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The Crisis i n Biology Education 

Robert E. Yager 

U n i v e r s i t y o f Iowa 

R e d a k t i o n e l e verantwoording 

Bijgaand a r t i k e l uit 'The American Biology Teacher', volume 44, september W8P,, werd 

door de redaktie belangrijk genoeg gevonden om in verkorte votm in dit t i j d s c h r i f t te 

worden opgenomen. Daarvoor golden de volgende overwegingen: 

o Het onderwijs in natuurwetenschappen is in Nederland sterk bef.nvloed door Amerikaanse 

c u r r i c u l a . 

o Het a r t i k e l geeft een samenvatting van zeer omvangrijk evaluatie-onderzoek omtrent 

Amerikaanse leerplanontittikkelingsprojekten. 

o liet a r t i k e l wijst op de grote problemen die met de innovatie van nieuwe c u r r i c u l a 

samenhangen en waarschuwt daarmee tegen al te groot optimisme dienaangaande, 

o Alhoewel geschreven voor het biologieonderwijs is het a r t i k e l ook grotendeels van 

toepassing op natuur- en scheikundeonderwijs. 

o Het lijkt nuttig en interensant ons af te vragen in hoeverre de beschreven problemen 

ook gelden voor de situatie in ons land. 

1. I n t r o d u c t i o n 

Each h i s t o r i c a l p e r i o d 1s u n l q u e , but some are more s i g n i f i c a n t than o t h e r s i n a f f e c -

t i n g the f u t u r e . The c u r r e n t time f o r b i o l o g y e d u c a t i o n i s indeed uhique and appears to 

be one o f those s i g n i f i c a n t p o i n t s where the f u t u r e o f the d i s c i p l i n e i s endangered. 

There i s urgency i n the problems t h a t c o n f r o n t us - urgency t h a t causes many t o d e s c r i b e 

the c u r r e n t s i t u a t i o n as one o f c r i s i s . B u t , a c r i s i s can be a t u r n i n g p o i n t . A c t i o n can 

be taken to use t h i s t u r n i n g p o i n t t o b e n e f i t the p r o f e s s i o n . Or , l a c k o f a c t i o n can 

r e s u l t i n a downward s p i r a l and f u r t h e r d e t e r i o r a t i o n . A g r e a t e r u n d e r s t a n d i n g o f our 

problems - perhaps the reasons f o r them - can a s s i s t us i n c o n t r o l l i n g change and r e v i -

t a l i z i n g b i o l o g i c a l e d u c a t i o n . 
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T h i s a r t i c l e i s d i v i d e d i n t o t l i r e o major s e c t i o n s . The f i r s t i s a rev iew o f biology 

e d u c a t i o n f o r the p a s t 32 y e a r s . The 1950 s t a r t i n g p o i n t i s not an a r b i t r a r y one; the 

changes t h a t f o l l o w e d were f a r more s i g n i f i c a n t than any t h a t o c c u r r e d d u r i n g the pre-

c e d i n g t h r e e decades. D u r i n g these t h r e e decades (1920-50) b i o l o g y became a conimnn 

o f f e r i n g i n American secondary s c h o o l s . The second s e c t i o n o f the a r t i c l e d e a l s with 

the r e s u l t s o f one o f the most c o s t l y and e l a b o r a t e e d u c a t i o n a l assessment programs ever 

undertaken i n the U.S. The assessment began i n 1976 as a response to major c r i t i c i s m and 

concern f o r the g r e a t p u b l i c s u p p o r t o f s c i e n c e e d u c a t i o n which f o l l o w e d the l a u n c h i n g 

o f the S o v j e t S p u t n i k i n 1957. The t h i r d s e c t i o n i s an attempt to i d e n t i f y Solutions to 

problems and to p l a n f o r the y e a r 2000. The h i s t o r i c a l p e r s p e c t i v e from the f i r s t part 

and the data p r o v i d e d by the assessments in the second p a r t are used in s e e k l n g solutions 

f o r the r e m a i n i n g y e a r s o f t h i s c o n t u r y . 

