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A th o rou g h  re v ie w  o f  t h e  l i t e r a t u r e  s u g g e s t e d  t h a t  a 

c o m p u t e r - a s s i s t e d  c u r r i c u l u m  had a p o s i t i v e  e f f e c t  on 

s t u d e n t  ach ievem en t  and s t u d e n t  a t t i t u d e s  tow ard  s c i e n c e .  

The l i t e r a t u r e  a l s o  c la im ed  t h e r e  was a g e nd er  b i a s  in  

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

T h e r e f o r e ,  t h e  p r im a ry  p u rp o se  o f  t h i s  s t u d y  was to  

d e te rm in e  i f  s t u d e n t  p a r t i c i p a t i o n  in  an advanced  

c o m p u t e r - a s s i s t e d  w e a th e r  c u r r i c u l u m  would make a  

d i f f e r e n c e  in  s t u d e n t  a ch iev em en t  and s t u d e n t  a t t i t u d e  

toward th e  s u b j e c t .

The s u b j e c t s  in  t h i s  s t u d y  were  99 s t u d e n t s  i n  E a r t h  

Sc ien c e  c l a s s e s  from a r u r a l  m idd le  s c h o o l  in  N o r t h e a s t e r n  

G e o rg ia .  The s t u d e n t s  were a s s i g n e d  t o  t r i a d s  o f  a l l  male
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o r  a l l  fem a le  mixed a b i l i t y  c o o p e r a t i v e  l e a r n i n g  g r o u p s .  

The t r i a d s  a s s i g n e d  t o  t h e  e x p e r i m e n t a l  g rou p  p a r t i c i p a t e d  

in  a c o m p u t e r - a s s i s t e d  w e a t h e r  c u r r i c u l u m  and t h e  t r i a d s  

a s s i g n e d  t o  t h e  com p ar ison  g ro u p  p a r t i c i p a t e d  i n  a 

t r a d i t i o n a l  w e a th e r  c u r r i c u l u m .

S c ie n c e  a t t i t u d e  was m easu red  w i t h  th e  E s t e s  A t t i t u d e  

S c a l e .  S tu d e n t  a c h ie v e m e n t  was m easured  w i t h  t h e  W eather  

C oncep ts  T e s t  (WCT) d e s i g n e d  by t h e  r e s e a r c h e r .  A two-way 

t r e a t m e n t  by g e n d e r  a n a l y s i s  o f  v a r i a n c e  was u se d  t o  

a n a l y z e  t h e  d a t a .  The r e s u l t s  showed t h a t  t h e r e  was no 

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

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

s t u d e n t  a ch iev e m e n t  and s t u d e n t  a t t i t u d e s  tow ard  s c i e n c e .  

In a d d i t i o n ,  no s i g n i f i c a n t  d i f f e r e n c e  was found  be tw een  

male and fem a le  s c o r e s  m e a s u r i n g  s t u d e n t  a c h ie v e m e n t  and 

s t u d e n t  a t t i t u d e s  tow ard  s c i e n c e .

The r e s u l t s  s u g g e s t  t h a t  f u t u r e  s t u d i e s  s h o u ld  

a s c e r t a i n  w h e th e r  common o r  mixed g e n d e r  g r o u p i n g  would be 

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

s c i e n c e  i n s t r u c t i o n .
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PHAETER I 

INTRODUCTION

W eathe r  a f f e c t s  m id d le  s c h o o l  s t u d e n t s *  d a i l y  l i v e s  

more th a n  any  o t h e r  a r e a  o f  s c i e n c e .  When t h e y  w a tch  th e  

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

advanced  t e c h n o lo g y  t h a t  u n t i l  r e c e n t l y  t e a c h e r s  c o u ld  

o n ly  dream a b o u t  o p e r a t i n g  in  t h e i r  c l a s s r o o m s  (M a u ra i s ,  

1993) .

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

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

m easure  l o c a l  t e m p e r a t u r e s ,  w in d s ,  and r a i n f a l l  (G a rd n e r  ft 

Simmons, 1990) .  C u r r e n t l y ,  t h e r e  a r e  g r o u n d - b a s e d  

computer  n e tw o rk s  and  w e a t h e r  s a t e l l i t e  r e c e i v i n g  sy s te m s  

a v a i l a b l e  f o r  t e a c h e r s  t o  u se  i n  s c i e n c e  c l a s s r o o m s  

( D a v i d o f f ,  1990; Summers, 1989) .  These  sy s te m s  o b t a i n  u p -  

t o - t h e - m i n u t e  w e a th e r  d a t a  f rom a ro u n d  t h e  w o r ld  which  

a l l o w  s t u d e n t s  t o  work w i t h  c o m p u te r s  a s  p r o b l e m - s o l v i n g  

t o o l s  ( T i l l e r y ,  1990) .  W ith  t h e s e  s y s t e m s ,  s t u d e n t s  can 

o b t a i n  r e a l  d a t a  from sp a c e  w h ic h ,  i n  t u r n ,  can  be 

o r g a n i z e d ,  m a n i p u l a t e d ,  t e s t e d ,  and  i n t e r p r e t e d  t o  en hance  

t h e i r  l e a r n i n g  (H indson  ft Tem ple ,  1989) .

Today, w e a t h e r  s t a t i o n s  found  in  m id d le  s c h o o l s  and 

h ig h  s c h o o l s  may i n c l u d e  t h r e e  b a s i c  com ponen ts :  l o c a l
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ground  i n s t r u m e n t s ,  com pute r  n e tw o rk  c a p a b i l i t i e s ,  and a 

g r o u n d - b a s e d  w e a t h e r  s a t e l l i t e  r e c e i v i n g  s t a t i o n  ( B e h r e n s ,

19 9 0 ) .  These  t y p e s  o f  w e a t h e r  s t a t i o n s  e n a b l e  s t u d e n t s  t o  

c o l l e c t  l o c a l ,  n a t i o n a l ,  and  i n t e r n a t i o n a l  w e a t h e r .

A m ajo r  p a r t  o f  t h e  w e a t h e r  s t a t i o n  i s  t h e  w e a t h e r  

s a t e l l i t e  image r e c e i v i n g  e q u ip m e n t .  T h i s  equ ipm en t  

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

from American  and R u s s i a n  s a t e l l i t e s  (Bermann ft F l e t c h e r ,

1991) .  The r a d i o  waves a r e  a n a l y z e d  by t h e  c o m p u te r ,  and 

images o f  t h e  w e a t h e r ,  a s  s e e n  from s p a c e ,  a r e  p l a c e d  on 

t h e  com puter  m o n i t o r .  These  s a t e l l i t e  images and ground  

d a t a  may t h e n  be i n t e r p r e t e d  by t h e  s t u d e n t s  t o  s t u d y  t h e  

w e a th e r  (Summers, 1989) .

J u s t i f i c a t i o n  f o r  S tu dy  

T here  h as  been  a m a jo r  push  by s c i e n c e  o r g a n i z a t i o n s ,  

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

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

c l a s s r o o m s  (Am erican  G e o l o g i c a l  A s s o c i a t i o n ,  1991;

A t c h l e y ,  1993; B a t e s ,  1982; G a rd n e r  ft Simmons, 1990; 

N a t i o n a l  S c i e n c e  T e a c h e r s  A s s o c i a t i o n  (NSTA), 1987; P e r l ,

1990) .

S c i e n c e  e d u c a t o r s  have  c o n s i s t e n t l y  recommended 

t e a c h i n g  a c t i v i t i e s  and  methods  which  e n c o u r a g e  s t u d e n t s  

t o  c o l l e c t ,  o r g a n i z e ,  and  i n t e r p r e t  d a t a  (G an tu  ft Heron ,  

1978; D o n n e l l a n ,  1981; G a rd n e r  ft Simmons, 1990; N a t i o n a l
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S c i e n c e  T e a c h e r s  A s s o c i a t i o n ,  1 9 8 7 ) .  The com pute r  i s  t h e  

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

i n t e g r a t e d  i n t o  t h e  s c i e n c e  c u r r i c u l u m  ( E l l i s ,  1984) .

More r e s e a r c h  on t h e  e f f e c t i v e n e s s  o f  t e a c h i n g  methods  

w i t h  com pu te r  i n t e r a c t i o n  has  been  e n c o u r a g e d  by e d u c a t o r s  

in  an e f f o r t  t o  d e t e r m i n e  t h e i r  e f f e c t i v e n e s s  i n  t h e  

s c i e n c e  c l a s s r o o m  ( Jo h n so n  & Jo h n s o n ,  1986; L i l l i e ,

Hannum, & S t u c k ,  1989; Sherwood & H a s e l b r i n g ,  1 986) .

E d u c a t o r s  and r e s e a r c h e r s  i n  b o t h  t h e  s c i e n c e  and 

computer  f i e l d s  have a sk e d  f o r  com pu te r  t r a i n i n g  and 

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

s k i l l s  (B e n d e r ,  1991;  M o r r i s ,  1983; R obinson  ft Schonborn ,

19 9 1 ) .  T h e re  i s  g e n e r a l  a g re e m e n t  t h a t  s t u d e n t s  s h o u ld  

u se  t h e  com pu te r  t o  s o l v e  r e a l  and s i m u l a t e d  p r o b l e m s ,  bu t  

more r e s e a r c h  i s  needed  t o  d e t e r m i n e  t h e  e f f e c t i v e n e s s  o f  

com pu te r  a c t i v i t i e s  on s t u d e n t  a c h ie v e m e n t  and s t u d e n t  

a t t i t u d e  tow ard  s c i e n c e  ( J o h n s o n  ft J o h n s o n ,  1986;  K o b a l l a  

ft R i c e ,  1985; Sherwood ft H a s s e l b r i n g ,  19 86 ) .

W eather  s a t e l l i t e  s y s te m s  a r e  j u s t  b e g i n n i n g  t o  be 

im plem ented  by t e a c h e r s  i n t o  m i d d l e - s c h o o l  and h i g h - s c h o o l  

c l a s s r o o m s  t h r o u g h o u t  t h e  U n i t e d  S t a t e s  and Europe  

( B e h re n s ,  1993; M a r t i n ,  1987; M a u r a i s ,  1 9 9 3 ) .  The 

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

and a com pu te r  n e tw o rk  c o n n e c t i o n  v i a  a  modem has  

p o t e n t i a l l y  p l a c e d  a p l e t h o r a  o f  i n f o r m a t i o n  a t  t h e  f i n g e r
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t i p s  o f  s t u d e n t s  (Adams, 1989; T i l l e r y ,  1 9 9 0 ) .  The 

w e a t h e r  s t a t i o n ,  o p e r a t e d  by t h e  s t u d e n t s ,  o f f e r s  a r e a l  

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

i t ,  and th e n  make p r e d i c t i o n s  a b o u t  t h e  e n v i ro n m e n t  a rou n d  

them ( M a r t i n ,  1988; Summers, 1989) .

The q u e s t i o n  o f  g e n d e r  b i a s  in  b o t h  s c i e n c e  and 

c o m p u t e r - a s s i s t e d  i n s t r u c t i o n  h as  been  i d e n t i f i e d  by 

s e v e r a l  r e s e a r c h e r s .  In  most c a s e s ,  r e s e a r c h  r e s u l t s  

f a v o r  m a le s  o v e r  f e m a le s  i n  s c i e n c e  a c h ie v e m e n t  and 

s t u d e n t  a t t i t u d e  tow ard  s c i e n c e ,  b u t  t h e  d e g r e e  t o  which 

g e n d e r  may i n f l u e n c e  l e a r n i n g  and a t t i t u d e s  r e l a t e d  to  

s c i e n c e  i s  i n c o n c l u s i v e  (B e c k e r ,  1989; DeRemmer, 1989; 

E d u c a t i o n a l  T e s t i n g  S e r v i c e ,  1989; F e t l e r ,  1985; F o r s y t h  ft 

Lancy,  1989; Handley  ft Morse ,  1984; L in n ,  1985; Simpson ft 

O l i v e r ,  1985) .  A l s o ,  r e s e a r c h  i s  needed  t o  d e t e r m i n e  th e  

most e f f e c t i v e  k i n d s  o f  a c t i v i t i e s  t o  u se  in  s c i e n c e  

c l a s s r o o m s  and t h e  e x t e n t  t o  w h ich  u se  o f  t e c h n o l o g y  

f a c i l i t a t e s  l e a r n i n g  and a t t i t u d e  tow ard  s c i e n c e .

(Germann, 1988; Cannon ft S impson,  1985; O l i v e r ,  19 8 9 ) .

Only a  few s t u d i e s  have been  l o c a t e d  w h ich  exam ined  t h e  

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

a ch iev e m e n t  and a t t i t u d e s  o f  s t u d e n t s  in  t h e  s c i e n c e  

c l a s s r o o m  (G ard n e r  ft Simmons, 1990) .

S t a te m e n t  o f  Prob lem

The g e n e r a l  p u rp o s e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  i f
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s t u d e n t  p a r t i c i p a t i o n  i n  an ad v an c ed  c o m p u t e r - a s s i s t e d  

w e a th e r  c u r r i c u l u m  makes a d i f f e r e n c e  i n  s t u d e n t  

a c h iev e m e n t  i n  s c i e n c e  and s t u d e n t  a t t i t u d e  to w a rd  t h e  

s u b j e c t .  A s a t e l l i t e - l i n k e d  w e a t h e r  s t a t i o n  was u se d  t o  

t e a c h  a  w e a t h e r  u n i t  t o  e i g h t h - g r a d e  s t u d e n t s  e n r o l l e d  in  

E a r t h  S c i e n c e  c l a s s e s  i n  a m id d le  s c h o o l  l o c a t e d  in  

N o r t h e a s t e r n  G e o r g i a .

The s p e c i f i c  p ro b lem  t o  w h ich  an answ er  was so u g h t  

was:  Do e i g h t h - g r a d e  male and fem a le  s t u d e n t s  who

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

w e a th e r  d i f f e r  in  s t u d e n t  a c h ie v e m e n t  and  a t t i t u d e s  tow ard  

s c i e n c e  from male and fem a le  s t u d e n t s  who s t u d y  w e a th e r  

u s i n g  a  w e a t h e r  s t a t i o n  w i t h  s a t e l l i t e  image r e c e p t i o n  

c a p a b i 1 i t  i e s ?

H y p o th e ses  

The f o l l o w i n g  h y p o t h e s e s  were  p r o p o s e d :

HI: T h e re  w i l l  be a  s i g n i f i c a n t  d i f f e r e n c e  be tw een

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

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

who s t u d y  w e a t h e r  u s i n g  t r a d i t i o n a l  l e s s o n s .

H2: T h e re  w i l l  be a s i g n i f i c a n t  d i f f e r e n c e  be tw een

t h e  a t t i t u d e  to w ard  s c i e n c e  o f  s t u d e n t s  who s t u d y  w e a th e r  

u s i n g  a  s a t e l l i t e  r e c e i v i n g  s t a t i o n  and s t u d e n t s  who s t u d y  

w e a th e r  u s i n g  t r a d i t i o n a l  l e s s o n s .
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H3: T h e re  w i l l  be a  s i g n i f i c a n t  d i f f e r e n c e  be tw een

male  and fe m a le  a v e r a g e  s c o r e s  on t e s t s  t h a t  m easu re  

s t u d e n t  a c h i e v e m e n t .

H4: T h e re  w i l l  be a  s i g n i f i c a n t  d i f f e r e n c e  be tw een

male and fem a le  a v e r a g e  s c o r e s  on t e s t s  t h a t  m easure  

s t u d e n t  a t t i t u d e  to w a rd  s c i e n c e .

D e f i n i t i o n  o f  Terms

C o m p u te r - A s s i s t e d  W ea the r  C u r r i c u l u m . A p rogram  o f  

s t u d y  which  a l l o w s  s t u d e n t s  t o  c o l l e c t  and o r g a n i z e  

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

S a t e  11i t e . A man-made o b j e c t  o r  v e h i c l e  i n t e n d e d  t o  

o r b i t  t h e  e a r t h ,  t h e  moon, o r  a n o t h e r  c e l e s t i a l  body .  A 

c e l e s t i a l  body o r b i t i n g  a n o t h e r  o f  l a r g e r  s i z e  ( W e b s t e r ' s  

New C o l l e g i a t e  D i c t i o n a r y ,  1980,  p .  1018) .

S a t e l l i t e  Image R e c e p t i o n . W ea the r  s a t e l l i t e s  u s e  a 

r e c i e v e r  t o  c o l l e c t  r e f l e c t e d  l i g h t  and h e a t  r e a d i n g s  from 

t h e  a tm o s p h e r e  and s u r f a c e  o f  t h e  E a r t h .  T h i s  i n f o r m a t i o n  

i s  r e l a y e d  t o  a  g ro u nd  s t a t i o n  w h ich  c o l l e c t s  t h e  d a t a  and 

p r e s e n t s  i t  t o  t h e  o p e r a t o r  a s  a  p i c t u r e  o r  image (H indson  

A Temple ,  1990, pp .  1 5 - 1 7 ) .

S t u d e n t  ( P u o i 1) A c h ie v e m e n t . The s t a t u s  o f  a s t u d e n t  

w i t h  r e s p e c t  t o  a t t a i n e d  s k i l l s  o r  knowledge a s  compared 

w i t h  o t h e r  s t u d e n t s  o r  w i t h  t h e  s c h o o l ’ s a d o p te d  s t a n d a r d s  

(Good, 1959, p .  7 ) .
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S tu d e n t  A t t i t u d e  Toward S c i e n c e . The t e n d e n c y  t o  

e v a l u a t e  s c i e n c e  in  p o s i t i v e  o r  n e g a t i v e  t e r n s  o r  f e e l i n g s  

( K o b a l l a  & C row ley ,  1985, p .  2 2 3 ) .

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

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

l e a r n i n g ,  and l a b  e x e r c i s e s  b u t  does  no t  i n c l u d e  t h e  use  

o f  t h e  w e a th e r  s t a t i o n .

W eather  S t a t i o n . A s y s te m  d e s i g n e d  t o  a s s i m i l a t e  

w e a th e r  d a t a  u s i n g  a v a r i e t y  o f  s t a n d a r d  i n s t r u m e n t s ,  a 

w e a th e r  s a t e l l i t e  r e c e i v i n g  s t a t i o n ,  and a n e tw o rk  o f  

c o m p u t e r s .

W eather  S a t e l l i t e  R e c e i v i n g  S t a t i o n . A sy s te m  

program ed t o  i n p u t  d a t a  from a  w e a t h e r  s a t e l l i t e  v i a  r a d i o  

waves th r o u g h  an a n t e n n a .

D e l i m i t a t i o n s

The l i m i t a t i o n s  o f  t h i s  s t u d y  were  a s  f o l l o w s :

1. The s u b j e c t s  were  l i m i t e d  t o  e i g h t h - g r a d e  E a r t h  

S c i e n c e  s t u d e n t s  in  f o u r  c l a s s e s  who a t t e n d e d  a  m id d le  

s c h o o l  i n  N o r t h e a s t e r n  G e o r g ia  d u r i n g  t h e  1993-94 s c h o o l  

y e a r .

2 . The v a r i a b l e s  o f  t h i s  s t u d y  were  l i m i t e d  t o  

s t u d e n t  ach iev e m e n t  in  w e a t h e r ,  s t u d e n t  a t t i t u d e  tow ard  

s c i e n c e ,  and g e n d e r .
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3. I n s t r u c t i o n  was l i m i t e d  t o  one t e a c h e r .

4 . A l l  v a r i a b l e s ,  c o n d i t i o n s ,  and s u b j e c t s  n o t  so  

s p e c i f i e d  were  c o n s i d e r e d  o u t s i d e  o f  t h i s  s t u d y .
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CHAP TER 1 1

REVIEW OF U££ LITERATURE 

On O c to b e r  4 t h ,  1957 a b a s k e t b a l l - s i z e d  s a t e l l i t e  

named S p u t n i k  I was l a u n c h e d  i n t o  t h e  o u t e r  r e g i o n s  o f  our  

a tm o sp h e re  b e g i n n i n g  t h e  Space Age (Asimov, 1970;

S p o n s l e r ,  1958) .  The sp a c e  r a c e  h as  been  one o f  th e  

l e a d i n g  c a t a l y s t s  f o r  t e c h n o l o g i c a l  g row th  and deve lopm ent  

o v e r  t h e  p a s t  t h i r t y - f i v e  y e a r s .

S a t e l l i t e s  a r e  now b e i n g  u se d  t o  o b s e r v e  t h e  w e a t h e r ,  

p r e d i c t  c ro p  y i e l d s ,  r e l a y  t e l e v i s i o n  b r o a d c a s t s  and 

t e l e p h o n e  s i g n a l s ,  and more (Berman & F l e t c h e r ,  1991; 

C a r l e t o n ,  1991; H aynes ,  1988; S c o r e r ,  1986) .  T h i s  form o f  

t e c h n o lo g y  i s  i n f l u e n c i n g  t h e  l i v e s  o f  m i l l i o n s  o f  p e o p le  

e ac h  d ay .  The u se  o f  e n v i r o n m e n t a l  s a t e l l i t e  d a t a  in  

c l a s s r o o m s  i s  t h e  f a s t e s t  g row ing  a p p l i c a t i o n  o f  s a t e l l i t e  

d a t a  in  th e  w o r ld  (Popham, 1992) .  I t  has  been  d i f f i c u l t  

f o r  r e s e a r c h e r s  and e d u c a t o r s  t o  o b t a i n  knowledge ab o u t  

t h e s e  s a t e l l i t e  sy s te m s  b e c a u s e  t h e  i n f o r m a t i o n  i s  b u r i e d  

in  s c i e n t i f i c  t e x t s  and r e l a t e d  t e c h n i c a l  j o u r n a l s  

( D a v id o f f ,  19 90 ) .  S a t e l l i t e  t e c h n o l o g y  has  now d e v e lo p e d  

t o  a p o i n t  where  e d u c a t i o n a l  a p p l i c a t i o n  s h o u l d  be 

r e s e a r c h e d .

9
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W i t h e r  IffiftKg I n t e r p r e t a t i o n  in  t h e  C u r r i c u lu m

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

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

and b u i l d i n g  a  s t a t i o n .  A d e t a i l e d  s t e p - b y - s t e p  a p p ro a c h  

t o  b u i l d i n g  a s a t e l l i t e  r e c e i v i n g  s t a t i o n  i s  o u t l i n e d  by 

NOAA (1989)  and Popham ( 1 9 8 4 ) .  T h e i r  em p h a s i s  i s  on th e  

t e c h n i c a l  d e t a i l s  o f  h a rd w a re  and r e c e p t i o n .  V a r io u s  ways 

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

a b o u t  how t o  r a i s e  t h e  n e c e s s a r y  fu n d s  n e eded  t o  p u r c h a s e  

t h e  equ ipm ent  a r e  l i s t e d  ( M a r t i n ,  1987) .  P e t i t  and 

Johnson  (1982)  d e s c r i b e d  how t o  o b t a i n  and i n t e r p r e t  

s a t e l l i t e  images from a h ig h  s c h o o l  p h y s i c s  p e r s p e c t i v e  

and o u t l i n e d  a  p rog ram  t h a t  t o l d  t h e  r e a d e r  how t o  d e s i g n  

a w e a t h e r  r e c e i v i n g  s t a t i o n .  T h e i r  p rogram  f o c u s e s  on th e  

t e c h n i c a l  a s se m b ly  o f  components  o r  t h e  a c t u a l  b u i l d i n g  o f  

a  w e a t h e r  s a t e l l i t e  r e c e i v i n g  s t a t i o n .

Most m id d le  s c h o o l  t e a c h e r s  do n o t  have  t h e  t im e  o r  

t h e  e x p e r i e n c e  t o  a s s e m b le  a  w e a t h e r  s a t e l l i t e  r e c e i v i n g  

s t a t i o n  from v a r i o u s  component  p a r t s  ( B e h r e n s ,  1 993) .  The 

c u r r e n t  sy s te m s  can be p u r c h a s e d  a s  a  c o m p le te  r e c e i v i n g  

s t a t i o n ,  r e a d y  t o  r e c e i v e  images ( L e h r a i n  & L i g h t f o o t ,  

1985; Adams, 1989) .  As a  r e s u l t  o f  t h i s  advancem ent  in  

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

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

c o m p le te  sy s te m  ( D a v i s ,  19 92 ) .
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H i s t o r i c a l l y ,  l e s s o n s  a b o u t  t e c h n o l o g y  in  sp a c e  have 

p r i m a r i l y  f o c u s e d  on sp a c e  e x p l o r a t i o n  (M a g n o l i ,  D o u g la s ,  

ft E l l i s ,  1983) .  T h i s  c o n c e p t  i s  i m p o r t a n t ,  b u t  by i t s  

n a t u r e ,  do es  n o t  i n v o l v e  t h e  s t u d e n t s  in  a  h a n d s -o n  

e x p e r i e n c e  w i t h  sp a c e  t e c h n o l o g y .  T e a c h e r s  c o u ld  o n ly  

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

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

and h a n d s -o n  e x p e r i e n c e  ( S h a v e l s o n  ft B a x t e r ,  1992) .

Sprungman (1990)  a g r e e d  w i t h  t h e  i d e a  o f  s t u d e n t  

in v o lv em en t  i n  sp a c e  e x p l o r a t i o n  p ro b lem s  and 

o p p o r t u n i t i e s .  He b e l i e v e s  t h e  f e d e r a l  governm ent  s h o u ld  

d e v e lo p  p rog ram s t h a t  a l l o w  s t u d e n t s  t o  work w i t h  modern 

t e c h n o l o g y .  S a t e l l i t e  r e c e i v i n g  s t a t i o n s  g i v e  t o d a y ' s  

s t u d e n t s  t h e  c h an c e  t o  work w i t h  t h e  b a s i c  t o o l s  and 

c o n c e p t s  t h a t  w i l l  f o s t e r  i n t e r e s t  in  f u t u r e  sp a c e  and 

s a t e l l i t e  e x p l o r a t i o n  ( A l l e n ,  1990) .

In  t h e  l a t e  1970*s and  e a r l y  1 9 8 0 ' s ,  t h e  N a t i o n a l  

A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  (NASA) worked w i t h  

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

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

r e c e i v i n g  s t a t i o n  c u r r i c u l u m .  These  NASA recom m enda t ions  

were a s  f o l l o w s :

1) T r a i n  s t u d e n t s  t o  o p e r a t e  s t a t i o n  e q u ip m e n t .

2) D eve lop  t r a c k i n g  maps and m a t e r i a l s  s t u d e n t s  can  use  

t o  l o c a t e  s p a c e c r a f t  a s  t h e y  o r b i t .
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3) A na lyze  s a t e l l i t e  p h o t o g r a p h s  by s t u d y i n g  l o c a l  

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

w e a th e r  d e v e lo p m e n t .

4) M a i n t a in  d a i l y  l o c a l  w e a t h e r  i n f o r m a t i o n  and 

c o r r e l a t e  i t  t o  t h e  s a t e l l i t e  d a t a  r e c e i v e d .

5) Compile  t h e  d a t a  r e c e i v e d  and d e v e l o p  d a i l y  w e a th e r  

r e p o r t s .

6) Al low t h e  f a c i l i t i e s  t o  be u s e d  f o r  f i e l d  t r i p s  o f  

v i s i t i n g  s t u d e n t s .

These  r ecom m enda t ions  a l l o w  f o r  p ro b lem  s o l v i n g ,  th e  

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

w e a t h e r ,  and  many o t h e r  s c i e n c e  t e a c h i n g  m ethods  (Summers 

A O otw a ld ,  19 8 1 ) .  Summers (1989b)  l a t e r  f o l l o w e d  t h e s e  

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

t h a t  e n c o u ra g e d  s t u d e n t s  t o  s t u d y  c o n te m p o r a r y  p ro b lem s  

t h a t  c o u ld  be a n a l y z e d  by a w e a t h e r  s a t e l l i t e  r e c e i v i n g  

s t a t i o n .  One su c h  p r o j e c t  a l l o w e d  two s t u d e n t s  t o  c a p t u r e  

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

G u l f  o f  Mexico.  At t h e  c u l m i n a t i o n  o f  t h e  p r o j e c t ,  t h e  

two s e n i o r s  p u b l i s h e d  t h e i r  p i c t u r e s  in  W ea th e rw ise  

m a g a z i n e .

M a r t in  (1987)  s t a t e s  t h a t  s t u d e n t s  s h o u l d  work in  

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

p e r t a i n i n g  t o  o p e r a t i o n ,  r a i s i n g  fu n d s  t o  p u r c h a s e  

e q u ip m e n t ,  and c u r r i c u l u m  d e v e lo p m e n t .  She f o l l o w e d  t h e s e
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NASA g u i d e l i n e s  and d e v e lo p e d  a  h ig h  s c h o o l  c u r r i c u l u m  

t h a t  i n v o lv e d  t h e  s t u d e n t s  in  o b t a i n i n g  d a i l y  w e a th e r  

s a t e l l i t e  im ages .  I n c o r p o r a t e d  were  a l l  t h e  g u i d e l i n e s  

l i s t e d  by Summers and NASA. T h i s  a p p ro a c h  e n a b l e d  th e  

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

team b u i l d i n g  tow ard  a  common g o a l .  M a r t i n  a l s o  f e l t  t h a t  

an i n t e r n a t i o n a l  o r g a n i z a t i o n  s h o u ld  be e s t a b l i s h e d  t o  

e n a b l e  s t u d e n t s  from a l l  o v e r  t h e  w o r ld  t o  o b t a i n  and 

s h a r e  i n f o r m a t i o n .

