r n a t i v e  S t u d e n t s  canno t  accoun t  f o r  the  d i f f e r e n c e s  i n  Tab le  1 . 1 .

P R T U I C T I V S  /
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PRCDICTIVE PC • 4R OP 3 . ' ] . P.  CU T'IB TRY GRABC:

1966-7 __ -  Al l  T r a d i t i o n a l  Candida tes

TABL3 A1.2

P l a c e  i n  u n i v e r s i t y  
c l a s s  o v e r  t h e  s e s s i o n

*1 yi i ' • ■ i  m > •
’A’ Grad e

O fi 7*-J • j • -J •
' 3 '  Cra^e

3 .C .3 .  . 
’ O’ Grade

Ton t h i r d  

Middle t h i r d  

Bottom t h i r d

a&; (Co-'.) 

22f' ( 3 0 p  

S>0 ( 10:')

4<r  (35'P) 

AC? (4Cp) 

34p (>'5 ')

12P ( I 3 f  ) 

32p ( 3 5 ? )  

5 ? '  (52?')

A l l  o v e r  p r o p o r t i o n  
in  c l a s s 2 Of- 41?' 3 3 l

Note -  The f i g u r e s  i n  b r a c k e t s  a r e  the  p e r c e n ta g e  d i s t r i b u t i o n s  

o f  each caraie o v e r  each t h i r d ,  e . y .  an 'A 1 i n  3 .  B.C.

.pave a 6Cy chance o f  the  c a n d i d a t e  beinp- i n  t h e  top  

t h i r d  o f  th e  U n i v e r s i t y  c l a s s .

19 o9-7Q __ T r a d i t i o n a l  Can d i d a t e s .

TAGL3 A1.3

P l a c e  i n  u n i v e r s i t y  
c l a s s  o v e r  th e  s e s s i o n

B.C.B .
’A* Grade

B.C.U.
1B’ Grade

B .C .3 .
• c  Grade

Top t h i r d 4 #  ( 6194) 46?  ( 3 i r ) 85? ( r)
Middle t h i r d IQ1;'- (?3 r') 50:' (40; ') 32 ;' ( 33; ')

Bottom t h i r d 7C' ( l l / O 3 # '  (29; -) 57: '  ( 60-'.)

A l l  o v e r  p r o p o r t i o n  
i n  c l a s s 33?" 44f' 349'

I 969- 7O /
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196^-70   A l t e r n a t i v e  G a r ^ i ^ a t e s .

TABLE A1.4

P l a c e  i n  un iv  - r c i t y  
c l a s s  0v r'T th e  s e s s i o n

• c
»A«

0

Grade

r\O • 'J
! 'R t Grad e

. ' i  m 

1 r \  f

r-

Grad e

Top t h i r d 45^' ( y e p 4 3! ' (35;P 12L (137)

F i d d l e  t h i r d 1 2'; ( 22a ) 55^ (48--') 54!' ( 4 7 )

Bottom t h i r d ph ( 7 ) 33f' d r ' ) 65^ (4T.P

A ll  o v e r  n r o p o r t i o n  
i n  c l a s s 21^ 457 33!-

FJBFORITANGG 07 TIABITIC; TAL A!Hj ALT m ' AT I  Yd STTTDGi To IN I ■]CON’D
•Session 1969-70 •

TABLE A l .5

T r a d i t i o n a l A l t e r n a t i v e

Top t h i r d 41P

Twiddle t h i r d 6 7 315'

Bottom t h i r d 64“' W -

A ll  o v e r  p r o p o r t i o n  
in  c l a s s ■ 64‘,' 363'

Note -  Average s c o r e s  ov^r  th e  s e s s i o n  were used  to  d e t e rm in e  

th e  t h i r d s .

In  th e  too  t h i r d  th e  A l t e r n a t i v e  G t u d m t a  a r e  r a t h ' - r  h o t t e r  

r e p r e s e n t e d  th a n  t h e i r  ov - r a i l  oro p o r t  io n  in. the c l a s s  would i n d i c a t e .

The s i g n i f i c a n c e  o f  th e  d i f f e r e n c e s  a re  much p o o r e r  ( a h o n t  20c/ 

l e v e l )  t h a n  t h a t  f o r  f i r s t  y e a r  s c o r e s  ( h o t t e r  t h a n  th e  Y'' l e v e l ) .
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T P T I7 ' ^  -J '

7/e would •value your  c o - o p e r a t i o n  in  t h i s  n ie ce  o*' r e s e a r c h  by 
answerim? the  q u e s t i o n n a i r e  i n ^ e r e n d r n t l y  end s e r i o u s l y .  T’ne main 
o b j e c t s  o r the  e x e r c i s e  arc- fo l lo w s

1.

3.

1.

2 .

3.

To t r a c e  th<= f a c t o r s  which i n f l u e n c e  a youo.fr ne rson  a t  school  
to  read  s c i e n c e  a t  u n i v e r s i t y .

To d e t a m i n e  a t  what awe th e s e  f a c t o r s  cone i n t o  p l a y .

To o b ta in  a c r i t i c a l  s u rvey  o f  th e  m a t e r i a l  t a u ^ t  i n  schoo l  
c h e m is t r y  c o u r s e s  (u s  to  1:T* ( o r  ’A' ) r r a d e s )  w i th  a view to  
th e  imorovev.ert o f  th e  c o u r s e s .

S i m e  y o u r  name i s  n o t  asked  f o r ,  you can f e e l  f r e e  t o  answer 
t h e  q u e s t i o n s  f r a n k l y .

In  most q u e s t i o n s ,  answer should  be made by t i c k i n ?  th e  
a o o r o o r i a t e  box o r  boxes .

If&Is 1 I Female

’.There did you r e c e i v e  your  secondary  e d u c a t io n ?  

S co t l an d

Sneland and 7/ales 

I r e l a n d

S u r o p e  ( e x c l u d i n g  U . K . )

Overseas

That i s  you r  u n i v e r s i t y  e n t r a n c e  q u a l i f i c a t i o n ?

(a )  S c o t t i s h  C e r t i f i c a t e  o f  e d u c a t io n .

(b )  G .O . f .

( c )  O the rs  ................................................................................

( p l e a s e  s n e c i f y )

Your school  chemis t r y  co u r s e  was: ( i n s e r t  m a d e  o f  n as s  in
t h i s  b o x . )

( a )  S c o t t i s h  T r a d i t i o n a l

(b)  S c o t t i s h  A l t e r n a t i v e

( c )  G.C.T.  T r a d i t i o n a l

(d)  G .0 . . TTew S y l la bus  ( i n c l u d i n g  :.ru f f i e l d )

( e )  Any o t h e r  . . •. ............................

( u l e a s e  s m e i f y )
/



-  A1.6 -

8 .

Have you o b ta in e d  th e  C e r t i f i c a t e  o f  S ix th  Year S t u d i e s  in  
Chemist ry? ( S c o t t i s h  s tu d - - - t s  o n l y ) .

( a )  Yes ( i n s e r t  y a d p  o f  oa s i n  box)

(>.) No

You a r e  i n t e n d i n g  to  r e a d  c h e m is t ry  t h i s  y e a r  f o r : -

( a )  An Honours d ec re e  i n  Chemist ry

(b)  i ' e d i c i n e ,  D e n t i s t r y  o r  Yet .  f a i e n c e

( c )  A s u b s i d i a r y  to  a s c i e n c e  d ey ree  i n  a n o t h e r  
s u b j e c t

(a) j n y m e e r m y

At school  you p ro b a b ly  had t o  make a cho ice  be tween c h e m is t r y  
and a n o t h e r  s u b j e c t .  At t h a t  j u n c t u r e ,  whet made you choose 
chem is t ry?

( a )  A p o s i t i v e  l i k i n y  f o r  c h e n i s t r v

(b) The l e s s e r  o f  e v i l s

( c )  C aree r  p r o s p e c t s  o f  c h e m is t ry

(d)  C aree r  n e c e s s i t i e s

( e )  P a r e n t a l  p r e s s u r e

( f )  T eacher  p r e s s u r e  

(y )  Cood exam r e s u l t s

(T ick  more th a n  one box,  i f  r e q u i r e d )

At what s t a r e  i n  your  schoo l  c a r e e r  d id  you f i r s t  d e t e c t  an. 
i n c l i n a t i o n  towards  s c i e n c e  i n  y e n o ra l ?  (Note t h a t  the 
q u e s t i o n  i s  abou t  i n c l i n a t i o n  and n o t  f i ^ a l  ch o ic e  as i n  Y.7*)

( a )  P r im ary

(b)  o a r l y  Secondary  (11-13)

( c )  Ivlid-Secondary (14 -16)

(d)  La te  Secondary  ( l 6 + )

9. /
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9. .'P"it do you t h i n k  was the  o r i g i n  o f  t h i s  i n c l i n a t i o n ?

( a )  Sc ience  books and magazines

(b)  T e l e v i s i o n

. ( c )  A rood s c i e n c e  t e a c h e r

(d)  P a r e n t a l  o c cu p a t io n

(e )  An i n t e r e s t i n g  schoo l  cou rse

( f )  O the r  causes  -  ( n l e a s e  s p e c i f y )

10.  There i s  a l i s t  o f  schoo l  c h e m is t ry  t o p i c s  .-riven below based  
on the  S c o t t i s h  A l t e r n a t i v e  S y l l a b u s .  A ra insb  each  t o p i c  
t i c k  th e  a p p r o p r i a t e  box.

D e f i n i t i o n s  -  ’Easy to  G ra s p 1 - means t h a t  t h e  i d e a s  -were 
e ra s p ed  f i r s t  t ime o r  w i th  
l i t t l e  e f f o r t .

’D i f f i c u l t  to  G rasp ’ -  means t h a t  you m a s t e r e d
th e  t o n i c  o n ly  a f t e r  oon- 
j s i d e r a b l e  e f f o r t .

ipNever G rasped1

’Never s t u d i e d ’

-  means t h a t  you s t i l l  a r e  
hazy  abou t  t h e  t o p i c  and 
would, need  to  be  t a u g h t  i t  
a g a i n .

-  means t h a t  t h i s  t o p i c  was 
n o t  covered  in  yo u r  c o u r s e .

L i s t  o f  Topics  i n  School Chemis try

H.

L  -

E l e c t r o v a l e n t  and Cova len t  Bonding

Formulae and E qua t ions

C a l c u l a t i o n s  a r i s i n g  from 
E q u a t io n s

A c t i v i t y  S e r i e s

C o r ro s io n  and E x t r a c t i o n  o f  P e t a l s

Ea sy
D i f f i -  
: c u l t Never

Never
S tud ie d
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tasy
D i r  1- 
: c u l t Never

l e v e r  
C budled

J 1 - A cids ,  3 a s e s , N e u t r a l i s a t i o n  and 
■Salt Format ion

•b - rH and V olum etr ic  dork i n c l u d i n g  
M o l a r i t i e s  ( o r  N o r m a l i t i e s )

J 3
C o n d u c t iv i t y  o f  S o lu t io n s  d u r i m  
Ne u t  r a l i  s a t  i  on

K - 'Sulphur Chemis try

L - Hydrocarbons, Homologous S e r i e s  and 
Isomerism

- Ammonia, N i t r i c  Acid and F e r t i l i z e r 3

E2 — I o n - e l e c t r o n  Equa t ions

h - C arbohydra te s

b - A lcoho l s ,  Acids and E s t e r s

N3 — F a t s ,  Soaps and Determents

N4
— P r o t e i n s

0 - P l a s t i c s  and P o l y m e r i s a t i o n

P1 “ N uc lea r  Chemis try ,  R ad io ch em is t ry  
and H a l f - l i f e

P 2 - Mass s p e c t r o m e t r y

P 3
- Avonadro’s Number and th e  Mole

R - Heats  o f  R e a c t i o n , % H ess1 s Lav’ and 
Bond E n e m ie s

q2 - Redox R e a c t io n s  and E° Values

s
- P e r i o d i c  P r o p e r t i e s  o f  the  

Elements

%
- Halo-men s

R1 ** F a c t o r s  A f f e c t i n g  the  Rate o f  a 
R eac t ion  -  A c t i v a t i o n  Enem y,  
C a t a l y s i s

a 2 - E q u i l ib r i u m |
31 - Aromatic  ( B e n z e n e )  Chemis try

b - Amines

5 3 - Carbonyl Compo unds  ( A l d e h y d e s  
a n d  K e t o n e s )
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TA8LS A1.6

A 33 OFIMOLI !T AT IO'-T IM BAYOU G 0? SOI PTC 3

1* '*

P r imary
Gariy

Secondary
( 1 1 -1 3 ) '

Mid
Secondary

(14 -15 ) '

Late
Secondary

(15+)

T o t a l  
Mo. 

S tu d e n t s

B G 3 G 3 G B G 3 G

Glasrow Pure  
S c ie n c e

A l t .
T rad .

9 .5
9 .4

5.8
4 .5

57.6
39.6

67.3
68 .2

29 .2
37.8

27.0
22.3

3 .6
13 .2

1 .9
4 .5

137 52 
53 22

S t r a t h c l y d e  
Pure S c ience

A l t .
Trad .

10 .3
10 .9

-■ 49-3
36 .4

0 0 . 7 34.9
38.2

33.3 5*6
14.5 -

126 31 
55 -

Glasgow
Enginee rs

A l t .
Trad .

10 .9
9.5

- 54.4
47.6 -

30 .4
35 .7 -

4-3
7.1

- 92 ~ 
42 -

S t r a t h c l y d e  
Gryi r  e e r s

A l t . 
T rad .

12 .9
7-5 -

59-6
50.0

- 22 .7
31.3

- 4.. 9 
11 .3

- 163 -
80 -

G1 a s y o v lie d i e s ,  
e t c .

A l t .  
T r a d .

7.1
10 .4

13*.0
5.3

45.9
43 .3

52.0
63.4

33 .7
31 .0

39 * 6
26.3

13.3
10 .4

2 . 2 98 46 
29 19

Y i t h o u t  I lniv ' -r-
: s i t y  o r  s u b j e c t
d i s t i n c t i o n

A l t .
Trad .

L0.4
9-3

6.9
4 .9

54.0
44-4

61 .2  
68.2

29.5
34.7

30 .2  
24.4

6 .0
11 .6

1 .6
2 .4

616 129 
259 41

B and G. Mixed

A l t .
T r a d .

9
3

.8

.7
55
47

.3

.6
00

33
.6
.3

5.
10.

2
6 •

745
300
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T A 3L 2 A l . 7

'AST C IS  AFP3CTP1C I'TCLIFATICri TO /A T J3 T--^ SGIS'd-TdS

Books
T e l e 
v i s i o n

. 70 od 
Teach e r

P a r e r  t s 1 
Occupa
t i o n

I n t e r t o  t -  
in.n 3 choc 
c o u r s e

Tot
l o f

s no

a l s
r e 
uses

T o t a l  
o f  

S t u d e n t  c

3 . G 3 0 3 0 B C 3 . G 3 0 3 G

G1 a s .t o  w P u re S c i e n c e

A l t .  15 -6  
T r a d .  2 2 .8

4 . 5
7 .1

3 .7  3 .0  
1 2 .1  7 .1

° 8 . 8  4 1 .8  
2 8 .8  39 .3

7 .5  1 0 . 4  
6>1 1 0 . 7

4 9.  e *1 -̂' • j

30 .3  35 .7
160

66
67
28

137 52 
53 22

S t r a t h c l v d e  Ih i r e  S c i e r ice

A l t .  1 6 .3
T r a d .  1 1 .8

2 . 7 7 . 0  2 .7  
8 . 8  -

3 5 .6  43-3
4 2 .6

7 .0  5 . 4 4 4 .9  45 -9  
36 .8

143
68

37 126 31
58 -

01 a s toy/ 'Cnc-iii ^ e r s

A l t .  2 0 .0  
T r a d .  24 .4 -

1 4 . 3  -
1 3 .3  -

20 .0
3 3 .3  -

7 . 6  ' -
6 . 7  -

38 .1
2 2 .2

165
145 -

92 -  
42 -

S t r a t h c l y d e  .T"1-since r s

A l t .  1 2 . 9  
T r a d .  2 1 .2 -

9 . 8  -
1 5 . 0  -

3 0 .7  -
3 3 .7  -

1 1 .7  -  
3 . 7  -

3 5 .0  -
76 .2

163
80 -

163 -  
80 -

01 a s  row I/ed if53. e t c .
*

A l t .  1 1 .5  
T r a d .  1 3 . 8

7 ,1
1 3 . 6

5 . 8  4 . 8  
10 .  3 -

3 0 .8  4 0 .5  
2 7 .6  54-5

1 1 .5  1 1 .9
20 .6  -

4 0 .4  35 .7  
27.6 31 .8

104
29

4° 
2 7

98 46 
30 19

/ i t  b o u t Univf > r s i t y  o r S ubSec t  0 i s t i n c t i o n

A l t .  1 4 . 8  
T r a d .  1 9 .1

/ O
M' • °

1 0 .0
7 . 7  3-4 

1 2 . 2  4 .0
2 8 .9  4 1 .8  
3 4 .0  4 6 .0

7 . 7  9 .6  
5 . 6  6 .0

4 0 .9  4 0 . 4  
29 .2  34 .0

375
?88

146
50

• 8 and 0 Mixec .

A l t .  13 .  
T r a d .  1 7 .

0
8

6 .9
1 0 . 9

3 1 .2
3^ .8

8 . 0
5 .6

4 0 .8
29 .9

821
338
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CD ft — ex CO ' 5* uo CO X CO cn ft
CD --EE3 H2fl CO E£ 3 CO X oo cn c:
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TABL3 A1.8

00!'?  A .11 IGF OF T 07I0.3 BY OOIYOIJ 2NO Z FT PAIRJ

I n  t h i s  T a b l e ,  c o in c i d e n c e  i s  o x n r e s s e d  as  a p e r c e n t a g e  o f  th e  
number o f  h o l e s  i n  th e  c a r d  c a r r v i n y  th e  fe-.ver h o l e s .

T o r i e s CA a s no v; S t r a t h c l y d e T o n ic s 01asnow . S t r a t h c l y d e

H5 + J 2 

H? + P 5
H + 0  

3 ^1

64

62

69

68

80

57

A  + h

*1 + ^2 

3^ + S0

47

45

79

41

55

65

F + 0  
” 3 2

J 2 + p 3 •

J 2 + h

63

71

69

52

70

75

3, + S, 
1 2

S + 32 3

TT + h 
■'1 2

74

81

60

61

86

65

J 2 + %  

p 5 + q 2

H3 + A

66

62

61

71

55

54

Ni  + n 5

Ni + N4

n 2 + n 5

65

45

69

57

55

67

H3 + h

J 2 ♦ R,

J ? + A

55

66

75

58

80

83

N + h2 4

® A5 4 

N1 + 31

65 

55 • 

55

67

70

52

P 5 + Rx

"il  + A

0.o + d-̂

44

55

63

50

57

54

N1 + 32 

N!  + 3 3 

11 ? + °1

43

40

60

45

41

68

H, + H? 

H2 + K ,

S  + %

35

60

55

62

54

71

F + 6 2 2

K2 + 3 j

»3 + A

58

55

64

61 . 

75

r* ^5o

K + E l  

K + Q4

. !i  + *4

64

20

50

70

50

55

-!3 + A

A  + A
hT  ̂ + 0 _ 

4 J-

5-

55

65

45 

. 83 

61

E? +  K

l r + TiT 
‘2 *•*!

53

46

42

51

•■4 + 4

i r  + s ,  
4 3

6 5

A 7
‘ t  s

44

53
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TABiT A1 .9

CO’ vA 21307 07 TOPIC 3 BY 'JOINTED -INC -J IN TI-R33S

T o p ic s
►

^  Coinc idence Top ics / ’ C o inc idence

!i  + K2 + Hj

If, +11 + If. 1 3 4

H2 + N, + N4

56

42

45

N3 + S1 + 3 3

TJ + 3 + S
3 2 3

N , + + 304 1 2

. 38

39

40

IT, + H, + IT, 1 2  +

X1 + %  + Q4 

H0 + + J 9

43

13

36

N. + 3, + 3 
4 1 3

IT. + 3-, + S 4 2 3

h 3 + j 2 + p 3

37

38 

42

3i  + S2 + 3?

H1 + A  + '32

N + 3 + -S 1 1 3

59

42

23.

« 3 + J 2 + q.2 

h ? + j ,  + a4

H3 + p 3 + A

38

42

19

IT, + 3 ,  + 3 1 2 3

N0 + 3^ + S0

N„ + S, +
-  I  5

38

46 
%

47

H3 + P 3 + A

H3 + A  + R1

J 0 + ?

37

24

42

H2 + 32 + A

H? + 3X + S2

45

41

J 2 + p 3 + a1

p 3 + a 2 + -4

27

20
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ITT TV -jRSITY -  A AT 3 QUESTIOTTFAI 11

Ye a r e  t r y i n g  to  t r a c e  the  f a c t o r s  which make schoo l  p u p i l s  

d e c i d e  f o r  o r  a g a i n s t  th e  s t u d y  o f  the  s c i e n c e s  a t  u n i v e r s i t y  l e v e l .

Ye sh o u ld ,  t h e r e f o r e ,  "be g r a t e f u l  to  have th e  views o f  t h o s e  who have 

chosen  n o t  to  pursue  the  s c i e n c e s  f u r t h e r .  This  i s  a s e r i o u s  s u rvey  

t h e  r e s u l t  o f  which may have c o n s i d e r a b l e  r e p e r c u s s i o n s  th ro u g h o u t  

e d u c a t i o n .

P l e a s e  u n d e r l i n e  th e  a p p r o p r i a t e  r e s p o n s e ( s ) .

1.  Your schoo l  background i s  (a )  S c o t t i s h  (b )  E n g l i s h  o r  Yelsh

( c )  I r i s h  (d )  European ( e x c l u d i n g  TJ.K.) ( e )  O v e r s eas .

2. Your e n t r a n c e  q u a l i f i c a t i o n  i s  ( a )  3 .0 . '1 .  (b)  G.C.O. ( c )  O th e r s .

3. Thick o f  t h e  s c i e n c e s ,  i f  any,  d id  you do a t  schoo l?  ( a )  Genera l

S c ie n ce  (b)  Chem is try  ( c )  P h y s i c s  (d)  B io logy .

4.  I f  you d id  any s c i e n c e  a t  s c h o o l ,  was i t  ( a )  T r a d i t i o n a l  S c o t t i s h

(b )  A l t e r n a t i v e  S c o t t i s h  ( c )  T r a d i t i o n a l  O .C . j . (d )  K u f f i e l d  G.O.d.

5. At what s t a g e  d id  you op t  ou t  o f  s c i e n c e  a t  s ch o o l?  ( a )  E a r l y

seco n d a ry  (11 -13)  (b )  K id - s e c o n d a ry  (14-16)  ( c )  La te  s econdary

( 16+) .

6. T h a t  s u b . i e c t ( s )  d id  you choose i n s t e a d  o f  s c i e n c e ?

7. Tha t  made you d e c i d e  a g a i n s t  s c i e n c e ?  ( a )  Poor  s choo l  exam marks

(b )  Moderate exam marks b u t  p o o re r  t h a n  th o s e  i n  th e  o t h e r  o n t i o n

( c )  A r e v u l s i o n  a g a i n s t  th e  m a t e r i a l i s t i c  a s p e c t s  o f  s c i e n c e

(d )  'Boring cou r se  (e )  Poor  t e a c h i n g  ( f )  Your l a c k  of  e x p e r i m e n t a l  

s k i l l  (g)  P a r e n t a l  p e r s u a s i o n  (h)  Teacher  p e r s u a s i o n  ( i )  Any o t h e r  

c a u s e ( s )  -  p l e a s e  s p e c i f y  .......................................................................................

8.  /



- AT.IS -

In  your  c a s e ,  was th e  cho ice  between s c i e n c e  and a r t s  ( a )  A v r r y  

d i f f i c u l t  one t o  make? (b)  A f a i r l y  d i f f i c u l t  one to  make?

(c )  A v e r y  easy one t o  make?

Thank you f o r  t a k i n g  p a r t  i n  t h i s  s u rv e y .
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OB " rI7 : r Vj\ ( 1) JLJ
T r7 f' •? I V

■
e 2t i e n B ec a l l 0on are1!en31 an A n o l i c a t i o n

2 8 4 -

• 3 3 8 -

4 /\Lr - 7

5 8 3 -

rO 7 4 -

7 - 5 1 2

8 1 0 7 -

9 (a ) rO - -

0 >) , 3 3 -

(o) rO - -

( d ) ro - -

(e) X
J 3 -

( f ) 6 - -

T o t a l 3 70 37 • 19

A ll  o v e r  f̂
d i s t r i b u t i o n 5 6 29 15

%

Because  o f the  c h o i c e s  o f f e r e d  i n  th e  paper s t u d e n t  a b i l i t i r c

cou ld  be t e s t e d to r ! i f f e r r:v>t e x t e n t s .  The ex t remes  X  s^d Y  are

shown b e l o v . - .

Choice X 7 4 t 26? O f '

Choice Y 391 33f' 23?



C H A P T E R  2



C H A P T E R  2

A HAT I f  I ITY CTHDY CP THIRD AND FQ7fRTH FORMERS

D u r i n g  t h e  a u t h o r ’ s t e a c h i n g  e x p e r i e n c e  ( s i n c e  1 9 5 0 )  v a r i o u s

t o n i c s  i n  c h e m i s t r y  h a v e  p r o v e d  t o  b e  d i f  ' i c u l t  bo t e a c h  a n d  p r e -

: s u m a b l y  d i f f i c u l t  t o  l e a r n .  A c a r e f u l  c o n s i d e r a t i o n  o f  t h e s e  t o p i c s

12
was  ma de  d u r i n g  t h e  w r i t i n g  o f  t h e  C h e m i s t r y  T a k a s  3h a p e  s e r i e s  i n  

c o n j u n c t i o n  . w i t h  T . I .  M o r r i s o n ,  b u t  a n y  t r e a t m e n t ,  w h i c h  was  g i v e n  t o  

t h e s e  t o p i c s  h a d  t o  b e  s u b j e c t i v e  a n d  i n t u i t i v e .  . I t  w a s  d e c i d e d  t o  

s e e k  e v i d e n c e  f o r  t h e s e  t o p i c  d i f f i c u l t i e s  a n d  p o s s i b l e  r e m e d i e s .  T h i s  

r e s e a r c h  was  d o n e  i n  p a r a l l e l  w i t h  t h a t  r e p o r t e d  i n  C h a p t e r  1 a n d  s o  

some  o f  t h e  f i n d i n g s  o f  C h a p t e r  1 w h i c h  v /o uld  h a v e  b e e n  u s e f u l  i n  

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

e x p e r i m e n t .

T h e  e x p e r i m e n t  i s  now b e i n g  r e p e a t e d  a n d  b r a n c h e s  f r o m  i t  a r e  

b e i n g  r e s e a r c h e d  u n d e r  t h e  a u t h o r ’ s d i r e c t i o n  b y  T . V .  Howe a n d  I.I.T. 

D u n c a n .

THEORY

F ro m  o b s e r v a t i o n ,  t h e  m a i n  a r e a s  o f  d i f f i c u l t y  l a y  i n  t h e  t h i r d  

f o r m  p a r t  o f  t h e  s y l l a b u s  w h i l e  t h e  h i g h l y  t o p i c a l  a nd  s o c i a l l y  

o r i e n t e d  m a t e r i a l  l a y  i n  t h e  f o u r t h  f o r m .  I t  w as  a r g u e d  t h a t  i f  t h e  

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

o v e r a l l  d i f f i c u l t y  o f  t h e  c o u r s e  m i g h t  d e c r e a s e  b e c a u s e  p u p i l s  v / ou ld  

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

c o p e  w i t h  t h e m  b e t t e r .

EXPERIMENTAL D-JilGH

( i )  T e n  s c h o o l s  i n v o l v i n g  m o re  t h a n  1000  t h i r d  f o r m  p u p i l s  w e r e  

i n v i t e d  /
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i n v i t e d  t o  p a r t i c i p a t e  i n  the  e x p e r im en t .

( i i )  The t h i r d  form in  each sch  ol was d iv i d e d  i n t o  matched s e c t i o n s  

"based unon p r e v io u s  c h e m is t ry  ( o r  s c i e n c e )  pe r fo rm ance .

( i i i ) B o t h  s e c t i o n s ,  c a l l e d  'O' and ' I '  r e s p e c t i v e l y ,  s e t  o f f  a l o n y  a 

common n ie c e  o f  work b e f o r e  d i v i d i n g  and t a k i n r  s e n a r a t e  r o u t e s  

(T ab le  2.1.) .  The ’ I 1 yroup followed.  th e  o r d e r  i n  which the  

s y l l a b u s  was w r i t t e n  w i th  the  d i f f i c u l t  m a t e r i a l  conin.c- f i r s t ,  

w h i l e  t h e  'O’ p t o u p  fo l lowed  a r e v i s e d  o r d e r  in  which  the  f o u r t h  

y e a r  work was done in  t h i r d  y e a r  and v i c e  v e r s a .

( i v )  Comparisons be tween th e  two croups were made i n  t h r e e  ways.

( a )  Ten common t e s t s  (Appendix p. A2.1 -41)  were a p p l i e d  to  b o t h  

croups  a t  the  a p p r o p r i a t e  p o i n t s  i n  t h e i r  c o u r s e ;  the  f i r s t  

two t e s t s  were a p p l i e d  e a r l y  i n  b o th  c o u r s e s  when b o th  were 

f o l l o w i n g  a common p i e c e  o f  work. These f i r s t  t e s t s  were 

des igned  t o  e n ab le  comparison- to  be made be tween th e  s e c t i o n s  

to  check  ho.v w e l l  b a l a n c e d  th e y  were.

(b)  P u p i l s  were asked  a t  the  end o f  the  cou rse  t o  arran .ee each 

cou rse  t o p i c  s u b j e c t i v e l y  un d e r  th e  t h r e e  h ead in g s  -  ” Casy 

to  fr rasp",  " D i f f i c u l t  t o  .^rasp" and MT'Tev e r  c r a s p e d " .

( c )  The 3 . 0 . 3 .  10 1 frrade bands f o r  t h e  groups were o b t a i n e d .

T A B L E  2. 1

/
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August ,  19o9

Common vrork f o r  
tv-0 months -

2 t e s t s  (h o o d in ~ ,  
f  o m u l  a s , 
e q u a t i o n s , 
mole c a l c s

I 1 Grouo

.roue
and 11 ’ Orouo

! 1 nroup

3rd
v.'orK

4

( I o n -
Cond 
a c id  

t e s t s \  Corn 
le a c  
3 a l t  

+

°1 o c t ro n  e q u a t i o n s ,  
i c t i v i t y  d u r in y  
-"base r e a c t i o n s ,  
o s ion .  
i v i t y  s e r i e s ,  
makino* and mole ca leg ,  
TT- Chemis try

4 4 th  
t e s t s  { vmr'-;

ye a r 4 th
v. or:

Organic  che:: 
s o c i a l l y  sic.

/ e a r 3rd
.70 rk

10 f m a d e  exam 1971

v ee r

i s  t r y  
n t e d . 4 te :

4 t e s t s

J

+ s u b j e c t i v e  as ses sm en t  o f  t o p i c s

le s u i t s

Only f o u r  o f  the  o r i f i n a l  s e t  o f  s c h o o l s  com ple ted t h e  expe r im en t  
a n d  so the  r e s u l t s  a r e  based on th e  vork o f  311 pupd ls  i n s t e a d  o^ the  
ex n e c te d  1 0 0 0 .  (The whole  exper iment i s  h e i n r  r e p e a t e d  w i th  a  f u r t h e r  
t e n  s c h o o l s  over  s e s s i o n  1970- 7 1 *)
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(a )  COI.iPAdlGCff BY T53TS

The t a n  t e s t s  and t h e i r  marking b r i e f s  a re  i n  th e  Appendix to 

C hap te r  A l l  o f  the t e s t s  //ere o b j e c t i v e l y  n a r k a b l e  and //ere

sco red  by the  s c h o o l s  ou t  o f  a p o s s i b l e  s co re  o f  20 marks.

A Summary o f  the t e s t  r e s u l t s  i s  shown i n  Tab le 2 . 2 .  The s c o r e s

o b t a i n e d  i n  t e s t s  t a k e n  d u r i n c  f o u r t h  form a re  u u d e r l i ^ e d .  A f u l l

s e t  o f  s c o r e s ,  school  by s c h o o l ,  appear  i n  Appendix p.  A2.42.

■jj ]TILT 3 0? TG3TS

T A B L U 2 .2

T e s t  'dumber ’ I ’ Group mean ’O’ Group mean

1 I  + C 9 .8 9 . 7  •

2 I  + G 9-3 9.5

3 I 11 .0 12 .6

3 c 10 .8 10 .8

4 I 9 .2 9^4

4 C 12 .0 9 .5

5 I 11 .1 l i i l

5 G 13 .8 12 .2

6 I 10 .7 11.1

6 C 12.9 11.1

Average 11.1 10 .7

Taken school  by school  t h e  s e c t i o n s  were o n ly  m o d e ra te ly  . /o i l  

matched,  b u t  t a ken  a l l  t o g e t h e r ,  as  i n  Tab le 2 .2 ,  th e  m a tch ing  //as 

q u i t e  /
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q u i t e  mood.

The on ly  c l e a r  o a t t ° r n  which emerged from the  o v e r a l l  r e s u l t s  •vas

t h a t  t h e  s c o r e s  i n  t e s t s  done in  f o u r t h  form te nded  to  be b a r t e r  than

t h o s e  done in  t h i r d  form. Towpver, the  ov r a i l  d i f f e r e n c e s  v/ere

s t a t i s t i c a l l y  i n s i " n i f i c a n t .

The ’G’ group made a r e a s o n a b l e  job o f  the  o rg a n ic  m a t e r i a l  i n

t h i r d  y e a r  and t h e i r  a t t i t u d e s  to i t  showed i n t e r e s t i n g  d i f f e r e n c e s

f rom t h o s e  o f  t h e  ’I* g roup  (G rap h s  1, 2 and 3, p.  A2.43-45)*

S i m i l a r l y  t h e  croup made as  good a showing as the  '0* group

on t h e  n o n -o r g a n ic  t o p i c s  so t h a t  m e e t ing  t h e s e  t o n i c s  a y e a r  l a t e r

had made l i t t l e  d i f f e r e n c e  to th e  ’O’ g r o u p ’ s t e s t  p e r fo rm a n c e s .

The work in  Chapte r  1 shovved t h a t  the  a r e a s  o f  d i f f i c u l t y  had

t h e i r  o r i g i n  f u r t h e r  back  than  t h e  p o in t  a t  v/hicb the  'O'  and ’ I ’

groups d i v e rg e d ,  t h a t  i s ,  i n  t h e  common ;ground o f  f o rm u lae ,  e q u a t i o n s ,

th e  mole and c a l c u l a t i o n s  a r i s i n g  from t h e s e .  I t  would have been

n e c e s s a r y  bo i n v e s t i g a t e  t h e  a r e a  which b o th  groups  hod done i n  common

f o r  t e s t s  1 ’ I '  and ’ O’ and 2 ’ I ’ and ’O’ .

Th is  common ground i s  n o w  b e i n g  r e s e a r c h e d  by T.V. Howe and I.T1.
q

Duncan and some o f  th e  r e s u l t s  have been  p u b l i s h e d .

(b)  CCIfPAHI 30H NY GTTBJCÔ IVG TOPIC A33CSGIC HIT BY PUPILS

The same p u p i l s  a t  the  end o f  t h e i r  ’O' grade cou r se  were i n v i t e d  

to  f i l l  i n  a Q u e s t io n n a i r e  (Appendix p . A ? . 46 ) i n  which th e y  'were asked

to  r a t e  t h e i r  schoo l  t o p i c s  under  the  h e a d in g s  -

( i )  "Casy to  Grasp" ,  ( i i )  " D i f f i c u l t  to Grasp",  ( i i i )  "Never r e a l l y  

G rasped" .  These te rms were d e f in e d  f o r  t h e  p u p i l s .  The r e s u l t s  a re  

s e t  o u t  in Graphs 1,  2 and 3 w i th  ’ G' and ’I ’ group r e a c t i o n s  P l o t t e d  

s e p a r a t e l y  (Appendix p. A2.43-45)*

I t  /
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I t  shou ld  be no ted  t h a t  the  t o n i c  l e t t e r s  and nuntr - rs  f o r  t h i s  

s u rv e y  were s i m i l a r  to  bu t  n o t  th e  sane as those  employed f o r  the 

u n i v e r s i t y  surveys  in Chanter  1.

( i )  “Easy to  C ras o ’* (Graph l ) .

There  i s  rem arkab le  c o i n c id e n c e  between th e  tvo  g raohs  c o n s i d e r i n g  

t h a t  t h e y  a r e  based  p u r e ly  on s u b j e c t i v e  a s s e s sm e n ts  o f  cou rse  t o p i c s .  

The o n ly  a r e a  where the  'O’ graph i s  c o n s i s t e n t l y  on the  e a s y  s i d e  i s  

f o r  t h e  o rg a n ic  t o p i c s .  Clsewhere the  f l u c t u a t i o n s  a r e  random. 

A l though  th e  1C  g r o u p , s t u d y i n g  the  o r g a n ic  p a r t  o f  t h e  c o u r s e  a y e a r  

b e f o r e  the  ’ I 1 group,  d id  n o t  do any b e t t e r  i n  the  t e s t s ,  the y  formed 

a b e t t e r  im p r e s s i o n  o f  th e  o r r a n i c  work than  t h e  ’ I '  g roup .  The ' I* 

.group would be rushed  to  complete th e  o r g a n ic  work whereas, t h e  'O ’ 

group would ta k e  t h e  work i n  a more l e i s u r e l y  f a s h i o n .  A s i m i l a r  

e f f e c t  m i r h t  have been  expec ted  i n  t h e  a r e a s  i n  which t h e  'O ’ group 

were u n d e r  prer-sure i n  f o u r t h  form, b u t  none was e v i d e n t .

( i i )  “D i f f i c u l t  to  Grasp “ ( f r a u h  2 ) .

I n  t h i s  graph  t h e r e  i s  a l s o  rood c o i n c i d e n c e ,  w i th  maxima a t : -

-  The d i f f e r e n c e  between c o v a l e n t  and i o n i c  bond ing

EL -  Using  an ion  d e t e c t o r  t o  measure c o n d u c t i v i t y  o f  s o l u t i o n s  
and u n d e r s t a n d i n g  the  r e s u l t s

H,. -  I r i t i n g  chemical  e q u a t io n s

-  C a l c u l a t i o n s  from e q u a t io n s

I ,  -  e l e c t r o n  t r a n s f e r  in  o x i d a t i o n - r e d u c t i o n  ( r e d o x )  r e a c t i o n s  
j

-  A c id ic  and b a s i c  o x id e s

<L -  Methods o f  o re  p a r i n g  s o l u b l e  s a l t s

-  P r e c i p i t a t i o n  r e a c t i o n s  f o r  p r e p a r i n g  i n s o l u b l e  s a l t s

J 6 /
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Z,  -  C a l c u l a t i o n s  to  f i n d  the m o l a r i t y  of  a s o l u t i o no

-  I o n - e l e c t r o n  h a l f - e q u a t i o n s

-  H y d ro ly s i s  o f  c a rb o h y d ra t e s  

lip -  F o rm at ion  o f  e s t e r s

!T -  Convers ion  o f  f a t s  to  soaps

0^ -  Condensa t ion  polymers

T h i s  s e t  o f  r e s u l t s  r e l a t e d  v e ry  c l o s e l y  to  th o s e  i n  the

u n i v e r s i t y  su rv ey s  i n  Chapter  1,  b u t  t h i s  t ime the  samule o f  p u p i l s

was a more r e p r e s e n t a t i v e  one s in c e  they were taken  from th e  whole

'O ’ g rad e  spec trum and n o t  j u s t  from the  cream p u p i l s  who had

a c h ie v e d  u n i v e r s i t y  e n t r a n c e .  dome o f  th e  l i n k s  i n  t h e  ’’d i f f i c u l t y

c h a i n s ” were now a b l e  t o  be pushed back  even f u r t h e r .  Th is  group

found d i f f i c u l t y  w i t h  w r i t i n g  e q u a t io n s  and Howe’s work showed t h a t

t h e i r  a b i l i t y  to  w r i t e  formulae was l a r g e l y  a m a t t e r  o f  memory r a t h e r  
9t h a n  r e a s o n .

T h i s  'O'  g rade  group i n c lu d e d  t h e  e x t r a  o r g a n ic  t o p i c  o f  

( h y d r o l y s i s  o f  c a r b o h y d r a t e s )  which  comple ted  the  c h a in  l i n k i n g  

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

r e a c t i o n s .

A new a r e a  o f  d i f f i c u l t y  appeared  in  t h i s  g roup ,  namely s a l t

f o r m a t i o n .  From t e a c h i n g  e x p e r i e n c e  i t  has  been  n o te d  t h a t  the

m o t i v a t i o n  in  t h i s  a r e a  was v e r y  low and i t  was f u r t h e r  com pl ica ted

by l i n k i n g  i t  t o  H_ and H0. C h i ld ren  have c o n s i d e r a b l e  d i f f i c u l t y5 2

vi t h  t h e  menta l  gym nas t ic s ,  i n  which che m is t s  in d u l g e ,  o f  jumping 

from t h e  s u b s t a n c e  i n  th e  t e s t - t u b e ,  to  the symbols on the  b l a c k 

b o a rd ,  to  the  k ind  o f  b o n d i n g  i n v o l v e d ,  to  a P o s s i b l e  r e a c t i o n  oath  

and /
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and th e n  back a ^ a i n  t o  r e a l i t y  as they see i t .  The l e s s  a b le  the

c h i l d ,  the  more d i f f i c u l t  i s  t h i s  e x e r c i s e .  I t  i s  d o u b t f u l  i f  any

. s e r v i c e  i s  b e i n g  done to c h em is t ry  by dragpinm c h i l d r e n  th ro u g h  t h i s

s a l t  f o rm a t io n  a r e a  a t  a l l .  (dee  In g l e  and S haye r1s a r t i c l e  in

10 23E duca t ion  i n  Chemis try  where th e  same c o n c l u s i o n  i s  a r r i v e d

a t  by d i f f e r e n t  means. )

( i i i ) "Nevgr Grasped'* (C-ranh 5)

The r e s u l t s  have se rved  to  sharpen  the p o i n t s  made i n  Graph 2 

w i th  J g  ( m o l a r i t y  c a l c u l a t i o n s )  and K ( i o n - e l e c t r o n  e q u a t i o n s )  b e i n g  

t h e  maxima.