2 . Recent h i s t o r y o f b i o l o g y e d u c a t i o n 

Pre-Sputnik, 1950-56. By 1950, b i o l o g y was w e l l e s t a b l i s h e d as a Standard course in 

the c u r r i c u l u m o f a lmost every American h i g h s c h o o l . ! t had become the ' tenth y e a r ' 

s c i e n c e course and was commonly used by s t u d e n t s t o complete g r a d u a t i o n r e q u i r e m e n t s . 

In some s c h o o l s , i t became a r e q u i r e d c o u r s e . In most s c h ó ó l s b i o l o g y was taught with 

few l a b o r a t o r i e s and as a r e c i t a t i o n - t y p e course where the textbook found e x t e n s i v e use. 

L i k e o t h e r courses d u r i n g the war y e a r s (1940s and e a r l y ' 5 0 s ) , b i o l o g y began to focus 

on a p p l i c a t i o n s of b a s i c s c i e n c e - o f t e n i n areas such as h e a l t h , d i s e a s e , n u t r i t i o n , 

s a f e t y , substance a b u s e , and human systems. Such emphnsis tended to i n c r e a s e the gap 

between the b i o l o g y known by r e s e a r c h e r s and the b i o l o g y s t u d e n t s were e x p e r i e n c i n g i n 

s c h o o l s . T h i s dichotomy was o f t e n i d e n t i f i e d as a problem by p r o f e s s i o n a l b i o l o g i s t s . 

Both h i g h s c h o o l and b e g i n n i n g c o l l e g e courses focused upon the taxonomy o f p l a n t s and 

a n i m a l s ; i n a d d i t i o r r , major a t t e n t i o n c e n t e r e d on the c e l l - t i s s u e - o r g a n l e v e l s . Course 

c o n t e n t , t e x t b o o k , and t e a c h i n g s t y l e were n11 q u i t e c o n s i s t e n t w i t h i n s c h o o l s and 

c l a s s s e c t i o n s . 

The 'Golden' years, 1956-70. In 1957 the S o v i e t s launched a s a t e l l i t e i n t o s p a c e , 

an event t h a t was t o a f f e c t s c i e n c e e d u c a t i o n d r a m a t i c a l l y . S p u t n i k was p e r c e i v e d as 

an i n d i c a t i o n o f S o v i e t s c i e n t i f i c - t e c h n o l o g i c a l s u p e r i o r i t y . The p u b l i c suddenly 

demanded improved s c i e n c e e d u c a t i o n to soothe a wounded n a t i o n a l p r i d e . ' I n f e r i o r ' 

s c i e n c e e d u c a t i o n i n America was acknowledged and funds f o r i m p r o v i n g the s i t u a t i o n 

were a p p r o p r i a t e d . 

In the case o f b i o l o g y e d u c a t i o n , major f u n d i n g o c c u r r e d a f t e r the f o r m a t i o n o f the 
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B i o l o g i c a l S c i e n c e s C u r r i c u l u m Study (BSCS) i n 1959 by the American I n s t i t u t e o f B i o l o -

g i c a l S c i e n c e s , a s c i e n t i f i c s o c i e t y w i t h a t o t a l membership o f 8 5 , 0 0 0 b i o l o g i s t s . The 

f i r s t BSCS e d u c a t i o n a l m a t e r i a l s were p r e p a r e d d u r i n g the summer o f 1960 and f i e l d t e s -

ted i n s c h o o l s d u r i n g the 1960-61 academie y e a r . 

The BSCS o r g a n i z a t i o n , a c t i v i t i e s , and m a t e r i a l s r e p r e s e n t w e l l the t e n o r o f the s o -

c a l l e d Golden Y e a r s . The p u b l i c was s u p p o r t i v e ; the s c i e n t i f i c community d i r e c t e d the 

improvement e f f o r t s and the p r o d u c t i o n , f i e l d t e s t i n g , and p u b l i c a t i o n o f m a t e r i a l s 

became a Standard sequence o f e v e n t s . BSCS became a n o n - p r o f i t c o r p o r a t i o n complete 

w i t h b u i l d i n g , permanent s t a f f , and a Board o f D i r e c t o r s . BSCS m a t e r i a l s were d i s s e m i -

nated and a r e used throughout the w o r l d . BSCS programs were the most s u c c e s s f u l o f a l l 

the n a t i o n a l s c i e n c e c u r r i c u l u m e f f o r t s - a t i t s z e n i t h BSCS m a t e r i a l s were i n use i n 

o v e r o n e - h a l f o f the b i o l o g y c l a s s r o o m s i n the U . S . 