The N a t i o n a l  S c i e n c e  T e a c h e r s  A s s o c i a t i o n  (NSTA) 

(1982)  p u b l i s h e d  a p o s i t i o n  p a p e r  on S c i e n c e ,  T ec h n o lo g y ,  

and S o c i e t y .  T h e i r  b o a rd  o f  d i r e c t o r s  s t a t e d ,  "The goa l  

o f  s c i e n c e  e d u c a t i o n  d u r i n g  t h e  I 9 8 0 ' s  i s  t o  d e v e lo p  

s c i e n t i f i c a l l y  l i t e r a t e  i n d i v i d u a l s  who u n d e r s t a n d  how 

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

who a r e  a b l e  t o  u se  t h i s  knowledge in  e v e r y d a y  d e c i s i o n 

making" ( p .  2 ) .  Emphasis  was on p rob lem  s o l v i n g ,  e x t e n d i n g  

i n q u i r y  s k i l l s  and  r e l a t i n g  s c i e n c e  knowledge t o  e v e ry d a y  

l i f e .

C h r i s t i e s o n  (1986)  recommends t h a t  s t u d e n t s  u se  

m a t h e m a t i c s ,  g e o g ra p h y ,  com pute r  s c i e n c e ,  E n g l i s h ,  and 

many o t h e r  a r e a s  o f  l e a r n i n g  t h a t  a r e  n o t  n o r m a l ly  

a s s o c i a t e d  w i t h  t h e  s c i e n c e  c u r r i c u l u m .  Any c u r r i c u l u m  

t h a t  i s  d e v e l o p e d  s h o u ld  c o n s i d e r  im p le m e n t in g  t h e s e  

p e r i p h e r a l  s u b j e c t  a r e a s  (Berman ft F l e t c h e r ,  1991) .
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B eh rens  (1993)  s t a t e s  t h a t  when w o rk in g  w i t h  a  

l i m i t e d  amount o f  equ ipm ent  and a  f u l l  c l a s s  o f  s t u d e n t s  

( t h i r t y  o r  m o r e ) ,  i t  i s  d i f f i c u l t  t o  i n v o l v e  e v e ry o n e  i n  a 

h a n d s - o n  e x p e r i e n c e .  T h i s  i s  c o m p l i c a t e d  in  many c a s e s  by 

t h e  w ide  r a n g e  o f  s t u d e n t  b a c k g ro u n d s  and a b i l i t i e s .  To 

e n s u r e  t h a t  e a c h  s t u d e n t  i s  exposed  t o  t h e  a p p r o p r i a t e  

t e a c h i n g  m ethod ,  c o n s i d e r a t i o n  s h o u l d  be g i v e n  to  th e  

s t u d e n t s  d e v e lo p m e n ta l  s t a g e  ( S h e p h e rd  & Ragan,  1992; Ryan 

& C o o p e r , 1 992) .

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

c o n c e p t s  and  th e n  e v o l v e s  i n t o  fo rm al  p a t t e r n s  o f  

r e a s o n i n g  was recommended by Zuhn ( 1 9 8 7 ) .  He s t a t e s  t h a t  

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

e n a b l e s  s t u d e n t s  t o  move tow ard  fo rm a l  u n d e r s t a n d i n g  o f  

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

F u r t h e r m o r e ,  s t u d e n t s  must  l e a r n  t o  a n a l y z e  and d e t e r m i n e  

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

s t a t i o n  can  be  i n t e g r a t e d  i n t o  an e x i s t i n g  p rog ram ,  ( i . e . ,  

a  g e n e r a l  w e a t h e r  s t a t i o n )  t o  h e l p  s u p p o r t  t h e  deve lopm ent  

o f  fo rm al  o p e r a t i o n s  and a b s t r a c t  s k i l l s  ( B e h r e n s ,  1990) .

Adams (1989)  u s e d  a  w e a t h e r  s a t e l l i t e  r e c e i v i n g  

s t a t i o n  in  a  t e c h n o lo g y  c o u r s e  t h a t  was d e s i g n e d  t o  

i n t r o d u c e  m id d le  s c h o o l  s t u d e n t s  t o  t h e  p h y s i c s  c o n c e p t s  

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

o f  s a t e l l i t e  s i g n a l  r e c e p t i o n  b u t ,  l i t t l e  o r  no em phas is
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was p l a c e d  on w e a t h e r  i n t e r p r e t a t i o n  o r  o b s e r v a t i o n .  His 

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

s a t e  11i t e s .

A p r i m a r y  s o u r c e  o f  g e o g r a p h i c  i n f o r m a t i o n  to d a y  and 

in  t h e  f u t u r e  i s  c o m p u t e r - b a s e d  rem ote  s e n s i n g  ( E s t e s ,  

J e n s e n ,  ft S i m o n e t t ,  1980; L a n d g re b e ,  1976; R i c h a r d s o n ,  

19 7 8 ) .  E d u c a to r s  a r e  now b e i n g  e n c o u ra g e d  t o  t e a c h  

s t u d e n t s  g e o g r a p h i c  s k i l l s  u s i n g  g round  b a se d  s a t e l l i t e  

image r e c e i v i n g  s t a t i o n s  ( M a r t i n  ft M c I n t y r e ,  1990) .

The N a t i o n a l  C o u n c i l  f o r  t h e  S o c i a l  S t u d i e s  ( 1 9 8 4 ) ,  

and t h e  N a t i o n a l  C o u n c i l  f o r  G e o g ra p h ic  E d u c a t i o n  w i t h  th e  

A s s o c i a t i o n  o f  American G e o g r a p h e r s  (1984)  recommended a 

c u r r i c u l u m  f o r  m id d le  s c h o o l  s t u d e n t s  t h a t  i n c l u d e s  w o r ld  

g e o g ra p h y  w i t h  an e m p h a s i s  on g l o b a l  mapping s k i l l s .

These  o r g a n i z a t i o n s  a l s o  s u g g e s t e d  t h a t  t h e  fu n d am e n ta l  

theme o f  l o c a t i o n  ( p l a c e  on t h e  E a r t h )  s h o u l d  be t a u g h t  t o  

s t u d e n t s .  These  s k i l l s  s h o u l d  be t a u g h t  u s i n g  an i n q u i r y  

method o f  t e a c h i n g .  An i n t e g r a t i v e  a p p ro a c h  s h o u l d  be 

im plem ented  t e a c h i n g  g e o g ra p h y  s k i l l s  i n  o t h e r  d i s c i p l i n e s  

l i k e  E a r t h  S c i e n c e  (The G e o g ra p h ic  E d u c a t i o n  N a t i o n a l  

I m p le m e n ta t io n  P r o j e c t ,  19 8 9 ) .  The E d u c a t i o n a l  T e s t i n g  

S e r v i c e  (1988)  s u p p o r t e d  t h e s e  o b j e c t i v e s  and  recommended 

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

T h is  a p p l i c a t i o n  i n v o l v e s  h i g h e r  o r d e r  t h i n k i n g  s k i l l s  

w h ich  s h o u l d  enh ance  t h e  l e a r n i n g  e n v i r o n m e n t .
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S to l tm a n  (1992)  c l a i m s  s p e c i a l i z e d  maps a r e  i d e a l  f o r  

t h e  a p p l i c a t i o n  o f  map s k i l l s .  W ea th e r  maps, com p u te r  

d e s i g n e d  maps, and a w o r ld  a t l a s  a r e  recommended when 

w ork ing  on c l a s s  p r o j e c t s .  When t h e s e  maps a r e  u s e d  i n  a 

p u r p o s e f u l  manner more m eaning  i s  g i v e n  t o  l e s s o n s  which  

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

Johnson  and Oondesen (1991)  t a u g h t  l a t i t u d e  and 

l o n g i t u d e  t o  u pp e r  e l e m e n t a r y  g r a d e  s t u d e n t s  by t r a c k i n g  

h u r r i c a n e s  on a w o r ld  map. The s t u d e n t s '  map s k i l l s  were  

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

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

s t a r t s  w i t h  s im p le  t a s k s  a l l o w i n g  t h e  s t u d e n t s  t o  d e v e l o p  

more c o m p l i c a t e d  s k i l l s  u n t i l  t h e y  can  a p p l y  t h e s e  

s k i l l s  in  r e a l  s i t u a t i o n s .

S c i e n c e  C u r r i c u l u m

D o n n e l la n  (1981) and B a te s  (1982)  in  two p o s i t i o n  

s t a t e m e n t s  by t h e  N a t i o n a l  S c i e n c e  T e a c h e r s  A s s o c i a t i o n ' s  

( N S T A ) e m p h a s i z e d  t h e  im p o r t a n c e  o f  l a b o r a t o r y  

e x p e r i e n c e s  i n  t h e  c l a s s r o o m .  These  e x p e r i e n c e s  a l l o w  th e  

s t u d e n t s  t o  become in v o lv e d  in  d i r e c t  h a n d s - o n  a c t i v i t i e s  

t h a t  e n a b l e  them t o  p rob lem  s o l v e ,  u s e  c r i t i c a l  t h i n k i n g ,  

and r e a s o n i n g  s k i l l s .

L i e p o ld  (1986)  r e v ie w e d  t h e  C a r n e g i e  F o r u m 's  r e p o r t  

"A N a t io n  P r e p a r e d . "  The C a r n e g i e  p a n e l  recommended t h a t  

American e d u c a t o r s  s h o u ld  f o c u s  t h e i r  a t t e n t i o n  on t h e



www.manaraa.com

17

r e l a t i o n s h i p  be tw een  econom ics  and t h e  s k i l l s  f u t u r e  

w o rk e r s  w i l l  need  t o  be s u c c e s s f u l .  W orkers  o f  t h e  

t e c h n o l o g i c a l l y  advanced  f u t u r e  w i l l  need  t o  d e v e l o p  t h e i r  

t h i n k i n g  s k i l l s  in  a  d i f f e r e n t  way t h a n  t h e i r  

p r e d e c e s s o r s .  E d u c a t o r s  s h o u l d  p l a c e  s p e c i a l  em phas is  on 

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

Gabel (1986)  d i s c u s s e d  t h e  f i n d i n g s  o f  a  N a t i o n a l  

S c ie n c e  T e a c h e r s  A s s o c i a t i o n  (NSTA) s u r v e y  o f  j u n i o r  h ig h  

and s e n i o r  h ig h  s c h o o l  t e a c h e r s .  T h ree  h u n d red  and f o r t y -  

f o u r  t e a c h e r s  were  q u e s t i o n e d  a b o u t  which  a r e a s  o f  s c i e n c e  

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

was c o m p le te d  by e ac h  t e a c h e r .  The f o l l o w i n g  were  t h e  top  

f o u r  s e l e c t i o n s :

1) M o t i v a t i o n a l  t e c h n i q u e s  on l e a r n i n g  and c o n t i n u e d  

s c i e n c e  in v o lv e m e n t .

2) E f f e c t i v e n e s s  o f  l a b o r a t o r y  e x p e r i e n c e s .

3) I n f l u e n c e  o f  s c i e n c e  c o u r s e s  on s u c c e s s  in  c o l l e g e  

c o u r s e s .

4)  R e s e a r c h  on m e a n in g f u l  l e a r n i n g  v e r s e s  r o t e  

l e a r n i n g ,  (p .  18)

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

g e n d e r  d i f f e r e n c e s  a s  an a r e a  o f  s c i e n c e  e d u c a t i o n  t h a t  

needed  r e s e a r c h .

The N a t i o n a l  S c i e n c e  T e a c h e r s  A s s o c i a t i o n  ( 1 9 8 7 ) ,  in  

t h e i r  s e a r c h  f o r  e x c e l l e n c e  i n  s c i e n c e  e d u c a t i o n ,
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e s t a b l i s h e d  a  s t u d y  c a l l e d  " C r i t e r i a  f o r  E x c e l l e n c e . "  

S e v e r a l  m a jo r  g o a l s  f o r  a  s c i e n c e  c l a s s r o o m  were l i s t e d :

1) Promote  in d e p e n d e n t  u s e  o f  i n q u i r y  w i t h  p r a c t i c a l  

p ro b lem  i d e n t i f i c a t i o n  and s o l u t i o n .

2) Emphasize  t h e  p r o c e s s  o f  l e a r n i n g  and i n c l u d e  

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

l e a r n i n g .

3) P r o v i d e  an academ ic  b a ck g ro un d  which  e n c o u r a g e s  

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

e n t e r  a  s c i e n c e  f i e l d .

4)  Prom ote  a t t i t u d e s  t h a t  r e s u l t  in  a p p r o p r i a t e  

d e c i s i o n  m aking .

5) Emphasize  s c i e n c e  in  i n t e r d i s c i p l i n a r y  and w o rk in g  

s e t t i n g s .

6) D eve lop  an a p p r e c i a t i o n  f o r  and  c r i t i c a l  a t t i t u d e s  

to w a rd  s c i e n c e  and t e c h n o l o g y  in  s o c i e t y .

7) P r o v i d e  o p p o r t u n i t i e s  t o  compare and c o n t r a s t  

s c i e n c e  and t e c h n o l o g y  and a p p r e c i a t e  how t h e y  

c o n t r i b u t e  t o  new knowledge and power ,  ( p .  4)

Yager  and B o n n s t e t t e r  (1 99 0 ,  p .  2) i n  a  s t u d y  o f  t h e  

N a t i o n a l  S c i e n c e  T e a c h e r  A s s o c i a t i o n ’ s E x c e l l e n c e  

P ro g ra m s ,  compared s i x  Iowa s c h o o l  d i s t r i c t s  t o  d e t e r m i n e  

"ex em pla ry "  s c i e n c e  t e a c h i n g  c h a r a c t e r i s t i c s .  The r e s u l t s  

showed t e a c h e r s  look  beyond t h e  t e x t b o o k s  and c u r r i c u l u m  

g u i d e s  t o  d e f i n e  min im al  c o n c e p t s  and a c t i v i t i e s  t o  be
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u s e d .  They a r e  a l s o  s e e n  by t h e i r  s t u d e n t s , a s  l e a r n e r s  

t h e m s e lv e s  and  f a c i l i t a t o r s  and c o l l a b o r a t o r s  in  s t u d e n t  

l e a r n i n g .  E xem pla ry  t e a c h e r s  a r e  e q u ip p e d  w i t h  a v a s t  

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

The American  A s s o c i a t i o n  f o r  t h e  Advancement o f  

S c i e n c e  (1989)  in  t h e i r  p r o p o s a l , " P r o j e c t  2 0 6 1 , ” 

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

s c i e n c e  e d u c a t i o n .  The c h a n g in g  n e e d s  o f  a modern 

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

embrace s c i e n c e ,  m a t h e m a t i c s ,  and t e c h n o l o g y .  P r o j e c t  

2061 recommended s i x  g o a l s  t h a t  s h o u l d  be i n c l u d e d  in  

f u t u r e  s c i e n c e  c u r r i c u l u m s .  S t u d e n t s  s h o u l d :

1) be f a m i l i a r  w i t h  t h e  n a t u r a l  w o r ld  and r e c o g n i z e  

b o th  i t s  d i v e r s i t y  and i t s  u n i t y ;

2) u n d e r s t a n d  key  c o n c e p t s  and p r i n c i p l e s  u s e d  in  

s c i e n c e ;

3) be aware  o f  t h e  i m p o r t a n t  ways t h a t  m a t h e m a t i c s ,  

s c i e n c e ,  and t e c h n o l o g y  depend  on one  a n o t h e r ;

4) know t h a t  s c i e n c e ,  m a t h e m a t i c s ,  and t e c h n o l o g y  a r e  

human e n t e r p r i s e s  and know what t h a t  i m p l i e s  a b o u t  

t h e i r  s t r e n g t h s  and l i m i t a t i o n s ;

5) have a  c a p a c i t y  f o r  t h e  s c i e n t i f i c  way o f  

t h i n k i n g ;  and

6) u s e  s c i e n t i f i c  knowledge and ways o f  t h i n k i n g  f o r  

i n d i v i d u a l  and s o c i a l  p u r p o s e s ,  ( p .  4)
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Yager (1982b)  s u g g e s t e d  t h a t  s c i e n c e  e d u c a t o r s  need  

t o  a d j u s t  t h e i r  p r i o r i t i e s .  New g o a l s  s h o u ld  be 

e s t a b l i s h e d  t h a t  t a k e  i n t o  a c c o u n t  t h e  f u t u r e  n eed  f o r  

t e c h n o l o g i c a l  u n d e r s t a n d i n g  by b o th  s c i e n t i s t s  and th e  

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

i n c l u d e  1) d i r e c t  s t u d e n t  i n v o lv e m e n t ,  2) t e c h n o l o g y ,  and

3) t e a c h  s t u d e n t s  how s c i e n c e  im p a c t s  s o c i e t y .

S tu d e n t  A t t i t u d e s  Toward S c i e n c e

The m a jo r  f o c u s  o f  most  s c i e n c e  t e a c h i n g  p rog ram s in  

r e c e n t  y e a r s  h a s  been  on f a c t s  and  c o n c e p t s  ( H o f s t e i n  ft 

R ish p o n ,  1990) .  The i n f l u e n c e  o f  n a t i o n a l  r e f o r m  on s t a t e  

and l o c a l  c u r r i c u l a  has  p l a c e d  a g r e a t e r  e m p h a s i s  on th e  

o r g a n i z a t i o n  and p r e s e n t a t i o n  o f  s u b j e c t  m a t t e r  ( A t c h l e y ,  

1993; K o b a l l a  ft C raw ly ,  1993) .  D u r in g  t h e  p a s t  f i f t e e n  

y e a r s  t h e r e  h as  been  a  g row ing  i n t e r e s t  i n  s t u d e n t s  

a t t i t u d e ' s  to w a rd  s c i e n c e  ( O l i v e r ,  1989; Y a g e r ,  1 9 8 2 a ) .

The s t u d y  o f  a t t i t u d e s  to w ard  s c i e n c e  a l l o w s  

r e s e a r c h e r s  t o  p r e d i c t  s c i e n c e  r e l a t e d  b e h a v i o r s  in  

s t u d e n t s  ( B l o s s e r ,  1984; G a u ld ,  19 8 2 ) .  For  ex am p le ,  i f  a  

s t u d e n t  l i k e s  s c i e n c e ,  p e r f o r m a n c e  on s c i e n c e  t a s k s  w i l l  

be en h an ced  (Bloom, 19 76 ) .  These  a t t i t u d e s  can  be 

m easu red  by s t a t e m e n t s  and b e h a v i o r .

Germann (1988)  e v a l u a t e d  t h e  r e l i a b i l i t y  o f  a t t i t u d e  

i n s t r u m e n t s  u s e d  by s e v e r a l  m a jo r  r e s e a r c h e r s  who s t u d i e d  

a t t i t u d e s  to w ard  s c i e n c e .  The p u r p o s e  o f  t h i s  s t u d y  was
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t o  c l a r i f y  th e  d e f i n i t i o n  o f  " a t t i t u d e s  tow ard  s c i e n c e , "  

as  opposed  t o  th e  te rm  " s c i e n t i f i c  a t t i t u d e s . "  S c i e n t i f i c  

a t t i t u d e s  r e f e r s  to  an a p p ro a ch  someone t a k e s  to  s o l v e  a 

p rob lem . A t t i t u d e s  toward s c i e n c e ,  as  d e f i n e d  by Cermann, 

a r e  t h e  " b e l i e f s  one has abou t  th e  p r o c e s s ,  p r o d u c t s ,  o r  

r e l a t i o n s h i p s  in  s c i e n c e "  (p .  690) .

A t t i t u d e s  a r e  l e a r n e d  b e l i e f s  which a r e  i n f l u e n c e d  by 

p a s t  e x p e r i e n c e s .  S t u d e n t s  who e n jo y  w ork ing  w i t h  s c i e n c e  

r e l a t e d  a c t i v i t i e s  sh o u ld  d e v e lo p  a p o s i t i v e  a t t i t u d e  

toward  s c i e n c e  (Simpson & T r o o s t ,  1982) .  T h is  s u g g e s t s  

t h a t  i f  e d u c a t o r s  and r e s e a r c h e r s  want t o  change a t t i t u d e s  

toward  s c i e n c e  t h e y  must be p r e p a r e d  t o  d e a l  w i t h  b e l i e f s ,  

b e h a v i o r  c h a n g e s ,  and s u b j e c t  m a t t e r  ( K o b a l l a  & Crowley,

1985) .

Yager and McCormack (1986) i d e n t i f i e d  s t u d e n t  

a t t i t u d e  as one o f  f i v e  c o g n i t i v e  domains which s h o u ld  be 

u se d  t o  a s s e s s  s c i e n c e  l e a r n i n g .  Exemplary s c i e n c e  

t e a c h e r s  and s c i e n c e  t e a c h e r s  i d e n t i f i e d  a s  s t a n d a r d  were 

compared.  Exemplary t e a c h e r s :

1) d e v e lo p  more s t u d e n t  i n t e r e s t  in  s p e c i f i c  c o u r s e s  

from g ra d e  t o  g r a d e ;

2) h e lp  s t u d e n t s  become more c u r i o u s  a bou t  th e  

m a t e r i a l  w o r ld ;

3) a c t  a s  a f a c i l i t a t o r  o r  g u id e  w h i l e  i n s t r u c t i n g ;  

and
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4) h e l p  s t u d e n t s  se e  s c i e n c e  a s  a  way o f  d e a l i n g  w i t h  

p rob lem s  r a t h e r  th a n  j u s t  i n f o r m a t i o n ,  (p .  47)

Yager (1982a)  rev ie w ed  t h e  r e s u l t s  o f  a  su rv e y  

d i s t r i b u t e d  in  1978 by t h e  N a t io n a l  Assessment  o f  

E d u c a t i o n a l  P r o g r e s s  (NAEP). T h is  was one o f  t h e  f i r s t  

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

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

t h i r t e e n  y e a r - o l d s  t o  s e v e n t e e n  y e a r - o l d s  toward th e  s tu d y  

o f  s c i e n c e .  R e s u l t s  showed 1) t h e  number o f  s t u d e n t s  who 

f i n d  s c i e n c e  c l a s s e s  b o r i n g  i n c r e a s e s  be tween th e  s e v e n th  

and e i g h t h  g r a d e s ;  2) more s t u d e n t s  in  e l e v e n t h  g ra d e  f e e l  

u n c o m f o r t a b l e  a bou t  s c i e n c e  th an  th e  s t u d e n t s  in  s e v e n th  

g r a d e ;  and* 3) s t u d e n t s  in  t h e  e l e v e n t h  g ra d e  f e e l  l e s s  

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

S c ie n c e  program s need  t o  a v o id  l e s s o n s  t h a t  i n s i s t  on j u s t  

th e  m em o r iz a t io n  o f  f a c t s .  C u r r i c u l a  sh o u ld  be d e s ig n e d  

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

James and Smith (1985) s t u d i e d  a t t i t u d e s  toward  

s c i e n c e  i n  6082 s t u d e n t s  from g r a d e s  f o u r  t o  tw e lv e .  The 

r e s e a r c h e r s  found t h e  g r e a t e s t  d e c l i n e  i n  a t t i t u d e  

o c c u r r e d  between g r a d e s  s i x  and s e v e n .  S ev en th  g ra d e  was 

th e  f i r s t  y e a r  s c i e n c e  was t a u g h t  a s  a  s e p a r a t e  s u b j e c t  in 

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

d e p a r t m e n t a l i z e d  env iro nm en t  was t h e  c a u se  o f  t h e  d e c l i n e  

in  a t t i t u d e .  S t u d e n t s ’ a t t i t u d e s  were i n f l u e n c e d  by th e



www.manaraa.com

23
n a t u r e  o f  th e  s u b j e c t .  The r e s e a r c h e r s  c la im e d  poor 

a t t i t u d e s  were  c a u se d  by p o o r l y  p r e p a r e d ,  e q u ip p e d ,  and 

s u p e r v i s e d  s c i e n c e  e x p e r i e n c e s .

Cannon and Simpson (1985)  s t u d i e d  821 s e v e n t h  g ra d e  

s t u d e n t s  who were s t u d y i n g  l i f e  s c i e n c e .  T h is  s t u d y  found 

th e  p o s i t i v e  a t t i t u d e  o f  bo th  male and fem ale  s t u d e n t s  

toward  s c i e n c e  d e c r e a s e d  as  t h e  sc h oo l  y e a r  p r o g r e s s e d .

The s t u d e n t s  s c i e n c e  ach ievem en t  s c o r e s  i n c r e a s e d  u n t i l  

th e  m idd le  p a r t  o f  t h e  sch o o l  y e a r  and th e n  l e v e l e d  o f f .  

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

poor  a t t i t u d e  tow ard  s c i e n c e  and s u g g e s t e d  f u t u r e  r e s e a r c h  

sh o u ld  fo c u s  on th e  a f f e c t i v e  i n f l u e n c e s  o f  s c i e n c e  

a c h i e v e m e n t .

Simpson and O l i v e r  (1990)  t r i e d  t o  i d e n t i f y  t h e  major  

i n f l u e n c e s  on a t t i t u d e s  tow ard  s c i e n c e  and ach iev em en t  in 

s c i e n c e  e d u c a t i o n .  In  1985-86 th e  r e s e a r c h e r s  r e t u r n e d  to  

th e  s c h o o l  sy s te m  t o  d e te r m in e  i f  t h e  s e l e c t i o n  o f  s c i e n c e  

c o u r s e s ,  p a r t i c i p a t i o n  in  s c i e n c e  a c t i v i t i e s ,  s c i e n c e  

a c h i e v e m e n t ,  and o t h e r  h ig h  s c h o o l  d e c i s i o n s  c o u ld  be 

p r e d i c t e d  from th e  d a t a  c o l l e c t e d  in  1980-81.  Simpson and 

O l i v e r  found t h a t  a t t i t u d e s  toward  s c i e n c e  d ro p  e v e r y  y e a r  

a s  s t u d e n t s  p r o g r e s s  t h ro u g h  s c h o o l .  T h is  f i n d i n g  was 

c o n s i s t e n t  w i t h  th e  r e s e a r c h  o f  Yager and Yager (1 9 8 5 ) .

Yager and Yager (1985) found t h a t  s c h o o l s  have a 

s t r o n g  i n f l u e n c e  on s t u d e n t s  a t t i t u d e s  toward  s c i e n c e
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a c h ie v e m e n t .  S c ie n c e  s u c c e s s  and s e l f - c o n c e p t  i n  t e n t h  

g rad e  s t u d e n t s  were s t r o n g  p r e d i c t o r s  o f  su b s e q u e n t  

s c i e n c e  ach ievem en t  in  h ig h  s c h o o l .  I t  i s  im p o r ta n t  f o r  

e d u c a t o r s  t o  p r e s e n t  s c i e n c e  in  a  way t h a t  w i l l  promote  

p o s i t i v e  i n t e r a c t i o n  and d e v e lo p  p o s i t i v e  a t t i t u d e s  toward  

s c i e n c e  by th e  s t u d e n t s  ( H o f s t e i n  & R ish p on ,  1990; Reeve,  

1985; Yager & B l o s s e r ,  1991) .

T a l to n  and Simpson (1985)  looked a t  t h e  r e l a t i o n s h i p  

between f r i e n d s *  a t t i t u d e s  tow ard  s c i e n c e  and t h e i r  

e f f e c t s  on t h e i r  p e e r  g roup  a t t i t u d e s  tow ard  s c i e n c e .  

A pprox im ate ly  4500 s t u d e n t s  in  e l e m e n t a r y ,  m id d le ,  and 

h ig h  s c h o o l s  were su r v e y e d .  A s i g n i f i c a n t  r e l a t i o n s h i p  

was found between p e e r  and i n d i v i d u a l  a t t i t u d e s  tow ards  

s c i e n c e  in  g r a d e s  s i x ,  s e v e n ,  and e i g h t .  T h is  

r e l a t i o n s h i p  peaks  i n  n i n t h  g r a d e  a t  t h e  b e g in n i n g  o f  th e  

y e a r .  A t t i t u d e s  toward  s c i e n c e  in  t h e  c l a s s r o o m  were 

s t r o n g l y  i n f l u e n c e d  by th e  en v i ro n m en t  in  t h e  c l a s s  

(Simpson & T r o o s t ,  1982; T a l t o n  and Simpson,  1986) .

Yager (1982b) recommended s t r a t e g i e s  f o r  im prov ing  

a t t i t u d e s  toward  s c i e n c e .

1) T e a c h e r s  sh o u ld  p r o j e c t  an image o f  c r e d i b i l i t y  by 

becoming a r e l i a b l e  so u r c e  o f  i n f o r m a t i o n  and d i r e c t i o n .

2) T e a c h e r s  can t a k e  a d v a n ta g e  o f  s o c i a l  and 

e n v i ro n m e n ta l  i n f l u e n c e s  t o  h e l p  d e v e lo p  s t u d e n t s  

c o n f id e n c e  and a t t i t u d e s  toward  s c i e n c e .  3) Female and
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m i n o r i t y  s t u d e n t s  s h o u ld  be e n co u rag e d  t o  p u rsu e  

s c i e n c e  c a r e e r s .  4) Each s t u d e n t  has  u n iq u e  n e ed s  and 

each  o f  t h e s e  need s  sh o u ld  be i d e n t i f i e d  and a 

t e a c h i n g  s t r a t e g y  implemented t h a t  m ee ts  t h e s e  n e e d s .

F u r th e r m o r e ,  Yager (1982b) recommended th e  use  o f  

d i s c r e p a n t  e v e n t s  t o  i n t r o d u c e  c o n c e p t s  and d e v e lo p  

s t u d e n t  c u r i o s i t y .  S t u d e n t s  sh o u ld  be in v o lv e d  in  a c t i v e  

l e s s o n s  t h a t  e n co u rag e  i n t e r a c t i o n .