The i n t r o d u c t i o n  o f  i o n i c  formulae and i o n i c  e q u a t i o n s  i n t o  t h e  

A l t e r n a t i v e  s y l l a b u s  have r a i s e d  more problems th a n  t h e y  have s o lv e d .  

T eachers  have encouraged p u p i l s  to  w r i t e  v e ry  dubious  i o n i c  fo rmulae  

( e . g .  Al^+( d  )^ )  i n  a b e w i l d e r i n g  v a r i e t y  of  ways. T h i s  has  become

e v i d e n t  to  t h e  a u t h o r  du r ing ’ h i s  d u t i e s  as  P r i n c i p a l  l e t t e r  and 

Examiner a t  ’C  g rade  and ,T!’ g rad e .  For example,  ca lc ium  c h l o r i d e  

has  appea red  as CaCl , CalCl,  Ca^+Cl0 , Ca^+2C1 and Cai'+(01 ) ^ .

Th is  was f u r t h e r  ag g ra v a te d  when b a l a n c e d  e q u a t io n s  were w r i t t e n

a s : -

2A15+3S 0 |"  + 6Na+0H~ -  2Al5+3 0 l f  + ?(21Ta+30^“ )

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

s t a t e  symbols .

S teps  which were meant to  be h e l p f u l  and i l l u m i n a t i n g  have innosed

such a burden  on b o th  o u r i l s  an i  t e a c h e r s  t h a t  a j o i n t  document o f  t h e

d c o t t i s h  C e r t i f i c a t e  o f  Educa t ion  Examination Board and th e  C o n s u l t a t i v e

13Committee on the Curricu lum has  r e c e n t l y  been p u b l i s h e d  recommending 

a /



-  2 . 9  -

a r e t u r n  t o  t h e  s im p l e s t  forms o f  fo rmulae  and e q u a t io n s  showing io n s

and s t a t e  symbols on ly  when a b s o l u t e l y  n e c e s s a r y  t o  an a r ru m e n t .

As c o r r o b o r a t i v e  ev idence  o f  t h e s e  d i f f i c u l t  a r e a s ,  e v e ry  t o p i c

marked by a pea1: i n  Oranhs 2 and 3 has  been mentioned  in  th e  3 . 0 . 3 .

'O ’ Grade Examiner ’ s denor t  f o r  1971* ^

These a r e a s  o f  d i f f i c u l t y  a r e  now under  i n t e n s e  exam in a t io n  by

t h e  a u t h o r  and co-workers  so t h a t  recommendat ions  may be made to  the

Exam ina t ion  Board f o r  l a t e r  s y l l a b u s  r e v i s i o n s .  I t  may be t h a t  some

t o p i c s  w i l l  have t o  be removed from the  s y l l a b u s  o r  pos tponed  f o r  

23l a t e r  t r e a t m e n t .  Th i s  w i l l  become even more i m p e r a t i v e  as t h e

s choo l  l e a v i n g  ame i s  r a i s e d  and more p u p i l s  o f  low er  a b i l i t y  a r e  

b r o u r h t  i n t o  ’O' / T r a d e  c o u r s e s .

( c )  gOT.TPARIuÔ  OF S . 0 . 3 .  ’O’ OGADE RESULTS

To o b t a i n  an independen t  check on th e  o v e r a l l  pe r fo rm ance  o f  

t h e  two yroups t h e i r  3 . 0 . 3 .  ’O' Grade e x a m in a t io n  r e s u l t s  were con- 

: s u i t e d .  These were p u b l i s h e d  i n  bands o f  f i v e  marks from 1 -  13.  

The low er  t h e  band number th e  h i g h e r  th e  exam ina t ion  s c o r e .

T A B L E  2. 3

/
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T A B L E  2. 5

Mo. o f  C and ida tes  in  band

BAND 11 1 Group 1C’ Group

1 4 2

2 2 3

3 9 4

4 10 11

5 18 21

6 19 30

7 - 16 20

8 19 7

9 25 18

10 11 6

11 11 14

12 3 13

13 1 7

Mean 7.1 7 .5 -

S.D. 2.6 2 .9

A d e t a i l e d  e x p l a n a t i o n  o f  Lands and a schoo l  by schoo l  a n a l y s i s  

i s  g iven  i n  the  Appendix p. A2.48.

PI 5017531011

These r e s u l t s  showed l i t t l e  o r  no d i f f e r e n c e  between t h e  g ro u p s .  

On th e  t e s t  r e s u l t s  ( p . 2 . 4 ) t h e  ' I '  group was shown t o  he s l i n h t l y  

b e t t e r  t h a n  th e  ’ O’ group and t h i s  i s  bo rne ou t  m  th e  ' 0 '  g rade  

r e s u l t s .

I?rom /
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7ron  th e  t ^ r e e  s e t s  o f  r e s u l t s  d e s c r ib e d  i n  t h i s  c h a p t e r  i t  

’•'as c l e a r  t h a t  t h e r e  w as no s i g n i f i c a n t  d i f f e r e n c e  be tween t h e  * I  * 

and ’ O’ c ro u p s .  I t  mi ' -ht,  t h e r e f o r e ,  he concluded  t h a t  t h e  c o u r s e  

c ou ld  he - taught  i n  e i t h e r  o r d e r  w i th o u t  d e t r i m e n t  to t h e  p u p i l s .  

However, t h e  ev idence  i n  t h i s  c h a p t e r  t h a t  p ro ups o f  t o p i c s  were 

c a u s in g  c o n s i d e r a b l e  d i f f i c u l t y  r e g a r d l e s s  o f  o r d e r ,  sup/rented t h a t  

m a t u r i t y  b a r r i e r s  e x i s t e d  and p e r s i s t e d  a t  l e a s t  to  ’O’ g r a d e ,  t h a t  

i s ,  w e l l  i n t o  th e  P l a c e t  I I I  l e v e l .  There was th e  o t h e r  f a c t o r  

t h a t  c o n c e n t s ,  i n t ro d u c e d  b e f o r e  th e  c h i l d  was ready  f o r  them, might  

have induced  a r e e l i n ' -  o f  i n s e c u r i t y  even w e l l  i n t o  th e  s t a r e  o f  

development where t h e s e  concen ts  would n o rm a l ly  be a c c e p t a b l e .  The 

f a c t  t h a t  b o th  c roups  v/ere g iven  a f u l l  t r e a t m e n t  on bond ing ,  fo rm u la  

and e q u a t i o n  w r i t i n g ,  and mole c a l c u l a t i o n s  a t  the- b e g i n n i n g  o f  t h i r d  

y e a r  (aye  I f )  when th e  m a j o r i t y  of  them were n o t  i n t e l l e c t u a l l y  r e a d y  

f o r  i t  would te nd  to  c o l o u r  t h e i r  conce p tua l  i d e a s  f a r  i n t o  t h e i r  

c o u r s e .  There nay be t e a c h i n g  methods which can s u c c e s s f u l l y  o v e r 

c om e  t h e s e  problems and th e s e  a r e  b e i n g  a c t i v e l y  s o u g h t .

An i n v e s t i g a t i o n  of  t h i s  h y p o th e s i s  was begun by th e  a u t h o r  and

T.Y. Howe i n  August 1971* Over 1000 p u p i l s  i n  t e n  s c h o o l s  have been

d i v i d e d  i n t o  matched g roups .  A ll  have fo i low ed  the  *0 1 group o r d e r

d e s c r i b e d  i n  t h i s  c h a p t e r .  H a l f  o f  them have been t a u g h t  bond ing ,

fo rm u la e ,  e q u a t io n s  and the  mole b e fo re  th e  r e s t  o f  t h e  c o u r s e .
♦

The o t h e r  h a l f  began w i th  a s im ple  t r e a t m e n t  o f  bond ing  w i th  emphasis  

on t h e  c o v a l e n t  bond.  F orm u la e ,  e q u a t io n s  and th e  mole w i l l  be 

i n t r o d u c e d  on ly  when n e c e s s a r y  d u r i n g  th e  c o u r s e .  For th e  f i r s t  tv/o 

te rms th e  on ly  i n f o r m a t io n  r e q u i r e d  to  w r i t e  formulae  v / i l l  be tha t  

carbon forms 4 bonds ,  n i t r o g e n  3> oxygen 2 am1 hydrogen 1. J k e l e t a l  

formulae  w i l l  be used  th ro u g h o u t  showin-  the  bonds .and so t h e  fo rm ulae  

w i l l  /
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w i l l  "be a k i n  t o  t h e  m o l e c u l a r  models  which v / i l l  he  u s e d .  At a l a t e r

co n ce n t  to m a t u r i t y .

Common t e s t s  w i l l  he a p p l i e d  t o  b o th  g roups .

The t e a c h i n g  o r d e r  b e i n g  used, i s : -

( i )  Atomic th e o r y  and bond ing

( i i )  Formulae o f  s imple  b i n a r y  compounds -

P a r t i c u l a r l y  carbon  forms 4 bonds ,  oxygen forms 2,  
n i t r o g e n  forms 3 and hydrogen forms 1.

( i i i )  Hydrocarbons  -  All  formulae  i n  s t r u c t u r a l  form to  a l low
p u p i l s  to  count  bonds .

( i v )  C arbohydra tes

(v )  P r o t e i n s

( v i )  F a t s  ( b u t  omit  soap making)

( v i i )  Simple i o n i c  b i n a r y  compounds -  r e v i s e  i o n s .

( v i i i )  R e a c t i v i t y  and c o r r o s i o n

( i x )  I o n i c  compounds i n v o l v i n g  oxy an io n s

(x)  pH, c o n d u c t i v i t y ,  a c i d s  e t c .

( x i )  S a l t  making

( x i i )  Hard and s o f t  w a te r  -  soaps and d e t e r g e n t s
%

( x i i i )  Sulnhur  ch em is t ry

( x i v )  N i t ro g e n  c h em is t ry

(xv)  C a l c u l a t i o n s  from formulae  u s i n g  examples from a l l
p re v io u s  work

( x v i )  T'acromolecules

E qua t ions  phased in  as  f o l l o v s : -

( i i i  — v i )  s t r u c t u r a l  formulae -♦ e q u a t io n s  p u r e l y  as a r e a c t i o n  
summary -  no b a l a n c i n g  r e q u i r e d

( v i i i )  /
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v i i i ) e q u a t io n s  (n o t  n e c e s s a r i l y  b a l a n c e d )  and i n t r o d u c e  ion  
e l e c t r o n  e q u a t io n s  and e q u a t io n s  in v o lv ing ,  r e l e v a n t  
s p e c i e s .  Continued i n t o  ( i x )  -  ( x i i i ) .

C ta te  symbols on ly  where r e q u i r e d

xv) m i  b a l a n c e d  e q u a t io n  f o r  c a l c u l a t i o n s .



APPENDIX TO CHAPTER 2



BATTERY OP TESTS TJ3ED IN  MATURITY STUDY

W r i t t e n  a n d  c o m p i l e d  b y  A . H .  J o h n s t o n e



TJ . S . / C h e m . H d .  A  » I f a n d  UV

Attempt a l l  t h e  q u e s t i o n s .

1.  There  a r e  t h r e e  k in d s  o f  p a r t i c l e s  which make up an atom -  t h e  
p r o t o n ,  t h e  e l e c t r o n  and th e  n e u t ro n .

Which o f  t h e s e  t h r e e  appea r  i n  th e  n u c le u s ?

2. An atom o f  a r s e n i c  has  an  atomic number o f  33 and a mass number 
o f  75.

How many e l e c t r o n s  does i t  h a v e ? .......................... ■...........................................

Ho’.v many p r o t o n s  does i t  h a v e ? ...........................................................................

How many n e u t r o n s  does i t  h a v e ? .............. ......................... ................................

5. I f  a n e u t r a l  atom has  5 p r o t o n s .

How many e l e c t r o n s  does i t  h a v e ? .................................................................... ..

How many n e u t r o n s  does i t  h a v e ? ........................................ ................................

4 . Atoms o f  t h e  same element h av in g  th e  same a tomic  number,  b u t  
d i f f e r e n t  mass numbers a r e  c a l l e d

5 . P u t  a  t i c k  a g a i n s t  th e  c o r r e c t  answer to  th e  q u e s t i o n .

The a tomic  w eigh t  o f  sodium i s  22.99* Th i s  means t h a t : -

A.  A l l  sodium atoms weigh 22.99 atomic  mass u n i t s  (amu).

B. Most sodium atoms weigh 23 amu and a few weigh 22 amu.

C. Most sodium atoms weigh 22 amu and a few weigh 23 amu.

D. Most sodium atoms weigh 23 amu, b u t  some o f  them have l o s t
an e l e c t r o n .

6.  7/hat k in d  o f  bond ing  would you expec t  between t h e  f o l l o w i n g  p a i r s  
o f  e l em en t s?

(a )  C h lo r in e  and c h l o r i n e   ........................ .......................................

(b)  L i th iu m  and bromine .........................................................................................

( c )  L i th ium  and sodium  .......................................................................................

7 . /
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7 . 'That k in d  o f  bonding  v/ould you exoec t  to  be n r e s e n t  i n  the
f o l l o w i n g  s u b s t a n c e s ,  P, Q, and A?

P Conducts e l e c t r i c  c u r r e n t  when i n  s o l i d  o r  l i q u i d  s t a t e

Conducts e l e c t r i c c u r r e n t i n  n e i t h e r  s o l i d n o r l i q u i d  s t a t e

Conducts e l e c t r i c c u r r e n t when m o l ten ,  b u t n o t when s o l i d

8 .  Subs tance  X b o i l s  a t  100°C and f r e e z e s  a t  0°C.

Subs tance  Y b o i l s  a t  35°C f r e e z e s  a t  -166°C.

Subs tance  Z b o i l s  a t  2230°C and f r e e z e s  a t  1000°C.

Think  about  t h e  s t r e n g t h  o f  th e  bonds which h o ld  each m olecu le
t o  i t s  n e ig h b o u r .  How w r i t e  th e  l e t t e r s  f o r  t h e s e  s u b s t a n c e s  
i n  o r d e r  -  t h e  one wi th  the  s t r o n g e s t  bonds f i r s t .

9 . Look c a r e f u l l y  a t  t h e s e  s e t s .  W r i t e  th e  word 1 SALTS* i n  a 
c o r r e c t  smal l  c i r c l e .

Having done t h i s ,  e n t e r  the  f o l l o w i n g  names i n  th e  c o r r e c t  
c i r c l e s

p o ta s s iu m  c h l o r i d e ,  h y d r o c h l o r i c  a c i d ,  s u g a r  s o l u t i o n  i n  w a t e r .
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2 marks i f  com ple te ly  c o r r e c t .

1 mark i f  a l l  t h r e e  g iven .

1 mark i f  t>/o g iv e n  and one wrong.

3 marks

2 marks -  number o f  n e u t r o n s  i s ,  o f  c o u r s e ,  n o t  known.

1 mark

1 mark -  f o r  B

3 marks -  a c c e p t  t h e  names f o r  t h e  bonds  which you have
t a u g h t ,  e . g .  i o n i c  o r  e l e c t r o v a l e n t .

3 marks

1 mark f o r  c o m p le te ly  r i g h t .

4 marks.

T h i s  s im ple  Venn diagram i s  an exper iment  i n  t h i s  ty pe  o f  
q u e s t i o n .  I f  p u p i l s  a r e  n o t  on new maths,  e x p l a n a t i o n  
w i l l  be r e q u i r e d  b e f o r e  t e 3 t .

T o t a l  -  20  m a r k s
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1.  TiLite i n  t h e  spaces  p ro v id e d ,  t h e  chemica l  names o f  t h e  f o l l o w -  
: i n g  s u b s t a n c e s  -

( a )  PbCl2 ................................................................. ..........................................................

( b )  Cu(lX>3 ) 2 ..........................................................................................................................

( o )  Ha2S04 ..............................................................................................................................

(d) llH^Br.................................................................................................................

( e )  HiO .................................................................................. .......................................

2. W r i t e  i n  t h e  spaces  p ro v id e d ,  th e  chemica l  fo rm ula  f o r  t h e  follow- 
s i n g  s u b s t a n c e s  -

( a )  Ammonia (hydrogen n i t r i d e )  .................................................................... ..

(b )  N i t r i c  a c i d  (hydrogen n i t r a t e )  ................................................... ..

( c )  I r o n  ( i l l )  c h l o r i d e  ............ ..................................

( a )  Ammonium phospha te  ........................................................................ .. ................

( e )  Aluminium s u l p h a t e   ................................... ..........................................

3. What mass o f  n i t r o g e n  i s  p r e s e n t  i n  196 g o f  t h e  compound -

N H / B r  .......................................................................................................................
4

Atomic w e igh t s  -  N = 14;  H = 1;  Br = 80.

4 . B a lance  t h e s e  e q u a t io n s  -

. ( a )  Gu + AgHO^ -» Cu^O ^)^  + Ag

(b )  Na + AlgO -  lia20 + Al.

5. Here i s  a b a l a n c e d  e q u a t io n .  Use i t  t o  answer t h e  q u e s t i o n s
below.

2Pb(lT0^)2 ( s)  -  2PbO(s) + 4^02(g)  + 0 2(g)

( a )  How many moles o f  n i t r o g e n  d io x i d e  (iI02) would you be a b l e  
to  g e t  from 2 moles o f  l e a d  n i t r a t e ?  ................... ..

(b )  How many moles o f  oxygen would you be  a b l e  t o  g e t  from 1 
mole o f  l e a d  n i t r a t e ?  ....................................................................................

6 . /



You a r e  asked  to  .find ou t  i f  i r o n  m e ta l  can be o b t a i n e d  from 
i „ o n  o x id e  (?e0 )  by h e a t i n g  i t  w i th  hydroyen .  You a r e  p r o -  
: v i d e d  w i t h  the  a p p a r a tu s .

~ ^ i _________________________I S E p -

Draw i n  on t h i s  diagram -

( a )  "There t h e  ox ide  would be  p l a c e d .

( * )  How you would y e t  r i d  o f  th e  e x t r a  hydrogen,

Sugges t  a t e s t  you might  ap p ly  to  show t h a t  i r o n  had been  
o b t a i n e d  -

Suppose t h a t  i r o n  i s  o b t a i n e d ,  w r i t e  an  e q u a t io n  f o r  t h e  
r e a c t i o n   .............................................................................. ..................
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MARKING BRIEF

1.  One mark f o r  each  c o r r e c t  answer to  a t o t a l  o f  5*

2. One mark f o r  each c o r r e c t  answer t o  a t o t a l  o f  5»

Accept  th e  answers i n  t h e  form you have t a u g h t  them, e . g .  
w i t h  o r  w i th o u t  c h a rg e s ,  e t c .

. 3 . 1 mark f o r  c o r r e c t  F. ¥ t .  and 1 mark f o r  c o r r e c t  r e s u l t .

4 . One mark f o r  each  c o r r e c t  e q u a t io n .

5. Two marks .

6.  F our  marks.

The t e s t  f o r  Fe would he  i t s  a t t r a c t i o n  by a magnet .  ( P h y s i c s  
c o u r s e  shows Fe,  Ni and Go a r e  a t t r a c t e d  by a m agne t ) .

T o t a l  -  20 marks
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1.  The r e a c t i v i t y  s e r i e s  can be divided,  i n t o  f o u r  p o r t i o n s

(A) The v e r y  r e a c t i v e  m e ta l s  l i k e  sodium.

(B) The f a i r l y  r e a c t i v e  m e ta l s  l i k e  i r o n .

(o )  The f a i r l y  u n r e a c t i v e  m e ta l s  l i k e  copper .

The v e ry  u n r e a c t i v e  m e ta l s  l i k e  go ld .

Here  i s  a l i s t  o f  m e t a l s .  T r i t e  t h e  code l e t t e r  A, 'B, G o r  I) 
a g a i n s t  each to  show ./hat p a r t  o f  t h e  r e a c t i v i t y  s e r i e s  you 
t h i n k  i t  i s  i n .  (hobe t h a t  a l e t t e r  may be used  more t h a n  
o n c e . )

( i ) N icke l  ( N i ) ............................

( i i ) Caesium ( C s ) .....................

( i i i ) p l a t i n u m  ( P t ) .......................

( i v ) Barium ( B a ) ............................

Pu t
a r e

a t i c k  (>/) a g a i n s t  th e  s t a t e m e n t s  below which you 
c o r r e c t .  A l l  th e  s t a t e m e n t s  a re  about  th e  m e ta l

t h i n k
l i t h i u m .

( i ) I t  i s  t h e  l e a s t  dense  m e ta l .

( i i ) Because  o f  i t s  l i g h t n e s s  i t  i s  used  f o r  b u i l d i n g a i r c r a f t .

( i i i ) I t  i s  a s o f t  meta l  a b le  to  b e  cu t  with a k n i f e .

( i v ) I t  might  c a t c h  f i r e  i f  dropped i n t o  w a te r .  •

(v ) I t  w i l l  n o t  r u s t  e a s i l y .

3. A few y e a r s  ago an e x c a v a t i o n  v/as done a t  a Roman f o r t  i n
P e r t h s h i r e .  I n  a , s e a l e d  n i t  v/as found thousands  o f  doman
n a i l s  i n  e x c e l l e n t  c o n d i t i o n  d e s n i t e  h av in g  been  b u r i e d  f o r  
n e a r l y  20C0 y e a r s .  Only the  n a i l s  a t  t h e  top  and s i d e s  o f  
t h e  p i t  . /ere r u s t y .  Hobody knows th e  exac t  r e a s o n  f o r  t h e  
p r e s e r v a t i o n  o f  the  n a i l s .  Here a re  f o u r  p o s s i b l e  e x p l a n a t i o n s .
P u t  a t i c k  a g a i n s t  the  one which you t h i n k  i s  most r e a s o n a b l e .

(A) The n a i l s  were made o f  aluminium which h a r d l y  r u s t s  a t  a l l .

(B) The Romans had d i s c o v e re d  a way o f  making n o n - r u s t i n g  i r o n
which has s in c e  been f o r g o t t e n .

(C) The n i t  c o n ta in e d  only  a l i m i t e d  amount o f  oxygen which was
  used  u p  i n  r u s t i n g  a few n a i l s  on ly .

(D) The n a i l s  had been copper p l a t e d  and the  copper  had r u s t e d
away th u s  p r o t e c t i n g  the  i r o n  n a i l s .

4 -  /
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4.

6 .

./'hen a p i e c e  o f  z inc  i s  dropped i n t o  an excess  o f  a s o l u t i o n  
o f  s i l v e r  n i t r a t e ,  t h e  s i r e  d i s a p n e a r s  and s i l v e r  s m e a r s  in  
i t s  p l a n e . During the  r e a c t i o n  th e  "9 i s  a r i s e  i n  t e m p e ra tu r e .  
.7hich o f th e  fo l l o w i n g  s t a t e m e n t s  i s  l i k e l y  to he t r u e : -

(A) For e v e ry  gram of  z inc  t h a t  d i s a p p e a r s ,  a gram o f  s i l v e r  
a p p e a r s .

7.

(.3) For e v e ry  gran  o f  z i ^ c  t h a t  d i s a p p e a r s ,  2 grams o f  s i l v e r  
a p n e a r .

(o)  For eve ry  gram o f  z inc  t h a t  d i s a p p e a r s ,  a d e f i n i t e  mass 
o f  s i l v e r  always ap n e a r s .

(D) For eve ry  "ram o f  z inc  t h a t  d i s a p p e a r s ,  i t  i s  i m p o s s i b l e  
t o  say how much s i l v e r  a p p e a r s .

In  the  above exper im ent  t h ^ r e  v/as a t e m p e ra t u r e  r i s e  because  
( t i c k  th e  most r e a s o n a b l e  answer)  -

( a ) The z in c  '•as d i s a p p e a r i n g  as vapour .

(B) The w a te r  had to  e v a p o ra te  t o  a l low  th e  s i l v e r  t o  c r y s t a l l i s e .

( c )  The h e a t  energy  taken  in  to  t u r n  z in c  i n t o  z in c  i o n s ,  was 
l e s s  t h a n  th e  h e a t  energy  g iven  out  to  t u r n  s i l v e r  ions  to  
s i l v e r .

(H) The h e a t  e n e r g y  g iven  out  when z in c  t u r n s  i n t o  z i n c  i o n s  i s  
g r e a t e r  tha n  th e  h e a t  energy  ta k e n  i n  to  t u r n  s i l v e r  io n s  
to  s i l v e r .

There  a r e  f o u r  m e ta l s  A, B, C and 1) and. h e r e  a re  some f a c t s  about
them. A can d i s p l a c e  0 from i t s  s a l t s ,  b u t  i s  i t s e l f  d i s p l a c e d
by B. When D i s  a t t a c h e d  to  B, i t  p r e v e n t s  B from r u s t i n g .
A-hen A i s  a t t a c h e d  to  B, i t  makes B r u s t  f a s t e r  th a n  u s u a l .
Which o f  the  fo l low in ' -  i s  the  c o r r e c t  r e a c t i v i t y  o r d e r  o f  the
m e t a l s ,  th e  most r e a c t i v e  coming f i r s t ?  (T ick  y ou r  answ er ) .

(A)' bbac

( b ) bdca

( c )  BB1A

(D) CA3D

The r e a c t i o n s  below f a l l  i n t o  4 c a t e g o r i e s

(A) O x id a t io n

(B) R educ t ion

(c )  Decompos it ion

(D) N e u t r a l i s a t i o n  ( i . e .  a c id s  b e in g  ' c a n c e l l e d  o u t ’ ) .

W ri te  /
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. / r i t e  one o f  th e  l e t t e r s  A, 13, 0 o~ D a g a i n s t  each of  t h e  
r e a c t i o n s  be low to  show t h a t  you know what c a t e g o r y  i t  f a l l s  
i n t o .  (i'fote -  a l e t t e r  may be used more th a n  o n c e . )

( i )  CaCC -  GaO + G0o

( i i )  ? e 2+(aq)  -  F e ^ %  c) + e

( i i i )  S + 2e ~* S ~

( i v )  A r e a c t i o n  a t  a ca thode  d u r in g  an e l e c t r o l y s i s .

(v)  H2 S04 + ZnG -  ZnSO +

M ehxl
Metev* c~ —.y  ... ........ . ,■...........4; _  — k **----------- paper

Ccpper

I n  t h e  exper iment  shown above t h e r e  a r e  s e v e r a l  p o s s i b l e  r e s u l t s  
when d i f f e r e n t  m e ta l s  a r e  p la ced  on top  o f  the  wet f i l t e r  p ap e r
and copper .

(A) A l a r g e  m e te r  r e a d i n g  i n d i c a t i n g  
t h e  me ta l  to  the  copper .

f low o f e l e c t r o n s from

(B) A l a r g e  meter  r e a d i n g  i n d i c a t i n g  
the  copper  to  t h e  m e ta l .

f low o f e l e c t r o n s from

( c ) A small  m e te r  r e a d i n g  i n d i c a t i n g  
t h e  me ta l  t o  the  copper .

f low o f e l e c t r o n s from

(D) A small  meter  r e a d i n g  i n d i c a t i n g  
th e  copper  to  t h e  m e ta l .

f low o f e l e c t r o n s from

(3) No m e te r  r e a d i n g  i n d i c a t i n g  no f low o f  e l e c t r o n s  i n  e i t h e r
d i r e c t i o n .

A g a in s t  t h e  l i s t  o f  m e ta l s  below, p l a c e  t h e  most s u i t a b l e  l e t t e r  
A, B, G, I) o r  E. (Note -  each l e t t e r  may be  used  more t h a n  o n c e . )

( i )  Lead ( i i )  P la t inum  ( i i i )  Sodium ( i v )  Copper
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EA3XING BRIEF

1 .  ( i )  B

• ( i i )  A

( i i i )  D

( i v )  A One mark each

2. T icks  a g a i n s t  ( i ) ,  ( i i i )  and ( i v )  on ly  -  Three marks

S ince  t h e  p a r t s  o f  t h e  q u e s t i o n  a re  i n t e r d e p e n d e n t  t h i s  i s  n o t  
j u s t  a s e r i e s  o f  T ru e -F a l s e  answers.

T h e r e f o r e  a wrong t i c k  = One mark deduc ted .

T h e r e f o r e  f i v e  t i c k s  

Minimum mark

= One mark i n  t o t a l .  

= 0 .

3. One mark.

4- One mark.

5* D One mark.

6.  ( i

7 .  ( i  

( i i

( i i i

( i v

(v

8.  ( i  

( i i

( i i i

( i v

One mark.

0

A

B

B

D

0

3)

A

One mark each

One mark each



Prom t h e  l i s t  "below p ic k  ou t  the  "best d e f i n i t i o n  o f  a h y d ro -  
t c a rb o n .  I t  i s  a compound c o n t a i n i n g : -

(A) Carbon

( b ) Carbon and hydrogen

( c )  Carbon and hydrogen on ly

(D) Carbon and w a te r  on ly .

2. From t h e  s t r u c t u r e s  g iven  below, p i c k  ou t  the  one which i s  an
isom er  o f  (A) :~

H 9
H-C-H H-C-H

n o  [ e h  h j h
H H-C-C-C-C-H H-C-C-C-H H-C-C-C-Hf i i t  t i i  i i i

H H H H  H H E  H E H

(A) (B) (C)

H H 
H-C-i-H 
II-C-C-H

H

E H H  
H-{j-C-C-H 

H H I 
H-C-H 

H.

(J» (E)

A n s w e r .................................

3. There a r e  3 c y l i n d e r s  each c o n t a i n i n g  a d i f f e r e n t
i nflammable g a s .  A .jet i s  a t t a c h e d  to  each c y l i n d e r  
and each  gas  i s  l i t .  Above each f lame some chem ical  
t e s t s  a r e  c a r r i e d  out  as  shown in  th e  Table below.

Has i n  c y l i n d e r Limewater  t e s t T es t  f o r  w a te r T e s t s  f o r  o t h e r  ga s e s

• Turns  mi lky 
o r  cha lky

Hone Hone d e t e c t e d

N i l P o s i t i v e Hone d e t e c t e d

Turns mi lky 
o r  cha lky

P o s i t i v e Hone d e t e c t e d

From t h e  l i s t  below s e l e c t  the  c o r r e c t  answers which should  
a p n e a r  i n  the  b la n k  column 1. T r i t e  the  ansv/ers i n  the 
b l a n k  column.

Hydro g e n , methane,  water  gas ,  c a r 00n monoxide, ca rbon d io x i d e ,  
on t h e  ev id en ce  i t  i s  im p o s s ib l e  to  be su re .
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o .

Y'-'u a r e  r l v p n  a h o t  t i e  of  a eon pound marked 0 -I! . Belov/
t . . e r e  i s  a l i s t  o f  s t a t e  vents about  i t .  ° 12 Put  a t i c k
(«/) a g a i n s t  each 3 ta tem °n t  vrhich could he t r u e .

( i )

( i i )

I t s  name i s  hexane.

I t  i s  an u n s a t u r a t e d  open cha in  compound.

( i i i )  I t  i s  a s a t u r a t e d  r i ^ "  compound.

( i v )  I t  can make hromine wate r  t u r n  from c o l o u r l e s s  to  "brown.

(v)  I t  can bu rn .

Crude o i l  i s  a m ix tu re  o f  h y d ro c a rb o n s . I t  i s  s e n a r a t e d  i n t o  
i t s  comnonents on a l a r r e  i n d u s t r i a l  s c a l e  bty : -

( a) Cas chromatonraphy

(3) F r a c t i o n a l  d i s t i l l a t i o n

(O) Crackinm

(D) P o l y m e r i s a t i o n .

•which one o f  th e  fo l l o w i n g  s t a t e m e n t s  i s  t r u e  a t  room t e m p e r a t u r e ?

(A) Very lo.v formula weight  (m o le c u la r  weight )  hydrocarbons  a r e  
s o l i d s .

(3 )  Very h ig h  formula  weigh t  (m o lecu la r  weigh t)  h yd roca rbons  a re
/ r a se s .

( c )  Very low formula weight  (m o lecu la r  w eigh t )  hyd roca rbons  a r e  
l i q u i d s .

( d) Very h igh  formula w e i r b t  (m o le c u la r  w eigh t )  hyd roca rbons  a r e  
s o l i d s .

7. I f  some h i~h  m o lecu la r  w e i rh t  s a t u r a t e d  hydrocarbon  i s  c r a c k e d ,
what would you do to  your product  to  show t h a t  c r a c k i n g  ha^ t a k e n
o la c e ?

(A) Smell i t

(3)  Burn i t

(c) Shake i t  w i th  bromine water  

(D) Shake i t  w i th  l im e w a te r .
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P t  would you exoec t  to  s >:-e h ao p e n ln r  d u r ing  • t h e  t o o t  you c l o s e  
i n  Q.7* to  convince  you t h a t  the  c r a c k i r r  had "been s u c c e s s f u l ?

Co i d  ___
LOaier

G/ass
Wool

L.i yutd  
ciro c cw b o n.

0

10.  Here i s  a l i s t  o f  p l a s t i c s ' .  

P o ly th e n e  (P o ly e t h y le n e )

P o lv p ro n y le n e  (P o lypropene)  

F o l y v i n y l c h l o r i d e  ( P . V .0 . )  

P o l y t e t r a f l u o r o e t h y l e n e  ( P . T . P . 0 . )  

P o l y s t y r e n e .

The f u n c t i o n  o f  t h i s  ao o a ra
: t u s  i s : -

(A )  T o allov/  t h e  l i q u i d  to  
b o i l ,  bu t  n o t  to e s cap e  
as vaoour .

(B) To do a f r a c t i o n a l  
d i s t i l l a t o n .

(C) To orach t h e  h yd roca rbo

( D )  T o t ake  away the v /a te r  
s o l u b l e  p a r t  o f  th e  
hyd ro ca rb o n s .

Write  ( a ) a r - a in s t  the  p l a s t i c  formed by p o ly m e r i s in g  0 = 0 
F F

W rite  (3 )  a g a i n s t ,  the  p l a s t i c  formed by p o ly m e r i s in g  -
H

H-f-H II
? - ?
H H
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LIA11KING BRIFF

1.

2 .

3-

4.

.5-

6 .

7*

8 .

9.

1 0 .

c
0

Carbon monoxide 

Hydrogen ^

I m p o s s i b l e  t o  be  su re

( i i ) ,  ( i i i ) ,  (v )

Hot j u s t  a TP q u e s t i o n ,  b ecause  t h e r e  i s  
i n t e r r e l a t i o n  o f  i d e a s .  (Deduct 1 mark 
i f  ( i v )  chosen;  b u t  minimum s co re  i s  z e r o . )

B

D

C

Reasonab le  o b s e r v a t i o n  o f  C i n  Q.7 

A

A

B

F .T .F .E .

P o ly p ro p y le n e

1 mark 

1 mark 

1 mark 

1 mark 

1 mark 

3 marks

1 mark 

1 mark 

1 mark 

1 . mark 

1 mark 

1 mark 

1 mark

T o ta l  - 1 5  marks



 ̂
 

I 
1 

 
irs

I n  t h e  b o x e s  p r o v i d e d  b e s i d e  e a c h  o f  t h e  f o l l o w i n g  s o l u t i o n s  
w r i t e  ( a ) ,  ( b ) ,  ( c ) ,  ( d )  o r  ( e )  t o  i n d i c a t e  r o u g h l y  i t s  pH.

( i )  P u r e  w a t e r

( i i )  O r a n g e  j u i c e

 ( i i i )  H o u s e h o l d  a m m o n i a .

2 .  A 1711 s o l u t i o n  o f  a c e t i c  a c i d  h a s  a  l o w  c o n d u c t i v i t y .  I t  i s : -

( a )  A c o n c e n t r a t e d  s o l u t i o n  o f  a  w e a k  a c i d .

( b )  A c o n c e n t r a t e d  s o l u t i o n  o f  a  s t r o n g  a c i d .

( c )  A s t r o n g  s o l u t i o n  o f  a  d i l u t e  a c i d .

( d )  A d i l u t e  s o l u t i o n  o f  a  c o n c e n t r a t e d  a c i d .

T h e n  25 ml  o f  M.HC1 i s  m i x e d  w i t h  25  ml M NaOH t h e  t e m p e r a t u r e  o f  
t h e  s o l u t i o n  r i s e s  6° G .  I f  t h e  a c i d  a n d  t h e  a l k a l i  w e r e  b o t h
21.1 w h a t  w o u l d  t h e  t e m p e r a t u r e  r i s e  b e ?

( a )  6°G

( b )  1 2° G

( c )  18 °G

(d )  24°C

I f  i n  Q . 5 . 50 ml o f  2M a c i d  w as  m i x e d  w i t h  50 ml  2M a l k a l i ,  t h e  
t e m p e r a t u r e  r i s e  w o u l d  b e  -

( a ) 6°C

0 0 1 2 ° C

( 0 ) M CO
O

O

(a) 24°G
I f  t h e  c o n d u c t i v i t y  o f  t h e  f o l l o w i n g  s o l u t i o n s  i s  m e a s u r e d  
u n d e r  i d e n t i c a l  c o n d i t i o n s  t h e s e  r e s u l t s  w e r e  o b t a i n e d .

M HNO, 1 0 0  u n i t s

1.1 ICOH 80  u n i t s

II KH0_ 70  u n i t s

w h i c h  /
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\ /hich o f  t h e  f o l l o w i n g  c o n c lu s io n s  i s  c o r r e c t  on t h e  b a s i s  o f  
t h i s  e v id en ce  a l o n e . (Lore than one c o r r e c t  answer i s  
p o s s i b l e . )

( a )  The hydrogen io n  i s  more mobile t h a n  th e  p o ta ss iu m  i o n .

(b )  The h y d ro x id e  io n  i s  more mobi le t h a n  th e  n i t r a t e  i o n .

( c )  The n i t r a t e  i o n  i s  more mobi le t h a n  th e  po ta s s iu m  io n .

(d)  The hydrogen i o n  i s  more mobi le  th a n  th e  h y d ro x id e  io n .

6.  Hhich o f  t h e  f o l l o w i n g  e q u a t io n s  r e p r e s e n t s . a  n e u t r a l i s a t i o n  
r e a c t i o n  -

(a) Zn + C uSO .
4 ZnSO .

4 + Cu

(b) 2K0H + N i ( N 0 _ ) o -  
\> *■ 2KH0..

?
+ H i(O H )

( 0 ) KOH + HM0_ 2 KfT0_P
+ h2o

(d) B a C l2 + H? S0 Ba'SO.
4

+ 2HC1

7. One way o f  n e u t r a l i s i n g  an a c i d  i s  to  add a c a r b o n a t e .  7/hich o f  
t h e  c o n d u c t i v i t y  g raphs  belov? would be o b t a in e d  by a d d i n g  copper 
c a r b o n a te  t o  s u l p h u r i c  a c i d .

cond.

Amount o f
CuCO*

0
( a )  (b)  ( c )  (d)

8.  50 ml o f  a 2M s o l u t i o n  o f  h y d r o c h lo r i c  a c i d  (HCl) r e q u i r e d  25 ml
o f  a sodium hyd rox ide  (HaOIl) s o l u t i o n  to  n e u t r a l i s e  i t .  hha t  
was t h e  m o l a r i t y  o f  the  rlaOH? .............................................................................

9.  I f  i n  Q .8. i t  had been  25 ml o f  Ba(0Il)2 i n s t e a d  o f  ITaOH used  up,  
what  would th e  m o l a r i t y  o f  the  Ba(OE)2 have been? .............................

10.  How many ml o f  M CuZO^ cou ld  be made from 16 g CuoO^(s)?.................

1 1 . /
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xr p o i n t s  a r e  narked  on the  c o n d u c t i v i t y  graph when HG1 i s  
n e u t r a l i s e d  with  3a(0H) .

C ^ d t

f t r U d f  )j[_ o - d d i c i .

A gains t  each o f  t h e s e  
l e t t e r s  below w r i t e  i n  
which io n s  a r e  c a r r y i n g  
t h e  c u r r e n t .

(a )

00
(o)

(d )

I f  s u l p h u r i c  a c i d  was used  i n  Q . l l .  i n s t e a d  o f  h y d r o c h l o r i c  
a c i d  th e  g raph  would have changed i n t o : -

(a) (V) (o) (a)

I f  i n  Q . l l .  an  i n d i c a t o r  had  "been i n  s o l u t i o n ,  a t  what l e t t e r e d  
o o i n t  would i t  have changed c o l o u r ? ................. ................................................



MA3KIHG B.ilSP

1 . ( i ) -  ( c ) 1 mark

( i i ) -  0 0 1 mark

( i i i ) ( e )  ( o r  a c c e p t  ( d ) ) 1 mark

2. ( a ) 1 mark

3. 0 0
* 1 mark

4. 0 0 1 mark

5. ( a )

0 0

1

1

mark

mark

6. ( c ) 1 mark

7. ( a ) 1 mark

8. 4M 1 mark

9. 2M 1 mark

10. 100 ml . 2 marks (g iv e
one mark f o r
c o r r e c t  F .w t )

11. ( a ) H+ + Cl" ( o r i n  words) 1 mark )

0>)
+ — 2+H + Cl + Ba ( o r  i n  v/ords) 1 mark ) r i g h t

( c )
2+Ba + Cl (o r  i n  words) 1 mark < o r) wrong

(a) Ba2+ + Cl" + OH" ( o r  i n  words) 1 mark )

12. (a) • 1 mark

13. ( c ) 1 mark

T o t a l  -  20 marks
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2 .

ri‘ne n a t u r a l  p r o c e s s  by which CÔ  + H^O a r e  c o n v e r t e d  i n t o  

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

I n  o u r  b o d ie s  th e  r e v e r s e  r e a c t i o n  t a k e s  o l a c e .  I t  i s  c a l l e d

4 .

