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CHAPTER I

TEACHING HIGH SCHOOL BIOLOGY BY THE CONTRACTUAL SYSTEM 

I n t r o d u c t io n

B iology i s  o f f e r e d  as  an e l e c t i v e  co u rse  which f u l f i l l s  th e  

s c ie n c e  c r e d i t s  r e q u i r e d  f o r  h ig h  sch o o l g r a d u a t io n  in  th e  P o r ta g e  

P u b l ic  S c h o o ls .  A pprox im ate ly  90 p e rc e n t  of th e  s tu d e n t s  s e l e c t  

b io lo g y  r a t h e r  th a n  a n o th e r  s c ie n c e  and most e n r o l l  in  th e  c l a s s  

d u r in g  t h e i r  sophomore y e a r .  The s tu d e n t s  a r e  grouped i n t o  " r e g u l a r ” 

b io lo g y  s e c t i o n s  f o r  a v e ra g e  a c h i e v e r s  o r  i n t o  BSCS"'" s e c t i o n s  f o r  

above av e rag e  a c h i e v e r s .  T h is  s tu d y  concerns  th e  BSCS program which 

i s  o u t l i n e d  i n  th e  c u r r ic u lu m  g u id e  as  recommended f o r  s tu d e n t s  who 

a r e  c o n s id e r in g  advancement to  o th e r  s c ie n c e  c o u r s e s .  The BSCS p ro ­

gram i s  d e s ig n ed  t o  o r i e n t  s tu d e n t s  i n  t e c h n iq u e s  f o r  th e  a n a l y s i s  o f  

d a ta  and in  problem  s o lv in g  p ro c e d u re s .

The B io l o g ic a l  S c ie n c e s  C urricu lum  Study m a t e r i a l ,  which 

developed  in  th e  e a r l y  1 9 6 0 's ,  was p a r t  o f  an e f f o r t  to  ta k e  a  new 

approach  in  th e  f i e l d  o f  s c ie n c e  e d u c a t io n .  I t  was re c o g n iz e d  t h a t  

th e  growth o f  in fo rm a t io n  in  b io lo g y  made i t  im p o ss ib le  t o  co v er  a l l  

th e  a r e a s  o f  b i o l o g i c a l  s c ie n c e  i n  a b e g in n in g  c o u r s e .  In  b io lo g y  as  

w e l l  as  i n  o th e r  a r e a s ,  th e  new approach  i s  p la c e d  on te a c h in g  th e  

a b i l i t y  to  " i n q u i r e "  o r  to  th in k  c r i t i c a l l y  r a t h e r  th a n  on s im ple

’'"The B io l o g i c a l  S c ie n ces  C urr icu lum  Study.

1

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



m em oriza tion  o f  f a c t s .  The " i n q u i r y "  o r  problem  s o lv in g  app roach  can 

be a p p l i e d  n o t  o n ly  t o  s c i e n c e ,  b u t  to  any s i t u a t i o n  a s tu d e n t  may en ­

c o u n te r  w h i le  fu n c t io n in g  a s  an a d u l t  in  our s o c i e t y .  With th e  body 

o f  knowledge h e ld  by th e  s c i e n t i f i c  community i n c r e a s i n g  and changing  

as  r a p i d l y  a s  i t  i s  i n  ou r  t im e ,  th e  u n d e r s ta n d in g  o f  b i o l o g i c a l  

p r i n c i p l e s ,  r a t h e r  th an  s im p le  m em oriza tion  o f  f a c t s ,  h as  been i n c o r ­

p o r a te d  i n t o  the  d e s ig n  o f  th e  c o u r s e .

The v e ry  p r i n c i p l e  o f  i n q u i r i n g  r e q u i r e s  t h a t  th e  s tu d e n t  d e p a r t  

from b e in g  a  mere r e c e p t o r  o f  knowledge and to  s t e p  i n t o  a more a c t i v e  

r o l e  i n  h i s  own e d u c a t io n .  The a b i l i t y  to  t h i n k  out a problem  and 

approach  i t  l o g i c a l l y  becomes a  v e ry  d i f f i c u l t  concep t to  g ra sp  when 

s t a l k e d  in  th e  t r a d i t i o n a l  f a s h io n .  The s tu d e n t  now must be t h e  o r i g ­

i n a t o r  o f  th e  th o u g h t  p ro c e s s  r a t h e r  th a n  a mere p a r r o t  o f  knowledge 

d e l i v e r e d  to  him by h i s  i n s t r u c t o r .  In  t e a c h in g  i n q u i r y ,  i t  i s  

a p p a re n t  t h a t  an i n d i v i d u a l i z e d  method o f  i n s t r u c t i o n  m igh t be a more 

e f f e c t i v e  way to  t e a c h  th e s e  r e l a t i v e l y  a b s t r a c t  p r i n c i p l e s .

The c o n t r a c t  method o f  i n s t r u c t i o n  i s  one way to  a l low  each 

i n d i v i d u a l  to  p u rs u e  h i s  own i n t e r e s t s ,  y e t  fo c u s  on a  s p e c i f i c  

s u b j e c t  a r e a .  The a t te m p t  to  i n d i v i d u a l i z e  i n s t r u c t i o n  has been  a 

t a s k  p u rs u e d  by e d u c a to r s  f o r  many y e a r s .  The "open c la ss ro o m "  and 

" n o n -g ra d e d  p r im a ry "  a r e  a  co u p le  o f  co n cep ts  t h a t  have become w e l l  

known i n  th e  a r e a  o f  e le m e n ta ry  e d u c a t io n .  The few r e c e n t  r e s e a r c h  

s t u d i e s  d e a l in g  w i th  i n d i v i d u a l i z e d  i n s t r u c t i o n  by th e  c o n t r a c t i n g  

method have been  i n c o n c lu s iv e .

N elson  and B r i a n ' s  (1970) s tu d y  i n d i c a t e d  t h a t  s tu d e n t s  who used 

th e  c o n t r a c t u a l  approach  had  more p o s i t i v e  a t t i t u d e s  th a n  th o s e  who
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used  th e  t r a d i t i o n a l  ap p ro ach ,  a l th o u g h  s i g n i f i c a n t  d i f f e r e n c e s  i n  

ach ievem ent were n o t  found . In  t h i s  s tu d y  in v o lv in g  h ig h  s c h o o l  

m a th em a tic s ,  i t  was conc luded  t h a t  " t h e r e  were c l e a r - c u t  d a t a  t r e n d s  

and s i g n i f i c a n t  F r a t i o s  w hich f a v o re d  th e  com bina tion  of co n t in g e n c y  

management and i n d i v i d u a l i z e d  i n s t r u c t i o n  o ver  c o n v e n t io n a l  i n s t r u c t i o n .  

The f a c t  t h a t  N elson  and B r ia n  f a i l e d  to  f i n d  s i g n i f i c a n t  improvement 

in  ach ievem ent was c o n t r a d i c t o r y  to  th e  f i n d i n g s  o f  D e a l l  (1 9 6 9 ) ,  in  

a f o u r  y e a r  s tu d y  in v o lv in g  h ig h  s c h o o l  p h y s ic s .  D e a l l f s f i n d i n g  r e ­

v e a le d  t h a t  s t u d e n t s  who used  th e  c o n t r a c t u a l  approach  had  s i g n i f i c a n t l y  

g r e a t e r  ach ievem ent th a n  th o s e  who used  th e  t r a d i t i o n a l  ap p ro ac h .

Poppen (1971) i n  an ex p er im en t in v o lv in g  c o l l e g e  psycho logy  s tu d e n t s ,  

found t h a t  a l th o u g h  n o t  s i g n i f i c a n t  a t  th e  .05 l e v e l ,  th e  r e s u l t s  

f a v o re d  th e  c o n t r a c t u a l  method o ver  th e  t r a d i t i o n a l  methods f o r  im­

p ro v in g  s tu d e n t  p e rfo rm a n ce .  In  g e n e r a l ,  th e  r e s e a r c h  comparing the  

c o n t r a c t u a l  method of i n s t r u c t i o n  w i th  t r a d i t i o n a l  methods seems to  be 

in c o n c lu s iv e  and conduc ted  m ain ly  a t  th e  c o l l e g e  l e v e l .

