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WHITSETT, P. John, Independent  s c i e n c e  p r o j e c t  g u i d e s  f o r  g i f t e d  
'and t a l e n t e d  h igh  school  s t u d e n t s .  ME-PD, 1983. 77 p. (Dr. Don 
Davis )  , 

T h i s  a c t i o n  l e a r n i n g  p r o j e c t  was i n i t i a t e d  t o  develop a  format  t o  be 

used i n  w r i t i n g  m a t e r i a l s  f o r  g i f t e d  and t a l e n t e d  s t u d e n t s  i n  s c i e n c e .  

The p r o j e c t  g u i d e s  were t o  p r o v i d e  t h e  b a s i s  f o r  t h e  s e n i o r  l e v e l  s c i -  

ence  seminar  c o u r s e  o f f e r e d  a t  La Crosse  C e n t r a l  High School and t o  

p r o v i d e  an a l t e r n a t i v e  method of  i n s t r u c t i o n  f o r  g i f t e d  s t u d e n t s  i n  

o t h e r  s c i e n c e  courses ,  The g u i d e s  p rov ide  t h e  s t u d e n t  w i t h  t h e  b a s i s  

f o r  conduc t ing  an independent  s c i e n t i f i c  i n v e s t i g a t i o n  i n  a  c o n t e n t  

a r e a  o f  s c i e n c e ,  S c i e n t i f i c  c o n t e n t  i s  lea rned  by t a k i n g  p a r t  i n  t h e  

p r o c e s s  o f  sc ience .  Each p r o j e c t  g u i d e  c o n t a i n s  a  s t u d e n t  gu ide ,  and 

an i n s t r u c t o r ' s  guide ,  The s t u d e n t  g u i d e  p r e s e n t s  a  t o p i c  and p roceeds  

t o  a s k  open ended q u e s t i o n s .  Some s u g g e s t i o n s  a r e  g iven  t o  t h e  s t u d e n t  

on p o s s i b l e  p rocedures  t o  fo l low.  The i n s t r u c t o r ' s  gu ide  c o n t a i n s  a 

l i s t  of major  concep t s ,  o b j e c t i v e s ,  suggested procedures ,  s a f e t y  n o t e s ,  

and background r e f e r e n c e s ,  These  m a t e r i a l s  a r e  in tended  t o  be implement- 

ed d u r i n g  t h e  1983-84 school  year .  



ACKNOWLEDGEMENTS 

I wish to  thank my advisors,  Dr. Don Davis and Dr, Bob Gowlland, 

f o r  t h e i r  time, ass i s tance ,  and guidance i n  the preparation of  t h i s  

act ion  learning project .  I a l s o  wish to  thank my wife ,  Jo Ann, f o r  

the typing of  t h i s  paper and her support. 

i i i  . 



TABLE OF CONTENTS 

CHAPTER PAGE 

1. INTRODUCTION ............................................... 1 

Need f o r  t h e   project.........,......................^...... 3 
Statement of t h e  Problem .................................. 3 
f i rpose  ............................................... 4 

2 . RXVIEV OF RELATED LITERATURE ............................... 5 

3 . METHODS .................................................... 13 

I n t r o d u c t i o n  ............................................... 13 
Procedure  .................................................. 13 

. 4 CONCLUSION .......................................... 16 

Summary .................................................... 16 
Conclusion ................................................. 16 
Recommendations ............................................ 1 7  

REFERENCES ......................................................... 18 

APPENDIXES ......................................................... 22 

A . Table of Contents  w Science Seminar ........................ 22 

B . Desc r ip t i on  of Science Seminar ............................. 2 5  

C. I n t r o d u c t o r y  Ac t i v i t i e s  .................................... 32 

D . Sample Project  Gu ides  ...................................... 46 



CHAPTER 1 

INTRODUCTION 

Educat ional  curr iculum rep re sen t s  what w i l l  be learned  i n  a 

course  and how the  l e a r n i n g  process  w i l l  occur. Revision and up- 

d a t i n g  of curr iculum is  necessary  f o r  e f f e c t i v e  teaching r e g a r d l e s s  

of t h e  d i s c i p l i n e ,  but  t h i s  i s  e s p e c i a l l y  t r u e  of sc ience .  The 

tremendous advances i n  s c i ence  and technology and t h e  r e s u l t a n t  

e f f e c t s  on s o c i e t y  d i c t a t e  t h a t  science curriculum c o n s t a n t l y  under- 

go eva lua t ion  and rev is ion .  With t h i s  i n  mind, t h e  school board and 

admin i s t r a t i on  of  t he  School D i s t r i c t  of La Crosse au thor ized  a c u r r i -  

culum study t o  be undertaken dur ing  t h e  1979-80 school year. The 

r e s u l t s  of t h e  s tudy indZcated t h a t  a coordinated K-12 curr iculum 

r e v i s i o n  was necessary.  

The philosophy and g o a l s  of t h e  school  d i s t r i c t  were c l a r i f i e d  

i n  the  f a l l  of 1980 and t h e  a c t u a l  r e v i s i o n  of course  m a t e r i a l s  was 

completed by t he  summer of 1981. Implementation of t h e  new curr iculum 

was begun i n  t h e  f a l l  of t h e  1981-82 school year.  

The K-6 component c o n s i s t s  of a genera l  s c i ence  program adopted 

from t h e  D.C. Heath Company. One s u p p l i e r  of  m a t e r i a l s  was used t o  

i n s u r e  c o n t i n u i t y  of o b j e c t i v e s  and content .  The philosophy of t h e  

d i s t r i c t  s c i ence  curr iculum was intended t o  emphasize t h e  process  of 

s c i ence  a s  opposed t o  t he  conten t ,  

The seventh grade program i s  a l i f e  sc ience  course  and t h e  e i g h t h  

grade  program i s  an e a r t h  s c i ence  course.  There a r e  no a c c e l e r a t e d  o r  



remedial  v e r s i o n s  of these  courses  because i t  was bel ieved t h a t  i n  t h e  

middle school format,  p rovis ion  could be made f o r  i nd iv idua l  l e a r n i n g  

s t y l e s  and r a t e d  without  grouping s tuden t s  by a b i l i t y .  

The n i n t h  grade  program is i n  t h e  high school and c o n s i s t s  of  a 

phys i ca l  s c i ence  course.  An acce l e r a t ed  vers ion,  of  t h i s  course  i s  

o f f e r e d  f o r  those  s t u d e n t s  who have i n  t h e  pas t  demonstrated t h e  

a b i l i , t y  t o  exce l1  i n  science.  Students  a r e  placed i n t o  t h e  acce l e r -  

a t ed  course  by r e f e r r i n g  t o  t h e i r  s tandardized t e s t  s co re s ,  g rades  

from previous s c i ence  and math courses ,  and by recommendations ob ta ined  

from t h e  e igh th  grade teachers .  

Biology i s  o f f e r e d  i n  t h e  t en th  grade and an acce l e r a t ed  o p t i o n  

i s  aga in  ava i l ab l e .  Remedi.al courses  were no t  developed because of  t h e  

problems a s soc i a t ed  with concen t r a t i ng  many underachievers  and slow 

l e a r n e r s  t oge the r  i n  one s ec t ion .  

The e leventh  and twe l f th  grades have severa l  sc ience  e l e c t i v e s  

a v a i l a b l e  t o  s tudents .  Chemistry and physics  a r e  both o f f e r e d  f o r  a 

f u l l  y e a r  and a c c e l e r a t e d  v e r s i o n s  of both a r e  a l s o  ava i l ab l e .  There 

a r e  a l s o  one semester  e l e c t i v e s  i n  environmental s t u d i e s ,  astronomy, 

and anatomy and physiology. 

A s c i ence  seminar course  h a s  been ou t l i ned  f o r  t h e  twe l f th  grade  

bu t  h a s  n o t  been f u l l y  developed. Th i s  course and the  enrichment nec- 

e s s a r y  f o r  g i f t e d  s t u d e n t s  w i l l  be t he  t op i c  f o r  t h i s  paper. The sem- 

i n a r  course  i s  intended t o  provide a s tudent  with t h e  oppor tun i ty  t o  

pursue a s p e c i f i c  t o p i c  t o  g r e a t e r  depth than can be d e a l t  with i n  an 

i n t roduc to ry  course.  S tudents  tak ing  the  course w i l l  be a b l e  t o  exper- 

i ence  t h e  process  of  s c i ence  by conducting ind iv idua l  research  p r o j e c t s .  



The course  i s  a l s o  intended t o  a l low s t u d e n t s  t o  do c o l l e g e  l e v e l  work 

i n  chemistry and biology through the  advanced placement program. 

Need f o r  t he  P ro j ec t  

Students  planning on tak ing  t h e  advanced placement exam i n  chemis- 

t r y  and biology can be accomodated t o  a c e r t a i n  e x t e n t  by commercially 

a v a i l a b l e  m a t e r i a l s ,  but  t h e r e  i s  a need f o r  p r o j e c t  r e l a t e d  m a t e r i a l s .  

The sc ience  seminar course  i s  intended t o  be a p r o j e c t  o r i e n t e d  course  

f o r  s e n i o r s  who have completed i n t roduc to ry  e l e c t i v e  cou r se s  i n  

science.  Th i s  course needs t o  be developed from t h e  o b j e c t i v e  s t a g e  

t o  t h e  l ea rn ing  a c t i v i t y  s tage.  

A r e l a t e d  need i s  f o r  an a l t e r n a t i v e  method of  i n s t r u c t i o n  f o r  

g i f t e d  s tuden t s  en ro l l ed  i n  t he  i n t roduc to ry  courses .  G i f t ed  s t u d e n t s  

o f t e n  do n o t  achieve t o  t h e i r  p o t e n t i a l  i n  a t r a d i t i o n a l  c lassroom 

s e t t i n g .  A p r o j e c t  approach t o  teaching  sc ience  i s  one a l t e r n a t i v e  

t h a t  o f f e r s  g i f t e d  s t u d e n t s  t he  oppor tun i ty  t o  u t i l i z e  t h e i r  c r e a t i v e  

t a l e n t s  whi le  l ea rn ing  sc ience  conten t .  

The p r o j e c t  format of t h e  sc ience  seminar course  and t h e  planned 

use  of  p r o j e c t s  t o  en r i ch  t h e  s c i ence  educat ion of g i f t e d  s t u d e n t s  

emphasizing t h e  need t o  develop a format .  t o  be used f o r  r e sea rch  

p r o j e c t  i n s t r u c t i o n .  

Statement o f  t he  Problem 

The problem addressed i n  t h i s  paper i s  t h e  lack  of a c c e p t a b l e  

m a t e r i a l s  for those  s tuden t s  who have e l e c t e d  t o  t ake  the  s c i e n c e  

seminar course. Gi f ted  and t a l e n t e d  s t u d e n t s  i n  o t h e r  high school  



l e v e l  c o u r s e s  a r e  a t  times n o t  cha l l enged  a d e q u a t e l y  by t h e  materials 

used i n  t h e  t r a d i t i o n a l  .c lassroom s e t t i n g .  Many times g i f t e d  s t u d e n t s  

d o  n o t  l e a r n  i n  a way t h a t  c a n  be  accomodated by t h e  t y p i c a l  l a r g e  

group i n s t r u c t i o n  o f t e n  used i n  t h e  classroom, 

The u s e  o f  r e s e a r c h  p r o j e c t s  o f f e r s '  a r e a s o n a b l e  a l t e r n a t i v e  t o  

c o n v e n t i o n a l  c lass room i n s t r u c t i o n .  Most h igh  school  s t u d e n t s  show an  

i n t e r e s t  i n  t h e  p r o j e c t  approach bu t  few o f  t h e s e  same s t u d e n t s  have 

w e l l  developed r e s e a r c h  s k i l l s ,  The problem t o  b e . a d d r e s s e d  i s  t o  

deve lop  a fo rmat  t o  be  used f o r  p r o j e c t  m a t e r i a l s  t h a t  w i l l  g i v e  gu i -  

dance  b u t  w ' i l l  n o t  t h w a r t  th,e c r e a i i v e  t a l e n t s  o f  g i f t e d  s t u d e n t s .  

Purpose 

The purpose  o f  t h i s  a c t i o n  l e a r n i n g  p r o j e c t  i s  t o  deve lop  a 

fo rmat  f o r  a c t i v i t y  p a c k e t s  which can be used both  f o r  enr ichment  o f  

g i f t e d  s t u d e n t s  i n  s c i e n c e  and as t h e  b a s i s  o f  t h e  t w e l f t h  g r a d e  s c i -  

e n c e  seminar  course .  A s e r i e s  o f  open ended l e a r n i n g  p a c k e t s  u s i n g  t h e  

p r o j e c t  approach w i l l  be developed. 



CHAPTER 2 

REVIEW OF RELATED LITERATURE 

The purpose of t h i s  a c t i o n  l ea rn ing  p ro j ec t  i s  t o  develop a  f o r -  

mat f o r  l ea rn ing  a c t i v i t y  packets  t o  be used i n  the sc i ence  seminar 

course a t  La Crosse Cen t r a l  High School. The packets  w i l l  a l s o  be used 

a s  an a l t e r n a t i v e  i n s t r u c t i o n a l  technique f o r  g i f t e d  and t a l en t ed  s tu -  

dents .  

A'review of t h e  l i t e r a t u r e  was conducted t o  research  t h e  t h e o r i e s  

of l ea rn ing  a s  they apply t o  sc ience  in s t ruc t ion .  The speci .a l  needs of 

g i f t e d  s tuden t s  and t h e  use  of research p ro j ec t s  a s  an i n s t r u c t i o n a l  

technique were examined. 

' I n  1960, Rruner i nd ica t ed  t h a t  curriculum i s  t h e  formalized s t a t e -  

ment of goa ls ,  o b j e c t i v e s ,  and methods of teaching a  subjec t .  The 

curr iculum should c o n s i s t  of the  most fundamental p r i n i c i p l e s  t h a t  g ive  

s t r u c t u r e  t o  t h e  sub jec t ,  I n  the opinion of Bruner, knowledge acquired 

without  s t r u c t u r e  i s  forgot ten .  Knowledge should be given a t  t h e  po in t  

a t  which the l e a r n e r  can u s e  i t  t o  compare h i s  e f f o r t s  with t h e  s t a t e d  

goal  t o  be reached. A year  l a t e r ,  i n  1961, Bruner s a id  t h a t  t he  amount 

of s c i e n t i f i c  knowledge was inc reas ing  each year  and t h e r e f o r e ,  i t  was 

nonproductive t o  teach only  content .  He sa id  t h a t  i t  was f a r  more e f -  

f e c t i v e  t o  i d e n t i f y  and teach t h e  processes  of the  s c i e n t i s t ,  According 

t o  Bruner (1961),  t h i s  could be done by the  d iscovery  method where the  

s tuden t  u ses  t h e  methods and ,reasoning p a t t e r n s  of t he  s c i e n t i s t  t o  d i s -  



c o v e r  t h e  c o n c e p t s  o f  s c i e n c e ,  These d i ~ c o v e r i e s ~ d i d  n o t  have t o  be 

o r i g i n a l  d i s c o v e r i e s ,  b u t  o n l y  o r i g i n s 1  t o  t h e  s t u d e n t  ( ~ d w a r d s  & 

S e a n e l l ,  1968). 