Choose t h e  Dost a c c u r a t e  d e s c r i p t i o n  o f  a c a r b o h y d r a t e .  Garbo- 
: h y d r a t e s  a r e  compounds o f s -

( a )  Carbon and hydrogen on ly  (any r a t i o )

(b )  Carbon d io x i d e  and water  ( r a t i o  1 : l )

( c )  Carbon,  hydrogen  and oxygen (ii : 0 r a t i o  = 1 s i )

( d )  Carbon,  hydrogen and oxygen (li : 0 r a t i o  = 2 : l ) .

Compounds I o d in e  T es t F e h l i n g ' s  o r  B e n e d i c t ' s  T e s t

Nega tive  
(no b l u e )

P o s i t i v e

Negat ive N eg a t iv e

P o s i t i v e
( b lu e )

N ega t ive

P o s i t i v e P o s i t i v e

In.  t h e  "Conuounds" column above e n t e r  each o f  t h e  fo l lo v f in g  
s u b s t a n c e s  i n  t h e  c o r r e c t  box.  Note t h a t  a box may c o n t a i n  
t h e  name o f  more tha n  one su b s t a n c e .

S t a r c h ,  g lu c o s e ,  m a l to s e ,  s u c ro s e  (cane s u g a r ) .

Look a t  th e  l i s t  o f  p r o p e r t i e s  below. P lac e  t h e  l e t t e r  S 
a g a i n s t  tv/o o f  them which a re  p r o p e r t i e s  o f  E thano l  and A 
a g a i n s t  two o f  them which a r e  p r o p e r t i e s  o f  A c e t i c  a c i d .  
(Note  t h a t  A and H may be i n  th e  same box) .

( i )  So lub le  i n  w a te r .

( i i )  S o l i d  a t  room t e m p e ra t u r e  (20°C).

i i i )  Low b u t  n o t  ze ro  e l e c t r i c a l  c o n d u c t i v i t y .

( i v )  H e u t r a l  to  l i t m u s .

(v )  High e l e c t r i c a l  c o n d u c t i v i t y .

( v i )  Catches  f i r e  on c o n t a c t  w i th  a i r .

•  /
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8. Alcohol  ( e t h a n o l )  can "be conver ted  i n t o  a c e t i c  a c i d  ( e t h a n o i c  
a c i d )  "by a o ro c e s s  c a l l e d : -

,—  - - - 1

( a )  d e d u c t io n

(b) N e u t r a l i s a t i o n

( c )  H y d r o ly s i s  

   (d )  O x id a t io n

7. An a l c o h o l  and an a c i d  can be combined t o g e t h e r  i n  t h e  p r e s e n c e  
o f  s u l p h u r i c  a c i d  to  g ive  a .new k in d  o f  compound c a l l e d : -

( a )  A c a rb o h y d ra t e

(b)  An e s t e r

( c )  An a ldehyde

(d )  A s a l t

Q u e s t io n s  8,  9 and 10 r e f e r  to  t h i s  l i s t  o f  p r o c e s s e s  -

( a )  Condensa t ion

(b) N e u t r a l i s a t i o n

( c )  H y d ro ly s i s

(a)  Hydrogenation

3y 'which o f  th e  ty p e s  o f  r e a c t i o n  ment ioned  a.bove can t h e  
f o l l o w i n g  changes be b rough t  abou t .  ( i n t e r  t h e  l e t t e r  i n  t h e  
box p r o v i d e d . )

The com bina t ion  o f  a c e t i c  a c i d  and e th a n o l  t o  form e t h y l  
a c e t a t e .

The o r o d u c t i o n  o f  sodium s u lp h a t e  from sodium h y d rox ide  
and s u l p h u r i c  a c i d .

The com bina t ion  o f  s imple  s uga r s  t o  form s t a r c h .

11.  V/hat i s  the  name given to  n a t u r a l  c a t a l y s t s  i n  l i v i n g  th i n g s ?

9.

1 0 .

Q u es t io n s  /
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Q u e s t io n s  12-14  r e f o r  to  t h i s  diagram o f  a chromatogram.

Glucose

S t a r c h  + s a l i v a

S t a r c h  + a c i d

P o t a t o  f l o u r  + s a l i v a

P o t a t o  f l o u r  + s a l i v a  
+ y e a s t  ( l  h o u r )  —

P o t a t o  f l o u r  + s a l i v a  
+ y e a s t  a f t e r  s e v e r a l  
days

CD

■ > :>

12.  A sample of  s t a r c h  i s  d iv i d e d  i n  two. One sample i s  h o i l e d  
w i th  d i l u t e  h y d r o c h l o r i c  a c i d  w hile  th e  o t h e r  i s  mixed w i th  
t h e  c a t a l y s t  i n  s a l i v a  a t  "body t e m p e ra tu r e .  A f t e r  h a l f - a n -  
h ou r  t h e  r e a c t i o n s  a r e  complete and th e  s o l u t i o n s  a r e  
chromato grammed.

The c a t a l y s t  i n  the  s a l i v a  a f f e c t s  th e  s t a r c h  d i f f e r e n t l y  
from th e  a c i d  i n  t h a t  i t  -

( a )  canno t  b r e a k  the  s t a r c h  m olecu les  as much as a c i d  can .

(*.) b r e a k s  t h e  s t a r c h  to  a d i f f e r e n t ,  bu t  e q u a l l y  sinvple 
  s u g a r .

( c )  t a k e s  l o n g e r  th a n  th e  a c i d  to  b r e a k  the  s t a r c h  m o lecu le s  
  and so th e  chromatogram was run  too soon.

 ( a )  was n o t  al lowed  to  r e a c t  a t  a h ig h  enough t e m p e r a t u r e .

15.  P o t a t o  f l o u r ,  a f t e r  t r e a t m e n t  w i th  s a l i v a ,  was t h e n  l e f t  i n
c o n t a c t  w i th  y e a s t  f o r  an hour .  which o f  the  f o l l o w i n g  i s  
t h e  most l i k e l y  e x p l a n a t i o n  f o r  t h e  r e s u l t s  shown on t h e  
c h r  orna t  o gram.

( a )  The y e a s t  produces  h y d r o c h lo r i c  a c i d  to  c o n t in u e  the  
b reak ing-down p r o c e s s .

(b)  The y e a s t  oroduces  new c a t a l y s t s  which c o n t in u e  t h e
  b r e  cllCjL ng-dovn p r o c e s s .

( c )  The y e a s t  c a t a l y s t s  o p e r a t e  f a s t e r  t h a n  t h e  s a l i v a  
 ___  c a t a l y s t s  and so g e t  f u r t h e r .

(d)  The yea  s t  causes  t h e  s o l u t i o n  to  b o i l  and so b r e a k s  th e
  m a l to s e .

14.  /
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14. The exper im en t  i n  Q..13. 'was r e p e a t e d  h u t  the  y e a s t  was l e f t  
with  th e  s o l u t i o n  f o r  s e v e r a l  days .  A chromatogram of t h i s  
s o l u t i o n  shows no s p o t s  because  th e  suga rs  had been  c o n v e r t e d  
i n t o  -

(a )  ca rbon  d io x i d e  and w a t e r .

(b)  t h e i r  e l e m e n t s .

( c )  a l c o h o l  and carbon d io x i d e .

(a) carbon  and w a te r .



1.  P h o t o s y n t h e s i s

2. R e s p i r a t i o n

(a)
Glucose 

m a l to s e

s u c ro s e

s t a r c h
— -

A E
---------

A

E
---------

---------

6. (a)
7* 0 0
8. ( a )

9. o o
10. ( a )

n . Enzyme

12. (a)
13. 0 0  '
14. (o)

MARKING BRIEF

1 mark 

1 mark 

1 mark

4 marks

4 marks 

1 mark 

1 mark 

1 mark 

1 mark 

1 mark 

1 mark 

1 mark 

1 mark 

1 mark

T o ta l  = 20 marks
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P u t  a t i c k  i n  th e  box o p p o s i t e  the  c o r r e c t  answer.

1.  A p i e c e  o f  coa l  ./as found to  have y e l l o w - c o l d  f l a k e s  i n  i t .  
Hhen the  coa l  was b u rn t  t h e r e  v/as a smell  o f  s u l c h u r  d io x i d e  
driven o f f  and a r ed  a sh  v/as l e f t .  The most l i k e l y  e x p la n a 
t i o n  f o r  t h e  p re s e n c e  o f  su lp h u r  d io x i d e  i s  t h a t : -

( a )  Goal i s  a compound o f  s u lp h u r

(b )  Sulphur  d io x i d e  gas i s  t r a p p e d  i n  t h e  coa l

( c )  The y e l lo w -g o l d  f l a k e s  a r e  p i e c e s  o f  s u lp h u r

 [ ( d )  The y e l lo w -g o l d  f l a k e s  a r e  p i e c e s  o f  i r o n  s u l p h i d e .

2. 7/hen a p i e c e  o f  f i l t e r  pape r  wet w i th  bromine w a te r  i s  h e l d  
i n  s u lp h u r  d io x i d e  gas ,  th e  brown bromine c o l o u r  d i s a p p e a r s .  
The r e a s o n  f o r  t h i s  i s  t h a t : -

( a )  Oxygen from th e  30 9 t u r n s  the  bromine to  c o l o u r l e s s  
bromate  i o n  (b r0 ^ )7

0 0  The bromine and SO  ̂ r e a c t  to  g iv e  h e a t  which makes th e
  bromine escape as vapour .

( c )  The bromine g a in s  e l e c t r o n s  froLythe 30 ̂  t o  g iv e  c o l o u r -
  : l e s s  Br i o n s .

 (a) The bromine and 30^ combine to  g iv e  a new c o l o u r l e s s
compound Br^SO^.

5. P u t  a t i c k  a g a i n s t  two o f  th e  fo l l o w i n g  p r o p e r t i e s  which a r e  
common t o  b o th  CÔ  and 30^.

(a) Denser  t h a n  a i r

0 0 Extremely  soLuble 
*

i n w a te r

(o ) Burns i n  a i r

(a) Allows magnesium to burn  i n  i t

( e ) Has no smell

( f ) I s  a b l e a c h .

4. You a r e  p ro v id e d  w i th  t h e  fo l l o w in g  p i e c e s  o f  a p p a r a t u s  and 
s o l u t i o n s .  I n  the  soace  px’ovided s k e tc h  ho// you would s e t  
up th e  a p p a r a t u s  to  show t h a t  t h e r e  i s  an e l e c t r o n  t i ' a n s f e r  
between c h l o r i n e  w a te r  and s u l p h i t e  s o l u t i o n  when tne y  i n t e r a c t .

/
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glass
WOOl

copper w i re s

cartoon ro d s

s u l p h i t e
s o l u t i o n

m e ter

c h l o r i n e  
water

Ahove the  m e te r  draw an 
ar row to  show i n  which 
d i r e c t i o n  you would expec t  
th e  e l e c t r o n s  t o  f low .

P i l l  i n  t h e  names on th e  l a b e l s .

An o ld  b o t t l e  v/as found c o n t a i n i n g  a chemica l  l a b e l l e d  
GLA U3 Ai1 3 SALT. The f o l l o w i n g  t e s t s  were a p p l i e d  to  t h e  
w h i te  s o l i d  t o  f i n d  i t s  modem chemical  name.

( a )  I t  d i s s o l v e d  i n  v/ater t o  g ive  a s o l u t i o n  w i th  pH = 7»

( P  i t  gave a y e l lo w  flame t e s t .

( c )  V/hen bar ium c h l o r i d e  s o l u t i o n  v/as a.d  ̂ed t o  th e  s o l u t i o n  
i n  ( a )  a w h i te  p r e c i p i t a t e  formed which was i n s o l u b l e  i n  
a c i d .

The modem name f o r  G laube r ’ s 3 a l t  i s   .................................
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7. ( a )  O x id a t io n  only

(b )  R educ t ion  on ly

(0)  Both o x i d a t i o n  and r e d u c t i o n

(a) n e i t h e r  o x i d a t i o n  nor  r e d u c t i o n .

I n t o  which o f  t h e  above c a t e g o r i e s  do the  f o l l o w i n g  r e a c t i o n s  
f i t ?

(1 )  Cu“+ + 2e — Cu

( i i )  GuSO^ + H23 -  CuS + H^SO^

( i i i )  S032_(aq)  + I 2( s )  + H20 -  S02 - (aq)  + 2H+(aq)  +

2 l “ (aq)

( i v )  Zn(s)  + 2H+(aq) + SÔ  (aq)  Zn^"t"(aq) + SO^ (aq)zj. i\

+ H2(g)

( t ) 2H+(aq)  + S02' ( a q )  -  S02( s )  + HgOd)

When c o n c e n t r a t e d  s u l p h u r i c  a c id  f a l l s  on t o  a p i e c e  o f  wood 
a b l a c k  s t a i n  deve lops  b e c a u s e : -

( a )  The a c i d  g e n e r a t e s  h e a t  and c h a r s  t h e  wood.

(b)  The a c i d  removes water  from th e  'wood m o l e c u l e s ’ l e a v i n g
carbon .

( c )  A b l a c k  s u lp h a t e  o f  vood forms.

(d )  The a c i d  draws a b l a c k  t a r  ou t  o f  th e  wood.

9. I n  a l a r g e  power s t a t i o n  10 m i l l i o n  t o n s  o f  c o a l  a re  b u r n t  p e r  
y e a r .  I f  th e  coal  c o n t a i n s  1$  by mass o f  s u lp h u r ,  what mass 
o f  s u l p h u r  d io x i d e  w i l l  be r e l e a s e d  i n t o  the  atmosphere  
an n u a l ly ?

s + o2 -  so2
t o n s

10. The main e f f e c t  o f  t h i s  S0^ i n  the  atmosphere i s  -

( a )  /
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( a )  To b l e a c h  washing hanging  out  i n  t h e  v i c i n i t y  o f  t h e
power s t a t i o n .

(b)  To d i s i n f e c t  t h e  a i r  and make i t  s a f e r  to  b r e a t h e .

(c )  To p r e s e r v e  f r u i t  i n  the  s u r ro u n d in g  o r c h a r d s .

(d)  To p roduce  s u l p h u r i c  a c i d  which causes  damage t o
p r o p e r t y  and p eop le .
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( a )  To b l e a c h  washing hanging  out  i n  t h e  v i c i n i t y  o f  t h e
power s t a t i o n .

(b)  To d i s i n f e c t  th e  a i r  and make i t  s a f e r  to  b r e a t h e .

( c )  To p r e s e r v e  f r u i t  i n  th e  s u r ro u n d in g  o r c h a r d s .

(d )  To produce  s u l p h u r i c  a c i d  which causes  damage to
p r o p e r t y  and p eop le .
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IIARKIITG B R IE F

1 . (d)

2. ( c )

( a ) (d )  2 marks.  Deduct a p o i n t  i f  more
th a n  two answers.

4. 2 marks f o r  a com ple te ly  vjorkable s k e tc h  

( l  mark f o r  a p a r t i a l l y  workable sk e tch )

1 mark f o r  arrovr d i r e c t i o n  from s u l p h i t e  to  
c h l o r i n e  t h ro u g h  t h e  me te r .

5. S u lphur  d i o x i d e

P la t in u m  ( o r  p l a t i n i s e d  a s b e s to s )

6. Sodium Su lpha te
( l  mark) ( l  mark)

7. ( i )  (b)

( i i )  (d )

( i i i )  ( c )

( i v )  ( c )

(v)  (d)

8. (b )

9. C o r r e c t  F. Wts.  ( o r  r a t i o )

C o r r e c t  answ er  -  200,000 to n s

10. (d)

1 mark 

1 mark

1 mark 

1 mark

5 marks 

1 mark 

1 mark 

1 mark 

1 mark

T o ta l  -  20 marks



U.C./Ohcm.hd. /5  1 0 *

P u t  d t i c k  i n  uhe box o p p o s i t e ’ the  c o r r e c t  answer i n  
Q u e s t io n s  1 -  4«

1 . j?ats  a r e  c l a s h e d  as  e s t e r s  because  th e y  a r e  inade by l i n k i n g  
an  a c i d  w i t h : -

( a )  an a l k a n e

(b )  a n  a l c o h o l

( c )  an a lk e n e

(d) a s u g a r .

2 . t /hich one o f  t h e  f o l l o w i n g  s t a t e m e n t s  i s  n o t  always t r u e  about  
t h e  a c i d  i n  a f a t : -

( a )  i t  h a s  a  OOOH group

(b) i t  has  a lo n g  c h a in  of  carbon atoms

( c )  i t  has  a z i g - z a g  cha in  o f  carbon atoms

 | ( d )  i t  i s  s t e a r i c  a c i d .

3. I f  you were p ro v id ed  w i th  1 g o f  each o f  the  f o l l o w i n g  sub- 
: s t a n c e s ,  which one would g ive  out  most h e a t  when i t  burned  
com ple te ly?

(a )  s u g a r

(b )  f a t

( c )  egg w hi te

(d)  s t a r c h .

4. To c o n v e r t  a f a t  i n t o  a soap you v/ould h e a t  i t  w i t h : -

( a )  sodium c h l o r i d e

(b)  s u l p h u r i c  a c i d

(c )  sodium h y d rox ide  .

 (d)  s a t u r a t e d  b r i n e

5 * Use t h e  symbol ——0  t o  r e p r e s e n t  a soap molecule i n  which 
th e  ’O’ r e n r e s e n t s  th e  CCO group.

I f  t h i s  m o lecu le  were in t r o d u c e d  i n t o  t h i s  b e a k e r  o f  l i q u i d ,  
draw ( i n  th e  b eak e r )  th e  most l i k e l y  p o s i t i o n  i t  would t a k e  up.
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6 . mien.  one o f  th e  fo l l o v n n g  s o l u t i o n s  would you exnec t  to  be 
" h a r d ”?

(a )  sodium c h l o r i d e  s o l u t i o n  

00 sea  w a te r

( c )  d i s t i l l e d  w a te r  w i th  d i s s o l v e d  a i r  

 (d )  r a i n  w a te r  wi th d i s s o l v e d  CO^.

7 . Show t h a t  you know the  meaning o f  the  term "hard  w a te r "  by 
f i l l i n g  i n  t h e  b la n k s  i n  th e  s e n te n c e s  below.

ITatural  w a te r  i s  "hard" when i t  has  ..............................................  i o n s
d i s s o l v e d  i n  i t .

I n s t e a d  o f  fo rming a l a t h e r  i n  h a rd  w a te r ,  soap forms a . . . .

8 . S o ap le ss  d e t e r g e n t s  have t h e  advantage o ve r  soap i n  t h a t  t h e y

( a )  make c l o t h e s  ‘w h i t e r  than  w h i t e 1

00 can l a t h e r  even i n  h a rd  'water

( c )  a r e  ’k i n d e r  t o  t h e  h a n d s ’

  (d )  do n o t  make c l o t h e s  s h r i n k .

9. The raw m a t e r i a l s  f o r  making s o a p le s s  d e t e r g e n t s  a r e : -

( a )  h yd roca rbons  and su lphu i’i c  a c i d

(b )  c a r b o h y d r a t e s  and n i t r i c  a c i d

(c )  f a t s  and sodium hydrox ide

 (a) p r o t e i n s  and h y d r o c h l o r i c  a c i d .

10 . F l a c e  t h e  l e t t e r  P i n  two o f  the  boxes below a g a i n s t  m a t e r i a l  
which a r e  m a in ly  p r o t e i n : -

( a ) c o r n f l a k e s

0 0 h a i r

( 0 ) egg s

(a) s u g a r

(e) b u t t e r
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11. Y/hicn one o f  th e  f o l l o w i n g  s t a t e m e n t s  b e s t  d e s c r i b e s  a l l  
p r o t e i n s : -

( a )  compounds o f  carbon

(b) compounds o f  n i t r o g e n

( c )  compounds o f  ca rbon and n i t r o g e n

  (d )  compounds o f  a c i d s .

12.  The ' b u i l d i n g  u n i t s ’ o f  p r o t e i n s  a re  c a l l e d  .....................................

1 3 . These u n i t s  a r e  l i n k e d  t o g e t h e r  by a p ro c e s s  c a l l e d : -

( a )  c o n d e n s a t io n

(b)  h y d r o l y s i s

( c )  d i s t i l l a t i o n  .

.___  (d)  , h y d r o g e n a t io n .

1 4 . A s u b s t a n c e  (X) was h e a t e d  w i th  soda l ime and an a l k a l i n e  gas
was g iven  o f f .  On t h i s  ev idence  a lo n e  which one o f  t h e  f o l l o w
s in g  c o n c l u s i o n s  i s  j u s t i f i e d : -

( a )  t h e  gas  is ,ammonia

■ (b)  X i s  an ammonium s a l t

( c )  X i s  a n i t r o g e n  compound

 | ( d )  X i s  a p r o t e i n .

1 5 . Name t h e  ty p e  o f  c a t a l y s t  which,  i n  our  b o d i e s ,  ’d i g e s t '  and
' r e a s s e m b l e '  p r o t e i n s   ...............................................................................

16.  F i l l  i n  t h e  t a b l e  below i n  t h i s  way:-

( a )  Choose h e ad ings  f o r  the  t h r e e  columns.

(b)  Write t h e  f o l l o w i n g  s u b s t a n c e s  i n t o  the  columns u nde r  ‘ . 
t h e  h e a d in g s  you have chosen.

Skin ;  b lo o d ;  g lu c o se ;  meat;'  l a r d ;  m a l to s e ;  b r e a d ;  wood;

l e a t h e r .
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MARKING BAISF

1- 0>) 1 mark

2. -(d) 1 mark

3- M 1 mark

4• ( ° )  1
1 P

1 mark

5- - o i l
o -pure w a te r  ^ mark

7.

8 .

9*
1 0 .

n .

1 2 .

13.
14. 

15.

16.

0>)

Calcium o r  magnesium ( o r  o t h e r  r e a s o n a b l e
su g g e s t io n )

Scum o r  cu rd  ( o r  o t h e r  r e a s o n a b l e  s u g g e s t io n )  

(b)

(a )

(b )  and ( c )

( c )

amino a c i d s

( a )

(o)

Enzyme ( o r  i f  a s p e c i f i c  p r o t e i n  c a t a l y s t
mentioned  a c c e p t  name)

•>

A t e s t  o f  c r e a t i v e  t h i n k i n g  to  see what 
c a t e g o r i e s  t h e s e  compounds f a l l  i n t o .

Deduct  a maximum o f  one mark i f  the  c a t e g o r i e s  
a r e  cor?sect ,  b u t  th e  s u b s t a n c e s  are n o t  in  
c o r r e c t  columns.

1 mark

1 mark 

1 mark 

1 mark

1 mark

2 marks 

1 mark 

.1 mark 

1 mark 

1 .mark

1 mark

3 marks f o r  
a l l  3 c a t e 
g o r i e s  
c o r r e c t .

T o ta l  -  20 marks



Rainw ate r  i s  always a c i d i c ,  "but d u r in g  a th unde rs to rm  i t  i s  
even more a c i d i c .  Th is  i n c r e a s e  i s  caused by -

( a )  Lore  carbon  d io x id e  than  usua l  d i s s o l v i n g  i n  t h e  r a i n .

(b)  H i t r o g e n  and oxygen in  the  a i r  combining and d i s s o l v i n g  
i n  th e  r a i n  t o  give n i t r i c  a c i d .

( c )  Sulphur  d io x id e  becoming more s o l u b l e  i n  r a i n  d u r in g  
th u n d e r s to rm s .

(d)  hydrogen i n  the  r a i n w a t e r  i o n i s i n g  to  g ive  H+ beca u se  o f  
th e  l i g h t n i n g .

Nz
NH.

C O ,

I ->X A syphon c o n t a i n s  a 
m ix tu re  o f  t h r e e  d ry  
gases  -  n i t r o g e n ,  
ammonia and carbon  
d i o x i d e .

The m ix tu re  i s  bubbled  i n t o  w a te r ,  
a t  X most  l i k e l y  to be?

What i s  t h e  gas m ix tu re

( a )  The o r i g i n a l  m ix tu re  unchanged.

(b)  L a i n l y  ammonia and n i t r o g e n .

( c )  Main ly  n i t r o g e n  and carbon d io x i d e ,

(a) Mainly ammonia and carbon d io x i d e .

A f t e r  b u b b l i n g  the  m ix ture  i n t o  th e  w ate r  f o r  a v e r y  l o n g  t ime  
a c r y s t a l l i n e  s o l i d  appeared  a t  the  bottom o f  the  b o t t l e .  ’That 
i s  i t  l i k e l y  to  be? .................................................................................................

Ammonia gas burns  on ly  with  g r e a t  d i f f i c u l t y ,  but when th e  gas 
has  e l e c t r i c  sparky  passed  through i t  f o r  some t ime i t s  volume 
do u b le s  and most o f  t h e  gas now burns  w e l l .  Th is  can be 
e x p l a in e d  as  fo l lo w s  -

( a )  o na rk ing  makes the  gas exoand and h o t  gases  burn  b e t t e r  
t h a n  c o l d .

(b )  Spark ing  r e l e a s e s  hydrogen from the  ammonia and t h i s  bu rns  
w e l l .

( c )  S park ing  a d i s  energy  to  the  gas and t h i s  energy  i s  
r e l e a s e d  i n  the  form o f  f lame.

(a) S nark ing  b r e a k s  th e  ammonia i n t o  n i t r o g e n  and hydrogen 
which recombine g i v i n g  out  h e a t .
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5.

Ammonia i s  a c o v a l e n t  mas. dbYn i t  d i s s o l v e s  i n  w a te r  the  
s o l u t i o n  conduc ts  e l e c t r i c i t y .  The b e s t  e x p l a n a t i o n  o f  t h i s  
i s : -

( a )  Ammonia t a k e s  a hydro —'n io n  ( n ro to n )  from th e  v /a ter  to  
f i v e  ammonium and hydroxyl  i o n s .

(b )  Ammonia, as  i t  d i s s o l v e s  i n  w a te r ,  r e l e a s e s  n i t r o y e n  i o n s  
and hydromen i o n s .

( c )  Covalen t  comnounds c a r r y  c u r r e n t  and so a s o l u t i o n  o f  such
a o o mpound should do s o .

(<l) Ammonia d i s s o l v e s  
i t r a t e d  s o l u t i o n

so w el l  i n  w ate r  t h a t  
which conduc ts  w e l l .

In  in  
f o l i o

d u e t r y  n i t r i c  a c id  i s  
v.’in-m p r o c e s s e s ?

made from ammonia

(a ) y
+ 3H?0 - UNO,y

+ 4H2

(b )  ‘" m 3 + 3°2 ■ ■ > 2N2 + 6h?0

. 2N2 + 12H20 - 4HN0*y + i o h 2

(o) + 4CuO —¥ hpo7
y

+ 4Cu •

(a) '4NH5 + 7°2 -* 4N02 + 6H20
4

4N0?
V

+ 2H20 2HNCLy + 2HH0

Which one o f  t h e fo l l o w i n g would be th e  s a f e

H2°

: i e n t  way to  make po ta ss ium n i t r a t e ?

7.

( a ) P o ta s s iu m  meta l  + n i t r i c  a c i d .

(b) P o ta s s iu m  c h l o r i d e + n i t r i c  a c i d .

(o ) P o ta s s iu m  m e ta l  + cop'oer n i t r a t e  s o l u t i o n .

(a) P o ta s s iu m  hydrox ide s o l u t i o n  + n i t r i c  a c i d .
•

Your knowledge o f  the  re 
answer t h i s  q u e s t i o n .

a c t i v i t y  s e r i e s  should h e l p  you to

(a ) P e t a l  n i t r i t e .

(b) H e t a l  n i t r i d e .

(o) P e t a l  o x id e .

(a) P e t a l .

7/hen /
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ili.en n i t r a t e s  a r e  h e a t e d  a vas i s  given o f f  and a s o l i d  i s  
l e f t .  m ich  o f  the  above s o l i d s  would you exoec t  to be  l e f t  
a f t e r  h e a t i n g : -  (Hnte r  th e  c o r r e c t  l e t t e r  i n  th e  b o x . )

( l )  Copper n i t r a t e ?

(? )  S i l v e r  n i t r a t e ?

I n  which one o f  the  fo l l o w i n g  r e a c t i o n s  i s  n i t r i c  a c i d  ( t h e  
n i t r a t e  io n )  a c t i n g  as  an e l e c t r o n  ac c e n to r?

(a ) 2HiT0_
p

+ SnO - Zn(N03) 2 + H2°

0 0 8HH0?
P

+ 3Cu — 3Cu (TO3 ) 2 + 2N0 + 4H20

(c) 2HH0
P

+ PbCO,
P

- Pb(no3) 2 + co2 + h2o

(a) 2HH0
P

+ Mg Mg(U03) 2 + H2

A l l ammonium compounds smell o f  ammonia when the y a r e : -

( a )  Cold

(b )  S t r o n g l y  h e a t e d

( c )  Hea ted  w i th  s u l p h u r i c  ac id  

U )  Heated  w i th  sodium hydrox ide .

10.  A c a t a l y s t  i n  a r e a c t i o n : -

( a )  I n c r e a s e s  th e  y i e l d  o f  the  p ro d u c t ,

(b)  I n c r e a s e s  the  r a t e  a t  -which th e  p roduc t  forms,

( c )  Take 9(10 p a r t  i n  t h e  r e a c t i o n .

(d )  I n c r e a s e s  the  p u r i t y  o f  th e  p ro d u c t .

11. Here i s  one way o f  s e t t i n g  ou t  the  n i t r o g e n  c y c l e .

PlMlM AL5
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T hsse  q u e s t i o n  numbers r e f e r  to  the  numbers i n  t h e  d iagram.

1 How s.re the  n i t r o g e n  compounds i n  p l a n t s  t r a n s m i t t e d  to
animal s? .............................. ............. ...........................................................

2 what p l a n t  fam i ly  i s  ab le  to  use a tm ospher ic  n i t r o g e n
d i r e c t l y ?   ..................................................................... ....................

What i n d u s t r i a l  p ro c e s s  i s  in v o lv ed  he re?

O f ten  th e  n i t r o g e n  cyc le  i s  no t  completed a t  t h i s  p o i n t .  
How does t h i s  b reak  happen? .................................................................

12.  T h i s  q u e s t i o n  i s  des igned  to t e s t  your  a b i l i t y  to  t h i n k  about  a 
p r a c t i c a l  s i t u a t i o n .

I f  a v e r y  s o l u b l e  gas l i k e  ammonia i s  to  be d i s s o l v e d  i n  w a te r  
i t  cou ld  be done as shown i n  sk e tch  1 . However, t h e r e  i s  a 
d anger  o f  th e  'water b e i n g  sucked back up t h e  tu b e .  Diagram 2 
shows an  a p p a r a tu s  f o r  d i s s o l v i n g  th e  gas which i s  supposed to  be 
an improvement on 1 .

P l a c e  a t i c k  a g a i n s t  f o u r  o f  the  s t a t e m e n t s  below which you t h i n k
make 2 a c l e a r  improvement over 1 .

( a )  A l a r g e r  w a te r  s u r f a c e  i s  exposed to  the  g as .

(b)  The w a te r  cannot  r e a c h  th e  i n l e t  s id e -a rm  tu b e .

( c )  The gas can push th e  ’water  u p  a n d  out  o f  the  c e n t r e  tu b e  
and so escape  h a rm l e s s l y .

(d) The f l a s k  b e i n g  f u l l  o f  a i r  w i l l  slow down t h e  a d s o r p t i o n  
o f  th e  gas  by th e  w a te r .

( e )  A sudden i n c r e a s e  i n  gas p r e s s u r e  w i l l  f o r c e  w a te r  up the 
c e n t r e  tu be  u n t i l  the  bottom o f  the  tube  comes c l e a r  o f  
th e  w a te r  i n  the f l a s k .  The water  in  th e  tube ’w i l l  then  
f a l l  back  i n t o  th e  f l a s k .

( f )  As t h e  w a te r  i s  pushed up the c e n t r e  tube the  i n c r e a s e  i n  
p r e s s u r e  w i l l  make the  gas  d i s s o l v e  mo3?e r a p i d l y .



U.C-./Checi.Ea./o ’1 1

1 . 0>)

2 . <o) Ammonium

■5. M
4. ( a )

?• (a)
6 . (a)
7- (o ) and (d)

8. (■b)

9- (d )

10. (b )

11. (1) e a t e n

(2 ) pea o r

(3 ) -  Haber

(4) sewage

12. ( a )

(b )

( e )

( f )

HAHKII'G- 33IZF

a rb o n a te

bean  o r  leguminosae

n o t  r e t u r n e d  to  la n d

1 mark

2 marks 

1 mark 

1 mark 

1 mark

1 mark

2 marks 

1 mark 

1 mark 

1 ma? k

4 marks

4 marks

T o ta l 20 marks



TJ. O. / C h e n .  H i .  / 6  1 C '

1. F i l l  i n  the h>l.ank3 in  t h i s  t a b le

Honomer Polymer

S ta rch

P oly thene

T e t r a f l u o r o e t h y l e n e

4.

2. Name the  p r o c e s s  by v»hich s n a i l  molecules  l i n k  t o g e t h e r  t o  form 
l a r g e  ones  ............................................................ ........................................... '.............

3. T»7hen a c o l o u r l e s s  l i q u i d  monomer was l e f t  f o r  some t im e ,  s e v e r a l  
changes  took  o lace  i n  i t .  ,Thick one o f  the  f o l l o w i n g  changes 
would l e a d  you to  b e l i e v e  t h a t  l a r g e r  molecu les  had been formed.  
(T ic k  the  most l i k e l y  o ne . )

( a )  The s u b s t a n c e  became d a rk e r  in  co lo u r .

(b)  Th^ t e m p e ra t u r e  o f  the l i q u i d  r o s e .

( c )  The l i q u i d  s e t  i n t o  a s o l i d .

(d)  The sm e l l  of  t h e  l i q u i d  a l t e r e d .

Here i s  a l i s t  o f  d e s c r i n t i o n s  which can be a p p l i e d  to  polymers .  
A g a in s t  each o f  the  polymers i n  the' t a b l e  belov- w r i t e  two o f  t h e  
d e s c r i p t i o n s  which apn ly  to  t h a t  polymer.  N.B. D e s c r i p t i o n s  can 
be used  more th a n  once.

Desc r i p t i o ns -  n a t u r a l l y  o c c u r r i n g *  man made; l i n k e d  by
con d en sa t io n ;  l i n k e d  by a d d i t i o n ;  c o n t a i n s  
n i t r o g e n :  made from m a t e r i a l s  d e r i v e d  from o i l .

P o ly p ro p y le n e

Bayon

Nylon

C e l l u l o s e

S. When polymers a r e  b u rn t  they u s u a l l y  /rive o f f  a smel l  
f i v e  common sm e l l s  r i v e n  o f f .

(a )  /axy

(b )  P u r n ' n g  paoer

(c )  Burning'  wool

(d)  Sharp a c i d  smell

(e )  F r u i t y

Here a r e

A g a in s t  /
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A gainot  each of' the  polymsi’s l i s t e d  below w r i t e  13113 1 e"fc"fcqa? f o r  
one .smell you would be most l i k e l y  to  ye t  v:hen burn ing  t h a t  
po lym er . ( n o t e  -  l e t t e r s  may be used more than  o n c e . )

( i )  Nylon

( i i )  P o ly th e n e

( i i i )  Rayon

( i v )  P o ly p ro p y le n e

6. 7/hich one o f  the fo l l o w in g  s t a t e m e n t s  about  a p l a s t i c  means 
t h a t  i t  i s  THERMOPLASTIC? (Tick  th e  c o r r e c t  an sw er . )

( a )  I t  was formed by an exothermic r e a c t i o n .

(b)  I t  can  w i t h s t a n d  h e a t  withou t  s o f t e n i n g .

( c )  I t  s o f t e n s  on h e a t i n g  and hardens  on c o o l in g .

(d )  I t  caves ou t  much h e a t  when i t  b u rn s .

7. For  which one o f  th e  fo l l o w in g  u ses  would a T E 331.10 SETT IPG 
p l a s t i c  be e s s e n t i a l ? (Tick the  c o r r e c t  a n s w e r . )

( a )  I n s u l a t i o n  o f  e l e c t r i c  w i re s .

(b )  Making pan h a n d l e s .

( c )  Making non- inf lammable  c l o t h i n g .

(d )  Making t h e  bod ie s  o f  pens.  

S i l i c o n e s  have the  g en e ra l  s t r u c t u r e

R R R
f 1 1Si — 0 — Si — 0 — Si — 0 -  -  
I I I
R A R

-  where R i s  an 
o rg a n ic  group.

7/hen s i l i c o n e s  bu rn  i n  a p l e n t i f u l  supply  o f  oxygen gaseous  
m a t e r i a l  i s  g iv e n  o f f  and a white s o l i d  i s  l e f t .  T.hich one 
o f  th e  f o l l o w i n g  l i s t s  i s  most l i k e l y  to be th e  p r o d u c t s  o f
b u r n i n g  a s i l i c o n e . (T ick  the  c o r r e c t  ans

( a )  Carbon, s i l i c o n d io x id e  gas and steam

(b)  S i l i c o n c a rb id e and steam.

(c)  S i l i c o n h y d r id e end carbon d io x id e .

(d)  S i l i c o n d i o x i d e , carbon d io x id e  and s



G lucose ,  e th en e  (ethylene),  F .T .F .E .  ( o r  i n  f u l l )  3 marks

P o l y m e r i s a t i o n  1 mark
( t h i s  i s  a more yenpra l  t^rm th an  

Condensa t ion  o r  Ad l i t i o n ) .

( c )  1 mark

Any two r e l e v a n t  d e s c r i p t i o n s  8 marks

( c ) ,  ( a ) , ( b ) , ( a )  4 marks

( c) 1 mark

(h )  - 1 mark

(d )  ' 1 mark

T o ta l 20 marks
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GRAPH : I

i O P K S EflSY TO GrRf tSP

I GPoup

C G£oup
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GRAPH 2

op ic s  D i ffi cu lt  t o  G p a s p
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GRAPH 5

"Top/cs Nisvisn R eally

J  GROUP 

C GROUP
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oiio j - a c t i v e  T o p i c  . a s s e s s m e n t  b y  Pu'oi  1 s  i n  m a t u r i t y  J t u d y

 ̂ jmei Oi uhe t o p i c s  w h i c n  y o u  s t u d i e d  i n  y o u r  s c h o o l  c o u r s e  
a?ne l i s t e d  o a l o w .  T i c k  y o u r  o p i n i o n  o f  h o •/ y o u  f o u n d  e a c h  
t o n i c .

G l .  A t o m i c  p a r t i c l e s  a n d  t h e i r  
a r r a n g e m e n t  i n  t h e  a t o m .

G . 2 . T h e  i d e a  o f  i s o t o p e s .

H I .  T h e  c h e m i c a l  c o m b i n a t i o n  o f  
e l e m e n t s  t o  f o r m  c o m p o u n d s .

H 2 . T h e  d i f f e r e n c e s  b e t w e e n  c o v a l e n t  
a n d  e l e c t r o v a l e n t  ( i o n i c )  b o n d i n g .

H3.  U s i n g  t h e  i o n  d e t e c t o r  t o  m e a s u r e  
t h e  c o n d u c t i v i t y  o f  s o l u t i o n s ,  
a n d  u n d e r s t a n d i n g  t h e  r e s u l t s .

H4 . W r i t i n g  c h e m i c a l  f o r m u l a e .

H5 . W r i t i n g  c h e m i c a l  e q u a t i o n s .

H o.  C a l c u l a t i n g  t h e  f o r m u l a  w e i g h t  o f  
a  c o m p o u n d .

H7 . C a l c u l a t i o n s  f r o m  e q u a t i o n s .

1 1 .  T h e  i d e a  o f  a  r e a c t i v i t y  s e r i e s  o f  
m e t a l s .

1 2 .  T h e  i o n i s a t i o n  o f  w a t e r .  The  m e a n 
i n g  o f  H O  -  H ( a q )  + 0K“ ( a q ) .

1 3 . E l e c t r o n  t r a n s f e r  i n  o x i d a t i o n -  
r e d u c t i o n  ( R e d o x )  r e a c t i o n s .

14* C o r r o s i o n  o f  m e t a l s .  T h e  i d e a  o f  
s a c r i f i c i a l  p r o t e c t i o n .

J 1 . A c i d i c  a n d  b a s i c  o x i d e s .

J 2 .  What  i s  m e a n t  b y  t h e  pH o f  a  
s o l u t i o n .

J 3 .  T h e  v a r i o u s  m e t h o d s  o f  p r e p a r i n g  
s o l u b l e  s a l t s .

1
J4.  /

Ha. sy  
t o  

G ra  sp

D i f f i c u l t
t o

G r a s p

N ev  e r
R e a l l y
G r a s p e d
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E a s y
t o

G r a s p

D i f f i c u l t
t o

G r a s p

N e v e r
- i e a l l y
G r a s p e d

J 4 . P r e c i p i t a t i o n  r e a c t i o n s  f o r  p r e -  
: p a r i n g  i n s o l u b l e  s a l t s .

J 5 . U s i n g  a n  i n d i c a t o r  t o  t e l l  when  
a n  a c i d  h a s  n e u t r a l i s e d  a n  
a l k a l i .

J 6 . C a l c u l a t i o n s  t o  f i n d  t h e  m o l a r i t y  
o f  a s o l u t i o n .