S ta tem en t o f  th e  Problem

The p u rp o se  o f  t h i s  s tu d y  was to  compare th e  advancement o f  the  

s tu d e n t s  who used  th e  c o n t r a c t  method in  l e a r n in g  b io lo g y  w i th  t h a t  of 

s t u d e n t s  who u sed  th e  t r a d i t i o n a l  m ethod. The a r e a s  f o r  e v a l u a t i o n  

in c lu d e  th e  s t u d e n t ' s  a ch iev em en t,  a  measurement o f  h i s  a b i l i t y  to  

t h i n k  c r i t i c a l l y  and h i s  a t t i t u d e  tow ard  th e  method o f  i n s t r u c t i o n .

The aim i s  to  d e te rm in e  i f  th e  c o n t r a c t  method o f i n s t r u c t i o n  i s  a 

f a v o ra b le  a l t e r n a t i v e  to  th e  t r a d i t i o n a l  m ethod, in  d e v e lo p in g  th e  

above m en tioned  a r e a s .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



4

Course Design

The s tu d e n t s  e l e c t i n g  b io lo g y  w ere r e q u i r e d  to  a t t e n d  f iv e  f i f t y  

m in u tes  p e r io d s  a week. The c la ss ro o m  and la b o ra to r y  were two 

s e p a r a t e  u n i t s .  Two days a week were s p e n t  in  th e  l a b o r a to r y  w h ile  

th e  t h r e e  days i n  th e  c lass room  in v o lv e d  t e s t i n g  and l e c t u r i n g  o r  

v iew ing  m ovies .  The t e x t  u sed  was th e  BSCS y e l lo w  v e r s io n  t e x t ,  

B io l o g ic a l  Sc ience  -  An I n q u i ry  I n to  L i f e  by H a rc o u r t ,  Brace and 

World In c .  In th e  type  o f  i n s t r u c t i o n  r e f e r r e d  to  as " t r a d i t i o n a l "  

in  t h i s  p a p e r ,  th e  s tu d e n t s  were n o t  g iv en  a chance to  p a r t i c i p a t e  in  

th e  c o u rse  d e s ig n .  L ab o ra to ry  e x p e r im e n ts ,  m ovies, l e c t u r e s  and t h e i r  

sequence o f  p r e s e n t a t i o n  were s e l e c t e d  by th e  i n s t r u c t o r  a t  h i s  d i s ­

c r e t i o n .

G rading was b ased  on a p o in t  system  w ith  app rox im ate ly  t h i r t y  

p e r c e n t  o f  th e  g rade  d e r iv e d  from l a b o r a to r y  work w h ile  th e  rem ainder 

was d e te rm ined  from t e s t  s c o re s  and homework a ss ig n m e n ts .  The l e t t e r  

grade  was based  on c l a s s  av e rag e  w ith  th e  av e rag e  of th e  h ig h e s t  t h r e e  

s c o r e s  s e rv in g  as  th e  top o f  th e  range  and s i x t y  p e rc e n t  o f  t h i s  a s  th e  

f a i l i n g  p o i n t .  The cou rse  i t s e l f  ran  a y e a r  in  d u r a t io n  and covered  

a w ide range  o f  concep ts  i n  an a t te m p t  to  d e l i v e r  a w e l l  rounded b ack ­

ground in  b io lo g y .  The s u b je c t  m a t t e r  was d iv id e d  in t o  15 m ajor sub­

u n i t s  which were p r e s e n te d  i n  a sequence  developed  by th e  sch o o l 

s y s te m ’ s s c ie n c e  d ep a r tm en t .  The sequence of th e  u n i t s  was as  fo l lo w s :

1. I n t r o d u c t io n  to  L a b o ra to ry  S k i l l s

2. The M etr ic  System
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3. Ecology

4 . P o p u la t io n  Dynamics

5. The Community

6. S u ccess io n

7. B as ic  B iochem is try

8 . The C e l l

9. C e l l  R ep roduc tion

10. G en e tic s

11. Embryology

12. Growth and Development

13. E v o lu t io n

14. Com parative Anatomy and P h y s io lo g y

15. P l a n t  P h y s io lo g y

I n s t r u c t i o n  by C o n tra c t in g

In  th e  c o n t r a c t  method o f  i n s t r u c t i o n  th e  s tu d e n t  i s  d i r e c t l y  

in v o lv e d  in  d e te rm in in g  th e  ty p e s  and amount o f  work he d o es .  Con­

t r a c t s  w ere drawn up f o r  each  c h a p te r  by th e  i n s t r u c t o r .  These con­

t r a c t s  l i s t e d  s e v e r a l  p o s s i b l e  a ss ig n m e n ts  t h a t  cou ld  be s e l e c t e d  by 

th e  s tu d e n t  and a l s o  th e  work t h a t  was r e q u i r e d  f o r  each  c h a p te r .

(See Appendix A.) Each ass ignm en t was g iv en  a p o in t  v a lu e  and th e  

n e c e s s a ry  number o f  p o in t s  needed  to  e a rn  a  s p e c i f i c  l e t t e r  g rade  was 

a l s o  l i s t e d .  B e h a v io ra l  o b j e c t i v e s  on th e  c o n t r a c t  d i r e c t e d  th e  

s tu d e n t  tow ard  th e  c r i t i c a l  m a t e r i a l  i n  each  c h a p te r  and a  t e s t  a t  

th e  end o f  each  c h a p te r  was g iv en  c o v e r in g  th e s e  b e h a v i o r a l  o b j e c t i v e s . 

The s tu d e n t  n o t  on ly  was g iv en  th e  o p t io n  o f  s e l e c t i n g  which ass ignm en t
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he w anted  t o  p a r t i c i p a t e  i n ,  b u t  a l s o  s e l e c t e d  th e  l e t t e r  g rad e  he 

w anted to  e a r n .  T h is  system  p ro v id e d  f o r  th e  i n d i v i d u a l  d i f f e r e n c e s  

and i n t e r e s t s  among th e  s tu d e n t s  o f  th e  c l a s s .  S tu d e n ts  who were 

p a r t i c u l a r l y  i n t e r e s t e d  in  l a b o r a t o r y  work were a l low ed  to  p u rsu e  t h i s  

i n t e r e s t  w h i le  th o s e  who w e r e n ' t  i n t e r e s t e d  had o t h e r  a ss ig n m en ts  

a v a i l a b l e  to  h e lp  them u n d e r s ta n d  th e  s e l e c t e d  c o n c e p ts .  On each 

u n i t  e v e ry  i n d i v i d u a l  s tu d e n t  had  h i s  own a s s ig n m e n ts  d i r e c t e d  tow ard 

th e  same o b j e c t i v e s  and was t e s t e d  o v e r  th e s e  o b j e c t i v e s  w i th  a 

p a s s in g  mark m andatory  b e fo re  moving t o  th e  n e x t  c h a p te r  and c o n t r a c t .

L e c tu re s  were o p t i o n a l  and w ere a v a i l a b l e  on t a p e s  which th e  

s tu d e n t  cou ld  l i s t e n  to  d u r in g  c l a s s  t im e .  T h is  a l lo w ed  him to  s to p  

th e  r e c o r d e r  and go back  to  a r e a s  t h a t  seemed c o n fu s in g  and g e n e r a l ly  

to  p r o g r e s s  a t  h i s  own r a t e .  Programmed m a t e r i a l s  w ere f r e q u e n t ly  

i n c o r p o r a te d  i n t o  th e  c o n t r a c t s ,  which a l s o  a l low ed  s tu d e n t s  to  pace  

and check th e m se lv es  on an i n d i v i d u a l  b a s i s .  An a t te m p t  was made to  

make as  many l a b o r a t o r y  p r o j e c t s  a s  p o s s i b l e  a v a i l a b l e  f o r  s tu d e n t s  

who fa v o re d  t h i s  ty p e  o f  work. S e le c te d  r e a d in g s  from S c i e n t i f i c  

American w ere f r e q u e n t l y  l i s t e d  a s  o p t io n s  a lo n g  w i th  a r t i c l e s  from 

a w ide v a r i e t y  o f  o t h e r  s o u r c e s .  B u i ld in g  m odels ,  p r e p a r in g  r e p o r t s ,  

an sw ering  q u e s t i o n s  from f i lm s  w ere some o f  th e  o th e r  ty p e s  o f  o p t io n s  

in c o r p o r a t e d  i n t o  th e  c o n t r a c t s .