I n  1965, Bruner  f e l t  t h a t  t e a c h i n g  p rocess  r a t h e r  than o n l y  con- 

t e n t  made i t  p o s s i b l e  t o  t each  any s u b j e c t  to any age  c h i l d  i n  some 

form t h a t  was h o n e s t  and i n t e r e s t i n g ,  H e  b e l i e v e d  t h a t  t e a c h i n g  

i r r e l e v a n t  d e t a i l  was non produc t ive ,  harmed t r u e  s c i e n c e  t e a c h i n g ,  

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

t h e  s u b j e c t  and t e a c h  t h o s e  i n s t e a d ,  

The i d e a s  o f  Bruner ,  and i n d i r e c t l y ,  P i a g e t ,  were , a sc r ibed  t o  by 

many o t h e r  a u t h o r s  as wel l .  I n  1963, B u t t s  saw t h e  r o l e  oE t h e  t e a c h e r  

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

b e  exposed t o  a  s i t u a t i o n  and then encouraged t o  examine and manipu- 

l a te  t h e  d a t a ,  According t o  B u t t s ,  t r u e  concep tua l  u n d e r s t a n d i n g  i s  

ach ieved  o n l y  when t h e  s t u d e n t  can deve lop  t h e  hypothes i s .  T h i s  i s  

c o n s i s t e n t  w i t h  t h e  t h e o r i e s  of c o g n i t i v e  development espoused by 

P i a g e t ,  who b e l i e v e d  t h a t  a d i s e q u i l i b r i u m  is  produced by a s s i m i l a t i o n  

o f  new schema. The s t u d d n t  w i l l ,  then ,  by accomodation, produce a  new 

e q u i l i b r i u m ,  T h i s  p r o c e s s ,  accord ing  t o  P i a g e t ,  i s  l e a r n i n g  (Wadsworth, 

1978). 

Ausubel (1965)  b e l i e v e d  t h a t  each s c i e n t i f i c  d i s c i p l i n e  h a s  i t s  

own c o n t e n t  and methods b u t  a l l  s c i e n t i f i c  d i s c i p l i n e s  can be reduced 

i n  t h e  b a s i c  p r o c e s s e s  t o  t h e  same p r i n c i p l e s .  Ausubel saw t h e  l ab-  

o r a t o r y  a s  t h e  p l a c e  where most o f  t h e  s i g n i f i c a n t  s c i e n t i f i c  p r i n c i -  

p l e s  would be l ea rndd .  The s t u d e n t  should be t a u g h t  by t h e  i n q u i r y  



method u s i n g  l a b o r a t o r y  m a t e r i a l s .  

I n  response  t o  t h e  t h e o r i e s  o f  Bruner,  P i a g e t ,  Ausubel and o t h e r s ,  

t h e  N a t i o n a l  Sc ience  Teachers  A s s o c i a t i o n  i n  i t s  1971 p o s i t i o n  paper ,  

School Sc ience  Educa t ion  i n  t h e  70's ,  i n d i c a t e d  t h a t  s c i e n c e  should be  --- 
t a u g h t  a s  a u n i f i e d  d i s c i p l i n e  and t h a t  t h e r e  should be  an  emphasis  on 

s c i e n c e  p rocesses ,  I n  1972, t h e  Na t iona l  A s s o c i a t i o n  o f  Secondary 

School P r i n c i p a l s  s a i d  t h a t  t h e  d i v i s i o n  o f  s c i e n c e  i n t o  d i s c i p l i n e s  

was uneconomical and t h a t  u n i f i e d  m a t e r i a l s  needed t o  be  developed. 

The N a t i o n a l  Sc ience  Foundation i n  1981 asked f o r  a r e d e f i n i t i o n  of 

b a s i c  s k i l l s  t o  i n c l u d e  s e l f  d i r e c t e d  s t u d y  and t h e  r e l a t i n g  o f  con- 

c e p t u a l  m a t e r i a l .  

O t h e r  a u t h o r s  have i n d i c a t e d  a need t o  t e a c h  s c i e n c e  wi th  a more 

humanis t i c  emphasis s o  a s  t o  produce p e r s o n a l l y  concerned i n d i v i d u a l s  

( B i r n i e ,  1975). I n  l i n e  w i t h  t h i s  view t h e  emphasis  on f a c t s  h a s  been 

g r a d u a l l y  phased o u t  o f  many s c i e n c e  c u r r i c u l a  p r i m a r i l y  because  o f  t h e  

e v e r  i n c r e a s i n g  number o f  f a c t s .  Some b e l i e v e  f u r t h e r  t h a t  p r o c e s s e s  

should be  t a u g h t  by t h e  i n q u i r y  method and shou ld  r e l a t e  t o  t h e  s t u d e n t s '  

environment (Matthews, P h i l l i p s  & Good, 1969). 

I n  1972, M a r t o r e l l a  s a i d  t h e  goa l  o f  e d u c a t i o n  was n o t  t o  i n c r e a s e  

t h e  amount o f  knowledge, b u t  r a t h e r  t o  c r e a t e  p o s s i b i l i t i e s  f o r  t h e  

s t u d e n t  t o  d i s c o v e r .  Teaching,  then ,  i s  c r e a t i n g  such s i t u a t i o n s .  

G a l l a g h e r  (1975) no ted  t h a t  t h e  new s c i e n c e  c o u r s e s  developed i n  t h e  

1960 's  added s t r u c t u r e  t o  t h e  cur r i cu lum and t h a t  t h e  c o u r s e s  were dev- 

e loped i n  such a way a s  t o  c r e a t e  l e a r n i n g  s i t u a t i o n s  which u s e  t h e  

i n q u i r y  approach,  G a l l a g h e r  (1975) po in ted  o u t  t h a t  many o f  t h e s e  

c o u r s e s  d i d  n o t  meet t h e  needs  of t h o s e  s t u d e n t s  who had f a i l e d  t o  d e v e l -  



o p  academic d i s c i p l i n e .  T h i s  group of  s t u d e n t s  inc luded  t h o s e  who had 

been l a b e l e d  as g i f t e d  (Ga l lagher ,  1975). 

S c i e n t i f i c  a b i l i t y  i s  u s u a l l y  l i n k e d  w i t h  a good a b i l i t y  t o  . 

h a n d l e  s p a t i a l  concep t s  and t h e  person who e x c e l s  i n  s c i e n c e  w i l l  nor- 

m a l l y  have sound judgement, p e r s i s t e n c e ,  o r g a n i z a t i o n a l  s k i l l s ,  and 

s t r o n g  powers of i n d u c t i v e  reason ing  (Cole,  1956). While t h e  g i f t e d  

and t a l e n t e d  s t u d e n t  i s  c a p a b l e  o f  h igh  performance by v i r t u e  o f  ou t -  

s t a n d i n g  a b i l i t i e s  and a d e s i r e  t o  l e a r n  t h a t  s t u d e n t  d o e s  n o t  always 

perform c o n s i s t e n t l y  w i t h  those  a b i l i t i e s ,  i n  p a r t ,  because  o f  a 

l e a r n i n g  s t y l e  t h a t  may be  i n c o n s i s t e n t  w i t h  t h e  t e a c h i n g  methods 

(Krueger,  1978). 

Romey (1980) s a i d  t h a t  t.he development o f  a person ' s  p o t e n t i a l  

, depends upon both  a p t i t u d e ,  which t h e  g i f t e d  s t u d e n t  h a s ,  and upon 

mot ivat ' ion,  Romey (1975),  con tends  t h a t  m o t i v a t i o n  i s  by f a r  t h e  most 

i m p o r t a n t  o f  t h e  two f a c t o r s .  G i f t e d  s t u d e n t s  u s u a l l y  l e a r n  because  

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

r a t h e r  t h a n  because  of p e e r > , p r e s s u r e  o r  f e a r  o f  f a i l u r e  (Edwards & 

S e a n e l l ,  1968, 

S c i e n c e  c o u r s e s  o f t e n  do n o t  meet t h e  needs  o f  g i f t e d  s t u d e n t s  

because  o f  t h e  regimented l a b o r a t o r y  programs which f a i l  t o  p rov ide  

t h e  g i f t e d  s t u d e n t  t h e  i n c e n t i v e  t o  do any independen t  t h i n k i n g  (Faber  

& Mart in ,  1983; Thomas & Kydd, 1983). S e v e r a l  papers  have i n d i c a t e d  

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

academics -po ten t ia l  o f  t h e  g i f t e d  s t u d e n t  i s  one o f  t h e  most s i g n i f i c a n t  

f a i l u r e s  o f  o u r  e d u c a t i o n a l  system ( ~ u r t o n  & S t a l e y ,  1982; Romey, 1980; 

' S c h r e p f e r  & R i l e y ,  1982). 



Newman, i n  1980, s a i d  t h a t  s u p e r i o r  s t u d e n t s  need more e f f e c t i v e  

t e a c h i n g  t e c h n i q u e s  than t h o s e  commonly used i n  t h e  c lassroom today. 

S c h r e p f e r  and R i l e y  (1980) agreed wi th  t h e  need f o r  b e t t e r  t e a c h i n g  

s t y l e s  and added t h a t  t e a c h e r s  need t o  d e v e l o p  an awareness o f  i n d i v i -  

d u a l  needs. 

The g i f t e d  s t u d e n t  f r e q u e n t l y  becomes i m p a t i e n t  wi th  a u t h o r i t y  

because  o f  t h e  t e a c h i n g  s t y l e s  and c lass room requ i rements  commonly 

used (Romey, 1980). Since  t h e  g i f t e d  s t u d e n t  i s  n a t u r a l l y  c u r i o u s ,  i s  

a b l e  t o  s k i p  s t e p s  i n  the  problem s o l v i n g  p rocess ,  and works a t  a 

faster  rate than  o t h e r  s t u d e n t s  (Romey, 1980), many t e a c h e r s  respond 

by s imply g i v i n g  t h e  g i f t e d  s t u d e n t  more work and expec t ing  h i g h e r  

performance,  Romey (1980) f u r t h e r  f e e l s  t h a t  t h i s  t echn ique  f a i l s  t o  

p r o p e r l y  m o t i v a t e  t h e  s t u d e n t .  He s u g g e s t  t h a t  a  b e t t e r  approach is  

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

t o  u t i l i z e  h i s  c r e a t i v e  t a l e n t s .  

F o l l i s  and Krockover i n  1982 had a  number o f  s u g g e s t i o n s  f o r  t h e  

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

o f  m a t e r i a l s  should  be des igned t o  c a p i t a l i z e  on t h e  s t r o n g  c u r i o s i t y  

o f  t h e  s t u d e n t ,  There  should be a s  much problem s o l v i n g  a s  p o s s i b l e ,  

b u t  t h a t  t h i s  problem s o l v i n g  should be open ended and f l e x i b l e  s o  a s  

t o  a l l o w  t h e  s t u d e n t  t o  u t i l i z e  c r e a t i v e  t a l e n t s .  The a c t i v i t i e s  should  

i n c l u d e  a l l  t h r e e  domains o f  l e a r n i n g :  c o g n i t i v e ,  a f f e c t i v e ,  and psycho- 

motor, F o l l i s  and Krockover i n d i c a t e d  t h a t  t h e  i n q u i r y  t echn ique  

shou ld  be  used b u t  t h a t  t h e  r o l e  o f  t h e  t e a c h e r  should  be t h a t  o f  a  

p l a n n e r  and f a c i l i t a t o r .  



Tamir and Lunet ta  (1981) i nd i ca t ed  t h a t  classroom i n t e r a c t i o n  i s  

extremely important  f o r  t h e  g i f t e d  s tudent .  The use  of  s t uden t  semi- 

n a r  s e s s i o n s  has  proven t o  be one e f f e c t i v e  way of a l lowing g i f t e d  

s t u d e n t s  t o  i n t e r a c t  with o t h e r s  and t o  ga in  r ecogn i t i on  f o r  t h e i r  

work (Thomas & Kydd, 1983). 

Most au tho r s  agree  t h a t  a  curr iculum plan f o r  t h e  g i f t e d  s tuden t  

must be a c t i v i t y  o r i en t ed  (Burton & Sta l ey ,  1982; F o l l i s  & Krockover, 

1982; Romey, 1980). Faber and Martin (1983) suggest  t h e  use of pro- 

j e c t s  i n  which s tuden t s  conduct a  s e r i e s  of e x e r c i s e s  with a  common 

under ly ing  purpose, .  A p r o j e c t  approach o f f e r s  a  way of  un i fy ing  lab- 

o r a t o r y  procedures and improves s t u d e n t  i n t e r e s t  by s imula t ing  a c t u a l  

r e sea rch  ( S p l i t t g e r b e r ,  MacLean &Neils ,  1971). P r o j e c t s  encourage t h e  

s t u d e n t  t o  i m i t a t e  the  process  Clf t h e  s c i e n t i s t  by adding s t r u c t u r e  t o  

t he  i n q u i r y  approach ( S e l l i n  & Birch,  1980). P r o j e c t s  a l s o  al low s tu -  

d e n t s  t o  explore  s p e c i a l  i n t e r e s t s  i n  depth (Thurber & C o l l e t t e ,  1964). 

I nd iv idua l i zed  i n s t r u c t i o n  of any type  needs a  c l e a r  s ta tement  of 

purpose (Ruskin, 1982) and t h i s  e s p e c i a l l y  t r u e  of  p r o j e c t s  such a s  

those  suggested by Romey i n  1968, Such p r o j e c t s  a r e  most e f f e c t i v e  

'when the  s tuden t s ,  with guidance, choose the i r .own top i c ,  purpose, and 

method (Clemmer, 1975). Musgrave (1975) sa id  t h a t  t he  most succes s fu l  

p r o j e c t s  a r e  those which a r e  h igh ly  s t u d e n t  centered.  

Group i n t e r a c t i o n  can be s t imula ted  when p r o j e c t s  a re ,des igned  by 

smal l  groups of s tuden t s  (Triezenberg,  1972). Leadership s k i l l s  and 

coopera t ion  a r e  o f t e n  b e n e f i t s  ob ta ined  from small  group p ro j ec t s .  

Tr iezenberg  c la ims  t h a t  motivat ion i s  g r e a t l y  improved when s t u d e n t s  

f e e l  t h a t  they  have been a  p a r t  of  t h e  planning and execut ion of a  



p r o j e c t .  

S tudents  should do t h e  planning, l a b  work and most important ,  

they  should p re sen t  both w r i t t e n  and o r a l  r e p o r t s  (Be l l ,  Moe & Neidig, 

1980). P r o j e c t s  h e l p  s t u d e n t s  improve t h e i r  a b i l i t y  t o  i d e n t i f y  objec-  

t i v e s  and t o  keep r eco rds  (Faber  & Martin,  1983). Thurber and C o l l e t t e  

(1964) repor ted  t h a t  p r o j e c t  work tends  t o  improve s tuden t  w r i t i n g  

h a b i t s ,  as well .  S tudents  a l s o  develop the  a b i l i t y  t o  make good use  of 

t i m e ,  and p r o j e c t  work tends  t o  improve s e l f  confidence (Popp, 1983; 

Thurber & C o l l e t t e ,  1964), Wri t ing,  o r a l  communication and organiza-  

t i o n a l  s k i l l s  improve with t h e  u se  of a  p r o j e c t  approach t o  s c i ence  

(Py le  & Trammel, 1982). I n  t h e  op in ion  of t he  author ,  p r o j e c t s  o f f e r  a 

method by which t h e  s t u d e n t  can be  taught  sc ience  concepts  through a  

process  approach and a t  t h e  same time develop personal s tudy hab i t s .  