EL. I o n - e l e c t r o n  h a l f - e q u a t i o n s .
T h e  m e a n i n g  o f  e q u a t i o n s  l i k e

S 0 ^ “  + H O  -  3 0 ^ "  + 2H+ + 2 e  a n d  
3 2 4

3 e  + NO” + 4H+ -  NO + 2Ho0 
3 2

L I . T h e  ’’c r a c k i n g ” o f  l i q u i d  h y d r o 
c a r b o n s .

L 2 . T h e  d i s t i l l a t i o n  o f  c r u d e  o i l  t o  
g i v e  a  n u m b e r  o f  f r a c t i o n s .

L3. T h e  m a k i n g  o f  a d d i t i o n  p o l y m e r s ,  
e . g .  p e r s p e x ,  p o l y s t y r e n e ,  P . 7 . 0 .

HI . T h e  b r e a k i n g  down ( h y d r o l y s i s )  o f  
c a r b o h y d r a t e s  u s i n g  s a l i v a  o r  
h y d r o c h l o r i c  a c i d .

N2. T h e  f o r m a t i o n  o f  e s t e r s .

T h e  c o n v e r s i o n  o f  f a t s  t o  s o a p s .

N4. How s o a p s  a n d  d e t e r g e n t s  c l e a n .

N5. 7/hy a  s cu m  s o m e t i m e s  f o r m s  when 
s o a p  i s  u s e d  f o r  w a s h i n g .

No. T h e  i m p o r t a n c e  o f  n i t r o g e n  c o n -  
s t a i n i n g  c o m p o u n d s .

0 1 . M a k i n g  c o n d e n s a t i o n  p o l y m e r s ,  
e . g .  n y l o n ,  p h e n o l - f o r m a l d e h y d e .

i
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COI’PAAIGOH 0? J .  J .  A. ’O' GRABS AJSUITS AFTBA I.IATU..-IITY BXPAIIUJITT

These  r e s u l t s  a r e  p u b l i s h e d  i n  bands o f  5 marks as f o l l o w s  - 

Band 1 2 3 4 5 6 7 8 9 10

Range 90+^  89- 8 5 . 84- 8O 79-75 74-70 69-65  64-60 59-55 54-50 49-45

11 12 13

.44-40 39-35 34”

S c h o o l 1 S c h o o l 2 S c h o o l 3 S c h o o l  4 ALL OTARr
Band I G I G I G

r........
1 c I C

1 3 2 - - 1 - - - 4 2

2 2 1 - - - 2 - - • 2 3

5 4 3 1 - 2 1 2 - 9 4

4 4 7 1 - 5 1 - 3 10 11

5 7 13 4 2 6 4 1 2 18 21

6 7 11 5 5 5 10 2 4 19 30

7 4 7 4 5 4 6. 4 2 16 20

8 4 1 2 2 10 - 3 4 19 7

9 5 1 8 8 7 9 5 - 25 18

10 1 - 4 2 5 X 1 1 11 6

11 1 - 5 4 5 9 - 1 11 14

12 - - 1 4 2 8 - 1 3 13

15 - 1 - 1 - 5 1 - 1 7

Ivle an 5 .7 5 .3 8 .0 8 .4 7-4 8 .7 7.5 6 . 9 7.1 7 .5

3.D. 2 .6 2.0 2.3 2 . 9 2 .6 3.0 2 .3 2.3 2 .6 2.9

ITote -  The s m a l l e r  the  va lu e  f o r  th e  mean t h e  b e t t e r  th e  
pe r fo rm ance  o f  the group.

O b s e r v a t io n

The o v e r a l l  score  f o r  th e  ’ I '  group i s  m a r g i n a l l y ,  b u t  
n o t  s i g n i f i c a n t l y  b e t t e r  th a n  t h a t  f o r  th e  ’ O' group.
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ATT APPPAIoAL 0?  SIXTH YPA1 STTTIItS Sb' f ' I S T V I

A f t e r  t h e  l a u n c H in g  o f  t h e  A l t e r n a t i v e  s y l l a b u s  i n  t h e  e a r l y  I 9 6 0 ’ 

an e f f o r t  was made "by t h e  S c o t t i s h  E d u c a t i o n  Department t o  i n t r o d u c e

t h e  e q u i v a l e n t  o f  an 'A*, l e v e l  i n  a l l  s u b j e c t s .  Specimen s y l l a b u s e s

were drawn up  and ,  i n  c h e m i s t r y ,  a h i r h l y  academic  document  em erged .^  

T h i s ,  a l o n e  w i t h  t h o s e  i n  o t h e r  s u b j e c t s ,  was h e a v i l y  c r i t i c i s e d  by 

p r o f e s s i o n a l  b o d i e s  and in  the  p r e s s  and e v e n t u a l l y  t h e  o r o o o s a l s  were 

w i t h d r a w n . The c r i t i c i s m  to o k  t h r e e  main l i n e s .

( a )  The p r i n c i p l e  o f  s p e c i a l i s a t i o n  was s t r o n g l y  r e s i s t e d .  I t  was 

a r m e d  t h a t  t h e  H ighe r  g r a d e  would d i s a p p e a r  and t h a t  p u p i l 3

would be f o r c e d  t o  s t u d y  on ly  t h r e e  s u b j e c t s  p o s t - ’O1 g r a d e

w h e r e a s  rrTI g r a d e  a l l o w e d  p u p i l s  to  s t u d y  5-6 s u b j e c t s  un t o  

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

(b )  The p r o p o s e d  c o u r s e s  were much too  n a r r o w l y  academic  and u s e f u l  

o n l y  t o  t h e  few.

( c )  Advanced ( c o s t  1T-' g r a d e )  c o u r s e s  s h o u ld  be d e v o te d  t o  b r o a d e n i n g  

t h e  s t u d e n t ' s  e x p e r i e n c e  r a t h e r  t h a n  t o  t h e  a c q u i s i t i o n  o f  y e t  

more f a c t u a l  m a t e r i a l .  The s t u d e n t  s h o u ld  be t r a i n e d  t o  be a 

s t u d e n t  r a t h e r  t h a n  a s c h o o lb o y  by encouragem en t  o f  i n d e p e n d e n t  

s t u d y ,  s e l f - r e l i a n c e ,  - w i l l i n g n e s s  t o  weigh up e v id e n c e  and to  

a r g u e  a b o u t  i t .  However , i t  shou ld  n o t  be u s e d  f o r  u n i v e r s i t y  

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

From t h i s  t h i r d  o b j e c t i o n  was bo rn  t h e  i d e a  o f  S i x t h  Year  S t u d i e s  

(SYS). In  I S f p  a memorandum -was s e n t  f rom t h e  S .S .H .  S p e c i a l  

Commit tee  on P o s t - H i r h e r  exam ina t ion  t o  t h e  convenor^  o f  a l l  sno . je c t  

o a n e l s  o f  t h e  i x a r r . i n a t i o n s  b o a rd  w h ic h  c o n t a i n e d  t h °  f o l l o w i n g  

a d v i c e .

The /

vj
i
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The -Special  Commit tee i s  an x io u s  to  ^ n s u re  t h a t  t h e  
examl - a t i o n  p ro v id e d  by t h e  Board s h o u ld  a c c o r d  w i th  
t h e  r e a l  n u r o o s e s  a r c h  a ” p ro p e r  s i x t h  y e a r ’’ i s  
i n t e n d e d  t o  s e r v e .  I t  B e l i e v e s  t h a t  t h *  most  
i m p o r t a n t  o f  bh^-jo p u rp o se s  i s  the deve lopm ent  i n  
t h e  o u o i l s  o f  a - r r e a t e r  d e c r e e  o f  m a t u r i t y  o f  o u t -  
• l o o . '  t h a n  t.oey save ' - o v e r a l l v  a c q u i r e d  h /  t h e  end 
o p t h e  “i f t o  y e a r .  Th is  purpose  can  h e s t  he 
a c h i e v e d  th ro u g h  a c o u r s e  o f  s tu d y  which aims p a r t l y  
a t  broaden'./*1" t h e  p u p i l ' a ^ e r e r a !  o u t l o o k  and p a r t l y  
a t  dee p e n in y  h i s  know]. ed"e and u n d a x ' s t a n d in c  o f  a 
l i m i t e d  ran/re  o f  s u b j e c t s .

The a p p ro a c h  t o  such  a c ou rse  s h o u ld  " l e a d  the  p u p i l  
i n t o  h a h i t s  o f  p o s i t i v e  and r e w a r d i n g  p r i v a be s t u d y ,  
s h o u l d  promote i n d i v i d u a l  t h i n k i n n  and , jud"ement  and 
s h o u l d  d e v e l o p  s e l f - r e l i a n c e  and r e s  pons i h  i 1 i  t y  i n  
p l a c e  o f  h i s  p r e s e n t  a lm o s t  a b s o l u t e  dependence  on 
h i s  t e a c h e r s ’’. ( d e p o r t  o f  t h e  Adv iso ry  C o u n c i l s  
’’The P o s t - F o u r t h  Year  Exam ina t ion  s t r u c t u r e  i n  
S c o t l a n d ” p a r a g r a p h  23 ad f i n . )

\

To a v o i d  t h e  ’’e v i l "  o f  s p e c i a l i s a t i o n  i t  was l a i d  down t h a t  no 

s t u d e n t  s h o u ld  p r e s e n t  h i m s e l f  f o r  more t h a n  t h r e e  s u b j e c t s  and t h a t  

t h e s e  t h r e e  3 .Y .S .  s u b j e c t s  shou ld  t o g e t h e r  occupy no more t h a n  one 

h a l f  bo t h r e e f i f t h s  o f  t h e  week. T h i s  t h e n  l e f t  a b o u t  h a l f  t h e  week 

f o r  t h e  p u r s u i t  o f  o t h e r  i n t e r e s t s .

Each s u b j e c t  c o u r s e  was d e s ig n e d  w i t h  a r e l a t i v e l y  l i y h t  c o r e  o f  

new s u b j e c t  m a t t e r  s u r r o u n d e d  by a r e a s  where s t u d e n t s  and t e a c h e r s  

c o u ld  f i n d  room t o  n u r s u e  i n t e r e s t s  e i t h e r  i n  o p t i o n s  o r  by  means o f  

p r o j e c t s .  The t im e  a v a i l a b l e  f o r  3.Y. j.  s t u d y  -was a b o u t  s e v e n  months 

w i t h  t h e  e x a m i n a t i o n  nominee im m e d i a te l y  a f t e r  E a s t e r .  These  p r o o o s a l  

were a c c e p t e d  by t h e  S e c r e t a r y  o f  s t a t e  f o r  S c o t l a n d  i n  l ' ) 6 6  A ^ . l

The C h e m is t ry  c o u r s e  was i s s u e d  i n  d r a f t  form i n  19 67 when a 

/Troup o f  p i l o t  s c h o o l s  a t t e m p t e d  i t ,  and t h e n  in  i t s  f i ^ a l  form i n  

1968 . 4

A l i s t  o f  o b j e c t i v e s  f o r  t b r  c o u r s e  a p p e a r s  in  the  Appendix 

o. A3 . 2 .  The d e s i n n  o f  t h e  c o u r s e  was made a y a i r s t  a b a c x p ro und o f

b r o a d e r  /
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b r o a d e r  on j e o l i v e s  t h a n  t h o s e , ^ b u t '  t h i s  more d e f i n i t i v e  l i s t  o f  

o b j e c t i v e s  i s  now b e x n r  used  to  t e s t  t h ^  c o u r s e  w i th  a v iew  t o  f u t u r e  

m o d i f i c a t i o n s . Th is  work be van m  1970 tb.rou.rh a j o i n t  w o rk in g  p a r t  

o f  t h e  j x a ^ in w 0i o n  Boare and th e  C o n s u l t a t i v e  Committee  on t h e  C u r r i e  

:u lum.

The d e s i g n  o f  t h e  c o u r s e  to  meet  t h e  o r i g i n a l  b r o a d  a ims s e t  ou t  

i n  t h e  memorandum was as  f o l l o w s .

( a )  A b r i e f  c o r e  s y l l a b u s  o f  advanced  work o c c u p y in g  a b o u t  100 h o u r s .

The t o p i c s  were chosen  w i t h i n  t h e s e  g u i d e l i n e s .

( i )  They were t o  c l a r i f y  o r  " iv e  more e v id e n c e  f o r  i d e a s  t a k e n  

on t r u s t  i n  t h e  ’11’ g r a d e  s y l l a b u s ,  e . g .  S p e c t r o s c o p y  was 

c h o s en  t o  g i v e  e v id e n c e  f o r  b o nd ing  and m o l e c u l a r  s h a p e .  

Thermodynamics was u sed  t o  h e l p  to  answer q u e s t i o n s  a b o u t  

d i r e c t i o n  o f  change.

( i i )  They were t o  t r y  t o  a v o id  as  f a r  as p o s s i b l e  b ^ i n g  a copy 

o f  f i r s t  yea r  u n i v e r s i t y  c o u r s e s .  (* AT l e v e l  c a n d i d a t e s ,  

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

a t  S c o t t i s h  u n i v e r s i t i e s  and l o s t  t h e  h a b i t  o f  w o r k i n g . )

( i i i ) T h e y  were t o  n r o v i d e  room f o r  d i s c u s s i o n  o f  i d e a s  which,

were amenab le  to  sm a l l  group t r e a t m e n t ,  e . g .  f r ^ e  e n e r g y ,

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

The t o n i c s  a c t u a l l y  chosen  a r e  s e t  ou t  in  some d e t a i l  i n  t h e

3 . Y . 3 .  b o o k l e t  ^ and a l s o  a p p e a r  in  t h e  Q u e s t i o n n a i r e  i n  t h e  

Append ix ,  p . A3 . 1 0 .

(b )  To accompany t h e  ’’l e c t u r e  c o u r s e ” was. a s e t  p r a c t i c a l  c o u r s e

d e s i g n e d  /
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d e s i g n e d  t o  o p e r a t e  i n  a number o f  ways.

( i )  To r a i s e  t h e  problem s i t u a t i o n s  which l e d  t o  t h e  l e c t u r e s /  

d i s c u s s i o n s .

( i i )  To i l l u s t r a t e  t h e o r y .

( i i i ) T o  i n c r e a s e  p r a c t i c a l  s k i l l s ,  b o t h  q u a l i t a t i v e  and q u a n t i t a 

t i v e .

( c )  About  60 h o u r s  //as to  be  s e t  a s i d e  f o r  f r e e  r a n g i n g  p r o j e c t s  t o

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

A3SE jQhdlTT

T h i s  was d e s i g n e d  t o  meet  some of  t h e  aims o f  3. Y .3 .  I t  con

s i s t e d  o f  f i v e  p a r t s .

( a )  An o b j e c t i v e  t e s t  t o  g ive  q u i c k  c o v e ra g e  o f  b o t h  t h e  r Y’ g r a d e

and 3 . Y . 3 .  s y l l a b u s e s  ( i m p l y i n g  t h a t  one c o u r s e  was p a r t  o f  t h e

o t h e r ) .  ' (50  marks)

(b )  A s t r u c t u r e d  q u e s t i o n  p a p e r  de v o te d  m a in ly  to  t h e  3 .Y.G.  c o u r s e

m a t e r i a l .  T h i s  was l a r g e l y  a t e s t  o f  s u s t a i n e d  r e a s o n i n g  and 

a r g u m e n t ,  (lOG marks)

( c )  A d i s s e r t a t i o n  o f  a t  l e a s t  TOGO words b a s e d  on the  p r o j e c t  work.  

T h i s  aimed* t o  t e s t  s k i l l s  o f  w r i t t e n  p r e s e n t a t i o n  o f  p r i v a t e  work

(20 marks)

(d )  An o r a l  i n t e r v i e w  b a s e d  on the p r o j e c t  i n  which t h e  s >.udent 

c o u l d  " d e f e n d "  h i s  ’.work o r a l l y ,  f a c e  to  f a c e  v- i t  a a s t r i n g e r .

The s t u d e n t  was r e q u i r e d  to  j u s t i f y  a s s u m p t io n s  end c o u r s e s  o f  

a c t i o n :  t o  d i s p l a y  t h e  s p e c i a l i s t  knowledge he had g a i n e d  and

t o  i n t e r p r e t  c o n c l u s i o n s .  (20  max:.0 )

w  /
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V9 ) .9.-3!?— P.P...f .f i f r JQ"!- re^ords  fo r  c o n o l e t e n e s s , n r e o e n t a t i o n  and

q u a l i t y  o f  work. ( 10 nfiriC3)

( c ) ,  (d)  a d  ( e )  were examined "by v i s i t i n g  te ach  <-rs working on 

a f a i r l y  s p e c i f i c  m ark in r r r i d  (Appendix A3 . I 3 ) .

.-' rv  o n , '  p m  a t ,

In  June 1970 and ag a in  i n  June 1971 a su rv ey  was conducted on a l l  

5 .T .3 .  c a n d i d a t e s  i n  Sco t land  to see ho"' f a r  th e  course  was a c h i e v in g  

i t s  aims (Appendix p. A3 . 8 ) .  In  1971 & survey  mas male o f  a l l  J .Y .S . 

t e a c h e r s  to  o b t a i n  t h e i r  views (Chapter  4)* The a u t h o r ,  as P r i n c i p a l  

Examiner,  had a c c e s s  to  exam inat ion m a t e r i a l  which provided y e t  more 

e v i d e n c e .

The m a t e r i a l  f o r  t h i s  c h a p te r  has a l r e a d y  "been p u b l i sh e d  i n  t h r e e

17 18 ]. Qr e s o r t s  t o  S c o t t i s h  Educa tion  Department.  '

2  T3BIT3 '

The r e s u l t s  o f  t h e  1970 and 1971 p u p i l s ’ s u r v e y s  were t r e a t e d  

co 1 d r a t i v e  1 y t o  l o o k  f q r  any changes  which ^ao o c c u r r e d  a s  t h e  

t e a c h e r s ’ e x o e r i e n c e  o f  t h e  c o u r s e  had i n c r e a s e d .

! .  hE3?0:i3E

1970 -  766 m o i l s  (Boy:G i r l  -  4 : l )  (99-37^) from 123 . s choo ls

1 971 _ 850 p u p i l s  (B o y :G ir l  -  3*l)  (OO.Of') f rom 160 s c h o o l s

t a t i s t i c a l  pu rposes ,  t h i s  was a s;

/



I n  b o th  y e a r s  7 ^  of  the  s tu d e n t s  a l r e a d y  held -5 or  none ’H» 

m a de  p a s s e s  b e f o r e  be ' r inn iny  3.Y.3.  They,, t h e r e f o r e ,  had u n i v e r s i t y  

e n t r a n c e  q u a l i  f  i c a t i o n s  bu t  had chosen to r e p a i r  a t  school  f o r  an 

e x t r a  y e a r  ( p . 3 . 23 ) .

Come work vras done to  r e l a t e  the  q u a l i t y  and number o f  th e se  *T;M 

:-rade p a s s e s  to  a r e a s  o f  d i f f i c u l t y  ( p . 3 *13) and to  th e  t e r t i a r y  

c e n t r e s  f o r  vdiich th e y  had been accep ted  ( 0 . 3 . 2l ) .

3 . TACT0R3 AFFTOTIYO 0-10103 TO 3TTDY C.Y.3.  CHifhSTdY 

Q u e s t i o n n a i r e  -  Ques t ion 3*

" diy d id  you dec ide  to  s tudy  T. Y..3. Chemis try?”

P u p i l s  were /riven a l i s t  of  f a c t o r s  and asked to  choose one o r  

more 0 " t h e s e .  The r e s u l t s  a re  shown on a f requency graph ( Graph 

3 . l ) .  The ' r a in  f a c t o r  which //as chosen v/as "Because the  s u b j e c t  

( i . e .  ITI ! g rade  chem is t ry )  i s  i n t e r e s t i n g ” . All  the  o t h e r  f a c t o r s  

o b t a in e d  a s i m i l a r  re sponse  fo r1 th^  two y e a r s  with  one s i g n i f i c a n t  

e x c e p t i o n . The l y 7 0  s t u d e n t s  imagined t h a t  the 3 .Y.C. course  would 

”imorove t h e i r  chances  of  u n i v e r s i t y  e n t r a n c e ” bu t  by 1971 i d  had 

become a c c e p te d  by most s tu d e n t s  t h a t  T.Y.C. had l i t t l e  o r  n o th in g  

to dovvdth u n i v e r s i t y  e n t r a n c e .  however, in  an o th e r  ‘p a r t  o f  the  

su rvey .  0 . 3 . 6 ( a ) ,  2^ o f  th e  s tu d e n t s  had been o f f e r e d  u n i v e r s i t y  

e n t r a n c e  on c o n d i t i o n  t h a t  they  ob ta ined  a s u i t a b l e  s t a n d a r d  i n  C .Y . j .  

Th is  may be th e  e a r n e s t  o f  a chance m  u n i v e r s / t y  p o l i c y  con o ra ry  to  

th e  i d e a s  o f  C.Y. 3.

4 . in~byppTpy op TIIC COIR 3d

The Q u e s t i o n n a i r e  approached the n u o i l s '  views on t>*r> cou r se  i n

th r e e  /



- 3 . 6(a)  -

irA SOa/5 f o a

1 9 7 0

rv



bnree o t u ;.".'0 “ ( a & -.euer-al m p r o 33ion  (b)  d e t a i l e d  course  to ores

(c)  d e t a i l e d  co u r s e  conce p ts .

(a)  General  Im p re s s io n

Q ues t ion  4 -  ” Vhat has  been your r e a c t i o n  to  3.Y.G. Chemistry

as a w h o le ? "

A: l i s t  o f  p o s s i b i l i t i e s  was o f fe red  and o u o i l s  w e r r> i n v i t e d  to 

choose one o r  more of  t h e s e .  The r e s u l t s  a re  shown as a f requency  

graph (Oranh 3*2) .  1370 -  d o t t e d  l i n e ,  1971 -  f u l l  l i n e .  As might

be e x p ec ted  i n  a p u rp o s e ly  va.cue ques t ion  the vague answer ’’r e a s o n a b le  

predomina ted .

(^ ) d e a c t i o n  to  Course Tonics

T h i s  mart  o f  the  Q u es t io n n a i re  was designed to d e t e c t  any c o n t in u  

:ance  o f  th e  a r e a s  of  d i f f i c u l t y  noted in  th e  'O’ and ’ E' Grade course  

and t o  lo o k  f o r  new a r e a s .  I t  v/as a l s o  seekinrr  f o r  r e l a t i o n s h i p s  

between ’’d i f f i c u l t y ” and ’’boredom".

T A B L E  3. 1

/



- 3 . 7 (a)  -

EPlCilOrJ 'O S X S . CouftSc' A tOlfoLL'



-  3 . 0  -

T A B L E  J_._l

R e a c t io n  to  Cou r s e  Topics  (Table shows resoonse/lOO r e p l i e s )

In each c a s e  t h e r e  was a s n a i l  number ( l e s s  than 10^.) o f  no r e s p o n s e .

Easy Moderate D i f f i c u l t Boring

N e i t h e r
Sor ing
Nor
S t im u la t i n g

Stim
u l a t i n g

Th erao dyn am i  c s 27 55 15 19 59 15

Volumetr ic  
( i n c l .  redox) 26 53 16 31 50 10

S uec t roscopy 28 52 16 9 ' 37 46

Atomic S t r u c t u r e  
( o r b i t a l s ) 22 47 28 19 39 35

M olecu la r  Shape 23 48 25 20 53 19

Organic 13 54 27 17 42 33

t e s t  o f  Group IV 
( 3 i ,  Ge, Sn, Fb) 15 62 15 24 53 12

S o l u t i o n  Chemis try 26 50 21 23 50- 21

T r a n s i t i o n  Elements 16 55 20 15 45 31

T i l l ! 11310!' .

The t o n i c s  which ./ere f a i r l y  well  accepted  were rhorrr.odynainicoy 

Volumetr ic  work and S o lu t io n  Chemistry.  Table 3*2, p. 3.1-4 showed t h a t  

the  Mole was b e i n n  r a t e d  as easy .

This  chan r e  c o u l d  have a r i s e n  i n  two ray s - ( i )  otuden to

were r e n e r a l l v  the  cream o f  the  MI' grade s tu d e n t s .  ( i i )  Dor in/, the 

c o u r s e  t h e  mole was r e i n t r o d u c e d  i n  terms of  a q u a n t i t y  o f  e l e c t r o n s  

cacab le  /
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c a p a b l 8 o f  b r i n r i n a b o u *> a  m e a s u r e d  a m o u n t  o~" c h e m i c a l  c h a n t s . T h e  

s t u d e n t s  w e r e  n o w  a t  t h e  l e v e l  o f  m a t u r i t y  -which e n a b l e d  t h e n  t o  

a b s o r b  t h e  m o l e  c o n c e n t  r e a d i l y  w h e r e a s  t h e i r  1"* r r a d e  c o l l e a - u e s  

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

15  v/hen t h e y  w e r e  s c a r c e l y  r e a d y  f o r  i t .

I n  t h e  ' ' d i f f i c u l t ’’ c o l u m n  t h r e e  t o n i c s  w e r e  o u t s t a n d i n g :  A t o m i c

S t r u c t u r e  i n  t e r m s  o f  o r b i t a l s ,  h o l e c u l a r  S h a p e  ( O i l l e s n i e - d y h o l m )  

a n d  t h e  O r m a n i c .

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

a l k y l  h a l i d e s  a n d  C - r i g n a r d  r e a . r e n t s  b u t ,  d e s p i t e  t h e  n ew  t r e a t m e n t ,  

t h e  p o s s i b l e  i n s e c u r i t y  o f  t h e  p r e v i o u s  o r g a n i c  w o r k  a t  ' O '  a n d  ’ H 1 

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

b a s i c  t o  t h e  c o u r s e  a n d  t h i s  may h a v e  b e e n  t h e  l i n k  w h i c h  c a r r i e d  o v e r  

t h e  f e e l i n g  o f  d i f f i c u l t y .  A n o t h e r  p o s s i b l e  f a c t o r  w a s  t h a t  t e a c h e r s ,  

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

t h e  t r e a t m e n t .

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

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

c o n f l i c t s .

T h e  p u o i l s  h a d  b e e n  b r o u g h t  u p  w i t n  t h e  i d e a  o i  t h e  s p h e r i c a l  
%

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

f r o m  s p h e r i c a l .  ^ O r b i t a l s  s t i c k i n g  o u t  i n  v a r i o u s  d i r e c t i o n s  p r e -  

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

b a b i l i t y  a n d  o f  ’’c o n c r e t e "  s p a t i a l  a r r a n g e m e n t .  i t  w as  v e r y  

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

h i m  i n  b i s  t h o u g h t  t r a n s i t i o n  o r  a c c o m m o d a t i o n .  - ' i '  n,j f  w ’1riVR 

ma de  a  d i f f e r e n c e  i f  h e  h a d  b e e n  r e m i n d e d  t h a t  a n y  o b j e c t ,  n o  m a t t e r  

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

s p a c e ?

V h i l  e  J
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l i l e  t / i  e  .> ;,s w e r e  s t i l l  g r a p p ]  i n g  w i t h  t h e s e  p r o b l e m s  t h e y

.ve re  c o n f r o n t e d  . - i t h  y e t  tt.no t u e r • To t h e  n a t u r e  c h e m i s t  i t  may h e

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

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

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

T h e y  h a d  t o  m a k e  a  l e a p  f r o m  t h e  s ,  p ,  d o r b i t a l  s i t u a t i o n  t o  w h a t  i s ,

on
i n  e f f e c t ,  t h e  h y b r i d i s e d  s i t u a t i o n  o f  t h e  G i l l e s p i e - h y h o l m  ' t r e a t -  

: n e n t .  A l t h o u g h  t h e  w o r d  h y b r i d i s a t i o n  n a y  n o t  h a v e  b e e n  u s e d ,  t h e  

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

t h e .  t e t r a h e d r o n  o f  ’ r e a l i t y ’ .

I t  w o u l d  s e e m  t h a t  t h e  j u x t a p o s i t i o n  o f  t h e s e  two t o p i c s  i n  t h e  

s y l l a b u s  w a s  u n f o r t u n a t e  a n d  i t  w o u l d  h a v e  b e e n  b e t t e r  t o  h o l d  o v ^ r  

t h e  i d e a  o f  o r b i t a l s  u n t i l  j u s t  b e f o r e  t h e  T r a n s i t i o n  F e t a l  t o n i c  

w h e r e  t h e  ’ h y b r i d i s a t i o n *  c o n c e p t  w o u l d  h a v e  b e e n  u n n e c e s s a r y  a n d  

w h e r e  t h e  o r i e n t a t i o n  o f  d - o r b i t a l s  w o u l d  h a v e  b e e n  s e e n  t o  h a v e  

s om e  p o i n t  i n  a  u s e f u l  c o n t e x t .  O f  c o u r s e ,  t h e  s y l l a b u s  i s  n o t  a  

t e a c h i n g  o r d e r  b u t  t e a c h e r s  f r e q u e n t l y  t r e a t  i t  a s  s u c h .

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

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

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

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

h a s ' b e e n  r e l e a s e d  f r o m  i t s  t r a d i t i o n a l  s t r a i t j a c k e t  a n d  h a s  c a s t  o f f  

t h e  m y s t i c  o f  t h e  C a r n o t  c y c l e  t h a n k s  t o  c h e m i s t s  s u c h  a s  J .  n .

Cam o b e l i  a n d  C,  P o r t e r  ^ . i t  h a s  a t  l a s t  b e e n  s e e n  t o  b e  m e a n —

: i r e f u l  t o  t h e  c h e m i s t  a n d  t o  h a v e  p h i l o s o p h i c a l  i . n t e r e o t  o... fcxie k i n d  

e n j o y e d  b y  S i x t h  F o r m e r s  i n  o t h e r  d i s c i p l i n e s .  A n o t h e r  p o s s i b l e  

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

on pame 4 . 1 3 *

T h e  /
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The t r e a t s - 1  o f  s r e c t r o s c o j y  a t  an em pir ica l  l e v e l  a s  exem

p l i f i e d  i n  ”A Worksheet  I n t r o d u c t i o n  to  Ohrmical Spec t roscopy"  ^  

has been  v e i l  r e c e i v e d  by s tu d e n t s  v/ho found i t  no t  only  easy ,  b u t  

ve ry  s t i m u l a t i n g .  The approach was aimer! a t  mi vino* the  s tu d e n t  e v i -  

:dence  f o r  many o f  the  t h in g s  he had taken  on t r u s t  e a r l i e r  i n  h i s  

c o u r s e ,  such  as bonding  and s t r u c t u r e .  A ra r t  from t h i s  one case 

where ease  and s t i m u l a t i o n  come to g e th e r  t h e r e  ' i s  an i n t e r e s t i n g  l i n k  

be tween ' d i f f i c u l t ’ and ’s t i m u l a t i n g ’ (Graph 3*3)* Although the  

r e l a t i o n s h i p  i s  by no means p e r f e c t l y  l i n e a r  t h e r e  i s  a l i n k  between 

d i f f i c u l t y  and s t i m u l a t i o n , '  a c h a r a c t e r i s t i c  o f  a good course  which 

s t r e t c h e s  and s t i m u l a t e s  a t  the  same t ime.

GRAPH 3.5

/
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. j S'HS jV^D

( i )  TTumb°r o f  * T1 ~ rade masses h e l l

To o b t a i n  t h r e e  y ro u r s  o f  rouplilry equal  s i z e  f o r  compar ison

the  s t u d e n t s  were d iv i d e d  i n t o  th o s e  with

1 -  4 *II* vrade p a s s e s

5 '"rl yrade p a s s e s

more than 5 ,T1' yrade passes  

The r e a c t i o n  o f  each c roup to  th e  a r e a s  o f  t o p i c  d i f f i c u l t y  

was n o t e d ,  b u t  t h e  on ly  a r e a  where t h e r e  was any s i g n i f i c a n t  

d i f f e r e n c e  ( a t  l O f  l e v e l )  was the  Thermodynamics . Those 

w i th  fewer  ’II’ y rade  p as se s  r e p o r t e d  more d i f f i c u l t y  w i th  

t h i s  t o p i c .

( i i )  Q u a l i t y  o f  pass  i n  1TT' r r a d e  Maths ( i . e .  A, B o r  G)

The o n ly  a r e a  where th e  q u a l i t y  o f  t h e  Maths p a s s  made 

s i g n i f i c a n t  d i f f e r e n c e s  ( a t  th e  10f> l e v e l )  was i n  the  

V o l u m e t r i c . Th i s  was much a s  e x p e c te d .

( i i i ) Q u a l i t y  o f  nass  i n  1TT1 m a d e  F h y s ic s

No s i g n i f i c a n t  r e l a t i o n s h i p  was n o t e d  h e r e .
%

( i v )  Q u a l i t y  of  nass  in  ’ r~’ m a de  Chemist r y

Only one t o p i c  showed any s i g n i f i c a n t  chance w i th  ,TI ’ r r a d e  

nas s  q u a l i t y :  T:o l e c u l a r  Ghape ( a t  b e t t e r  th a n  10f.> l e v e l ) .

I t  cou ld  o n ly  be concluded  t h a t  n e i t h e r  th e  number n o r  q u a l i t y  o f  

p r e v io u s  ’ *' * m a d e  pas es had any im p o r t a n t  b e a r in ' ?  upon the  r e p o r t e d  

■eaotdons to  t h e  course ,  t o p i c s .
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( c )  R e a c t io n  to  Course Roncent3

T A B  L S 5.2

(T a b le  shows r e sp o n ses / lO O  r e p l i e s  -  1970 r e s u l t s  a r e  i n  b r a c k e t s )

,------------------------------------ -----------

Casy
Ora

to
30

D i f f i c u l t  
to  Grasp

'■lever
Grasped

Never
T a u rh t

F ree  Cner.ry cd'anre (^C) 63 ( 61 ) 31 (35) 4 (4 ) 0

Cntrony chanpe (Ad) 71 (53) 25 (28) 3 (3 ) 0

The F o i e 00 (32) 15 (16) 1 (2) 2

A b s o r p t io n  S p e c t r a 6 6 . (68) 28 (28) 4 (4) 1

O r b i t a l s  r e l a t e d  to  
P e r i o d i c  T ab le 31 (55) 39 (42) 8 (5 ) 1

3 1 and S„T2 R e a c t io n sN I'M 32 (38)' 48 (47) 16 (15) 3

G r iyna rd  R e a c t io n s 39 (42) 4? ( 44 ) 15 (14) 3

pH and b u f f e r s vn CO (60) 33 ( 34) 5 (6) 2

O r i r i n  o f  Colour 50 (59) 32 ( 32) hy (S) 11

O r b i t a l s  ( d e y e n e r a t e  
and s p l i t ) 41 (3?) 41 ( 48 ) 9 (15) 6

Paramayneti sm 52
--------

(60) 27 ( 31) 8 (9) 11

Ob s e r  •v a t  i  o n s
•

C o n s id e r i n g  t h a t  t h e s e  r e s u l t s  a r e  a s u b j e c t i v e  a s s e s sm e n t  o f  
t h e  c o n c e p t s  by th e  p u p i l s ,  the  agreement be tween 1970 and 1971 . 
r e s u l t s  i s  e x t r e m e l y  r:ood.

I t  a l s o  r i v e s  more weigh t  to  t h e  s u p p o s i t i o n  t h a t  t h e s e  r e s u l t s  
r e f l e c t  r e n u i n e  p un i l  r e a c t i o n  to  t h e s e  c o n c e p t s .

I n  t h i s  s e c t i o n  t h e  word * concep t  * has  be^n used  l o o s e l y  to  mean 

s u b - a r e a s  w i t h i n  th e  co ‘ro e  t o n i c s  which r e q u i r e d  new ways o... t h m L in / r  

r a t h e r  /
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r a t - e  t h a n  j u s t  e x t r a  knov; l«dc« i n  a f a - i l i a c  p a t t e r n .

The c o n c e p t s  o f  Free Yneryy and Cntropy wer^ v e i l  r e c e i v e d  and 

. t h i s  v-as s u b s t a n t i a t e d  by good s c o r e s  in  3 .Y .S .  e x a m in a t io n s  i n  b o th  

o b j e c t i v e  and I o n '1, q u e s t i o n s  (Appendix p. A3 . 15- I 0 ) .  T h i s  e f f e c t  

was n o t  j u s t  a s u p e r f i c i a l  knowledge,  b u t  s t u d e n t s  were a b l e  to  cone 

v.'ith p a r t s  o f  q u e s t i o n s  r e q u i r i n g  h i r h e r  a b i l i t i e s  i n  t h i n k i n n .

The c o ' c e o t  o f  th e  Mole seemed to be well e s t a b l i s h e d ,  %u t  3 . Y . 3 .  

q u e s t i o n s  <~oinm beyond an u n d e r s t a n d i n g  o f  the  v o le  i n t o  the o p e r a -  

: t t o v'3 o f  p r o p o r t i o n a l i t y  were s t i l l  b e i n r  b a d l y  done.  In  1970 o n ly  

one c a n d i d a t e  o u t  o f  the  250 c a n d i d a t e s  who a t t e m p te d  a f a i r l y  

s t r a i g h t f o r w a r d  c a l c u l a t i o n  po t  i t  c o r r e c t  ( 0 . A3.1?)* I’he o t h e r  

300 c a n d i d a t e s  d i d  n o t  even a t t e m p t  i t .  D im i la r ,  i f  n o t  q u i t e  such  

d i s a s t r o u s  r e s u l t s  have appea red  i n  o t h e r  3 . Y . 3 .  p a p e r s .

The mo3 t t roub lesom e  co n ce p ts  were Ormanic fo l l o w e d  c l o s e l y  by 

the  i d e a s  o f  D egenera te  and S p l i t  O r b i t a l s  as  p a r t  o f  a s im ple  

C r y s t a l  F i e l d  t r e a t m e n t .  I n v e s t i g a t i o n s  c a r r i e d  ou t  by t h e  a u t h o r  

and J . .  McGuire i n d i c a t e d  t h a t  many t e a c h e r s  d id  n o t  c l e a r l y  u n d e r 

s t a n d  t h i s  m a t e r i a l  them se lves  and w e r e  t ry ing:  to  t e a c h  i t  w i t h o u t

m ode ls .  Th is  orompted the  d e s i g n  o f  the  ' d ! o r b i t a l  model d e s c r i b e d

21i n  J .  Ohem. 3duc .  ~ by which th e  concen ts  o f  demeneracy and s p l i t t i n g  

c o u ld  be r e a d i l y  t a u n h t .
25

McGuire , i n  a su rvey  o f  p r a c t i c a l  work done i n  s c h o o l s  , n o t e d  

t h a t  i n  th e  a r e a s  where th e  n r e s c r i b e d  p r a c t i c a l  work was b e i n g  

skimped o r  o m i t t e d ,  the  s t u d e n t s  f a r e d  b a d l y  i n  the same a r e a s  i n  th e  

w r i t t e n  e x a m i n a t i o n s ,  and the  same s t u d e n t s  r e p o r t e d  t h e  t o p i c  t o  be  

d i f f i c u l t  i n  t h i s  s u rv ey .

> --T ! n r  f . ' ~  1-rTT) /J J i t i  _> X i  /



The c rouos  were dec ided  (as  d e s c r i b e d  on o. 3*13) namely 

t h o s e  v i t h :

1 - 4  1TI 1 grade  p as s e s

5 h i '  grade p a s s e s

more th a n  5 1 M1 g rade  p a s s e s

The r e a c t i o n  o f  each group to  th e  a r e a s  o f  co n ce p t  d i f f i 

c u l t y  was no ted ,  hu t  t h e r e  were  no s i g n i f i c a n t  d i f f e r e n c e s ,

(b )  d u a l i t y  o f  nass i n  'IT' grade  Maths ( i . e .  A, 3 o f '  0) '

The q u a l i t y  o f  maths pass  made no s i g n i f i c a n t  d i f f e r e n c e  

to  t h e  r e a c t i o n  o f  c a n d i d a t e s  to  concep t  d i f f i c u l t i e s .

( ° )  Q u a l i t y  o f  nass  in  t ~-7' m a d e  P h y s ic s  ( i . e .  A, 3 o r  C)

The o n ly  n o t a b l e  d i f f e r e n c e  h e r e  7as t h a t  th e  b e t t e r  the  

p h y s i c s  p a s s ,  t h e  more ea s y  was the  h o l e  concep t  r e p o r t e d  

to  b e .

(d )  Q u a l i t y  o f  pass  i n  'H'  r r a d e  Che.,.is t r y  ( i . e .  A, B o r  0)

There was a s i g n i f i c a n t  ( b e t t e r  t h a n  10f* l e v e l )  d i r e c t  

c o n n e c t i o n  between A, 3 and C p a s s e s  in. 'H'  m a d e  Chem is try  

a n d , t h e  ease w i th  which the  f o l l o w i n g  co n c e p t s  were 

g rasped

The Mole,  O r b i t a l s  r e l a t e d  to  t h e  P e r i o d i c  T a b le ,  0^1 and 

S^2 r e a c t i o n s  and the  r e a c t i o n s  o f  Gr ignard  R eage n ts .

C o n s i d e r i n g  t h e  t r a d i t i o n a l  connec t ion  between P h y s i c s  and 

s t r y ,  t h e r e  was l i t t l e  ev idence  i n  t h i s  su rv ey  to  s u g g e s t  t h a t
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a rroc k n o a l e ~ e  o f  i h y s i c s  rave the  s t u d e n t s  any a d v a n t a g e .

5. PROJECT M'RK

The XJrojeot //as b u i l t  i n  as a compulsory p a r t  o f  t h e  c o u r s e  w i th  

t h e  e x p r e s s  purpose  o f  h e l p i n g  p u p i l s  to  d ev e lo p  i n  m a t u r i t y  and s e l f -  

r e l i a n c e  as w e l l  as  r i v i n y  them an o p p o r t u n i t y  f o r  a s t u d y  i n  d e p t h  

o f  a t o p i c  o f  t ^ e i r  own i n t e r e s t .

I n  t h e  t e a c h e r s '  survey  (C hap te r  4> P* 4*17) was n o te d  t h a t  

the  c h o ic e  o f  p r o j e c t  was s u b s t a n t i a l  l y  b u t  n o t  e n t i r e l y  t h a t  o f  th e  

p u p i l s .