Computers i n  t h e  C u r r ic u lu m  

G e n ish i  (1988) s t a t e d  t h a t  computer  u se  was f i r s t  

i n t r o d u c e d  in  t h e  uppe r  g r a d e s  ( 7 - 1 2 ) .  The i n t r o d u c t i o n  

o f  com puters  in  t h e  lower g r a d e s  (K-6) was a  r e s u l t  o f  the  

downward push by t e c h n o lo g y  from th e  upper  g r a d e s .  T h is  

downward push  was t h e  r e s u l t  o f  an i n c r e a s e d  em phas is  on 

s o c i e t y  and th e  e d u c a t i o n a l  community p l a c e d  on 

ach ievem ent  t e s t s  in  th e  p r im a r y  g r a d e s .

G ardner  and Simmons (1 9 9 0 ) ,  in  a  s t u d y  o f  t h i r d  

g r a d e r s ,  found th e  e f f e c t s  o f  computer  u se  on s t u d e n t  

ach ievem en t  was enhanced  by t h e  use  o f  m a n i p u l a t i v e s . The 

c o m b in a t io n  o f  computer  a s s i s t e d  i n s t r u c t i o n  and han d s -o n  

c o n c r e t e  e x p e r i e n c e s  i n c r e a s e d  th e  s t u d e n t s *  u n d e r s t a n d i n g  

and gave them a more p o s i t i v e  a t t i t u d e  tow ard  s c i e n c e .

Bender (1991) s u g g e s t s  t h a t  a  c o m p u te r - b a s e d  l e a r n i n g  

e x p e r i e n c e  can expose  s t u d e n t s  t o  new and v a r i e d  l e a r n i n g  

e x p e r i e n c e s .  The t e a c h i n g  o f  b a s i c  s k i l l s  i s  o f t e n
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t e d i o u s ,  bu t  i m p o r t a n t .  The computer  can o f f e r  s t u d e n t s  

a d d i t i o n a l  e x p e r i e n c e s  a s  t h e y  l e a r n  t h e s e  s k i l l s  which 

i n c l u d e  a v a r i e t y  o f  m u l t i - m e d i a  components .

L ike  t h e  e l e m e n t a r y  g ra d e  s t u d e n t ,  most m idd le  g rad e  

s t u d e n t s  need  h a n d s -o n  e x p e r i e n c e s .  Most o f  t h e s e  

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

development  (Can tu  & H e r ro n ,  1978) .  As s t u d e n t s  m ature  

i n t o  h i g h e r  l e v e l s  o f  c o g n i t i v e  development  more emphasis  

sh o u ld  be p l a c e d  on h i g h e r - o r d e r  t h i n k i n g  s k i l l s  (London, 

1988) .

In  s e c o n d a r y  e d u c a t i o n  com puters  can be used  w i t h ,  

and w i t h o u t ,  c o n c r e t e  h a n d s -o n  e x p e r i e n c e s .  Choi and 

Gennaro (1987)  in  t h e i r  s t u d y  o f  j u n i o r  h ig h  s t u d e n t s  

compared computer  s i m u l a t e d  e x p e r im e n t s  t o  hand s -o n  

l a b o r a t o r y  e x p e r i e n c e s .  They found no s i g n i f i c a n t  

d i f f e r e n c e  be tw een  t h e  computer  s i m u l a t e d  g roup  and th e  

hand s-o n  l a b o r a t o r y  g roup  in  r e t e n t i o n  a s  m easured  by t e s t  

s c o r e s .  They co n c lu d ed  t h a t  in  t h e  f u t u r e ,  computer  

s i m u l a t i o n s  can be used  e f f e c t i v e l y  in  th e  c l a s s  w i th  

j u n i o r  h ig h  o r  h ig h  s c h o o l  s t u d e n t s  in  th e  p l a c e  o f  h a n d s -  

on e x p e r i e n c e s .

P e r l  (1990)  i n d i c a t e s  t h a t  t h e  computer  has  th e  same 

e f f e c t  on c o g n i t i v e  deve lopm ent  a s  m a n i p u l a t i v e s  b ecause  

i t  s i m u l a t e s  o r  " m i r r o r s "  r e a l  o b j e c t s .  For exam ple ,  a 

computer  can show a s t u d e n t  b l o c k s  and th e n  l e t  t h a t
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s t u d e n t  m a n i p u l a t e  t h e  b l o c k s  by m e a s u r in g ,  o b s e r v i n g ,  o r  

moving t h e  image. These t y p e s  o f  computer  e x e r c i s e s  

s i m u l a t e  a c o n c r e t e  e x p e r i e n c e .  Whenever p o s s i b l e ,  

com puters  s h o u ld  be co u p le d  w i t h  m a n i p u l a t i v e s  to  enhance  

th e  l e a r n i n g  e x p e r i e n c e .

Oakes and S c h n ie d e r  <1984) and McMullen (1986) 

d e s c r i b e d  t h r e e  t y p e s  o f  computer  s o f t w a r e  p rog ram s:  d r i l l  

and p r a c t i c e ,  t u t o r i a l s ,  and s i m u l a t i o n / a d v e n t u r e  fo rm a ts  

( L i l l i e ,  Hannum, & S tu c k ,  1989; Robinson & Schonborn ,

1991) .  Newman (1990) i d e n t i f i e s  a n o t h e r  c a t e g o r y  f o r  

computer  s o f t w a r e  use  a s  an o r g a n i z a t i o n  and communication 

mechanism. T h i s  t y p e  o f  s o f t w a r e  can be u sed  f o r  a 

m u l t i t u d e  o f  t a s k s  t h a t  o r g a n i z e  d a t a ,  communicate between 

l o c a l  and long  d i s t a n t  l e a r n e r s ,  and measure  v a r i a b l e s  a s  

a s c i e n c e  t o o l  (D eG roff ,  1990; Roth ,  1989) .  Many ty p e s  o f  

ha rdw are  and s e n s o r s  can now be a t t a c h e d  t o  com pu te rs  

which a l l o w  s t u d e n t s  t o  c o l l e c t  and c a t e g o r i z e  d a t a  in  a 

s c i e n c e  c l a s s r o o m  ( O s t ,  1985; R o th ,  1989; Summers, 1989).

R ie l  (1986) s t a t e d  t h a t  th e  e d u c a t i o n a l  p o t e n t i a l  o f  

com puters  w i l l  be r e a l i z e d  o n ly  a f t e r  e d u c a t o r s  s h i f t  

t h e i r  em phasis  away from " t e c h n i c a l  c o n n e c t i o n s . "

E d u c a to r s  need  t o  d e te r m in e  which  e d u c a t i o n a l  a c t i v i t i e s  

w i l l  make a s i g n i f i c a n t  c o n t r i b u t i o n  t o  e d u c a t i o n  (B ud in ,  

K e n d a l l ,  & L e n g e l ,  1986) .  High s c h o o l s  o v e r  t h e  l a s t  

t h i r t y  y e a r s  have changed t h e i r  em phas is  from computer
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s c i e n c e  t o p i c s  l i k e  w r i t i n g  programs (BASIC o r  LOGO) t o  

computer  l i t e r a c y  ( B i t t e r ,  Cameron, W a l t e r s ,  & S a t y a ,

1986) .  Computer l i t e r a c y  i s  d e f i n e d  a s  t h e  a b i l i t y  t o  use  

a p p l i c a t i o n  programs such  as  word p r o c e s s i n g ,  

s p r e a d s h e e t s ,  and n e tw o rk in g  (Luehrmann,  1981) .  The 

a b i l i t y  t o  u t i l i z e  o r  a p p ly  s o f t w a r e  p rograms sh o u ld  be 

c o n s i d e r e d  when d e s i g n i n g  a computer  c u r r i c u l u m  f o r  

s t u d e n t s .  Computer l i t e r a c y  sh o u ld  be t a u g h t  in  th e  

s u b j e c t  a r e a s  where s t u d e n t s  can work w i t h  t h e i r  

a p p l i c a t i o n  s k i l l s  ( E l l i s ,  1984) .

Computer hardware  c o s t s  have d ropped  in  r e c e n t  y e a r s  

to  a p o i n t  where  many s c h o o l s  can a f f o r d  t o  p u r c h a s e  u n i t s  

w i t h  n e tw o rk in g  c a p a b i l i t i e s  ( C l a r k ,  K urshan ,  ft Yoder, 

1989; H opk ins ,  1991) .  Computers  l i n k e d  to  modems, hooked 

i n t o  a  s t a n d a r d  t e l e p h o n e  l i n e ,  e n a b le  th e  u s e r  t o  

communicate w i t h  o t h e r  c o m p u te r s .  T h is  a b i l i t y  t o  ne tw ork  

a l l o w s  s t u d e n t s  t o  a c c e s s  i n f o r m a t i o n  from o n - s i t e  and 

o f f - s i t e  d a t a  b a se s  (Budin ,  K e n d a l l ,  ft L e n g e l ,  1986) .

T h is  ty pe  o f  sys tem  i n c r e a s e s  t h e  amount o f  p o t e n t i a l  

i n f o r m a t i o n  s t u d e n t s  can a c c e s s .  As s t u d e n t s  work w i th  

e a s i e r  a c c e s s  t o  knowledge,  th e y  spend  l e s s  t ime 

memoriz ing  and more t im e  m a n i p u l a t i n g  knowledge on h i g h e r  

o r d e r  t a s k s  ( M o r r i s ,  1983) .  Computer s o f t w a r e  t h a t  

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

to  s o l v e  p rob lem s  e n c o u rag e s  s t u d e n t s  t o  i n t e r a c t  w i t h  one
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a n o t h e r  and d e v e lo p s  b o th  academ ic  and s o c i a l  deve lopm ent  

( Johnson  & Johnson ,  1986; K a c e r ,  W e in h o l t z ,  ft R o c k l i n ,

1992).

DeGroff  (1990) s u p p o r t s  n e tw o rk in g  w i t h  com pute rs  and 

e n c o u ra g e s  t e a c h e r s  t o  c o n s i d e r  i n t e g r a t i n g  a whole  

language  app ro a ch  w i t h  com puter  l e s s o n s .  S t u d e n t s  sh o u ld  

be i n t r o d u c e d  to  n e tw o rk in g  a s  e a r l y  a s  th e  p r im a ry  

g r a d e s .

Budin ,  K e n d a l l ,  and Lengal  (1986) a g re e d  w i t h  DeGroff  

and s u g g e s t e d  t h a t  most s t u d e n t s  s h o u ld  be exposed  t o  the  

word p r o c e s s i n g  c a p a b i l i t i e s  o f  c o m p u te r s .  S t u d e n t s  can 

a r r a n g e  t h e i r  w r i t i n g s  in  a n e a t  and o r d e r l y  f a s h i o n ,  

which e n a b l e s  them t o  d r a f t  and e d i t  t h e i r  work a t  t h e  

same t im e .

Newman (1990) recommended s e v e r a l  c o n s i d e r a t i o n s  f o r  

any c u r r i c u lu m  t h a t  i n c l u d e s  t h e  use  o f  c o m p u te r s .  

D e term ine  t h e  most e f f e c t i v e  r a t i o  o f  s t u d e n t s  p e r  

com pu te r .  How can th e  computer  enhance  t h e  m a t e r i a l  b e in g  

t a u g h t?  Do t h e  t e a c h e r s  have enough t r a i n i n g  and s u p p o r t  

( F u l l a n  ft P o m fre t ,  1977)?

Luehrmann (1981) p o s t u l a t e d  t h a t  computer  l i t e r a c y  

sh o u ld  be th e  main g o a l  o f  computer  e d u c a t i o n  b u t  computer  

l i t e r a c y  must be d e f i n e d  b e f o r e  a c u r r i c u l u m  can be 

d e s i g n e d .  Computer l i t e r a c y  i s  o f t e n  d e f i n e d  a s  computer  

a w a re n e s s .  T h is  d e f i n i t i o n  i s  in c o m p le te  and sh o u ld
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i n c l u d e  " t h e  a b i l i t y  t o  do co m p u t in g ” (p .  6 8 3 ) .  A 

computer  l i t e r a t e  i n d i v i d u a l  u l t i m a t e l y  must be a b l e  to  

u se  th e  computer  t o  s o l v e  p rob lem s  ( E l l i s ,  1984) .

Ost  (1985) took  th e  i d e a  o f  l i t e r a c y  a s t e p  f u r t h e r  

by d e f i n i n g  " t e c h n o l o g i c  l i t e r a c y "  a s  a  s k i l l  and a t t i t u d e  

which i s  b a s i c  t o  modern s o c i e t y .  The t e a c h i n g  o f  t h i s  

b a s i c  s k i l l  i s  th e  r e s p o n s i b i l i t y  o f  a l l  a r e a s  w i t h i n  th e  

c u r r i c u lu m ,  e s p e c i a l l y  s c i e n c e  and m ath .  The f u t u r e  

b e lo n g s  t o  t h o s e  i n d i v i d u a l s  who m a s te r  t h e s e  o t h e r  s k i l l s  

(D iS e s s a ,  1987) .

V ockel l  (1990) f e e l s  com puters  must be m a s te re d  

b e f o r e  th e y  a r e  e f f e c t i v e  t o o l s ;  t h e r e f o r e ,  he recommends 

th e  use  o f  t h e  m a s te r y  l e a r n i n g  a p p ro a c h .  When computer  

s k i l l s  a r e  t a u g h t ,  a l e v e l  o f  competency s h o u ld  be 

e s t a b l i s h e d .  S t u d e n t s  a r e  th en  a l lo w e d  t o  work a t  t h e i r  

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

competency.

Sherwood and H a s s e l b r i n g  (1986) q u e s t i o n e d  which 

method o f  computer  im p le m e n ta t io n  would be t h e  most 

e f f e c t i v e .  In  t h e i r  s t u d y  o f  m ic ro co m p u te r s  i n  a s c i e n c e  

c l a s s ro o m ,  t h e y  compared th e  e f f e c t  o f  t h r e e  p r e s e n t a t i o n  

methods on s t u d e n t  a c h ie v e m e n t .  Method one a s s i g n e d  two 

s t u d e n t s  to  one com puter .  Method two a s s i g n e d  th e  e n t i r e  

c l a s s  t o  one computer  and a l lo w e d  them t o  work t o g e t h e r  

w i th  th e  computer  s i m u l a t i o n .  Method t h r e e  was a
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noncomputer  l i s t  gam e-type  s e t t i n g  f o r  t h e  s i m u l a t i o n .

The r e s e a r c h e r s  found no s i g n i f i c a n t  d i f f e r e n c e  between 

t h e s e  g r o u p s .  However, t h e y  d i d  c l a im  a " t e n t a t i v e "  

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

t h a n  t h e  o t h e r  two t y p e s  methods o f  p r e s e n t a t i o n .

A c o o p e r a t i v e  e n v iro nm en t  f o r  l e a r n i n g  sh o u ld  be 

e s t a b l i s h e d  f o r  c o m p u t e r - a s s i s t e d - i n s t r u c t i o n  (Hopkins ,  

1991; Jo h n so n ,  Joh n son ,  ft S t a n n e ,  1985; V o k e l l ,  1989) .  

Computers o f f e r  s t u d e n t s  an e x c e l l e n t  o p p o r t u n i t y  t o  work 

t o g e t h e r .  Watson (1991) c la im e d  r e s e a r c h  shows th e  

computer  " d o e s n ' t  have t o  be used  by one s t u d e n t  a t  a 

t im e"  (p .  11 ) .  Small  g rou p s  can s o l v e  s im p le  t o  complex 

t a s k s  a s  e f f e c t i v e l y  as  i n d i v i d u a l s  ( S l a v i n ,  1980) .

Gender .  S c i e n c e ,  and Computers

W i t t i g  and P e t e r s o n  (1979) s t a t e d  t h a t  t h e r e  i s  a 

g e n e r a l  c o n se n s u s  among r e s e a r c h e r s  s u p p o r t i n g  t h e  c l a im  

t h a t  once s t u d e n t s  r e a c h  th e  age  o f  a d o le s c e n c e  m ales  ten d  

t o  s c o r e  h i g h e r  th a n  fe m a le s  on t e s t s  which i n v o lv e  

q u a n t i t a t i v e  a b i l i t i e s  ( i . e . ,  m a th em a t ic s  and s c i e n c e ) .  

Reyes and P a d i l l a  (1985) found h ig h  sc h oo l  g i r l s  a r e  no t  

as  l i k e l y  to  s t u d y  s c i e n c e  a s  b o y s .  The r e s e a r c h e r s  were 

co n ce rn e d  a bou t  math and s c i e n c e  d i f f e r e n c e s  be tween m ales  

and f e m a le s .  S ince  b o th  o f  t h e s e  s u b j e c t s  a r e  l e a r n e d  

t o g e t h e r  a t  t h e  h ig h  sch oo l  l e v e l  any d i f f e r e n c e s  s h o u ld  

show up in  b o th  s u b j e c t  a r e a s .  The d i f f e r e n c e s  in
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a ch ievem en t  i n  t h e  e a r l y  g r a d e s  f a v o r s  th e  boys by a 

na r row  m a rg in .  As th e  s t u d e n t s  p r o g r e s s  th r o u g h  sc h o o l  

t h i s  ach ievem en t  gap w idens  l e a v i n g  t h e  f e m a le s  w e l l  below 

th e  m ales  by th e  t im e  th e y  r e a c h  m idd le  sch oo l  and h ig h  

s c h o o l  ( J a c o b s o n  & Doran ,  1985) .

The E d u c a t i o n a l  T e s t i n g  S e r v i c e  (ETS) (1989)  compared 

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

and fem a le s  in  a  s t u d y  by th e  N a t io n a l  Assessm ent  o f  

E d u c a t i o n a l  P r o g r e s s  (NAEP) .  In  t h i s  s t u d y  male s t u d e n t s  

a t  age n in e  s c o r e d  s l i g h t l y  h i g h e r  th a n  fe m a le s  on a 

s c i e n c e  ach ievem en t  t e s t  and abo u t  th e  same a s  f e m a le s  on 

a math a ch iev em en t  t e s t .  In  b o th  s u b j e c t  a r e a s ,  a s  th e  

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

m ales  ( E r i c k s o n  ft E r i c k s o n ,  1984) .  The ETS s t u d y  a l s o  

found fewer fem ale  s t u d e n t s  p e r c e i v e d  t h a t  knowing s c i e n c e  

would h e lp  them make a l i v i n g  in  t h e i r  l i f e ' s  work.  Over 

f i f t y  p e r c e n t  o f  th e  m ales  f e l t  t h e y  would u se  s c i e n c e  in  

t h e i r  l i f e ’s work.

F e t l e r  (1985) s t u d i e d  s t u d e n t s  i n  g r a d e s  s i x  and 

tw e lv e  t o  d e t e r m i n e  t h e  e x t e n t  o f  computer  l i t e r a c y  in  th e  

S t a t e  o f  C a l i f o r n i a .  In t h i s  s t u d y  th e  boys s c o r e d  

s i g n i f i c a n t l y  h i g h e r  in  l i t e r a c y  ach iev em en t  t e s t  th an  

g i r l s .  The ty p e  o f  e x p o su re  t o  com pu te rs  was found  t o  

v a ry  by g e n d e r .  The main s o u r c e  o f  computer  e x p o su re  f o r  

g i r l s  was word p r o c e s s i n g  and key e n t r y ;  boys were l i k e l y
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t o  work w i t h  com puters  i n  m a th e m a t ic s  and s c i e n c e .  The 

gap between male and fem ale  s t u d e n t s  sh o u ld  be a  m ajo r  

c o n ce rn  when d e v e l o p in g  f u t u r e  c u r r i c u l u m s  and c o m p u te r -  

r e l a t e d  r e s e a r c h  p r o j e c t s  (Hawkins,  1985; L in n ,  1985; 

Sherwood ft H a s s e l b r i n g ,  1986) .

Reeve (1985) s t a t e d  t h a t  s t u d e n t s  w i l l  r e t a i n  

i n f o r m a t i o n  lo n g e r  i f  th e y  u n d e r s t a n d  t h e r e  i s  a r e a s o n  o r  

p u rp ose  f o r  a t a s k .  C u r r i c u lu m s  sh o u ld  be d e s i g n e d  which 

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

h e lp  them r e l a t e  t o  th e  w o r th  o f  an a c t i v i t y .

Z e re g a ,  H a e r t e l ,  T s a i ,  and Walberg (1986) s t u d i e d  

d a t a  from t h e  1976 S c ie n c e  A ssessm ent  o f  t h e  N a t i o n a l  

Assessment  o f  E d u c a t i o n a l  P r o g r e s s  (NAEP). No s i g n i f i c a n t  

gender  d i f f e r e n c e s  were found in  e a r l y  a d o l e s c e n t  s c i e n c e  

a c h ie v e m e n t ,  b u t  fo u r  y e a r s  l a t e r  a s i g n i f i c a n t  d i f f e r e n c e  

d e v e lo p ed  w i t h  m ales  s c o r i n g  h i g h e r  th an  fe m a le s  on 

s c i e n c e  ach ievem en t  t e s t s .  I t  a p p e a r s  t h a t  t h e  s c h o o l  

y e a r s  be tween t h i r t e e n  and s e v e n t e e n  have a  s i g n i f i c a n t  

d i f f e r e n t i a l  e f f e c t  on s c o r e s  be tween  th e  m ales  and 

fe m a le s .

Becker  (1989) rev iew ed  two m e t a - a n a l y s e s  and found 

t h a t  in  th e  s t u d i e s  rev ie w ed  t h e r e  was ag reem en t  about  

gender  d i f f e r e n c e ,  but  n o t  a  c o n s e n s u s  a bou t  th e  e x t e n t  o f  

th e  d i f f e r e n c e  in  s c i e n c e  a c h ie v e m e n t .  There  a p p e a re d  to  

be a g e n d er  b i a s  f a v o r i n g  male s t u d e n t s ,  however ,  e ach



www.manaraa.com

3 4

s t u d y  v a r i e d  in  th e  d e g re e  o f  g e n d e r  b i a s  a s  m easured  by 

a c h ie v e m e n t .  Becker  f e l t  a  m a jo r  r e a s o n  f o r  t h e  

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

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

Owen (1 9 9 1 ) ,  in  a n a t i o n a l  r e p o r t  com pi led  f o r  th e  

NAEP, rev ie w ed  s c h o l a s t i c  ach iev e m e n t  f o r  n i n e ,  t h i r t e e n ,  

and s e v e n t e e n - y e a r - o l d  s t u d e n t s .  The r e p o r t  found sm all  

o r  no g en d er  d i f f e r e n c e s  in  t h e  n i n e  y e a r  o l d s ,  but  when 

th e  s t u d e n t s  t u r n e d  age  t h i r t e e n  and s e v e n t e e n ,  males 

p e r fo rm ed  s i g n i f i c a n t l y  h i g h e r  th an  fe m a le s  in  s c i e n c e  

a c h i e v e m e n t .

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

a f e a r  o r  a v e r s i o n  tow ard  s c i e n c e  c o n c e p t s  and s c i e n c e  

r e l a t e d  a c t i v i t i e s  known a s  s c i e n c e  a n x i e t y  (Mallow,

1981) .  C h i a r e l o t t  and C z e r n i a k  (1987)  s t u d i e d  532 f o u r t h ,  

f i f t h ,  s i x t h ,  e i g h t h ,  and n i n t h  g r a d e  male and female  

s t u d e n t s .  Females c o n s i s t e n t l y  s c o r e d  h i g h e r  on an 

a n x i e t y  m ea su r in g  in s t r u m e n t  t h a n  m a le s .  T h is  t r e n d  

b e g in s  a t  f o u r t h  g ra d e  even though  t h e  fe m a le s  were 

h a n d l i n g  t h e  s c i e n c e  c o n t e n t  w e l l  (m easured  r e s u l t s  from a 

c o n t e n t  t e s t ) .  The r e s e a r c h e r s  co n c lu d ed  t h a t  t h e r e  i s  a 

l i n k  be tween  s c i e n c e  a c h i e v e m e n t ,  a t t i t u d e ,  and a n x i e t y .

W i l d e r ,  Mackie ,  and Cooper (1985) c la im e d  a n e c d o ta l  

e v id e n c e  s u g g e s t s  t h e  t e c h n o l o g i c a l  w or ld  and com pute rs  

a r e  male d o m in a ted .  In  an e f f o r t  t o  d e t e r m i n e  i f  t h i s  was
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t r u e  in  s c h o o l s ,  more th a n  1600 s t u d e n t s  were  su rv e y e d  in  

g r a d e s  k i n d e r g a r t e n  th ro u g h  tw e lv e .  I t  was found t h a t  as  

e a r l y  a s  k i n d e r g a r t e n ,  b o th  boys and g i r l s  v iew v id e o  

games and com pute rs  a s  more a p p r o p r i a t e  f o r  boys .  T h is  

v iew by b o th  boys and g i r l s  c o n t i n u e d  th ro u g h o u t  th e  

g r a d e s .  Boys l i k e d  com puters  and v id e o  games more than  

g i r l s .  The a t t i t u d e s  in  b o th  boys and g i r l s  d e c l i n e d  

toward com pu te rs  a s  t h e y  r e a c h e d  m idd le  s c h o o l  age 

(DeRemmer, 1989) .  The r e s e a r c h e r s  in  a e f f o r t  t o  e x p l a i n  

t h i s  d rop  in  a t t i t u d e  d e s c r i b e d  th e  m idd le  g r a d e s  computer  

c u r r i c u lu m  as  " r u d i m e n t a r y , "  i n v o l v i n g  s t u d e n t s  in  more 

academic  a c t i v i t i e s  ( i . e . ,  p ro g ram in g  v e r s e s  game 

f o r m a t s ) .  The m a j o r i t y  o f  s o f t w a r e  f o r  e a r l y  and m idd le  

g r a d e s  s t u d e n t s  was d e s ig n e d  a ro u n d  m e tap h o rs  o f  war and 

s p o r t s ,  a r e a s  o f  t r a d i t i o n a l  male i n t e r e s t .  I t  was 

recommended t h a t  t e a c h e r s  p re v ie w  s o f t w a r e  t o  d e te r m in e  i f  

t h e r e  i s  a  g e n d e r  b i a s .

F o r s y th  and Lancy (1990) were  c o n ce rn e d  a bou t  t h i s  

g e n d er  b i a s  in  computer  s o f t w a r e .  They t e s t e d  124 f i f t h  

g ra d e  s t u d e n t s  a f t e r  t h e y  worked w i t h  a "g en d e r  n e u t r a l  

s o f t w a r e "  c a l l e d  " W in n ie ."  They c o n c lu d ed  t h a t  good 

q u a l i t y ,  g e n d e r  n e u t r a l ,  s o f t w a r e  program s w i l l  m in im ize  

th e  d i f f e r e n c e s  o f  g e n d e r .

Smail (1985)  c la im e d  fem a le  a t t i t u d e s  toward  s c i e n c e  

c o u ld  be changed by:  d e v e l o p in g  m a t e r i a l s  t h a t  l i n k
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f e m a le s  i n t e r e s t  o f  a h u m a n i s t i c  v iew  o f  s c i e n c e  t o  th e  

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

s e x - r o l e  s t e r e o t y p e s ,  and c o n t i n u a l l y  d i s c u s s i n g  c a r e e r  

c h o ic e s  in  s c i e n c e  f i e l d s .  S m a i l ' s  b i g g e s t  c o n c e rn  was 

th e  c l a s s ro o m  b e h a v i o r  o f  t h e  t e a c h e r  which  a r e  i n g r a i n e d  

in  t r a d i t i o n a l  r o l e s  and r e i n f o r c e d  by s o c i e t y  d a i l y  

(Handley  ft Morse,  1984).

Most r e s e a r c h e r s  a g re e  t h a t  m ales  p e r fo rm  b e t t e r  in  

s c i e n c e  th an  fem a le s  (B ecke r ,  1989; Reyes ft P a d i l l a ,  198S; 

Simpson ft O l i v e r ,  1985) .  The b i g  q u e s t i o n  i s  "Why?" 

(A rcher  ft L lo y d ,  1985; Seward ft Seward, 1980) .  To b e t t e r  

u n d e r s t a n d  g e nd er  d i f f e r e n c e s  f u t u r e  s c i e n c e  r e s e a r c h e r s  

sh o u ld  fo cus  on s c i e n c e  ach iev em en t  and on a t t i t u d e s  

toward s c i e n c e  (B eck e r ,  1989; Handley ft Morse,  1984; 

Simpson ft O l i v e r ,  1985) .

C o o p e r a t iv e  L e a rn in g  S t r a t e g i e s  w i t h  S c ie n c e  and Computers 

Johnson and Johnson (1974)  i d e n t i f i e d  f o u r  p o s s i b l e  

"g o a l  s t r u c t u r e s "  o r  t e a c h i n g  methods t h a t  can be 

implemented f o r  a " l e a r n i n g  s i t u a t i o n :  c o m p e t i t i v e ,  

c o o p e r a t i v e ,  i n d i v i d u a l i s t i c ,  and no s t r u c t u r e "  (p .  2 1 3 ) .  

C o m p e t i t i v e  l e a r n i n g  s i t u a t i o n s  s e p a r a t e  l e a r n e r s  and 

e s t a b l i s h  a c l i m a t e  in  th e  c l a s s ro o m  where s t u d e n t s  

su c c e e d  a t  th e  expense  o f  o t h e r s  ( D e u ts c h ,  1949; S l a v i n ,  

1983) .  Games p l a y i n g  and a t h l e t i c  c o m p e t i t i o n  r e f l e c t  

t h i s  method o f  t e a c h i n g .  An i n d i v i d u a l  l e a r n i n g  s i t u a t i o n
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i s  one where  th e  g o a l s  o f  th e  i n d i v i d u a l  l e a r n e r  a r e  

in d e p e n d en t  o f  th e  o t h e r s  ( Joh n son  ft Jo hn so n ,  1991) .