The s t u d e n t s  who w anted  to  do a d d i t i o n a l  a s s ig n m e n ts  n o t  l i s t e d  

i n  th e  o r i g i n a l  c o n t r a c t  w ere a l lo w ed  t o  do so  w i th  th e  c o n sen t  o f  

th e  i n s t r u c t o r .  The p o in t  v a lu e  o f  t h e s e  a l t e r n a t e  a s s ig n m e n ts  was 

de te rm in e d  by m u tu a l  agreem ent betw een th e  i n s t r u c t o r  and s tu d e n t  

p r i o r  to  th e  p r o j e c t .  The i n s t r u c t o r  a l s o  o f f e r e d  a d v ic e  and h e lp
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i n  any a r e a  th e  s t u d e n t s  seemed to  be  c o n fu sed ,  

o p t i o n a l  rev ie w  s e s s i o n s  p r i o r  t o  each  t e s t  and 

to  b r i n g  t o g e t h e r  th e  co n c e p ts  p r e s e n t e d  in  th e

There were a l s o  

an  a t te m p t  was made 

i n d i v i d u a l  p r o j e c t s .
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CHAPTER I I

RESEARCH DESIGN

The p o p u la t io n  s e l e c t e d  f o r  t h i s  s tu d y  c o n s i s t e d  o f  t h r e e  b io lo g y  

c l a s s e s  made up m o s t ly  o f  t e n t h  g rad e  s t u d e n t s .  The s tu d e n t s  were 

p la c e d  i n t o  th e s e  c l a s s e s  by t h e i r  c o u n s e lo r  in  a  manner t h a t  would 

accommodate t h e i r  s c h e d u le  and h e n c e ,  t h i s  was n o t  c o n s id e re d  a p u re ly  

random g ro u p in g .  One of th e  c l a s s e s  was s e l e c t e d  as  a t e s t  group and 

r e c e iv e d  th e  c o n t r a c t  method o f  i n s t r u c t i o n  w h i le  th e  s tu d e n t s  to  

s e rv e  as  th e  c o n t r o l  group were s e l e c t e d  from th e  o th e r  two c l a s s e s .

The i n d i v i d u a l  s t u d e n t s  in  th e  c o n t r a c t  group were m a tc h -p a i r e d  w ith  

c o n t r o l  group s tu d e n t s  o f  th e  same ag e ,  sex  and g rad e  p o in t  a v e ra g e .

The same u n i t s  were covered  in  b o th  th e  t r a d i t i o n a l  and c o n t r a c t  

method of i n s t r u c t i o n .  The i n s t r u c t o r ,  c la ss ro o m  and te x tb o o k  were th e  

same w ith  th e  o n ly  v a r i a b l e  know ingly  in t ro d u c e d  b e in g  th e  method o f  

i n s t r u c t i o n .  T e s t in g  in v o lv e d  t h r e e  d i f f e r e n t  t e s t s ,  th e  Watson -  

G laze r  C r i t i c a l  T h ink ing  T e s t , t h e  C o o p e ra t iv e  S c ie n c e  B io logy T e s t , 

and th e  "F inch  T e s t  on A t t i t u d e s  Toward The Method o f  I n s t r u c t i o n . "

The two t e s t s  were a d m in is te re d  a t  th e  b e g in n in g  and th e  end o f  the  

se m e s te r  to  b o th  th e  t e s t  and c o n t r o l  groups and th e  p r e -  and p o s t ­

t e s t  s c o re s  w ere compared. S ince  th e  on ly  v a r i a b l e  between t h e  t e s t  

and c o n t r o l  group was th e  method o f  i n s t r u c t i o n  i t  was assumed t h a t  

any d i f f e r e n c e  in  p r e -  and p o s t - t e s t  s c o re s  f o r  th e  two groups would 

be th e  r e s u l t  o f  th e  e x p e r im e n ta l  t r e a tm e n t .

C r i t i c a l  th i n k in g  a b i l i t y ,  ach ievem ent on a s t a n d a r d i z e d

8
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b io lo g y  t e s t ,  and th e  a t t i t u d e  tow ard  th e  method o f  i n s t r u c t i o n  were 

c o n s id e re d  im p o r ta n t  in  t h i s  c o u r s e .  A lso im p o r ta n t  i n  th e  c lass room  

were th e  many f a c t o r s  such a s  d i s c i p l i n e  and e a s e  o f  management which 

a r e  more d i f f i c u l t  t o  m easure w i th  s t a n d a r d i z e d  t e s t s .  I t  was th e  

i n t e n t  o f  t h i s  i n v e s t i g a t i o n  to  i n c o r p o r a te  o b s e rv a t io n s  comparing 

th e s e  two methods o f  i n s t r u c t i o n  i n  some o f  th e  more a b s t r a c t  a r e a s  

which were n o t  covered  by th e  t e s t i n g .
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CHAPTER I I I

RESULTS AND INTERPRETATIONS

B io logy  i s  u s u a l l y  s e l e c t e d  d u r in g  th e  sophomore y e a r  o f  h ig h  

s c h o o l ,  a l th o u g h  a  few freshm en and j u n i o r s  a l s o  e n r o l l  i n  th e  c l a s s .  

(See T ab le  I . )  The age range  o f  th e  s tu d e n t s  in  th e  c o n t r a c t  and 

c o n t r o l  groups was from 13 t o  16 w i th  fem ale  s tu d e n t s  s l i g h t l y  o u t ­

numbering th e  m a les .

The BSCS b io lo g y  co u rse  was p r i m a r i l y  d es ig n ed  f o r  c o l le g e  

bound s tu d e n t s  and t h i s  was r e f l e c t e d  i n  th e  g rad e  p o in t  av e rag e  of 

th e  s tu d e n t s  e n r o l l e d  in  th e  c l a s s .  A t o t a l  o f  78 p e r c e n t  o f  th e  

s tu d e n t s  p a r t i c i p a t i n g  in  t h i s  s tu d y  had p r e v io u s  g rade  p o i n t  a v e ra g es  

in  th e  A and B ra n g e s .  I t  sh o u ld  be p o in te d  ou t t h a t  th e s e  grade  

p o i n t  a v e ra g e s  were tak en  from t h e  s t u d e n t ’ s p re v io u s  sc h o o l  y e a r ,  

which f o r  most o f  th e  p a r t i c i p a n t s  would be t h e i r  freshm an y e a r .

The s tu d e n t s  t h a t  s e rv e d  as t h e  c o n t r a c t  group were matched w ith  

c o n t r o l  group s tu d e n t s  from th e  o th e r  two p a r t i c i p a t i n g  c l a s s e s .  A 

com parison o f  th e  c o n t r a c t  group and c o n t r o l  group raw s c o r e s  on th e  

W atson-G lazer  C r i t i c a l  Th ink ing  T e s t  i n d i c a t e d  t h a t  a t  th e  b e g in n in g  

o f  th e  s e m e s te r  th e  av e ra g e  s c o re s  were a p p ro x im a te ly  th e  same f o r  b o th  

g ro u p s .  (See T ab le  I I . )

The f a c t  t h a t  th e  g roups  were matched by g rade  p o i n t  av e rag e  and 

age would make t h i s  s i m i l a r i t y  o f  s c o r e s  u n d e r s ta n d a b le .  In  o rd e r  to  

compare th e  p r e - t e s t  s c o re s  s t a t i s t i c a l l y ,  a  _t t e s t  v a lu e  was c a l c u l a t e d  

comparing th e  c o n t r a c t  and c o n t r o l  groups s c o r e s .  A t̂  t e s t  v a lu e  o f
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TABLE I .  C om pila t ion  o f  P a r t i c i p a t i n g  S tu d e n ts  by Age, G rade, 
Sex and Grade P o in t  A verage .