T A B L E  5. 3

1--------------------------------------------------------------------------------------------------------

Method o f  Choice o f  Schools

E n t i r e l y  by p u p i l s 11

M ain ly  by p u p i l s 50

• Main ly  by t e a c h e r  
:-------------------------------------------------------------------------------------------------------

30

The p r o j e c t s  were n o t  meant to  bo minor  o r i g i n a l  r e s e a r c h  t o p i c s ,

b u t  t h e y  were t o  be o r i g i n a l  t o  t h e  p u p i l .  Come o f  them have been

r e a l l y  o r i g i n a l  b u t  t h e s e  have been  th e  e x c e p t i o n .  L i s t s  o f  t o p i c s
o f

have been  oroduced  *° and many o f  them have been  p u b l i s h e d ,  i n

. 2 7a b s t r a c t ,  i n  v a r i o u s  i s s u e s  o f  " S a t i s  ■’ . A c a r d  i n d e x  o f  a l l

p r o j e c t s  i s  to  be  e s t a b l i s h e d  a t  the n a t i o n a l  Curr icu lum Development 

C en t re  i n  Dundee so t h a t  t e a c h e r s  can have a c c e s s  to  i d e a s  and d e t a i l s  

o f  equ ipment and r e a , r e n t s  r e q u i r e d . S ince  o . l . J .  Chem is try  becran, 

abou t  JGGG p r o j e c t s  have been a t t e m p te d .

To /
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o o b t a i n  some i n f o r m a t i o n  about  t h e  o u p i l s 1 a t t i t u d e s  to  p r o j e c t s ,  

t he y  :/ere  " ive: i  a num:> or o f  s t a t e m e n t s  made by s t u d e n t s  i n  p r e v i o u s  

y a a r s  and t h e n  asked t o  aa re e  o r  d i s a g r e e  v i t h  them. The 1971 r e s u l t s  

axe r i v e n  i n  Tahle  5 .4  v/i th t i e  I 97O r e s u l t s  i n  b r a c k e t s .

T A 3 L h A

f .......—............... .....................
S ta t e m e n t s

•
Agree h i  3 a.nr ee

•Taste o f  t im e

V a luab le  e x p e r i e n c e

An e a s y  o p t i o n  to  c la ssw ork

7 (5 ) P  

92 (86) 

J !  (38)

93 ( 9 5 Y< 

8 ( 1 4 )  

69 (6 5 )

hade me more in d e p e n d e n t

hade me use  hooks a l o t

Gave me i n s i g h t  i n t o  r e a l  c h e m is t ry

82 (85) 

54 (45) 

51 (44)

18 ( 1 5 ) 

45 (55 )  

49 ( 2 6 )

An i n e f f i c i e n t  way o f  l e a r n i n g  

Enabled  me to  see  o t h e r  chem is ts  a t  work 

In v o lv e d  me i n  too  advanced i d e a s

24 ( 38 ) 

24 (24) 

15 ( 1 2 )

76 ( 84 ) 

76 (75 )

85 (38 )

Got a r e a l  k i c k  o u t  o f  i t  

hade me f r u s t r a t e d

L e f t  to o  much on my own w i th o u t  h e l p

44 (39) 

38 (34)  

11 (9 )

56 ( S i )  

62 ( 6 8 )  

89 (9 1 )

Too few marks devo ted  to i t  

Too l i t t l e  t ime devo ted  to  i t

64

37 (51)  ,

38 -  

43 ( 4 ? )

There  v/as mood ar*reeinent "between the  two s e t s  01 s u o . j e c t i v o  

r e s u l t s  " k i c h  s u g g e s te d  t h a t  th e y  were g e n u i n e ,

The s t u d e n t s  were me Tie r a l l y  wel l  d i sp o sed  to  nx*o,j e c t  s d e s p i t e  

the  f a c t  t h a t  most o f  t h e n  had encoun te red  th e  f r u s t r a t i o n s  common 

to a l l  r e a l  s c i e n t i f i c  i n v e s t i g a t i o n .  They were c e r t a i n l y  aware o f  

an i n c r e a s e  i n  independence  a l th o u g h  they  knew oiist h e l p  v/aa a v a i l a b l e

^  /
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i f  "ui r e l .  .(’hen p r o j e c t s  vv^re f i r s t  mooted i t  was f e a r e d  t h a t  

p u p i l s  nip-'- t  oe overwhelmed >/ith advanced i d e a s  h u t  t h i s  f e a r  seemed 

to  he  p r o u ^ d l e s s ,

There h o 3 "been e x c e l l e n t  c o - o p e r a t i o n  from t e r t i a r y  c e n t r e s  and 

from i n d u s t r y  i n  p r o j e c t s .  P u p i l s  have been encouraged t o  v i s i t  

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

c o n s u l t  l i b r a r i e s .  F r e q u e n t l y  due to  y e o g r a p h i c a l  d i f f i c u l t i e s  

t h e s e  c o n t a c t s  have had to  be r e s t r i c t e d  t o  co r re s p o n d en ce  o r  to  

t e l e p h o n e  c o n v e r s a t i o n s , hence th e  low ayr~-ement 'with the  s t a t e m e n t  

" e n a b le d  me to  see  o t h e r  chem is t s  a t  work",  b u t  even t h i s  was a 

v a l u a b l e  l e a r n i n g  e x p e r i e n c e .

Prom t h e  a u t h o r ’ s o b s e r v a t i o n s  o f  10G J . Y . 3 .  c a n d i d a t e s  i n  t h e  

H i r h School  o f  S t i r l i n g  and e l sew here  th e  p r o j e c t  work has  l i t e r a l l y  

h e l p e d  t o  c o n v e r t  schoolboys  i n t o  s t u d e n t s .  H e s i t a n t  youn.m p e o p le  

3 t a r t  inn* a p r o j e c t  have ended u;o as c o n f i d e n t  youny men a b l e  to  a rnue  

a mood cas*  w i t h  a d u l t  c h e m i s t s . This  pro-vth i n  m a t u r i t y  was d i f f i 

c u l t  t o  q u a n t i f y ,  h u t  i t  war- none th e  l e s s  r e a l .

I n  ab o u t  5$  o f  the '  c a s e s  observed  the  p r o j e c t  had an a d v e r s e  

e f f e c t .  Go me s t u d e n t s  were com p le te ly  unmoved hv t h e  p r o j e c t  and 

seemed to  be b e r e f t  o f  any i n i t i a t i v e  o r  i m a g i n a t i o n .  The more t h e i r  

n e i g h b o u r s  o r o ^ r e s s e d  the  ’"ore withdra-r r  t h e y  became. I n  eac h  c a s e  

t h e s e  were s t u d e n t s  who f u r t h e r  down the  s choo l  had been  d u l l ,  c o l o u r — 

: l e s s  c h a r a c t e r s  who had succeeded i n  n a s s i n y  *11* * r s d e  c i i e n r s t r y  a t  

3 y r a i e . Th i s  uii.okt be ta ken  to  i n d i c a t e  a p e r s o n a l !  i»y e f f e c t  

r a t h e r  t h a n  an i n t e l l e c t u a l  one.

o . i1R } _,d FLAK G

The o p p o r t u n i t y  v/as t a ken  to  e n q u i re  i n t o  th e  c a r e e r  p l a n s  o f  

s t u d e n t s .  /
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s t u d e n t s .

Th i s  v/as done i n  f o u r  s t a g e s  s i n c e  . i t  v/as r s c o m l s e d  t h a t  many 

s t u d e n t s  a t  ane 18 have on ly  va~ue id ^ a s  o f  t h e i r  f u t u r e  i n t e n t i o n s .  . 

The c l e a r l y  f a c t u a l  i n f o r m a t i o n ,  such as which u n i v o r s i  tv  had a c c e p te d  

them, v/as s e p a r a t e d  .from t h e i r  ’’hones and a s p i r a t i o n s ” .

( a )  Q u e s t i o n n a i r e ,  Q u e s t io n  8.

"That  c a r e e r  do you have i n  mind?”

T A B L E  3. 5

M ed ic ine ,  D e n t i s t r y ,  Vet . 18.956

E duca t ion 5- 356

R esea rch 3 . 3 5 6

I n d u s t r y 2.&f,

Pure  s c i e n c e s 1 7 . 4 5 6

Sn y ine e  r  i  n g 1 2 . 7 5 / -

Pharmacy 2.&p

B io c h e m i s t r y A Q>c' J • ; r

Bon’t  knows 3 2 .  S p

As e x p e c t e d ,  t h e r e  was a l a  r y e  p r o p o r t i o n  o f  ’’d o n ’ t  knows” . About 

oOfy o f  th e  s t u d e n t s  had chosen c a r e e r s  which would i n v o l v e  them in  a 

f u r t h e r  s t u d y  o f  c h e m i s t r y  f o r  a t  l e a s t  one y e a r .  In  th e  1970 s u rv e y  

t h e r e  were s t u d e n t s  i n t e n d i n y  t o  r e a d  a r t s ,  mus ic ,  law and d i v i n i t y  

( a b o u t  6f •), I t  was e n c o u r a y in y  to f i n d  t h a t  s t u d e n t s  were p r e p a re d  

t o  t a k e  the  3 .Y.3 .  c h e m is t r y  co u r s e  a l t h o u g h  i t  was n o t  r e q u i r e d  f o r  

c a r e e r  /
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c a r e e r  p u r p o s e s . Th is  7;as a c o n t i n u a t i o n  o f  a t r e n d  o b s e r v e d  i n  

Chant >;'-r 1,  o . 1 , 1 2 .

(b)  "Tor .vhat form o f  f u r t h e r  e d u c e t i o n  ^avs  you a p p l i e d ? ”

T A I L ]  3 .6

U n i v e r s i t y 95 .1 #

C ol leye  o f Educa t ion 0.6?'

C olleye  o f Technology 0 . 3 ^

I n d u s t r i a l T r a i n i n g O . l y

O the rs 2 . 3 ^

( c )  "To which u n i v e r s i t y  have you a p p l i e d ? 11

The o n p o r t u n i t y  was taken  to r e l a t e  the  q u a l i f i c a t i o n s  o f  

s t u d e n t s  to  th e  u n i v e r s i t y  o f  t h e i r  c h o i c e .  The r e s u l t s  

a p p e a r  i n  Tab le 3*7»

T A h L 5 3 .7

/
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I n  t h e  r o w  o f  t o t a l  3  t h e  n u n t p r - 3  i n  o r a c h e t s  / / e r e  t h e  o e r c e n t a  

o f  a l l  1. Y . 3 .  s t u d e n t s  v.ho h a l  a p p l i e d  t o  e a c h  u n i v  u r s i t y . T h e  l o  

c o l u m n  u n d e r  e a c h  u n i v e r s i t y  v /as  t h e  a b s o l u t e  n u m b e r  v/ho h a d  a n o l i e  

w h i l e  t h e  r i " h t  c o l u m n  v-as t ^ e  r o r c e n t a r e  o f  t h a t  u n i v e i * 3 i t y ’ s  " i n t  

h a v i n c  t h a t  n u m b e r  o f  ’ ' I 1 ~ r a d e  p a s s e s .

The d i s t r i b u t i o n  o f  s t u d e n t  q u a l i f i c a t i o n s  v/as a b o u t  t h e  same 

a l l  f o u r  a n c i e n t  u n i v e r s i t i e s  ( 01 as/row, I d i n b u r r h , 3 t . Andrews and 

A berdeen)  w i t h  70w o f  t h e  s t u d e n t s  h a v i n ~  a t  l e a s t  5 f r a d e  p a s s

The 1y o u r r e r ’ u n i v ' r s i t i e s  had a s l i g h t l y  p o o r e r  i n t a k e .

Few s t u d e n t s  p l a n n e d  t o  ’e m i g r a t e ’ t o  o t h e r  u n i v e r s i t i e s  o u t  s i  

S c o t l a n d .

( d )  Yfha t  form o r a c c e p t a n c e  have  you  had f ro m  y o u r  f u r t h e r  

e d u c a t i o n  c e n t r e ? ”

T A 3  h F 3 . 8

F i rm 7 3 . 5 ^

P r o v i s i o n a l 1 3 . 0 ^  ( 2 y  3 . Y . 3 . )

Hone as  y e t 1 . Cfy

F o t  a p p l i e d 0 CIC’ *- • J/

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

w e re  s t u d y i n g  3 . Y . 1. c h e m i s t r y  f o r  i t s  own sake and n o t  f o r  any 

a d v a n t a g e  i t  mi.yht rt ive f o r  u n i v e r s i t y  e n t r a n c e .

pt
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JbTKAlY /
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From t h e  p u o i l 13 p o i n t  o f  view t h e  ‘j . Y . 1 .  c1' e n i s  t r y  c o u r s e  seems 

t o  he  f a i r l y  s a t i s f a c t o r y .  I t  i s  p r o v i d i n g  them ' ri t h  c h a l l e n g i - w -  

and s t i m u l a t i n g  m a t e r i a l  v : i t h in  a- f ram ew ork  where t h e r e  i s  f r e e d o m  t o  

e x p l o r e ,  t o  q u e s t i o n  and t o  a c c e n t  r e s p o n s i b i l i t y .

The c o u r s e  t o p i c s  an' -1 c o n c e n t s  a r e  n o t  t h e  o n l y  o n ° s , n o r  a r e  

t h e y  n e c e s s a r i l y  t h e  b e s t  ones  t o  a c h i e v e  t h e  aims o f  t h e  c o u r s e .

F u r t h e r  v/ork r i l l  he  needed  i n  t h i s  a r e a  t o  d e c i d e  i f  any o f  t h e  t o p i c s  

n e e d  t o  he  r e p l a c e d .

The p r o j e c t  work i s  an i n v a l u a b l e  p a r t  o f  t h e  c o u r s e  i n  p r o v i d i n g  

a means o f  a c h i e v i n g  t h e  a im s  s e t  o u t  f o r  a l l  : J .Y .3 .  work .

T h e r e  a r e  p rob le m s  i n  t h e  c o u r s e ,  p a r t i c u l a r l y  t h o s e  o f  a s s e s s m e n t .  

T h e s e  w i l l  he  d e a l t  w i t h  i n  t h e  n e x t  c h a p t e r .
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NrTY SCOTTISH Hhr'IUATICU

C e r t i f i c a t e  o f  d i x t h  Year  S t u d i e s

The S e c r e t a r y  o f  S t a t e  f o r  S c o t l a n d ,  T ' r . 'Y i l l i a ia  l o s s ,  U .P .  h a s  
a c c e p t e d  t h e  a d v i c e  o f  t h e  S c o t t i s h  C e r t i f i c a t e  o f  e d u c a t i o n  C x a n in a -  
: t i o n  B oard  t h a t  an e x a m i n a t i o n  d e s i r e d  f o r  s i x t h  y e a r  o u o i l s  o f  
S c o t t i s h  s e c o n d a r y  s c h o o l s  s h o u ld  be i n t r o d u c e d .  The e x a m i n a t i o n  i s  
i ' -»tended f o r  n u n i l s  o f  a f a i r l y  wide r a n g e  o f  a b i l i t y  and w i l l  c a t e r  
f o r  more ‘p r a c t i c a l  and a e s t h e t i c  as  w e l l  a s  f o r  c o r e  a c ad e m ic  i n t e r e s t s .  
F u s i l s  who have  o u r s u e d  a s i x t h  y e a r  o f  s t u d i e s  and t a k e n  t h e  e x a m in a -  
: t i o n ,  w h ich  w i l l  b e g i n  i n  a l i m i t e d  r a n g e  o f  s u b j e c t s  i n  IToS ,  w i l l  
be  a w a rded  a ’’C e r t i f i c a t e  o f  l i x t h  Year  . S t u d i e s ’’, i n d i c a t i n g  t h e  s t a n -  
: d a r d  r e a c h e d  i n  e a c h  s u b j e c t .

The aim o f  t h i s  new e x a m i n a t i o n  i s  t o  g i v e  d i r e c t i o n  and p u r p o s e  
t o  s i x t h  y e a r  work by e n c o u r a g i n g  n u n i l s  who have  c o m p l e t e d  t h e i r  main 
s u b j e c t s  a t  t h e  H i g h e r  g r a d e  t o  engage  i n  i n d e p e n d e n t  s t u d y  i n  d e p t h  
o f  a  p a r t i c u l a r  s u b j e c t .  The e x a m i n a t i o n  -will  n o t  b e  marked  on a 
P a s s / f a i l  b a s i s ,  b u t  i n s t e a d  "Yanks” o f  a t t a i n m e n t  w i l l  b e  aw arded ,  
e a c h  c o v e r i n g  a r a n g e  o f  m ark s .  The e x p e c t a t i o n  i s  t h a t  c a n d i d a t e s
w i l l  n o t  b e  p r e s e n t e d  f o r  t h e  e x a m i n a t i o n  i n  mo-.'9 t h a n  two o r  t h r e e
s u b j e c t s ,  and t h e r e  s h o u l d  be no r e a s o n  v/hy a p u p i l  s h o u l d  n o t  e n t e r  
i n  o n l y  one s u b j e c t .  As i t s  t i t l e  s u g g e s t s  t h e  e x a m i n a t i o n  w i l l  be  
open  o n l y  t o  o u o i l s  vdio a r e  p u r s u i n g  a c o u r s e  o f  s i x t h  y e a r  s t u d i e s  
i n  a s e c o n d a r y  s c h o o l .

F o r  t h e  f i r s t  y e a r  t h e  e x a m i n a t i o n  w i l l  be h e l d  i n  s i x  s u b j e c t s  -  
A r t ,  Commerce, F n g L i s h ,  F r e n c h ,  G eog raphy , P h y s i c s . s y l l a b u s e s  and 
s p e c i m e n  p a g e r s  i n  t h e s e  sub s e c t s  w i l l  be  i s s u e d  s h o r t l y .  In  
s u c c e e d i n g  y e a r s  t h e  r a n g e  o f  s u b j e c t s  w i l l  be w id e n e d ,  a c c o r d i n g  t o  
t h e  e m e r g in g  n e e d s  o f  t h e  s c h o o l s .

The S e c r e t a r y  o f  d t a t e  h a s  asked  t h e  Boa rd  t o  make i t  c l e a r  t h a t
t h e  new C e r t i f i c a t e  i s  i n t e n d e d ,  b0 t h  by i t s  c h a r a c t e r  and by t h e  c o n -  
: l i t i o n s  o f  i t s  aw ard ,  t o  s u p p l e m e n t , ' m t  t o  r e p l a c e ,  t h e  e x i s t i n g  
C e r t i f i c a t e s .  I n  p a r t i c u l a r  t h e  a d d i t i o n a l  e x a m i n a t i o n  i n v o l v e d  i s  
i n  no way an a l t e r n a t i v e  t o  t h e  H ig h e r  g r a d e  e x a m i n a t i o n :  n o r  h a s
t h e  new C e r t i f i c a t e  be e n  i n t r o d u c e d  vri t h  t h e  i n t e n t i o n  t h a t  i t  s h o u l d  
come t o  he r e g a r d e d  e i t h e r  by t h e  U n i v e r s i t i e s  o r  by  t h e  n r o f e s s i o n s  
a s  a f o r m a l  r e q u i r e m e n t  f o r  e n t r a n c e .



c c t iy c s  in  ^0:1 »o‘ a c i  »t{« cpaccs  and O. l .O,

F u o i l s  s h o u l d  a c q u i r e  -

( a )  Knovv-ledge o f  v a r i o u s  symbols  u s e d  by c h e m i s t s ,  ( c )

( b )  Comprehens ion o f  t h e  u se  o f  symbols  by  c h e m i s t s  i n  f o r m u l a e  
and e q u a t i o n s .  ( 0 )

( c )  A b i l i t y  t o  a p p l y  knovfled me and c o m p r e h e n s i o n  o f  c h e m i c a l  
symbols  i n  t h e  w r i t i n g  o f  f o r m u la e  and e q u a t i o n s .  ( 0 )

( a )  Enov/ledme o f  q u a n t i t a t i v e  r e l a t i o n  s h i n s  in. c h e m i s t r y .  (C)

( b )  F a c i l i t y  i n  u s i n g  a v a r i e t y  o f  s t a n d a r d  m e thods  i n  c h e m i c a l  
a r i t h m e t i c ,  (o)

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

( a )  Knowledge o f  s y s t e m a t i c  n o m e n c l a t u r e  a p p l i e d  t o  some c h e m i c a l  
s p e c i e s ,  ( c )

( b )  Com prehens ion  o f  t h e  p r i n c i p l e s  u n d e r l y i n g  s y s t e m a t i c  nom en-  
i c l a t u r e  as  a p p l i e d  t o  c h e m ic a l  s p e c i e s .  ( 0 )

( c )  A b i l i t y  t o  amply s y s t e m a t i c  c h e m i c a l  n o m e n c l a t u r e  t o  t h e  
naming  o f  v a r i o u s  s p e c i e s  b o t h  known and unknown. (H)

( a )  Knowledge o f  f u n d a m e n t a l  c o n c e n t s  c o n t a i n e d  i n  the  s y l l a b u s .  ( 0 )

( b )  C om prehens ion  o f  t h e  f u n d a m e n ta l  c o n c e p t s  c o n t a i n e d  i n  t h e  
s y l l a b u s ,  (c)

( c )  A b i l i t y  t o  a p p l y  f u n d a m e n t a l  c o n c e p t s  c o n t a i n e d  i n  t h e  
s y l l a b u s .  (O)

( a )  Knowledge o f  t h e  c h e m i s t r y  o f  c e r t a i n  e l e m e n t s  and  t h e i r  
s i m o l e  compounds . (o )

( b )  Com prehens ion  o f  the  p r i n c i p l e s  u n d e r l y i n g  t h e  c h e m i s t r y  
o f  c e r t a i n  e l e m e n t s  and t h e i r  compounds,  ( o )

( c )  A b i l i t y  t o  a p p l y  knowledge  and c o m p r e h e n s io n  o f  t h e  c h e m i s t r y
o f  t h e  e l e m e n t s  and t h e i r  compounds i n  a r a n e e  o f  s i t u a t i o n s .

(H)
( a )  Knowledge o f  a v a r i e t y  o f  methods  o f  e f f e c t i n g  c h e m i c a l  

c h a n g e .  ( 0 )

(b )  A b i l i t y  t o  a p p l y  methods  o f  e f f e c t i n g  c h e m i c a l  c h a n g e s  i n  
new s i t u a t i o n s ,  (o )

/



( . . )  knowledge  o f  t h e  c h e m i s t r y  o f  some i n d u s t r i a l  p r o c e s s e s ,  ( o )

("b) Uonorehens ‘.on o f  t h e  c h e m i s t r y  o f  s ome i n d u s t r i a l  n r o -
: c e s s e s ,  ( o )

( c )  . a b i l i t y  t o  a c p l y  t h e  knowLed^e and u n d e r s t : . r i d i n g  o f  t h e
c h e m i s t r y  o f  v a r i o u s  i n d u s t r i a l  p r o c e s s e s  i n  new s i t u a t i o n s .

(H)
( a )  Knowledge o f  t h e  e f f e c t s  o f  c h e m i c a l s  on e v e r y d a y  l i f e .  ( 0 )

( b )  Oomnrehens io ’'’ o f  t h e  e f f e c t s  o f  c h e m i c a l s  on e v e r y d a y
l i f e .  (C)

( c )  A b i l i t y  t o  a p p l y  t h e  knowledge  and c o m p r e h e n s i o n  o f  t h e  
e f f e c t s  o f  c h e m i c a l s  on e v e r y d a y  l i f e  t o  new s i t u a t i o n s . ( 0 )

( a )  Knovrled.ce o f  t h e  c h e m i s t 1 s a b i l i t y  t o  p r o d u c e  new c o n n o u n d s .

( b )  Com prehens ion  o f  t h e  r e l a t i o n s h i p  b e tw e e n  s t r u c t u r e  and  
p r o p e r t i e s  o f  v a r i o u s  c h e m ic a l  s u b s t a n c e s ,  ( o )

( a )  Knowledge t h a t  a p p r o p r i a t e  i n f o r m a t i o n  can  be o b t a i n e d  from 
a r a n g e  o f  s o u r c e s ,  (o)

( b )  A b i l i t y  t o  f i n d  v a r i o u s  t y p e s  o f  i n f o r m a t i o n  from a r a n g e  
o f  s o u r c e s .  ( 0 )

( a )  Knowledge o f  c h e m i c a l  c l a s s i f i c a t i o n s .  ( 0 )

( b )  Com prehens ion  o f  c h e m i c a l  c l a s s i f i c a t i o n .  ( 0 )

( c )  A b i l i t y  t o  c l a s s i f y  c h e m i c a l  i n f o r m a t i o n  i n  v a r i o u s  ways ,  ( o )

( a )  Knowledge o f  m ethods  o f  c l a s s i f y i n g  c h e m i c a l  i n f o r m a t i o n .  ( l l )

(b )  Com prehens ion  o f  m ethods  o f  c l a s s i f y i n g  c h e m i c a l  i n f o r m a -  
: t i o n .  (H)

( a )  Knowledge o f  l i m i t a t i o n s  o f  p r e c i s i o n  i n v o l v e d  i n  p h y s i c a l  
m e a s u r e m e n t .  ( 0 )

( b )  C om prehens ion  o f  r e a s o n s  f o r  l i m i t a t i o n  o f  p r e c i s i o n .  ( 0 )

( c )  A b i l i t y  t o  a p p l y  a knowledge  o f  t h e  l i m i t a t i o n s  on a c c u r a c y  
c r e a t e d  i n  p h y s i c a l  m easu rem en t  where  a r a n g e  o f  p r e c i s i o n  
l e v e l s  a p p l y ,  (h )

( a )  Knowledge o f  l a b o r a t o r y  equ ip m e n t  and t e c h n i q u e s  s u f f i c i e n t  
t o  e n a b l e  t h e  e x p e r i m e n t a l  p r o c e d u r e s  t o  be c a r r i e d  o u t  
a d e q u a t e l y ,  (o)

( b )  Com p r e h e n s i o n  o f  l a b o r a t o r y  t e c h n i q u e s  s u f f i c i e n t  to  e n a e l e  
e x o e r i n e n t a l  p r o c e d u r e s  t o  *<e c a r r i e d  o u t  ar’ equ  fcaly.  ( 0 )

(o) /
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( c )  A b i l i t y  t o  s e l e c t  r e l e v a n t  t e c h n i q u e s  t o  e n a b l e  e x p e r i m e n t a l
p r o c e d u r e s  t o  be  c a r r i e d  o u t .  ( o )

( a )  Knowled.ye o f  a p p r o p r i a t e  s a f e t y  r e g u l a t i o n s  t o  bo o b s e r v e d  
i n  t h e  l a b o r a t o r y ,  (o )

( b) Oomr-r e h e n s i o n  o r  the  r e a s o n s  u n d e r l y i n r  s a f e t y  r e g u l a t i o n s  . 
i n  t h e  l a b o r a t o r y ,  (o)

A b i l i t y  t o  comprehend. m i t t e n  and o r a l  i n s t r u c t i o n s ,  ( o )

A b i l i t y  t o  r e c o r d  and p r e s e n t  i n f o r m a t i o n  i n  v a r i o u s  v/ays 
i n c l u d i n g  r r a n b i c a l  and d i a g r a m m a t i c  r e p r e s e n t a t i o n  a s  y e l l  
a s  w r i t t e n  s t a t e m e n t s ,  (o )

A b i l i t y  t o  f o l l o w  a r y u n e n t s  a b o u t  c h e m i c a l  i d e a s .  ( 0 )

A b i l i t y  t o  c r i t i c i s e  a r r u m e n t s  a b o u t  c h e m i c a l  i d e a s ,  ( h )

A b i l i t y  t o  c o n s i d e r  e x p e r i m e n t a l  e v i d e n c e  i n  t e rm s  o f  two 
and t h r e e  d i m e n s i o n a l  p h y s i c a l  m o d e l s .  (0 )

A b i l i t y  t o  u s e  e x p e r i m e n t a l  e v i d e n c e  t o  f o r m u l a t e  h y p o t h e s e s  
and c o n c e p t u a l  mode1 s .  ( c )

A b i l i t y  t o  d e s i g n  e x p e r i m e n t s  t o  c h e ck  p r e d i c t i o n s  and 
h y p o t h e s e s  deduced  from a v a i l a b l e  i n f o r m a t i o n .  ( 0 )

A b i l i t y  t o  d e a l  w i t h  m u l t i - v a r i a b l e  s i t u a t i o n s .  ( 0 )

A b i l i t y  t o  a d o p t  a s c i e n t i f i c  a p p r o a c h  i n  o t h e r  f i e l d s  o f  
e x p e r i e n c e . (0 )

P u c i l s  s h o u l d  a c q u i r e  i n  a t t i t u d e s .

A w areness  t h a t  c h e m i s t r y  can form t h e  b a s i s  f o r  many s a t i s f y -  
: i n y  c a r e e r s .  (0 )

Aw areness  o f  t h e  c o n t r i b u t i o n  o f  c h e m i s t r y  t o  t h e  f u l l  d e v e l -  
: onrne.nt o f  t h e  -• n d i v i d u a l . (0 )

Av/areness  o f  the c o n t r i b u t i o n  o f  c h e m i s t r y  t o  t h e  economic  
and s o c i a l  w e l f a r e  o f  t h e  community.  (O)

A w areness  t h a t  a number o f  v a r i a b l e s  can  i n f l u e n c e  an  e x p e r i 
m e n t a l  s i t u a t i o n ,  (o )

A w areness  o f  t h e  l i m i t a t i o n s  i n h e r e n t  i n  a n a l o g i e s  a s  
'M o d e l s ’ . (H)

I n t e r e s t  and e n jo y m e n t  i n  c h e m i s t r y ,  (o )

A c c e n t e d c e  o 4'  t h e  c h e m i s t ’ s a b i l i t y  t o  p r o d u c e  new compounds.
( 0 )
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Acc-intance o f  the  im por tance  o f  o b s e r v a t i o n  in  an e x p e r i -  
il  p rocedu re .  (o)H -n -3

A cce n te rc e  of  the  v a l u e  of  an e x n e r i m e n t a l  approach  to  
p rob lem s .  (C)

1C. A ccos tance  o " t h e  d e s i r a b i l i t y  o f  v/orkinp and d i s c u s s i n g  i n
croups  i n  a p p r o p r i a t e  s i t u a t i o n s .  ( 0 )

11. A ccep tance  o f  r e 3p o n s i b i 1i t y  f o r  carryinp* o u t  s u i t a b l e  s a f e t y
p r o c e l u r e s ,  ( f )

1 2 . Con-'itritent to  optimum p r e c i s i o n  o f  measurement .  ( 0 )

13.  Commitment to  optimum n r e c i s i o n  o f  s t a t e m e n t .  ( 0 )

14* Commitment to  c l e a n l i n e s s  and n e a t n e s s  in  e x p e r i m e n t a t i o n ,  ( o )

I p .  Commitment to  the s y s t e m a t i c  recordim/r  of  e x p e r i m e n t a l  r e s u l t s
and o t h e r  d a t a .  ( 0 )

1 6 . Commitment t o  o b j e c t i v i t y  i n  o b s e r v a t i o n  and a s s e s s m e n t
wherever  p o s s i b l e .  ( 0 )

17. ‘ Commitment to  a r r i v i n g  a t  c o n c l u s i o n s  from t h e  i n f o r m a t i o n ,
knowledge and u n d e r s b a n d in "  a v a i l a b l e ,  (o)

18. Commitment to  ap p ly  a s c i e n t i f i c  approach  i n  o t h e r  f i e l d s  o f
e x p e r i e n c e . ( 0 )

P u p i l s  should  a c q u i r e  i n  p r a c t i c a l  s h i l l s .

S k i l l  i n  u s Inn v a r i o u s  p i e c e s  o f  equipment e f f e c t i v e l y  and 
s a f e l y .  ( 0 )

S k i l l  i n  d raw in"  d iagrams and v i s u a l  r e  o r e s e n t a t  i o n s  o f  
q u a n t i t a t i v e -  d a t a .  ( 0 )

S k i l l  i n  a s s e m b l in g  r e l e v a n t  n i e c e s  o f  equipment i n t o  e x n e r i -  
: menta l  r i p s .

S k i l l  in. us  i n "  v a r i o u s  m e asu r ing  d e v i c e s  t o  the  a p p r o p r i a t e  
d e c r e e  o f  p r e c i s i o n .  ( 0 ) • .

S k i l l  i n  w o r k i n r  a t  adequa te  speed  and w i t h  r e a s o n a b l e  n e a t -  
: n e s s  and s a f e t y .  ( 0 )

S k i l l  i n  h a n d l i n g  m a t e r i a l s  w i th  due a t t e n t i o n  t o  s a f e t y  and 
economy. ( 0 )

f o r  /



f o r  0-jY,j, i n  add i t  ‘.on to  t h e  above, on d l s  shou ld  a l s o  a c q u i r e  -

A -  in  unowled me and u n d e r a t  and i n r .

1 .  A b i l i t y  to  dev^lon a s u s t a i n e d  a p p r o a c h  to a p a r t i c u l a r  
problem.

2. A b i l i t y  to  v e r b a l i s e  c o n c e p tu a l  problems c o n c i s e l y  ( t o  d e f i n e  
a problem in  words) .

3. A b i l i t y  to  defend  o r a l l y  and i n  w r i t i n g  a r i v e n  c o u r s e  o f  
a c t i o n  and th e  c o n c l u s i o n s  a r r i v e d  a t .

4* A b i l i t y  t o  work w i th o u t  d e t a i l e d  s u p e r v i s i o n .

5. A b i l i t y  t o  s u g g e s t  f u t u r e  work a r i s i n g  from a p r o j e c t .

3 -  i n  a t t i t u d e s .

1.  A c q u i s i t i o n  o f  i n c r e a s i n g  s e l f - c o n f i d e n c e  l e a d i n "  to  a 
w i l l i n g n e s s  to  t ake  d e c i s i o n s .

2. I d e a l i s a t i o n  t h a t  many d e c i s i o n s  a r e  a t  b e s t  a .  compromise 
s o l u t i o n  o f  c o n f l i c t i n g  i n t e r e s t s .

3 . R e a l i s a t i o n  t h a t  many d e c i s i o n s  a r e  n e c e s s a r i l y  t a k e n  on 
inc o m p le t e  e v id e n c e .

4 . V/i l l inmness to  seek i n f o r m a t i o n  and. a s s i s t a n c e  from a l l  
a p p r o p r i a t e  s o u r c e s .

Pr o j e c t  York

Many o f  th e  above o b j e c t i v e s  a r e  ach ieved  th ro u g h  p r o j e c t

work. They have been  r a t e d  on a 2 - p o i n t  s c a l e  as f o l l o w s .

Hat i n g  A -  e s s e n t i a l  to  a l l  p r a c t i c a l  p r o j e c t s  b u t  co u ld  a l s o

a r i s e  e l sew here  i n  8Y3 work.  ‘ '

R a t i n g  B -  d e s i r a b l e  i n  a l l  p r a c t i c a l  p r o j e c t s  b u t  n o t  e s s e n t i a l .
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i e c t i v e Yatinc* O b j e c t i v e l a t i n r

4(c) 3 3.  1 B

5 (c ) A 4 A

6(b) 3 6 A

10(a) A 8 A

10(b) A. 9 A

11(c) B 11 A

12(a) B 12 A

12(b) ' B 13 A

13(a) B 14 A

13(b) B 16 A

13(c) B 17 A

14(a) A

14(b) A 0. 1 A

1 4 (c) A 2 A

15(a) A ■3 A

15(b) A 4 A

IT A 5 A

18 A 6 A

19 B

20 3 SYS A 1 A

22 B 2 A

23 A 3 A

24 B 4 A

B 1 A

3 3

4 A
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UiiTy h  c?  o l a s gq.; -  -Tr.'r.Tr-iY  d ip.viTr t ' t

A p r i l , 1971

S ix th  Yeor s t u d i e s  in  Chemis try  -  Q u e s t i o n n a i r e

You have . just completed th e  .3. Y. J . C hem is t ry  Course and ;/e a r e  
a n x io u s  to  l e a r n  you r  views on i t .  77 e shou ld  he g r a t e f u l  i f  you 
would f i l l  in  t h i s  Q u e s t i o n n a i r e  i n *1 eoende r . t l y  and f r a n k l y  so t h a t  
we can see  where th e  s t r e n g t h s  and weaknesses  o f  t h e  c o u r s e  l i e .  
Your r e p l y  w i l l  form p a r t  o f  the. b a s i s  o f  any f u t u r e  r e v i s i o n  o f  
t h e  c o u r s e .

P l e a s e  t i c k  the a p p r o p r i a t e  b o x (e s )  t h r o u g h o u t  o r  i n s e r t  the  
r e q u i r e d  number.  :

1. Boy

G i r l  _____

2. H ighe r  p a s s e s .

( a )  How many Higher  p a s s e s  do you h o ld  a t  p r e s e n t ?

(b )  7/hat g rades  d id  you o b t a i n  i n  the  fo l lo v f iu g  R ic k e r s ?

A 3 n F a i l

I.-aths

Che mi-s t r y

P h y s i c s

B io lo g y

H igher  S c ience  ( 3 o t . / Z o o )

Any o t h e r  Sc ience  Higher  
( s p e c i f y )

J h t l e  you e r e  i n  S ix th  form wha t  o the r  3. C. A. s u b j e c t  a re
you s tu d y in g ?

R ic h e r  Grade 

’O' Grade . .

3 .  /



Chy d id  you d e c i d e  to  do 3.Y..G. Ohemis try? (T ick  more th a n  
one box i r r e q u i r e d . )

Good 11-!1 Che i s  t r y  r e s u l t

Poor  'H'  Chemis try  r e s u l t

To improve yo u r  chances of  y e t t i n r  i n t o  u n i v e r s i t y  

To f i l l  i n  a J i x t h  Year t i m e t a b l e  

Because  th e  s u b j e c t  i s  i n t °  r e s  tine:

Because  o f  t e a c h e r  p e r s u a s io n

To f u l f i l  o b l i g a t i o n s  o f  a c o n d i t i o n a l  a c c e p ta n c e
o f  a u n i v e r s i t y  d a c e .  ____

'Chat has  been  yo u r  r e a c t i o n  to  3 .Y.3 .  Chemis try  as  a whole?
(Tick  more th a n  one box i f  r e q u i r e d )

Casy

R easonab le

D i f f i c u l t

d t im u la t in p ;

B o r in g

Too f a c t u a l

Not conce rned  enough w i th  s o c i a l  a s p e c t s  o f  c h e m is t ry _________

Yell  b a l a n c e d  ____

A g a i n s t  each  o f  the t o p i c s  from th e  3 .Y .3 .  S y l l a b u s  l i s t e d  below,
p l a c e  a t i c k  i n  one o f  the  boxes a ,  b ,  c ,  and a n o t h e r  i n  one o f
t h e  " oxes  d,  e ,  f .



a b o d e f

mjB, sy Moder- 
: a t e •• O

 H
*

£ 
‘-"

b 
1

CT 
;•
'* 1 h o r -

: i n r

He i f h e r  
bo?-' i  n m 
n o r  S t i n -  
; u l  a t  i n or

>t imul-  
i i n y

The rmo dynami cs

V o lu m e t r i c  work 
( i n c l u d i n g  redox)

S p e c t ro s c o p y

Atomic S t r u c t u r e  
( o r b i t a l s )

M o le c u l a r  Shape

0 m a n i c

Res t  o f  Group IV

S o l u t i o n  Chemis try  (pH, 
a c i d  s t r e n g t h s ,  e t c . )

T r a n s i t i o n  .Elements

6. Amonx? the  t o p i c s  mentioned  above,  t h e r e  a r e  a number o f  co n ce p t  
l i s t e d  below. T ick  / o u r  o p in io n  o f  them.

Free  ene rgy  chanre  0^0) 

Sn t ropy  change (&-S)

The Mole

A b s o r p t io n  S p e c t r a

Oi’b i t a l s  r e l a t e d  to  
P e r i o d i c  Tab le

3 1 and 3,,2 'R e a c t io n s  .N h

G r ip n a rd  Reac tions-

oH and B u f f e r s

O r i g i n  o f  Colour

O r b i t a l s  ( d e g e n e r a t e  
and s p l i t )

P a r  a n a pn e t  i  s m

Easy to  
e r a s  p

D i f f i c u l t -  
to  n rasn

Never
C-rasped

Never 1 
Tauhht

i .........
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Your o r o j e c t  •‘i l l  have  t a k e n  a b o u t  one q u a r t e r  o f  y o u r  t o t a l  
c h e m i s t r y  t i n e .  . /hat a r e  y o u r  vie-vs  on r o j e c t s ?  ( T i c k  
more t h a n  one i f  r e q u i r e d . )  These  a r e  s o r e  comment3 o f f e r e d  
"by s i x t h  f o r m e r s  i n  p r e v i o u s  y e a r s .  Do you  a<~ree o r  d i s a g r e e ?

A vqaste o f  t im e  

V a l u a b l e  e x p e r i e n c e  

An e a sy  o p t i o n  t o  c l a s s r o r k  

Hade me more i n d e n e n d e n t  

Hade me u s e  books  a l o t  

Gave' me an i ^ s i r ^ t  i n t o  r e a l  c h e m i s t r y  

Too l i t t l e  t im e  d e v o te d  t o  i t  

An i n e f f i c i e n t  v/ay o f  l e a r n i n g  

Enab led  me t o  s e e  o t h e r  c h e m i s t s  a t  u o r k  

I n v o l v e d  me i n  too  adva nce d  i d e a s  

Got a r e a l  k i c k  o u t  o f  i t  

Hade me f r u s t r a t e d

L e f t  t o o  much on my ov:n w i t h o u t  h e l p

Too f e v  marks  d e v o te d  t o  i t  

F u r t h e r  e d u c a t i o n  and f u t u r e  c a r e e r .