Gi f ted  s t u d e n t s  can be  b e t t e r  served. with t he  p ro j ec t  approach i n  t h a t  

s c i ence  concepts  a r e  be ing  learned  i n  a  way which i s  n o t  r e s t r i c t i v e  

and a l l ows  t h e  s tuden t  t o  e x e r c i s e  g r e a t e r  c r e a t i v i t y .  

The au tho r  makes t h e  fo l lowing  recommendations based upon t h e  re- 

view of  l i t e r a t u r e :  

1. The process  of s c i ence  should be  s t r e s sed  r a t h e r  than t h e  

conten t ,  The s tuden t  should be taught  the  techniques of 

research  and s c i e n t i f i c  inqui ry .  

2. The a c t i v i t y  packe ts  t o  be developed should be d i scovery  o r  

i nqu i ry  based. 

3. The a c t i v i t y  packe ts  should u t i l i z e  a s  much l abo ra to ry  work 

a s  poss ib le .  



4 .  The p a c k e t s  should  be. as i n t e r d i s c i p l i n a r y  as p o s s i b l e .  

5, A p r o j e c t  approach should be used s o  a s  t o  improve t h e  

c a p a b i l i t y  o f  i n d i v i d p a l i z a t i o n .  

6. S t u d e n t s  shou ld  be r e q u i r e d  t o  r e p o r t  t h e i r  f i n d i n g s  bo th  i n  

w r i t i n g  and o r a l l y ,  

7. The plann ing  o f  a p r o j e c t  should r e p r e s e n t  a j o i n t  e f f o r t  

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

8. S tuden t  i n t e r a c t i o n  should be encouraged wi th  group a c t i v i t i e s .  



CHAPTER 3 - METHODS 

INTRODUCTION 

Th i s  p r o j e c t  was i n i t i a t e d  t o  develop guides f o r  s t uden t  research  

p r o j e c t s .  These p r o j e c t  gu ides  were intended t o  be used a s  an a l t e r n a -  

t i v e  t o  r e g u l a r  classroom i n s t r u c t i o n  f o r  g i f t e d  s t u d e n t s  and a s  a  

b a s i s  f o r  t h e  s e n i o r  l e v e l  s c i ence  seminar course. 

Procedure 

The major g o a l s  and o b j e c t i v e s  of t h i s  i n s t r u c t i o n a l  de s ign  were 

developed a s  fol lows:  

( 1 )  S tudents  u s ing  t h e s e  m a t e r i a l s  w i l l  ga in  experience u s i n g  t h e  

process  of s c i ence  through independent research.  The c o n t e n t  

of a t o p i c  w i l l  be  learned a s  an i n t e g r a l  p a r t  of  t h e  research  

process.  

( 2 )  S tudents  w i l l  l e a r n  how t o  plan and conduct a  s c i e n t i f i c  

research  study. 

(3) The s t u d e n t s  conduct ing a  research  s tudy w i l l  improve t h e i r  

o r g a n i z a t i o n a l  s k i l l s  by proper ly  c o l l e c t i n g  and record ing  

experimental  da ta .  

( 4 )  The w r i t i n g  a b i l i t y  of  s t uden t s  w i l l  be improved by p r a c t i c -  

i n g  proper w r i t i n g  techniques i n  preparing r e sea rch  r epo r t s .  

(5) S tudents  w i l l  improve t h e i r  o r a l  communication s k i l l s  through 

group planning s e s s i o n s  and by presen t ing  seminar s e s s i o n s  

r e l a t e d  t o  t h e i r  research.  



The p r o j e c t  gu ides  were developed t o  emphasize t h e  process  of  

s c i ence  and t o  i n t e g r a t e ,  a s  much a s  poss ib le ,  t he  v a r i o u s  branches 

of science.  Each p r o j e c t  guide c o n t a i n s  a  s tuden t  p r o j e c t , g u i d e  and 

an i n s t r u c t o r s  resource  guide. 

The s t u d e n t  p r o j e c t  guide begins  with a s h o r t  d i skuss ion  o f  t he  

t o p i c  and i s  designed more t o  r a i s e  ques t i ons  than  t o  impart informa- 

t ion .  The -s tudent  i s  then given some sugges t ions  o f  pos s ib l e  proce- 

du re s  t o  fol low,  bu t  on ly  i n  t h e  very lowest Level p r o j e c t s  a r e  t h e  

i n s t r u c t i o n s  s p e c i f i c .  The s tuden t  i s  encouraged t o  u se  h i s  own 

c r e a t i v i t y  i n  developing a  p r o j e c t  procedure. 

The i n s t r u c t o r ' s  guide i s  designed t o  provide t h e  teacher  with 

t he  information necessary  t o  h e l p  t h e  s tudent  p lan  and c a r r y  o u t  t h e  

p r o j e c t ,  The i n s t r u c t o r ' s  guide c o n s i s t s  of  s i x  s ec t i ons :  

1. Appl ica t ion  

A s ta tement  is 'made which sugges ts  which cou r se s  t h e  p r o j e c t  

w i l l  apply t o ,  and i n  some cases ,  t h e  l e v e l  of d i f f i c u l t y  i s  

ind i ca t ed .  

2. Major concepts  

The s c i e n t i f i c  knowledge o r  con ten t  i s  descr ibed  i n  s e v e r a l  

s h o r t  s ta tements .  

3. Objec t ives  

The expected s tuden t  achievement i s  descr ibed  as performance 

o b j e c t i v e s  i n  t h e  cogn i t i ve ,  psychomotor, and a£ f  e c t i v e  

domains. 

4. Suggested procedure 

Some sugges t ions  a r e  o f f e r e d  f o r  t h e  t e a c h e r  t o  use i n  gu id ing  



t h e  s t u d e n t  i n t o  a p roduc t ive  and i n t e r e s t i n g  procedure.  

5, S a f e t y  Notes  

S u g g e s t i o n s  and warnings  a r e  made wi th  r e s p e c t  t o  any h a z a r d s  

which may e x i s t  w i t h  a p a r t i c u l a r  p a r t  o f  a p r o j e c t .  

6. R e f e r e n c e s  

A l i s t  o f  l i t e r a t u r e  s o u r c e s  p e r t a i n i n g  t o  t h e  p r o j e c t  i s  in -  

c luded ,  These  s o u r c e s  may be used a s  background f o r  t h e  i n s t r u c -  

t o r ,  o r  o f f e r e d  t o  t h e  s t u d e n t  f o r  u s e  i n  beg inn ing  a  l i t e r a t u r e  

s e a r c h ,  

The appendixes  o f  t h i s  paper  c o n t a i n  t h e  c o u r s e  d e s c r i p t i o n  and pro- 

c e d u r e s  (Appendix B ) ,  t h e  i n t r o d u c t o r y  s t u d e n t  t r a i n i n g  e x e r c i s e s  (Ap- 

pendix C ) ,  and some sample p r o j e c t  gu ides  (Appendix D).  The p r o j e c t  
I 

g u i d e s  i n c l u d e d  i n  Appendix D should  be cons idered  t o  b e  examples of t h e  

fo rmat  used i n  deve lop ing  a c t u a l  c o u r s e  m a t e r i a l s .  A d d i t i o n a l  g u i d e s  

w i l l  be  w r i t t e n  as d i c t a t e d  by s t u d e n t  needs  and i n t e r e s t s .  Appendix A 

i s  a t a b l e  o f  c o n t e n t s  f o r  t h e  s c i e n c e  seminar course .  



CHAPTER 4 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

SUMMARY 

T h i s  a c t i o n  l e a r n i n g  paper  i s  a  r e p o r t  on t h e  development o f  a  

f o r m a t  t o  be used i n  w r i t i n g  p r o j e c t  g u i d e s  f o r  g i f t e d  high school  

s t u d e n t s  i n  sc ience .  The g u i d e s  a r e  t o  be used a s  t h e  b a s i s  f o r  t h e  

s c i e n c e  seminar  c o u r s e  a t  La Crosse  C e n t r a l  High School and a s  an a l -  

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

o t h e r  courses .  

CONCLUSION 

The format  f o r  t h e  p r o j e c t  p a c k e t s  h a s  been developed and some 

sample p r o j e c t  g u i d e s  have been w r i t t e n .  The a u t h o r  h a s  used t h e s e  

sample g u i d e s  i n  t h e  s c i e n c e  seminar  c o u r s e  a t  La Crosse  C e n t r a l  

High School, T h i s  c o u r s e  h a s  i n c l u d e d  a r e s e a r c h  component f o r  sever -  

a l  y e a r s  b u t  t h e  u s e  of t h e  p r o j e c t  g u i d e s  h a s  improved t h e  e f f i c i e n c y  

and e f f e c t i v e n e s s  of t h e  r e s e a r c h  p r o c e s s .  

By u s i n g  t h i s  approach t h e  i n s t r u c t o r  i s  a b l e  t o  spend more t ime  

working d i r e c t l y  wi th  t h e  s t u d e n t s  and l e s s  t ime s e a r c h i n g  books and 

f i l e s  because  t h e  i n s t r u c t o r ' s  g u i d e  g i v e s  i n s t r u c t i o n s  and r e f e r e n c e s  

t h a t  can be  used t o  beg in  t h e  p r o j e c t .  

Many s t u d e n t s  have t h e  d e s i r e  and a b i l i t y  t o  l e a r n  by way of a 

p r o j e c t  approach,  b u t  s imply l a c k  t h e  e x p e r i e n c e  t o  e f f e c t i v e l y  choose 

and d e f i n e  a t o p i c .  The p r o j e c t  g u i d e s  h e l p  them by g i v i n g  a s h o r t  
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i n t r o d u c t i o n  w i t h  many open .ended and u ' n s u b s t a n t i a t e d  s t a t e m e n t s ;  and 
. . 

f o l l o w i n g  t h i s  w i t h  a s e r i e s  o f  q u e s t i o n s  des igned t o  h e l p  t h e  s t u d e n t  

choose  a t o p i c  and p lan  a procedure ,  The u s e  o f  t h i s  approach h a s  

g r e a t l y  i n c r e a s e d  t h e  e f f i c i e n c y  o f  t h e  p rocess  by reduc ing  t h e  time 

needed f o r  choosing t o p i c s .  Another b e n e f i t  wi tnessed  by t h e  a u t h o r  

is  t h e  improvement i n  s t u d e n t  a t t i t u d e .  The , s t u d e n t s  f e e l  t h e y  a r e  a n  

i n t e g r a l  p a r t  i n  t h e  p lann ing  p r o c e s s  and respond f a v o r a b l e  t o  b e i n g  

i n c l u d e d  i n  t h e  d e c i s i o n  making. 

RECOMMENDATIONS 

I n  l i g h t  o f  t h e .  l i m i t e d  s u c c e s s f u l  f i e l d  t e s t i n g  i n  t h e  s c i e n c e  

seminar  c o u r s e ,  t h e  a u t h o r  recommends t h a t  some s e l e c t e d  m a t e r i a l s  a l s o  

b e  developed and t e s t e d  i n  o t h e r  s c i e n c e  c o u r s e s  which s e r v e  g i f t e d  

and t a l e n t e d  s t u d e n t s .  I f  t h e s e  m a t e r i a l s  a r e  s u c c e s s f u l l y  used i n  

o t h e r  c o u r s e s ,  a f i l e  w i l l  need t o  b e  mainta ined on each s t u d e n t  t o  a i d  

i n  g u i d i n g  a s t u d e n t  through t h e  s c i e n c e  program. T h i s  would i n s u r e  t h e  

s t u d e n t  h a s , >  i n  f a c t ,  met t h e  g o a l s  and o b j e c t i v e s  o f  t h e  s c i e n c e  pro- 

gram, 
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SCHOOL DISTRICT OF LA CROSSE 

Educat ional  Philosophy 

The sc ience  seminar course  s h a l l  be c o n s i s t e n t  with t he  Sollowing 

educa t iona l  philosophy of t h e  School District of La Crosse.: 

The School D i s t r i c t  of La Crosse b e l i e v e s  t h a t  t h e  primary 

r e s p o n s i b i l i t y  of  the  La Crosse community i s  t o  seek and provide 

exce l l ence  i n  educa t ion  f o r  a11 ch i ld ren ,  I t  i s  t o  t h i s  purpose 

t h a t  t he  School Distr ict  of La Crosse w i l l  devote  i t s  ene rg i e s  

and resources .  Moreover, throughout t he  time c h i  ldren spend i n  

school  they w i l l  r e ce ive  i n s t r u c t i o n  i n  s u b j e c t s  which a r e  thought  

necessary  f o r  providing s k i l l s  necessary  f o r  succes s fu l  and produc- 

t i v e  work l i v e s ,  while  encouraging t h e i r  f u l l  i n t e l l e c t u a l  and emo- 

t i o n a l  development, Although t h e  Board of  Education endorses  no 

s p e c i f i c  i n s t r u c t i o n a l  program, t he  School District of La Crosse 

w i l l  c o n s i s t e n t l y  s t r i v e  t o  provide l e a r n i n g  o p p o r t u n i t i e s  which 

enhance the  uniqueness  of each c h i l d ,  a l low each t o  grow a t  h i s /  

h e r  own r a t e ,  and provide a c t i v i t i e s  which b r ing  c h i l d r e n  toge the r  

f o r  mutual express ions  of  i n t e r e s t  a t  a l l  age l eve l s .  Addition- 

a l l y ,  t h e  School D i s t r i c t  of La Crosse b e l i e v e s  what we accomplish 

i n  schools  d i r e c t l y  a f f e c t s  t h e  p re sen t  and f u t u r e  q u a l i t y  of  l i f e  

i n  t h e  community, 

The School Distr ict  of La Crosse,  then, b e l i e v e s  t he  most important  

purpose i t  and i t s  employees s e rve  a r e  t h e  i n t e r e s t  of ch i ld ren ,  
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t h e i r  s o c i a l ,  emotional and i n t e l l e c t u a l  growth and the  f u t u r e  

they represent .  It b e l i e v e s  t h a t  educat ion i s  provided so t h a t  

c h i l d r e n  may grow t o  be the  persons they want t o  be, can be, and 

a r e  ab l e  ' t o  be. 

Mission Statement 

The mission s tatement  f o r  t h e  sc ience  curriculum of the School 

D i s t r i c t  of La Crosse is a s  follows: 

The mission f o r  the  School D i s t r i c t  of La Crosse science cu r r i cu -  

lum i s  t o  f o s t e r  i n  our  youth a d e s i r e  and enthusiasm t o  l e a r n  

about  the s c i e n t i f i c  world, The program w i l l  provide the s t u d e n t s  

with the  b a s i c  concepts and s k i l l s  necessary t o  funct ion i n  t he  

p re sen t  and  the  fu ture .  The curr iculum w i l l  f o s t e r  s tudent  involve- 

ment, c r e a t e  s c i e n t i f i c  exper iences  r e l evan t  f o r  the s tudent ,  and 

develop an educa t iona l  environment optimum to  thinking. 