S l a v i n  (1988) rev iew ed  s i x t y  s t u d i e s  t h a t  compared 

c o o p e r a t i v e  l e a r n i n g  w i t h  t r a d i t i o n a l  methods o f  t e a c h i n g .  

He found c o n t r o v e r s y  among t h e s e  r e s e a r c h e r s  c o n c e rn in g  

th e  c o n d i t i o n s  which a r e  most e f f e c t i v e  f o r  i n s t r u c t i o n .  

Q u e s t io n s  were v o i c e d  about  how e f f e c t i v e  c o o p e r a t i v e  

l e a r n i n g  can be in  th e  upp e r  g r a d e s  ( 7 - 1 2 ) .  More r e s e a r c h  

in  t h i s  a r e a  was s u g g e s t e d  ( S l a v i n ,  1990b) .

McNergney and Haberman (1988)  rev ie w ed  a s y n t h e s i s  o f  

27 s t u d i e s  on f i v e  c o o p e r a t i v e  l e a r n i n g  t e c h n i q u e s  used  in 

g r a d e s  sev en  th ro u g h  tw e lv e .  In  68 p e r c e n t  o f  t h e s e  

s t u d i e s  c o o p e r a t i v e  l e a r n i n g  was found t o  be s u c c e s s f u l  in  

te rm s o f  s t u d e n t  a c h ie v e m e n t .  When g r a d e s  seven  th ro u g h  

n in e  were  a n a ly z e d  w i t h o u t  th e  h i g h e r  g r a d e s  th e  

p e r c e n t a g e s  i n c r e a s e d  in  f a v o r  o f  th e  c o o p e r a t i v e  l e a r n i n g  

a p p r o a c h .

Johnson and Johnson  (1974) c l a s s i f i e d  t h e  b a s i c  

e le m e n t s  o f  e f f e c t i v e  c o o p e r a t i v e  l e a r n i n g  a s  " p o s i t i v e  

i n t e r d e p e n d e n c e "  w i t h i n  th e  g ro u p ,  " f a c e  t o  f a c e "  

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

an env iron m en t  t h a t  r e q u i r e s  s t u d e n t s  t o  u se  

" i n t e r p e r s o n a l  and sm a l l  g roup  s k i l l s "  in  an a p p r o p r i a t e  

manner (p .  2 1 4 ) .  I t  i s  im p o r t a n t  t h a t  th e  s t u d e n t s  know 

t h e y  must r e l y  on each  o t h e r  t o  a c h i e v e  a common go a l
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( B r a n d t ,  1987; Johnson ,  Jo h n so n ,  & S c o t t ,  1978; Logan, 

1986; S l a v i n ,  1981) .  S e v e ra l  s t u d i e s  o f  c o o p e r a t i v e  

l e a r n i n g  have found improvement in  s t u d e n t s '  a t t i t u d e s  

toward s c h o o l ,  s u b j e c t  m a t t e r ,  and th e m se lv e s  (A l l e n  k 

V a n S ic k le ,  1984; Johnson  k  Jo h n so n ,  1984; S l a v i n ,  1990a) .

Swing and P e t e r s o n  (1982) i n v e s t i g a t e d  the  

r e l a t i o n s h i p  o f  s t u d e n t  i n t e r a c t i o n  in  sm a l l  group  

l e a r n i n g  t o  s t u d e n t  a c h ie v e m e n t .  High and low a b i l i t y  

s t u d e n t s  were found t o  b e n e f i t  when p l a c e d  in  sm a l l  

h e te r o g e n e o u s  a b i l i t y  g ro u ps  but  medium a b i l i t y  s t u d e n t s  

d i d  not  b e n e f i t  from t h i s  ty p e  o f  g r o u p in g .  The 

r e s e a r c h e r s  found t h e  added s u p p o r t  o f  th e  medium and h igh  

a b i l i t y  s t u d e n t s  improved th e  p e r fo rm an ce  o f  t h e  low 

a b i l i t y  s t u d e n t .

Jo hn so n ,  Maruyama, Jo h nso n ,  N e lso n ,  and Skon (1981)  

in  a m e t a - a n a l y s i s  comparing  c o m p e t i t i v e ,  c o o p e r a t i v e ,  and 

i n d i v i d u a l i s t  goa l  s t r u c t u r e s  on s t u d e n t  ach ievem en t  found 

t h e  b u lk  o f  t h e  s t u d i e s  a n a ly z e d  showed c o o p e r a t i v e  

l e a r n i n g  g ro u p s  a p p e a r  t o  be s u p e r i o r  to  b o th  c o m p e t i t i v e  

and i n d i v i d u a l  l e a r n i n g  s t y l e s .  In  a d d i t i o n  t h e y  found 

c o o p e r a t i o n  w i th o u t  i n t e r g r o u p  c o m p e t i t i o n  promoted  h i g h e r  

a ch ievem en t  th an  c o o p e r a t i o n  w i t h  i n t e r g r o u p  c o m p e t i t i o n .

Jo hn so n ,  Joh n son ,  and S tan ne  (1 9 8 5 ) ,  in  a  s t u d y  o f  

c o m p u t e r - a s s i s t e d  i n s t r u c t i o n  w i th  e i g h t h  g ra d e  s t u d e n t s ,  

compared th e  t h r e e  t e a c h i n g  m ethods:  c o o p e r a t i v e ,
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c o m p e t i t i v e ,  and i n d i v i d u a l i s t i c  l e a r n i n g .  S tu d e n t  

ach ievem en t  and a t t i t u d e s  were a l s o  m easu red .  C o o p e r a t iv e  

l e a r n i n g  g ro u p s  s i g n i f i c a n t l y  o u tp e r f o r m e d  t h e  o t h e r  two 

g roups  when w ork ing  on h i g h e r  o r d e r  p rob lem  s o l v i n g  

s i t u a t i o n s  l i k e  l e a r n i n g  how t o  o p e r a t e  a com pu te r .  The 

r e s e a r c h e r s  c la im ed  t h e  c o l l a b o r a t i v e  e f f o r t  which 

in v o lv e d  d i s c u s s i o n s  and d e b a t e  a bou t  how t o  s o l v e  the  

p rob lem s r e l a t e d  t o  computer  o p e r a t i o n  enhanced  th e  

l e a r n i n g  e n v i r o n m e n t .  A l l  t h r e e  g rou p s  had a p o s i t i v e  

a t t i t u d e  tow ard  c o m p u t e r - a s s i s t e d  i n s t r u c t i o n .

Humphreys, Jo h nso n ,  and Johnson  <1982) s t u d i e d  44 

n i n t h - g r a d e  p h y s i c a l  s c i e n c e  s t u d e n t s  and compared th e  

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

l e a r n i n g  on s t u d e n t  a t t i t u d e s  and a c h ie v e m e n t .  The 

s t u d e n t  a t t i t u d e s  and ach iev em en t  in  t h e  c o o p e r a t i v e  

l e a r n i n g  g ro u p s  were found t o  be s i g n i f i c a n t l y  h i g h e r  th an  

th o s e  in  b o t h  th e  c o m p e t i t i v e  and i n d i v i d u a l i s t i c  l e a r n i n g  

g ro u p s .

Summary

In g e n e r a l  t h e  l i t e r a t u r e  s u p p o r t s  t h e  need  f o r  

a d d i t i o n a l  r e s e a r c h  c o n c e r n i n g  th e  f o l l o w i n g  t o p i c s :

1) Should  s c i e n c e  be t a u g h t  w i t h  a h a n d s -o n  app roach?

2) Can com pute rs  and o t h e r  new t e c h n o lo g y  enhance  th e  

s c i e n c e  l e a r n i n g  e n v i ron m en t?

3) I s  s t u d e n t  a ch iev em en t  in  s c i e n c e  a f f e c t e d  by th e
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s t u d e n t ' s  a t t i t u d e  tow ards  s c i e n c e ?

4) Why i s  t h e r e  a  g e n d e r  b i a s  i n  s c i e n c e  and computer  

i n s t r u c t i o n  which f a v o r s  m ales  o v e r  fem a le s?

5) W il l  a  c o o p e r a t i v e  g rou p  a p p ro a ch  toward  s c i e n c e  

i n s t r u c t i o n  improve s t u d e n t  a t t i t u d e  toward  s c i e n c e  and 

s t u d e n t  ach ievem en t?
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METHODOLOGY

The g e n e r a l  p u rp o se  o f  t h i s  s t u d y  was t o  d e te r m in e  

w h e th e r  u s i n g  a w e a th e r  s t a t i o n  w i th  a  w e a th e r  s a t e l l i t e  

image r e c e i v i n g  c a p a b i l i t y  t o  t e a c h  a u n i t  on w e a th e r  

would make a d i f f e r e n c e  in  s t u d e n t ’ s ach ievem en t  and 

s t u d e n t  a t t i t u d e s  toward s c i e n c e .  Also* th e  e f f e c t s  o f  

g e n d er  on ach ievem en t  and a t t i t u d e s  were examined.

S u b j e c t s

The s u b j e c t s  f o r  t h i s  s t u d y  were e i g h t h - g r a d e  E a r th  

S c ie n c e  s t u d e n t s  a t t e n d i n g  a m idd le  sc h oo l  i n  N o r t h e a s t e r n  

G e o r g ia .  The sample  c o n s i s t e d  o f  99 s t u d e n t s  d i s t r i b u t e d  

among f o u r  E a r t h  S c ien c e  c l a s s e s .

The t r e a t m e n t  and com par ison  g rou p s  in  t h i s  s t u d y  

were s e l e c t e d  by f i r s t  r an k  o r d e r i n g  a l l  o f  th e  male and 

fem ale  s t u d e n t s  by t h e i r  s c i e n c e  g r a d e s  from th e  p r e v i o u s  

sch o o l  y e a r  and d e s i g n a t i n g  th e  upp e r  t h i r d  as  h ig h  l e v e l » 

t h e  m id d le  t h i r d  as  a v e r a g e  l e v e l , and th e  bo t tom  t h i r d  as  

low l e v e l  in  te rm s o f  s c i e n c e  p e r fo rm a n c e .  S t u d e n t s  from 

each  o f  t h e s e  a b i l i t y  l e v e l s  were randomly chosen  t o  form 

c o o p e r a t i v e  l e a r n i n g  t r i a d s  w i t h i n  th e  two g e n d e r s .  Each 

c l a s s  c o n t a i n e d  from 7 t o  13 t r i a d s .  In  each  c l a s s i  t h r e e

41
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o f  th e  c o o p e r a t i v e  l e a r n i n g  t r i a d s  were randomly s e l e c t e d  

f o r  th e  t r e a t m e n t  g ro up  and th e  r em a in d e r  s e r v e d  a s  th e  

com par ison  g ro u p .  A t o t a l  o f  a p p r o x i m a t e ly  36 s t u d e n t s  

(12 t r i a d s )  p a r t i c i p a t e d  in  th e  t r e a t m e n t  g ro up  and 

a p p r o x i m a t e ly  63 s t u d e n t s  (21 t r i a d s )  composed th e  

compar ison  g rou p .

I n s t r u m e n t a t i o n  

T h is  s t u d y  u t i l i z e d  two t e s t s :  t h e  E s t e s  A t t i t u d e  

S c a l e s  and an i n s t r u m e n t  which m easu re s  academic  knowledge 

o f  th e  w e a th e r  ( i . e .  s t u d e n t  a c h i e v e m e n t ) .

Measure o f  Academic Achievement

An academ ic  ach ievem en t  i n s t r u m e n t ,  t i t l e d  th e  

Weather  Concep ts  T e s t  (WCT), was d e s ig n e d  by th e  

r e s e a r c h e r  t o  measure  s t u d e n t s '  c o n t e n t  knowledge o f  

w e a t h e r .  The WCT was s u b j e c t e d  t o  c o n t e n t  a n a l y s i s  by a 

pane l  o f  t h r e e  e x p e r t s  t o  d e te r m in e  i t s  c o n t e n t  v a l i d i t y .  

The pane l  was composed o f  two p r o f e s s o r s  from th e  

Geography Department  o f  th e  U n i v e r s i t y  o f  S o u th e rn  

M i s s i s s i p p i  and a m i d d l e - s c h o o l  t e a c h e r  who had r e c e i v e d  

th e  1991 G e o rg ia  Middle  School  S c ie n c e  T each e r  o f  t h e  Year 

award.  The re v ie w  examined t h e  c o n t e n t  o f  th e  i n s t r u m e n t  

in  t h r e e  a r e a s :  academ ic  a c c u r a c y ,  a p p r o p r i a t e n e s s  f o r  

age ,  and d i s t r i b u t i o n  o f  th e  i tem s  t o  co v e r  th e  o b j e c t i v e s  

o f  t h e  w e a th e r  u n i t  ( N a t i o n a l  C ounc i l  f o r  G eo g rap h ic
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E d u c a t io n !  1984; The G e o g rap h ic  E d u c a t io n  N a t i o n a l  

I m p le m e n ta t io n  P r o j e c t ,  1989) .

The i n s t r u m e n t  was t e s t e d  f o r  r e l i a b i l i t y  in  May o f  

1993, u s i n g  t h e  K u d e r -R ic h a rd s o n  r e l i a b i l i t y  f o r m u la .  A 

t o t a l  o f  86 e i g h t h - g r a d e  s t u d e n t s  to ok  p a r t  in  the  

r e l i a b i l i t y  s t u d y .  An a l p h a  c o e f f i c i e n t  o f  .75 was 

o b t a i n e d .

Measure o f  S tu d e n t  A t t i t u d e  Toward S c ien c e

The E s t e s  A t t i t u d e  S c a le  (EAS) was used  t o  measure  

s t u d e n t  a t t i t u d e  toward s c i e n c e .  T h is  i n s t r u m e n t  was 

d e s i g n e d  as  a com prehens ive  m easure  o f  a t t i t u d e s  h e ld  by 

h ig h  sc h oo l  s t u d e n t s  e n r o l l e d  in  g r a d e s  seven  th ro u g h  

tw e lv e .  The EAS i n c l u d e s  m easu res  o f  f i v e  s u b j e c t  a r e a s .  

Only t h r e e  o f  t h e  s u b j e c t - a r e a s  were a d m i n i s t e r e d  to  th e  

s t u d e n t s :  s c i e n c e ,  s o c i a l  s t u d i e s ,  and E n g l i s h .  I t  took  

a p p r o x i m a t e ly  f i f t e e n  m in u te s  t o  com ple te  t h e  q u e s t i o n s  

f o r  th e  t h r e e  s u b j e c t  a r e a s .  S c o r in g  was done w i t h  a  

computer  a c c o r d i n g  to  th e  E s t e s  A t t i t u d e  S c a l e s  Manual .

The EAS r e q u i r e d  th e  s t u d e n t s  t o  re sp o n d  t o  a f i v e -  

p o i n t  L i k e r t  s c a l e  which i n d i c a t e s  agreem ent  o r  

d i s a g r e e m e n t  w i t h  s t a t e m e n t s  t h a t  i d e n t i f y  a p o s i t i v e  o r  

n e g a t i v e  b i a s  toward  s c i e n c e ,  s o c i a l  s t u d i e s ,  and E n g l i s h  

( E s t e s ,  E s t e s ,  ft R i c h a r d s ,  1985) .  In t h i s  s t u d y  o n ly  

s c i e n c e  s c o r e s  were computed f o r  th e  i n d i v i d u a l  s t u d e n t s .

I n t e r n a l  c o n s i s t e n c y  r e l i a b i l i t y  f o r  t h e  EAS has  been
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r e p o r t e d  f o r  th e  t h r e e  s u b j e c t  a r e a s ,  w i t h  th e  

c o e f f i c i e n t s  r a n g i n g  from .76  t o  .93 ( E s t e s ,  E s t e s ,  ft 

R i c h a r d s ,  1985) .  The c o n s t r u c t  v a l i d i t y  was examined by 

a s s e s s i n g  e x t r i n s i c  m e a s u r e s ,  ( i . e . ,  a c t i v i t y  toward  

s u b j e c t  a r e a s )  and i n t r i n s i c  m easu res  ( i . e . ,  c o u r s e  

g r a d e s ,  e x t r a c u r r i c u l a r  invo lvem en t  in  s u b j e c t  r e l a t e d  

a c t i v i t i e s ,  and s t a n d a r d i z e d  a ch iev em en t  s c o r e s ) .  The 

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

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

( E s t e s ,  E s t e s ,  ft R i c h a r d s ,  1985) .

P r o c e d u r e s

P e r m is s i o n  t o  conduc t  t h e  r e s e a r c h  was o b t a i n e d  from 

th e  sc h o o l  b o a rd  o f  t h e  m id d le  s c h o o l .  The s t u d y  began 

th e  second  week o f  t h e  1993-94 s c h o o l  y e a r .

Both t h e  t r e a t m e n t  g roup  and th e  com par ison  group 

r e c e i v e d  two u n i t s  o f  w e a th e r  t r a i n i n g  and one u n i t  o f  

t h e o r y  t r a i n i n g  on w e a th e r  s a t e l l i t e s .  Upon c o m p le t io n  o f  

two s t a n d a r d  w e a th e r  u n i t s  and an i n t r o d u c t o r y  s a t e l l i t e  

u n i t ,  th e  t r e a t m e n t  g roup  was a s s i g n e d  t o  an i n t e r a c t i v e ,  

t e n - d a y  i n s t r u c t i o n a l  u n i t  w i th  th e  w e a th e r  s t a t i o n .

Dur ing  th e  same t e n - d a y  p e r i o d ,  th e  c o m par iso n  group  

p a r t i c i p a t e d  in  c o o p e r a t i v e  l e a r n i n g  a c t i v i t i e s  which  

e n co u rag ed  t h e  a p p l i c a t i o n  o f  w e a th e r  c o n c e p t s .

T rea tm en t  Group

The t r e a t m e n t  g roup  was exposed  t o  two u n i t s  which
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cover  b a s i c  c o n c e p t s  r e l a t e d  t o  w e a t h e r .  A l s o ,  t h ey  

p a r t i c i p a t e d  in  an i n t r o d u c t o r y  l e s s o n  a bou t  w e a th e r  

s a t e l l i t e s  (A ppend ices  A & B).

The t r e a t m e n t  g roup  p a r t i c i p a t e d  in  i n t e r a c t i v e  

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

Dur ing  th e  t e n - d a y  p e r i o d ,  t h e y  fo l lo w e d  a p r e s c r i b e d  

program o f  s t u d y  as  o u t l i n e d  in  Appendix D.

Comparison Group

The com par ison  group  r e c e i v e d  th e  same i n s t r u c t i o n  as  

th e  t r e a t m e n t  g roup  d u r i n g  th e  i n i t i a l  s t u d y  o f  th e  

w e a th e r  u n i t .  However, d u r i n g  th e  t e n - d a y  p e r i o d  w h i l e  

th e  t r e a t m e n t  g ro up  was work ing  w i t h  t h e  w e a th e r  

s a t e l l i t e ,  t h e  com par ison  group  worked c o o p e r a t i v e l y  in  

t h e i r  a s s i g n e d  t r i a d s  on l e a r n i n g  t a s k s  r e l a t e d  t o  w e a th e r  

which r e p r e s e n t e d  t r a d i t i o n a l  k in d s  o f  l e a r n i n g  

a c t i v i t i e s .  D ur ing  th e  t e n - d a y  p e r i o d ,  t h e y  fo l lo w e d  a 

p r e s c r i b e d  program o f  s t u d y .  An example  o f  one l e s s o n  i s  

d e s c r i b e d  in  Appendix C.

Two p o s t t e s t s  were a d m i n i s t e r e d  t o  th e  t r e a t m e n t  and 

com par ison  g ro u p s  upon c o m p le t io n  o f  t h e  t r e a t m e n t  p e r i o d .  

One t e s t  m easured  s t u d e n t  a ch iev em en t  and th e  o t h e r  

measured  s t u d e n t  a t t i t u d e s  toward  s c i e n c e .

A f t e r  t h e  d a t a  f o r  th e  s t u d y  was c o l l e c t e d ,  th e  

p a r t i c i p a n t s  in  the  com par ison  g roup  were a s s i g n e d  a t e n -  

day p e r i o d  to  work w i th  th e  w e a th e r  s t a t i o n .  A l l  o f  th e
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s t u d e n t s  in  t h e  s t u d y  had an equa l  amount o f  c o n t a c t  t ime 

w i t h  t h e  w e a th e r  s t a t i o n  d u r i n g  t h e  sc ho o l  y e a r .

D a ta  C o l l e c t i o n  

Two p o s t t e s t s  were g iv e n  t o  th e  t r e a t m e n t  and c o n t r o l  

g ro u p s .  One o f  th e  i n s t r u m e n t s ,  t h e  W eather  Concep ts  T e s t  

(WCT), measured  s t u d e n t s *  ach iev em en t  r e l a t e d  to  w e a th e r  

knowledge (Appendix E ) ,  and th e  o t h e r  i n s t r u m e n t ,  the  

E s t e s  A t t i t u d e  S c a le  (EAS), m easured  s t u d e n t s ’ a t t i t u d e s  

toward s c i e n c e  (Appendix F ) .

The WCT, which m easu re s  c o n t e n t  knowledge o f  w e a t h e r ,  

was g iv e n  t o  th e  s t u d e n t s  one day a f t e r  th e  w e a th e r  u n i t  

was c o m p le te d .  The EAS, which  m easu res  s t u d e n t s ’ 

a t t i t u d e s  tow ard  s c i e n c e ,  was be g iv e n  t o  th e  s t u d e n t s  th e  

l a s t  day o f  th e  u n i t  b e f o r e  t h e  a d m i n i s t r a t i o n  o f  t h e  WCT.

PMft Analysis 
A two-way t r e a t m e n t  by g e n d e r  a n a l y s i s  o f  v a r i a n c e  

w i t h  t r i a d s  a s s i g n e d  t o  t r e a t m e n t  w i t h i n  t h e  g e n d e r  group  

was used  t o  a n a l y z e  t h e  d a t a .  The .05 a l p h a  l e v e l  o f  

s i g n i f i c a n c e  was be used  a s  th e  a c c e p t a n c e  l e v e l  f o r  a l l  

h y p o t h e s e s .  The s t a t i s t i c a l  c a l c u l a t i o n s  were be 

pe r fo rm ed  a t  t h e  U n i v e r s i t y  o f  S o u th e rn  M i s s i s s i p p i ,  

employing t h e  SFSS-X s t a t i s t i c a l  pack ag e .
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ANALYSIS OF THE DATA 

T h is  s t u d y  was co n d u c ted  t o  d e t e r m i n e  t h e  e f f e c t s  o f  a 

c o m p u t e r - a s s i s t e d  w e a th e r  s a t e l l i t e  c u r r i c u l u m  and g e n d er  

on s t u d e n t  ach ievem en t  and on s t u d e n t  a t t i t u d e s  toward  

s c i e n c e .  The t r e a t m e n t  g roup  o p e r a t e d  com pu te rs  l i n k e d  to  

land  n e tw o rk s  and w e a th e r  s a t e l l i t e s ,  which c o l l e c t e d  

n a t i o n a l  and i n t e r n a t i o n a l  d a t a ,  and a g round w e a th e r  

sy s tem  which c o l l e c t e d  l o c a l  d a t a .  T h is  g ro u p  a l s o  

c o l l e c t e d  and i n t e r p r e t e d  l o c a l  d a t a  w i t h  a  g round w e a th e r  

s t a t i o n  composed o f  th e rm o m e te r s ,  b a r o m e t e r s ,  r a i n  g a u g es ,  

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

p a r t i c i p a t e d  in  a t r a d i t i o n a l  w e a th e r  u n i t  composed o f  

l e c t u r e s ,  workbook e x e r c i s e s ,  l i b r a r y  r e s e a r c h ,  and 

l a b o r a t o r y  e x p e r i e n c e s .  The p o s t t e s t s  m e a su r in g  s t u d e n t s '  

a ch ievem en t  in  w e a th e r  and s t u d e n t s ’ a t t i t u d e s  toward  

s c i e n c e  were a d m i n i s t e r e d  t o  b o th  g ro u p s  o f  s t u d e n t s  in  

O c to b e r ,  1993. A f t e r  th e  s t u d e n t s  i n  t h e  t r e a t m e n t  g roup  

com ple ted  t h e  s c i e n c e  l e s s o n ,  t h e y  were i n t e r v i e w e d  and 

answered  q u e s t i o n s  abou t  t h e i r  e x p e r i e n c e .

D e s c r i p t i v e  D a ta  

A t t i t u d e s  toward  s c i e n c e  were  m easured  w i t h  th e  E s t e s  

A t t i t u d e  Measure which  t e s t e d  s t u d e n t s '  g e n e r a l  a t t i t u d e s  

toward  s c i e n c e .  T h is  i n s t r u m e n t  c o n t a i n e d  15 q u e s t i o n s

47
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t h a t  i n c l u d e d  a L i k e r t  s c a l e  o f  one t o  f i v e .  S t u d e n t s  

c o u ld  r e c o r d  a maximum p o s i t i v e  a t t i t u d e  toward  s c i e n c e  o f  

75,  w h i l e  t h o s e  s t u d e n t s  who showed a d i s l i k e  f o r  s c i e n c e  

c o u ld  s c o r e  a s  low as  15 p o i n t s .  T ab le  1 c o n t a i n s  th e  

means, s t a n d a r d  d e v i a t i o n ,  and c e l l  number s i z e s  f o r  each  

c o m b in a t io n  o f  g e n d er  and t e a c h i n g  m ethodo logy .  An 

example o f  r e a d i n g  c e l l s  in  T ab le  1 ( s e e  T ab le  1) shows a 

number coun t  o f  36 m ales  in  th e  t r a d i t i o n a l  g roup  o b t a i n e d  

a mean s c o r e  o f  55 .53  w i t h  a s t a n d a r d  d e v i a t i o n  o f  9 .78  on 

th e  E s t e s  a t t i t u d e  m easu re .

S tu d e n t  a c h ie v e m e n t ,  t h e  second  d e p en d e n t  v a r i a b l e ,  

was measured  w i t h  a  31 i tem  m u l t i p l e  c h o ic e  t e s t .  The 

h i g h e s t  s c o r e  p o s s i b l e  was 31 and t h e  low es t  s c o r e  

p o s s i b l e  was z e r o .  T ab le  2 c o n t a i n s  t h e  means, s t a n d a r d  

d e v i a t i o n ,  and c e l l  number s i z e  f o r  each  g ro u p .  An 

example o f  i n t e r p r e t i n g  T a b le  2 shows 18 f e m a le s  in  th e  

computer  g ro up  o b t a i n e d  a mean s c o r e  o f  16 .89  w i t h  a 

s t a n d a r d  d e v i a t i o n  o f  3 .0 3  on t h e  s t u d e n t  ach iev em en t  

m e a s u r e .

T e s t  o f  H ypo theses

H y po th eses  1 t h ro u g h  4 were t e s t e d  u s i n g  an A n a l y s i s  

o f  V a r ia n c e  s t a t i s t i c a l  m e thodo logy .  The c e l l  means, 

s t a n d a r d  d e v i a t i o n ,  and number c o u n t s  from T a b le s  1 and 2 

were used  in  t h i s  a n a l y s i s .
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Table 1
Means and S t a n d a r d  D e v i a t i o n s  o f  t he A t t i tude  Measure 

{E = 99)

T e a c h in g  Methodology

T r a d i t i o n a l  C o m p u te r /A ss i s t Row

Gender M SB n M SB n M n

Female 5 2 . 8 9 7 . 2 9 27 5 5 . 0 0 6 . 6 3 18 5 3 . 7 3 45

Male 5 5 . 5 3 9 . 7 8 36 5 2 . 1 7 1 3 . 3 2 18 5 4 . 4 1 54

Column 54 .40 63 53 .58 36 5 4 .1 0  99
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Table 2

Means and S t a n d a r d  J J e v i a t i o n s  o f  th e  Achievement Measure 

<N = 98)

T each in g  Methodology

T r a d i t i o n a l  C o m p u te r /A s s i s t Row

Gender M s c n M SC n M n

Female 1 6 . 3 1 4 . 2 7 26 1 6 . 8 9 3 . 0 3 18 1 6 . 5 5 44

Male 1 7 . 8 1 5 . 3 0 36 1 8 . 4 4 3 . 0 5 18 1 8 . 0 2 54

Co1umn 1 7 . 1 8 62 1 7 . 6 7 36 1 7 . 3 6 98
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A two-way a n a l y s i s  o f  v a r i a n c e  was th e  s t a t i s t i c a l  

p ro c e d u re  u se d  t o  t e s t  f o r  d i f f e r e n c e s  be tween t h e  two 

g r o u p s ,  t r a d i t i o n a l  i n s t r u c t i o n  ( c o n t r o l  g ro up )  and 

c o m p u t e r - a s s i s t e d  i n s t r u c t i o n  ( t r e a t m e n t  g r o u p ) ,  and 

g en d er  e f f e c t s  on s t u d e n t  a t t i t u d e  toward  s c i e n c e  and 

s t u d e n t  a c h ie v e m e n t .  An a l p h a  l e v e l  o f  .05 was th e  

r e j e c t i o n  l e v e l  s e t  f o r  a l l  h y p o t h e s e s .