( a )  V/hat c a r e e r  do you  have  i n  mind? .............................................

h r  v/hat form 'o f  f u r t h e r  e d u c a t i o n  h a v e  you  a p p l i e d ?  

U n i v e r s i t y  

C o l l e y e  o f  E d u c a t i o n  

C o l l  e/re o f  T e c h n o lo g y  

I n d u s t r i a l  T r a i n i n g

Any o t h e r  ( s n e c i f y )  ...............................

Q u a l i f i c a t i o n  honed f o r  .....................

(c) /

A r r e e D i s a g r e e

(*)
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( c )  P l e a s e  ~ive name of  -

U n i v e r s i t y  ....................................................................... ■...........................

F a c u l t y  ...........  ......................................................................................................

Proposed  F i r s t  y e a r
s u b j e c t s  ( i f  known) ..............................................................................

( d )  What form of  a c c e p ta n c e  have you had from y o u r  f u r t h e r  

e d u c a t i o n  c e n t r e ?

Firm

P r o v i s i o n a l  

None as y e t

Thank you f o r  your  c o - o p e r a t i o n  i n  ansv/e r ing  t h i s  Q u e s t i o n n a i r e .  
S ince  no, q u e s t i o n  has  asked f o r  your  name o r  s c h o o l ,  a l l  t h e  in fo rm a -  
r t i o n  you have g iv e n  i s  a b s o l u b t l y  c o n f i d e n t i a l .
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yyj :c:t bxattnat -’D

24x*ii s t u d i e s Tuan t n a t ion in  Qhfn.fat ry ,

ioeg .for Ouidance i n  Fro i e c t  Assessment

1. Mineral

_he a s ses sm en t  o~ r^ ro jec ts  w i l l  "be based  on.

v l )  Uxa.*nination of  th e  c a n d i d a t e ’ s w r i t t e n  r e s o r t ,  o r a l  exam ina-  
s t  '.on of- th.° c a n d i d a t e  and i n s  s e c t  i o n  o f  the  c a n d i d a te *  3 
l a b o r a t o r y  no te book  -  i n  each  case  by an i n t e r n a l  A s s e s s o r .

{2 }  The c l a s s  t e a c h e r ’ s a s s e s sm en t  based  on day t o  day d i s c u s  3- 
: ions  w i th  the  p u p i l ,  knowl erhre o f  t h e  p u p i l  and c o n s i d e r a 
t i o n  o f  the f i n a l  r e n o r t .

The T x t e m a l  A ss es s o r  i s  r e q u i r e d  to  c o n s u l t  w i th  t h e  c l a s s  
t e a ' - ’ er  r e  r a n  d in#  Hr- a l l o c a t i o n  o f  marks and i s  asked  t o  submit  an 
amrf • i marl: h r  each c a n d i d a t e  to  the  Board on Form 3.Y.3 -  Supplement 
( i h - n i s f r y ) .  ‘/here agreement cannot  be r e a c h e d ,  th e  m a t t e r  i s .  t o  be 
r e f f r r e d  t o  t h e  Board f o r  d e c i s i o n  by the  P r i n c i p a l  Examiner.

The o r a l  ex am in a t io n  o f  t h e  c a n d i d a t e  which w i l l  n o r m a l ly  t a k e  
nls:-- in  t h e  p r e s e n c e  o f  th e  c l a s s  t e a c h e r ,  i s  an im p o r t a n t  p a r t  o f  
the  i =: e s 3 n e " t  and on ly  i n  e x c e p t i o n a l  c a s e s ,  such as i l l n e s s ,  e t c .  
w i l l  in e s t i m a t e  mark be a c c e p t e d . In such  c a s e s ,  documenta ry  e v i d e n c e  
in  r r -  aort  o f  t h e  e x c e p t i o n a l  c i r c u m s ta n c e s  would r e q u i r e  t o  be su b -

2. A11 o c t  i  o n o f  • a rk  s

The pC marks to  be awarded a r e  d iv i d e d  i n t o  t h r e e  c ro u p s ,  each  
o f  ,_cv has  been s u b - d iv id e d  :"nto b lo c k s  c a r r y i n y a maximum o f  5 marks 
o r  f -  :ne case  a maximum o f  10 marks.  A s s e s s o r s  w i l l  e n t e r  th e  award 
fo i  - 1ch r roun  in  t h e  a p p r o p r i a t e  column o f  th e  form. h a r k s  awarded 
■an I e’ * 2.oh h ead in '” shou ld  be whole numbers • No f i n e r  d i v i s i o n s  should, 
be. r r h i .

( a )  P r o j e c t  leoor t  (20 n a r k s )

5 h a r k s  f o r  y e n e r a l  l a y out, o f  t h e  r e p o r t  w i th  p a r t i c u l a r  
a t t e n t i o n  r a i d  to  d iagrams,  t a b u l a t i o n  o f  d a t a ,  e t c .

5 narks  f o r  the  p r e s e n t a t i o n  o f  the  r e p o r t  which would i n c l u d e  
such p o i n t s  a s  a deq lT a te" i n t r o d u c t i o n ,  r e l e v a n c e  o f  m a t - r i a l  
t o  theme, background  i n f o r m a t i o n ,  r e f e r e n c e s ,  c o n c l u s i o n .

10 marks ' o r  th e  exper imen t a l  a spec ts ,  in cl u d i n c  p o i n t s  such 
as s c i e n t i f i c  c o n t e n t , a s s e s s ,f,e^ b o f  'problems,  method o f  
t a c k l i n r , d e s i - n  o f  a p p a r a t u s , t e c h n i q u e , o r i r i n a l  t h o u g h t ,  
cvor  c o n i n rr croblems .

■o') /
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( ) Or s i  Bxami n a t  i on (20 ma r k s )

5 marks f o r  ha s i c  an.'-; e r a  banding .

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

5 marks f o r  c l a r i t y  o f  e x p r e s s i o n .

5 n a rk s  f o r  g e n e r a l  e s t i m a t e  o f  t h e  t h e s i s  i n c l u d i n g  n o i n t s
such as an a p p r e c i a t i o n  o f  e r r o r s ,  f u t u r e  p o s s i b i l i t y  o f  th e  
work.

( c ) f o u r s e  f o r k  (lO n a r k s )

3 n a r k s  h r  the  r e o g r d of  th e  work based  on p o i n t s  such  as  
p r e s e n t a t i o n ,  com ple te ness  o f  r e p o r t s ,  r anye  o f  vro rk  c o v e re d .

3 marks f o r  the  qual i t y  o f  t h e  work based  on e x p e r i m e n t a l  
r e s u l t s  o b t a i n e d ,  i n i t i a t i v e  sh o rn ,  deve lopment o f  one 
p a r t i c u l a r  e x p e r i m e n t a l  l i n e  o f  e n q u i r y ,  (which  co u ld  be  
a sub i e c t  o f  d i s c u s s i o n  w i th  t h e  candida te ) ,  e t c .

3. E s t im a te  Harks

I n  o r d ^ r  to  p ro v id e  a w o rk in r  b a s i s  f o r  th e  a s s e s s m e n t ,  fche 
t e a c h e r  i s  asked to  nrovj.de in  column (d)  o f  form 3 . Y . 3 -  Supplement 
(C h e m is t ry )  a p r e l i m i n a r y  e s t i m a t e  r i v e n  i n  te rms o f  a f i v e  p o i n t  
s c a l e  A -  E. One copy o f  t h e  form i s  to  he  s e n t  to  t h e  Board,  and 
t h e  o t h e r  copy t o  t h e  E x t e r n a l  A ss e s s o r  a l o n r  w i t h  th e  p r o j e c t  r e p o r t s ,  
i n  each  case  by 1 s t  hay ,  1970 .

The ran.re t a b l e  f o r  th e  t e a c h e r s '  p r e l i m i n a r y  e s t i m a t e  on th e  
f i v e  p o i n t  s c a l e  i s : -

A 40 - 50

B . ioNT 39

C 20 - 29

D 10 - 19

E 0 - 9

S c o t t i s h  C e r t i f i c a t e  o f  E d u c a t io n  
E xam ina t ion  Board,

140 Oausev/ays i d e ,
CBiFBijdo::.
TTI9 1PT. '  DEC T.IBE.l, 1969
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ANALYSIS OF C.Y.G.  PAF H 1 I  -  1970

y u e s t i o n  
Numb e r

Mean 
Geo "e

Aah^e o f  Av. 
^core3 n e r  

school
Tooios Complexity

r-------------------

P o p u l a r i t y

1 10.  2 7 . 0  -  11.9 Thermo - Aynami c 3 Knowledge + 
Comn r e h e n s i o n

Ilir ii

2 13 .3 1 0 .2  -  l b . 4 S p e c t r a
S o c ia l  Organ ic

Kno.vleine + 
A pe l . ioa t i  on

V. Hi crh

3 8..9 6 . 4  -  13.0 Sal d i l a t i o n  o f  
Comnosit ion  +
0 s n o t i c  p r 0 3 ~ u r e

Airol- icat ion 
+ A n a ly s i s

Low

4 10 .3 5 .5  -  14 .8 Th g rmo - dye am i  c 3 
Organic  
(Mean 6 . 8/ 14 )

C 0 m 0 r  e h e n s i  0 n High

5 12 .5 6. 0  -  14.1 Group IV 
e lements

Kno.'/ledne + 
Comoro h. e n s i  0 n

Modera te

6 ^ < y . 0 2 .5  -  13 .5 T r a n s i t i o n  
j!  eraent 3

Knowledge +
C 0 m or eh en 3 i  0 n 
+ A n o l i c a t i o n

Moderate

7 9 .2 6 . 6  -  12 .7 C o n d u c t iv i t y  
+ Concerntra
c t i o n  Cel l

Comprehons ion Moderate

8 10 .3 4 .0  -  12 .0 Vth Form 
e l o c t r o l y s i  s

A p p l i c a t i o n Moderate

9 1 1 . 6 3.'3 -  15.  5' S o lu t i o n
Chemis t r y

Comprehension Moderate



' ANALYSIS OP ON J  ^CTIVij TOST HSYLTS ( p a p s i  i i )

Topic
1970 

lanye o f  1 . Y.
(110 . o f  i t e m s )

1969
l a m e  o f  F.Y. 
(No. o f  i t e m s )

T r a n s i t i o n  Elements g_15 3 ^ _ 0 159

0 . 5 7 ( 2 )

N i l

S o l u t i o n  Chem is try 0 . 27  - 0 . 52  

0 . 2 8 (2 )
£ 1 32_z J L i 9 L  

0 . 63 ( 2 )

Th ernio dynami c s 0 . 50  -  O.96 

0 . 67( 6 )

O.59 -  0 . 6 4  
. .. —--- *

0 . 62( 2 )

O rgan ic 0 .42  -  0.7S 

0 . 5 6 (8 )
£ ^ L z J - 9 1 '

0 .8 7 (1 1 )

_oIj 0 . 29  -  0 . 48
V _ _ . ^ --------------2~>

o . 3 9 ( 2 )

O.58  -  0 . 68v- ------- *
0 . 64 ( 3 )

Hole 0 .55  -  0 .8 4 .  

0 . 6 9 ( 2 )

,0 .43  -  0 .8 6 .  

• 0 . 5 2 ( 5 )



Qu o t e  from Quest i o n  5 f rom 0. C,. . he ami” a t  ion  ? o a r  d Z. Y. S .
j & a m i n a td _ a n  -  1 . 9 7 0

In  a r i v e n  cooper ( l l )  s a l t ,  the  conper  ion  i s  com ple ted  w i th  

ammonia. iYom t h e  e x p e r im e n ta l  r e s u l t s  r i v e n  bel.ov;, c a l c u l a t e  how 

•nany ammonia m o lecu le s  a r e  a s s o c i a t e d  w i th  each  copper  i o n .

A 1 r  sample o f  t h e  s a l t  was d i s s o l v e d  i n  pO ml M HC1 and made 

up t o  ICO ml w i th  via t e r  and mixed.  The s o l u t i o n  was t r e a t e d  as 

f o l l o w s .

( i )  5C ml o f  i t  were t i t r a t e d  wi th  11 NaOIi and 16 .2  ml o f  t h e  a l k a l i  

were r e q u i r e d  f o r  n e u t r a l i s a t i o n .

( i i )  A no the r  50 ml o f  th e  s o l u t i o n  were t i t r a t e d  w i th  a r e a d o u t  

c a l l e d  D.D.T.A. 1 mole o f  which i s  e q u i v a l e n t  to  1 mole o f  

c o p p e r  ( l l )  i o n .  The volume o f  l l / lO d.D.T.A. r e q u i r e d  was 

21 .7  m l .

( 7 ) marks
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Td AC Hr r i ’i '  y i c t  o p  oi x t h  y c a r  tch  ) i  j  ;

I n  p a r a l l e l  w i th  t h e  r u p i l s 1 s u rv e y  d e s c r i b e d  i n  t h e  p re v io u s  

c h a p t e r ,  a su rv ey  (Appendix o. A 4 . l )  was made o f  t e a c h e r s  o f  S ix th  

Year  S t u d i e s  0Ve m i s t r y  i n  A p r i l ,  1971 . Th i s  was he.run a y e a r  l a t e r

th a n  t h e  p u o i l s ’ s u rvey  to  y iv e  th e  h u l k  o f  t h e  t e a c h e r s  a t  l e a s t

two y e a r s  e x p e r i e n c e  o f  beacAinr th e  s y l l a b u s .

R e p l i e s  were r e c e i v e d  from 189 t e a c h e r s  (88f< r e s p o n s e )  o f  whom 

95Ly were men.

The aims o f  t h e  s u rvey  were -

( a )  To p ro v id e  t e a c h e r s  'with a n a t i o n a l  p i c t u r e  o f  t h e  f i n d i n g s  

o f  t h e i r  c o l l e a g u e s  engaged i n  t e a c h i n g  S .Y .3 .  Chem is t ry .

(h )  To a l l o w  t e a c h r r s  t o  see how they  f i t t e d  i n t o  t h i s  p i c t u r e  

a^d,  i f  need  be ,  to  make a d j u s t m e n t s  i n  method and limine-.

( c )  To p ro v id e  i n f o r m a t i o n  about  books  i n  use  (Appendix  p. A4 . l l ) .

(d )  To p r o v id e  i n f o r m a t i o n  o f  u se  t o  t h o s e  who were p l a n n in g

s y l l a b u s  m o d i f i c a t i o n s .

( e )  To al lov/  compar isons  to  he  made be tween  p u p i l  r e a c t i o n  and 

t e a c h e r  r e a c t i o n .

*

1 .  HOW TXPTRICHCRl) YTRd THd T I A C T ' R S ?

( i ) Yea  s o f  t e a c h ’n.~ s e r v i c e  ( A opend i x  p . A4.1 3 ) •

' A B L 5 4 .1

Up to  10 year;

b o r e  t h a n  10 b u t  few er  th a n  20 yea

20 y e a r s  o r  ove r

/i.i
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a r s  t e a c h i n g  S. Y . ; .  Shemi s t r y

T A :R J-I ill 4 • 2

.F i r s t  y e a r 27p

Two o r  more y e a r s i j ! ’

DI 30TT33IQiy '

I t  was i n t e r e s t i n g  t o  n o te  how much o f  t h i s  s e n i o r  work was 

b e i n y  t a u g h t  by f a i r l y  youny t e a c h e r s  w i th  few er  t h a n  t e n  y e a r s  

e x p e r i e n c e .  Th is  was p ro b a b ly  a yood s i p n  i n  t h a t  t h e  u p - t o - d a t e  

knowledge and e n th u s i a s m  o f  t h e  younn men was bein?? employed.  Th is  

was a change i n  t h e  system o f  t e n  y e a r s  a ro  i n  which a youny t e a c h e r  

was seldom a l low ed  to  t e ach  a s e n i o r  form f o r  th e  f i r s t  two o r  t h r e e

y e a r s  o f  h i s  c a r e e r  and the  s i x t h  form was the  p r e s e r v e  o f  t h e  head

o f  d e p a r t m e n t .

The f a c t  t h a t  t h r e e - q u a r t e r s  o f  t h e  t e a c h e r s  had t a u g h t  t h e  o .Y .S .  

c o u r s e  a t  l e a s t  tw ic e  th rouyh  i n d i c a t e d  t h a t  a b a l a n c e d  r a t h e r  t h a n  an

e m o t io n a l  view o f  t h e  co u r s e  cou ld  be e x p e c te d  from th e  s u r v e y .

2 • 5CF-I00L QIC AT I  SAT ION

.‘/hen th e  3 .Y .3 .  c o u r s e  was bein '?  p r e p a r e d  f o r  the  Exam ina t ion  

Board ,  th e  w r i t e r s  worked w i t h i n  some g u i d e l i n e s  o f  t im e  (Appendix 

p.  A 4 .10 ) .  These were -  .

( i )  The c o u r s e  would occuny abou t  seven months

( i i )  .Schools would a l l o c a t e  abou t  e i y h t  f o r t y - m i n u t e  p e r i o d s  

per  week

( i i i ) T h e  t ime d i v i s i o n  be tween t h e o r y  and s e t  p r a c t i c a l  'would 

be /
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be 3 : 5-

( i v )  Tha p?.'o j e c t  would take abou t  o n e - q u a r t e r  o f  t h e  t o t a l  t e a c  

: i n p  t i n e ,  i . e .  j u s t  l e s s  t h a n  t ” o months.

The su rv ey  s e t  ou t  to  f i ^ d  bow w ell  th e  t i n e  a l l o c a t i o n  was 

o p e r a t i n g .  For t h i s  s e c t i o n  on ly  one t e a c h e r  p e r  schoo l  was asked  

to  r e p l y .

( a )  The b e s t  s i x t h  y e a r  p u p i l s  s t u d i e d  and s a t : -

T A 3 L f k l

Sixth '  Form Bourse $  o f  Schools

U n i v e r s i t y  B u r s a ry  Com pe t i t ions  o n ly 3

3 .Y .3 .  on ly 71

Both o f  the  above 26

G .3 .3 . 0

(b )  The t i n e  a l l o c a t i o n  f o r  3 .Y .3 .  ( i n  p e r i o d s  p e r  week) was 

as fo l lo w s

T A B L E  4. 4

/
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T A 3 L K 4» 4

r:--------- —---------- —-----

P e r i o d s o f  Schools

3 o CO -

4 2 .3

5 G\ CD

6 15 . 2

' 7 8 .3

8 43* 2 h

9 9 .8 i . e .  66.8/^ o f  t h e  132
s c h o o l s  which  r e p l i e d

10 1 1 . 4  \\
l l 0 .8

f

12 0 .8

15

COo

I n  abou t  J>0̂  o f  s c h o o l s ,  t h e i r  p e r i o d  a l l o c a t i o n  c o n t a i n e d  a t  

l e a s t  one b lo c k  o f  t h r e e  p e r i o d s  (2 h o u r s )  which a l lo w ed  l e n p t h i e r  

p i e c e s  o f  p r a c t i c a l  v;ork to  be t a c k l e d .

In  o n ly  15/" o f  the  s c h o o l s  some o f  th e  8 .Y .S .  t ime a l l o c a t i o n  

was s h a r e d  w i th  f i f t h  form p u o i l s  and i n  on ly  one s choo l  was t h e  

whole o f  3 .Y .3 .  t im e  sha red  w i th  f i f t h  form.

B efo re  t h e  days o f  3 .Y .3 ,  i t  was common f o r  s i x t h  fo rm ers  to

spend a l l  o f  t h e i r  t ime w i th  f i f t h  fo rm ers  e i t h e r  r e p e a t i n g  t h e  .

Eli."her c o u r s e  i n  an e f f o r t  t o  improve th e  q u a l i t y  o f  th e  H igher  pas 

o r  i n  do inn  s i x t h  form work l a r p e l y  from t e x t - b o o k s  and wi th  l i t t l e  

t e a c h e r  s u p e r v i s i o n .  One o f  th e  aims of  3 . Y. 3 .  'was to  n ro v id e  a 

s e o a r a t e  and advanced s i x t h  y e a r  a t  s chool  and from t n i s  s u r v e y ^ i t  

seemed t h a t  t h i s  was h e i n p  a c h i e v e d  and t h a t  the  p u p i l s  we :*e i n  con

: t a c t  w i th  a t e a c h e r  a lmos t  a l l  the  t im e .

(°) /



O iv i s i  on o p t ime b e tw e en  r»r a c t i o a l  a no tV. e o r v .

T A 8

P r a c t i c a l T heory

On 6 p 1\ r i o d s po r week ' t h e c ommon a s t  d 1v i s i o n was 3 3

7 tt *t tt it ft ft it i k ih

»i 8 ti ft it it it tt ■ft 4 4

it 9. ft tt tt it tt it it 4 3

tt 10 ft it tt it ft 't tt 6 4

The more exper ienced,  t h e  t e a c h e r s  we r e  i n  presentin'"* S .Y .d ,  t h e  

f ew er  t h e o r y  p e r i o d s  were r e q u i r e d  and t h e  h u lk  o f  them s e t t l e d  f o r  

3 t h e o r y  p e r i o d s .

( d )  Adequacy o f  t ime a l l o c a t i o n  •

7 p e r i o d s  o r  fewer  were g e n e r a l l y  r e p o r t e d  as ’’too  l i t t l e ”

8 p e r io d s  were e q u a l l y  r e p o r t e d  as ’’a d e q u a t e ” and "too l i t t l e

9 p e r i o d s  and over  were g e n e r a l l y - r e p o r t e d  as ’’a d e q u a t e ” .

( e )  L a b o r a to r y  f a c i l i t i e s

Only 14^ o f  s c h o o l s  had a s i x t h  form l a b o r a t o r y .  However, 

•when t e a c h e r s  were asked  about  th e  adequacy o f  t h e i r  accom

m o d a t i o n  th e  r e s u l t  was as  f o l l o w s :

T \  8 L E 4 .6

' ^  o f  s c h o o l s

Generous 5

Adequa te 30

.3 a r  e 1 v ado q i \ a t  e 40

T o ta 11y  i  na dequa te • 25
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The tendency  shorn  i n  T ab le  4* 3> T)« 4* 3> f o r  the  b e s t  p u n i l s  to  

s t u d y  3 .Y .3 .  on ly  on i n  c o n j u n c t i o n  v.ri t h  a b u r s a r y  c o u r s e  v/c.s a welcome 

change.  Mien j .Y .3 .  was f i r s t  i n t r o d u c e d  i t  'was t r e a t e d  w i t h  some 

s u s p i c i o n  and h e ad m as te r s  t e n d ed  t o  s t e e r  t h e i r  b e s t  s i x t h  fo rm ers  

i n t o  c o u r s e s  l e a d i n g  to  u n i v e r s i t y  h u r s a r y  conpe t . i t  I o n s , n o t  so much 

f o r  t h e  moneta ry  reward ( i n  some c a s e s  n o n - e x i s t e n t )  as f o r  t h e  kudos .

The changeover  has been e x p e d i t e d  by th e  w i l l i n g n e s s  o f  some, b u t  

n o t  a l l  u n i v e r s i t i e s  to  b ase  t h e i r  b u r s a r y  e x a m in a t io n s  on th e  o.Y.B.  

c o u r s e .  So f a r  the  u n i v e r s i t i e s  o f  Glasgow and S t .  Andrews have  

ag re e d  to  t h i s .  A second f a c t o r  was t h a t  some E n g l i s h  u n i v e r s i t i e s  

( n o t a b l y  t h o s e  a s s o c i a t e d  w i th  J .31.B.) were p r e p a r e d  to  a c c e p t  3 .Y .3 .  

i n  p l a c e  o f  'A* l e v e l s  f o r  e n t r a n c e .

The cou r se  p l a n n e r s  had budge ted  f o r  8 p e r i o d s  pe r  week and so 

f a r  66.8f> o f  t h e  s c h o o l s  had managed t o  g ive  t h i s  t ime a l l o c a t i o n  o r  

more and as e x p e r i e n c e  o f  t e a c h i n g  th e  c o u r s e  i n c r e a s e d  t e a c h e r s  were 

a b l e  to  meet th e  olanne.rs  b a l a n c e  o f  3 p e r i o d s  o f  t h e o r y  t o  5 p e r i o d s  

o f  p r a c t i c a l .

I t  was n o t  t h e  p o l i c y  o f  the  Exam ina t ions  Board t o  d i c t a t e  to  

s c h o o l s  on t ime a l l o c a t i o n  o r  d i v i s i o n  and so t h e s e  t im e s  were n e v e r  

s t a t e d  p u b l i c l y  by th e  Board a l t h o u g h  t h e r e  were u n o f f i c i a l  l e a k s  o f  

i n f o r m a t i o n .  T h e r e f o re  i t  was g r a t i f y i n g  to  s e e  t h e  c l a n s  work ing  

o u t  i n  p r a c t i c e .

The l a c k  o f  a l a b o r a t o r y  s e t  a s i d e  s p e c i f i c a l l y  f o r  3 . Y . I .  work 

seemed to have be~n 1c s s  t roub lesom e  th a n  e x p e c te d .  On p u r e l y  

economic grounds  t h e r e  was p robab ly  l i t t l e  j u s t i f i c a t i o n  f o r  such 

l a b o r a t o r i e s  which might  s t a n d  empty f o r  as  much as  t w o - t g i r d s  o f  t h e  

•week /
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"■ec'-< and th e  n o l i c y  o" t h e  i c o t t i s h  Educa t ion  ; )apa r tm e r t  h a s  be^n to
on

discours f*e  th e  b u i l d i n g  o f  such l a b o r a t o r i e s . T h i s  has  meant

c e r t a i n  drawbacks f o r  p r o j e c t  v.. o rk ,  b u t  t h e s ^  have c l e a r l y  n o t  been 

i n s u o e r a b l e .

3. TEAOHTBO VHPIIOD

I t  was de c id e d  t o  f i u i  ou t  i f  t e a c h e r s  were u s i n g  th e  S .Y .3 .  

c o u r s e  t o  h e l p  p u p i l s  to  make the t r a n s i t i o n  be tween s c h o o l  t e a c h i n g  

methods and u n i v e r s i t y  methods.

The f a c t  t h a t  t h i s  was h e in ° ’ done i s  shown i n  th e  r e s u l t s  o f  (a )  

and (b)  below.

( a )  The t h e o r y  p a r t  o f  the  c o u r s e  was t a u g h t  as  fol lo*7s:

r-----
cy  o f  s c h o o l s

L e c tu r e 51

Normal school  l e s s o n 29

Blend o f  b o th  o f  t h e s e 10

O th e r s  ( i . e .  sem ina rs ,  t u t o r i a l s ,  
<*

e t c . ) 10

(D) Notes  were giv^n as  f o l l o w s :

T A f  L E 4 .6

f'  o f  s ch o o ls

Notes taken  by s t u d e n t s  d u r in g  l e s s o n

P r i n t e d  handou ts

ocme o f  each  o f  l^ e  above

50 

16 • 

54

(o) /



( c )  Course p r a c t i c a l  (as d i s t i n c t  from Pr o j e c t  work)

A

In  t h e  B.Y.d.  s y l l a b u s  ‘ abou t  f i  f t y  exp -r im e n t s  were recommended, 

b u t  t h e s e  were n o t  o b l i g a t o r y  s i n c e  i t  was n o t  t h e  B o a rd ’ s p o l i c y  to  

d i c t a t e  on teaching* method..  However, a t  t h e  o r a l  exam ina t ion  th e  

s t u d e n t  had t o  submit  h i s  l a b o r a t o r y  no tebook  f o r  i n s p e c t i o n .  The 

exam iner  was i n s t r u c t e d  t o  mark the  booh f o r  ’' p r e s e n t a t i o n ,  co m p le te 

n e s s  o f  r e n o r t s ,  range  o f  work covered  and i t s  q u a l i t y ” (Appendix 

p. A3*14)• By t h i s  i n d i r e c t  means the  Board was e n c o u r a g in g  s c h o o l s  

to  do as comple te  a p r a c t i c a l  cou rse  as p o s s i b l e .

The av e ra g e  number o f  expe r im en t s  perfo rmed by each p u p i l  during'  

t h e  s e s s i o n  w a s : -

T A B L E  4 . 0

r—...— " ...... .............. ■■■■- ■ ---

■No. o f  ex p e r im en t s /o o f  s c h o o l s

1 - 5 1 . 7  \

6 -  .10 . 1 0 .2

11 -  15 1 7 .8 \  = &5-3?

16 -  20 22 .9

21 -  25 . 1 2 .7  J

26 -  30 17 . 8

51 -  55 8 .5

3 6 - 4 0 6 .8

41 -  45 -

4 r r-rx 1 7/+0 " x . /

From t h e  B o a r d ' s  p o i n t  o f  v ie . /  t h e s e  r e s u l t s  were d i s a p p o i n t i n g

s i n c e  /
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s i n c e  t w o - t h i r d s  o f  s choo ls  verft do in g  l o s s  t h a n  h a l f  o f  th e  recom-

: m e n d e cl n r  a c t i o  a 1 wo r  k .

I n  c o n j u n c t i o n  w i th  J .  McCuiro t h e  a u t h o r  lo oked  f o r  any connec -

: t i o n  be tv eeu the  e x p e r im en t s  which were done l e a s t  and t h e  c a r t s  o f

t h e  3 . Y .3 .  ex a m in a t io n  which were b a d l y  done.  A c l o s e  c o n n e c t i o n

25e x i s t e d  as  shown i n  a p r e l i m i n a r y  p a c e r .

done o f  th e  s u g g e s te d  e x p e r im en t s  t u r n e d  o u t  t o  be u n s a t i s f a c t o r y ,  

b u t  t h e  b u lk  o f  them were q u i t e  a d e q u a te .  A c l o s e  ex a m in a t io n  o f  

t h i s  p r a c t i c a l  work and i t s  e d u c a t i o n a l  v a l u e  i s  t h e  s u b j e c t  o f  con-  

: t i n u i n n  r e s e a r c h  by J .  McGuire and the a u t h o r .

I f  t h e  Board d e c id e s  i n  f u t u r e  to  p l a c e  more emphasi s  on p r a c t i c a l  

work,  new t h o u g h t  w i l l  be r e q u i r e d  on th e  b e s t  method o f  p e r s u a d i n g  

t e a c h e r s  t o  t a k e  t h e  same view.

A q u e s t i o n  abou t  t h e  methods by which o r a c t i c a l  work was b e i n g  

o r g a n i s e d  y i e l d e d  the f o l l o w i n g  i n f o r m a t i o n .

T A B L E  4 .1 0

r----------------------------------------------------------------------------

Method f.> o f  s c h o o l s

C lo s e l y  i n t e g r a t e d  w i th  t h e o r y 7 2 . 2

P u p i l s  work th ro u g h  i n  any o r d e r 2 3 . 8

O ther  methods ( i n c l u d i n g  d e m o n s t r a t i o n  
and s t a t i o n s  t e c h n i q u e ) 4 .0

4* 3YLLABIT3 003?SET (Q u e s t io n s  answered  by a l l  - the  t e a c h e r s )

The purpose  o f  t h i s  s e c t i o n  was t h r e e f o l d  -

( i )  t o  a s c e r t a i n  th e  t e a c h e r s *  r e a c t i o n  to  v a r i o u s  p a r t s  o f  the 

s y l l a b u s  to  see  i f  any o f  them were u n t e a c h a b l e :

( i i )  /
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^ i i )  to  compare the t e a c h e r s '  d i f f i c u l t y  i n  p r e s e n t i n g  the

m a t e r i a l  w i th  t h e  s t u d e n t s ’ d i f f i c u l t y  i n  y r a s p i n y  i t ,  and,

( i i i ) t o  d i s c o v e r  how much work t e a c h e r s  had to  do to  f e ^ l  con- 

: o e t e n t  to  t e a c h  t h e  m a t e r i a l .

For  t h i s  l a s t  p a r t  a s c a l e  was u s e d .

Very much work 

Much work 

Not much work 

Very l i t t l e  work 

No work

I n  Tab le  4*11» th e  t e a c h e r s ’ r e a c t i o n  to  s y l l a b u s  t o p i c s  ap p e a r s ,

T A B L E 4.11

1--------------------------- ---- ----- ------- - ■— -

Topic
'.Easy to  
t e a c h

r - “
Av. t o  

t e a c h
N i f f ,  t o  

t e a c h
i/ork

r e q u i r e d

Thermodynamics 10 47 43 4 . 0

V o lu m e t r i c  work ( i n c l u d i n g  redox) 50 44 5 1 .5

i p e c t r o s c o p y 27 58 15 3 .0

Atomic J t r u c t u r e  ( o : c h i t a l s ) 30 46 24 2 .2

M o le c u l a r  iha pe 46 47 7 2.0

Ormanic 24 v_n CO 18 2 .9

R es t  o f  Group IV ( 3 i , Ge, in ,  Fb) 20 60 20 2 .5

S o l u t i o n  0’ e m is t r y 25 63 12 2.0

T r a n s i t i o n  ’Elements 22 52 26 3.0

R e s u l t s  /
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R e s u l t s  a r e  e x p re s s e d  as a percentamo o f  th e  r e s p o n s e s .  

D ^ o 0 ir ,3 I0 N

Two in te rnes t in , "  o b s e r v a t i o n s  en e ra e  from t h i s  T a b l e .

( i )  The f a i r l y  c l o s e  apreemevit  be tween  th e  ’’work r e q u i r e d ”

column and the  '’d i f f i c u l t  t o  t e a c h ” column

( i i )  the  s t r o n ^  d i s a g re e m e n t  be tween t h e  ,fe a s y  t o  t e a c h ” column

and th e  "easy  to  e r a  s p ” column i n  T ab le  3*1> P* 3»8»

( i )  /hen t h e  ’’D i f f i c u l t  t o  t e a c h ” column and t h e  ’’Time” column w e r e  

ran k ed  and compared th e  f o l l o w i n g  r e s u l t s  ap p e a re d .

T A B L E  j . 1 2

Rank o r d e r s

D i f f i c u l t  t o  t e a c h Time

Thermodynamics 1 1

V olum e t r ic  work 9 9

S p e c t ro s c o p y 6 2 .5

Atomic S t r u c t u r e 3 .6

k o l e c u l a r  Shape r\
O 7-5

•

O rgan ic 5 4

C-rouc IV ( S i - P b ) 4 5

S o l u t i o n  S h em is t ry 7 7 .5  .

T r a n s i t i o n  Slements 2 2 . 5

= 0 . 8 0

The /
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The l a r y e r t  d i s c r e n e n c y  was in  the c a s e  o f  J o e c t r o s c o n y  which 

a l s o  ap pea red  i n  an anomalous p o s i t i o n  i n  Cranh 3*3*

Thermodynamics was P r e d i c t a b l y  a t  t h e  to p  o f  t h e  l i s t  i n  h o th  

o a s e s .  T e a c h e r s ,  i n  c o m  on w i th  many o t h e r  c h e m i s t s ,  l e f t  u n i v e r s i t y  

w i th  l i t t l e  c o n f id e n c e  "in t h e i r  a b i l i t y  t o  h a n d le  thermodynamics and 

w i t h  l i t t l e  i d e a  o f  what i t  h a d  t o  do w i t h  c h e m i s t r y .

The c r y s t a l  f i e l d  o a r t  o f  the T r a n s i t i o n  d loments  was,  f o r  t h e  

o l d e r  t e a c h e r s ,  q u i t e  new m a t e r i a l .  From a n a l y s i s  o f  C.Y.S.  exam ina-  

: t i o n  pape r s  ib  was c l e a r  t h a t  many t e a c h e r s  s t i l l  d id  n o t  u n d e r s t a n d  

t h i s  m a t e r i a l ,  s i n c e  every  p u p i l  from c e r t a i n  s c h o o l s  p roduced  the  

same wronm m a t e r i a l  (Appendix p. A3 . 1 5 ) .

S p e c t ro s c o p y  was a new t o p i c  i n  s c h o o l s  h u t ,  d e a l t  v/ i th in  the  

p r e s c r i b e d  e m p i r i c a l  f a s h i o n ,  i t  p ro b a b ly  t u r n e d  o u t  to  be l e s s  d i f f i 

c u l t  t o  t e a c h  th a n  had been a n t i c i p a t e d  and t a i l o r - m a d e  p u b l i s h e d

2 ,1m a t e r i a l  was a v a i l a b l e .  ‘+

The m e c h a n i s t i c  Ormanic m a t e r i a l  c o s t  t h e  t e a c h e r s  a c o n s i d e r a b l e

amount o f  work,  p a r t i c u l a r l y  in  the  c a s e  o f  t h e  o l d e r  men i n  whose

u n i v e r s i t y  co u r s e  t h i s  had n o t  been co v e re d .

The m a t e r i a l  which c o s t  l e a s t  e f f o r t  by t h e  t e a c h e r s  v/as t h e

V o lu m e t r i c .  Th is  was a r e t u r n  t o  a w el l -w orn  p a r t  o f  th e  T r a d i t i o n a l

S y l l a b u s  w i th  which o l d e r  t e a c h e r s  were f a m i l i a r  and on w hich  the  
• % 

y o u n g e r  t e a c h e r s  had been r e a r e d .  T h i s ,  however,  has  been  shown i n

th e  e a r l i e r  p a r t  o f  t h i s  work t o  be • p o t e n t i a l l y  t ro u b le so m e  f o r  

s t u d e n t s  (Chapte r  3> P*.3»8)»

The c o r r e l a t i o n  between t h e  two columns was so mood t h a t  i t  could  

be a r m e d  t h a t  a t e a c h e r ’ s view o f  t e a c h i n g  d i f f i c u l t y  co u ld  be a t  

l e a s t  as co lo u re d  by h i s  own l e a  mm ny e f f o r t  as  by t v,e r e a c t i o n  o f
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I ' i s  3 tu de  v' t s .  An examined; Lon o f  th e  n u u i l s ' ”d i f f l e a l  t t o  r r raspM 

r e  s a l  t s  (T ab le  3*1? P. 3«Q) would suomest  t h a t  th e  t e a c h e r s 1 l e a r n i n g  

e f f o r t  i s  t h e  main f a c t o r  in  h i s  f e e l  in.-:s o f  what /.-as d i f f i c u l t  to 

t e a c h .  I t  w£3 d i f f i c u l t  t o  b e l i e v e  t h a t  s t u d e n t s  r e a c t e d  to  t h e  

V o lum e t r ic  work in  such a way as to  encou ra ye  the  t e a c h e r  i n  h i s

b e l i e f  t h a t  the  v-ork was r e t t i n g  a c r o s s  e a s i l y .

( i i )  A compar ison between, t h e  ’’D i f f i c u l t  t o  t e a c h ” column and the  

’’D i f f i c u l t  t o  cTasp” column vas most r e m a r k a b le .  ( Graph 4« l )«

The d i s c r e p a n c i e s  were q u i t e  l a m e .  Although a c c u r a t e  c o i n c i -  

:d ence  would n o t  have been  exoec ted ,  t ’̂ ese d i f f e r e n c e s  shown i n  t h e  

y raph  a r e  w e l l  o u t s i d e  a n t i c i p a t e d  r e s u l t s .

The p u o i l s  found the thermodynamics e a s i e r  t o  mrasp th a n  the  

t e a c h e r s  expec ted  and t h i s  was borne  o u t  in  e x a m in a t io n  pe r fo rm a n ce  

(Appendix p. ' 'A3 . I 0) .  CH the  o t h e r  hand the  s t u d e n t s  had more d i f f i 

c u l t y  w i th  the  v o l u m e t r i c  work than  the- t e a c h e r s  t h o u g h t . The o t h e r

l a r y e  d i s p a r i t y  was i n  t h e  V o l e c u l a r  Shane a r e a  where t ^ e  t e a c h e r s

t h o u g h t  t h a t  th e  m a t e r i a l  was e a s i e r  than  th e  p u p i l s  found i t .

C o inc idence  was rood in  the  a r e a s  o f  h p ec t ro sc o n y  and S o lu t io n  

C hem is t ry .

Tha t  e x p l a n a t i o n  could  be advanced to  co v e r  t h e s e  d i s p a r i t i e s ?

One p o s s i b i l i t y  r a s  t ’- a t  i f  a t e a c h e r  had had t o  work h a r d  t o  m a s t e r  

a t o p i c ,  he had had to  undergo  t h e  same l e a r n i n g  p ro c e s s  a s  h i s  

s t u d e n t s  would ha^e t o  e x p e r i e n c e  soon a f t e r w a r d s . he was aware o f  

the  l e e r n i n r  problems a t  f i r s t  hand and co u ld  communicate,  pe rh ap s  

u n c o n s c i o u s l y ,  v i t h  the  p u p i l  in  a more s y m p a t h e t i c  way.. On the  

o t h e r  hand i t  was so l o r n  s i n c e  he had b" c,n a l e a r n e r  oi some -gop i c 3

( 9 .-.  /
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(e ♦ i n  Volume tv.’i c )  t h a t  he had ceased to see  the  t o p i c  from a 

1 e a r n e r  ’ s no•> n t  o f  v ie w .

Some a r e a s  such  as 3peot ' •o sco  ny and S o l u t i o n  Che mis t r y  needed a 

d i f f e r e n t  h ind  o f  l e a r u i r "  on the na* t  o f  the  t e a c h e r .  T h i s  would 

have tK-en more o f  a ’’h r u s h i n r - u p ” p ro c e s s  rathe:'* t h a n  a fundam en ta l  

l e a r n i n g  one b eca use  the m a t e r i a l  had "been mas te red  ar..d u n d e r s t o o d  a t  

some e a r l i e r  p e r i o d  i n  th e  t e a c h e r ’ s c a r e e r -  However, th e  b e n e f i t  o f  

t h i s  vo rk  sho red  up i n  the  r e l a t i v e  ease  - .dth which  the  p u p i l s  rrrasned 

th e  m a t e r i a l .

Th i s  l e d  t o  a v e ry  fundamenta l  no i n t .  Hov; r e l i a b l e  was t h e  sub-

: j e c t i v e  a s s e s sm e n t  o f  a t e a c h e r  o f  what was "e-cod” f o r  h i s  p u p i l s ?