Goals and Objec t ives  of  t he  Science Program 

The sc ience  program of the  School D i s t r i c t  of La Crosse i s  design- 

ed t o  engage the  s tudent  a s  an a c t i v e  p a r t i c i p a n t  i n  the l ea rn ing  process. 

The process  approach w i l l  be emphasized throughout the  science program, 

Teachers w i l l  a c t  a s  planners  and d i r e c t o r s  r a t h e r  than merely dissemina- 

t o r s  of information.  

The sc ience  program w i l l  provide s tuden t s  with the  s k i l l s  and 

knowledge necessary  t o  explore  and understand t h e i r  invironment. 

The fol lowing s k i l l s  w i l l  be re inforced  a t  a l l  l e v e l s  i n  the middle 

and s e n i o r  high schools:  
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( 1 )  The proper  use  of  the  metric system 
! 

( 2 )  Competency i n  t he  use of  b a s i c  math s k i l l s  

(3) Use of  t h e  s c i e n t i f i c  method 

(4)  Demand app rop r i a t e  l abo ra to ry  behavior  

(5 )  Demand adequate c a r e  of equipment 

(6 )  Reinforce b a s i c  w r i t i n g  s k i l l s  

( 7 )  Reinforce b a s i c  speaking s k i l l s  

(8) Reinforce b a s i c  reading s k i l l s  

Course Descr ip t ion  

Science Seminar i s  a one o r  two semester course  c o n s i s t i n g  o f  top- 

ics  chosen coope ra t i ve ly  by the s tuden t  and the  t eache r  i n  one o r  more 

major a r e a s  of science.  The emphasis of t he -cou r se  w i l l  be placed upon 

t h e  use of the  s c i e n t i f i c  method. Students  w i l l  be t augh t  t o  i d e n t i f y  

a problem, d e f i n e  i t s  parameters, and execute  an i n v e s t i g a t i o n  l ead ing  

t o  t he  formation of a hypothesis.  The r e s u l t s  of t h e  r e sea rch  p r o j e c t  

w i l l  be  presented both i n  a formal w r i t t e n  l a b  r e p o r t  and i n  an o r a l  . 

seminar session.  

S tudents  w i l l  be encouraged t o  explore  a r e a s  of i n t e r e s t  i n  g r e a t e r  

depth 'than would normally be possible .  

P r e r e q u i s i t e  

S tudents  wishing t o  t a k e  sc ience  seminar w i l l  be requi red  t o  have 

s u c c e s s f u l l y  completed physical science,  and a t  l e a s t  one course  i n  t h e  

a r e a  t o  be emphasized. The consent  of t he  i n s t r u c t o r  i s  requi red  t o  

t ake  t h i s  course.  



Course I n t r o d u c t i o n  

The g o a l  o f  t h i s  c o u r s e  i s  t o  i n v o l v e  s t u d e n t s  i n  r e s e a r c h  a c t i -  

v i t i e s  i n  which t h e y  d e s i g n  and conduct  exper iments  i n  a c o n t e n t  a r e a  

r e l a t e d  t o  t h e i r  own i n t e r e s t s  and needs. S t u d e n t s  w i l l  g a i n  exper- 

i e n c e  i n  r e s e a r c h  t e c h n i q u e s  and l e a r n  t h o s e  s k i l l s  n e c e s s a r y  t o  con- 

d u c t  an i n v e s t i g a t i o n .  Those s t u d e n t s  who a r e  invo lved  i n  t h i s  c o u r s e  

w i l l  g a i n  s c i e n t i f i c  knowledge by e x p e r i e n c i n g  t h e  p r o c e s s  o f  s c i e n c e .  

Procedure  

The c o u r s e  w i l l  b e g i n  wi th  an o r i e n t a t i o n  and an i n t r o d u c t i o n  t o  

t h e  r e s e a r c h  p r o c e s s  by u s i n g  e i g h t  l e s s o n s  (See Appendix C). 

1) The r e s e a r c h  p r o c e s s  w i l l  be p resen ted  as an  o rgan ized  method 

o f  s tudy,  E x e r c i s e s  w i l l  b e  conducted i n  which t h e  p r o p e r  

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

demonstrated.  

2 )  The accepted methods of exper imenta l  d e s i g n  w i l l  be  demonstra ted.  

3) The problems a s s o c i a t e d  w i t h  measurement and co 11 e c  t i o n  of d a t a  

wi 11 be  examined. 

4) S t a t i s t i c s  and methods of a n a l y s i s  o f  d a t a  w i l l  be  c o n s i d e r e d  

and expla ined.  

5) The p roper  u s e  o f  microcomputers w i l l  be demonstra ted.  

6 )  The accepted format  t o  be used f o r  w r i t t e n  r e p o r t s  w i l l  be demon- 

s t r a t e d .  I n s t r u c t i o n s  w i l l  be  g iven  f o r  t h e  o r a l  p r e s e n t a t i o n  o f  

r e p o r t s .  

7 )  The s t u d e n t s  w i l l  be  given i n s t r u c t i o n  i n  l a b o r a t o r y  s a f e t y  pro- 

c e d u r e s  and i n  t h e  p roper  c a r e  and t r e a t m e n t  o f  equipment. 



8) A s h o r t  r e sea rch  p r o j e c t  w i l l  be conducted by the  e n t i r e  c l a s s  

a s  a  method of  ga in ing  experience with t h e  research  process.  

The e i g h t  l e s s o n s  f o r  o r i e n t a t i o n  w i l l  be completed i n  approximately 

t h r e e  weeks. 

During t h e  o r i e n t a t i o n  per iod,  s t uden t s  w i l l  meet i n d i v i d u a l l y  

wi th  t h e  i n s t r u c t o r  t o  determine the  goa l s  and o b j e c t i v e s  t o  be met by 

t h a t  s tudent .  These g o a l s  may inc lude  an i n  depth s tudy of a  s p e c i f i c  

t o p i c ,  p r epa ra t i on  f o r  an advanced placement exam, o r  c a r e e r  explora-  

t i on .  The goa l s  s e t  by t he  s tuden t  w i l l  be reviewed p e r i o d i c a l l y  by 

t h e  i n s t r u c t o r  and the  s tudent .  The goa l s  may need t o  be c l a r i f i e d  o r  

r ev i sed  a s  t he  s t u d e n t ' s  i n t e r e s t s  and p lans  change. 

A t  t h e  completion of t he  t h r ee  week o r i e n t a t i o n ,  the  s t u d e n t s  w i l l  

p lan and complete i n v e s t i g a t i o n s  of t h e i r  choice. These i n v e s t i g a t i o n s  

can be done i n d i v i d u a l l y  o r  i n  small  groups. When a  p r o j e c t  i s  completed, 

i t  w i l l  be  presented i n  both a  w r i t t e n  r epo r t  and i n  an o r a l  seminar 

sess ion .  

Eva lua t ion  of  Student  Work 

The p r o j e c t s  w i l l  be eva lua ted  f o r  adherence t o  research  techniques,  

q u a l i t y  of o r a l  and w r i t t e n  r e p o r t s ,  complexity of t h e  p r o j e c t ,  and the  

degree  of independence demonstrated i n  t he  research.  The p r o j e c t s  w i l l  

be c l a s s i f i e d  by t h e  amount of guidance given t o  t h e  s tudent  and t h e  

complexity of t he  p ro j ec t .  The c l a s s i f i c a t i o n s  t o  be used a r e  a s  fol lows:  

1 )  A t e ache r  i n i t i a t e d ,  s i n g l e  concept  p r o j e c t  wi th  a  minimal amount 

of  o r i g i n a l  thought  i s  a  l e v e l  I inves t i ga t ion .  

2 )  A l e v e l  I1 i n v e s t i g a t i o n  i s  s tuden t  i n i t i a t e d  and planned, bu t  



i s  based upon a s i n g l e  concept.  This  p r o j e c t  i s  somewhat l i m i t -  

ed i n  i t s  complexity, - 
3) A l e v e l  I11 p r o j e c t  i s  t eache r  i n i t i a t e d ,  bu t  coopera t ive ly  

planned with t h e  s tudent .  T h i s  type of p r o j e c t  w i l l  be exten- 

s i v e  i n  content ,  

4) The most ex tens ive  and h igh ly  i n t e r d i s c i p l i n a r y  p r o j e c t s  a r e  

l e v e l  I V .  These p r o j e c t s  w i l l  be s tudent  i n i t i a t e d  and plan- 

ned. The content  of t h i s  l e v e l  of p r o j e c t  w i l l  be ex t ens ive  

and t h e  research  design w i l l  i nc lude  s e v e r a l  i n t e r - r e l a t e d  

s teps .  

Most s tuden t s  w i l l  be expected t o  s t a r t  with a l e v e l  I p r o j e c t ,  

and then at tempt  h igher  l e v e l s  a s  t h e i r  research  s k i l l s  improve. The 

course  w i l l  a t tempt  t o  lead a l l  s t u d e n t s  from l e v e l  I p r o j e c t s  t o  a  

p o i n t  a t  which they w i l l  f e e l  comfortable conducting a  l e v e l  I V  inves- 

t i g a t i o n .  





In t roduc to ry  A c t i v i t y  I 

The Nature of  Science 

Major concepts:  

1. Science i s  no t  a  c o l l e c t i o n  of f a c t s  but  r a t h e r  a  method of inqui ry .  

2. Science i s  a  process  of asking ques t i ons  and s y s t e m a t i c a l l y  seeking 

answers. 

3. S c i e n t i f i c  theory i s  an i n t e r p r e t a t i o n  of  p r ev ious ly  made observa- 

t i o n s ,  

4. S c i e n t i f i c  theory i s  developed by 

a )  observa t ion  of a  phenomenon 

b) formation of an hypothes i s  

c )  t e s t i n g  and modi f ica t ion  of t h e  hypothes i s  

d )  examination of t he  r e s u l t s  of t he  t e s t i n g  and then drawing of 

conc lus ions  

5 ,  S c i e n t i f i c  knowledge can r e s u l t  from t h e  examination of experimen- 

t a l  e r r o r ,  chance, o r  circumstance. 

6 .  S c i e n t i f i c  experimentat ion can be considered t o  be  causa l  a n y l y s i s ,  

7 .  S c i e n t i f i c  i nqu i ry  depends upon q u a n t i t a t i v e  methods. 

Method of i n s t r u c t i o n :  

D i r e c t  i n s t r u c t i o n  and c l a s s  d i s cus s ion  w i l l  be used t o  p re sen t  t h i s  

t o p i c ,  

Objec t ives :  

A t  t he  completion of t h i s  u n i t  t he  s tuden t  w i l l  be a b l e  to: 



1, d i s t i n g u i s h  the  knowledge o r  con ten t '  of sc ience  from the  process  

o r  method of science.  

2. e x p l a i n  t h e  method t o  be used i n  conducting an inves t iga t ion .  

3, exp la in  the  d i f f e r e n c e  between a theory and an hypothesis ,  

4, d e s c r i b e  a  course of ac t ion  t o  take when presented with a  problem. 

References: 

A Chemistry P r o j e c t  From S t a r t  t o  Finish.  'Washington, D. C.: American 
Chemical Socie ty ,  1982, 

Lyon, L. A. Guidel ines  For High School S tudents  on Conducting Research 
i n  t h e  Sciences.  Durham, North Carol ina:  Moore Publ i sh ing  Co., 1980. 

Tolman, R. R., Mayer, W. V., & Meyer, D. E. B io log ica l  Science 
I n t e r a c t i o n  of Experiments and Ideas.  Englewood C l i f f s ,  New Jersey:  
Prent ice-Hal l ,  1983. 



In t roduc to ry  A c t i v i t y  I1 

Experimental Design 

Major concepts:  

1. An hypothes i s  i s  a cond i t i ona l  explanat ion of obse rva t ions  which 

can be t e s t e d  by experimentation. 

2. An hypothes i s  can be reduced t o  an i f - t hen  s ta tement  us ing  measur- 

a b l e  v a r i a b l e s ,  

Method of  i n s t r u c t i o n :  

D i r e c t  i n s t r u c t i o n  and c l a s s  d i s cus s ion  w i l l  be used wi th  s imula t ion  

e x e r c i s e s  t o  p re sen t  t h i s  topic.  

Object ives:  

A t  t h e  completion of t h i s  u n i t  t he  s tuden t  w i l l  be a b l e  to :  

1, u s e  i f - t h e n  s t a t emen t s  t o  c o n s t r u c t  an hypothes i s  from an observed 

phenomenon. 

2. i d e n t i f y  the  dependent and independent v a r i a b l e s  i n  a experimental  

design. 

3. i d e n t i f y  t he  v a r i a b l e s  i n  an hypothesis.  

4 .  sugges t  an experimental  procedure t o  measure the  v a r i a b l e s  i n  an 

experimental  design.  

References: 
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I n t r o d u c t o r y  A c t i v i t y  I11 

Measurement and C o l l e c t i o n  o f  Da ta  

Major concepts :  

1. The dependent and independent  v a r i a b l e s  w i l l  s u g g e s t  t h e  t y p e  o f  

measurements t o  be made, 

2. Metric system ( S I )  u n i t s  should be used f o r  a l l  measurements, 

3,  The u n i t s  used f o r  a  measurement should be t h o s e  which a r e  t h e  

most conven ien t  t o  t a k e  a s  w e l l  a s  t h e  most meaningful  t o  i n t e r p r e t .  

4. The u n i t s  used f o r  a  measurement should r e f l e c t  an  accuracy  i n  ac- 

cord  w i t h  a l l  o f  t h e  measur ing dev ices .  

5. The measurements should be  recorded s o  a s  t o  r e f l e c t  t h e  maximum 

s e n s i t i v i t y  o f  t h e  d e v i c e s  used,  

6 .  The u n c e r t a i n t y  o f  a  measurement should be  recorded  w i t h  t h e  

measurement, 

7. A l l  C a l c u l a t i o n s  should r e f l e c t  t h e  a p p r o p r i a t e  number o f  s i g n i f i -  
4 

c a n t  f i g u r e s ,  

8. Da ta  should be  recorded i n  an  o rgan ized  manner. 

9. A 1 1  d a t a  which i s  c o l l e c t e d  should b e  recorded even i f  i t  w i l l  n o t  

be  used. 

Method o f  i n s t r u c t i o n :  

T h i s  t o p i c  w i l l  be  p resen ted  by d i r e c t  i n s t r u c t i o n  and c l a s s  d i s c u s s i o n .  

A l a b o r a t o r y  e x e r c i s e  i n  measurement w i l l  be used t o  g i v e  p r a c t i c e  w i t h  

measur ing d e v i c e s  and r e c o r d i n g  techniques .  



Objec t ives :  

A t  t h e  completion of t h i s  u n i t  t h e  s tuden t  w i l l  be a b l e  to:  

1. i d e n t i f y  t h e  d a t a  which needs t o  be  taken f o r  a s p e c i f i c  experimen- 

t a l  design.  

2. a c c u r a t e l y  record d a t a  from a l l  common l abo ra to ry  measuring devices .  

3. use  the  me t r i c  system f o r  a l l  measurements. 