R e s u l t s  from th e  ANOVA t e s t i n g  f o r  s t u d e n t  

ach ievem en t  a r e  p r o v i d e d  in  T ab le  3. There  were no 

s i g n i f i c a n t  main e f f e c t s  f o r  t r e a t m e n t  [ £ ( 1 , 9 4 )  = 0 . 8 6 ,

£  ■ .502 ) o r  gender  [ £ ( 1 , 9 4 )  = 2 .9 9 ,  £  = .087)  ] ,  and no 

i n t e r a c t i o n  between t e a c h i n g  m ethodology  and gender  

E £ ( 1 , 9 4 )  = .0 0 1 ,  £  = .975 ) .

Hypo theses  1 and 3 d e a l t  more s p e c i f i c a l l y  w i t h  th e  

d ependen t  v a r i a b l e  o f  s t u d e n t  a c h ie v e m e n t .  H y p o th e s i s  1 

s t a t e d  t h a t ,  "There  w i l l  be a  s i g n i f i c a n t  d i f f e r e n c e  

between th e  s c i e n c e  ach ievem en t  s c o r e s  o f  s t u d e n t s  who 

s t u d y  w e a th e r  u s i n g  a s a t e l l i t e  r e c e i v i n g  s t a t i o n  and 

s t u d e n t s  who s t u d y  w e a th e r  u s i n g  t r a d i t i o n a l  l e s s o n s . "  In 

h y p o t h e s i s  1 t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  in  th e  

e f f e c t s  o f  t h e  two d i f f e r e n t  i n s t r u c t i o n a l  m e th o d o lo g ie s ,  

t r a d i t i o n a l  and c o m p u t e r - a s s i s t e d  [ £ ( 1 , 9 4 )  * .4 5 5 ,  £  = 

.502 ] .

H y p o th e s i s  3 p r e d i c t e d  t h a t ,  "There  w i l l  be a 

s i g n i f i c a n t  d i f f e r e n c e  between male and fem ale  a v e rag e
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s c o r e s  on t e s t s  t h a t  measure  s t u d e n t  a c h i e v e m e n t . "  In 

h y p o t h e s i s  3 g e n d e r  d i d  not  p r o v id e  a  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e  in  s t u d e n t  ach iev em en t  [ £ ( 1 , 9 4 )  = 

2 .8 6 ,  £  -  .087 ] .

R e s u l t s  from th e  ANOVA t e s t i n g  f o r  s t u d e n t  a t t i t u d e  

a r e  p r o v id e d  in  T ab le  4 . There  were no s i g n i f i c a n t  main 

e f f e c t s  f o r  t r e a t m e n t  [ £ ( 1 , 9 5 )  * 0 .1 5 1 ,  £  = .699 ] o r  

gender  [ £ ( 1 , 9 5 )  = 0 .1 0 6 ,  £  -  .745 ] ,  and no i n t e r a c t i o n  

between t e a c h i n g  m ethodology and g ender  [ £ ( 1 , 9 5 )  = 1 .9 0 4 ,  

£  = .171 ] .

H ypo theses  2 and 4 d e a l t  more s p e c i f i c a l l y  w i t h  th e  

dependen t  v a r i a b l e  o f  s t u d e n t  a t t i t u d e .  H y p o th e s i s  2 

p r e d i c t e d  t h a t ,  "There  w i l l  be a  s i g n i f i c a n t  d i f f e r e n c e  

between th e  a t t i t u d e  toward  s c i e n c e  o f  s t u d e n t s  who s tu d y  

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

who s t u d y  w e a th e r  u s i n g  t r a d i t i o n a l  l e s s o n s . "  In 

h y p o t h e s i s  2 no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  was 

found between th e  t r a d i t i o n a l  l e a r n i n g  g ro up  and th e  

c o m p u t e r - a s s i s t e d  group  in  s t u d e n t  a t t i t u d e  toward  s c i e n c e  

[ £ ( 1 , 9 5 )  = .1 5 1 ,  £  * .699 ] .

H y p o th e s i s  4 p r e d i c t e d  t h a t  "There  w i l l  be a 

s i g n i f i c a n t  d i f f e r e n c e  between male and fem a le  a v e ra g e  

s c o r e s  on t e s t s  t h a t  measure  s t u d e n t  a t t i t u d e  toward
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Table  3

Summary o f  ANOVA R e s u l t s  on th e  Achievement Measure

Mean
Source  jll. Square  £

T rea tm en t  (T) 1 8 .4 7  .455 .502

Gender (G) 1 55 .63  2 .98 6  .087

T x G 1 .02 .001 .975

W ith in  94 18.63



www.manaraa.com

54

Table 4
Summary o f  ANOVA R e s u l t s  on t h e  Att i t u d e  Measure

Mean
Source  d i  Square  £

T rea tm en t  (T) 1 13.48 .151 .699

Gender (G) 1 9 .4 8  .106 .745

T X G 1 170.22  1 .904  .171

W ith in  95 8 9 .39
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s c i e n c e . "  In h y p o t h e s i s  4 no s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e  was found between m ales  and fe m a le s  in  s t u d e n t  

a t t i t u d e  tow ard  s c i e n c e  [ £ (1 * 9 5 )  = .1 0 6 ,  £  = .745 ] .

Summary

The p r e c e d i n g  i n v e s t i g a t i o n  a t t e m p t e d  t o  d e t e r m i n e  i f  

a s c i e n c e  c u r r i c u l u m  which used  c o m p u t e r - a s s i s t e d  

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

s t a t i o n ,  which  was l i n k e d  t o  computer  w e a th e r  n e tw o rk s ,  

would a f f e c t  s t u d e n t  a ch ievem en t  and s t u d e n t  a t t i t u d e ' s  

toward  s c i e n c e .  Achievement was m easured  w i t h  a 3 1 - i t e m  

p o s t t e s t  g iv e n  t o  99 s t u d e n t s  i n  O c t o b e r ,  1993, a f t e r  th ey  

p a r t i c i p a t e d  in  a 10-day u n i t  o f  w e a th e r  i n s t r u c t i o n .  

A t t i t u d e  was m easured  by an a t t i t u d e  i n v e n t o r y  t h a t  

c o n t a i n e d  15 i tem s  t h a t  c o v e re d  t h e  a r e a  o f  s c i e n c e .  

N i n e t y - e i g h t  s t u d e n t s  r e s p o n d e d  t o  t h e  a t t i t u d e  p o s t t e s t  

in  O c t o b e r ,  1993. An ANOVA p r o v id e d  th e  s t a t i s t i c a l  

a n a l y s i s  t o  t e s t  f o r  h y p o t h e s e s  1 th r o u g h  4.

The ANOVA r e s u l t s  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e  

be tw een  t r a d i t i o n a l  and c o m p u t e r - a s s i s t e d  t e a c h i n g  methods 

on s t u d e n t  a c h i e v e m e n t .  In  a d d i t i o n ,  t h e r e  was no 

s i g n i f i c a n t  i n t e r a c t i o n  found  between t e a c h i n g  methods and 

g e n d e r .

No s i g n i f i c a n t  d i f f e r e n c e  was found be tween  

t r a d i t i o n a l  and c o m p u t e r - a s s i s t e d  t e a c h i n g  methods on
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a t t i t u d e  toward  s c i e n c e .  L ik e w is e ,  no s i g n i f i c a n t  

i n t e r a c t i o n  was found between t e a c h i n g  methods and g e n d e r .
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CHAPT ER V

SUMMARY. CONCLUSIONS. AND RECOMMENDATIONS
Summary

G e n e r a l l y  e d u c a t o r s  s u p p o r t  th e  u se  o f  com pu te r -  

a s s i s t e d  c u r r i c u l a  in  a w e a th e r  s c i e n c e  c l a s s  and f e e l  

t h i s  t e c h n o lo g y  has t rem endous p o t e n t i a l  f o r  s t u d e n t  

l e a r n i n g  (G ardner  ft Simmons, 1990; M a r t in ,  1987; Summers ft 

Gotwald ,  1987; T i l l e r y ,  1990) .  As th e  r a p i d  i n t e g r a t i o n  

o f  t e c h n o lo g y  in  th e  s c h o o l s  t a k e s  p l a c e ,  e d u c a t o r s  need 

t o  d e v e lo p  e f f e c t i v e  ways t o  i d e n t i f y  and implement t h e s e  

new t o o l s  in  th e  s c i e n c e  c l a s s ro o m .

T h is  s t u d y  was d e s ig n e d  as  a f i r s t  s t e p  t o  d e te rm in e  

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

c u r r i c u l u m  in  th e  c la s s ro o m .  A f t e r  a r e v i e w  o f  th e  

l i t e r a t u r e  th e  s tu d y  f o c u s e d  on s t u d e n t  a c h ie v e m e n t ,  

s t u d e n t  a t t i t u d e s  toward s c i e n c e ,  and th e  e f f e c t  o f  gen der  

d i f f e r e n c e .  T h e r e f o r e ,  t h e  p rob lem  s t a t e m e n t  was 

f o r m u la t e d  a s ,  "Do e i g h t h - g r a d e  male and fem ale  s t u d e n t s  

who p a r t i c i p a t e  in  a t r a d i t i o n a l  a pp roach  t o  th e  s t u d y  o f  

w e a th e r  d i f f e r  in  s t u d e n t  ach ievem en t  and a t t i t u d e ’ s 

toward s c i e n c e  from male and fem ale  s t u d e n t s  who s tu d y  

w e a th e r  u s i n g  a w e a th e r  s t a t i o n  w i t h  s a t e l l i t e  image 

r e c e p t i o n  c a p a b i l i t i e s " ?

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

57
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c o m p u t e r - a s s i s t e d  t e a c h i n g  m ethods ,  Bender (1 9 9 1 ) ,  Choi 

and Gennero (1 9 8 7 ) ,  C l a r k ,  K urshan ,  and Yoder (1 98 9 ) ,  

D iS e s s a  (1 9 8 7 ) ,  E l l i s  (1 9 8 4 ) ,  G ard ner  and Simmons (1 9 90 ) ,  

Johnson and Johnson  (1 9 8 6 ) ,  K o b a l l a  and Crawley (1 99 3 ) ,  

Luehrmann (1 9 8 1 ) ,  Oakes and S c h n id e r  (1 9 8 4 ) ,  Sherwood and 

H a s s e l b r i n g  (1 9 8 6 ) ,  Simpson and O l i v e r  (1 9 9 0 ) ,  Summers 

(1 9 8 9 ) ,  and V ocke l l  (1990) i n v e s t i g a t e d  q u e s t i o n s  r e l a t e d  

t o  th e  e f f e c t  o f  com pu te rs  on s t u d e n t  ach ievem en t  and 

s t u d e n t  a t t i t u d e s  tow ard  s c i e n c e .  In  g e n e r a l ,  th e  

f i n d i n g s  o f  t h e s e  s t u d i e s  have s u g g e s t e d  t h a t  computers  

have a p o s i t i v e  e f f e c t  on s t u d e n t  ach ievem en t  and s t u d e n t  

a t t i t u d e s  tow ard  s c i e n c e .  The s t u d y  r e p o r t e d  h e re  found 

t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be tween  a 

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

ach iev em en t  and s t u d e n t  a t t i t u d e s  toward  s c i e n c e .

A rcher  and Lloyd (1 9 8 5 ) ,  Becker  (1 9 8 9 ) ,  DeRemer 

(1 9 8 9 ) ,  F e t l e r  (1 9 8 5 ) ,  F o r s y t h  (1 9 8 9 ) ,  Hawkins (1 9 8 5 ) ,  

K o b a l l a  (1 9 8 5 ) ,  L inn (1 9 8 5 ) ,  W i ld e r ,  Mackie and Cooper 

(1 9 8 5 ) ,  and W i t t i g  and P e t e r s o n  (1979) examined th e  e f f e c t  

o f  gender  on s t u d e n t  a ch ievem en t  and s t u d e n t  a t t i t u d e s  

toward  s c i e n c e .  Many o f  t h e s e  s t u d i e s  r e p o r t e d  t h a t  males  

were f a v o r e d  o v e r  fem a le s  in  b o th  s c i e n c e  and com pute r -  

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

th e  s t u d y  r e p o r t e d  h e re  found no s i g n i f i c a n t  d i f f e r e n c e  in
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s t u d e n t  a ch iev em en t  and s t u d e n t  a t t i t u d e s  toward  s c i e n c e  

be tw een  m ales  and fem a le s  f o r  th e  t r a d i t i o n a l  and 

c o m p u t e r - a s s i s t e d  g ro u p s .

S u b j e c t s

S u b j e c t s  f o r  t h i s  s t u d y  came from a r u r a l ,  m idd le  

schoo l  in  N o r t h e a s t  G e o r g ia .  S t u d e n t s  from f o u r  E a r t h  

S c ien c e  c l a s s e s  (n = 99) com ple ted  th e  a t t i t u d e  measure  

and 98 s t u d e n t s  com ple ted  t h e  a ch ievem en t  m easure  b e ca u se  

one s t u d e n t  moved away from sc h o o l  b e f o r e  t h e  ach ievem en t  

t e s t  was g i v e n .  The t r e a t m e n t  g rou p  ( c o m p u t e r - a s s i s t e d  

t e a c h i n g  method) sample  f o r  a ch ievem en t  and a t t i t u d e  

i n c l u d e d  36 s t u d e n t s .  The c o n t r o l  g roup  ( t r a d i t i o n a l  

t e a c h i n g  method) i n c l u d e d  62 s t u d e n t s  in  t h e  ach ievem en t  

a n a l y s i s  and 63 s t u d e n t s  in  th e  a t t i t u d e  a n a l y s i s .

A l l  o f  th e  s t u d e n t s  were ran k e d  by a b i l i t y  and th en  

a s s i g n e d  to  a g ro u p .  The s t u d e n t s  were randomly p l a c e d  in  

a l l  male o r  a l l  fem a le  g roups  c a l l e d  a  t r i a d .  Each t r i a d  

c o n t a i n e d  a h i g h ,  medium, and low a b i l i t y  s t u d e n t .  A f t e r  

t h e  s t u d e n t s  were  a s s i g n e d  t o  t h e  t r i a d s ,  a  t o t a l  o f  12 

t r i a d s  were randomly s e l e c t e d  t o  p a r t i c i p a t e  in  c o m p u te r -  

a s s i s t e d  i n s t r u c t i o n  ( t r e a t m e n t  g ro up )  and 21 t r i a d s  were 

s e l e c t e d  t o  p a r t i c i p a t e  in  t r a d i t i o n a l  i n s t r u c t i o n  

( c o n t r o l  g r o u p ) .

P r o c e d u r e

D ata  c o n c e r n i n g  s t u d e n t  a ch ievem en t  was c o l l e c t e d
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u s i n g  t h e  W eather  Concept  T e s t  (Appendix  E ) .  T h is  

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

o f  31 m u l t i p l e - c h o i c e  i t e m s .  The Weather  Concept  T e s t  

measured w e a th e r  i n f o r m a t i o n  t h a t  was t a u g h t  t o  b o th  th e  

t r e a tm e n t  and c o n t r o l  g rou p s  d u r i n g  th e  t e n - d a y  s tu d y  

p e r i o d  in  O c to b e r ,  1993. Each t e s t  i tem  had f o u r  o r  f i v e  

p o s s i b l e  c h o i c e s ;  however ,  o n l y  one c h o ic e  met t h e  f u l l  

r e q u i r e m e n t s  o f  t h e  q u e s t i o n .  The maximum p o s s i b l e  s c o r e  

f o r  th e  t e s t  was 31.  The minimum p o s s i b l e  s c o r e  f o r  the  

t e s t  was 0 .  The a ch iev em en t  m easure  was g iv e n  t o  th e  

s t u d e n t s  on a s i n g l e  day ,  f o l l o w i n g  th e  c o m p le t io n  o f  th e  

w e a th e r  u n i t .

Data  c o n c e r n in g  s t u d e n t  a t t i t u d e s  toward  s c i e n c e  was 

c o l l e c t e d  w i t h  t h e  E s t e s  A t t i t u d e  S c a le  f o r  t h e  s e n i o r  

h ig h  sc ho o l  g r a d e s  (Appendix  F ) .  T h i s  a t t i t u d e  s c a l e  

i n c l u d e d  IS q u e s t i o n s  a bou t  s c i e n c e .  Each q u e s t i o n  

employed a L i k e r t  S c a l e  r a n g i n g  from 1 f o r  " s t r o n g l y  

d i s a g r e e ” to  5 f o r  " s t r o n g l y  a g r e e . "  H a l f  o f  t h e s e  

q u e s t i o n s  were r e v e r s e d  in  d i r e c t i o n  t o  a v o id  any p o s i t i v e  

o r  n e g a t i v e  p a t t e r n .  A maximum p o s i t i v e  s c o r e  o f  75,  and 

a minimum n e g a t i v e  s c o r e  o f  15 c o u ld  be a c h i e v e d  on t h i s  

i n s t r u m e n t .  The E s t e s  A t t i t u d e  S c a l e  was a d m i n i s t e r e d  one 

day f o l l o w in g  t h e  c o m p le t io n  o f  t h e  w e a th e r  u n i t  in  

O c to b e r ,  1993.

In a d d i t i o n  to  t h e s e  q u a n t i t a t i v e  m e a s u r e s ,  a
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q u a l i t a t i v e  measure  was com ple ted  by tw e n ty  s t u d e n t s  

randomly s e l e c t e d  from th e  t r e a t m e n t  g ro u p .  These 

s t u d e n t s  were i n t e r v i e w e d  and th e n  answered  two q u e s t i o n s  

about  t h e  c o m p u t e r - a s s i s t e d  w e a th e r  c u r r i c u l u m .

Twenty s t u d e n t s  in  th e  t r e a t m e n t  g roup  were 

i n t e r v i e w e d  and g iv e n  a q u a l i t a t i v e  i n s t r u m e n t  t h a t  

c o n s i s t e d  o f  two q u e s t i o n s .

These q u e s t i o n s  were;

1) W r i t e  down what you th o u g h t  was good abou t  th e  

c o m p u t e r / s a t e l l i t e  w e a th e r  l e s s o n .

2) What do you t h i n k  need s  improvement in  t h i s  

l e s s o n ?  How? Sugges t  a d d i t i o n s  t h a t  would h e l p  

you.

R e s u l t s  and D i s c u s s io n

The s c o r e s  f o r  t h e  s t u d e n t  ach iev em en t  measure  and 

s t u d e n t  a t t i t u d e  measure  were compared u s i n g  a  two-way 

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

d i f f e r e n c e  between th e  c o m p u t e r - a s s i s t e d  and t r a d i t i o n a l  

g ro u p s .  In  a d d i t i o n ,  g e n d e r  d i f f e r e n c e s  were  a n a l y z e d .

The group  means f o r  th e  t e a c h i n g  methods and gender  

d e m o n s t r a t e d  no s i g n i f i c a n t  d i f f e r e n c e .

I t  a p p e a r s  t h a t  b o th  methods o f  i n s t r u c t i o n  were 

e q u a l l y  e f f e c t i v e  in  th e  t e a c h i n g  o f  w e a t h e r .  There  may 

be s e v e r a l  r e a s o n s  why t h i s  o c c u r r e d .

A r e v i e w  o f  comments g iv e n  by s t u d e n t s  in  th e
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q u a l i t a t i v e  i n s t r u m e n t  may g i v e  th e  r e a d e r  some i n s i g h t  

i n t o  t h e s e  r e s u l t s .  S e v e ra l  s t u d e n t s  m en t ioned  t h a t  i t ,  

" to o k  me some t ime to  l e a r n  t h e  c o m p u te r . "  One s t u d e n t  

recommended t h a t  th e  s t u d e n t s  sh o u ld  " l e a r n  how t o  work 

t h e  com puters  b e f o r e  g o in g  back  t h e r e  ( t o  t h e  w e a th e r  

s t a t i o n ) . "  O th e r s  made comments l ik e *  th e y  needed  more 

d i r e c t i o n s  on q u e s t i o n s  and how t o  g e t  i n t o  a sy s tem  on 

th e  com pu te r .  These s t a t e m e n t s  and c o n c e rn s  s u g g e s t  th e  

s t u d e n t s  a s  a whole were n o t  j u s t  c o n c e n t r a t i n g  on 

l e a r n i n g  ab o u t  w e a th e r  b u t  th e y  were w ork ing  on s o l v i n g  

th e  p rob lem  o f  o p e r a t i n g  th e  com pute r .

I n t e r v i e w s  w i t h  th e  s t u d e n t s  in  th e  computer  group  

a f t e r  th e  s t u d y  found t h a t  most o f  th e  s u b j e c t s  had 

l i m i t e d  p r i o r  e x p e r i e n c e  w i t h  c o m p u te r s .  They worked w i th  

Apple com pu te rs  f o r  a t  l e a s t  one hour a  week in  e le m e n ta r y  

s c h o o l ,  g r a d e s  1 t h ro u g h  5, bu t  t h e i r  m idd le  sc h oo l  

e x p e r i e n c e  had been l i m i t e d  t o  o n ly  a  few h o u r s  pe r  y e a r .  

Only f o u r  o u t  o f  t h e  t h i r t y  s i x  s t u d e n t s  in  t h e  com pute r -  

a s s i s t e d  g ro u p  had o p e r a t e d  an IBM o r  c o m p a t ib l e  computer  

l i k e  t h e  ones  used  in  t h i s  s t u d y .

Even w i t h  t h e  t im e  r e s t r a i n t s  o f  t e n  days  and t h e i r  

l i m i t e d  com puter  e x p e r i e n c e ,  t h e  c o m p u t e r - a s s i s t e d  group  

managed t o  s o l v e  t h e i r  computer  o p e r a t i o n  p rob lem s  and 

r e a c h  th e  same l e v e l  o f  a ch ievem en t  a s  t h e  t r a d i t i o n a l  

g ro u p .  The t r a d i t i o n a l  g roup  was exposed  t o  a  f a m i l i a r
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method o f  t e a c h i n g  which a l l o w e d  them t o  fo c u s  on j u s t  

l e a r n i n g  th e  w e a t h e r .  The c o m p u t e r - a s s i s t e d  g roup  no t  

o n ly  worked on w e a th e r  c o n c e p t s  b u t  t h e y  s p e n t  a  l a r g e r  

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

which i n c l u d e d  i n t e r p r e t i n g  images and prob lem  s o l v i n g .

The i n s t r u c t o r  worked w i t h  b o th  g roups  in  one 

p a r t i t i o n e d  c l a s s ro o m  a t  t h e  same t im e .  I t  was d e c id e d  

t h a t  th e  i n s t r u c t o r  would spend an e q u a l  amount o f  t ime 

w i t h  b o th  g r o u p s .  I t  was t h e  r e s e a r c h e r ’s i n t e n t  t o  av o id  

u n b a la n c e d  i n t e r a c t i o n  w i t h  t h e  g ro u p s  t h a t  would b i a s  th e  

r e s u l t s .  The t e a c h e r  assumed th e  r o l e  o f  m entor  w i t h  th e  

c o m p u t e r - a s s i s t e d  bu t  on s e v e r a l  days  l e c t u r e d  o r  

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

had th e  e f f e c t  o f  f o c u s i n g  a l a r g e r  p r o p o r t i o n  o f  th e  

t e a c h e r ’s t im e  on th e  t r a d i t i o n a l  g r o u p .  Many t im e s  the  

t e a c h e r  was d e l a y e d  o r  u n a v a i l a b l e  t o  a s s i s t  t h e  co m p u te r -  

a s s i s t e d  s t u d e n t s  when th e y  had q u e s t i o n s .  T h i s  may have 

compounded t h e  d i f f i c u l t i e s  th e  c o m p u t e r - a s s i s t e d  group  

e x p e r i e n c e d  w i t h  t h e  c o m p u te r s .

One o f  th e  more i n t e r e s t i n g  r e s u l t s  o f  t h e  s t u d y  was 

t h a t  no s i g n i f i c a n t  d i f f e r e n c e  was found in  t h e  mean 

s c o r e s  f o r  male and fem ale  s t u d e n t s  on s c i e n c e  ach ievem en t  

and s t u d e n t  a t t i t u d e s  tow ard  s c i e n c e .  The m a j o r i t y  o f  

s t u d i e s  rev ie w ed  in  t h e  l i t e r a t u r e  i n d i c a t e d  t h a t  t h e r e  

would be a g e n d e r  d i f f e r e n c e  f a v o r i n g  m ales  o v e r  f em a le s
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a t  t h e  e i g h t h  g ra d e  l e v e l  (B e c k e r ,  1989; E r i c k s o n  ft 

E r i c k s o n ,  1984; Jaco b so n  ft Doran ,  1985; Owen, 1991; Reyes 

ft P a d i l l a ,  1985; Simpson ft O l i v e r ,  1985; W i t t i g  ft 

P e t e r s o n ,  1979) .  Two v a r i a b l e s  may have i n f l u e n c e d  t h e s e  

r e s u l t s :  t h e  i n s t r u c t o r  and th e  type  o f  g r o u p in g .  S e v e ra l  

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

b e h a v i o r  a s  an im p o r ta n t  v a r i a b l e .  The i n s t r u c t o r ’ s 

t e a c h i n g  s t y l e  in  t h i s  s t u d y  may have h e lp e d  to  e q u a l i z e  

th e  gen d er  r e s u l t s .  Another  p o s s i b l e  e x p l a n a t i o n  f o r  

f i n d i n g  no g ender  b i a s  may have been t h e  way th e  g roups  

were a s s i g n e d .  U n l ik e  most no rm al ,  c l a s s ro o m  

i n s t r u c t i o n a l  s e t t i n g s ,  e ach  s t u d e n t  in  th e  s t u d y  was 

a s s i g n e d  to  an a l l  male o r  a l l  fem ale  g ro u p .

Casua l  o b s e r v a t i o n  o f  t h e  group  b e h a v i o r s  by th e  

r e s e a r c h e r  i n d i c a t e d  t h a t  a s  fem a le s  worked t o g e t h e r ,  th ey  

demanded l e s s  a t t e n t i o n  and c o o p e r a t e d  w e l l  w i t h  one 

a n o t h e r .  The m ales  had a h a r d e r  t im e  f o c u s i n g  on t h e  t a s k

and com pla ined  more among t h e m s e lv e s .  S e g r e g a t e d  g e n d er

g ro u p in g  may g iv e  fe m a le s  a chance  t o  work w i t h  o t h e r

s t u d e n t s  who have s i m i l a r  l e a r n i n g  s t y l e s .  The

c o o p e r a t i v e ,  s i n g l e  g en d er  g r o u p in g  may a l l o w  f e m a le s  t o  

l e a r n  in  a  more e f f e c t i v e  manner.

There  was no s i g n i f i c a n t  d i f f e r e n c e  found  between any 

o f  t h e  g roups  f o r  s t u d e n t  a t t i t u d e s  toward  s c i e n c e .  

However, when th e  c o m p u t e r - a s s i s t e d  s t u d e n t s  were
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i n t e r v i e w e d  a l l  o f  them s t a t e d  t h e y  p r e f e r r e d  w ork ing  w i t h  

th e  com pu te rs  v e r s u s  w ork ing  in  a  t r a d i t i o n a l  c l a s s ro o m .  

S e v e ra l  s u b j e c t s  s t a t e d  th e y  l i k e d  th e  c o m p u t e r / s a t e l l i t e  

l e s s o n  b eca u se  i t  h e lp e d  them u n d e r s t a n d  w e a th e r  and 

s a t e l l i t e s  b e t t e r .  O the r  s t u d e n t s  s t a t e d  t h a t  th e y  

en jo yed  w ork ing  in  th e  c o m p u t e r - a s s i s t e d  g ro u p  b e ca u se  

th ey  "go t  t o  l e a r n  about  th e  w e a t h e r , "  even though  th ey  

a d m i t t e d  th e  computer  l e s s o n  was " h a r d e r . "

These rem arks  seem t o  c o n t r a d i c t  t h e  r e s u l t s  found 

w i th  t h e  a t t i t u d e  m easu re .  A p o s s i b l e  e x p l a n a t i o n  f o r  

t h i s  c o n t r a d i c t i o n  cou ld  be t h a t  th e  E s t e s  A t t i t u d e  S c a le  

was d e s ig n e d  t o  measure  a g e n e r a l  a t t i t u d e  toward  s c i e n c e .  

Only two o f  th e  i tems in  th e  i n s t r u m e n t  were d i r e c t l y  

r e l a t e d  t o  w e a t h e r .  The c o m p u t e r - a s s i s t e d  c u r r i c u l u m  may 

have improved th e  s t u d e n t  a t t i t u d e ' s  tow ard  a s p e c i f i c  

a r e a  o f  s c i e n c e  l i k e  com puters  o r  w e a t h e r ,  b u t  th e  E s t e s  

measure  was n o t  d e s ig n e d  to  m easure  t h o s e  s p e c i f i c  a r e a s .

Ano the r  p o s s i b l e  c o n s i d e r a t i o n  f o r  no change  in  t h e  

a t t i t u d e  among s t u d e n t s  c o u ld  have been  th e  t im e  e l e m e n t .  