AGE N

T h i r t e e n  6

F o u r te e n  13

F i f t e e n  39

S ix te e n  2

SEX

Male 26

Female 34

CLASSIFICATION 

Freshman 14

Sophomore 44

J u n i o r  2

GRADE POINT AVERAGE

3.5  -  4 .0  14

3 .0  -  3 .4  16

2 .5  -  2 .9  17

2 .0  -  2 .4  10

1 .5  -  1 .9  3

%

10

21

65

4

44

56

23

73

4

23

27

28

17

5
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TABLE I I .  S t a t i s t i c a l  Comparisons o f  W atson-G lazer  C r i t i c a l  
T h ink ing  T e s t  S co res

12

Group P r e - T e s t  

C o n tr a c t  5 7 .1  

C o n tro l  5 7 .4

P o s t - T e s t

67 .48

60 .5

D if f e r e n c e

10 .38

3 .1

_t TEST COMPARISONS

T e s t s  Compared t  S cores S i g n i f i c a n c e  Level

C o n tra c t  & C o n tro l  P r e - T e s t .13 Not S i g n i f i c a n t

C o n tra c t  & C o n tro l  P o s t - T e s t 3 .56 .001

C o n tro l  Group P re  & P o s t 1.43 .1

C o n tr a c t  Group P re  & P o s t 5 .68 .001

.13 on t h i s  com parison  i n d i c a t e d  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  w ere n o t  

found in  th e s e  two g roups  a b i l i t y  to  th i n k  c r i t i c a l l y .  T h is  would 

i n d i c a t e  t h a t  a t  t h e  b e g in n in g  of th e  s e m e s te r  th e  c o n t r a c t  and con­

t r o l  g roups  w ere s t a t i s t i c a l l y  th e  same p r i o r  t o  th e  e x p e r im e n ta l  

t r e a tm e n t .

The p o s t - t e s t  s c o r e s  i n d i c a t e d  t h a t  b o th  g roups  improved in  t h e i r  

c r i t i c a l  th in k in g  a b i l i t y .  A com parison o f  th e  p r e -  and p o s t - t e s t  

s c o r e s  showed t h a t  th e  c o n t r o l  group in c r e a s e d  t h e i r  mean s c o re s  from 

5 7 .4  to  6 0 .5 .  I n  o r d e r  t o  d e te rm in e  i f  t h i s  d i f f e r e n c e  cou ld  be 

a t t r i b u t e d  t o  ch an c e ,  a  _t t e s t  v a lu e  was c a l c u l a t e d  comparing th e s e  

s c o r e s .  T h is  t e s t  showed a t  ̂ v a lu e  o f  1 .43  w hich i s  s i g n i f i c a n t  a t
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t h e  .1  l e v e l  o f  s i g n i f i c a n c e .  These d a t a  i n d i c a t e  t h a t  th e  im­

provem ent i n  th e  p r e -  and p o s t - t e s t  s c o r e s  was r e l a t e d  to  t h e  method 

o f  i n s t r u c t i o n  used  and t h a t  t h i s  ty p e  o f  improvement would be observed  

on ly  i n f r e q u e n t l y  by chance.

The c o n t r a c t  group improved t h e i r  s c o r e s  even more as  th e  

o r i g i n a l  mean o f  5 7 .1  was e s c a l a t e d  to  6 7 .5 .  The d i f f e r e n c e  between 

th e  c o n t r a c t  groups p r e -  and p o s t - t e s t  s c o r e s  showed a _t t e s t  v a lu e  

o f  5 .6 8 ,  s i g n i f i c a n t  a t  th e  .001 l e v e l  o f  s i g n i f i c a n c e .  Thus i t  i s  

even more u n l i k e l y  t h a t  th e  improvement by th e  c o n t r a c t  group cou ld  

have o c c u r re d  by chance. The f a c t  t h a t  bo th  groups improved t h e i r  

s c o r e s  s i g n i f i c a n t l y  r e q u i r e s  th e  a n a l y s i s  o f  th e  d eg ree  o f  im prove­

ment to  d e te rm in e  i f  t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  between th e  

two g ro u p s .

In  o r d e r  to  compare th e  p o s t - t e s t  s c o r e s  s t a t i s t i c a l l y  to  d e t e r ­

mine i f  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  in  improvement between 

th e  two g ro u p s ,  th e  c o n t r a c t  and c o n t r o l  g roups  p o s t - t e s t  s c o r e s  were 

compared. T h is  com parison o f  s c o re s  i n d i c a t e d  a  jt t e s t  v a lu e  o f  3 .56 

which i s  s i g n i f i c a n t  a t  th e  .001 l e v e l .  T h is  i n d i c a t e s  t h a t  th e  two 

g ro u p s ,  w h i le  n o t  found to  be d i f f e r e n t  a t  th e  b e g in n in g  o f  th e  ex ­

p e r im e n t ,  were s t a t i s t i c a l l y  d i f f e r e n t  a t  th e  s e m e s t e r ' s  end . With 

th e  .001  l e v e l  o f  s i g n i f i c a n c e  shown in  t h i s  i n s t a n c e  i t  can be s a f e l y  

assumed t h a t  th e  d i f f e r e n c e  in  s c o r e s  was n o t  a  r e s u l t  o f  chance b u t  

r a t h e r ,  a  d i f f e r e n c e  produced  as a  r e s u l t  o f  th e  e x p e r im e n ta l  t r e a t ­

ment .

In  o r d e r  to  d e te rm in e  how th e  s tu d e n t s  t h a t  p a r t i c i p a t e d  i n  t h i s  

s tu d y  compared to  th e  av e rag e  s tu d e n t  on th e  WGCT t e s t ,  t h e i r
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raw s c o re s  were compared to  th e  n a t i o n a l  a v e ra g e s .  The average  

p r e - t e s t  s c o re  f o r  th e  p a r t i c i p a t i n g  s tu d e n t s  was 5 7 .2 ,  compared w ith  

th e  n a t i o n a l  av e ra g e  o f  5 6 .4  f o r  t e n t h  grade s t u d e n t s .  (See Table 

I I I . )

TABLE I I I . Comparison o f  W atson-G lazer  C r i t i c a l  T h ink ing  T es t  
Scores  to  N a t io n a l  A verages

GROUP MEAN

P o r ta g e  S tu d e n ts

C o n tro l  P r e -T e s t 57 .4

C o n tra c t  P r e -T e s t 5 7 .1

C o n tro l  P o s t - T e s t 60.5

C o n tra c t  P o s t - T e s t 67.5

N a t io n a l  A verages

Grade 9 53.6

Grade 10 56 .4

Grade 11 58 .8

The p o s t - t e s t  s c o re s  f o r  th e  P o r ta g e  s tu d e n t s  w ere g r e a t e r  than  th e  

n a t i o n a l  av e rag e  s c o re s  s in c e  th e  av e rag e  s c o re  o f  64 f o r  th e  P o r ta g e

s tu d e n t s  p o s t - t e s t  would be in  th e  72nd p e r c e n t i l e  ran k  f o r  an 

e le v e n th  grade  s tu d e n t  on a n a t io n w id e  b a s i s .

In  summarizing th e  r e s u l t s  o f  th e  WGCT t e s t ,  i t  was found 

t h a t  b o th  th e  c o n t r a c t  and c o n t r o l  groups improved d u r in g  th e
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s e m e s te r .  The l e v e l  o f  improvement p la c e d  b o th  g roups above th e  

n a t i o n a l  a v e ra g es  f o r  e l e v e n th  g r a d e r s .  The improvement shown in  th e  

c o n t r a c t  group s c o re s  was s i g n i f i c a n t l y  g r e a t e r  th a n  th e  c o n t r o l  

groups improvement and i t  was assumed t h a t  t h i s  d i f f e r e n c e  was due 

to  th e  e x p e r im e n ta l  t r e a tm e n t .