4. demonstrate t he  proper use of  s i g n i f i c a n t  f i gu re s .  
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I n t r o d u c t o r y  A c t i v i t y  I V  

A n a l y s i s  o f  Da ta  

Major concepts :  

1. The u s e  o f  d a t a  t a b l e s  w i l l  h e l p  t o  o r g a n i z e  d a t a  i n  terms o f  

dependent  and independent  v a r i a b l e s .  

2. Graphs can be used t o  g i v e  a v i s u a l  d e p i c t i o n  o f  d a t a ,  

3. The independent  v a r i a b l e  i s  p l o t t e d  on t h e  x  axis and t h e  depend- 

e n t  v a r i a b l e  i s  p l o t t e d  on t h e  y  a x i s .  

4. The mean, median, and t h e  mode d e s c r i b e  t h e  c e n t r a l  tendency o f  

raw d a t a .  S e t s  o f  r a w  d a t a  can be compared u s i n g  t h e s e  v a l u e s .  

5. The s tandard  d e v i a t i o n ,  and t h e  s t a n d a r d  e r r o r  o f  t h e  mean a l l o w  

f o r  d a t a  t o  be examined f o r  v a r i a b i l i t y .  

6. Chi-square and t - t e s t s  a l l o w  t h e  r e s e a r c h e r  t o  de te rmine  whe ther  

a s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  between two s e t s  of d a t a .  

Method of  i n s t r u c t i o n :  

T h i s  t o p i c  w i l l  be  p resen ted  by d i r e c t  i n s t r u c t i o n  and w i l l  be r e i n f o r c e -  

ed w i t h  w r i t  t e n  e x e r c i s e s .  

O b j e c t i v e s :  

A t  t h e  completion of t h i s  u n i t  t h e  s t u d e n t  w i l l  be a b l e  to :  

1. p r e p a r e  d a t a  t a b l e s  g iven  sample d a t a  and an exper imenta l  d e s i g n .  

2, graph sample d a t a  u s i n g  dependent  a n d ' i n d e p e n d e n t  v a r i a b l e s ,  

3, c a l c u l a t e  t h e  mean, median, and t h e  mode f o r  a  sample set o f  d a t a .  

4, c a l c u l a t e  and i n t e r p r e t -  t h e  s t andard  d e v i a t i o n ,  v a r i a n c e ,  and t h e  



standard e r r o r  of the  mean f o r  a  sample s e t  of data.  

5 .  ca lcua l re  and i n t e r p r e t  a  Chi-square determination f o r  a  sample 

s e t  of data. 

6. c a l c u l a t e  and i n t e r p r e t  a  t - t e s t  given a sample s e t  of data.  
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In t roduc to ry  A c t i v i t y  V 

Computer Opera t ions  

Major concepts :  

1, The use  of t he  computer a l lows  l a r g e  amounts of d a t a  t o  be handled 

qu i ck ly  and e f f i c i e n t l y ,  

2, The computer can be used t o  develop models f o r  use i n  t e s t i n g  

hypo theses ,  

3, The Apple 11-plus  computer o p e r a t e s  wi th  BASIC language, 

4. The d i s k  ope ra t i ng  system (DOS) i s  a f a s t  method of s to r age  and 

r e t r i e v a l  of information.  

Method of i n s t r u c t i o n :  

D i r e c t  i n s t r u c t i o n  wi th  demons t ra t ions  w i l l  be used t o  teach t h i s  u n i t ,  

The s t u d e n t s  w i l l  be requi red  t o  become f a m i l i a r  with t he  genera l  oper- 

a t i o n s  of t h e  computer and t o  write some simple d a t a  handl ing programs, 

Objec t ives :  

A t  t he  completion of t h i s  u n i t  t h e  s t u d e n t  w i l l  be ab l e  to :  

1. demonstrate the  ope ra t i on  o f  an Apple 11-plus  microcomputer, 

2. demonstrate t he  ope ra t i on  of  t he  DOS system. 

3. w r i t e  and ope ra t e  simple programs t o  s t o r e  and r e t r i e v e  data .  

4, use  prepared sof tware  t o  process  da ta .  
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In t roduc to ry  A c t i v i t y  VI 

Prepa ra t i on  of  Research Reports 

Major concepts:  

1. A major p a r t  of any s c i e n t i f i c  s tudy  is communicating t h e  r e s u l t s  

t o  o the r s .  

2. The t i t l e  of a r e p o r t  should be a s  e x p l i c i t  a s  pos s ib l e ,  b u t  a t  t h e  

same time, a s  s h o r t  a s  i s  p r a c t i c a l .  

3, The a b s t r a c t  i s  a  s h o r t  summary of t h e  purpose of the  s tudy ,  meth- 

od t o  be used, and t h e  r e s u l t s  t h a t  were obtained,  

4, The in t roduc t ion  i n c l u d e s  t he  s ta tement  of purpose and a  review 

of any r e l a t e d  l i t e r a t u r e ,  

5 ,  The experimental  po r t i on  of t he  r e p o r t  con ta in s  t h e  d a t a  which h a s  

been c o l l e c t e d  and t h e  methods used t o  c o l l e c t  it, 

6, The r e s u l t s  of  t h e  experimental  work should be presented i n  a  

s e p a r a t e  s e c t i o n  of the  repor t .  

7. The d i scus s ion  of t h e  r e s u l t s ,  o r  t h e  cons lus ion ,  r e l a t e s  t h e  ex- 

periment t o  t he  purpose and t o  o t h e r  s i m i l a r  s t u d i e s ,  

8. An o r a l  seminar s e s s i o n  provides  an oppor tun i ty  t o  d i s c u s s  t h e  

f i n d i n g s  of an i n v e s t i g a t i o n  wi th  o t h e r  s tudents .  

Method o f  i n s t r u c t i o n :  

Th i s  t o p i c  w i l l  be  presen ted  by d i r e c t  i n s t r u c t i o n  us ing  examples of 

qepo r t s  submitted by s tuden t s ,  

Objec t ives :  

A t  t he  completion of t h i s  u n i t  t h e  s tuden t  w i l l ,  be a b l e  to :  
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1. u s e  t h e  l i b r a r y  t o  conduct  background r e s e a r c h .  

2. o r g a n i z e  and write a r e s e a r c h  r e p o r t .  

3. p r e p a r e  and p r e s e n t  an o r a l  seminar  s e s s i o n .  
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In t roductory  Ac t iv i ty  V I I  

Laboratory Safe ty  

Major concepts:  I 

1. A l l  l abora tory  a c t i v i t y  has  some inhe ren t  danger assoc ia ted  with 

it.  

2. Most l abo ra to ry  hazards can be i d e n t i f i e d .  

3. The use  of proper labora tory  technique can e l imina te  most hazards.  

4 .  Laboratory s a f e t y  i s  the  r e s u l t  of th inking  before  ac t ing .  

Method of i n s t r u c t i o n :  

Demonstrations and d i r e c t  i n s t r u c t i o n  w i l l  be used t o  teach t h i s  u n i t .  

Object ives:  

A t  the  completion of t h i s ! u n i t  t he  s tuden t  w i l l  be ab l e  to: 

1. i d e n t i f y  those f a c t o r s  which lead t o  most common labora tory  acc i -  

dents .  

2. demonstrate t he  proper method of handl ing labora tory  m a t e r i a l s  and 

equipment. 

3. analyze a procedure f o r  hazard po ten t i a l .  
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I n t r o d u c t o r y  A c t i v i t y  V I I I  

Conducting a C l a s s  P r o j e c t  

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

p r o c e s s  w i l l  be a d i r e c t e d  p r o j e c t  conducted by t h e  e n t i r e  c l a s s .  A 

t o p i c  w i l l  be p resen ted  t o  t h e  c l a s s  i n  t h e  form of  a problem. The 

s t u d e n t s ,  through d i r e c t e d  c l a s s  d i s c u s s i o n ,  w i l l  d e f i n e  t h e  problem 

and s u g g e s t  p o s s i b l e  methods t o  use. I t  i s  ex t remely  impor tan t  t h a t ,  

adequa te  c l a s s  d i s c u s s i o n  t ime be  provided so  as t o  a l low t h e  s t u d e n t s  

t o  deve lop  t h e  procedure  i n s t e a d  o f  t h e  i n s t r u c t o r .  Time w i l l  be al low- 

ed f o r  t h e  s t u d e n t s  t o  conduct  a l i b r a r y  s e a r c h ,  p repare  t h e  e x p e r i -  

menta l  m a t e r i a l s ,  and conduct  t h e  experiment.  The c l a s s  w i l l  p r e p a r e  

a w r i t t e n  r e p o r t  o f  t h e  work completed. 

I n s t r u c t i o n a l  goa l :  

The s t u d e n t  w i l l  g a i n  enough e x p e r i e n c e  i n  t h e  p r o c e s s  of conduc t ing  a 

r e s e a r c h  p r o j e c t  t o  be a b l e  t o  work independen t ly  on a p r o j e c t  o f  h i s  

o r  h e r  choice. ,  



~ n s t r u c t o r ' s  Guide 

Eut rophica t ion  and Phosphates 

Applicat ion:  

Th i s  p r o j e c t  can be used a s  a  t o p i c  f o r  t h e  s c i ence  seminar course o r  

a s  a  g i f t e d  and t a l e n t e d  a l t e r n a t i v e  i n  environmental s t ud i e s .  

Major concepts :  

1. Man has  g r e a t l y  acce l e r a t ed  t h e  n a t u r a l  process  of  eu t rophica t ion .  

2. The t rend  of r ap id  aging of  l a k e s  can be reversed by decreas ing  

the  amount o f  n u t r i e n t s  being discharged i n t o  n a t u r a l  waters.  

3, Increased  phosphate l e v e l s  i n  a  wa te r  system w i l l  a c c e l e r a t e  t he  

growth of a q u a t i c  p l a n t s ,  

4 .  Detergent  companies add phosphates t o  d e t e r g e n t s  t o  coun te rac t  the  

e f f e c t  of hard water. 

Objec t ives :  

Af t e r  completing t h i s  p r o j e c t  t h e  s t u d e n t  should be ab l e  to: 

1. d e s c r i b e  t h e  process  of  eu t roph ica t ion ,  

2. e x p l a i n  how increased  phosphate l e v e l s  can a c c e l e r a t e  t he  process  

of eu t roph ica t ion .  

3. exp la in  t he  r e l a t i o n s h i p  between phosphates a s  water  s o f t e n e r s  and 

hard water. 

4. q u a n t i t a t i v e l y  determine phosphate l e v e l s  i n  de t e rgen t s  and water  

samples. 

5 ,  exp la in  why premature e u t r o p h i c a t i o n  i s  undes i rab le .  

47 



6 .  exp la in  how premature eu t roph ica t ion  can be prevented, 

7. comprehend and exp la in  t he  c o n f l i c t i n g  views of t h e  environmental-  

is ts  and the  de t e rgen t  producers. 

Procedures: 

The s tudent  should be encouraged t o  do an ex tens ive  background sea rch  

of t h i s  topic .  The l a b o r a t o r y  work could include:  

1, a  c o l o r i m e t r i c  de te rmina t ion  of phosphate 

2, a  t i t r i m e t r i c  de te rmina t ion  of phosphate 

3, a titrimetric de te rmina t ion  of hard water 

4. the comparative growth r a t e s  of a lgae  i n  vary ing  n u t r i e n t  lev-  

e l s  

5, the  comparative complexing a b i l i t y  of phosphate a s  a  water  

s o f t e n e r  i n  va r ious  types of hard water 

Sa fe ty  Notes: 

The l abo ra to ry  procedures f o r  t h i s  p r o j e c t  a r e  r e l a t i v e l y  s a f e  b u t  

good l abo ra to ry  p r a c t i c e  should be  maintained, 
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Studen t  P r o j e c t  Guide 

E u t r o p h i c a t i o n  and Phosphates  

E u t r o p h i c a t i o n  i s  t h e  n a t u r a l  p r o c e s s  which o c c u r s  as a  l a k e  

changes  i n t o  a  marsh. T h i s  p r o c e s s  should be cons idered  normal u n l e s s  

i t  is  a c c e l e r a t e d  by t h e  a c t i v i t i e s  o f  humans. I f  e x c e s s i v e  amounts 

o f  p l a n t  n u t r i e n t s ,  such a s  phosphates  and n i t r a t e s ,  a r e  dumped i n t o  a  

w a t e r  system, t h e  e u t r o p h i c a t i o n  p r o c e s s  w i l l  be a c c e l e r a t e d .  

Phosphates  were recognized a s  p o l l u t a n t s  i n  t h e  1960's  and many 

s t a t e s ,  i n c l u d i n g  Wisconsin, passed laws l i m i t i n g  t h e  amount o f  phos- 

p h a t e s  i n  d e t e r g e n t s .  T h i s  l a w  was allowed t o  e x p i r e  i n  Wisconsin i n  

1982. 

g u e s t i o n s  t o  c o n s i d e r :  

1. Why a r e  phospha tes  used i n  d e t e r g e n t s ?  

2. What economic f a c t o r s  a r e  involved i n  t h e  ban o f  phosphates  i n  

d e t e r g e n t s ?  

3. What a r e  t h e  p o l i t i c a l  c o n s i d e r a t i o n s  of t h i s  law and i t s  e x p i r -  

a t i o n ?  

4. What a r e  normal l e v e l s  o f  phosphate  i n  l a k e  and r i v e r  wa te r?  

5. What a r e  t h e  p r e s e n t  l e v e l s  o f  phosphate i n  t h e  w a t e r  o f  t h i s  a r e a  

and h a s  i t  changed? 

6. What a r e  t h e  phosphate  l e v e l s  of t h e  commonly used d e t e r g e n t s ?  

7. How much phosphate  e n t e r s  t h e  w a t e r  from d e t e r g e n t  and how much 

from f e r t i l i z e r ?  



8, Do sewage d i s p o s a l  p l a n t s  remove phosphate  from was te  w a t e r ?  

Suggested procedure:  

1. Conduct a l i t e r a t u r e  review o f  t h e  p o l i t i c a l  and s o c i a l  c o n s i d e r a -  

t i o n s  o f  t h i s  top ic .  

2, Design and conduct  an  exper iment  t o . m e a s u r e  t h e  r a t e  of a l g a e  growth 

a t  c o n t r o l l e d  phosphate  l e v e l s .  

3. Conduct an  exper iment  t o  d e t e r m i n e  t h e  amount o f  phosphate  i n  v a r -  

i o u s  b rands  o f  d e t e r g e n t .  

4, C o n s t r u c t  a computer model of a l a k e  t o  p r o j e c t  t h e  e f f e c t s  of add- 

ed phosphate.  

5 .  Conduct a su rvey  of  l o c a l  wate'r sys tems to d e t e r m i n e  phospha te  

l e v e l s .  



l n s t r u c t o r D s  Guide 

Caf fe ine  

Applicat ion:  

Th i s  p r o j e c t  can be used a s  a t o p i c  i n  sc ience  seminar a s  we l l  a s  an 

a l t e r n a t i v e  method o f  i n s t r u c t i o n  i n  biology and the  anatomy and 

physiology course.  