More t im e  i s  needed t o  i n f l u e n c e  s t u d e n t s '  a t t i t u d e  toward  

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

Recommendations

The e f f e c t i v e  u se  o f  w e a th e r  s a t e l l i t e  t e c h n o lo g y  and 

com puters  in  a s c i e n c e  c l a s s ro o m  r e q u i r e s  a d d i t i o n a l  

r e s e a r c h .  T h is  s t u d y  was a f i r s t  e f f o r t  t o  i d e n t i f y  an
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e f f e c t i v e  way o f  t e a c h i n g  w e a th e r  u s i n g  c u r r e n t  

t e c h n o lo g y .  F u tu r e  r e s e a r c h  need s  t o  a d d r e s s  s e v e r a l  

f a c t o r s  and l i m i t a t i o n s  i d e n t i f i e d  in  t h i s  s t u d y ,  such  as  

th e  s t u d e n t s ’ l i m i t e d  computer  e x p e r i e n c e ,  l a c k  o f  

d i v e r s i t y  in  th e  s t u d e n t  p o p u l a t i o n ,  i n e q u i t a b l e  s t u d e n t  

i n t e r a c t i o n  w i t h  th e  i n s t r u c t o r ,  d u r a t i o n  o f  th e  s t u d y ,  

d e s i g n  o f  an i n s t r u m e n t  t h a t  m easu res  s p e c i f i c  s k i l l s ,  and 

d e s i g n  o f  an i n s t r u m e n t  t h a t  m easu res  a t t i t u d e  tow ard  th e  

w e a t h e r .

The s t u d e n t s '  l a c k  o f  computer  e x p e r i e n c e  was a  

l i m i t i n g  f a c t o r  in  t h i s  s t u d y .  Lack o f  computer  

e x p e r i e n c e  i s  t h e  norm r a t h e r  t h a n  t h e  e x c e p t i o n  in  most 

o f  th e  m idd le  s c h o o l s  th r o u g h o u t  th e  U n i ted  S t a t e s .

F u tu r e  r e s e a r c h  sh o u ld  i d e n t i f y  s t u d e n t s *  computer  

background  and t e a c h  them b a s i c  computer  s k i l l s  b e f o r e  

t h e y  p a r t i c i p a t e  in  a l e s s o n  o r  s t u d y .  T h is  w i l l  a l l o w  

s t u d e n t s  in  a c o m p u t e r - a s s i s t e d  g roup  t o  fo cu s  t h e  same 

amount o f  t im e on th e  c o n t e n t  p o r t i o n  o f  a l e s s o n  a s  th e  

group  t h a t  i s  s t u d y i n g  in  a  t r a d i t i o n a l  method g ro u p .  In 

a d d i t i o n  i t  may improve th e  r e s e a r c h e r ’ s a b i l i t y  to  

i d e n t i f y  t h e  e f f e c t i v e n e s s  o f  t h e  c o n te n t  p o r t i o n  o f  a  

c u r r i c u l u m .

S tu d e n t  p o p u l a t i o n  and th e  l a c k  o f  e t h n i c  d i v e r s i t y  

was a l i m i t i n g  f a c t o r .  The s t u d e n t s  in  t h i s  s t u d y  came 

from a r u r a l  m idd le  c l a s s  p o p u l a t i o n  who were p r i m a r i l y
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m idd le  c l a s s  and C a u c a s i a n .  A p p ro x im a te ly  f o u r  p e r c e n t  o f  

th e  s t u d e n t s  were c l a s s i f i e d  as  a m i n o r i t y .  T h is  l i m i t e d  

th e  g e n e r a l i z a b i 1i t y  o f  th e  s t u d y .  A f u t u r e  s t u d y  sh o u ld  

i n c l u d e  a l a r g e r  pool  o f  s t u d e n t s  from a w id e r  g e o g ra p h ic  

a r e a  w i t h  g r e a t e r  c u l t u r a l  and s o c io - e c o n o m ic  d i v e r s i t y .  

Th is  would b e t t e r  r e p r e s e n t  t h e  p l u r a l i s t i c  s o c i e t y .

The l i m i t e d  number o f  com puters  (3)  a v a i l a b l e  t o  th e  

s tu d y  may have compromised th e  r e s u l t s .  Each c la s s ro o m  

in c lu d e d  b o th  t r e a t m e n t  and c o n t r o l  g r o u p s .  The t e a c h e r ' s  

e f f o r t s  were  d i v i d e d  and f o c u s e d  on b o th  g rou p s  in  one 

c l a s s ro o m .  F u t u r e  s t u d i e s  s h o u ld  a r r a n g e  s e p a r a t e  

c la s s ro o m s  f o r  c o n t r o l  and t r e a t m e n t  g r o u p s .  T h is  would 

a l l o w  th e  t e a c h e r  to  fo cu s  h i s / h e r  e n e rg y  on one g r o u p ' s  

needs  and a v o id  p o s s i b l e  i n e q u i t i e s  o f  t ime and a t t e n t i o n .

The t im e d u r a t i o n  o f  t h i s  s t u d y  may have been a 

l i m i t i n g  f a c t o r .  The t r e a t m e n t  and th e  c o n t r o l  g ro u p  were 

t a u g h t  b a s i c  w e a th e r  c o n c e p t s  w i t h  t h e  same method o f  

i n s t r u c t i o n  f o r  t w e n t y - f i v e  days  d u r i n g  th e  i n i t i a l  s t a g e s  

o f  th e  w e a th e r  u n i t .  F u t u r e  s t u d i e s  s h o u ld  d e s i g n  a 

c u r r i c u lu m  t h a t  would a l l o w  r e s e a r c h e r s  t o  s e p a r a t e  th e  

c o m p u t e r - a s s i s t e d  group  from t h e  t r a d i t i o n a l  g ro u ps  a t  the  

b e g in n in g  o f  t h e  w e a th e r  u n i t .  The c o m p u t e r - a s s i s t e d  

group  sh o u ld  be exposed  to  a  u n i t  o f  s t u d y  lo n g e r  t h a n  th e  

t e n  days in  t h i s  s t u d y .

Many o f  th e  a r t i c l e s  r ev ie w ed  in  th e  l i t e r a t u r e
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s e c t i o n  o f  t h i s  s t u d y  c la im e d  a  c o m p u t e r - a s s i s t e d  

c u r r i c u l u m  program would enhance  th e  l e a r n i n g  o f  h i g h e r  

o r d e r  t h i n k i n g  s k i l l s .  The c o m p u t e r - a s s i s t e d  s t u d e n t s  may 

have been exposed  t o  more h i g h e r - o r d e r  t a s k s  th an  th e  

t r a d i t i o n a l  g rou p ;  however,  t h e  ach iev em en t  i n s t r u m e n t  was 

not  d e s ig n e d  t o  measure  t h e s e  s k i l l s .  The c o n te n t  measure  

in  t h i s  s t u d y  was d e s i g n e d  to  measure  o v e r a l l  a c h iev e m e n t .  

F u tu r e  s t u d i e s  s h o u ld  d e s i g n  an i n s t r u m e n t  t h a t  f o c u s e s  on 

h i g h e r - o r d e r  s k i l l s ,  such  a s  prob lem  s o l v i n g .  These i tem s 

sh o u ld  th en  be a s s e s s e d  w i t h  t h e  u n i v a r i a t e  a n a l y s i s  

p r o c e d u r e .

The a t t i t u d e  m easure  i n  t h i s  s t u d y  was d e s ig n e d  to  

measure  s t u d e n t s ’ a t t i t u d e s  toward  s c i e n c e  in  g e n e r a l .  A 

f u t u r e  s t u d y  s h o u ld  d e s i g n  a  q u a n t i t a t i v e  i n s t r u m e n t  t o  

m easure  a t t i t u d e  tow ards  t h e  s t u d y  o f  w e a t h e r .  T h is  type  

o f  i n s t r u m e n t  would b e t t e r  r e f l e c t  th e  r e s e a r c h e r ' s  

e f f o r t s .

A f i n a l  recommendat ion  o f  t h i s  s t u d y  c o n c e rn s  th e  

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

s t u d e n t  a ch ievem en t  and s t u d e n t  a t t i t u d e s  tow ard  s c i e n c e .  

These r e s u l t s  sh o u ld  be s t u d i e d  f u r t h e r .  S t u d i e s  s h o u ld  

be d e s i g n e d  t h a t  i n c l u d e  a l l  male and fem a le  c o o p e r a t i v e  

l e a r n i n g  g ro u p s  a s  w e l l  a s  combined male and fem ale  

c o o p e r a t i v e  l e a r n i n g  g r o u p s ,  so t h a t  th e  i s s u e  o f  g en d er  

may be t h o r o u g h ly  i n v e s t i g a t e d .  S u b j e c t  a r e a s ,  l i k e
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s c i e n c e  and math,  which  have been viewed a s  a r e a s  f a v o r i n g  

males  sh o u ld  be u sed  t o  i n v e s t i g a t e  th e  e f f e c t i v e n e s s  o f  

d i f f e r e n t  k in d s  o f  g e n d e r  g ro u p s  on a ch iev em en t  and 

a t t i t u d e .
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UNIT X

I n t r o d u c t i o n :  T h is  u n i t  w i l l  be t a u g h t  t o  b o th  th e

t r e a t m e n t  and com par ison  g ro u p s  t o  p r e p a r e  

them f o r  u n i t  two.

T i t l e  o f  U n i t : V e a th e r  S a t e l l i t e  Theory  and O p e r a t i o n

Grade L e v e l : 7-9

Leng th  o f  U n i t : Ten Days

Unit  D e s c r i p t i o n  and G o a l ;

T h is  u n i t  w i l l  expose  t h e  s t u d e n t s  t o  s c i e n t i f i c  

t h e o r y  and p r a c t i c e  t h a t  w i l l  e n a b le  them t o  o p e r a t e  a 

w e a th e r  s t a t i o n  and r e c e i v e  w e a th e r  s a t e l l i t e  i n f o r m a t i o n  

from s p a c e .  S a t e l l i t e  t e c h n o l o g y ,  s a t e l l i t e  f l i g h t  

c h a r a c t e r i s t i c s ,  and geography  c o n c e p t s  w i l l  be r ev iew ed  

so t h e  s t u d e n t s  w i l l  b e t t e r  u n d e r s t a n d  how th e  w e a th e r  

d a t a  i s  t r a n s m i t t e d ,  r e c e i v e d ,  and i n t e r p r e t e d .

O b j e c t i v e s  oX th e  U n i t :

The s t u d e n t s  w i l l :

— i l l u s t r a t e  t h e  d i f f e r e n c e  between th e  way APT and

GOES s a t e l l i t e s  o p e r a t e .

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

th e  v a r i o u s  a v a i l a b l e  s a t e l l i t e s .

— d e s c r i b e  t h e  r o l e  o f  t h e  f e d e r a l  government in  th e

s a t e l l i t e  i n d u s t r y .
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b u i l d  an a s t r o l a b e .

d e te r m in e  th e  l a t i t u d e  o f  t h e  s t u d e n t s '  home town 

w i t h i n  an a c c u r a c y  o f  p l u s  o r  minus f i v e  d e g r e e s  

u s i n g  an a s t r o l a b e  which th e  s t u d e n t s  have b u i l t ,  

i d e n t i f y  th e  c o o r d i n a t e s  f o r  some m ajor  c i t i e s  and 

l o c a t i o n s  o f  th e  w o r ld ,  

draw land  a r e a s  in  t h e i r  a p p r o p r i a t e  p l a c e s ,  and p l o t  

m ajo r  c i t i e s  and l o c a t i o n s  o f  t h e  w o r ld  on a  map. 

com ple te  a s e r i e s  o f  t im e  c o n v e r s i o n s  from GMT (Z u lu )  

t o  E a s t e r n  S t a n d a r d  Time (EST) and b ack ,  

d e s c r i b e  how i n f o r m a t i o n  i s  a c q u i r e d  by w e a th e r  

s a t e l l i t e s  and i n t e r p r e t e d  by s c i e n t i s t s ,  

e x p l a i n  t h e  e f f e c t  t h a t  t h e  s i z e  o f  t h e  b a s i c  u n i t  o f  

i n f o r m a t i o n  s e n t  from th e  w e a th e r  s a t e l l i t e  has  on 

p i c t u r e  d e t a i l ,  

e x p l a i n  how s a t e l l i t e  imagery can be made w i t h  

v i s i b l e - r a d i a t i o n  and w i t h  i n f r a r e d - r a d i a t i o n  g iv e n  

o f f  by t h e  e a r t h ,  

d e s c r i b e  t h e  a d v a n ta g e s  and d i s a d v a n t a g e s  f o r  

v i s i b l e - l i g h t  and i n f r a r e d - r a d i a t i o n  

p l o t  and p r e d i c t  windows f o r  p o l a r  o r b i t i n g  

s a t e l l i t e s  u s i n g  th e  Apple com puters  and Joe  Summers 

s o f t w a r e .
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Unit Outline:

Lesson  1 -  Weather  System I n t r o d u c t i o n  

Lesson  2 -  A s t r o l a b e  Lab 

Lesson 3 -  L o n g i tu d e  and L a t i t u d e  

Lesson 4 -  Time Zones 

Lesson 5 -  S a t e l l i t e  O r b i t  P r e d i c t i o n  

Lesson 6 -  Imagery I n v e s t i g a t i o n  

Lesson 7 -  V i s i b l e  and I n f r a r e d  S a t e l l i t e  

Imagery I n v e s t i g a t i o n

U n i t  T e s t

Teasiisi Act ivit ies;
S t a r t  th e  p l a n n i n g  f o r  t h i s  u n i t  by r e a d i n g  th ro u g h  

th e  m a t e r i a l  in  th e  a p p e n d ic e s  t h a t  r e l a t e  t o  each  l e s s o n .  

T h is  m a t e r i a l  sh o u ld  h e lp  t h e  t e a c h e r  u n d e r s t a n d  how 

w e a th e r  s a t e l l i t e s  d e v e lo p e d  and o p e r a t e .  Most o f  th e  

g e n e r a l  s c i e n c e  background  m a t e r i a l  has  been i n t r o d u c e d  to  

th e  s t u d e n t s  in  p r e v i o u s  l e s s o n s ,  bu t  n o t  in  t h e  c o n te x t  

o f  s a t e l l i t e  t e c h n o lo g y .  While  p r e s e n t i n g  t h e  m a t e r i a l ,  

r e l a t e  each  key co ncep t  t o  th e  s t u d e n t s '  e x p e r i e n c e  

background  and th en  p r e s e n t  i t  in  t h e  c o n t e x t  o f  t h e  new 

l e s s o n .  The co ncep t  o f  a  s a t e l l i t e  o r b i t i n g  o v e r  o u r  head 

i s  a b s t r a c t  and sh ou ld  f i r s t  be p r e s e n t e d  in  a  c o n c r e t e  

manner.  S e v e r a l  h an d s-o n  e x e r c i s e s  have been i n c l u d e d  t o  

h e lp  move t h e  s t u d e n t s  from t h e  c o n c r e t e  l e v e l  o f  th o u g h t  

i n t o  an a b s t r a c t  o r  fo rm al  o p e r a t i o n s  l e v e l .  Whenever
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p o s s i b l e ,  t h e  l e s s o n s  s h o u ld  be com ple ted  in  c o o p e r a t i v e  

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

S tu d e n t  A c J J y i t i e s :

The s t u d e n t s  w i l l  p a r t i c i p a t e  i n  a  s e r i e s  o f  

l e c t u r e s ,  l a b s ,  and d i s c u s s i o n s .  Each o f  t h e s e  a c t i v i t i e s  

w i l l  i n c l u d e  d i r e c t i o n s  from th e  t e a c h e r .  As th e  s t u d e n t s  

f o l lo w  t h e s e  d i r e c t i o n s  and work th r o u g h  th e  a c t i v i t i e s  

th e y  sh o u ld  be e n co u rag e d  t o  d i s c u s s  w i t h  th e  o t h e r  

members o f  t h e i r  g rou p  how t h e y  a r r i v e d  a t  t h e i r  

c o n c l u s i o n s  and a n sw e rs .  D i s c u s s i o n  o f  th e  a b s t r a c t  

p r i n c i p l e s  c o v e re d  by t h i s  u n i t  w i l l  h e lp  th e  s t u d e n t s  

u n d e r s t a n d  th e  b a s i c  p r i n c i p l e s  t h a t  a r e  b e in g  p r e s e n t e d .  

E v a l u a t i o n :

L a b s :

— Work S h e e t s  -  L o n g i tu d e  and L a t i t u d e ,  Imagery ,  

W e a th e r .

— S t a t i o n  D a i ly  R e p o r t ,  w i t h  s u p p o r t i n g  docum en ts .

— B u i ld  an A s t r o l a b e .

— P l o t  c o o r d i n a t e s  and l o c a t e  c i t i e s  on w o r ld  map.

C a l c u l a t e  Times:

— Greenwich Mean Time (GMT) Zulu  and E a s t e r n  S t a n d a r d .

— P r e d i c t  p o l a r  o r b i t i n g  s a t e l l i t e  window.

Unit  Exam:
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M a t e r i a l s :

H andou ts ,  A-V e q u ip m en t ,  l a b  m a t e r i a l s ,  maps, o v e rh e ad  

m a t e r i a l ,  S a t e l l i t e  Video F i l m s ,  GOES T r a n s m is s io n  

S c h e d u le ,  o r b i t  p r e d i c t i o n  c h a r t ,  and th e  w e a th e r  

s t a t  io n .
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APPENDIX B 

UNIT 2

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

t o  a t r e a t m e n t  o r  com par ison  g ro u p .  The 

t r e a t m e n t  g ro up  members w i l l  o p e r a t e  th e  

w e a th e r  s t a t i o n  f o r  t e n  days  w h i l e  th e  

compar ison  g ro u p  p a r t i c i p a t e s  in  group  o f  

t r a d i t i o n a l  l e s s o n s .  The f o l l o w i n g  u n i t  

o u t l i n e s  t h e  a c t i v i t i e s  o f  each  g ro u p .

T i t l e  o f  U n i t ; Weather  S a t e l l i t e  Theory  and O p e r a t i o n

Grade L e v e l : 7-9

Leng th  o£ U n i t ;  Ten days

U n i t  D e s c r i p t i o n  end G o a l ;

T h is  u n i t  w i l l  p e rm i t  th e  s t u d e n t s  t o  o p e r a t e  a 

th e  w e a th e r  c e n t e r  and th e  s a t e l l i t e  r e c e i v i n g  sy s tem .

T h is  f i n a l  l e s s o n  o f  t e n  days  a l l o w s  th e  s t u d e n t s  t o  

a p p ly  t h e i r  w e a th e r  knowledge by r e c e i v i n g  and 

i n t e r p r e t i n g  w e a th e r  d a t a  on a d a i l y  b a s i s .

Q frJecU vgg fiX I M  U n i t ;

The s t u d e n t s  w i l l :

— c o l l e c t  l o c a l  w e a th e r  i n f o r m a t i o n .

— c o m p le te  a s e r i e s  o f  t im e  c o n v e r s i o n s  from GMT (Zulu)  

t o  E a s t e r n  S t a n d a r d  Time (EST) and back .

— o b t a i n  and p l o t  r e g i o n a l  and n a t i o n a l  w e a t h e r .

75
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— p l o t  and p r e d i c t  windows f o r  p o l a r  o r b i t i n g  

s a t e l 1i t e s .

— make a w e a th e r  p r e d i c t i o n .

— a p p ly  b a s i c  w e a th e r  f o r e c a s t i n g  knowledge s k i l l s  to  

p rob lem  s i t u a t i o n s .

U ni t  p y_U.jlnP.l-

T rea tm en t  Croup:

O p e r a t i o n  o f  t h e  Weather  S t a t i o n .

Comparison Group:

Lesson  1 -  R e l a t i v e  Humidity

Lesson  2 -  M easur ing  Dew P o in t

Lesson 3 -  Making a Cloud

Lesson  4 -  E f f e c t s  o f  A i r  Mass on Weather

L esson  3 -  M eteo ro logy  D e m o n s t r a t io n

Lesson  6 -  Cloud I d e n t i f i c a t i o n  and C r i t i c a l  T h in k in g  

Lesson 7 -  Review o f  Terms 

Lesson 8 -  I n t e r p r e t i n g  Diagrams 

TPPChPt  A c t i v i t i e s ;

O rg a n iz e  s t u d e n t s  i n t o  g roups  o f  t h r e e  e a c h .  These 

g ro u p s  w i l l  be s e l e c t e d  h e t e r o g e n e o u s l y  by a b i l i t y .  

T rea tm en t  CrPUP

When t h e  s t u d e n t s  b e g in  t h e i r  a s s ig n m e n t  t im e  on 

t h e  c e n t e r  hand them a copy o f  t h e  W eather  S t a t  ion 

Bfli 1-E Rppyrt  and th e  S t »d.en t  Onide t_e Weather  S a t e l l i t e  

Image I n t e r o r e t a t i o n .  These i n s t r u c t i o n  s h e e t s  and th e
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g u id e  i n s t r u c t  s t u d e n t s  on how to  o p e r a t e  th e  w e a th e r  

c e n t e r  w i t h  minimal a s s i s t a n c e  from th e  i n s t r u c t o r .  

Comparison Group

F o l low  th e  i n s t r u c t i o n s  o u t l i n e d  in  each  l e s s o n .  

Make a c o n c e r t e d  e f f o r t  t o  p r e s e n t  th e  m a t e r i a l  in  a 

th o ro u g h  and i n t e r e s t i n g  manner. Make a s p e c i a l  e f f o r t  

t o  cov er  a l l  o f  th e  o b j e c t i v e s  l i s t e d  in  th e  l e s s o n  

p l a n s  ( s e e  Appendix C, sample l e s s o n ) .  

s t u d e n t  A c t i v i t i e s ;

T h is  i s  a c o o p e r a t i v e  e f f o r t  by th e  s t u d e n t s .  Each 

member o f  t h e  g ro up  w i l l  be g rad e d  i n d i v i d u a l l y  and as  

p a r t  o f  t h e i r  g ro u p .  They sh o u ld  work t o g e t h e r  and h e lp  

each  o t h e r  t o  i n s u r e  a good g rou p  g r a d e .

T rea tm en t  QrcUP

Fol low  th e  i n s t r u c t i o n s  t h a t  a r e  l i s t e d  on th e  

Weather  S t a t i o n  D a i l y  R e p o r t . They w i l l  be g rad e d  on 

how w e l l  th e y  answer th e  q u e s t i o n s  in  t h e  Weather  

S t a t i o n  D a i ly  R e p o r t .

Comparison Group

Fo l low  t h e  i n s t r u c t i o n s  o f  th e  t e a c h e r  and p a r t i c i p a t e  

i n  t h e  l a b s  and l e c t u r e s  p r e s e n t e d  e ac h  day o f  th e  

e x p e r i m e n t .
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E v a l u a t i o n :

T rea tm en t  Group

— Weather  S t a t i o n  D a i l y  R e p o r t .  

gamBftilgpn Group

— Workbook s h e e t s  and w r i t t e n  p a p e r s  

M a t e r i a l s :

T rea tm en t  Group

— The w e a th e r  s t a t i o n ,  W eather  S t a t i o n  D a i l y  R epor t  

S tu d e n t  Guide t o  W eather  S a t e l l i t e  Image 

I n t e r p r e t a t i o n .

Comparison QrPdP
— S l i v e r  B u r d e t t  E a r t h  S c i e n c e  T ea ch e r  R esource  

P ackage ,  o v e rh e ad  p r o j e c t o r ,  Te lev ison-V CR, Media 

C e n t e r ,  m i s c e l l a n e o u s  l a b  m a t e r i a l s .
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APPENDIX C 

COMPARISON GROUP SAMPLE LESSON 

LESSON ELAN £

T i t l e  o f  Lesson :  M eteo ro logy  D e m o n s t r a t io n

T o n ic :  P r e s e n t a t i o n  o f  a m e te o ro lo g y  d e m o n s t r a t i o n  t o  th e

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

P rev iew :  T h is  l e s s o n  i s  d e s i g n e d  t o  in v o lv e  t h e  s t u d e n t s

in  s c i e n c e  r e s e a r c h .  The s t u d e n t s  w i l l  p i c k  a  w e a th e r  

r e l a t e d  d e m o n s t r a t i o n ,  r e s e a r c h  i t  in  th e  media  c e n t e r ,  

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

C u r r i c u l a r  C o n n e c t i o n s / I n t e g r a t i o n : S c i e n c e  ( h a n d s - o n ,

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

h y p o t h e s i z i n g ) ,  Language A r t s  ( v o c a b u l a r y ,  w r i t i n g ,  

r e s e a r c h  s k i l l s ,  s p e a k i n g ) ,  M athem at ics  ( m e a s u r i n g ) .  

O b j e c t i v e s  th e  Lesson :

The s t u d e n t s  w i l l :

— use  th e  S c i e n t i f i c  Method t o  l o c a t e  and p r e p a r e  a 

t e a c h e r  ap proved  w e a th e r  r e l a t e d  l a b o r a t o r y  

d e m o n s t r a t i o n  o r  w e a th e r  i n s t r u m e n t  f o r  an o r a l  

p r e s e n t a t i o n  in  f r o n t  o f  t h e  c l a s s  t h a t  answ ers  a l l  

f i v e  o f  th e  d a t a  i t e r p r e t a t i o n  q u e s t i o n s  l i s t e d  on 

th e  Lesson  P la n  5 l ab  s h e e t .

S u g ges ted  Time: 50 m in u t e s .
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M a t e r i a l s / R e s o u r c e s ;  D e f in e d  by th e  p r o j e c t  t h a t  i s  

c h o sen .  S p e c i a l i z e d  lab  and s a f e t y  equipm ent  sh o u ld  be 

a v a i l a b l e  from c la s s ro o m  eq u ip m en t .  A l l  o t h e r  m a t e r i a l s  

sh o u ld  be p r o v i d e d  by th e  s t u d e n t s .

SUGGESTIONS £QR TEACHING. THE LESSON;

Opening t h e  L esso n :  A ss ign  a g roup  t o  t h i s  l a b .  I n s t r u c t

them to  s e l e c t  a w e a th e r  r e l a t e d  d e m o n s t r a t i o n  t h a t  must 

be p r e s e n t e d  t o  t h e i r  c l a s s m a t e s .  D i s c u s s  c h o i c e s  l i k e  

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

t o r n a d o e s .  Then approve  t h e  t o p i c  t h e y  w i l l  p r e s e n t .  

I n s t r u c t  th e  s t u d e n t s  t o  go t o  t h e  media  c e n t e r  o r  use  

c l a s s ro o m  r e s o u r c e s  t o  d e v e lo p  and o r g a n i z e  t h e i r  

p r e s e n t a t i o n .  The d e m o n s t r a t i o n  s h o u ld  be o u t l i n e d  in  

w r i t i n g  u s i n g  t h e  s c i e n t i f i c  method a s  t a u g h t  in  a 

p r e v i o u s  l e s s o n .  T e l l  them t h a t  th e y  must have t h e i r  

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

t h a t  a l l  t h e  p r e s e n t a t i o n s  a r e  d e v e lo p e d  in  t im e  to  

p r e s e n t  a f t e r  th e  l a b s  have been  c o m p le te d .

D eve lo p in g  t h e  L esso n :  When t h e  s t u d e n t s  have d e v e lo p e d  a

p l a n ,  h e l p  them l o c a t e  any m a t e r i a l  t h a t  can be f u r n i s h e d  

from t h e  s c h o o l ’ s  s u p p l i e s .  Any o t h e r  s u p p l i e s ,  such  a s  

b a l l o o n s ,  c a n d l e s ,  c u p s ,  and dowel r o d s  s h o u ld  be b ro u g h t  

from home. The s t u d e n t s  sh o u ld  d e c i d e  who w i l l  p r e s e n t  

each  p a r t  o f  th e  d e m o n s t r a t i o n .

C l o s i n g  I h e  L esso n :  Review w i t h  t h e  g ro up  how t h e y  p l a n
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t o  p r e s e n t  t h e  d e m o n s t r a t i o n .  Check t o  s e e  t h a t  th e  

p r o j e c t  t h e y  a r e  p r e s e n t i n g  i s  t h e  one t h a t  was ap p ro v e d .  

O f f e r  any s u g g e s t i o n s  you may h a v e .  Review any a d d i t i o n a l  

m a t e r i a l  n eed s  t h a t  may have d e v e lo p e d .  When th e  g rou p s  

have f i n i s h e d  th e  U n i t  1 Labs ,  a l l o w  them t o  p r e s e n t  the  

d e m o n s t r a t i o n s  th e  day b e f o r e  t h e  U ni t  1 t e s t .

EVALUATING 2H£ LESSON:

M X  q u e s t i o n s  fix a c t i v i t i e s  lo x  i M  s t u d e n t s :

1) W r i t t e n  O u t l i n e  -  check  to  see  t h a t  t h e y  have 

com ple ted  t h e i r  o u t l i n e  o f  th e  p r e s e n t a t i o n  u s in g  

th e  s c i e n t i f i c  method.

2) Did t h e  s t u d e n t s  u se  t h e  a p p r o p r i a t e  p r o c e d u r e s  

and s a f e t y  p r e c a u t i o n s  t o  com ple te  th e  

d e m o n s t r a t  ion?

3) Observe  th e  o r a l  p r e s e n t a t i o n  and d e m o n s t r a t i o n  

m e th o d s .
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S tu d e n t  Lab Sheet  f o r  Lesson P la n  5

Time S u g g e s t e d ; 50 m in u te s

O b j e c t i v e s ; Using  t h e  S c i e n t i f i c  Method l o c a t e  and 

p r e p a r e  a  t e a c h e r  approved  w e a th e r  r e l a t e d  l a b o r a t o r y  

d e m o n s t r a t i o n  o r  w e a th e r  i n s t r u m e n t  f o r  an o r a l  

p r e s e n t a t i o n  in  f r o n t  o f  th e  c l a s s  t h a t  answ ers  a l l  f i v e  

o f  th e  d a t a  i n t e r p r e t a t i o n  q u e s t i o n s  l i s t e d  on th e  lab  

s h e e t .