In  o rd e r  to  e v a l u a t e  how th e  e x p e r im e n ta l  t r e a tm e n t  was r e l a t e d  

to  th e  s tu d e n t s  knowledge of b io lo g y  t h e  C o o p era t iv e  S c ien ce  B io logy 

T e s t  was u sed .  The s c o re s  from t h i s  t e s t  f a i l e d  to  show t h a t  s i g n i ­

f i c a n t  d i f f e r e n c e s  e x i s t e d  between th e  c o n t r a c t  and c o n t r o l  groups 

p r e - t e s t  s c o r e s .  (See T able  IV .)  T h is  was to  be e x p e c te d  s in c e  th e  

s tu d e n t s  had f o r  th e  m ost p a r t  e x p e r ie n c e d  th e  same s c ie n c e  c o u rs e s  

i n  j u n i o r  h ig h  sc h o o l  and a l s o  were matched by g rad e  p o in t  av e ra g e .

The ave rag e  p r e - t e s t  s c o re  f o r  th e  c o n t r o l  group was 29 .6  w h ile  t h a t  

o f  th e  e x p e r im e n ta l  group was 2 9 .3 .

A n a ly s is  o f  p o s t - t e s t  s c o re s  showed t h a t  b o th  groups improved 

s i g n i f i c a n t l y  i n  s u b j e c t  m a t t e r  a s s i m i l a t i o n  d u r in g  th e  s e m e s te r .

The c o n t r a c t  group mean showed an in c r e a s e  to  3 5 .7 ,  w h ile  th e  c o n t r o l  

p r e -  and p o s t - t e s t  s c o re s  was 6 .4  f o r  th e  c o n t r a c t  group and 6 .6  f o r  

th e  c o n t r o l  group . S t a t i s t i c a l  a n a l y s i s  o f  th e  d a t a  shows t h a t  w h ile  

b o th  groups s i g n i f i c a n t l y  in c r e a s e d  in  t h e i r  knowledge o f  b io lo g y .

A. s i g n i f i c a n t  d i f f e r e n c e  was n o t  found betw een th e  two g r o u p 's  p o s t ­

t e s t  s c o r e s .  The im p l i c a t io n  o f  th e s e  d a t a  was t h a t  th e  e x p e r im e n ta l  

t r e a tm e n t  p roved  no b e t t e r  th a n  th e  t r a d i t i o n a l  approach  in  th e  

te a c h in g  o f  b io lo g y  s u b je c t  m a t t e r .
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TABLE IV. S t a t i s t i c a l  Comparisons o f  C o o p e ra t iv e  S c ien ce  B io logy  
T e s t  Scores

Group P r e - T e s t  P o s t - T e s t  D if f e r e n c e

C o n tra c t  29 .3  35 .7  6 .4

C o n tro l  29 .6  36 .2  6 .6

t_ TEST COMPARISONS 

T e s t s  Compared t_ S cores

C o n tra c t  & C o n tro l  P re  .19

C o n tra c t  & C o n tro l  P o s t  .29

C o n tro l  Group P re  & P o s t  3 .69

C o n tra c t  Group P re  & P o s t  4 .05

S ig n i f i c a n c e  Level 

Not S i g n i f i c a n t  

Not S i g n i f i c a n t  

.001  

.001

A com parison o f  th e  t e s t  r e s u l t s  w i th  th e  n a t i o n a l  norms f o r  

h ig h  sc h o o l  s tu d e n t s  showed t h a t  th e  p o s t - t e s t  mean o f  35.9 f o r  th e  

P o r ta g e  s tu d e n t s  was a t  th e  5 9 th  p e r c e n t i l e  rank  f o r  th e  n a t i o n .  

(See T able  V.)

TABLE V. Comparison o f  Raw S cores  on C o o p e ra t iv e  S c ien ce  B io logy 
T es t  S co res  With N a t io n a l  Norms.

GROUP MEAN

P r e - T e s t  C o n tro l  29 .3

P r e - T e s t  C o n tra c t  29 .6

P o s t - T e s t  C o n tro l  36.2

P o s t - T e s t  C o n tra c t  35.7

N a t io n a l  10 th  -  12 th-G rade  34 .0
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NATIONAL PERCENTILE RANKING

Range Rank

33 -  34 50 %

35 -  36 59 %

37 64 %

37 -  39 72 %

The n a t i o n a l  mean was 34 .00  f o r  s tu d e n t s  in  g ra d e s  10 -  12 

which p la c e d  th e  P o r ta g e  s tu d e n t s  s l i g h t l y  above th e  n a t i o n a l  a v e ra g e .  

In  i n t e r p r e t i n g  th e  r e s u l t s  o f  t h i s  t e s t  i t  sh o u ld  be p o in t e d  o u t  t h a t  

th e  s tu d e n t s  p a r t i c i p a t i n g  in  t h i s  i n v e s t i g a t i o n  had com ple ted  o n ly  

one s e m e s te r  o f  b io lo g y  a t  th e  tim e o f  t e s t i n g .  I f  th e  improvement 

in  t e s t  s c o r e s  d e m o n s t ra te d  d u r in g  th e  f i r s t  s e m e s te r  r e p r e s e n t s  th e  

ty p e  o f  improvement e x p e c te d  d u r in g  th e  second  s e m e s te r ,  th e  r e s u l t s  

would p la c e  th e  p a r t i c i p a n t s  w e l l  above th e  n a t i o n a l  mean.

I t  was i n t e r e s t i n g  to  n o te  t h a t  ach ievem ent on th e  co u rse  

s e m e s te r  exams, p r e p a r e d  by th e  i n s t r u c t o r ,  p roduced  r e s u l t s  which 

d i f f e r e d  from th o s e  on th e  s t a n d a r d i z e d  b io lo g y  t e s t .  B es id e s  t h e  

s t a n d a r d i z e d  t e s t ,  a s e m e s te r  exam was a d m in is te r e d  a t  th e  end o f  

th e  term  and i t  i n d i c a t e d  some v a r i a t i o n  betw een th e  c o n t r o l  and con­

t r a c t  g ro u p s .  The c o n t r o l  g roups mean s c o r e  on th e  s e m e s te r  exam 

was 53 .4  w h i le  t h a t  o f  th e  c o n t r a c t  group was 5 8 .2 .  T h is  showed a 

_t v a lu e  o f  3 .2  and  i s  s i g n i f i c a n t  a t  th e  .005 l e v e l .  The d i f f e r e n c e  

in  r e s u l t s  on th e  s t a n d a r d i z e d  ach ievem en t t e s t  and th e  s e m e s te r  exam 

m igh t be e x p la in e d  by th e  n a t u r e  o f  th e  t e s t s .  The s e m e s te r  exam
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covered  o n ly  th e  m a t e r i a l  t h a t  had been  p r e s e n te d  d u r in g  t h a t  sem e s te r  

w h i le  th e  s t a n d a r d i z e d  t e s t  covered  many a r e a s  o f  b io lo g y ,  in c lu d in g

some s u b j e c t s  t h a t  had n o t  y e t  been  covered  i n  c l a s s .  These v a r i a ­

t i o n s  show t h a t  a l th o u g h  a d i f f e r e n c e  was n o t  found on th e  s t a n d a r d i z e d  

t e s t  th e  c o n t r a c t  group d id  improve over th e  c o n t r o l  group in  s p e c i f i c  

a r e a s  o f  b io lo g y ,  as  measured by th e  in s t r u c to r - m a d e  t e s t .