Major concepts :  

1. Caf fe ine  i s  both a phys io logica l  and psychological  s t imulan t .  

2. Many common foods,  beverages,  and drugs  con ta in  ca f f e ine .  

Objec t ives :  

Af t e r  complet ing t h i s  p r o j e c t  t h e  s tuden t  should be  a b l e  to:  

1. d e s c r i b e  t h e  phys io log i ca l  e f f e c t s  of  c a f f e i n e ,  

2. e x p l a i n  t h e  process  of  so lven t  ex t r ac t i on .  

3. conduct a  s o l v e n t  e x t r a c t i o n  of c a f f e i n e  from a l i q u i d  sample. 

4. determine blood pressure ,  h e a r t  r a t e ,  and r a t e  of r e s p i r a t i o n .  

5. exp la in  t h e  s t imu lan t  e f f e c t s  o f  c a f f e i n e  and t h e  p o t e n t i a l  

h e a l t h  problems t h a t  can r e s u l t  from i t s  use. 

Procedures: 

The s tuden t  should be  encouraged t o  conduct an ex t ens ive  review of t he  

l i t e r a t u r e  on t h i s  t op i c .  The l abo ra to ry  work w i l l  include8 

1. s o l v e n t  e x t r a c t i o n  de te rmina t ion  of c a f f e i n e  i n  va r ious  com- 

merc i a l  products.  



2. t h e  e f f e c t s  of  c a f f e i n e  on phys io log i ca l  parameters i n  l i v i n g  

sub jec t s .  

3, t h e  e f f e c t s  o f  c a f f e i n e  on t h e  a b i l i t y  t o  l e a r n  us ing  l i v i n g  

sub jec t s .  

Sa fe tv  no tes :  

1. The so lven t  e x t r a c t i o n  process  u s e s  methylene c h l o r i d e  which should 

be used only  i n  a  fume,hood. 

2. The use  of Living sub jec t s ,  whether they be s t u d e n t s  o r  animals,  

r e q u i r e s  s p e c i a l  ca re .  The amount of c a f f e i n e  i nges t ed  should be  

c l o s e l y  monitored so  a s  t o  keep the  blood concen t r a t i ons  a t  acceptab le  

Levels. T h i s  should be done .only  with p a r e n t a l  consent .  
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Student P r o j e c t  Guide 

Caffe ine  

Caffe ine  i s  a  n a t u r a l l y  occuring a lka lo id  which has p rope r t i e s  

t h a t  c l a s s i f y  i t  a s  a phys io logica l  s t imu lan t  and a s  a  d i u r e t i c .  

Several  of the commonly a v a i l a b l e  nonpresc r ip t ion  medications conta in  

c a f f e i n e  a s  do many s o f t  d r i n k s  and n a t u r a l  beverages l i k e  co f f ee  and 

tea .  Caf fe ine  i s  normally used a s  a  s t imulant  o r  a s  a  d i u r e t i c .  

The widespread use  of c a f f e i n e  has  prompted some r e sea rche r s  t o  

s tudy the  phys io logica l  and psychological  e f f e c t s  a s  wel l  a s  i t s  e f f e c t  

on learn ing .  

Questions t o  consider:  

1. What i s  the  content  of c a f f e i n e  i n  t ea ,  co f f ee ,  and s o f t  d r inks?  

2. Is  t h e r e  any d i f f e r e n c e  i n  t he  amount of c a f f e i n e  found i n  d i f f e r -  

e n t  brands of cof fee?  

3, Is deca f f e ina t ed  co f f ee  r e a l l y  c a f f e i n e  f r e e ?  

4 .  Why do beverage companies add c a f f e i n e  t o  s o f t  d r inks  when i t  does 

n o t  occur  n a t u r a l l y ?  

5. What phys io logica l  e f f e c t s  r e s u l t  from the in t ake  of ca f f e ine?  

6 .  Students  o f t e n  use  c a f f e i n e  con ta in ing  products  t o  s t a y  awake while  

s tudying  f o r  exams, What i s  the  e f f e c t  on the  a b i l i t y  t o  l e a r n  

whi le  under t he  inf luence  of c a f f e i n e ?  
. . 

Suggested procedure: 

1. Conduct a  review of  the l i t e r a t u r e  per tai ,ning t o  the e f f e c t s  of 
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caffe ine .  

2. Design an experiment t o  t e s t  the e f f e c t s  of caf fe ine  on physiolog- 

i c a l  f a c t o r s  such a s  hea r t  r a t e ,  blood pressure, and r a t e  of res-  

pi  ra t ion .  

3. Find a procedure f o r  the i s o l a t i o n  and measurement of ca f fe ine  i n  

l iqu id  samples. 

4, Design and conduct an experiment t o  determine the e f f e c t s  of caf- 

f e i n e  on the a b i l i t y  t o  learn ,  



f n s t r u c t o r ' s  Guide 

Nitrogen Oxides i n  the A i r  

Application: 

This  p ro jec t  i s  bes t  su i ted  t o  the  science seminar course but  i t  can 

a l s o  be used a s  an a l t e r n a t i v e  method of i n s t r u c t i o n  f o r  g i f t e d  and 

ta lented  s tudents  i n  environmental s tud ies  o r  chemistry. 

Major concepts: 

1, Nitrogen and oxygen w i l l  combine a t  high temperatures and pressures,  

These condit ions can be found i n  the  i n t e r n a l  combustion engine. 

2. The automobile is  one of the  major cont r ibutors  t o  a i r  po1lution 

i n  the  United States.  

3. Nitrogen oxides represent  a major cont r ibutor  t o  the  problems of 

acid r a i n  and photochemical smog. 

Objectives: 

Af ter  completing t h i s  p ro jec t  the  s tudent  should be able  to: 

1. wri te  chemical equations showing the  formation of ni trogen oxides, 

n i t r i c  acid,  and peroxyacetyl n i t r a t e s .  

2. def ine  photochemical smog. 

3, def ine  acid rain.  

4 .  r e l a t e  compression r a t i o  i n  i n t e r n a l  combustion engines t o  the  for -  

mation of ni trogen oxides. 

5 .  conduct an experiment t o  determine the amount of ni trogen oxide i n  



an a i r  sample. 

6, des ign  and conduct an experiment t o  r e l a t e  n i t rogen  oxide  l e v e l s  

t o  o t h e r  parameters  such a s  t he  model of automobile, compression 

r a t i o ,  type of f u e l ,  o r  weather  condit ions.  

7, exp la in  the  s o c i a l  consequences of ac id  r a i n  and photochemical 

smog. 

8, desc r ibe  the  r e l a t i o n s h i p  t h a t  e x i s t s  between photochemical smog 

and automobile use. 

Procedure: 

The s tuden t  should be encouraged t o  do an ex tens ive  review of the lit- 

e r a t u r e  r e l a t e d  t o  t he  chemistry of n i t rogen  oxides ,  acid r a i n ,  and 

photochemical smog, The l abo ra to ry  work should be based upon a co lor -  

i m e t r i c  de te rmina t ion  of n i t rogen  oxides  i n  a i r  samples, 

Sa fe ty  Note: 

The l abo ra to ry  procedures f o r  t h i s  p r o j e c t  a r e  r e l a t i v e l y  s a f e  but  

good l abo ra to ry  p r a c t i c e  should be maintained. 
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Student P r o j e c t  Guide 

Nitrogen Oxides i n  the  A i r  

Nitrogen and oxygen normally do no t  r e a c t  with each o t h e r  bu t  a t  

high temperatures and pressures ,  n i t rogen  oxides can form, Condit ions 

l i k e  these  can be found i n  t h e  i n t e r n a l  combustion engine a s  wel l  a s  

some high temperature furnaces.  Considering the i n f a t u a t i o n  many 

Americans have with automobiles, i t  i s  no wonder t h a t  n i t rogen  oxide  

p o l l u t i o n  has become so prevalent ,  

Acid r a i n  i s  i n  p a r t  due t o  t he  r e a c t i o n  of n i t rogen  oxides wi th  

water  t o  form n i t r i c  acid. Photochemical smog can be produced when 

n i t r o g e n  oxides  r e a c t  with hydrocarbons and ozone, 

Quest ions t o  consider:  

1. What a r e  the r e a c t i o n s  which produce ac id  r a i n  and photochemical 

smog? 

2. What concent ra t ion  i s  necessary  f o r  t h e  formation of these p o l l u t -  

a n t s ?  

3, What a r e  the allowable l i m i t s  of n i t rogen  oxides  a s  s e t  by the  

Environmental Pro tec t ion  Agency? 

4. How is  compression r a t i o  of an engine r e l a t e d  t o  t he  l e v e l  of n i -  

t rogen oxide emissions7 

5 .  Do d i f f e r e n t  k inds  of f u e l  (unleaded vs. r egu la r )  have any e f f e c t  

on the n i t rogen  oxide emissions of an engine? 

6. How do the n i t rogen  oxide l e v e l s  of  La Crosse compare t o  o t h e r  



p a r t s  of the  country? 

7. What a r e  the environmental e f f e c t s  of acid r a in  and photochemical 
I 

smog? 

Suggested procedure: 

1. Conduct a review of the  l i t e r a t u r e  per ta in ing t o  acid r a in ,  photo- 

chemical smog, and n i t rogen oxides. 

2. Examine an i n t e r n a l  combustion engine and determine what i s  meant 

by compression r a t i o .  

3, Consult the l i ' t e r a t u r e  f o r  ni trogen oxide l e v e l s  of various p a r t s  

of the  country a s  es tabl i shed by the  Environmental Protec t ion  

Agency. Try t o  c o r r e l a t e  t h i s  information with da ta  on acid r a i n  

and photochemical smog levels .  

4. Conduct an experiment t o  determine ni trogen oxide l e v e l s  i n  var ious  

p a r t s  o f .La  Crosse. 

5. Conduct an experiment t o  r e l a t e  n i t rogen oxide emissions of var ious  

models of automobiles. 

6 .  Conduct an experiment t o  r e l a t e  ni trogen oxide emissions of an 

automobile t o  the type of f u e l  used. 



~ n s t r u c t o r ' s  Guide 

P h y s i c a l  Behavior  o f  Gases 

A p p l i c a t i o n :  

T h i s  p r o j e c t  i s  b e s t  s u i t e d  as a  method of i n s t r u c t i o n  f o r  g i f t e d  

and t a l e n t e d  s t u d e n t s  i n  chemis t ry  o r  a c c e l e r a t e d  chemist ry .  I f  

supplemental  problems a r e  provided,  t h i s  p r o j e c t  can  a l s o  be used a s  

a  method o f  i n s t r u c t i o n  f o r  s t u d e n t s  p r e p a r i n g  f o r  t h e  advanced p l a c e -  

ment exam i n  chemist ry .  

Major concepts :  

I. The k i n e t i c  molecu la r  theo.ry i s  a  model t o  h e l p  e x p l a i n  t h e  b e h a v i o r  

o f  g a s  molecu les  i n  terms o f  energy  and motion. 

2. The f o u r  measurable  pa ramete rs  o f  a g a s  a r e  mass, volume, temper- 

a t u r e ,  and p r e s s u r e .  

3.  P r e s s u r e  and volume a r e  i n v e r s e l y  p r o p o r t i o n a l  t o  each o t h e r  (con- 

s t a n t  t empera tu re  and mass). 

4. Volume and t empera tu re  a r e  d i r e c t l y  p r o p o r t i o n a l  t o  each o t h e r  

( c o n s t a n t  p r e s s u r e  and mass), 

5. P r e s s u r e  and t empera tu re  a r e  d i r e c t l y  p r o p o r t i o n a l  t o  each o t h e r  

( c o n s t a n t  volume and mass). 

6. Temperature  is a measure o f  t h e  average  k i n e t i c  energy  o f  t h e  

molecules.  

7. P r e s s u r e  and volume a r e  b o t h  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  mass of  

gas .  



8. Absolute zero i s  t h e  lowest pos s ib l e  temperature and i t  r e p r e s e n t s  

a s t a t e  of zero k i n e t i c  energy, 

9 .  The v a r i o u s  r e l a t i o n s h i p s  o f  gases  can be summarized i n  t h e  i d e a l  

ga s  law, 

10. The r e l a t i v e  r a t e  of  d i f f u s i o n  of  two gases  i s  i n v e r s e l y  proport ion-  

a l  t o  t he  square r o o t  o f  the  r a t i o  of t h e i r  molecular weights.  

11. The van d e r  Waals c o r r e c t i o n  t o  t h e  i d e a l  gas  law t akes  i n t o  con- 

s i d e r a t i o n  t h e  e f f e c t  of varying the  i d e n t i t y  of t he  gas. 

Objec t ives :  

A f t e r  completing t h i s  p r o j e c t ,  t he  s tuden t  should be a b l e  to: 

1. exp la in  t he  p o i n t s  of  t he  k i n e t i c  molecular theory. 

2, exp l a in  t he  observed behavior  of confined gases  i n  terms of  the  

k i n e t i c  molecular theory,  

3. exp la in  t he  r e l a t i o n s h i p  between the  pressure,  volume, temperature ,  

and mass of a confined gas ,  

4, exp la in  t h e  concept  of abso lu t e  zero. 

5. d e s c r i b e  the  i d e a l  gas  law i n  mathematical terms, 

6, des ign  and conduct experiments r e l a t i n g  the,volume, temperature,  

p ressure ,  and mass o f  a confined gas. 

7, e f f e c t i v e l y  measure the  p re s su re  of a gas. 

8. e f f e c t i v e l y  measure t h e  volume of a gas. 

9. e f f e c t i v e l y  measure t h e  temperature of gas. 

10. c o l l e c t  d a t a  and g r a p h i c a l l y  t r e a t  t h a t  da ta .  

11, c a l c u l a t e  t h e  p re s su re ,  volume, temperature,  o r  mass of any gas  

given the  o t h e r  t h r ee .  



12. use  conceptual  models a s  a  method of  exp la in ing  an a b s t r a c t  idea  

13. demonstrate  the  mathematics used t o  u t i l i z e  t h e  k i n e t i c  molecular 

theory. 

Procedure: 

The s tuden t  should be encouraged t o  do ex tens ive  background r e sea rch  

i n  conjunc t ion  with t he  l abo ra to ry  work. The l abo ra to ry  work should 

include:  

1. t h e  de te rmina t ion  of the  r e l a t i o n s h i p  between pressure  and 

volume ( ~ o y l e ' s  Law). 

2. t h e  de te rmina t ion  of the  r e l a t i o n s h i p  between temperature  and 

volume (Char les '  Law), 

3. the  de te rmina t ion  o f  the r e l a t i o n s h i p  between p re s su re  and 

temperature (Guy   us sac's ~ a w ) .  

4. t h e  de te rmina t ion  of t h e  r e l a t i o n s h i p  between molecular  weight 

o f  t he  gas  and t h e  r a t e  o f  d i f fu s ion .  

5. t h e  de te rmina t ion  of  abso lu te  zero. 

Sa fe ty  no tes :  

The s t u d e n t s  should be reminded t o  wear s a f e t y  goggles.  Any glassware 

used should be f r e e  of s c r a t c h e s  o r  c r acks  when p re s su re  changes a r e  

being considered.  
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Student  P r o j e c t  Guide 

Phys ica l  Behavior o f  Gases 

The k i n e t i c  molecular  theory  i s  a conceptual model c o n s i s t i n g  of  

a set of  assumptions t o  exp la in  molecular motion'in a gas. 