M a t e r i a l s ; D e f in e d  by th e  p r o j e c t  c h o sen .  S p e c i a l i z e d  

lab  equipment  sh o u ld  be a v a i l a b l e  from th e  c l a s s ro o m  

m a t e r i a l s .  O th e r  m a t e r i a l s  s h o u ld  be p r o v id e d  by t h e  

s t u d e n t s .

P r o c e d u r e s : Your team sh o u ld  s e l e c t  l i b r a r y  books o r

sample  t e x t s  to  f i n d  a p p r o p r i a t e  w e a th e r  r e l a t e d  

a c t i v i t i e s  t o  p r e s e n t  t o  your  c l a s s m a t e s .  When you have 

d e c id e d  on your  p r o j e c t , you sh o u ld  o b t a i n  t e a c h e r  

a p p ro v a l  and e s t a b l i s h  th e  d a t e s  o f  c o m p le t io n  and 

p r e s e n t a t i o n  t o  th e  c l a s s .  You s h o u ld  d e c i d e  which  one o f  

you w i l l  be r e s p o n s i b l e  f o r  c o m p le t in g  each  p a r t  o f  th e  

a s s ig n m e n t .  The e n t i r e  p r o j e c t  s h o u ld  be com ple ted  in  

f i v e  c l a s s  d a y s .  S p e c i a l i z e d  m a t e r i a l s  may be used  from 

th e  c l a s s  l a b o r a t o r y .  O th e r  m a t e r i a l s  such  a s  c a n d l e s ,  

b a l l o o n s ,  j a r s ,  o r  dowel r o d s  s h o u ld  be b ro u g h t  from your  

home o r  t h e  home o f  your  team m ates .  You sh o u ld  n o t  choose
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a p r o j e c t  t h a t  you w i l l  be u n a b le  o r  u n w i l l i n g  t o  com ple te  

w i t h i n  the  s p e c i f i e d  t im e  so f i n d  so m e th ing  which  p iq u e s  

your  i n t e r e s t .  The p r o j e c t  s h o u ld  be o u t l i n e d  u s i n g  the  

s c i e n t i f i c  method.  A copy o f  th e  book page showing th e  

p r o j e c t  s h o u ld  be made so t h a t  you w i l l  be a b l e  t o  r e f e r  

t o  i t  a s  need ed .  Make s u r e  your  p r o j e c t  has  been approved  

by your  t e a c h e r .

Da ta  and I n v e s t i g a t i o n  I n t e r p r e t a t i o n s :

1. What i s  th e  name o f  your  a c t i v i t y ?

2. What i s  t h e  p u rp o se  o f  your  d e m o n s t r a t i o n ?

3. What were th e  m a t e r i a l s  needed?

4.  How d i d  you p a r t i c i p a t e  in  th e  p r o j e c t ?  What d i d  your 

teammates do?

5. How long d i d  th e  p r o j e c t  t a k e ?

E v a l u a t i o n : Did you e n jo y  t h e  l e a r n i n g  a c t i v i t y ?  How

would you change i t  t o  improve l e a r n i n g ?
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APPENDIX D 

TREATMENT GROUP SAMPLE LESSON

WEATHER STATION DAILY REPORT 

S tu d e n t  Team Names _____________________________

Duty D a te :  ___________  Time: From _________  To_________

Welcome w e a th e r  s p e c i a l i s t  ! ! ! !  Now t h a t  you and your  

team members have been l i c e n s e d  to  o p e r a t e  th e  w e a th e r  

c e n t e r ,  you a r e  about  t o  s t a r t  you r  t e n  day a s s ig n m e n t .  You 

have p l e n t y  o f  t ime t o  co m p le te  t h i s  p r o j e c t  so  t a k e  your  

t  ime.

Read each  s e c t i o n  c a r e f u l l y .

I f  you have any a d d i t i o n a l  q u e s t i o n s  a sk  your  t e a c h e r  

f o r  h e l p .  Good Luck,  and e n jo y  your  a s s ig n m e n t .

**** WeAthsr s t f t f i o n  D a i l v  R e p o r t  I n s t r u c t i o n s  ****

Turn to  t h e  nex t  page .  C o l l e c t  t h e  l o c a l  w e a th e r  
i n f o r m a t i o n  r e q u e s t e d  each  day u s i n g  th e  s h e e t s  on pages  2 
t h r u  11 l a b e l e d :

LOCAL WEATHER INFORMATION

Once you have com ple ted  th e  LOCAL WEATHER INFORMATION 
s h e e t ,  p l a c e  t h i s  d a t a  on t h e  c h a r t  l a b e l e d  LOCAL MONTHLY 
WEATHER REPORT on page 12.

84
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LOCAL WEATHER INFORMATION

DAY 1

TODAY’ S DATE

YOUR DUTY TIME

F i l l  in  th e  c o r r e c t  w e a th e r  measurements  
l i s t e d  below and th en  com ple te  th e  Local  Monthly 
Weather  Repor t  in  t h i s  p a c k e t .

1) T em pera tu re  C u r r e n t

24 h r .  High 

24 h r . Low

2) B a r o m e t r i c  P r e s s u r e  Reading

3) R a i n f a l l  ( o n ly  1 s t  p e r i o d  r e c o r d s )

4) Windscope r e a d i n g s  D i r e c t i o n

Speed

5) R e l a t i v e  Humidity

Dry Bulb ___________  Wet Bulb____________

R e l a t i v e  Humidity

6) Compile data on the Local Monthly Weather Report
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LOCAL WEATHER INFORMATION

DAY 2

TODAY’ S DATE

YOUR DUTY TIME

F i l l  in  t h e  c o r r e c t  w e a th e r  measurements  
l i s t e d  below and th e n  com ple te  th e  Local  Monthly 
Weather  Repor t  in  t h i s  p a c k e t .

1) T em p era tu re  C u r r e n t

24 h r .  High 

24 h r . Low

2) B a r o m e t r i c  P r e s s u r e  Reading

3) R a i n f a l l  ( o n ly  1s t  p e r i o d  r e c o r d s )

4) Windscope r e a d i n g s  D i r e c t i o n

Speed

5) R e l a t i v e  Humidity

Dry Bulb ___________  Wet Bulb_____________

R e l a t i v e  Humidity

6) Compile data on the Local Monthly Weather Report
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LOCAL WEATHER INFORMATION

DAY 3

TODAY *S DATE

YOUR DUTY TIME

F i l l  in  t h e  c o r r e c t  w e a th e r  m easurements  
l i s t e d  below and th en  com ple te  t h e  Local  Monthly 
Weather  Repor t  in  t h i s  p a c k e t .

1) T em p era tu re  C u r r e n t

24 h r .  High 

24 h r . Low

2) B a r o m e t r i c  P r e s s u r e  Reading

3) R a i n f a l l  ( o n ly  1 s t  p e r i o d  r e c o r d s )

4) Windscope r e a d i n g s  D i r e c t i o n

Speed

5) R e l a t i v e  Humidity

Dry Bulb ____________ Wet Bulb_____________

R e l a t i v e  Hum idity

6) Compile data on the Local Monthly Weather Report
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LOCAL WEATHER INFORMATION

DAY 4

TODAY'S DATE

YOUR DUTY TIME

F i l l  in  th e  c o r r e c t  w e a th e r  m easurements  
l i s t e d  below and th e n  co m p le te  t h e  Local  Monthly 
Weather  R epor t  in  t h i s  p a c k e t .

1) T em pera tu re C u r r e n t  

24 h r .  High 

24 h r .  Low

2) B a r o m e t r i c  P r e s s u r e  Reading

3) R a i n f a l l  ( o n ly  1s t  p e r i o d  r e c o r d s )

4) Windscope r e a d i n g s D i r e c t  ion 

Speed

5) R e l a t i v e  Hum idi ty

Dry Bulb ____________ Wet Bulb

R e l a t i v e  Hum idi ty

6) Compile data on the Local Monthly Weather Report
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LOCAL WEATHER INFORMATION

DAY 5

TODAY’ S DATE

YOUR DUTY TIME

F i l l  in  th e  c o r r e c t  w e a th e r  measurements  
l i s t e d  below and th en  com ple te  th e  Local  Monthly 
Weather  R epor t  in  t h i s  p a c k e t .

1) T em pera tu re  C u r r e n t

24 h r .  High

24 h r . Low

2) B a r o m e t r i c  P r e s s u r e  Reading

3) R a i n f a l l  ( o n ly  1 s t  p e r i o d  r e c o r d s )

4)  Windscope r e a d i n g s  D i r e c t i o n

Speed

5) R e l a t i v e  Humidity

Dry Bulb ___________  Wet Bulb____________

R e l a t i v e  Humidity

6) Compile data on the Local Monthly Weather Report
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LOCAL WEATHER INFORMATION

DAY 6

TODAY’S DATE

YOUR DUTY TIME

F i l l  in  t h e  c o r r e c t  w e a th e r  measurements  
l i s t e d  below and th e n  co m p le te  th e  Local  Monthly 
Weather  Repor t  in  t h i s  p a c k e t .

1) T em pera tu re  C u r r e n t

24 h r .  High 

24 h r . Low

2) B a ro m e t r i c  P r e s s u r e  Reading

3) R a i n f a l l  ( o n ly  1 s t  p e r i o d  r e c o r d s )

4) Windscope r e a d i n g s  D i r e c t i o n

Speed

5) R e l a t i v e  Humidity

Dry Bulb ___________  Wet Bulb_____________

R e l a t i v e  Humidity

6) Compile data on the Local Monthly Weather Report
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LOCAL WEATHER INFORMATION

DAY 7

TODAY’ S DATE

YOUR DUTY TIME

F i l l  in  th e  c o r r e c t  w e a th e r  measurements  
l i s t e d  below and th e n  co m p le te  th e  Local  Monthly 
Weather  R epor t  in  t h i s  p a c k e t .

1) T em p era tu re  C u r r e n t

24 h r .  High 

24 h r . Low

2) B a r o m e t r i c  P r e s s u r e  Read ing

3) R a i n f a l l  (o n ly  1 s t  p e r i o d  r e c o r d s )

4) Windscope r e a d i n g s  D i r e c t i o n

Speed

5) R e l a t i v e  Humidity

Dry Bulb ___________  Wet Bulb_____________

R e l a t i v e  Humidity

6) Compile data on the Local Monthly Weather Report
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LOCAL WEATHER INFORMATION

DAY 8

TODAY’ S DATE

YOUR DUTY TIME

F i l l  i n  t h e  c o r r e c t  w e a t h e r  measurements  
l i s t e d  below and t hen  comple t e  t h e  Local  Monthly 
Weather  Repor t  i n  t h i s  p a c k e t .

1} Tempera tu r e  C u r r e n t

24 h r .  High 

24 h r .  Low

2) B a r o m e t r i c  P r e s s u r e  Reading

3) R a i n f a l l  ( on ly  1 s t  p e r i o d  r e c o r d s )

4)  Windscope r e a d i n g s  D i r e c t i o n

Speed

5) R e l a t i v e  Humidi ty

Dry Bulb ___________  Wet Bulb_____________

R e l a t i v e  Humidi t y

6 )  Compile d a t a  on the Local  Monthly  Weather Report
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LOCAL WEATHER INFORMATION

DAY 9

TODAY’S DATE

YOUR DUTY TIME

F i l l  in  t he  c o r r e c t  w e a t h e r  measurements  
l i s t e d  be low and t hen  comple t e  t he  Local  Monthly 
Weather  Repor t  in  t h i s  p a c k e t .

1) Tempera tu r e  C u r r e n t

24 h r .  High

24 h r .  Low

2) B a r o m e t r i c  P r e s s u r e  Reading

3) R a i n f a l l  ( o n l y  1 s t  p e r i o d  r e c o r d s )

4) Windscope r e a d i n g s  D i r e c t i o n

Speed

5) R e l a t i v e  Humidi ty

Dry Bulb ___________  Wet Bulb_____________

R e l a t i v e  Humidi ty

6) Compile  d a t a  on the Local  Monthly Weather Report
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LOCAL WEATHER INFORMATION

DAY 10

TODAY’S DATE

YOUR DUTY TIME

F i l l  in  t h e  c o r r e c t  w e a t h e r  measurements  
l i s t e d  below and t hen  comple t e  t h e  Local  Monthly 
Weather  Repor t  in  t h i s  p a c k e t .

1) Tempera tur e C u r r e n t  

24 h r .  High 

24 h r .  Low

2) B a r om e t r i c  P r e s s u r e  Reading

3) R a i n f a l l  ( o n l y  1s t  p e r i o d  r e c o r d s )

4) Windscope r e a d i n g s D i r e c t  ion 

Speed

5) R e l a t i v e  Humidi ty  

Dry Bulb ________ Wet Bulb

R e l a t i v e  Humidi t y

6) Compile d a ta  on th e Local  Monthly Weather Report
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LOCAL MONTHLY WEATHER REPORT

MONTH AND YEAR

DATE

T
E
M
P

B
R
M
T
R

H
U
M
I
D

W

D
I
R

W

S
P
D

C
L
O
u
D

P
R
E
C
P

Your
F o r e c a s t
f o r
Tomorrow

****

Ex. 56F 30.  19 98% NW 12 s t r a t R 1.3 C l e a r  & Cool

01

02

03

04

05

06

07
08

09

10

11

12

13

14

15

DAY * Day o f  t h e  month o f  t h e  o b s e r v a t i o n
TEMP * Tempera tu r e  -  F a h r e n h e i t
BRMTR = B a r o m e t r i c  P r e s s u r e  r e a d i n g  -  i nches
HUMID = R e l a t i v e  Humidi ty  -  p e r c e n t
W DIR * Wind D i r e c t i o n
W SPD = Wind Speed
CLOUD = Cloud Cover  -  major  t y p e :  cumulus ,  s t r a t u s ,  
PRECP = P r e c i p i t a t i o n  -  t ype  and amount i n  i n c h e s .

etc<
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LOCAL MONTHLY WEATHER REPORT

MONTH AND YEAR

DAY

T
E
M
P

B
R
M
T
R

H
U
M
I
D

W

D
I
R

W

S
P
D

C
L
O
u
D

P
R
E
C
P

Your
F o r e c a s t
f o r
Tomorrow

****

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Des ign  a g r a ph  u s i n g  t h e  a t t a c h e d  g r aph  paper  t h a t  
a l l o w s  you t o  compare t h e  measurements  l i s t e d  above .  I f  t he  
month i s  no t  comp le t e  use  t h e  f i g u r e s  f o r  t he  p r e v i o u s  
month .
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STATE AND NATIONAL WEATHER INFORMATION

I n s t r u c t i o n s  on how to  go t o  t he  Weather  B r i e f  
d i r e c t o r y .  Use t h e  f o l l o w i n g  i n s t r u c t i o n s  t o  l o c a t e  t he  
we a th e r  i n f o r m a t i o n  you w i l l  need t o  comple t e  q u e s t i o n s  7 
t h r u  11.

Turn on t h e  IBM computer .  Wait  f o r  t h e  s c r e e n  t o  show 
th e  C : \>  prompt .  Type in cd\wb5 and h i t  t h e  <ENTER> key.  
C:\WB5> w i l l  ap p ea r  on t h e  s c r e e n .  Type i n :  runwb.

A b l u e  s c r e e n  w i l l  appea r  w i t h  t h e  menu l i s t i n g  s e v e r a l  
o p t i o n s .  Choose t he  DISPLAY INFORMATION o p t i o n  by h i t t i n g  
t he  down a r row  key.  When t h e  shadow box c o v e r s  t he  DISPLAY 
INFORMATION o p t i o n  h i t  t h e  <ENTER> key.

Review th e  d i r e c t o r y .  Each one o f  t h e s e  f i l e s  w i l l  be 
used t o  answer  q u e s t i o n s  7 t h r u  11.

7) To answer  q u e s t i o n  7 p r e s s  t h e  number 2 key and t hen  h i t  
t h e  <ENTER> key.  A l i s t  o f  t h e  major  c i t i e s  t h ro ug ho u t  
t h e  s t a t e  o f  Geo rg i a  w i l l  a pp ea r  on t h e  computer  s c r e e n .  
Use t h e s e  s t a t i s t i c s  t o  comple t e  your  an s we r s .

Complete t h e  wea th e r  i n f o r m a t i o n  f o r  t h e  f o l l o w i n g  
c i t i e s :

Savannah,  Ga.

Ba r o m e t r i c  P r e s s u r e  _________  Tempera tu r e  _________

P r e c i p i t a t i o n  Amount _________  Humidi ty  _________

Wind: Speed _________  D i r e c t i o n  _________

Augus ta ,  Ga.

B a r o m e t r i c  P r e s s u r e  _________  Tempera tu r e

P r e c i p i t a t i o n  Amount _________  Humidi t y

Wind: Speed _________  D i r e c t i o n
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V a l d o s t a ,  Ga.

B a r o m e t r i c  P r e s s u r e  _________  Tempera tu r e

P r e c i p i t a t i o n  Amount _________  Humidi ty

Wind: Speed _________  D i r e c t i o n

A t l a n t a ,  Ga.

B a r o m e t r i c  P r e s s u r e  _________  Tempera tu r e  _________

P r e c i p i t a t i o n  Amount _________  Humidi ty  _________

Wind: Speed _________  D i r e c t i o n  _________

Compare t h i s  d a t a  t o  t h e  r e a d i n g s  you have c o l l e c t e d  in 
your  s c h o o l .  How a r e  t h ey  a l i k e  and d i f f e r e n t ?  Why?

8) To answer  q u e s t i o n  8 p r e s s  t h e  number 3 key and t h en  h i t  
t h e  <ENTER> key.  A r a d a r  p i c t u r e  o f  t h e  S o u t h e a s t e r n  
U n i t ed  S t a t e s  sh o u l d  a p p ea r  on t he  s c r e e n .

What a r e a s  w i l l  r e c e i v e  r a i n f a l l  today?
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9)  To answer  q u e s t i o n  9 p r e s s  t h e  number 4 key and t h en  h i t  
t h e  <ENTER> key.  The US f r o n t s  map sh o u l d  ap pe a r  on t he  
computer  s c r e e n .

What t ype  o f  f r o n t  i s  c o v e r i n g  your  a r e a  today?  Wil l  
t h e r e  be a change in  t he  nex t  two days?  Why?

10) To answer  q u e s t i o n  10 p r e s s  t h e  number 6 key and then  
h i t  t h e  <ENTER> key.  The US Lows t e m p e r a t u r e  f o r e c a s t  
map shou ld  ap pea r  on t h e  s c r e e n .

What p a r t  o f  t he  U.S.  w i l l  be e x p e r i e n c i n g  f r e e z i n g  
t e m p e r a t u r e s ?  Where a r e  t h e  c o l d e s t  low t e m p e r a t u r e s ?

11) P u l l  up t h e  US p r e s s u r e  sy s tems  map and compare i t  t o  
t he  US f r o n t s  map you u sed  t o  answer  q u e s t i o n  9.  I s  
t h e r e  any r e l a t i o n s h i p  be tween t h e  two? What i s  t he  
we a t h e r  l i k e  be h in d  a co ld  f r o n t ?
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12) Compute t h e  f l y  over  t ime f o r  t h e  f o l l o w i n g  p o l a r
s a t e l l i t e s  "EACH DAY" u s i n g  t h e  d i r e c t i o n s  f o r  t he  B i r d -  
dog p r e d i c t i o n  s o f t w a r e  below.

NOAA 9 _________

NOAA 10

NOAA 11

NOAA 12

A c u r r e n t  METEOR

-  I n s t r u c t  i ons  f o r  B i rd - d o g  s a t e l 1i t e  p r e d i c t  i on  program -

a .  A f t e r  t h e  C:\WB5> prompt t ype  in c d \ b i r d - d o g .  P r e s s  
<ENTER>.

b.  A f t e r  t h e  C : \ B i r d - d o g >  prompt  t ype  i n  bd.  P r e s s  
<ENTER>.

c .  When BIRD DOC a p p e a r s  on t h e  s c r e e n ,  p r e s s  t h e  space  
b a r .

d .  The program w i l l  draw a map o f  t h e  wor ld  comple t e  w i t h  
l a t i t u d e  and l o n g i t u d e  l i n e s .  A f t e r  t h i s  map i s  drawn,  
t h e  sy s t em i s  r e ad y  f o r  u s e .

e .  The f u n c t i o n  key F4 w i l l  p r e d i c t  t h e  p a t h  o f  a
s a t e l 1i t e .
The a r row  keys  n e a r  t h e  numer i c  key pad a t  t he  lower  
l e f t
hand s i d e  o f  t h e  keyboa rd  a l l o w  you t o  p i c k  which 
s a t e l l i t e  you wi sh  t o  p r e d i c t .  Choose t h e  s a t e l l i t e  
t h a t  you want  a p r e d i c t i o n  f o r  w i t h  t h e s e  keys  and t hen  
p r e s s  t h e  F4 f u n c t i o n  key a t  t h e  t op  of  t h e  key boa rd .

f .  The s a t e l l i t e  on t h e  s c r e e n  w i l l  beg in  moving ove r  t he  
wor ld  map on your  s c r e e n .  Each t ime t h a t  t h e  s a t e l l i t e  
p a s s e s  w i t h i n  r ange  o f  you r  r e c e i v i n g  s t a t i o n  a box w i l l  
ap pea r  on your  s c r e e n .  A f t e r  t he  s a t e l l i t e  p a s s e s  ove r  
and c r e a t e s  t he  box t h a t  you wi sh  t o  v i ew,  p r e s s  "Esc"
to  o b t a i n  a l i s t i n g  o f  t h e  t ime s  and t h e  c o o r d i n a t e s  o f
t h e  p a s s .  P r e s s  F6 t o  p r i n t  e ach  of  t h e  p r e d i c t i o n s  you
have o b t a i n e d .  When t h i s  i s  comple t ed  p r e s s  "Esc" once 
t o  r e t u r n  t o  main menu.
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g.  P r e s s i n g  s h i f t  and F2 w i l l  c l e a r  t h e  s c r e e n  o f  
p r e d i c t  ion
l i n e s .  Repeat  t h i s  p r o c e s s  f o r  each  s a t e l l i t e  t h a t  you 
a r e  t r a c k i n g .  Tg. e x i t  B i r d - d o g  p r e s s  t h e  End Key.

13) Once you have o b t a i n e d  you r  s a t e l l i t e  ov e r  p a s s
p r e d i c t i o n s ,  p l o t  t h e  s a t e l l i t e  p a s s  e ach  day on a  wor ld  
map. These maps a r e  l a b e l e d  World Mans and l o c a t e d  in 
t h e  back  o f  t h i s  p a c k e t .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Image I n t e r p r e t a t i o n  T r a i n i n g

14) Take ou t  t he  "STUDENT GUIDE TO WEATHER SATELLITE IMAGE 
INTERPRETATION". Turn t o  page 7 and f o l l o w  th e  
i n s t r u c t i o n s  i n  t he  g u i d e .  T h i s  s e c t i o n  w i l l  e x p l a i n  
how t o  load  and m a n i p u l a t e  s a t e l l i t e  images .

You must complet e  e ach  p a r t  o f  s e c t i o n  A and t hen  answer  
t h e  q u e s t i o n s  in s e c t i o n  B on t he  answer  s h e e t s  i n  t he  
back o f  t h i s  pack e t  ( pages  20,  21,  and 22 ) .

NOTE: Do not  c a p t u r e  an image u n t i l  you have comple t ed  a l l  
t h r e e  answer  s h e e t s  in  t he  back  o f  t h i s  p a c k e t .

C ap tu r e  an Image

NOTE: Use "THE STUDENT GUIDE TO WEATHER INTERPRETATION" i f  
you need h e l p .  Turn t o  s e c t i o n  B f o r  i n s t r u c t i o n s  
t h a t  w i l l  h e l p  you c a p t u r e  t h e  images r e q u e s t e d  below.

15) Fo l l ow the  d i r e c t i o n s  f o r  ONE o f  t h e  f o l l o w i n g :

a)  I f  an APT s a t e l l i t e  i s  p a s s i n g  ove r  d u r i n g  
your  wat ch  c a p t u r e  t h e  image.  Save t h e  
image w i t h  a  name u s i n g  t h e  fo rmat  in
th e  g u i d e .  _

b) I f  an APT s a t e l l i t e  i s  no t  p a s s i n g  o v e r  
c a p t u r e  t h e  most r e c e n t  image from th e  
VCR. See t he  s a t e l l i t e  gu id e  f o r  
i n s t r u c t i o n s .  Save t h i s  image w i t h
your  team name as  t h e  t i t l e .  _
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16) The G e o s t a t i o n a r y  s a t e l l i t e  Me teosa t  i s  on loan  t o  t h e  
U.S.  Weather  s e r v i c e  a t  t h i s  t im e .  Our s t a t i o n  i s  
r e c e i v i n g  images from t h i s  s a t e l l i t e  l o c a t e d  ov e r  t he  
A t l a n t i c  Ocean.  A t ime t a b l e  f o r  t he  Me teosa t  image 
b r o a d c a s t s  i s  l o c a t e d  in  t h e  back o f  t h i s  work s h e e t .

I n g e s t  and save  any U.S.  Me teosa t  Images t h a t  a r e  
b r o a d c a s t  d u r i n g  your  wa t ch .  Compare t o d ay s  images t o  
t odays  Weather  B r i e f  i n f o r m a t i o n .

17) Loop t he  l a s t  f i v e  Me teosa t  o r  GOES-WEFAX images 
and look f o r  w e a t he r  sys tems  t h a t  w i l l  e f f e c t  
your  a r e a .

18) I s  t h e  w e a t he r  c e n t e r  work ing  c o r r e c t l y ?

Yes _________  No__________

I f  no ,  what  r e p a i r s  a r e  needed?

SIGNED
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POLAR SATELLITE VISUAL IMAGE QUESTIONS AND CONSIDERATIONS
ANSWER SHEET

F i l l  in t h e  answer s  f o r  q u e s t i o n s  1 t h r u  8 in  t he  
sp a c e s  f u r n i s h e d  below.

1) 5)

2 ) 6 )

3) 7)

4) 8)

F i l l  in  t h e  answers  f o r  q u e s t i o n s  9,  10, and 11 in  t he  
spa ce  f u r n i s h e d  be low.  Make s u r e  t h a t  your  answer s  a r e  
comple t e  and s p e c i f i c .

9)

1 0 )

1 1 )



www.manaraa.com

104

POLAR SATELLITE INFRA-RED IMAGE QUESTIONS AND CONSIDERATIONS
ANSWER SHEET

F i l l  t h e  answers  f o r  t h e  f o l l o w i n g  q u e s t i o n s  i n  t he  
s p a c e s  f u r n i s h e d  below.  W r i t e  n e a t l y .

1) Al tocumulus  C i r r u s

2) Cloud He igh t  Cloud Type

3) __________________________________

4) a)  B a l t i m o r e  app rox .  t e m p e r a t u r e :

Washing ton  a p p r o x .  t e m p e r a t u r e :

b) Approx.  t e m p e r a t u r e  o f  c o u n t r y s i d e :

5) __________________________________

6)

7)

8) a)

b)

9)
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QOES-WEFAX -INFRA- RED IMAQE QUESTIONS AND CONSIDERATIONS
ANSWER SHEET

F i l l  t he  answer s  f o r  t h e  f o l l o w i n g  q u e s t i o n s  in  t he  
spa ce s  f u r n i s h e d  below.  Wr i t e  n e a t l y .

1) a)

b)

c)

4)

5) a)

b)

6 )

7)

8 )

9)



www.manaraa.com

APPENDIX E

WEATHER CONCEPT TEST
DIRECTIONS. Read each  s t a t e m e n t  and q u e s t i o n  c a r e f u l l y .  
Choose t h e  c o r r e c t  answer  f rom t h e  l i s t  be low each  
s t a t e m e n t  and t hen  f i l l  i n  t h e  b l a n k  space  on t h e  answer  
key w i t h  a number two p e n c i l .

1) Which s a t e l l i t e  would a s c i e n t i s t  use  t o  d e t e r m i n e  t he  
t e m p e r a t u r e  v a r i a t i o n s  o f  ocean  c u r r e n t s .

a)  WEFAX
b ) GOES
c)  Communicat ion
d)  TIROS

2) Long i t ude  l i n e s  measure  t h e  d i s t a n c e :

a )  wes t  and e a s t  o f  t h e  e q u a t o r .
b) e a s t  and wes t  o f  t h e  p r ime m e r i d i a n .
c)  n o r t h  and s o u t h  o f  t h e  e q u a t o r .
d)  e a s t  and wes t  o f  t h e  ZULU p a r a l l e l .

Use t h e  f o l l o w i n g  I n f o r m a t i o n  t o  answer  q u e s t i o n  3.

S i r  F r a n c i s  Bacon once  s t a t e d ,  " e v e r y  wind has  i t s  
w e a t h e r " .  He b e l i e v e d  each  change i n  wind d i r e c t i o n  
b rough t  changes  in  t e m p e r a t u r e  and m o i s t u r e  c o n d i t i o n s .  
Assume t h a t  you have been o b s e r v i n g  t h e  w e a t h e r  in  your  
a r e a  d u r i n g  t h e  month o f  F e b r u a r y  f o r  t w e n t y - f o u r  h o u r s .

You have n o t i c e d :

-  I t  has  r a i n e d  f o r  t h e  l a s t  tw e lv e  h ou r s  and j u s t  
now s to p p e d .

-  The wind s t a r t e d  b lowing  o u t  o f  t h e  e a s t  b e f o r e  
t h e  r a i n  and t h en  s h i f t e d  t o  s o u t h e r l y  and f i n a l l y  
n o r t h w e s t .

-  The t e m p e r a t u r e  i s  d r o p p i n g  a t  a  s t e a d y  r a t e .