Time of Diisilluniojvnent, 1970-76. The 1970s ushered i n a new s e t o f p r o b l e m s . We had 

a p p a r e n t l y 'caught up t o the R u s s l a n s ' w i t h s e v e r a l s p e c t a c u l a r space e x p l o i t s , i n c l u -

d i n g l a n d i n g the f i r s t man on the moon, though we found o u r s e l v e s i n a very unpopular 

war i n V ietnam. F u r t h e r , t h e r e were s e r i o u s s o c i e t a l problems around u s , most w i t h no 

apparent s o l u t i o n and many w i t h apparent t i e s t o s c i e n c e and t e c h n o l o g y . S o c i a l u n r e s t , 

c o n f l i c t , a war i n a faraway c o r n e r o f the g l o b e , p o l i t i c a l p r o b l e m s , e n v i r o n m e n t a l 

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

our s o c i e t y c r e a t e d a c l i m a t e of p r o t e s t , q u e s t i o n i n g , and ret renchment - c a l l e d f o r 

the r e t u r n to former t i m e s , t r a d i t i o n a l v a l u e s , e a r l i e r p r i o r i t i e s . 

S c i e n c e e d u c a t i o n was a t t a c k e d on s e v e r a l f r o n t s . A t the n a t i o n a l l e v e l , t h e r e was a 

s e r i o u s c h a l l e n g e t o the a p p r o p r i a t e n e s s o f NSF s c i e n c e c u r r i c u l u m p r o j e c t s . Funds f o r 

a l l a c t i v e c u r r i c u l u m development p r o j e c t s were d e l a y e d w h i l e n a t i o n a l j:ommiss1ons 

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

f u n d i n g and change o f d i r e c t i o n , the a c t i v e c u r r i c u l u m p r o j e c t s ó f the 1970s were 

a l l o w e d to c o n t i n u e . - However, none lias a c h i e v e d the r e c o g n i t i o n , the u s e , the s u p p o r t 

of major p u b l i s h e r s , and the s u c c e s s e s o f the e a r l i e r s c i e n c e c u r r i c u l u m e f f o r t s (Ross 

1979; K n o t t 1980; Hughes 1976; Burkman 1981). 

There was g r e a t p u b l i c concern about i n c l u s i o n o f such s e n s i t i v e areas as s e x , r e p r o -

d u c t i o n , s o c i a l i s s u e s , and e v o l u t i o n i n the l a s t n a t i o n a l c u r r i c u l u m e f f o r t s i n 

s c i e n c e ; t h e r e were s u g g e s t i o n s t h a t the c u r r i c u l u m e f f o r t s d e p a r t e d from t r a d i t i o n a l 

s c i e n c e t o p i c s and even t h a t they i n c l u d e d pornography. What a s h i f t i n p u b l i c s u p p o r t ! 

In the l a t e 1950s s u p p o r t f o r s c i e n c e e d u c a t i o n was u n q u e s t i o n e d ; i t was e v e n . r e l a t e d 

to p a t r i o t i s m . In the 1970s s c i e n c e c u r r i c u l u m e f f o r t s were b e i n g c r l t i c i z e d as a 

cause of breakdown o f the f a m i l y , lower m o r a l s , y o u t h f u l ' l i b e r a l l s m ' . 
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The 'Time o f D i s i l l u s i o n m e n t ' r e s u l t e d both i n c u r t a i l m e n t o f c u r r i c u l u m develorment 

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

Time of Assessment, 1976-82. S e r i o u s c h a l l e n g e s o f t e n r e s u l t i n c a l l s f o r more 

i n f o r m a t i o n to meet such c h a l l e n g e s . With the s u s p e n s i o n o f t e a c h e r t r a i n i n g a c t i v i -

t i e s and a d e c l i n e i n support, f o r f u r t h e r c u r r i c u l u m developments i n 1976, i t was a 

p r o p i t i o u s t ime f o r i n i t i a t i n g major s t u d i e s t o d i s c e r n the impact o f p a s t e f f o r t s 

and t o i d e n t i f y p r e s e n t needs. Three major s t a t u s s t u d i e s were funded by NSF. One, 

by Helgeson e t a l , a t Ohio S t a t e U n i v e r s i t y , was d e s i g n e d to review a l l the 1955-