Ques t ions  t o  cons ider :  

1. What assumptions a r e  made by the  k i n e t i c  molecular theory? 

2. I n  terms of t he  k i n e t i c  molecular theory, how can w e  d e f i n e  

p re s su re ,  volume, temperature  and moles of  gas?  

3. What i s  t h e  - r e l a t i o n s h i p  between the  pressure  of a gas  and i t s  

volume? 

4. What i s  the  r e l a t i o n s h i p  between temperature and t h e  volume of a 

gas? 

5. What i s  t h e  r e l a t i o n s h i p  between the  pressure  of a g a s  and i t s  

temperature? 

6. I f  more molecules  of  ga s  a r e  added t o  a system, -what w i l l  happen 

t o  t h e  p re s su re ,  temperature,  and volume? 

7. Does i t  make any d i f f e r e n c e  what gas  i s  used? 

8. What i s  gaseous d i f f u s i o n ?  

9 ,  Is t h e r e  any minimum o r  maximum al lowable temperature? 

Suggested procedure: 

1, Review t h e  l i t e r a t u r e  t o  become f ami l i a r .w i th  t he  k i n e t i c  molecu- 

l a r  theory.. 



2. Design and conduct an experiment t o  r e l a t e  t h e  pressu're of a con- 

f i n e d  gas  t o  i t s  volume. 

3. Design and conduct an experiment t o  determine t h e  r e l a t i o n s h i p  

between the  volume of a confined g a s  and i t s  temperature,  

4 .  Design and conduct an experiment t o  determine the  r e l a t i o n s h i p  

between t h e  p re s su re  exer ted  by a g a s  and t h e  temperature  of t h a t  

gas. 

5, Design and conduct an experiment t o  determine the  f a c t o r s  t h a t  

w i l l  a f f e c t  the r a t e  of  d i f f u s i o n  of a gas. 

6. Conduct a review of  t h e  l i t e r a t u r e  p e r t a i n i n g  t o  t h e  i d e a l  gas  law. 



~ n s t r u c t o r ' s  Guide 

Amino Acid Content  o f  P r o t e i n  

Appl ica t ion :  

T h i s  p r o j e c t  should be used wi th  t h e  s c i e n c e  seminar  c o u r s e ,  b u t  cou ld  

be  used a s  an a l t e r n a t i v e  f o r  g i f t e d  s t u d e n t s  i n  chemis t ry ,  o r  anatomy 

and physiology. 

Major concepts :  

1. P r o t e i n s  a r e  polymeric  b iomolecu les  formed by l i n k i n g  amino a c i d s  

w i t h  p e p t i d e  bonds. 

2. Amino a c i d s  are molecu les  c o n t a i n i n g  a  ca rboxyl  group and a n  amino 

group. 

3. P r o t e i n s  can be hydrolyzed t o  amino a c i d s  wi th  a c i d s ,  b a s e s ,  and 

enzymes. 

4 ,  Thin l a y e r  chromatography i s  an a n a l y t i c a l  t echn ique  used t o  sep- 

a r a t e  and i d e n t i f y  a  mix ture  of compounds. 

5 .  The amount and chemical  q u a l i t y  o f  p r o t e i n  i s  impor tan t  t o  good 

n u t r i t i o n .  

6 .  Of t h e  twenty amino a c i d s  inc luded  i n  human p r o t e i n ,  t e n  must be 

inc luded  i n  t h e  d i e t  because  t h e  body cannot  produce them, 

Objec t ives :  

A f t e r  complet ing t h i s  p r o j e c t  t h e  s t u d e n t  should b e  ab1.e to :  

1. i d e n t i f y  t h e  twenty amino a c i d s  impor tan t  t o  humans. 



2. i d e n t i f y  t h e  e s s e n t i a l  amino a c i d s .  

3. d e s c r i b e  t h e  s t r u c t u r e  o f  p r o t e i n s .  

4 .  e x p l a i n  t h e  c h e m i s t r y  o f  a  p e p t i d e  l inkage.  

5. e x p l a i n  t h e  p r o c e s s  o f  chromatography. 

6. perform a  p r o t e i n  c o n t e n t  d e t e r m i n a t i o n .  

7. u s e  chromatography t o  s e p a r a t e  and i d e n t i f y  t h e  amino a c i d s  found 

i n  a p r o t e i n  sample. 

8. e x p l a i n  t h e  impor tance  o f  p r o t e i n  c o n t e n t  i n  t h e  d i e t .  

9. r e l a t e  q u a n t i t y  and q u a l i t y  o f  p r o t e i n  r e s e r v e s  t o  t h e  problem o f  

world  hunger. 

Procedure:  

The s t u d e n t  should  be  encouraged t o  do e x t e n s i v e  background r e s e a r c h  

on p r o t e i n  s t r u c t u r e ,  t h e  methods o f  chromatography, and t e c h n i q u e s  

f o r  t h e  d e t e r m i n a t i o n  o f  p r o t e i n  con ten t .  Research shou ld  a l s o  be  done 

w i t h  r e s p e c t  t o  p r o t e i n  i n  human n u t r i t i o n  and t h e  s o c i o l o g i c a l  a s p e c t s  

o f  world hunger. L a b o r a t o r y  work should  be  based upon: 

1. methods o f  p r o t e i n  h y d r o l y s i s .  

2. methods f o r  d e t e r m i n i n g  p r o t e i n  c o n t e n t .  

3. chromatography of  amino a c i d  mixtures .  

S a f e t y  Notes: 

1. The h y d r o l y s i s  o f  p r o t e i n  w i l l  i n v o l v e  t h e  u s e  o f  an  a u t o c l a v e ,  

and t h e r e f o r e  shou ld  b e  c l o s e l y  superv i sed  by t h e  i n s t r u c t o r .  

S a f e t y  g o g g l e s  shou ld  b e  worn d u r i n g  t h i s  p rocess .  

2. Many o f  t h e  s o l v e n t s  used i n  chromatography a r e  f lammable, and 



r e p r e s e n t  an i n h a l a t i o n  h e a l t h ' h a z a r d .  These should be used i n  a fume 

hood. 
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S t u d e n t  P r o j e c t  Guide 

Amino Acid Content  o f  P r o t e i n  

World hunger  i s  becoming one o f  t h e  major problems t o  be f a c e d  

i n  t h e  n e x t  few decades .  The p o p u l a t i o n  o f  t h e  world keeps  i n c r e a s -  

i n g ,  b u t  t h e  food supp ly  i s  n o t  keep ing  pace, More s i g n i f i c a n t ,  i s  

t h e  f a c t  t h a t  t h e  amount o f  p r o t e i n  i s  even more l i m i t e d .  

I n  t h e  Uni ted S t a t e s ,  e a t i n g  h a b i t s  have changed d r a s t i c a l l y .  

There  seems t o  be an  i n c r e a s i n g  number of v e g e t a r i a n s  and many o f  t h e  

younger Americans seem t o  be a d d i c t e d  t o  "junk food", 

P r o t e i n  i s  a  n e c e s s a r y  component o f  t h e  human d i e t  and where t h e  

t o t a l  p r o t e i n  i n t a k e  i s  l i m i t e d ,  t h e  amino a c i d  c o n t e n t  o f  t h e  p r o t e i n  

becomes ex t remely  impor tan t .  

Ques t ions  t o  c o n s i d e r :  

1, What i s  an e s s e n t i a l  amino a c i d ?  

2. What i s  the compos i t ion  o f  a p r o t e i n ?  

3. Why a r e  some amino a c i d s  more impor tan t  t h a n  o t h e r s  i n  human 

metabolism? 

4, How much p r o t e i n  is i n  common foods? 

5. Are t h e  p r o t e i n  and amino a c i d  requ i rements  f o r  dogs  and c a t s  t h e  

same a s  f o r  humans? 

6, What d o e s  world hunger  have t o  do w i t h  p r o t e i n  q u a l i t y  and q u a n t i t y ?  
, 

7, Many commercia l ly  a v a i l a b l e  f o o d s  have t h e  p r o t e i n  c o n t e n t  p r i n t e d  

on t h e  l a b e l .  Does t h e  p r o t e i n  c o n t a i n  any of t h e  e s s e n t i a l  amino 

a c i d s ?  

6 8 



Suggested procedure: 

1. Conduct a review of  any l i t e r a t u r e  p e r t a i n i n g  t o  p ro t e in  requi re -  

ments of  human beings,  the  chemical s t r u c t u r e  of p ro t e in s ,  and 

any a n a l y t i c a l  techniques t h a t  can be used t o  measure p r o t e i n  

conten t  o r  amino ac id  content .  

2, Determine the  p ro t e in  con ten t  of  some common foods  o r  pe t  foods. 

These can u s u a l l y  be checked a g a i n s t  t h e  l a b e l  va lues ,  

3. Hydrolyze some food samples and conduct an experiment t o  determine 

the  amino ac id  content .  



I n s t r u c t o r ' s  Guide 

Lead i n  t h e  Environment 

Applicat ion:  

Th i s  p r o j e c t  can be used a s  a t o p i c  f o r  t he  sc ience  seminar course  

o r  a s  an enrichment p r o j e c t  f o r  chemistry,  anatomy and physiology, 

o r  environmental s t ud i e s .  

Major concepts:  

1, Lead has  i n  t he  p a s t  been a major po l lu t an t .  

2. The major source of  lead p o l l u t i o n  a t  t he  p re sen t  time i s  from 

automobile exhaust  r e s u l t i n g  from the  use of unleaded gaso l ine .  

3. Lead i n t e r f e r e s  wi th  the  formation of red blood c e l l s  and t h e  

normal func t iona ing  of t he  c e n t r a l  nervous system. 

4. Lead Poisoning i s  a problem t h a t  can be e l imina ted .  

Objec t ives :  

Af t e r  completing t h i s  p r o j e c t  t h e  s tuden t  should be a b l e  to :  

1. d e s c r i b e  the  phys io log i ca l  e f f e c t s  of lead poisoning. 

2. l i s t  sources  of  l ead  pol lu t ion .  

3, measure t he  Lead con ten t  of  samples. 

4. c o n s t r u c t  a s t a t i s t i c a l l y  sound experiment showing t h e  e x i s t e n c e  

of abnormal l e v e l s  of lead. 

5. exp la in  t he  s o c i a l  mora l i ty  of l i m i t i n g  lead emissions i n t o  t he  

environment . 
6 .  e x p l a i n  t h e  environmental wisdom of us ing  unleaded automobile f u e l ,  



Procedures: 

The s t u d e n t  should be encouraged t o  conduct a review of  l i t e r a t u r e  

p e r t a i n i n g  t o  lead  poisoning, h e a l t h  e f f e c t s  o f .  lead,  t h e  use of  l ead  

i n  i ndus t ry ,  t h e  u se  of  l ead  i n  automobile f u e l s ,  The l abo ra to ry  work 

should be based upon a q u a n t i t a t i v e  a n a l y s i s  of lead samples. 

S a f e t y  note:  

S tudents  do ing  t h i s  p r o j e c t  should be reminded t h a t  most lead com- 

pounds a r e  toxic .  

References: 
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Studen t  P r o j e c t  Guide 

Lead i n  t h e  Environment 

Lead was used f o r  many y e a r s  a s  a p a i n t  pigment, and i s  s t i l l  

used a s  an  ant i -knock i n g r e d i e n t  i n  some g a s o l i n e .  The h e a l t h  haz- 

a r d s  o f  l e a d  were recognized many y e a r s  ago and a concer ted  e f f o r t  

was made d u r i n g  t h e  1960 's  and 7 0 ' s  t o  e l i m i n a t e  lead wherever p o s s i b l e ,  

These e f f o r t s  r e s u l t e d  i n  , n e a r l y  a l l  l e a d  b e i n g  removed from t h e  com- 

m e r c i a l  markets ,  

Ques t ions  t o  cons ider :  

1. How much lead  i s  s t i l l  i n  t h e  environment?  

2. What a r e  t h e  h e a l t h  e f f e c t s  o f  l e a d ?  

3. How is l e a d  i n g e s t e d  i n t o  t h e  human body? 

4 .  What happens t o  t h e  l ead  i n  g a s o l i n e ?  

Suggested procedure:  

1. Review t h e  l i t e r a t u r e  t o  d e t e r m i n e  how l e a d  a f f e c t s  human be ings ,  

2. Measure t h e  l ead  c o n t e n t  o f  s o i l  samples  from a l o n g  v a r i o u s  high-  

ways and compare i t  t o  s o i l  from a r e a s  n o t  exposed t o  automobi le  

exhaus t .  

3. Measure t h e  l ead  c o n t e n t  of p a i n t  samples  from o l d e r  houses ,  

4. Is t h e r e  any exposure  t o  l e a d  i n  o c c u p a t i o n a l  s e t t i n g s  such a s  

e l e c t r o n i c s ,  plumbing, o r  a u t o  r e p a i r .  

5 .  Contac t  a l o c a l  h o s p i t a l  l a b  t o  o b t a i n  i n f o r m a t i o n  f o r  c o n s t r u c t i o n  

o f  a c a s e  h i s t o r y  model, 



~ n s t r u c t o r ' s  Guide 

I d e n t i f i c a t i o n  of an Organic Unknown 

Applicat ion:  

Th i s  p r o j e c t  i s  most app rop r i a t e  f o r  use wi th  t he  sc ience  seminar 

course ,  but  some app l i cae ion  might be made with s tuden t s  prepar ing  f o r  

t h e  advanced placement exam i n  chemistry.  

Major concepts:  

1, Organic aldehydes and a l c o h o l s  can be oxidized t o  ac id s ,  

2. The i d e n t i f i c a t i o n  of an unknown compound can be made by use of  

mel t ing  po in t ,  b o i l i n g  po in t ,  equ iva l en t  weight,  and a v a r i e t y  of 

simple chemical t e s t s .  

3. The i n f r a r e d  spectrum of a  compound g ives  much informat ion 'about  

t h e  f u n c t i o n a l  groups present .  

Objec t ives :  

A t  t h e  completion of t h i s  p r o j e c t  the  s tuden t  should be a b l e  t o :  

1. exp la in  the chemical r e a c t i o n s  involved i n  t h e  ox ida t ion  of organ- 

i c  compounds, 

2. exp la in  t he  p r i n c i p l e s  of i n f r a r e d  spectrophotometry.  

3. determine the  mel t ing  po in t  of  an o rgan ic  compound. 

4, determine the b o i l i n g  po in t  of  an organic  compound. 

5, plan and fol low an o rgan ic  q u a l i t a t i v e  a n a l y s i s  scheme. 

6 .  syn thes i ze  the  ox ida t ion  product  of an o rgan ic  aldehyde o r  a lcohol .  



7. p u r i f y  an unknown by r e c r y s t a l l i z a t i o n .  

8. i n t e r p r e t  a s imple i n f r a r ed  spectrum. 

9. determine the  equ iva l en t  weight of an unknown organic  acid by t i - .  

t r a t i o n .  

10. c o r r e c t l y  and e f f e c t i v e l y  use t he  Chemical Rubber Company Handbook 

of Chemistry and Physics. 

11. demonstrate  t he  research  approach t o  so lv ing  problems. 