3) What t yp e  o f  sys tem i s  moving i n t o  t h e  a r e a ?

a)  low p r e s s u r e
b) a cy c lo ne
c)  h ig h  p r e s s u r e
d) wind sy s t em

1 0 6
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4) A j a r  i s  f i l l e d  h a l f  way w i t h  luke warm w a t e r .  You 
i n s e r t  a thermometer  i n t o  t he  wa t e r  in t he  j a r  and 
t hen  add i c e  in t he  w a t e r  u n t i l  t h e  g l a s s  s i d e s  s t a r t  
t o  show c o n d e n s a t i o n .  The t e m p e r a t u r e  t h a t  you 
r e c o r d e d  a t  t h i s  p o i n t  r e f l e c t s  t h e :

a) dew po in t
b) wind speed
c) r e l a t i v e  humid i t y  
dj  a i r  p r e s s u r e .

Use t he  f o l l o w in g  i n f o r m a t i o n  to  answer q u e s t i o n s  5 
and 6.

P i c t u r e  # 5

5) What type  of  c l oud i s  p i c t u r e d  above?

a)  cumulus
b) s t r a t u s
c) c i r r u s
d) Cumulonimbus
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P i c t u r e  # 6

6) What type  of  c l oud  i s  p i c t u r e d  above?

a) cumulus
b) s t r a t u s
c) c i r r u s
d) Cumulonimbus

7) H u r r i c a n e s  a r e :

a)  l a r g e  h igh  p r e s s u r e  sy s t e m s .
b) l a r g e  low p r e s s u r e  sy s t e m s .
c)  sma l l  p r e s s u r e  c e l l s .
d) a n t i - c y c l o n e s

8) You have been g iven  Greenwich Mean Time f o r  two
s a t e l l i t e s  t h a t  w i l l  p a s s  o v e r  your  ground s t a t i o n .  
They a r e  15:25 and 22 : 16 .  What i s  t he  E a s t e r n  
S t an d a rd  Time t h a t  t h e s e  s a t e l l i t e s  w i l l  p a s s  over?

a) 10:25 A.M. and 5: 16 P.M.
b) 10:25 A.M. and 6: 16 P.M.
c) 10:25 A.M. and 5: 16 A.M.
d) 11:25 A.M. and 6: 16 P.M.
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9) T e l l  t h e  ap p ro x i m a te  wind spe ed  and d i r e c t i o n  f o r  t h e  
f o l l o w i n g  symbol .

a )  s o u t h e a s t , 5 kn o t s
b) n o r t h e a s t ,  58 kn o t s
c )  s o u t h w e s t ,  2 kno t s
d) n o r t h w e s t ,  2 kno t s

V
Use t h e  GOES s a t e l l i t e  p i c t u r e  below to  answer

q u e s t i o n s  10 and 11

10) The P a c i f i c  Ocean ha s  a t r o p i c a l  s to rm fo rming  s ou t h  
o f  t h e  Ba ja  P e n i n s u l a .  What g e n e r a l  d i r e c t i o n  w i l l  
t h e  p r e v a i l i n g  winds push  i t ?

a)  n o r t h
b) west
c)  e a s t
d) s o u t h

11) What t yp e  of  p r e s s u r e  sys tem i s  c o v e r i n g  t h e  e a s t  
c o a s t  o f  t h e  Un i t ed  S t a t e s ?

a ) low
b) o c c l ud ed
c)  h igh
d) r i d g e
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12) T e l l  t h e  app rox ima t e  wind speed  and d i r e c t i o n  f o r  the  
f o l l o w i n g  symbol .

a) n o r t  h w e s t , 10 knot  s
b) n o r t  hwes t , 49 knot  s
c) n o r t h e a s t , 10 kno ts
d) n o r t h e a s t , 49 kno t s

Use t he  f o l l o w i n g  c h a r t  to  answer  q u e s t i o n s  13 and 14.

Th is  R e l a t i v e  H u m i d i t y - S a t u r a t i o n  Curve shows how 
much wa t e r  vapor  ( i n  grams) can be c o n t a i n e d  in 1 k i log ram

i r  t h a t  i s  s a t u r a t e d  w i t h  w a t e r  vapo r .

saturation 100% relative humidity
30

20

-3 0  -2 0  -10 40
Temperature (°C)

Taken from: E a r t h  Sc i ence  -  T e a c h e r ’ s Resource  Cen te r  
Macmi l l i an  P u b l i s h i n g  Co . ,  1989.

13) The warmer t he  a i r  t e m p e r a t u r e ,  t he  
w a t e r  vapor  t he  a i r  can h o l d .

a)  g r e a t e r  t he  amount
b) l e s s e r  t h e  amount of
c) same amount of
d) c anno t  t e l l

One kii logram of a i r  ho l d i n g  25
wou Id be s a t u r a t e d a t a b o u t :

a) 18 d e g r e e s Ce 1 s ius
b) 20 d e g r e e s Ce 1 s ius
c) 23 d e g r e e s Ce 1 s ius
d) 27 d e g r e e s Ce 1 s i us
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15) You have d e t e r m i n e d  t h a t  e ach  p i x e l  on you r  s c r e e n  
r e p r e s e n t s  an a r e a  eq ua l  t o  f o u r  s q u a re  m i l e s .  How 
many p i x e l s  would be needed t o  r e p r e s e n t  an a r e a  of  
244 m i l e s .

a )  61
b) 71
c)  244
d) 610

Use t h e  f o l l o w i n g  map t o  answer  q u e s t i o n  16.
Scale 1cm  = 200 km 12.00, Day 212.00, D a y l

16) What t y pe  of  f r o n t  i s  t h i s ?

a )  o c c l u d e d  f r o n t
b)  c o l d  f r o n t
c)  s t a t i o n a r y  f r o n t
d)  warm f r o n t
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Use t h e  f o l l o w i n g  p i c t u r e  t o  answer  q u e s t i o n s  17 and

Sell Lakt 
[Giy I

17) A g e n e r a l  d e s c r i p t i o n  of  t h e  p r o b a b l e  w e a t h e r  f o r  t h e  
c o a s t a l  a r e a  of  L o u i s i a n a ,  f o r  t h e  ne x t  24 i s :

a )  heavy r a i n ,  winds 5 t o  10 m .p .h .
b)  l i g h t  r a i n ,  winds  35 t o  45 m .p .h .
c)  heavy r a i n ,  winds r e a c h i n g  ove r  74 m .p .h .
d)  c l e a r  s k i e s ,  winds  15 t o  20 m .p .h .

18) The w ea t he r  f o r e c a s t  f o r  Phoenix  d u r i n g  t h e  nex t  24 
h o u r s  w i l l  be:

a) h a i l
b) r a i n y
c) c l e a r
d) snow
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The p i c t u r e s  shown below a r e  c r o s s  s e c t i o n s  of  
v a r i o u s  t y pe s  o f  f r o n t s .  Use t h e s e  p i c t u r e s  t o  answer 
q u e s t i o n s  19. 20.  and 21.

Warm air

19) Match t he  p i c t u r e  above t o  t he  c o r r e c t  name o f  t he  
f r o n t .

a)  co ld
b) warm
c) s t a t i o n a r y  o c c l u s i o n
d) co ld  f r o n t  o c c l u s i o n

20) Match t he  p i c t u r e  above t o  t he  c o r r e c t  name o f  t he  
f r o n t .

a)  co ld
b) warm
c) s t a t i o n a r y
d) oc c luded
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Cirrus

Cirrostratus

Nimbostratus

W arm  air 
(stable)

21) Match t he  p i c t u r e  above t o  t h e  c o r r e c t  name o f  the  
f r o n t .

a)  co ld
b ) warm
c) s t a t i o n a r y
d) oc c luded

22) What t ype  o f  s a t e l l i t e  has a s t a t i o n a r y  e q u a t o r i a l  
o r b i t .

a)  American GOES
b) R uss i an  METEOR
c) American TIROS
d) R uss i an  MIR

23) The c loud  t ype  p i c t u r e d  above i s  o f t e n  a s s o c i a t e d  w i t h  
two t ype s  o f  p r e c i p i t a t i o n .

a) snow and s l e e t
b) snow and h a i l
c ) r a i n  and h a i 1
d) f r o s t
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Warm air

24) In t he  summer months ,  what t ime of  day would the
c o n d i t i o n s  i l l u s t r a t e d  in t he  p i c t u r e  above u s u a l l y  
occur?

a)  10:00
b) 19:00
c) 13:00
d) 05:00
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I f  the c h a r t above was a g r i d s e c t  ion f rom a
a t l a s ,  i d e n t i f y  t he  approx ima te  c o o r d i n a t e  f o r  t he  0 
ma rk .

a) 38 d e g r e e s s , 97 de g re e s E
b ) 38 de g re e s s , 97 d eg ree s W
c ) 38 de g re e s N, 97 de g re e s W
d) 38 d e g re e s N, 97 de g re e s E
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26) Compared w i t h  t he  a i r  p r e s s u r e  a t  h i g h e r  a l t i t u d e s
above 6 ,000  f e e t ,  t he  a i r  p r e s s u r e  a t  sea  l e v e l  would 
b e :

a) t he  same
b) g r e a t e r
c) l e s s
d) cannot  d e t e r m in e

DIRECTIONS. Match 
COLUMN A w i t h  t he  
f i l l  in  t he  b l ank  
two p e n c i 1. Each 
o r  not  a t  a l l . .

B. MATCHING ITEMS

each of  t he  f o l l o w i  
a p p r o p r i a t e  t erm in 
space  on t h e  answer 
term in COLUMN B i s

ng d e f i n i t i o n s  in 
COLUMN B and t hen  
key w i t h  a number 
used  o n l y  one t ime

COLUMN A -  DEFINITION

27) i n s t r um e n t  t h a t  measures  
a i r  t e m p e r a t u r e .

28) movements o f  a i r  c aused  by t he  
warming and c o o l i n g  of  a i r .

29) i n s t ru me n t  t h a t  measures  
wind speed .

30) we ight  o f  t he  a tmosphere  
p r e s s i n g  down on t he  e a r t h ’s 
s u r f a c e .

31) amount o f  w a t e r  vapor  in t he  
a i r  compared w i t h  t he  amount 
t h a t  could  be he ld  in t he  a i r  
a t  a g iven  t e m p e r a t u r e .

COLUMN B -  TERMS

a .  anemometer

b.  r e l a t i v e  hu mid i t y

c.  a i r  p r e s s u r e

d.  thermometer

e .  c o n v e c t i o n  
c u r r e n t  s
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APPENDIX F 

The E9tC9 A t t U w t e .  SCfiUg

P l e a s e  da rken  t he  a p p r o p r i a t e  space  on t he  accompanying

answer  s h e e t  t o  match your  r e s p o n se  t o  t h e  f o l l o w i n g

q u e s t i o n s .  I f  you have any q u e s t i o n s  p l e a s e  a sk .  Do not  

mark on t he  a t t i t u d e  s c a l e ,  on ly  t he  answer  s h e e t .

5 w i l l  mean "I  s t r o n g l y  ag re e"

4 w i l l  mean "I  a g r e e "

3 w i 11 mean "I  cannot  d e c i d e"

2 w i l l  mean "I  d i s a g r e e "

1 w i l l  mean "I  s t r o n g l y  d i s a g r e e "

E n g l i s h

1. Work i n  E n g l i s h  c l a s s  h e l p s  s t u d e n t s  do b e t t e r  
work in  o t h e r  c l a s s e s .

2.  The s t u d y  o f  E n g l i s h  i s  a wa s t e  o f  t ime .

3.  W r i t i n g  p a p e r s  f o r  E n g l i s h  c l a s s  i s  good p r a c t i c e .

4.  Almost any s u b j e c t  i s  b e t t e r  t han  E n g l i s h .

5.  E n g l i s h  c o u r s e s  a r e  some o f  t he  wor s t  c o u r s e s .

6.  S tud y i ng  E n g l i s h  i s  l e s s  t i r i n g  t han  s t u d y i n g  
o t h e r  s u b j e c t s .

7.  E n g l i s h  i s  a s u b j e c t  w i t h  v e r y  l i t t l e  r e a l  v a l u e .

8.  E n g l i s h  i s  b o r i n g .

117
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9. S tu d y in g  E n g l i s h  in  c o l l e g e  would be v a l u a b l e .

10. S t u d e n t s  sh o u ld  be r e q u i r e d  t o  t a k e  E n g l i s h  e v e ry
y e a r .

11. Most l i t e r a t u r e  i s  d u l l .

12. E n g l i s h  i s  fu n .

13. Time s p e n t  in  E n g l i s h  c l a s s  i s  t ime w e l l  s p e n t .

14. E n g l i s h  i s  one c l a s s  I can do w i t h o u t .

15. E n g l i s h  c l a s s  i s  to o  s h o r t .

S c ien c e

16. F i e l d  t r i p s  in  s c i e n c e  a r e  more fun th a n  th o s e  in 
o t h e r  s u b j e c t s .

17. An u n d e r s t a n d i n g  o f  how th e  E a r t h  changes  h e l p s  make 
a b e t t e r  w o r ld .

18. S tu d y in g  s c i e n c e  i s  a  w a s te  o f  t im e .

19. A d e e p e r  love  o f  n a t u r e  comes from th e  s t u d y  o f
s c i e n c e .

20. There  i s  to o  much memory work in  s c i e n c e .

21. S c ie n c e  i s  i n t e r e s t i n g .

22. S c ie n c e  c l a s s  i s  u s u a l l y  fun .

23. S c ien c e  c o u r s e s  a r e  w o r th  th e  t im e and e f f o r t  t h e y
t a k e .

24. C u t t i n g  up a n im a l s  in  c l a s s  i s  s i l l y .

25. I t  i s  fun t o  f i g u r e  o u t  how t h i n g s  work.

26. Books abou t  s c i e n c e  a r e  b o r i n g .

27. Many good h o b b ie s  come from t h e  s t u d y  o f  s c i e n c e .

28. S c ie n c e  t e a c h e s  p e o p le  t o  t h i n k .

29. S t u d e n t s  sh o u ld  no t  be r e q u i r e d  t o  t a k e  s c i e n c e
c o u r s e s .
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30. E x p l o r i n g  o u t e r  sp a c e  may p ro v e  u s e f u l  t o  mankind.

S o c i a l  S t u d i e s

31. Much o f  what i s  t a u g h t  i n  s o c i a l  s t u d i e s  i s  no t  
i m p o r t a n t .

32. T here  i s  to o  much t o  w o rry  a bou t  in  th e  p r e s e n t  f o r
us  t o  worry  a bou t  th e  p a s t .

33. Knowledge o f  th e  p a s t  h e l p s  us u n d e r s t a n d  the  
p r e s e n t .

34. S o c i a l  s t u d i e s  t e a c h e r s  a r e  u s u a l l y  good t e a c h e r s .

35. S o c i a l  s t u d i e s  i s  th e  same y e a r  a f t e r  y e a r .

36. The s t u d y  o f  h i s t o r y  in  c o l l e g e  would be a good
c h o i c e .

37. S o c i a l  s t u d i e s  c o u r s e s  s h o u l d  no t  be r e q u i r e d  
c o u r s e s .

38.  S o c i a l  s t u d i e s  i s  d u l l .

39. S tu d y in g  t h e  h i s t o r y  o f  d i f f e r e n t  p e o p le  o f  th e  w or ld
h e l p s  us  u n d e r s t a n d  them.

40. A s t u d e n t  can o f t e n  use  what he l e a r n s  in  a s o c i a l  
s t u d i e s  c o u r s e .

41.  Man p r o f i t s  l i t t l e  from t h e  s t u d y  o f  t h e  p a s t .

42. S o c i a l  s t u d i e s  i s  i n t e r e s t i n g .

43.  S o c i a l  s t u d i e s  has  l i t t l e  t o  o f f e r  t h e  a v e ra g e
s t u d e n t .

44.  Almost any c o u r s e  i s  b e t t e r  th a n  a s o c i a l  s t u d i e s  
c o u r s e .

45.  I f  s o c i a l  s t u d i e s  c h a n g e s ,  i t  i s  from bad t o  w o rse .
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APPENDIX G

March 30, 1993

Martha Rossnagle 
Silver Burdett & Ginn 
250 James St. 
Morristown, NJ .07960

Re: Silver Burdett & Ginn 
EARTH SCIENCE 
Review and Skill Masters 
ISBN 0-382-13470-2 (1987)

Dear Ms. Rossnagel,

Per your instructions I am sending this letter to 
request written permission to use several of your master 
sheets from Chapters 18 and 19 in my dissertation. I will be 
comparing the effectiveness of a unit that includes the use 
of a computerized weather center to a traditional unit that 
includes your Review and Skill Master sheets.

The purpose of this study is to determine if the weather 
center is an effective teaching tool. I would be willing to 
share my results with you when I have completed the study.
If you would like a summary of results please say so in your 
letter.

I appreciate your assistance in this matter and look 
forward to your reply. Thanks!

April 5, 1993

Permission Is granted to use the above requested material for the purpose stated. 
It Is understood that no commercial use will be made and that this permission

ion. We woulld appreciate a copy for our files.

Richard Bei 
Doctoral S 
University
Richard Behrens 
Doctoral Student
University of Southern Mississippi 
Dept, of Curriculum and Instruction 
SS Box # 5026
Hattiesburg, MS 39406-5026

Yours

.rtha Rossnagel
Rights & Permissions
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APPENDIX H

University of Southern Mississippi 
Office of Research and Sponsored Programs
HUMAN SUBJECTS PROTECTION REVIEW COMMITTEE 

NOTICE OF COMMITTEE ACTION

DATE! July 20, 1993

To: Riahaxd Behrens

Vour Project, The Effect of a Weather Satellite Receiving Station 
on Eighth Grade student Achievement and Attitudes Toward Seienea, 
has been determined to fall under one of the following categories:

The approved project period is from 10/15/93 - 11/15/93. If your
project is continued after this period, please resubmit another
application for review.
CRITERIA FOR REVIEW
o risks to subjects are minimized;
o risks to subjects are reasonable in relation in anticipated

benefits;
o selection of subjects is equitable;
o informed consent is adequate and appropriately documented;
o where appropriate, the research plan makes adequate provisions 

for monitoring the data collected to ensure the safety of subjects;
o where appropriate, there are adequate provisions to protect 

the privacy of subjects and to maintain the confidentiality of 
data; and

XXX

1. Approved under the provisions for Expedited Review.
2. Approved by the HSFRC.
3. Disapproved by the HSPRC.
4. Exempt from formal HSPRC action.

o appropriate additional 
protect vulnerable subj

guards have yheen included to

Chairman
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PERSONAL DATA; 

Name: 

A d d r e s s :

B o rn :

M a r i t a l
S t a t u s :

QUbSX:

EDUCATION:

P r e s e n t :

Aug 1991

June 1988 

March 1973

R ich a rd  P. B e h re n s ,  J r .

R t .  3, Box 3110 
C l e v e l a n d ,  GA 30528

Miami FL, 31 Dec 1950

M a rr ie d  March 1972; two d a u g h t e r s

H e a l t h :  E x c e l l e n t ;
H e ig h t :  6 ’ 1";  W eight:  188 Lbs.

D o c to r a l  s t u d e n t  a t  The U n i v e r s i t y  
o f  S o u th e rn  M i s s i s s i p p i ,  
H a t t i e s b u r g ,  M i s s i s s i p p i  
M ajor :  E le m e n ta ry  E d u c a t io n
Minor:  S c i e n c e  E d u c a t io n
D egree :  Ed.D. ( g r a d u a t i o n  d a t e :
May, 1994)

The U n i v e r s i t y  o f  S o u th e rn  
M i s s i s s i p p i ,  H a t t i e s b u r g ,  
M i s s i s s i p p i ;
Major:  E le m e n ta ry  E d u c a t io n
D egree :  S p e c i a l i s t  in  E d u c a t io n

N or th  G e o r g ia  C o l le g e
M ajor :  Middle  G rades  E d u c a t io n
Degree :  M as te r  o f  E d u c a t io n

U n i v e r s i t y  o f  Sou th  F l o r i d a  
Major:  E le m e n ta ry  E d u c a t io n
D egree :  B a c h e lo r  o f  A r t s
Honors :  D ean ’ s L i s t ;
S t u d i e d  t h e  E n g l i s h  I n f a n t  

S choo ls  a t  The U n i v e r s i t y  o f  
London
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Sep 1969-
J u l  1970 A t ten d e d  Miami Dade J u n i o r  C o l l e g e .

June 1969 Miami K i l l i a n  S r .  High School  -
Diploma.
P r im ary  and Secondary  E d u c a t io n  -  
Dade C ounty ,  F l o r i d a .

LICENSES:
S t a t e ; G e o rg ia  Middle  School  t e a c h i n g

c e r t  i f  i c a t e .

FELLOWSHIPS;

1989 summer: ERIM/NOAA W eather  S a t e l l i t e  Sem inar :
A t te n d e d  program  s p o n s o r e d  by 
N a t io n a l  O cean ic  and A tm ospher ic  
A d m i n i s t r a t i o n  and NASA, t o  d e v e lo p  
a c u r r i c u l u m  f o r  l a n d - b a s e d  
s a t e l l i t e  r e c e i v i n g  s t a t i o n s  in  
c l a s s r o o m s .

1987 summer: EARTHWATCH F e l l o w s h i p :  Worked w i th
th e  S m i th so n ia n  I n s t i t u t e  on a  s tu d y  
o f  t h e  A rena l  V o lcano ,  in  C o s ta  
R ic a .

PUBLICATIONS:

N a t i o n a l /  I n t e r n a t i o n a l  ( r e f )

B e h ren s ,  R. P . (1 9 9 3 ) .  S tu d e n t  g u id e  t o  w e a th e r
s a t e l l i t e  image i n t e r p r e t a t i o n  [ s i m p l i f i e d  VGA 
v e r s i o n  f o r  s c h o o l s ] .  C l e v e l a n d ,  MN:
S a t e l l i t e  D a ta  S e r v i c e s .

B e h re n s ,  R. P . (1 9 9 3 ) .  T e a c h e r ' s  Lesson  Guide
to_W eather  S a t e l l i t e  Image I n t e r p r e t a t i o n . 
C l e v e l a n d ,  MN: S a t e l l i t e  Da ta  S e r v i c e s .

B e h re n s ,  R. P.  (1 9 9 3 ) .  S tu d e n t  g u id e  t o  w e a th e r
s a t e l l i t e  image i n t e r p r e t a t i o n  [Supe r  VGA 
v e r s i o n ]  ( R e v . ) .  C l e v e l a n d ,  MN: S a t e l l i t e
D a ta  S e r v i c e s .
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Behrens* R. P.  (1 9 9 0 ) .  Tomorrow's t e c h n o lo g y  
and w e a th e r  in  t o d a y ’ s c l a s s r o o m .  The G eo rg ia  
S c ie n c e  T e a c h e r . 3 1 ( 1 ) ,  11-12.

lecfil:
Monthly a s t ronom y a r t i c l e s  f o r  l o c a l  community 
new spaper ,  The White  County News.

EMPLOYMENT:

Aug 1 9 9 3 - P r e s e n t :

Jan  1993-Aug 1993:

Aug 1986-Jan  1993:

May 1985-Aug 1986:

J u l  1982-May 1985:

Jun 198 1 -Ju l  1982:

White  County Middle  Sch o o l .  
Teach E a r t h  S c i e n c e ,  L i f e  
S c i e n c e ,  and Math.

The U n i v e r s i t y  o f  S o u th e rn  
M i s s i s s i p p i .
G ra d u a te  A s s i s t a n t  -  Taught 
I n t r o d u c t i o n  t o  E d u c a t io n ;  
P a r t i c i p a t e d  in  s e v e r a l  
e d u c a t i o n a l  r e s e a r c h  s t u d i e s .

White  County Middle  School -  
Taught  e i g h t h  g ra d e  E a r t h  
S c i e n c e ,  Math, S o c i a l  S t u d i e s ,  
F in a n c e ,  and an e x p l o r a t o r y  
a r c h a e o l o g y  c l a s s ;  coached  
e i g h t h  g rad e  f o o t b a l l .

S e l f - e m p lo y e d  -  While  w ork ing  
on my G e o rg ia  t e a c h i n g  
c e r t i f i c a t i o n ,  I bought  and 
s o l d  heavy c o n s t r u c t i o n  
equipm ent  in  t h e  U n i t e d  S t a t e s ,  
t h e  C a r ib b e a n ,  and South  
America .

F l o r i d a  G e o rg ia  T r a c t o r  C o . ,  
I n c .  -  A r e t a i l  o u t l e t  f o r  
heavy  c o n s t r u c t i o n  eq u ip m en t .  
Held p o s i t i o n  o f  S o u t h e a s t  
R eg ion a l  Manager.

Miami C rushed  Rock Co. -  Held 
p o s i t i o n  o f  S a l e s  Manager.
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May 1979-Jun 1981: F l o r i d a  G e o rg ia  T r a c t o r  C o . ,  
I n c .  -H e ld  p o s i t i o n  o f  heavy 
c o n s t r u c t i o n  Equipment 
Sa lesman.

May 1973-May 1979: I n t e r n a t i o n a l  H a r v e s t e r  Co. -  
S t a r t e d  work in  t h e  t r u c k  
d i v i s i o n  a s  r e t a i l  sa le sm a n ;  
worked my way up t o  r e t a i l  
S a l e s  Manager o f  t h e  Tampa, FL 
b r a n c h ,  and D i s t r i c t  S a l e s  
Manager o f  G e o rg ia  and South  
C a r o l i n a .

J u l  1969-May 1973: P a l m e t to  Ford Truck  S a l e s ,  In c .  
-  P a r t - t i m e  work a s  t r u c k  
d r i v e r  t o  h e lp  f i n a n c e  
u n d e r g r a d u a t e  s t u d i e s .

PRESENTATIONS:

S t a t e :

B e h re n s ,  R. P .  (1 9 9 2 ) .  Computers and w e a th e r  in  
t h e  c l a s s r o o m . P a p e r  p r e s e n t e d  a t  t h e  annua l  
m e e t in g  o f  th e  G e o r g ia  S c ie n c e  T e a c h e r s  
A s s o c i a t i o n ,  Columbus, GA.

R e g i o n a l :

B e h r e n s ,  R. P. (1 9 9 3 ) .  Techno logy  in  t h e
c l a s s r o o m . P ap e r  p r e s e n t e d  a t  t h e  a nnua l  
m ee t in g  o f  The U n i v e r s i t y  o f  S o u th e rn  
M i s s i s s i p p i  E d u c a t i o n a l  F i e l d  E x p e r i e n c e ,  
H a t t i e s b u r g ,  MS.

B e h re n s ,  R. P. (1 9 9 1 ) .  W eather  s a t e l l i t e
t e c h n o l o gy f o r  to d a y * s  c l a s s r o o m . P ap e r  
p r e s e n t e d  a t  t h e  a n nu a l  D i s t r i c t  m e e t in g  f o r  
t h e  G e o rg ia  S c ie n c e  T e a c h e r s  A s s o c i a t i o n ,
D ah lonega ,  GA.

B e h re n s ,  R. P. (1 9 9 0 ) .  Hands-on a c t i v i t i e s  in
sound f o r  e l e m e n t a r y  s t u d e n t s . P a p e r
p r e s e n t e d  a t  t h e  a n n ua l  d i s t r i c t  m e e t in g  o f  
t h e  G e o rg ia  S c ie n c e  T e a c h e r s  A s s o c i a t i o n ,
D ah lonega ,  GA.
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HONORS and AWARDS: 

1993:

1992-1993: 

1989-1990:

QQNSVITATIQNS; 

1992:

1992:

ASSOCIATION
MEMBERSHIPS:

HOBBIES:

R ecogn ized  by Governor  Z e l l  M i l l e r  
f o r  c o n t r i b u t i o n s  t o  th e  u se  o f  
t e c h n o lo g y  in  e d u c a t i o n .

White  County T ea ch e r  o f  t h e  Y ear .  
S e m i - f i n a l i s t  f o r  G e o rg ia  S t a t e  
T eacher  o f  th e  Y ear .
Recognized  by Governor  Joe  Frank  
H a r r i s  f o r  c o n t r i b u t i o n s  to  th e  use  
o f  t e c h n o lo g y  in  e d u c a t i o n .

Taught S c ie n c e  f o r  th e  G o v e r n o r ' s  
Honor Program in  th e  s t a t e  o f  
G e o rg ia .

C o n s u l t a n t  t o  th e  E n v iro n m en ta l  
R e se a rch  I n s t i t u t e  o f  M ich igan ,  In c .  
(ERIM), Ann A rb o r ,  MI ( o r g a n i z a t i o n  
o f  a n a t i o n a l  c o n s o r t iu m  f o r  
s a t e l l i t e  e d u c a t i o n ) .

S c ie n c e  c o n s u l t a n t  f o r  t h e  G e o rg ia  
S t a t e w i d e  C u r r ic u lu m -B a se d  
Assessment  T e s t ,  A t l a n t a ,  GA ( i t e m  
c o n s t r u c t  i o n ) .

Kappa D e l t a  Pi 
Phi  D e l t a  Kappa
G eorg ia  S c ie n c e  T e a c h e r s  A s s o c i a t i o n  
N a t io n a l  S c i e n c e  T e a c h e r s  
A s s o c i a t i o n
N a t io n a l  E a r t h  S c ie n c e  T e a c h e r s  
A s s o c i a t  ion
P r o f e s s i o n a l  A s s o c i a t i o n  o f  G e o rg ia  
E d u c a to r s

Running;  m oun ta in  h i k i n g ;  and 
r e a d i n g