On t h e  b a s i s  o f  such  a s s e s s m e n ts  have been  b u i l t  most o f  our  modern

c h e m i s t r y  c o u r s e s .  Keen t e a c h e r s  have been  removed from c l a s s ro o m

s i t u a t i o n s  ( n o t  i n  S c o t l a n d )  and have s a t  round t a b l e s  p r o d u c in g

s y l l a b u s e s .  T - e i r  ve ry  keenness  nay have succeeded  i n  b l i n d i n ' -  them

t o  th e  r e a l  needs  and a b i l i t i e s  o f  t h e i r  p u p i l s .  Th is  d e c e p t i o n  may

have been  compounded when the m a t e r i a l  was s e n t  ou t  f o r  t r i a l s  i n

s c h o o l s .  Enthused t e a c h e r s  may w ell  have  c o n f u s e d  t h e i r  own e n t h u s -

: i a sm  w i th  r h a t  they  assumed to  be t h e  e n t h u s i a s m  o f  t h e i r  p u p i l s  and

i n  doin '"  so they nay have y iven  ap p ro v a l  t o  . c ross ly  u n s u i t a b l e  m a t e r i a l .

P rob lem s  r e a l l y  became e v i d e n t  when t h e  normal t e a c h e r  and t h e  normal

p u p i l  i n  th e  normal s choo l  t r i e d  to  y r a n p le  w i th  the  new m a t e r i a l ,

e . y .  t h e  N u f f i e l d  t r e a tm e n t  o f  Fre^  e n e ry y  and th e  h o l e  conce p t  r u e

’O’ l e v e l .  Shayer and I n r l e  have shorn  hov.- f a r  o f f  th e  mark much

10 33o f  t h i s  work has  been .

Th is  t h e s i s  has shown t h a t  a c r o s s - s e c t i o n  o f  t e a c h e r s  o f  v a r y i n g  

d e c r e e s  o f  e x p e r i e n c e  and e n thus ia sm  a r e  n o t  r e a l l y  s u r e  v h a t  t r e i r  

p u p i l s  /



p u p i l s  can t a k e  and t h i s  u n c e r t a i n t y  mi ' -ht v e r y  w e l l  be  more marked 

in  t h e  ° n t h u s i a s t i c  and a c a d e m i c a l l y  a b l e  t e a c h e r s . '

I t  world seem to  he im p o r t a n t  t h a t  s u rv e y  m a t e r i a l  o f  th e  k ind  

embodied i n  t h i s  t h e s i s  should  he  c a r r i e d  o u t  t o  b r in m  some r e a l i s m  

i n t o  t v e s i t u a t i o n  so t h a t  t h e  second v e n e r a t i o n  o f  s y l l a b u s e s  can

30be b r o u g h t  more i n t o  l i n e  w i th  p u p i l  a b i l i t i e s  and a p t i t u d e s .  Ploom

31has  t o  yo hand i n  hand w i th  P i a y e t  i f  s y l l a b u s  p l a n n in g  i s  to  be 

sound and r e a l i s t i c  ( C h a p te r  5)»

G3NCPAL GOhMFhTC ON THC SYLLABUS

Only h a l f  o f  t h e  t e a c h e r s  made any r e p l y  h e r e .  Of t h o s e  who made 

comment o n ly  abou t  137> were w ho l ly  i n  f a v o u r  o f  t h e  s y l l a b u s  i n  i ' t s  

p r e s e n t  fo'-m. From th e  c r i t i c s  t h e r e  was no u n a n i m i t y .  The ory&nic 

m a t e r i a l  came i n  f o r  th e  s e v e r e s t  c r i t i c i s m ,  b u t  no c l e a r  p a t t e r n  

emeryed.  Those who s a i d  i t  was " too  m e c h a n i s t i c "  were a lm o s t  e q u a l l y  

b a l a n c e d  by th o s e  who s a i d  i t  was "no t  m e c h a n i s t i c  enough" .  There 

was an equa l  d i v i s i o n  be tween " i n t e l l e c t u a l l y  l i ^ h t w e i r h t " and "too 

b i y  a yap be tween ’T ’ r r a d e  and d.Y.3'.’ ard  a s i m i l a r  r e s  non se  between 

"more p r a c t i c a l  needed"  and "amount o f  recommended p r a c t i c a l  too  y r e a t "  

S y l l a b u s  r e v i s e r s . c o u l d  t a k e  l i t t l e  r u i d a n c e  from t h i s  and cou ld  

be f o r y i v e n  f o r  l e a v i n c  th e  s y l l a b u s  i n t a c t .

3 . PdCJSCT .’OPK (Q u e s t io n s  i n  t h i s  s e c t i o n  were answered  by
o n ly  one t e a c h e r  p e r  s c h o o l . )

The q u e s t i o n s  i n  t h i s  s e c t i o n  were des ig n ed  to s e e  i f  the

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

rat ional ' - ' -  r o r  the  p r o j e c t  p a r t  o f  t h e  c o u r s e  was s e t  o u t  in- C han te r

3 .  /
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7 .

(a) The 1 Rxn-e. -naro c i t;/ o f  s c h o o l s  d e v o t e d  b e t ' c e e n  c m - q u a r t s  

and o n e - t h i r d  o f  t h e i r  t i n e  t o  p r o j e c t s .  The t i n s  a s  

a l l o c a t e d  as  f o l l o w s : -

In  a b lock

Spread ov-' r most o f  t h e  s e s s i o n  

O thers

47b:'

47^

6?>

(h)  Choice o f  o r o j e c t

Method

E n t i r e l y  by p u p i l s  

Main ly  by mini  I s  

I'a i n l y  by t e a c h e r

School

i k  

5 k  

3 k

( c )  L i a i s o n  w i th  i n d u s t r y  f o r  p r o j e c t s

Much

some

Hone

Here t h e  i n d u s t r i a l  c o n t a c t s  c o r d i a l ?

Some times

(d )  L i a i s o n  v.dth t e r t i a r y  c e n t r e s  ( U n i v e r s i t y ,  T e c h n i c a l
C o l l e g e s )

Hone

( e )  L i b r a r y  . f a c i l i t i e s  "or p r o j e c t  vo rk

Good

Moderate

Poor

177'

47?

37?

O  4. V - „ i
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DISOTT3SION

3chools  ware f r e e  to  o p e r a t e  the t i ^ e  a l l o c a t i o n  f o r  p r o j e c t s  

as  t h e y  chose end t h i s  vac e q u a l l y  d iv i d e d  "between tvo  methods .  The 

h lo c h  method meant t h a t  s t u d e n t s  had,  on a v e r a g e ,  e i r*ki p e r i o d s  oe r  

r e e k  f o r  a b o u t  two months.  Th is  a l l o v e d  p u n i l s  t o  make f a i r l y  r a p i d  

p r o g r e s s .  P s y c h o l o g i c a l l y  t h i s  was sound i n  t h a t  e n t h u s i a s m  ;vas 

b e i n g  m a in t a i n e d  by o b t a i n i n g  r e s u l t s  q u i c k l y .  P u r i l s  engaged in  

t h e i r  f i r s t  " r e s e a r c h " found i t  h a rd  to endu re  a ’’d e s e r t  e x p e r i e n c e "  

w i th  no r e s u l t s  f o r  s e v e r a l  weeks. Th is  f e e l  i n ^  o f  f r u s t r a t i o n  was 

common among s t u d e n t s  ( i n t e rv i e v / e d  by the  a u t h o r )  who had done t h e i r  

p r o j e c t  work s p r e a d  out  f o r  abou t  one hour  p e r  week o v e r  two te rm s .

No s ooner  had th e y  go t  u n d e r  way when they  had t o  pack up f o r  a n o t h e r  

week.

I t  was i n t e r e s t i n g  to  c o t e  t h a t  the  m a j o r i t y  o f  s c h o o l s  had 

made some c o n t a c t  w i th  i n d u s t r y  and v-ith t e r t i a r y  c e n t r e s  i n  c o n n e c t i o n  

w i th  p r o j e c t  work and t h a t  t h e  c o n t a c t s  had been  c o r d i a l .  "iven s c h o o l s  

i n  remote  d i s t r i c t s  made c o n t a c t  w i th  i n d u s t r y  such as d i s t i l l e r i e s ,  

f i s h  meal f a c t o r i e s ,  r i v e r  p u r i f i c a t i o n  b o a r d s  and l a u n d r i e s .

( f )  A l l  t e a c h e r s  we ^  asked  f o r  t h e i r  views on p r o j e c t s  as  a 

t e a c h i n g  method.  They wer<=- a sked  to  a g re e  o r  d i s a g r e e  

v/ith s t a t e m e n t s  s i m i l a r  to  t h o s e  i n  t h e  s t u d e n t  su rv ey  

(C h a p t e r  3, p . 3 .18  ) .  Responses  were e x p r e s s e d  as p e r c e n -  

: t a p e s .

T A 3 L 3 j . 1 3

/
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T A B L E  4 .15

r ---------------------------------———------------------------------------

S ta tem en t Agree Ox sa '"re e Ho answ er

1.  A was te  o f  t ime 0 . 5 n CPyo  • u l o

2. I n c r e a s e s  p u p i l  independence 95 .B 4 . 0 0 . 3

J .  hakes  p u p i l s  use  books n o ‘'-a than  u s u a l 39 .0 9.C 2 . 0

4 . An i n e f f i c i e n t  way o f  l e a r n i n g 21.0 79 .0 3 . 0

5 . I n v o l v e s  p u ' - i l s  i n  too  advanced  i d e a s 14 .0 79 .0 7 -0

6. E nab les  th e  p u p i l s  to  matu re 37.0 0 r\ O • k.' 5 . 0

7 . Gives th e  p u p i l  an o p p o r t u n i t y  to  s r-e 
o t h e r  c h e m is t s  a t  work 52.0 98 .0 1 0 . 0

0 . ’lakes t h e  p u n i l s  f r u s t r a t e d 2 5 . C 62.0 1 3 . 0

B. Gives th e  p u p i l  a ^ood pv-^-univwrs i ty  
t r a i n i n g 81 .0 1 2 . 0 7 . e

10.  Gets  too  few marks f o r  the  e f f o r t  
i n v o 1ved 50.0 49 .0 5 . 0

The r e s p o n s e s  from b o th  p u p i l s  and t e a c h e r s  v/ere v a r y  s i m i l a r  

(Graoh 4*2) b u t  t h e r e  was a l a r y e  d i s a g r e e m e n t  abou t  t h e  amount o f  

r e a d i n g  done .  T ea ch e r s  seamed t o  t h i n k  t h a t  t h e r e  had been  a g r e a t e r  

i n c r e a s e  i n  th e  use  o f  books  th a n  s t u d e n t s  would a d m i t .  T h i s  may h a v e  

t i e d  i n  w i th  t h e  f a c t  t h a t  l i b r a r y  f a c i l i t i e s  v/ere g e n e r a l l y  d e s c r i b e d  

as ’modera te ' '  t o  " p o o r ” (84y of  s c h o o l s ) .

The g e n e r a l  i m p r e s s i o n  o f  p r o j e c t s ,  g iv e n  by b o t h  t e a c h e r s  and 

ou ' i l s ,  was v e r y  f a v o u r a b l e  ex c e p t  t h a t  the', '  f e l t  t h a t  t h e  p r o p o r t i o n  

o f  t h e  t o t a l  a s s e s s m e n t  r i v e n  to  p r o j e c t s  r e l a t i v e  to  fo rm a l  exam in a -  

: t l o n s  was too  lov/.

The p r o j e c t s ,  i t  seemed,  had succeeded i n  a c h i e v i n g  t h e  y e n e r a  1

16aim s e t  o u t  in  th e  o r i g i n a l  Examinat ion  B o a r d ' s  remorandum  ̂ t o  r i v e  

s t u d e n t s  /
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rVadr' s an o ooortunit?.’ to become more in-' ture and in d e p e n d e n t s  ?eachex*s 

' v e r - k o l m i n orl y  ag ree d  t h a t  the p r o j e c t  had i n c r e a s e d  p u p i l  i n  d epe nd en c e 

and m a t u r i t y  and had p rov ided  a "cod p r e - u n i v e r s i t y  t r a i n i n y .

( A l l  t e a c h e r s  were asked  to  r i v e  t h e i r  v i e w s . )

The d e t a i l s  o f  the a s ses sm en t  were r i v e n  i n  C hap te r  3* p . 3*4*

T A B L E  4 .1 4

’each.ers  1 v iev rs o n :

( a )  O b j e c t i v e  t e s t  (SO marks)

E n t i r e l y  s a t i s f a c t o r y  

O b j e c t i o n s  to  s e c r e c y  

Too many marks a l l o c a t e d  

Too few n a r k s  a l l o c a t e d  ■ 

ilo c h o ice  -  o b j e c t i o n  

O the r  o b j e c t i o n s  

Ho comment

o>) S t r u c t u r e d  q u e s t i o n  p a p e r  (100 mark

E n t i r e l y  s a t i s f a c t o r y

Too many marks

Too few marks

O th e r s

Ho comment

( ° )  ?^o j o c t  r e  s o r t  (20 marks)

E n t i r e l y  s a t i s f a c t o r y

I n s u f f i c i e n t  marks f o r  e f f o r t

S t a n d a r d i s a t i o n  and o b j e c t i v i t ;  
s u e : p c t

TTo comment

0

4 0 <

10<

57$

%

38#

41/3

Tr

10#
J r

39#

29#

44#

13#

1 4/3



(d )  Oral  i n t  ' rv iew (10 marks)

. 'Entirely s a t i s f i e d 27j'

Fewer ma^ks 1 S<

Pone marks or",

Dubious o b j e c t i v i t y &?'!

/eimhted a g a i n s t  ne rvous  r u o i l Of*

" Too much depends upon exam iners 3r’

Tea che r  a s s e s s m e n t  he re  on ly Os', *■“/ ‘

O thers 9°/,

¥.o comment 27 Y

( e )  C lass  P r a c t i c a l  Work ( lOmarks)

E n t i r e l y  f a v o u r a b l e W -

Too many marks <je?

Too few marks ' io?>

Dubious o b j e c t i v i t y 6<

Assessment o f  School and Tea che r 1C<

U n f a i r  -  d i s c o n t i n u e 6C~

Others 105')

Uo r e p l y 35f

DISCUISICU

I t  was -orobably f a i r  to  t a k e  "no comment" to mean "no c i d t i c i s r a " .  

On t h i s  b a s i s ,  t h e  l a r ^ e  m a j o r i t y  o f  t e a c h e r s  o f f e r e d  no c r i t i c i s m  o f  

e i t h e r  t h e  O b j e c t i v e  T e s t  o r  th e  S t r u c t u r e d  Q ues t ion  P a p e r .  The 

c r i t i c i s m s  which were ex p re s s e d  v/ere u s u a l l y  s e l f - c a n c e l l i n r .

The main o b j e c t  '.on t o  th e  P ro ;ee l ;  - Assessmen t was the  l i m h t  a! l o 

c a t i o n  o f  marks f o r  such a l a r y ^  e f f o r t .  A f e a s i b i l i t y  c a l c u l a t i o n  

was /



ms to  see  th e  e f f e c t  on th e  J .Y .3 .  o r d e r  o f  n ^ r i t ,  o f  i n c r e a s i r  ~

the a l l o c a t i o n  o f  marks f o r  p r o j e c t  and ora o t i c a 1 a s s e s s m e n t  from. o ne -  

q u a r t e r  o f  t V  ’r h o l e  t o  one- t h i r d  o f  t h e  who le .  This  woo done f o r  a 

random sample o f  200 Candida t e a  i n  1971* The dank O rde r  C o r r e l a t i o n  

( ^ )  v:£3 0 . 9 S .  For  p o l i t i c a l  r e  as one i t  would seen  t h a t  t h e  F x a n in a -  

: t i o n  Foard  sh o u ld  make th e  g e s t u r e  o f  r a i s i n r -  the  a l l o c a t i o n  o f  n a r k s  

f o r  p r o j e c t  work. One o f  th e  o r i g i n a l  r e a s o n s  f o r  t h e  low a l l o c a t i o n  

o f  n a r k s  ./as the u n c e r t a i n t y  o f  th e  r e l i a b i l i t y  o f  th e  p r o j e c t  a s s e s s 

m e n t .  So f a r  th e  a s s e s sm e n t  system has  worked w e l l  i n  t h a t  o n l y  t h r e e  

a p p e a l s  f o r  a r b i t r a t i o n  have - been  made to  t h e  P r i n c i p a l  .Txaminer in  f o u r  

y e a r s  a l t h o u r h  abou t  2500 p r o j e c t s  have beer, a s s e s s e d  i n  t h a t  t i n e .

Th is  h a s  n o t ,  however,  removed the  m i s y i v i r . r s  ahou t  r e l i a b i l i t y .  3y  

th e  p r e s e n t  method t h e  r e s i d e n t  t e a c h e r  a s s e s s e d  th e  p r o j e c t  and th e n  

s e ^ t  t h e  r e p o r t  t o  an e x t e r n a l  examiner  who v i s i t e d  t h e  s c h o o l  t o  i n t e r 

v i e w  the  c a n d i d a t e s .  The t e a c h e r  and t h e  examiner  t h e n  had t o  a r r i v e  

a t  a common mark.

dome work has  been  done to  e x t e n d  t h i s  p rocedure  to  examine con

s i s t e n c y  o f  markin'?.  F o r ty  t e a c h e r s  'were n iven  d u p l i c a t e d  c o p i e s  o f  

t h r e e  p r o j e c t s ,  a copy o f  th e  mar k i n  y a r i d  (Appendix p .  A3 .13 )  a s k e d

to  mark t h e  p r o j e c t s  i n d e p e n d e n t l y .  The r e s u l t s  a r e  i n  T a b le  4*15•

T A B L E  4 . 15

/



31 S3 81? a? KPT 310R33 ( /2 C )

l ........... ......
P r o j e c t  1 F r o j e c t  2 P r o j e c t  3

18 13 11

16 11 13

18 11 11

16 14 10

18 12 14

14 15 10

16 14

18 10

13 13

14 12

18 14

15 15

16 11

16 16

17 9

16 13

17 13

17 16

16

15

Y.aan 16 .5  (A) 12 . 9  ( 3 ) 11 . 5  (C)
( Cr a l e )

8.D. 1 .3 1 . 9 1 . 5
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The a g r  e^ni^rt  good f o r  th e  A p r o j e c t ,  h u t  riot q u i t e  so  mood

f o r  t h e  weaker ones .  ?h* m ark ing  v;as, however ,  as  •■'ood ( o r  as  bad)

as th e  sp read  o b ta in e d  from teams o f  markers-  w o r k in -  on t r a d i t i o n a l  

e x a m in a t io n  q u e s t i o n s .

Under th e  a u t h o r ’ s s u p e r v i s i o n ,  J .  Handy has  be/sun to  e x t e n d  

t h i s  exper im en t  as f o l l o w s

( i )  Teams o f  t e a c h e r s  marked th e  same p r o j e c t s  i n d e p e n d e n t l y .

( i i )  The s t u d e n t s  who w ro te  t h e  p r o j e c t s  v/ere a v a i l a b l e  f o r  

i n t e r v i e w  and t e a c h e r s  were asked  to  .modify t h e i r  o r i , v i r a l  

mark i n  t h e  l i g h t  o f  t h e  i n t e r v i e w .  These  new marks were 

r e c o r d e d .

( i i i ) T h e  t e a c h e r s  we-^e a l low ed  to  c o n s u l t  one o t h e r  t e a c h e r  to  

compare n o t e s  b e f o r e  g i v i n g  a f i n a l  s c o r e .

ex a m in a t io n  was made o f  how t h e s e  s u c c e s s i v e  p r o c e s s e s  cause  th e  

o r i g i n a l  mark s p r e a d  to  narrow o r  widen .  The r e s u l t s  which w e r e  n o t  

e n c o u r a g in g ,  a r e  embodied i n  a r e p o r t  by J .  Handy and th e  a u t h o r  t o
32

the S c o t t i s h  "Education D epar tm en t .  f o r k  has  now begun  on d e v i s i n g

and t e s t i n g  new p r o j e c t  a s s e s s m e n t  schemes.

C la ss  p r a c t i c a l  work a s s e s s m e n t  i s  t h e  l e a s t  p o p u l a r ,  b u t ,  i n  

v iew o f  the  f a c t  t h a t  t e a c h e r s  v/ere n o t  e n c o u r a g in g  t h e i r  s t u d e n t s  

to  do enouvh p r a c t i c a l  work,  (p.4 . 4 ) some s a n c t i o n  nay  be th o u g h t  to  

be n e c e s s a r y .

The comment t h a t  t h i s  " a s s e s s e s  t h e  schoo l  and t e a c h e r "  was t r u e  

o f  a l l  e x a m i n a t i o n s ,  b u t  s i n c e  th e  t e a c h e r  was p r e s e n t  d u r i n g  t h i s  

p r a c t i c a l  a s s e s s m e n t  he p ro b a b ly  f e l t  t h i s  more k e e n l y .

Tb.p g e n e r a l  p i c t u r e  o f  t h e  S ix th  Year S t u d i e s  c o u r s e  from t h e  

t e a c h e r s ’ /



-  4.26 -

t e a c h e r s  ’ p o i n t  o r view was f a v o u r a b l e  and se rved  to  conform t h a t  the 

g e n e r a l  aims o f  th e  c o u r s e  were b e i n g  a c h i e v e d .  The c o u r s e  c o n t e n t  

was, in  p l a c e s ,  n o t  e n t i r e l y  s a t i s f a c t o r y  b u t  t h e r e  was no g u a r a n t e e  

t h a t  o t h e r  t o n i c s  would f a r e  any b e t t e r .

An i n t e r e s t i n g  t a i l p i e c e  t o  t h i s  became e v i d e n t  a t  a m e e t in g  of  

h e a d m a s t e r s  hold  i n  t h e  U n i v e r s i t y  o f  Glasgow i n  December 1971 1° d i s -  

j c u s s  S ix th  Year  S t u d i e s  i n  g e n e r a l .

More t h a n  h a l f  o f  th e  h e a d m a s te r s  p r e s e n t  s t a t e d  t h a t  t h e y  were 

e n c o u r a g in g  s u i t a b l y  q u a l i f i e d  s ix th ,  fo rm ers  t o  s tu d y  3 . Y . 3 .  C hem is t ry ,  

r e g a r d l e s s  o f  t h e i r  careex* p l a n s ,  beca u se  o f  i t s  w e l l  b a l a n c e d  s t r u c t u r e !
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TTHIVMiCITY OF CLA3C0;/ -  C H i r i3 ? I7  ')3PAr'TM3YT

Qu-2 3 t t o n n a i r o  f o r  T p a c h e r  3 p P 3 i  x b h Y e a r  31 u d i  e 3 , 0 hen i s  t r y

You have j u s t  f i n i s h e d  t e a c h i n g  t h e  3 . Y . 3 .  C hem is t ry  c o u r s e  and 
v/e a r e  anx ious  t o  have you r  v iews on i t .  S ince  nowhere i s  y o u r  name 
r e q u i r e d  you can answer q u i t e  f r a n k l y .  Your r e p l y  “' i l l  c o n t r i b u t e  
tow ards  th e  f u t u r e  r e v i s i o n  o f  th e  c o u r s e .

r ’l e a s e  t i c k  t h e  a p p r o p r i a t e  b o x ( e s )  t h r o u g h o u t  o r  i n s e r t  t h e  
r e q u i r e d  number.

1.

2.

3.

Male

Female

Number o f  y e a r s  i n  th e  p r o f e s s i o n  

Humber o f  y e a r s  t e a c h i n g  3 .Y .3 .

Of t h e  3 . Y .3 .  s y l l a b u s ,  you have t a u g h t  -  A l l  ...........................

P a r t ...................... ....

School  o r g a n i s a t i o n  -  i f  more t h a n  one t e a c h e r  i n  t h e  s c h o o l  i s  
an s w e r in g  t h i s  s u r v e y ,  o n ly  one s h o u ld  answer  Q u e s t io n  3•

( a )  Your b e s t  s i x t h  y e a r  p u p i l s  s t u d y  and s i t  -

B u r s a ry  C o m p e t i t io n  o n ly  ................................................................

3 .Y .S .  o n ly  ...................................................... .  - .........................................

Both o f  th e  above  ....................................................................................

n . n .  i. _ ’ .............................................................................................................

(b )  Your t ime a l l o c a t i o n  f o r  3 .Y .3 .  i s  
n e r  week.

p e r i o d s

These p e r i o d s  a r e  a l l o c a t e d  as f o l l o w s  
( e . g .  2 x 3  p e r i o d s  and two s i n g l e s )

For  how many p e r io d s  a r e  th e  p u p i l s  i n  c o n t a c t  w i t h  a 
t e a c h e r ?   ................................................................ ..

For  how many p e r i o d s  a r e  3 .Y .3 .  p u p i l s  s h a r i n g  t ime 
wi th  Vth y e a r  p u p i l s ?  ............ ...........................................................

How i s  t h e  t im e  a l l o c a t e d  be tween  -  i r r a c t i c a l .................

-  t h e o r y  ......................

I n  /
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In  yo u r  e x p e r i e n c e  you r  t i n e  a l l o c a t i o n  i s  -

ad eq u a te

too  much.

too  l i t t l e  __________

( c )  Do you have  a s i x t h  y e a r  l a b o r a t o r y ?  -  Yes

No

You r e y a r d  you r  l a b o r a t o r y  accommodation f o r  3 . Y . 3 .  as  -

yenerous

ad eq u a te

b a r e l y  a d e q u a te ______________________________ __________

t o t a l l y  i n a d e q u a te

4 .  Tea ch ing  Method -  t o  be ansv/ered by one p e r s o n  p e r  s c h o o l .

( a )  Theory .  You t e a c h  t h e  t h e o r y  p a r t  o f  t h e  c o u r s e  b y : -

L e c t u r e  ___________

Formal l e s s o n

O th e r  method -  ( p l e a s e  s p e c i f y )

(b)  N o te s .  P u p i l s  o b t a i n  t h e i r  n o t e s  m a in ly  b y : -  

Notes  t a k e n  d u r i u y  t h e  l e s s o n

P r i n t e d  h an d o u t s

Gome o f  each  o f  t h e  above

( c )  Books and o i l i e r  l i t e r a t u r e .

The p u b l i c a t i o n s  m a in ly  used  by th e  p u n i l s  a r e : -

The number o f  books a v a i l a b l e  in  th e  l a b o r a t o r y  f o r  
p u n i l s  to  c o n s u l t  i s  a p p r o x i m a t o l y . -

(<0 /



(d )  0 our  tie -  P r a c t i c a l .  The av e ra g e  number o f  e x p e r i m e n t s
done by each n u r d l  d u r i n g  t h e  s e s s i o n  ( e x c l u d i n g  p r o j e c t s )  
i  s -

P r a c t i c a l  v-ork i s  o r g a n i s e d  as f o l l o w s

C lo s e l y  inte.e-ra.ted v i t 1' th e  t h e o r y

’.‘f o r k i n £• th ro u g h  p r e s c r i b e d  e x p e r i m e n t s  i n  any o r d e r  

Any o t h e r  ne thod  ( p l e a s e  s p e c i f y )

In  the  Appendix i s  a l i s t  o f  t h e  p r e s c r i b e d  e x p e r i m e n t s  
f o r  you r  comment.

5• S y l1abus  C p a ten t

The main s y l l a b u s  t o p i c s  a r e  l i s t e d  b l o r .  Amainst  each p l a c e  
a t i c k  i n  th e  a p p r o p r i a t e  hox to  i n d i c a t e  how easy  t h e  t o p i c  i s  to  
t e a c h  *. -

.....................
das y

-------- -----—

Averare
r
: D i f f i c u l t

Th ermodynami c s

V o lum e t r ic  v;ork 
( i  no 1 udin£r r e  d ox)

■ S p e c t ro s c o p y

Atomic d t? m c tu re  
( o r b i t a l s )

m o l e c u l a r  tha ne

O rya^ ic

d o s t  o f  Group IV

S o l u t i o n  C h e n i a t ry

T r a n s i t i o n  Clements

I n  th e  ex t reme r i r h t h a n d  hox e n t e r  one of  th e  f o l l o v i n v  numbers 
■ to  i n d i c a t e  how much P r e p a r a t i o n  work you had to  do to  become e x p e r t  

enouyh to  t e a c h  the t o p i c .

Very /
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Very much -  '4

Much -  3

Not much -  2

Very l i t t l e  -  1

None -  0

I f  you have any v e n t r a l  v iews on the  s y l l a b u s  c o n t e n t ,  e x p r e s s  

them h e r e .

6. P r o j e c t  Work -  to  "be answered by one p e r s o n  p e r  s c h o o l .

( a )  7/hat f r a c t i o n  o f  y o u r  t o t a l  t ime f o r  t h e  s e s s i o n  i s  
d ev o ted  to  p r o j e c t s ?

How i s  t h i s  t ime a l l o c a t e d ?

In  a b lo c k

Spread  over  most  o f  the  s e s s i o n

Any o t h e r  method ( p l e a s e  s p e c i f y )  _____

(b )  How a re  p r o j e c t s  chosen?

E n t i r e l y  by p u p i l s  

V a in l y  by u u o i l s

M ain ly  by t e a c h e r  _____

( c )  Hor much l i a i s o n  have you had v/i th i n d u s t r y ?

Much

Some

None
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Has th e  i n d u s t r i a l  l i a i s o n  ' 'eon c o r d i a l ?  

Yes

Sonati r .e s

I f  t h e r e  has  been  no i n d u s t r i a l  c o n t a c t ,  olea.3^ s t a t e  why

(d)  How much c o n t a c t  have  you had w i th  t e r t i a r y  c e n t r e s ?  

Much 

Sore

None _____

I f  t h e r e  has  ^een  no t e r t i a r y  c o n t a c t ,  p l e a s e  s t a t e  ,vhy

( e )  How rood a^e y o u r  l i b r a r y  f a c i l i t i e s  f o r  p r o j e c t  work? 

Good

T.Io d e r a t e  

P oor

( f ) To be answered  by a l l  t e a c h e r s .

/ba t  a r e  you r  v iews on p r o j e c t s  as  a method o f  t r a i n i n ' *  
y o u n r  peo o le  i n  c h e m is t ry ?  I n d i c a t e  w he the r  you a r r e e  
o r  d i s a g r e e  w i th  t h e  fo l l ow in '*  3 ^ o t e r e n t s  ab o u t  p r o j e c t s .

/



A--ree d i s a g r e e

A was te  o f  t ime

I n c r e a s e s  p u n i l  independence

ITakes t h e  p u n i l 3 use  books more th a n  u s u a l

An i n e f f i c i e n t  way o f  l e a r n i n r

I n v o l v e s  t h e  p u p i l s  i n  too advanced i d e a s

finable s the  p u p i l  to  ma tu re

Gives t h e  p u n i l  an o p p o r t u n i t y  to  s e e  o t h e r  
c h e m is t s  a t  work

b ak es  the  p u p i l s  f r u s t r a t e d

Gives the  p u p i l  a pood p r e - u n i v e r s i t y  
t r a i n i n g

Gets too  few marks f o r  t h e  e f f o r t  i n v o l v e d

I f  you have any o t h e r  o b s e r v a t i o n s  on p r o j e c t s ,  p l e a s e  g ive  

t h e n  h e r e .

7.  Assessment

The a s s e s s m e n t  i s  d i v i d e d  i n t o  f i v e  c a t e g o r i e s

« ( a )  O b j e c t i v e  t e s t  mivin<- s y l l a b u s  coverage  and c a r e f u l
e x a m in a t io n  o f  e d u c a t i o n a l  a b i l i t i e s .  (50  marks)

(b )  S t r u c t u r e d  q u e s t i o n s  r l v i n ~  more room f o r  e x t e n d e d  
th o u g h t .  (ICO marks)

( c )  P r o j e c t  r e p o r t  -  ex tended argument in  c u r s i v e  T n r l i s h .
(20 marks)

(d )  Ora l  i n t e r v i e w  g i v i n g  th e  p u p i l  o p p o r t u n i t y  t o  defend
h i s  v i e v s  f a c e  to  fa c e  w i t h  a 3 t r  an rex’. (20 m arks)

( e )  A check o f  c o u r s e  v o rk  "or compie bene03 and method
o f  w ord ing .  ( lO marks)

P l e a s e  /
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P1 e a s e  r i v e  yo n r  comments on each  o f  t h e s e  t y ;.es 

c o n s i d e r i n g - d e s i r a b i l i t y ,  o b j e c t i v i t y  o f  mark iny ,  .vei< 

an.l any othe-? r e l e v a n t  m a t e r i a l .

O l S G 3  0 3  o!T10 '';t 

f i t i n r  o f  mark3 ,

Thank you  f o r  y o u r  c o - o p e r a t i o n  i n  p r o v i d i n g •t h i s  i n f o r m a t i o n .  

A copy o f  t h e  f i n d i n g s  w i l l  he s e n t  to  yo u r  s choo l  i n  due c o u r s e .



— a 4 . ‘4 —

3y means o f  a t i c k , in - l ie  a t e :

( a )  which o"  the  f o l l o - d n c  e x p e r im e n t s  you ha^e used  t h i s  
y e a r ,  an^ ,

\ o )  which o f  the  e x o - r i n e n t s  you have t r i e d  i n  p r e v io u s  y e a r s  
h u t  have r o t  r e p e a t e d  t h i s  y e a r .

( a ) Co)

1 . H eats  o f  com bust ion  o f  a s e r i e s  o f  a l c o h o l s

2. H e s s ’s Law HaOrl/HCl

3. H e s s ’ L a ./ o n / 0 u ' +

4. d . m . f .  a chem ica l  c e l l  Zn/Ay+

5- •Comparison between AG and AII Zn/kfr+ r e a c t i o n

0 . :o019 hydra te /SOOl

7- Thermal d e c o m n o s i t i o n  o f  HailCO,
3

Q E q u i l i b r i u m  c o n s t a n t  Fe^+/N00 system ( c o l o r i m e t r i c )

y • E q u i l i b r i u m  c o n s t a n t .  -  H y d r o ly s i s  o f  an  e s t e r

10. I o d i n e  c o u lo m e te r

11. E s t i m a t io n  o f  01 as AgOl

12. ' • e thane  and C h lo r i n e  u n d e r  i n f l u e n c e  o f  l i v h t

13- B ro m in a t io n  of  h e p t a n e  i n  l i g h t

14. Alkene + 3v.7 + 01

1 - . H y d r o l y s i s  o f  t - b u t y l  bromide

16. r e l a t i v e  ease  o f  d i s p l a c e m e n t  o f  h a lo g e n  i n  RC1, 
;l3r and HI

17. Phenyl  magnesium bromide and p r e p a r a t i o n  of  b e n z o i c  
a c i d  .

IS . Phenyl  m arnes iun  bromide and p r e p a r a t i o n  o f  t r i -  
phenyl  methanol

1 o.-  s • P r e p a r a t i o n  o f  3n l^

r>, y->' u * P r e p a r a t i o n  o f  SnClp

*51 P r e p a r a t i o n  o f  PbOl

2 -.  /



R e a c t io n s  o f  m “ * r i t h  HuG” and Fe^+ 

due cos s i  ve d i l u t i o n  o f  V./lC a c i d s  and b a s e s  

C o n d u c t i v i t i e s  o f  a c i d  s o l u t i o n s  

pH o f  a c i d  s o l u t i o n s

IC from oil o f  known c o n c e n t r a t i o n s  o f  a c i d s  a

pH o f  s a l t  s o l u t i o n s

pH changes d u r i n g  a c i d / b a s e  t i t r a t i o n s

Changes i n  pH o f  b u f f e r  s o l u t i o n s  w i t h  added 
b a s e / a c i d

Changes in  c o n d u c t i v i t y  o f  b u f f e r  s o l u t i o n s  with  
added b a s e / a c i d

R ed u c t io n  o f  vanadium compounds 

O x id a t io n  s t a t e s  o f  I'In 

P i ' -enara t ion  o f  Fe01o , PeOl
3

P r e p a r a t i o n  o f  T u t to n  s a l t s

A n a l y s i s  o f  ) 6 (3F4 ) 2

Convers ion  o f  Ni(HH^) ,-(3P^) 2 t o  HiF9

P r e o a r a t i o n  o f  Hi (HIT.,) , - (3F„)0• 5 o 4 2
E f f e c t  o f  l i g a n d s  on c o l o u r  o f  complexes

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

H a m e t i c  p r o n e r t i e s  o f  f e r r o u s  ammonium s u l p h a t e  
and n o ta s s iu m  fer .rocyan.ide



S e c t io n s Time ( h r s )

1 and 3 16

18

4 8

5 6

6 20

7 12

8 5

9 15

T o t a l 100

The o v e r a l l  d i v i s i o n  was recommended a s

Theory 37/' P r a c t i c a l  63/-
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P o o k l i c  _

These a re  a r r a n g e d  in  o r d e r  o f  " p o p u l a r i t y

1 .  Colleme Chemis try  - I 1 ah an

2. Chemis try  -  Cienko and P lane

3.  Chem is t ry  -  A U n i f i e d  Approach -  B u t t l e  and 
D an ie l s

4 . B a s i c  O rgan ic  Chem is t ry  ( l )  -  Tedder  and 
H ech v a ta l

p. P h y s i c a l  Ohcm i s t r y  -  Hays

6. A Worksheet I n t r o d u c t i o n  to  Chemical 
S p e c t ro s c o p y  -  J o h n s to n e  and Sharp

7. Var ious  Volumes i n  Lon m a n s  Concept. S e r i e s  
i n c l u d i n g  Hew Guide t o  Modern Valence Theory  -  
Brown

S p e c t ro s c o p y  -  / h i t f i e l d

I n t r o d u c t i o n  t o  Chemical  Sn e m e t i c s  -  Thompson

8 .  C hem is t ry  Data Book -  S t a r k  and W al lace

9 . Comprehensive C hem is t ry  -  Hicks

10 .  C hem is t ry :  A S t r u c t u r a l  View -  S t r a n k s  e t  a l .

11.  Sneryy  Changes i n  Chemis try  -  A l len

12.  Chem is t ry  Takes Chape (Book V) -  J o h n s t o n e  and 
I ' o r r i s  on

13* I n o r g a n i c  C hem is t ry  -  mod and H o l l i d a y

14.  P h y s i c a l  Chem is t ry  -  ‘Wood and H o l l i d a y

1 5 . O rgan ic  Chem is t ry  -  Hood and H o l l i d a y

16 .  E x p e r im en ta l  C hem is t ry  -  A Laboratory- Manual -  
Rendle Vokins and Davis

17.  O rgan ic  Chem is t ry  -  S tokes

Addison We s 1 ey 

U c G ra w - H i l l■

L u t t e r w o r t h

Wiley

H a r ra p

Eeinernann

J .  H u r ray  

M acmill an  

Cambridge 

B l a c k i e

Heinemann 

L u t t e r w o r t h  

L u t t e r w o r t h  

B u t t e r m o r t h

A rnold

A rnold

O th e r  p u b l i c a t i o n s  i n  minor  u s e .  

School /
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S c h o o l  S c i  m c e  Re v i e  -.v -  A . I .  f .  J  • Murray

C h e m i s t r y  i n  B r i t a i n  -  C . 3 . / l . I . C .

Edu c a t i o n  in  C h e r i s t r y  -  0 . 3 . / d . 1 . 0 .

U n i l e v e r  B o o k le t s  

Esso P u b l i c a t i o n s

H u f f i e l d  P u b l i c a t i o n s  -  Lon^man/Pen'min

J o u r n a l  o f  Chemical e d u c a t io n  -  American Chemical J o c i e t y
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43
In  a r e c e n t  n a t i o n a l  sucvey o f  to  -.ch^rs in  S c o t l a n d  " t h e  

p r o p o r t i o n  o" cherais t r y  t e a c h e r s  as a r h o l s  v a s : -

Up t o  10 -years e x p e r i e n c e  

More th a n  10 h u t  few er  t h a n  20 y e a r s  

20 y e a r s  o r  o v - r

Thus t h e  sample  o f  c h e m is t s  t e a c h i n ~  S .Y .3 .  i s  d i s t i n c t l y  

y o unge r  t h a n  t h e  n a t i o n a l  d i s t r i b u t i o n  o f  c h e m i s t s .

38^

24a'

3 7 t
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,HY THE DIPPI TUhTI IS?

The d i s tu rb in ' ' ' '  th re a d  which h a s  a p p e a re d  th r o u g h o u t  t h i s  work 

i s  t h e  f a c t  t h a t  so many a r e a s  o f  t h e  s y l l a b u s  have proved d i f f i c u l t  

f o r  th e  p u p i l s .

On the  f a c e  o f  i t  t h e  s y l l a b u s  has  a l o g i c a l  development w i th  a  

c e r t a i n  amount o f  c y c l i c  t r e a t m e n t  so t h a t  some t o p i c s  such  a s  

1 r e a c t i v i t y 1 o r  ' a c i d s  and b a s e s '  a p p e a r  s e v e r a l  t im e s  -with i n c r e a s -  

: i n g  d e g r e e s  o f  s o p h i s t i c a t i o n .  A l a r g e  amount o f  p r a c t i c a l  work 

i s  p r e s c r i b e d  t o  i n v o l v e  p u p i l s  i n  a ' d i s c o v e r y  t y p e '  o f  l e a r n i n g  

e x p e r i e n c e  b u t  t h i s  i s ,  c l e a r l y ,  n o t  u n i v e r s a l l y  done.  D e s p i t e  

t h i s  c a r e f u l  s t r u c t u r i n g  someth ing  has  gone wrong.

I t  was s u g g e s te d  i n  C hap te r  4> p . 4 « l 6  t h a t  t h e  key  t o  th e  p r o 

b l e m  may be found i n  a s tu d y  o f  the  development o f  l o g i c a l  t h i n k i n g

i n  t h e  a d o l e s c e n t .  Much work has  been  done i n  t h i s  a r e a  by P i a g e t  

dland I n b e l d e r  and,  a l t h o u g h  t h e i r  samples were s m a l l ,  t h e y  s h o w e d

t h a t  c l e a r  s t a g e s  o f  development e x i s t  w i th  i m p l i c a t i o n s  f o r  

t e a c h e r s  i n  s e c o n d a ry  s c h o o l s  and even i n  u n i v e r s i t i e s .