The s tu d e n t s  a t t i t u d e  tow ard  th e  method o f  i n s t r u c t i o n  can be 

ex t re m e ly  im p o r ta n t  in  te rm s o f  o b ta in in g  invo lvem en t in  any educa­

t i o n a l  program . The s u c c e ss  of any new form o f  i n s t r u c t i o n  becomes 

dependen t on how w e l l  i t  i s  r e c e iv e d  by th e  p a r t i c i p a n t s .  R ecogn iz ing  

th e  need  to  e v a l u a t e  how th e  s tu d e n t s  f e l t  ab o u t  c o n t r a c t i n g  a s  a 

method o f  i n s t r u c t i o n ,  th e  "F in ch  T e s t  On A t t i t u d e  Toward The Method 

o f  I n s t r u c t i o n "  was u se d .  T h is  t e s t  was a d m in is te re d  on ly  a t  th e  end 

o f  th e  s e m e s te r  b e ca u se  f o r  most o f  th e  s tu d e n t s  t h i s  was t h e i r  

f i r s t  e x p o su re  to  b io lo g y  and to  c o n t r a c t i n g .  The mean s c o re  f o r  th e  

c o n t r o l  group was 112 compared to  a mean o f  124 f o r  th e  e x p e r im e n ta l  

group . (See T ab le  V I .)  T h is  d i f f e r e n c e  was found to  show a t_ v a lu e  

o f  1 .82 w hich was s i g n i f i c a n t  a t  th e  .10 l e v e l  o f  s i g n i f i c a n c e .

TABLE VI. Comparison o f  S co res  on "F in ch  T e s t  On A t t i t u d e  Toward
The Method o f  I n s t r u c t i o n "

GROUP MEAN

C o n tra c t 124

C o n tro l 112
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t  TEST COMPARISONS 

T e s t  Compared J^_Score S ig n i f i c a n c e  L eve l

C o n tra c t  & C o n tro l  P o s t  1 .82  .10

The s t a n d a r d  l e v e l  o f  s i g n i f i c a n c e  c o n s id e re d  a c c e p ta b l e  f o r  

most r e s e a r c h  i s  u s u a l l y  c o n s id e re d  to  be th e  .05 l e v e l  o r  b e t t e r .

I t  sh o u ld  be k e p t  i n  mind however t h a t  th e  d i f f e r e n c e  shown in  t h i s  

t e s t  w h i le  f a i l i n g  to  meet th e  .05 l e v e l  r e q u i r e m e n t ,  would on ly  be 

o b se rv ed  by chance i n  10 out o f  100 c a s e s .  The s m a l l  sample s i z e  

used  i n  t h i s  i n v e s t i g a t i o n  a lo n g  w ith  th e  f a c t  t h a t  a  R v a l u e  of 1 .82 

was j u s t  s h o r t  o f  th e  .05 s i g n i f i c a n c e  l e v e l  a r e  f a c t o r s  which le a n  

tow ard  a c c e p ta n c e  o f  th e  d a t a .

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

method ap p e a rs  t o  be s u p e r i o r  to  t r a d i t i o n a l  methods i n  term s o f  

developm ent of p o s i t i v e  a t t i t u d e s  tow ard  th e  method o f  i n s t r u c t i o n .  

T h is  i n v e s t i g a t o r  o bse rved  t h a t  th e  m a jo r i t y  o f  th e  s tu d e n t s  who have 

worked u n d e r  th e  c o n t r a c t  sy s tem  were r e l u c t a n t  t o  r e t u r n  t o  t r a d i ­

t i o n a l  c la ss ro o m  t e c h n i q u e s . I t  appea red  as though  th e  s tu d e n t s  

worked h a r d e r  u n d e r  th e  c o n t r a c t  sy s tem , b u t  a l s o  l i k e d  i t  b e t t e r  

b ecau se  th e y  found i t  e a s i e r  t o  re c o g n iz e  e x a c t l y  what was ex p e c te d  

o f  them.

The c o n t r a c t i n g  system  a l lo w ed  th e  s tu d e n t  t o  s e t  h i s  own g o a ls  

in  te rm s o f  g rad es  and s p e l l e d  out e x a c t ly  what m ust be done t o  e a rn  

t h a t  g r a d e .  The p r e s e n t a t i o n  o f  b e h a v i o r a l  o b j e c t i v e s  f o r  each 

c h a p te r  gave th e  s t u d e n t  a l i s t  o f  s p e c i f i c  s k i l l s  and knowledge t h a t
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would be covered  on th e  c h a p te r  t e s t .  T h is  c l a r i f i c a t i o n  o f  ob­

j e c t i v e s  and g ra d in g  p ro c e d u re s  a l low ed  th e  s tu d e n t  to  fo cu s  on a 

w e l l  d e f in e d  t a r g e t .  The r e s u l t s  o f  th e  c o n t r a c t i n g  te c h n iq u e  can be 

seen  c l e a r l y  i n  th e  g rad es  a c h ie v e d  d u r in g  th e  s e m e s te r .  (See 

Table  V I I . )

TABLE V II .  C om pila t ion  o f  Sem este r  Grades

GRADE N %

C o n tra c t  Group

A 12 40 .0

B 13 43.3

C 4 13 .3

D 1 3 .3

E 0

C o n tro l  Group

A 7 23.2

B 12 40.0

C 10 33 .3

D 1 3 .3

E 0

The c o n t r a c t  g ro u p 's g rad e  p o in t  a v e ra g e  f o r  th e  c l a s s was 3 .2  on a

4 p o in t  sy s tem , w h ile t h a t  o f  th e  c o n t r o l  group was 2 . 8 . T h is

d i f f e r e n c e  i n  g rade p o i n t  av e ra g e  d em o n s tra ted  t h e  e f f e c t  o f  p r e -
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s e n t l n g  b e h a v i o r a l  o b j e c t i v e s  to  s t u d e n t s  and a l lo w in g  them to  work 

tow ard a  g rad e  o f  t h e i r  c h o ic e .

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



CHAPTER IV

CONCLUSIONS, OBSERVATIONS AND RECOMMENDATIONS

E d u c a t io n a l  s y s te m s ,  i n  o r d e r  t o  m a in ta in  th em se lv es  in  our 

chang ing  s o c i e t y ,  must a l s o  become t h e  p r o d u c ts  o f  change . A con­

t i n u a l  s e a rc h  t o  f i n d  new and im proved methods f o r  im p a r t in g  in fo rm a ­

t i o n  and s k i l l s  must be u n d e r ta k e n  by t o d a y 's  e d u c a to r s .  The c o n t r a c t  

sy s tem  has  many p r a c t i c a l  a d v a n ta g e s  o v er  t r a d i t i o n a l  ap p ro ac h es  in  

i t ' s  v e ry  n a t u r e .  The s tu d e n t  i s  f i r s t  o f  a l l  g iven  more freedom  t o  

s e l e c t  h i s  own program  o f  s t u d i e s  and i s  th e n  g iv e n  th e  r e s p o n s i b i l i t y  

to  c a r r y  ou t  h i s  c o n t r a c t  l a r g e l y  on h i s  own. T h is  com bina tion  o f  

freedom  a lo n g  w i th  r e s p o n s i b i l i t y  seems to  be c o n s i s t e n t  w i th  th e  

v a lu e s  we a r e  c o n t i n u a l l y  t r y i n g  t o  dev e lo p  in  o u r  s o c i e t y .  In  th e  

a n a l y s i s  o f  th e  s t a t i s t i c a l  d a t a  d ev e lo p ed  in  t h i s  i n v e s t i g a t i o n ,  th e  

l a t e n t  c h a r a c t e r i s t i c s  o f  th e  c o n t r a c t  system  sh o u ld  n o t  be o v e r lo o k e d .