Procedures: 

The s t u d e n t  should be encouraged t o  become f a m i l i a r  with o rgan ic  chem- 

i c a l  r eac t ions .  A b o t t l e  conta in ing  an aldehyde o r  an a lcohol  can be 

given t o  t h e  s tuden t  a s  an unknown. (Benzaldehyde o r  benzoic ac id  

work v e r y  w e l l  f o r  t h i s  procedure.) The s tuden t  can then be i n s t r u c t -  

ed t o  des ign  a procedure t o  fol low based upon t h e  review of l i t e r a t u r e .  

The fo l l owing  l abo ra to ry  procedures w i l l  probably be used: 

1. mel t ing  p o i n t  de te rmina t ion  

2. b o i l i n g  po in t  de te rmina t ion  

3. o rgan ic  q u a l i t a t i v e  a n a l y s i s  

4. equ iva l en t  weight de te rmina t ion  by t i t r a t i o n  

I f  p o s s i b l e ,  t he  s t u d e n t  can be taken t o  a l o c a l  c o l l e g e  t o  use an 

i n f r a r e d  spectrophotometer  and a re f  ractometer.  

Sa fe ty  n'otes: 

1. The s t u d e n t s  des ign  most of t h e i r  own procedures and use  those  

f ound i n  t h e  l i t e r a t u r e .  T h i s  . . .  r e s u l t s  i n  many s i t u a t i o n s  which 
. . 

could be p o t e n t i a l l y  hazardous, so  i t  i s  extremely important t h a t  



a l l  p rocedures  be  reviewed and approved by t h e  i n s t r u c t o r  b e f o r e  

t h e  s t u d e n t  begins .  

2. The h o t  o i l  used i n  t h e  m e l t i n g  p o i n t  and b o i l i n g  p o i n t  de te rmina-  

t i o n s  could  c a u s e  s e v e r e  burns ,  The s t u d e n t  should be  warned o f  

t h e  d a n g e r  o f  b u m s  and should be  given i n s t r u c t i o n  i n  t h e  p r o p e r  

u s e  o f  h o t  o i l  ba ths .  

3, S a f e t y  goggles  should be worn a t  a l l  t imes.  
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San Franc i sco :  W . H .  Freeman, 1971. 

Morrison,  R.T., & Boyd, R.N. Organic  Chemistry, Boston: Al lyn  and 
Bacon, 1973. 

S ienko ,  M.J.,PLane, R.A., & Marcus, S.T. Exper imental  Chemistry.  
New Vorlc: McGraw-Hill, 1976 

S p l i t t g e r b e r ,  A.G., MacLean, & D.B, N e i l s ,  J. A Unif ied  Chemist ry  
Labora to ry ,  J o u r n a l  o f  Chemical Education,  1971, - 48, 330-332. 

Weast, R.C. Handbook of Chemist ry  and Physics.  Cleveland,  Ohio: The 
Chemical Rubber Company, 1972. 

Windholz, M. The Merck Index. Rathway, New Je r sey :  Merck, 1976. 



Studen t  P r o j e c t  Guide 

I d e n t i f i c a t i o n  of an  Organic  Unknown 

A n a l y s i s  o f  an unknown i s  always an i n t r i g u i n g  a c t i v i t y  and when 

t h e  unknown compound i s  o r g a n i c  i t  adds  a  l i t t l e  e x t r a  cha l l enge .  Your 

i n s t r u c t o r  w i l l  g i v e  you an  unknown compound w i t h  o n l y  one i n s t r u c t i o n  

which i s  t o  i d e n t i f y  t h e  compound. You w i l l  t h e n  review t h e  l i t e r a -  

t u r e  t o  f i n d  t h e  p rocedures  you can use  t o  i d e n t i f y  t h e  unknown. I t  

should be remembered t h a t  t h e  i d e n t i t y  o f  t h i s  compound i s  n o t  a s  irn- 

p o r t a n t  a s  t h e  way in.  which you conduct  your  r e s e a r c h  and t h e  l abora -  

t o r y  p rocedures  you become f a m i l i a r  wi th .  

Ques t ions  t o  c o n s i d e r :  

1, What t y p e  o f  i n f o r m a t i o n  would be u s e f u l  i n  i d e n t i f y i n g  an unknown 

compound ? 

2. What s o u r c e s  o f  s t a t i s t i c a l  i n f o r m a t i o n  a b o u t  chemical  compounds 

e x i s t ?  

3. Is your  unknown o r g a n i c ?  How can you t e l l ?  

4 ,  Can t h e  compound be  o x i d i z e d ?  

5. W i l l  t h e  compound r e a c t  w i t h  bromine? 

6 .  What r e a c t i o n s  w i l l  i t  undergo w i t h  common l a b o r a t o r y  r e a g e n t s ?  

Suggested procedure:  

1. Conduct a review of t h e  l i t e r a t u r e  t o  d e t e r m i n e  t h e  tests which 

would be  t h e  most p roduc t ive .  



2 .  Determine i f  the compound i s  organic o r  inorganic. 

3. Use the r e s u l t s  o f  your preliminary t e s t s  t o  plan your subsequent 

t e s t s  and procedures. 

4 .  Be sure to  consult  your instructor  before conducting any t e s t  o r  

procedure, 

5 ,  Consult with other students,  teachers,  and l o c a l  co l l ege  facu l ty  

members. 
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Recommendations Based Upon t h e  
Review of  t h e  L i t e r a t u r e  

The p r o c e s s  of  s c i e n c e  shou ld  be s t r e s s e d  r a t h e r  than  t h e  c o n t e n t .  The 

s t u d e n t  should  be  t a u g h t  t h e  t e c h n i q u e s  o f  r e s e a r c h  and i n q u i r y .  

The a c t i v i t y  p a c k e t s  t o  be developed should  be d i s c o v e r y  o r  i n q u i r y  based. 

The a c t i v i t y  p a c k e t s  should  u t i l i z e  a s  much l a b o r a t o r y  work a s  p o s s i b l e .  

The p a c k e t s  shou ld  be a s  i n t e r d i s c i p l i n a r y  a s  p o s s i & l e .  

A p r o j e c t  approach should  be used s o  a s  t o  improve t h e  c a p a b i l i t y  a f  

i n d i v i d u a l i z a t i o n .  

The p l a n n i n g  o f  a  p r o j e c t  shou ld  r e p r e s e n t  a  j o i n t  e f f o r t  of  t h e  s t u d e n t  

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

S t u d e n t s  shou ld  be  r e q u i r e d  t o  r e p o r t  t h e i r  f i n d i n g s  bo th  i n  w r i t i n g  

and o r a l l y .  

S t u d e n t  i n t e r a c t i o n  should  be encouraged w i t h  group a c t i v i t i e s .  



Pro jec t  Approach t o  Science I n s t r u c t i o n  

Major Goals 

1. Students  us ing  these  m a t e r i a l s  w i l l  ga in  experience us ing  the process  

of sc ience  through independent research.  The content  of a  t o p i c  w i l l  

be learned a s  an i n t e g r a l  p a r t  of the  research  process ,  

2. S tudents  w i l l  l e a r n  how t o  plan and conduct a  s c i e n t i f i c  research  study. 

3, The s t u d e n t s  conducting a  research  s tudy w i l l  improve t h e i r  o rgan iza t iona l  

s k i l l s  by proper ly  c o l l e c t i n g  and record ing  experimental data .  

4. The w r i t i n g  a b i l i t y  of s t u d e n t s  w i l l  be improved by p rac t i c ing  proper 

w r i t i n g  techniques i n  preparing research repor t s .  

5. S tudents  w i l l  improve t h e i r  o r a l  communication s k i l l s  through group 

planning s e s s i o n s  and by present ing  seminar s e s s ions  r e l a t ed  t o  t h e i r  

research ,  



SCIENCE SEMINAR 

Course Descr ip t ion  

Science Seminar i s  a one o r  two semester course c o n s i s t i n g  of t o p i c s  

chosen coope ra t ive ly  by the  s tudent  and the  t eache r  i n  one o r  more major a r e a s  

of science.  The emphasis of the course w i l l  be placed upon the  use of the 

s c i e n t i f i c  method. S tudents  w i l l  be taught  t o  i d e n t i f y  a. problem, define! i t s  

parameters,  and execute an i n v e s t i g a t i o n  leading  t o  t he  formation of an 

hypothesis .  The r e s u l t s  of the research  p r o j e c t  w i l l  be presented both i n  a 

formal w r i t t e n  l a b  r e p o r t  and i n  an o r a l  seminar session.  Students  w i l l  be 

encouraged t o  explore  a r e a s  of i n t e r e s t  i n  g r e a t e r  depth than would normally 

be poss ib le .  

P r e r e q u i s i t e  

S tudents  wishing t o  take Science Seminar w i l l  be requi red  t o  have 

s u c c e s s f u l l y  completed phys ica l  sc ience ,  and a t  l e a s t  one course i n  the a r e a  

t o  be emphasized. The consent  of the  i n s t r u c t o r  i s  requi red  t o  t ake  t h i s  course.  

Course In t roduc t ion  

The goal  of t h i s  course  i s  t o  involve s tuden t s  i n  research a c t i v i t i e s  i n  

which they design and conduct experiments i n  a conten t  a r ea  r e l a t e d  t o  t h e i r  own 

i n t e r e s t s  and needs, S tudents  w i l l  ga in  experience i n  research techniques and 

l e a r n  those  s k i l l s  necessary  t o  conduct an inves t iga t ion .  Those s tuden t s  involved 

i n  t h i s  course w i l l  ga in  knowledge by experiencing t h e  process  of sc ience ,  



SCIENCE SEMINAR 

In t roduc to ry  A c t i v i t i e s  

The Science Seminar course  w i l l  begin with an o r i e n t a t i o n  and an i n t r o d u c t i o n  

t o  t h e  research  process  v i a  t h e  fo l lowing  e i g h t  Lessons: 

1. The Nature of Science: The research  process  w i l l  be presented a s  an 

organized method of study. Exerc i ses  w i l l  be condukted i n  which the  

proper  a t t i t u d e s  toward research  and causa l  r e l a t i o n s h i p s  w i l l  be 

demonstrated. 

2. Experimental Design: The accepted methods of experimental  des ign  w i l l  be 

demonstrated. 

3. Measurement and Co l l ec t i on  of Data: The problems a s soc i a t ed  wi th  measurement 

and c o l l e c t i o n  of d a t a  w i l l  be examined. 

4 .  Analysis  of Data: S t a t i s t i c s  and methods of a n a l y s i s  of d a t a  w i l l  be 

considered and explained. 

5 . Computer Operat ions:  The proper  use  of microcomputers w i l l  be demonstrated. 

6 l P repa ra t i on  of Research Reports: The accepted format t o  be used f o r  

w r i t t e n  r e p o r t s  w i l l  be demonstrated. I n s t r u c t i o n s  w i l l  be given f o r  t he  

o r a l  p r e sen t a t i on  of r epo r t s .  

7. Laboratory Safe ty :  The s t u d e n t s  w i l l  be given i n s t r u c t i o n  i n  l abo ra to ry  

s a f e t y  procedures  and i n  t he  proper c a r e  and t rea tment  of equipment, 

8 Conducting a C la s s  Pro jec t :  A s h o r t  research  p r o j e c t  w i l l  be conducted 

by t h e  e n t i r e  c l a s s  a s  a method of  ga in ing  experience with t he  research  

prOCeSSI 



The e i g h t  i n t r o d u c t o r y  l e s s o n s  w i l l  r e q u i r e  approx imate ly  t h r e e  weeks t o  complete.  

During t h e  o r i e n t a t i o n  p e r i o d ,  s t u d e n t s  w i l l  meet i n d i v i d u a l l y  w i t h  t h e  

i n s t r u c t o r  t o  de te rmine  t h e  g o a l s  and o b j e c t i v e s  t o  be met by t h a t  s tuden t .  

These g o a l s  may i n c l u d e  an  i n  dep th  s t u d y  o f  a  s p e c i f i c  t o p i c ,  p r e p a r a t i o n  f o r  

an  advanced placement exam, or  c a r e e r  e x p l o r a t i o n ,  The g o a l s  s e t  by t h e  

s t u d e n t  w i l l  be reviewed p e r i o d i c a l l y  by t h e  i n s t r u c t o r  and t h e  s t u d e n t ,  The 

g o a l s  may need t o  be  c l a r i f i e d  o r  r e v i s e d  a s  t h e  s t u d e n t ' s  i n t e r e s t s  and p l a n s  

change. 

A t  t h e  complet ion of t h e  t h r e e  weeks of o r i e n t a t i o n ,  t h e  s t u d e n t s  w i l l  p l an  and 

complete  i n v e s t i g a t i o n s  of t h e i r  choice .  These i n v e s t i g a t i o n s  can be done 

i n d i v i d u a l l y  o r  i n  smal l  groups ,  When a  p r o j e c t  i s  completed,  i t  w i l l  be 

p r e s e n t e d  i n  both  a w r i t t e n  r e p o r t  and i n  an o r a l  seminar  s e s s i o n .  



P r o j e c t  Approach t o  Science I n s t r u c t i o n  

Student P r o j e c t  Guide 

The s tuden t  p r o j e c t  guide begins with a s h o r t  d i scuss ion  of the t o p i c  

and i s  designed more t o  r a i s e  ques t ions  than t o  impart information,  The s tudent  

a then given some sugges t ions  of poss ib l e  procedures t o  follow, bu t  only i n  the  

rery lowest l e v e l  p r o j e c t s  a r e  t he  i n s t r u c t i o n s  spec i f i c .  The s tudent  i s  

encouraged t o  use  h i s  o r  h e r  own c r e a t i v i t y  i n  developing. a p ro j ec t  procedure. 

~ n s t r u c t o r ' s  P ro j ec t  Guide 

The i n s t r u c t o r ' s  guide is designed t o  provide the  teacher  with information 

necessary  t o  h e l p  the  s tudent  plan and c a r r y  o u t  the pro jec t .  The i n s t r u c t o r ' s  

guide c o n s i s t s  of s i x  s ec t ions :  

1. Applicat ion:  A s ta tement  i s  made which sugges ts  which courses  t he  p ro j ec t  

w i l l  apply to ,  and i n  some cases ,  the  l e v e l  of d i f f i c u l t y  i s  ind ica ted .  

2. Major concepts:  The s c i e n t i f i c  knowledge o r  conten t  i s  descr ibed i n  s eve ra l  

s h o r t  s ta tements .  

3. Objec t ives :  The expected s tuden t  achievement i s  descr ibed by way of 

performance o b j e c t i v e s  i n  the  cogn i t i ve ,  psychomotor, and a f f e c t i v e  domains. 

4, Suggested procedure: Some sugges t ions  a r e  o f f e red  f o r  t h e  teacher  t o  use  

i n  guiding t h e  s tudent  i n t o  a product ive and i n t e r e s t i n g  procedure. 

5 . Safe ty  notes:  Suggestions and warnings a r e  made with r e spec t  t o  any 

hazards  which may e x i s t  with a p a r t i c u l a r  p a r t  of a project .  

6. References: A l is t  of L i t e r a t u r e  sources  pe r t a in ing  t o  the p r o j e c t  i s  

included,  These sources  may be used a s  background f o r  t he  i n s t r u c t o r ,  or  

o f f e r e d  t o  the s tuden t  f o r  use  i n  beginning a l i t e r a t u r e  search. 