S t a g e  I  -  e x t e n d s  from b i r t h  u n t i l  t h e  a p p e a r a n c e  o f  l a n g u a g e  

( ^ 1 8  months)

S ta g e  I I  -  c o n t i n u e s  t i l l  t h e  b e g i n n i n g  o f  a d o l e s c e n c e  I p  y e a r s )

end o f  second y e a r  i n  s e c o n d a ry  schoo l  

S tag e  I I I  -  i s  s u b s t a n t i a l l y  comple te  by age Ip  -  l H  ( ’O' .g r a d e )

The c h a r a c t e r i s t i c  f e a t u r e  o f  htage I I  i s  th e  a p p e a ra n c e  o f  th e  

p e r i o d  o f  c o n c r e t e  o p e r a t i o n s . The c h i l d  shows r e a s o n i n g  a b i l i t y ,  

b u t  /
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b u t  i n  te rms o f  c o n c r e t e  o b j e c t s .  • There i s  an absence  o f  t h e  hypo-  

; t h e t i c a l ,  fo rm al  t h i n k i n g  so o f t e n  r e q u i r e d  i n  e a r l y  s c i e n c e  and 

maths  c o u r s e s .  The a b i l i t y  to  h o ld  o t h e r  v a r i a b l e s  s t i l l  w h i le  

a l t e r i n ' ?  one ,  i s  n o t  common a t  t h i s  s t a r s .  The g e n e r a t i o n  o f  h.ypo- 

: t h e s e s  and t h e  e l i m i n a t i o n  o f  u n s a t i s f a c t o r y  ones by menta l  o p e r a -  

: t i o n s  a l o n e  i s  a l s o  uncommon. For t h e s e  s k i l l s  ve must  w a i t  t i l l  

S tage  I I I .  T h i s  i s  th e  t ime  f o r  a b s t r a c t  t h i n k in . "  o f  t h e  a l g e b r a i c  

t y p e :  t h e ' t i m e  "or  th e  p u r s u i t  o f  g e n e r a l  l a v s  and e x p l a n a t i o n s .

These  a b i l i t i e s  do n o t  s u d d en ly  a p p e a r  a t  aye 12 -13 ,  b u t  r a t h e r  b e y i n  

t o  show th e m s e lv e s  t h e n  and r e a c h  development a t  abou t  15 -1 6 .  How- 

s e v e r ,  S taye  I I I  i s  n o t  i n d e p e n d e n t  o f  Sta.ye I I .  The p u p i l  may be  

a b l e  t o  r e a s o n  i n  S tage  I I I  w i th o u t  h a n d l i n g  c o n c r e t e  o b j e c t s ,  b u t  

he o f t e n  t h i n k s  i n  te rm s  o f  o b j e c t s  and images and w i l l  c o n t in u e  to  

do so f o r  t h e  r e s t  o f  h i s  l i f e .  He i s  now a b l e  t o  a c c e p t  t h e  i d e a  

o f  c o n s e r v a t i o n  o f  volume b eca u se  he can im ag ine  t h e  same l i q u i d  i n  

a v a r i e t y  o f  c o n t a i n e r s .  This b r i n g s  i n  th e  concep t  o f  p r o p o r t i o n -  

: a l i t y .  I f  a r i v e n  amount o f  l i q u i d  i s  t r a n s f e r r e d  from one v e s s e l  

t o  a n o t h e r ,  any main i n  l e v e l  must be " s e e n f  t o  be  r e l a t e d  t o  a pro-  

i p o r t i o n a l  d e c r e a s e  i n  c r o s s - s e c t i o n a l  a r e a .

One o t b e r  c h a r a c t e r i s t i c  change be tw een  S ta g e s  I I  and I I I  which  

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

m e n t a l l y ,  r e l a t i o n s  between com par i sons  whereas  the  y o unge r  c h i l d  

makes one comoar ison  a t  a t i m e .  Th is  i s  r e l e v a n t  when one i s  t r y i n g  

to  c o n s t r u c t  a s e r i e s  i n  which i n f o r m a t i o n  f o r  i t  i s  o b t a i n e d  as  a 

c o l l e c t i o n  o f  sm al l  p a r t s .

34Expe r im en ta l  work i n  B r i t a i n  has  s u b s t a n t i a l l y  s u p p o r t e d  

P i a v e t 13 i d e a s  and P ee l  ' has  p o in t e d  o u t  t h a t  t h e  s t a v e s  c o i n c i d e  

w i th  /
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36w ith  menta l  a"e  r a t h e r  tha n  w i th  c h r o n o l o g i c a l  a fra. 1 e a l i n e s

r e s e a r c h i n g  in  com prehens ive  s c h o o l s  has  e a r "  a 3 ted t h a t  a m en ta l  a fa  

o f  a t  l e a s t  13 i s  r e q u i r e : 1- f o r  o u n i l 3 to  use  the  i d e a s  o f  p r o p o r t i o n -  

: a l i t y  and r e l a t i o n s  between r e l a t i o n s ,  and t h a t  a merit r-1 aye o f

3715~ 1 •-■ f a  r e q u i r e d  b e f o r e  f o r n a l  t h i n k i n n  can  he e x p e c t e d .  Beard 1 . 

p o i n t s  o u t ,  however,  t h a t  t h e s e  deve lopments  nun b, t o  some e x t e n t ,  be 

c o n t r o l l e d  by s o c i e t y  and by e d u c a t io n . ,

I n  P ia  f a t 1s work t h e  im p r e s s i o n  i s  conveyed t h a t  the  s u b j e c t s  

o f  h i s  i n v e s t i g a t i o n ? ;  a r e  m e e t in e  the  problems f o r  t h e  f i r s t  t im e  

w i t h o u t  p r e v i o u s  e d u c a t i o n a l  ’t i n t e r f e r e u c e ". I t  i s  d i f f i c u l t  t o  

a s s e s s  bow f a r  educ t i o n  can advance t h e  o n s e t  o f  t h e s e  d ev e lo p m en ta l  

s t a p e s .  I t  may be  t h a t  t h e  p r e s e n t a t i o n  o f  i d e a s ,  which would n o t  

n o r m a l ly  o c c u r  s p o n t a n e o u s l y  a t  a r i v e n  s t a y e ,  i s  a w as te  o f  t ime i n  

t h a t  t h e  c h i l d  may ’ l e a r n 1, b u t  n o t  u n d e r s t a n d  t ^ e  m a t e r i a l  t a u g h t .  .

In  h i s  a t t e m p t  t o  a s s i m i l a t e  t h e  rev/ i d e a  he may have to  ’b e n d ’ i t  

t o  f i t  h i s  s t a p e  o f  development o r  m e re ly  have  to  memorise i t .  T h i s  

may t h e n  f i v e  r i s e  to problems l a t e r  when he e x h i b i t s  t h e  n a i v e t y  o f  

h i s  i d e a s .

This  i s  where problems may a r i s e  anon- s e n i o r  s c h o o l  and u n i v e r 

s i t y  s t u d e n t s .

A g a in s t  t h i s  s e m i - t h e o r e t i c a l  bankeround  i t  i s  p roposed  to  examine 

th e  a r e a s  o f  d i f f i c u l t y  r a i s e d  e a r l i e r  i n  t h i s  t h e s i s .  I t  i s  assumed

t h a t  t h e  o r d e r  i n  which the  s y l l a b u s  i s  w r i t t e n  i s  the o r d e r  i n  ‘which

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

There  were two d i s t i n c t  a r e a s  o f  t h e  v*ork up to  *II1 y rade  which 

had caused  d i f f i c u l t y  -  A, f o rm u lae ,  Equations and th e  F o ie  and 3 .

The O m a n i c . ( C h a p te r s  1 and 2 ) .

A .  /
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A . h ) T'dTLA.il, f  fidTIONC Ad!) 7-: 1 ~ OTPC

f rom Graph 2 i n  t h e  A ' .oerd ix  to  C h a p te r  2 th e  fo l l o w  i n s  peaks  o f  

d i f f i c u l t y  anoea red  and thesf- were s u p p o r t e d  hy the  r e s u l t s  i n  Chapter  

1 r e f e r r i n g  to  U n i v r r s i t y  1 s t  y e a r  s t u d e n t s .

( i )  H0 -  The d i f f e r e n c e  between c o v a l e n t  and e l e c t r o v a l e n t

b o nd ing .

( i i )  H_ -  U s ing  an !’io n  d e t e c t o r "  to measure t h e  c o n d u c t i v i t y
3

o f  s o l u t i o n s  and u n d e r s t a n d i n g  th e  r e s u l t s ,  

w r i t i n g  chem ica l  fo rm ulae  and e q u a t i o n s ,  

fo rm ula  w e ig h t s  and c a l c u l a t i o n s  from e q u a t i o n s .

(iii) n
A~4

(iv) o

M b

(vi)
L

(vii) h

(viii) J,

(ix)
J 4

(*) J 6

U i ) K

The i o n i s a t i o n  o f  w a t e r .  The meaning o f  -

HjO -  H+(a q )  + OH_ (aq )

e l e c t r o n  t r a n s f e r  in. r edox  r e a c t i o n s .

A c id i c  and b a s i c  o x i d e s .

V ar ious  methods o f  p r e p a r i n g  s o l u b l e  s a l t s .  

P r e c i p i t a t i o n  r e a c t i o n s  f o r  p r e p a r i n g  i n s o l u b l e  s a l t s .  

C a l c u l a t i o n s  t o  f ind  the  m o l a r i t y  o f  a s o l u t i o n .

Ion  e l e c t r o n  h a l f  e q u a t i o n s .  The meaning o f  e q u a t i o n s  

such as  -

SOi:~ + H0 0 -  JGP;~ + 2H+ + 2e 
5 2 4

pe + • NO: + 4H+ -  NO + 2Ho0 
3 . d

T h is  work was t a c k l e d  by most p u p i l s  be tween  t h e  ages  o f  14 and 

I p ,  c o r  r e s  non din." to  P i a g e t ’ s I I I A  l e v e l .  Th is  was th e  s t a g e  a t  

which fo rmal  t h i n k i n g  'was a p p e a r i n g  b u t  which l e a n t  h e a v i l y  on t h e  

c o n c r e t e  tM n k in m  o f  th e  p r e v io u s  s t a g e .

The /
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The t h i n k i n g  demanded n u p i l s  i n  t o p i c s  ( i )  to ( x i )  above //as 

on t 9 l i m i t  o f  t h e i r  a b i l i t y  p a r t i c u l a r l y  a t  the y o u n g e r  end.  At 

roe a r e  o f  14 most o f  t h e  fundam en ta l  m a t e r i a l  was b e i n g  t a u g h t  

( f o r m u l a e ,  e q u a t i o n s ,  b a l a n c i n g  and c a l c u l a t i o n s )  uoon which  so much 

o f  • the  l a t e r  m a t e r i a l  depended.

( i )  I n  II ? th e  o u n i l  was c o n f r o n t e d  v i t h  the s i t u a t i o n  o f  d e c i d i n g  

w h e th e r  a compound .would have c o v a l e n t  o r  i o n i c  bond ing .  On what

b a s i s  was t h i s  d e c i s i o n  t o  b e  made -  a knowledge o f  t h e  P e r i o d i c

T a b l e ;  e l e c t r o n i c  c o n f ig u r a t i o n s ' s  a tom ic  s i z e ;  e l e c t r o n s : r a t i v i t y ?  

Th is  . iunnlinm w i th  an a p p a r e n t l y  m u l t i v a r i a t e  s i t u a t i o n  was l i k e l y  

to  be  beyond him.

( i i )  Hu v/as a n o t h e r  exano le  o f  a s i m i l a r  p rob lem.  P u o i l s  i n  3 . C . T .
u

(c )  y rade  c o u r s e s  were r e q u i r e d  t o  u n d e r s t a n d  th e  shape o f  t h i s  c u r v e

( F i g .  5 « l )  f o r  t h e  a d d i t i o n

o f  a s t r o n g  b a s e  t o  a s t r o n g  

a c i d  w h i l e  the  s o l u t i o n  c o n -
Fig.s.i

: d u c t i v i t y  was b e i n g  m e a s u re d .

ct <\dAjL<£

They had to know s i m u l t a n e o u s l y : -

1 .  The meaning o f  a " s t r o n g  acid*’ and i t s  s i g n i f i c a n c e  i n  n i v i n g  

a h ig h  i n i t i a l  r e a d i n g .

2. The f a c t  t h a t  w a t e r  was b e i n g  formed and t h a t  i t s  c o n d u c t i v i t y  

was 1 o w.

f .  The f a c t  t h a t  t h e  number o f  f r e e  io n s  i n  s o l u t i o n  was th e  same 

as f a r  as  the  minimum o f  t h e  c u r v e .

4. /



4* The f a c t  that  h r  metal  i  o f  the s a l  t had a l o w e r  • lObilit :

5. The s i g n i f i c a n c e  o f  t h e  mini  mum ■md- m i n t

6. The f a c t  t h a t  t h e  i n c r e a s e  beyond t h e  minimum \ca3 due to

a d d i t i o n a l  io n s  from t h e  ba

T h is  curve- was s im p le  when compared w i th  t h i s  one ( f i e .  5 -2 )  f o r

t h e  a d d i t i o n  o f  ca rbon  d i o x i d e  gas  to  l i n e w a t e r !

The amount o f  formal- 

t h i n k i n g  r e q u i r e d  h e r e

named formula  a s  f o l l o w s : -  .

1.  fame t h e  e l em en t s  i n  t h e  compound.

2. 7/c i te  t h e  symbols f o r  t h e s e .

3 . - - . r i t e  t h e  symbols and ch arges f o r  t h e  i o n s .

4 . how w r i t e  th e  comple te  fo rm u la .

P u p i l s  u s u a l l y  ~ot some o r  a l l  o f  s t e p s  1,  2 end 3 wrong h u t ,

f o r  common compounds, r a t h e r  more than  h a l f  o f  them ~ot 4 c o r r e c t .

I t  was c l e a r  th a t i f  t h e  r e s u l t  o f  4 depended upon th e  r e a s o n i n g  

s t e p s  1 , 2 and 3 a lm o s t  none o f  the  p u p i l s  would have g o t  4 c o r r e c t .

S.z
most 14—15 y e a r  o ld s

was u n l i k e l y  t o  be

w i t h i n  t h e  compass o f

Voi 0̂ C0̂ _ 'v̂ acitcC

( i i i )  + H, have  been  s t u d i e d  i n  some d e t a i l  by T . 7 .  howe and t h e
3 4 .

9 *a u t h o r  d u r i n g  a Game s tu d y  o f  th e  r e a s o n i n g  s t e p s  i n v o l v e d  i n

w r i t i n g  a fo rm u la  and an e q u a t i o n .  P u p i l s  ve.ee asked  to  w r i t e  a
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I k ■' : • as r e p e a t e d  f o r  loon  farnil La-*'’ hu t  equall .y s im ple  compounds a n d , 

in  ah- v a s t  m a j o r i t y  o f  c o o n s ,  s t o p s  1 -  4 v/ore ,<ronr. Th i s  l e a d  t o  

e o - ' c l u s i o r  t h a t  formulae  ve --e c o r r e c t  i f  memorised r -d t h a t  r ea s o n -  

l i d  n o t  e n t e r  i n t o  t h « i s  c o n s t r u c t i o n .  A s i m i l a r  c o n c l u s i o n  was 

a r r i v e d  a t  r e w a r d i n g  b a l a n c i r , "  o f  e q u a t i o n s . Th i s  0003 an  i n d i c a t i o n  

t ’ost formal  th i n k in m  vas  l y i n g  unused and t h a t  t h e  way the  p u p i l  c o u l d  

mi ye t h e  ap p ea ran ce  o f  c o p in ^ ,  .'/as to memorise what he cou ld  n o t  under-

. . r  A• vj. •

A p o s s i b l e  consequence  o f  t h i s  was shown a t  u n i v e r s i t y  l e v e l  i n
7 0

some work do^e by C a r r d u f f ,  Handy and th e  a u t h o r  J . A l a r g e  sample  

o f  m ed ica l  s t u d e n t s  ./as t e s t e d  e a r l y  i n  f i r s t  y e a r  to  e n a b le  l e c t u r e r s  

to  f i n d  t v e l o w e s t  common d enom ina to r  o f  th e  s t u d e n t s ’ che m ic a l  kno.v- 

i l s i y e  from s c h o o l .  Amon^ t h e  q u e s t i o n s  asked  was ’’w r i t e  th e  f o r m u l a  

f o r  w a te r "  ( H ^ C  -  9 9 • y r  c o r r e c t )  and "draw i t s  s t r u c t u r e " .  jQff- o f

t h a s t u d e n t s  answered  th u s  jq

( i v )  H/- + H„. P u n i l  d i f f i c u l t y  v/ i th H/. ( c a l c u l a t i o n s  o f  fo rm u la  - o f

w e ig h t s )  was l e s s  than. vd th  ( c a l c u l a t i o n s  a r i s i n g  from e q u a t i o n s ) .  

Tv i s  was n o t  v e r y  s u r p r i s i n g  s i n c e ,  r i v e n  a fo rm u la ,  t h e  c a l c u l a t i o n  

o f  fo rmula  w e igh t  in v o l v e d  t h e  o p e r a t i o n s  o f  m u l t i p l i c u t i o n  and 

a d d i t i o n  o n ly .  However, c a l c u l a t i o n s  from e q u a t i o n s  r e q u i r e d  a f e e l -  

: i r r  f o r  p r o p o r t i o n a l i t y  -  a s k i l l  p r o b a b l y  n o t  p r o p e r l y  d e v e lo p ed  

t i l l  a rre l 6 . .

In  Howe’ s work an ex p e r im e n t  i s  in  p r o g r e s s  t o  see  i f  t h e  p o s t -  

: ornament 0^ t e a c h i n g  " c a l c u l a t i o n s  from e q u a t i o n s "  f o r  a y e a r  ( l p +) 

w i l l  make any s i g n i f i c a n t  d i f f e r e n c e  t o  p u p i l  pe r fo rm a n ce .

( v) /
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(v )  I 0 . The problem with, t h i s  may have  h e e n  r e l a t e !  to  an a p p a r s n '

s e l f  c o n t r a d i c t i o n . In th e  c o n d u c t i v i t y  work o f  E„, w a t e r  i s  token  

t o  have v i r t u a l l y  no f r e e  i o n s .  But ,  i n  the  c o n s i d e r a t i o n  o f  e l e c -  

: t r o l y s i s , t h e  f r e e  i o n s  in  w a te r  a r e  a l i e n e d  to  t a k e  p a r t  i n  the  

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

( v i )  and ( x i )  1^ + K. Redox e q u a t i o n s  and e l e c t r o n  t r a n s f e r  a r e

b a s i c a l l y  s i m i l a r  in. t h i n k i n g  to  Hn and .
I P

( v i i )  J.j . A c id i c  and B a s ic  Oxides  a r e  based  upon a c l a s s i f i c a t i o n  

n o t  much e a s i e r  t h a n  t h a t  i n  s i n c e  the  h u l k  o f  o x id e s  do n o t  f i t  

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

( v i i i )  and ( i x )  -I- J ^ .  I n v o lv e  t h e  p r e p a r a t i o n  o f  s a l t s .  I n  

t h e  f i r s t  c a s e  p a r t i c u l a r l y ,  mole r e l a t i o n s h i p s  were r e q u i r e d  f o r  the  

n e u t r a l i s a t i o n  r e a c t i o n s  and p r o p o r t i o n a l i t y  was i n v o l v e d .  In  th e  

p r e p a r a t i o n  o f  i n s o l u b l e  s a l t s  a knowledge o f  i o n s ,  c h a r g e s ,  s o l u b -  

: i l i t y  o f  s a l t s  (b o th  s t a r t i n "  m a t e r i a l s  and p r o d u c t s )  were r e q u i r e d  

and sometimes had to  be r e o e a t e d  in. m u l t i  s t a r e  p r e p a r a t i o n s .

%

(x )  JR.  C a l c u l a t i o n s  on m o l a r i t i e s  o f  s o l u t i o n s .  In  t h i s  c a r t  o f  o

t h e  t h i r d  form the  mole conce p t  was used  f o r  two p u rp o s e s .  The f i r s t  

was to  emphasi se  d i f f e r e n c e s  such  as t h e  d i f f e r e n c e  i n  s i z e  be tween 

moles o f  m e ta l s  and hence th e  d i f f e r e n c e s  i n  atomic  volume end i n  

" . r e a c t i v i t y " .  O'" th e  d i f f e r e n c e s  i n  b u lk  be tween moles o ” s a l t s  each 

•with a common io n  th u s  e m p h a s i s in g  the d i f f e r e n c e s  i n  s i z e  o f  the  

o t h e r  i o n s .  Now i n  JR moles o f  m a t e r i a l  were d i s s o l v e d  in  -water and 

made /



made up t o  equa l  vo lumas .  -on i rou tdo  r e a c b ^ d  In  e q u a l  volumes ( o r  i n  

s.i.mple .vhole number m u l t i  o le s )  o f  eq u im o la r  s o l u t i o n s . T h i s  l e d  to  

t h e  dub ious  m a t e r i a l  wbich appea red  i "  t h e  h u f f i e l d  Scheme and i n  

some o t h e r s  b a sed  on the  J o b ’ s p l o t .  J q u i r . o l a r  s o l u t i o n s  were n ix e d  

i n  p r o g r e s s i v e  whole number r a t i o s  -and t h e  p r e c i p i t a t e s  c e n t r i f u g e d .

The f i r s t  r a t i o  which prove the  maximum bull :  o f  p r e c i p i t a t e  f a v e  th e  

fo rm u la  o f  t h e  compound. S ince  t h e  fo rm u lae  o f  t h e  r e a c t a n t s  had to  

be known b e f o r e  molar  s o l u t i o n s  cou ld  be 'p repared ,  t h e  i n t e r a c t i n g  i o n s  

and t h e i r  ch a rg e s ,  were assumed and then  used  t o  prove the  a s s u m p t io n .  

Th is  k in d  o f  doub le  t h i n k in .0" cou ld  o n ly  have been  c o n f  us i n n  to  p u p i l s  -  

p a r t i c u l a r l y  t o  t h e  i n t e l l i g e n t  ones .

A d e t a i l e d  s tu d y  o f  v a r i o u s  methods o f  teachinn* t h e  mole co n ce p t  

by I .  Duncan and t h e  a u t h o r  i s  now i n  p r o g r e s s . Howe1 s . v/ork on o r d e r  

o f  p r e s e n t a t i o n  w i l l  r i v e  some i n s i g h t  i n t o  t h e  p a r t  t h a t  age p l a y s  i n  

y r a s p i n g  th e  c h em ica l  c o n c e p t s  c o n s i d e r e d  a b o v e .

I t  was i n s t r u c t i v e  to  examine th e  p a r t s  o f  the  s y l l a b u s  which came 

low on t h e  s c a l e  o f  d i f f i c u l t y  to  s e e  i f  t h e i r  c o n c e p tu a l  c o n t e n t  was 

d i f f e r e n t  i n  n a t u r e  from t h o s e  d i s c u s s e d  above .

( i )  0^ + Qr + ILj -  Atomic n a r t i c l e s  and t h e i r  a r ra n -m n g n t  i n  the
atom and i n  i s o t o n e s  and com bina t ion  o f  a t o m s .

These were e s s e n t i a l l y  p i c t o r i a l  and c o n c r e t e ,  b e i n g  t r e a t e d

40e i t h e r  as  a Bohr moael o r  as  a m od i f ied  f i l l e s p i e - N y h o l m  model .

( i i )  1^ -  h e a c b i v i t y  s e r i e s  o f  m e t a l s .

Th i s  i n v o l v e d  h a d l i n g  a l i m i t e d  r an  .ye o f  f a m i l i a r  m e ta l s  w i th  

c o n s t a n t  r e i n f o r c e m e n t  o f  t h e i r  o r d e r  o f  b e h a v i o u r  by s e v e r a l  methods .

I .  ( C o r r o s i o n  o f  m e t a l s )  was r e l a t e d  to  I ,  and cou ld  be s een  as4 i

a /
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a ?er  pr a c t i c a l  every day c1- e n i c c l  e x o e r i e n c e .

( i l l )  Jp  -  r i  o f  a .>o lu t ien .

At t h i s  l e v e l  pH -was t r e a t e d  m e re ly  as  a s c a l e .  I t  i n v o l v e d  o n l y  

t h e  c o n c r e t e  o p e r a t i o n s  o f  d i p p i n g  pH p ap e r  i n t o  s o l u t i o n s  and cornpar- 

: i n g  t h e  r e s u l t i n g  c o l o u r  v.-ith a s c a l e .  No u n d e r s t a n d i n g  was demanded.

( i v )  Jh -  I n d i c a t o r s  f o r  n e u t r a l i s a t i o n .0 ------------------------------------------------------

T his  was a d i r e c t  e x t e n s i o n  o f  t h e  c o n c r e t e  o p e r a t i o n s  i n  ( i i i ) .

I t  would t h e r e f o r e  seem to  he t h e  c a s e  t h a t  t h e  p a r t  o f  t h e

+ +s y l l a o u s  c u s t o m a r i l y  t a u g h t  a t  14 -  15 y e a r s  was c o n c e p t u a l l y  to o

d i f f i c u l t  f o r  t h e  s t a g e  i n  the  development o f  l o g i c a l  t h i n k i n g  which 

c o u ld  he e x p e c te d  o f  t h e  p u p i l s .  This  would t e n d  to  "be even more 

a c u t e l y  o b v ious  w i t h  l o s s  a b l e  p u p i l s .

3 .  THE ORGANIC

O rgan ic  c h e m i s t r y  appea red  i n  a l l  t h r e e  c o u r s e s  -  ’O' Grade ,  ’H’ 

Grade and 3 .Y .S .  and each t im e  d i f f i c u l t y  was r e p o r t e d .  In an e a r l i e r  

c h a p t e r  ( p . 1 . 27) i t  was s u g g e s t e d  t h a t  t h i s  migh t  have  b e e n  caused  b y  

th e  f a c t  t h a t  th e  o r g a n i c  appea red  a t  the  end o f  t h e  10 '  and *Hf 

s y l l a b u s e s  and so was i n  d a n c e r  o f  b e i n g  ru s h e d  o r  even  o m i t t e d  i n  

t h e  p e r i o d  im m e d ia te ly  p r e c e d i n g  th e  e x t e r n a l  e x a m i n a t i o n s . There  

was some e v id e n c e  f o r  t h i s  i n  Graph 2 o f  Appendix t o  C h a n te r  2.

S e c t i o n s  L, N and G were s u b s t a n t i a l l y  o r g a n i c .  The 1G1 group who 

had s t u d i e d  t h e  o r g a n i c  i n  t h i r d  form ./hen t h e y  were n o t  working  

a g a i n s t  th e  c l o c k  had few er  d i f f i c u l t i e s  t h a n  th e  ' I '  g roup  who were
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d o in g  the  work in  f o u r t h  y e a r  imr.iediw.tGly b ° f o c e  th e  *0f n r a i e  exam ina-

: t i o n .  ^ a n v a s s i n -  o f  i n f o r m a l  o p i n i o n  from u n i v e r s i t y  - s tu d e n t s  i n d i -

: c a t e d  t h a  t t h e  o r g a n i c  mart  o f  the c o u r s e  was t ^ e  a r e  a most l i k e l y  t o

be o m i t t e d  o r  to  be covered  h u r r i e d l y  by typed h a n d - o u t s  ark l i t t l e  o r

no ex p e r i  ne n t  a l  work.  S i m i l a r  i n f o r m a t i o n  from t e a c h e r s ’ m e e t in g s
/ 1

te n d ed  to  c o r r o b o r a t e  t h i s .  ’+"

( g i ' ' TQ i g ’n i "  1 1  c q t m  " 'TT'p y  p n y 1 q  qr< p v t p

The !0 1 Grade p a r t  of  t h e  cou r se  had a h ig h  t o p i c a l  i n t e r e s t  v a l u e  

s i m i l a r  t o  t h a t  o f  c o r r o s i o n  i n  the  e a r l i e r  p a r t  o f  th e  c o u r s e  and few 

o f  i t s  t o p i c s  wero r e p o r t e d  t o  be as d i f f i c u l t  as  many o f  th e  t o p i c s  

d i s c u s s e d  e a r l i e r  i n  t h i s  c h a p t e r .

The t h i n k i n g  t h r o u g h o u t  was e s s e n t i a l l y  c o n c r e t e  h e lped  by t h r e e  

d im e n s io n a l  models  and a l a r g e  e x p e r i m e n t a l  c o n t e n t .  The b a s i c  i d e a s  

were e a s y  t o  v i s u a l i s e  -  c h a i n s  b e i n g  p r o g r e s s i v e l y  l e n g t h e n e d  (horno- 

J lohous  s e r i e s  and p o l y m e r i s a t i o n ) ,  s h o r t e n e d  ( c r a c k i n g ,  h y d r o l y s i s  

and d e p o l y n e r i s a t i o n )  and s o r t e d  i n t o  l e n g t h  ( d i s t i l l a t i o n  and chroma- 

r t o g r a p h y ) .  . The r e p o r t e d  d i f f i c u l t i e s  had t h e  common e lem en t  o f  con- 

c d e n s a t i o n  o r  h y d r o l y s i s  -  ( h y d r o l y s i s  o f  c a r b o h y d r a t e s ) , ( e s t e r  

f o r m a t i o n ) ,  N, ( f a t s  and so ap s )  and 0 ( c o n d e n s a t i o n  p o ly m e r s ) . T h i s  

was f u r t h e r  e x e m p l i f i e d  i n  t h e  tT.T’ Grade c o u r s e .

The prob lem may w ell  have been r e l a t e d  once more to  fo rm ulae  and • 

e q u a t i o n s .  P a r t i c u l a r l y  in  t h i s  a r e a  c h e m i s t s ,  f o r  co n v e n ie n c e ,  

t e nded  t o  w r i t e  fo rm ulae  backv/ards to  a l lo w  ’l a s s o  chem is t ry*  to  b e  

pe r fo rm ed .

a c i d

0  + T O  -  3

a l c o h o l

•0T + h2c

hew . cap j
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fo rm ula  (no n a t ho v i l l  u n d e r s t o o d ) ,  i n  t h e  o r g a n i c  p a r t ,  s e v e r a l

' o n u l a p  we.ee a p p a r e n t l y  a d m i s s i b l e  l o r  one confound.  For exammle

e t h a n o l  cou ld  be shown a s : -

H PI

0— 0 —  OH o r  CTI CHo0H o r  
I I  3 ?
H H

It OH

o r  any o.C t h e s e  w r i t t e n ,  i n  r e v e r s e

The t e a c h ° r  chose  a form t o  make a p a r t i c u l a r  p o i n t ,  h u t  t h e r e  

nay  have  been much s u b s e q u e n t  b e w i ld e rm en t  p a r t i c u l a r l y  when o n ly  one 

o f  t h e s e  was c l e a r l y  s i m i l a r  t o  any model o f  th e  m olecu le  which may 

have been  shown.

An exp e r im e n t  which may shed  l i g h t  on t h i s  i s  d e s c r i b e d  in  

C h a p te r  2, p. 2 .1 1 .

DIFFICHLTIdl AT 'H'  AHD 'G . Y . 5 '

The problems a t  'H'  Grade fo l lo w  on from t h o s e  a t  1C * Grade,  f o r  

example,  H e a t ' s  o f  R e a c t i o n ,  H e s s ' s  Law, C a l c u l a t i o n s  o f  Bond E n e r g i e s ,  

H° v a l u e s  and t h e i r  u s e ,  Amines and Carbonyl Compounds.

T ro u b le  was a l s o  r e p o r t e d  in  th e  co n c e n t  o f  E q u i l i b r i u m .  T h i s  

may have .been an example o f  new i d e a s  b e i n g  a s s i m i l a t e d  i n t o  a p r e v i o u s  

framework g i v i n g  r i s e  to  f a u l t y  c o n c e p t s .

The p u o i l s  p r e v io u s  i d e a s  o f  e q u i l i b r i u m  have been  s t a t i c  -  as  , 

i n  i h y s i c s ,  e . c .  a rod  b a l a n c e d  on a fu lc ru m  o r  a l a m in a  suspended  

a t  i t s  c e n t r e  o f  g r a v i t y .  I n  th e  c a s e  o f  the  b a l a n c e d  r o d ,  a d d i t i o n  

o f  m a t e r i a l  t o  one s i d e  caused  th e  rod t o  d i p  towards  t h a t  s i d e  and 

removal  o f  m a t e r i a l  caused  the' o p p o s i t e  o p e r a t i o n .

i  /
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’hem ica l  e q u i l i b r i u m  ta s ,  on the o t h e r  hand ,  dynamic.  M a t e r i a l

added to  th e  r l t  o f  a r e a c t i o n  sequence  caused  th e  r e a c t i o n  to  ro to

t e f t  and v i c e  v e r s a .  The a o p l i c a t i o n  o f  Le G h a t e l i e r ' s  ’’Lav/’'

i n v o l v e d  v e ry  fo rm al  t h i n k i n g  in d e e d .  The prob lem co u ld  have been
/ o

made more c o n c r e t e  by t h e  employment o f  a djmamic model .  d q u i l i -

sbrium s i t u a t i o n s  were a l s o  m u l t i v a r i a t e ,  to  which co m n e t iv\g f a c t o r s

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

4*,TTf Grade p u o i l s  a t  16 would have ac h i e v e d  t h e  n e c e s s a r y  m en ta l

d e x t e r i t y  to  cope v-ith t h e s e .

At i .Y.G. l e v e l  t h e  o r g a n i c  was s t i l l  t r o u b le s o m e  and th e  new

a r e a  o f  c r y s t a l  f i e l d  t h e o r y  and i t s  consequences  f o r  c o l o u r  and

m a g n e t ic  p r o p e r t i e s  pav« t r o u b l e .  Here a g a i n  v e r y  fo rm al  t h i n k i n g

’■'fas r e q u i r e d  t o  h a n d l e  t h e  e s s e n t i a l l y  a b s t r a c t  i d e a s  o f  p r o b a b i l i t y

( o r b i t a l s ) ,  s p l i t t i n g  and th e  a p p l i c a t i o n  o f  K u rd ' s  r u l e s  t o  t h e  non-

2]d e g e r . e r s t 0 s i t u a t i o n .  However,  p u p i l s  t a u g h t  w i th  a model ' d e s i g n e d  

to  a l lo w  th*m some c o n c r e t e  th o u g h t  migh t  have  been b e t t e r  a b l e  to  cope  

w i th  t h i s  a r e a  o f  t h e  s y l l a b u s .

CCNirjriTGlG PGK TTKIVhKiITT

A q u o t a t i o n  from H e a r d ' s  "An O u t l i n e  o f  P i a g e t ' s  D evelopmenta l  

P s y ch o lo g y "  o. 116-117 i s  r e l e v a n t  h e r e .

" I t  may / / e l l  be q u e s t i o n e d  w h e th e r  d i s c u s s i o n  be tween  p u p i l s  i s  

used  s u f f i c i e n t l y ,  o~ s u f f i c i e n t l y  s k i l f u l l y ,  i n  o u r  s e c o n d a ry  s c h o o l s ,  

l u c h  c l a s s  d i s c u s s i o n  c o n s i s t s  i n  q u e s t i o n s  and answers  between the  

t e a c h e r  and i n d i v i d u a l  p u p i l s , an-*1 t h i s  may f a i l  bo p r o v id e  th e  g en u in e  

exchange o f  v i e w p o i n t s  needed  foe  the development  o f  l o g i c a l  t h i n k i n g ,  

s i n c e  t h e  t e a c h e r  i n e v i t a b l y  t e n d s  to  be a c c e p te d  as  an a u t h o r i t y .

Kver /
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Sven a t  u o iv  r s i t y  l e v e l  t h e  q u a l i t y  o f  s t u d e n t s  ’ t h i n k i n g  in  t h e i r  

ov<n s u b j e c t s  ' ray s t i l l  o n ly  p a r t l y  a t t a i n  the  l e v e l  o f  fo rm a l  o p e r a -  

: t i o n s ,  des  p i t e  P i a g e t  * s - r i n d i ^  t h a t  t h i n k i n ~  a t  t h i s  l e v e l  i s  n o r 

m a l l y  more f u l l y  a c h i e v e d  a t  s i x t e e n  y e a r s ;  h u t  t h i s  seems t o  have 

been  an o p t i m i s t i c  c o n c l u s i o n  base^  on s t u d i e s  o f  r a t h e r  fev/ and 

perhaps  u n r e p r e s e n t a t i v e  samples  o f  a d o l e s c e n t s . ' O b s e r v a t io n s  and 

e x p e r im e n t s  by Abercrombie ( i 960 ) ,  w i t h  f i r s t - y e a r  u n i v e r s i t y  s t u d e n t s  

i n  London showed t h a t  a l  though t^.ey were w e l  1 -  croup  d ed in  th e  f a c t s  o f  

b i o l o g y ,  p h y s i c s  and c h e m i s t r y  they  were o f t e n  u n r b l e  t o  u s e  t h e i r  

i n f o r m a t i o n  t o  s o lv e  s l i g h t l y  u n f a m i l i a r  problems o r  to  de fen d  a view 

i n  a r m m c n t , and t h e y  t ended  t o  ob se rv e  what th e  t e x t - b o o k  s a i d  s h o u ld  

be t h e r e  r a t h e r  t h a n  v/hat was a c t u a l l y  on a s l i d e  o r  X - ray .  To o v o r -  

:c one  t h e s e  d e f i c i e n c e s  she ex p e r im e n te d  w i th  f r e e  d i s c u s s i o n  among 

s m a l l  g roups  o f  s t u d e n t s  o f  t h e i r  own o b s e r v a t i o n s ,  d e f i n i t i o n s ,  e v a l u a 

t i o n  o f  ev id e n c e  o r  viev/s on ' c a u s a t i o n .  In  t h i s  v*ay t h e y  became 

aware ,  to  th e  dismay o f  some o f  them, t h a t  t h e y  made u n c o n s c io u s  

a s s u m o t i o n s ,  took  i n d i v i d u a l  v iews o f  th e  same e v id en ce  o r  saw d i f f e r 

e n t  f e a t u r e s  o f  an  e x h i b i t .  S u b s e q u e n t l y , s t u d e n t s  who h a r; t a ken  

p a r t  i n  t h e s e  d i s c u s s i o n s  were com oared  w i th  th o s e  who had a t t e n d e d  

the  normal c o u r s e  o f  l e c t u r e s  and d e m o n s t r a t i o n s : t h e y  d i s c r i m i n a t e d

b e t t e r  betv.'een f a c t s  and c o n c l u s i o n s ,  drew few er  f a l s e  i n f e r e n c e s ,  

c o n s i d e r e d  more t h a n  one s o l u t i o n  am’ were l ^ s s  a d v e r s e l y  i n f l u e n c e d  

i n  t h e i r  app roac h  t o  a problem by t h e i r  exnerien.ee.  o f  t h e  preceding:  

one.  The d i s c u s s i o n  method,  t h e r e f o r e ,  promoted a more s c i e n t i f i c  

a t t i t u d e  by -mi.vine’ r i s e  to  more o b j e c t i v e  and f l e x i b l e  b e h a v i o u r  th a n  

d id  l e a r n i n g  the f a c t s  o f  s c i e n c e  by t r a d i t i o n a l  methods .  The i m p l i -

: c a t i o n s  fov  t e a c h e r s  o r  s i x t h - f o r m  s c i e n c e s  a r e  o b v io u s ;  b u t  wo may 

r e a s o n a b l y  /
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r e a s o n a b l y  assume t h a t   ̂ fi>->dii',"c have a o ;>l icat ion  3 i n  any s u b j e c t ,  

o r  a t  any a " o ,  where c r i t i c a l  t h  i n k i n "  i s  r e q u i r e d . . ' ’

I t  would a l s o  be u n s a f e  t o  t a k e  the  view t h a t  v.*kat had been  t a u - h t  

a t  schoo l  was o f  no consequence .  ' - ' a t e r i a l  t a u g h t  too  soon a t  s c h o o l  

nay have l e f t  an i n s e c u r i t y  t h a t  would take  a I o n "  t ime to  r e c t i f y .

I n  C h a p te r  3> p . 3*8 i t  was n o t i c e d  t h a t  th e  co m p la in t s  about  t h e  d i f f i -  

: c u l t y  o f  the Hole  s u b s id e d  o n ly  a t  S . Y . l .  l e v e l  a l t h o u g h  the  mate rr ia l  

had been  t a u y h t  s e v e r a l  t i n e s  i n  Horns 3» 4 and 5* Come | r! ! " r a d e  

and 3.Y. ' .  m a t e r i a l ,  i f  n o t  " r a s p e d  t h e n ,  cou ld  have l o n n  l a s t i n g  con-  

: s eq u en ce s  f o r  t h e  u n i v e r s i t y  s t u d e n t  and. h i s  t e a c h e r .  Ev idence  f o r  

t h i s  i s  h e i n y  s o u c h t  by the  a u t h o r  in  c o l l a b o r a t i o n  v i t h  J .  S t r a i t o n .

I t  would t h e r e f o r e  seem t o  be e s s e n t i a l  t h a t  the  t e a c h i n g  o f  

c h e m i s t r y  a t  a l l  l e v e l s  shou ld  be s een  as  a whole and t h a t  th e  e f f e c t s  

o f  each  l e v e l  upon the  o t h e r s  s h o u ld  be s t u d i e d  and t h e  f i n d i n g s  heeded .  

I t  would a l s o  seem to  be n e c e s s a r y  t o  temper  the  o b j e c t i v e s  o f  ou r  

c o u r s e s  and t h e i r  c o n t e n t  by a sobe r  c o n s i d e r a t i o n  o f  t h e  p s y c h o l o g i c a l  

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