The f a c t  t h a t  s tu d e n t s  a r e  a s k e d  to  t a k e  a  more a c t i v e  p a r t  i n  

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

s e l e c t i n g  a s s ig n m e n ts  t h a t  th e y  a r e  g e n u in e ly  i n t e r e s t e d  i t .  In  

many c a s e s  th e  s t u d e n t s  worked on p r o j e c t s  i n d i v i d u a l l y  i n s t e a d  o f  in  

g ro u p s ,  a s  i s  n o rm a l ly  th e  c a s e  in  t h e  t r a d i t i o n a l  ap p ro ac h .  T h is  

i n d i v i d u a l i z a t i o n  o f  i n s t r u c t i o n  seemed t o  h e lp  develop  th e  s t u d e n t s  

a b i l i t y  t o  th i n k  f o r  th e m s e lv e s .  The dan g er  o f  one dominant s t u d e n t  

l e a d in g  th e  e n t i r e  group th i n k in g  was l a r g e l y  a v o id ed  by th e  i n d i v i ­

d u a l i z a t i o n  p r o c e s s .  A no the r  f a c t o r  t h a t  i s  av o id ed  i s  th e  p o s s i b l e  

dominance o f  th e  i n s t r u c t o r  s i n c e  t h e  s tu d e n t s  a r e  l a r g e l y  w ork ing
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on t h e i r  own.

The r e s u l t s  o f  th e  c r i t i c a l  t h i n k in g  t e s t  i n d i c a t e d  t h a t  th e  

c o n t r a c t  system  was s u p e r io r  to  th e  t r a d i t i o n a l  approach  in  th e  

development o f  l o g i c a l  th o u g h t p r o c e s s e s .  T h is  m ight be  e x p la in e d  

by th e  f a c t  t h a t  s tu d e n t s  were more p h y s i c a l l y  and m e n ta l ly  in v o lv e d  

in  t h e i r  work in  c o n t r a c t i n g ,  th u s  making i t  l e s s  m echan ica l  and more 

th o u g h t  p ro v o k in g .  I t  a l s o  cou ld  be p a r t i a l l y  a t t r i b u t e d  to  th e  

l a r g e  amount o f  l a b o r a to r y  tim e a v a i l a b l e  f o r  i n v e s t i g a t i o n s .  The 

i n d i v i d u a l i z a t i o n  p ro c e s s  r e s u l t e d  i n  s tu d e n t s  w orking on problem s 

a lo n e ,  o r  in  s m a l l  groups and th e  t a s k  o f  answ ering  q u e s t io n s  and 

form ing c o n c lu s io n s  was s tu d e n t  c e n te r e d .  T h is  r e s u l t e d  i n  a 

s t i m u l a t i o n  o f  i n d i v i d u a l  th o u g h t p r o c e s s e s  b ecau se  th e  t r a d i t i o n a l  

work group was n o t  th e r e  t o  f a l l  back  on.

The r e s u l t s  o f  th e  s ta n d a r d iz e d  b io lo g y  ach ievem en t t e s t  f a i l e d  to  

i n d i c a t e  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  o c c u r re d  between th e  c o n t r a c t  

and c o n t r o l  g ro u p s .  T h is  s t a n d a r d i z e d  t e s t  covered  a  wide range  o f  

t o p i c s  from th e  n a t u r e  of s c ie n c e ,  to  h e r e d i t y  and change. Some o f 

th e  s u b j e c t  a r e a s  covered  on th e  t e s t  had been  covered  in  c l a s s ,  

w h i le  o th e r  a r e a s  were n o t  in c lu d e d  in  th e  f i r s t  s e m e s te r  of s tu d y .

The r e s u l t s  o f  th e  s e m e s te r  exam m igh t be c o n s id e re d  more r e p r e ­

s e n t a t i v e  o f  s tu d e n t  achievem ent s in c e  on ly  th e  s u b j e c t  m a t te r  

covered  i n  c l a s s  was t e s t e d .

A lthough  th e  r e s u l t s  on ach ievem ent were n o t  c l e a r  because  of 

th e  d i f f e r e n c e  between th e  two t e s t  s c o r e s ,  t h e  i n t e r p r e t a t i o n  o f  

t h i s  i n v e s t i g a t o r  was t h a t  the  r e s u l t s  f a v o r  th e  c o n t r a c t  group 

ap p ro ac h .  T h is  v ie w p o in t  can a l s o  be su p p o r te d  by th e  com parison
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made betw een th e  c o n t r a c t  and c o n t r o l  g ro u p 's  s e m e s te r  g ra d e s .  The 

c o n t r a c t  g ro u p 's  dominance o v e r  th e  c o n t r o l  group in  b o th  sem es te r  

exam s c o r e s  and s e m e s te r  g rad es  b u t  n o t  on th e  s t a n d a r d i z e d  t e s t  

s t i l l  l e a v e s  some q u e s t io n  abou t th e  e f f e c t  o f  c o n t r a c t i n g  on a c h ie v e ­

ment .

S tu d e n t  ach ievem ent u nder  th e  c o n t r a c t  method has  been a d i f f i c u l t  

a r e a  f o r  r e s e a r c h e r s  to  a g re e  on. In  s t u d i e s  by N elson  and B rian  

(1970) and T ay lo r  (1969) ,  th e  c o n t r a c t  method f a i l e d  to  show t h a t  th e  

c o n t r a c t  method was s i g n i f i c a n t l y  b e t t e r  th a n  th e  t r a d i t i o n a l  m ethods. 

O ther s t u d i e s  such  as th o s e  by D e a l l  (1969) and Poppen (1971) seemed 

to  fa v o r  th e  c o n t r a c t  method. I t  seems t h a t  r e s e a r c h e r s ,  in  g e n e r a l ,  

have found i t  d i f f i c u l t  to  f i n d  c o n c re te  s t a t i s t i c a l  d a ta  to  s u p p o r t  

i m p l i c a t io n s  t h a t  c o n t r a c t i n g  improves s tu d e n t  ach iev em en t.  The 

v a r i a t i o n  i n  r e s u l t s  on s tu d e n t  achievem ent u n d e r  th e  c o n t r a c t  system  

r e q u i r e s  t h a t  f u t u r e  i n v e s t i g a t o r s  s i n g l e  o u t  t h i s  a r e a  f o r  i n t e n s e  

i n v e s t i g a t i o n .

A t t i t u d e s  tow ard  th e  method of i n s t r u c t i o n  u n d e r  th e  c o n t r a c t  

system  a p p ea r  t o  have been p o s i t i v e l y  a f f e c t e d .  Even though , th e  

d i f f e r e n c e  between th e  two groups t e s t  s c o re s  f a i l e d  t o  reac h  th e  .05 

s i g n i f i c a n c e  l e v e l ,  th e  r e s u l t s  s u r e ly  fa v o r  th e  c o n t r a c t  group. This  

i n v e s t i g a t o r  b e l i e v e s  t h a t  w i th  th e  i n t e n s i t y  o f  th e  s tu d e n t  i n ­

volvem ent obse rved  in  th e  c o n t r a c t  system , a long  w ith  th e  r e s u l t s  

o f  the  a t t i t u d e  t e s t ,  t h a t  th e  s tu d e n t s  a t t i t u d e s  were p o s i t i v e l y  

a f f e c t e d .

The c o n t r a c t  system  te n d s  to  in v o lv e  s e v e r a l  ad v a n ta g e s ,  even 

though th e s e  may n o t  have been  c l e a r l y  i n d i c a t e d  i n  th e  r e s u l t s .
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Some o f  th e s e  ad v an tag es  a r e  a s  fo l lo w s :

1. The s tu d e n t  ten d s  to  know more s p e c i f i c a l l y  
what i s  ex p ec ted  o f  him i n  ach ievem ent.

2 . The c o n t r a c t  method a p p a r e n t ly  h e lp s  p ro v id e  
f o r  i n d i v i d u a l  d i f f e r e n c e s .

3 . The r e s p o n s i b i l i t y  f o r  becoming ed u ca ted  
te n d s  to  be s h i f t e d  t o  th e  s tu d e n t .

4. The system  o f f e r s  th e  s tu d e n t  more o f  a 
c h o ic e .

5 . The i n s t r u c t o r  i s  b e t t e r  a b l e  to  c l a r i f y  
h i s  own o b j e c t i v e s .

There a r e  a l s o  some d is a d v a n ta g e s  which r e s u l t  in  w orking w ith  

th e  c o n t r a c t  system . The g r e a t e s t  problem  observed  by t h i s  i n v e s t i ­

g a to r  was th e  i n a b i l i t y  o f  some s tu d e n t s  to  a c c e p t  th e  r e s p o n s i b i l i t y  

r e q u i r e d  o f  them in  t h i s  program . With c l a s s  t im e  made a v a i l a b l e  to  

work on t h e i r  own, i t  was sometimes d i f f i c u l t  f o r  some s tu d e n t s  t o  

g e t  go ing on t h e i r  p r o j e c t s .  The human c h a r a c t e r i s t i c  to  p r o c r a s t i n a t e  

o f t e n  l e f t  a few s tu d e n t s  w i th  a l o t  o f  work to  com plete  in  a s h o r t  

p e r io d  o f  t im e . The g rade  p o in t  a v e ra g e s  f o r  th e  c o n t r a c t  group 

shows t h a t  few s tu d e n t s  a c t u a l l y  f a i l e d  to  com plete  t h e i r  work.

C o n s id e r in g  i n s t r u c t i o n a l  p rob lem s,  i t  was more d i f f i c u l t  f o r  

th e  i n s t r u c t o r  t o  supp ly  m a t e r i a l s  n e c e s s a ry  f o r  th e  v a r i e t y  of 

l a b o r a to r y  i n v e s t i g a t i o n s  go ing  on a t  th e  same t im e . The amount of 

l a b o r a to r y  p r e p a r a t i o n  was c o m p lic a te d  because  i n s t e a d  o f  s u p p ly in g  

the  s o l u t i o n s  and m a t e r i a l s  f o r  one experim en t th e r e  were s e v e r a l  f o r  

which to  p r e p a r e .  I t  seemed t h a t  most o f  th e  q u e s t io n s  and problem s 

o c c u r re d  a t  th e  b eg in n in g  o f  c l a s s  t im e ,  which c o n c e n t ra te d  th e  d e ­

mands on th e  i n s t r u c t o r  i n t o  a  s h o r t  p e r io d  of t im e . T h is  made th e
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s t a r t i n g  o f  a  new c o n t r a c t  a r a t h e r  h e c t i c  a f f a i r .  Some of th e  

o t h e r  problem s a s s o c i a t e d  w ith  c o n t r a c t i n g  a r e  a s  fo l lo w s :

1 . The amount o f  p r e p a r a t io n  r e q u i r e d  o f  th e  
i n s t r u c t o r  i s  in c r e a s e d ,

2 .  S tu d e n ts  t h a t  l a c k  i n i t i a t i v e  m igh t n o t  be 
a b le  t o  h an d le  th e  in c re a s e d  academ ic freedom.

3 . The l a r g e  number o f  a c t i v i t i e s  t a k in g  p la c e  
a t  th e  same t im e  can make i t  d i f f i c u l t  t o  
h e lp  s tu d e n t s  when th e y  need i t .

4. The s tu d e n t s  have an in c re a s e d  freedom  and 
i f  th e y  abuse  i t ,  d i s c i p l i n e  p roblem s could  
d e v e lo p .

Weighing th e  problem s and ad v an tag es  o f  th e  c o n t r a c t  system , t h i s  

i n v e s t i g a t o r  f e e l s  th e  b e n e f i t s  outw eigh th e  d is a d v a n ta g e s .

The use o f  th e  c o n t r a c t  method o f  i n s t r u c t i o n  in  h ig h  sch o o l  

o f f e r s  a new and p o s s i b ly  v a lu a b le  t o o l  f o r  th e  i n s t r u c t o r .  Because 

t h i s  i s  a r e l a t i v e l y  new te c h n iq u e  o f  i n s t r u c t i o n  t h e r e  a re  s t i l l  

many q u e s t io n s  ab o u t t h i s  p ro ced u re  which r e s e a r c h e r s  must answ er.

The e f f e c t s  o f  c o n t r a c t s  w i th  slow l e a r n e r s  and in  d i f f e r e n t  s u b je c t  

a r e a s  a r e  j u s t  two of th e  a re a s  t h a t  s h o u ld  be e x p lo re d .  The r e s u l t s  

o f  t h i s  i n v e s t i g a t i o n  in d i c a t e d  t h a t  th e  c o n t r a c t  system  has some 

d e f i n i t e  ad v a n ta g e s  o v e r  th e  t r a d i t i o n a l  app roach  and would make a 

w o r th w h ile  a d d i t i o n  i n  t h e  a r e a  o f  s c ie n c e  e d u c a t io n .
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APPENDIX A

Sample C o n tra c t  C hap te r  I

B e h a v io ra l  O b je c t iv e s

1. When p r e s e n te d  w i th  a number o f  spec im ens , be  a b le  t o  d i s t i n g u i s h  

betw een l i v i n g  and n o n - l i v in g  t h i n g s .

2 .  Have th e  a b i l i t y  to  l i s t  f i v e  g e n e r a l  c h a r a c t e r i s t i c s  of l i v i n g  

t h i n g s .

3. When g iv e n  a compound m ic ro sco p e ,  be a b le  t o  focus  on a p re p a re d  

s l i d e  w i th  b o th  th e  low and h ig h  power o b j e c t i v e s .

4 . W ri te  ou t a t  l e a s t  two examples o f  how s c i e n t i f i c  p r i n c i p l e s  

have been used  to  s o lv e  a b i o l o g i c a l  p rob lem .

5 .  Compare the  l i f e  c y c le  o f  th e  A nopheles m osqu ito  w i th  t h a t  of 

th e  Plasmodium p a r a s i t e .

6 .  W rite  ou t th e  o rd e r  o f  e v e n ts  t h a t  l e d  t o  th e  s o l u t i o n  o f  th e  

m a l a r i a  m y s te r y .

7. D efine  th e  fo l lo w in g  te rm s ;  p h y s io lo g y ,  b io lo g y ,  morphology, 

ec o lo g y ,  h y p o th e s i s .

R equ ired  Work P o in t  Value

1 . Read C hap te r  I  and p a s s  t e s t  30

2 .  Lab Ex. 1-2 10

O p tio n a l  Work

1. Guide Q u e s t io n s  and Problem s p . 18 20

i n  t e x t .

2 .  I n q u i r y  I - I  Lab Text 15

28
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3 . I n q u i r y  1-3 Lab Text 15

4 . In q u i ry  1-4 Lab Text 15

5 . B u ild  model o f  e l e c t r o n  m icroscope  20

6 .  Problem  p r e s e n te d  on ta p e  r e c o r d e r  15

7. Lab on c h a r a c t e r i s t i c s  o f  l i v i n g

th i n g s .  B io l .  F i l e  20

8 . Lab. 1-10  Measurement. B io l .  F i l e  15

9 .  Lab to  g e t  a c q u a in te d  w i th  l i v i n g

th i n g s .  B io l .  F i l e  20

10. Lab on " L i f e  o r  N o n -L ife " .  B io l .  F i l e  15

11. Lab on th e  n a t u r e  of l i v i n g  th in g s

B io l .  F i l e  15

12. O ral r e p o r t  on R e d i 's  e x p e r im en ts  10

13. O ral r e p o r t  on "M a la r ia "  from

S c i e n t i f i c  American. 15

C i r c le  th e  o p t i o n a l  a s s ig n m e n ts  t h a t  you wish to  work on and th e  

g rad e  you would l i k e  to  c o n t r a c t  f o r .

4 0 - 5 0  D 

5 0 - 7 0  C 

7 0 - 8 5  B 

85 -100  A

The c h a p te r  t e s t  must be p a s s e d  to  r e c e iv e  c r e d i t  f o r  t h i s  c o n t r a c t .  

A p e n a l ty  o f  15 p o i n t s  w i l l  be  charged  f o r  each a d d i t i o n a l  t e s t  

n e c e s s a r y  to  p ass  i t .

Name Date Hour
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