75 r e s e a r c h l i t e r a t u r e i n the areas o f s c i e n c e , m a t h e m a t i c s , and s o c i a l s t u d i e s e d u ­

c a t i o n ( H e l g e s o n , B l o s s e r , and Howe 1977). A second study surveyed t e a c h e r s , s u p e r ­

v i s o r s , a d m i n i s t r a t o r s , and o t h e r s to i d e n t i f y t h e i r p e r c e p t i o n s o f K-12 programs i n 

the same three c u r r i c u l u m a r e a s . Th is s tudy was conducted by I r i s W e i s s , Research 

T r i a n g l e I n s t i t u t e (Weiss 1978). A t h i r d s tudy was conducted by Stake and E a s l y , 

U n i v e r s i t y o f I l l i n o i s (Stake and E a s l e y 1978). I t c o n s i s t e d o f e l e v e n case s t u d i e s 

o f s c h o o l systems r e p r e s e n t i n g d i f f e r e n t s i z e s , emphases, and g e o g r a p h i c a r e a s . These 

t h r e e l a r g e s t u d i e s used d i f f e r e n t m e t h o d o l o g i e s , b u t they a l l were attempts a t d e t e r -

m i n i n g the c u r r e n t c o n d i t i o n o f American s c i e n c e e d u c a t i o n . 

In 1977 N o r r i s Harms, U n i v e r s i t y o f C o l o r a d o , proposed P r o j e c t S y n t h e s i s (Harms 1977). 

Harms had been a c e n t r a l s t a f f member w i t h the T h i r d Assessment o f S c i e n c e f o r the 

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 1977). The T h i r d Assessment i n c l u d e d 

an e x t e n s i v e b a t t e r y o f a f f e c t i v e t e s t i tems which p r o v i d e d r i c h i n f o r m a t i o n c o n c e r -

n i n g the g e n e r a l e f f e c t s o f t e a c h e r s , programs, and s c h o o l s upon s t u d e n t l e a r n i n g i n 

s c i e n c e . Harms proposed u s i n g the NAEP i n f o r m a t i o n as w e l l as t h a t from the three 

NSF s t a t u s s t u d i e s t o s y n t h e s i z e a model o f the a c t u a l s t a t e o f s c i e n c e t e a c h i n g i n 

f i v e f o c a l a r e a s : b i o l o g y , p h y s i c a l s c i e n c e , i n q u i r y , s c i e n c e / t e c h n o l o g y / s o c i e t y , and 

e lementary s c i e n c e . Harms, an e v a l u a t i o n e x p e r t , a l s o proposed d e v e l o p i n g a ' D e s i r e d 

S t a t e ' model f o r s c i e n c e e d u c a t i o n based upon a n o t h e r s e t o f r e p o r t s and l i t e r a t u r e . 

Once such a d e s i r e d s t a t e c o n d i t i o n was developed and the a c t u a l s t a t e c o n d i t i o u s 

v e r i f i e d , i t was p o s s i b l e t o i d e n t i f y s p e c i f i c d i s c r e p a n c i e s between the two c o n d i t i o n s . 

An a n a l y s i s o f these d i s c r e p a n c i e s r e s u l t e d i n s p e c i f i c recommendations f o r f u t u r e 

a c t i o n - a c t i o n designed t o reduce the d i f f e r e n c e s between what i s and what s h o u l d be 

the c o n d i t i o n o f s c i e n c e e d u c a t i o n . 

The i n f o r m a t i o n about s c i e n c e e d u c a t i o n , amassed d u r i n g the p a s t f i v e y e a r s has kwown 

no e q u a l , at l e a s t i n terms o f numbers r e s e a r c h e r s i n v o l v e d and the p u b l i c s u p p o r t to . 

a c c o m p l i s h the e f f o r t . U n f o r t u n a t e l y 1982 appears to be another t u r n i n g p o i n t f o r 

assessment a c t i v i t i e s . The Reagan a d m i n i s t r a t i o n has p l a c e d a very low p r i o r i t y on 

s c i e n c e e d u c a t i o n . 
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3 . R e s u l t s o f 1977-82 assessments 

The NSF Status Studies. A l though t h e r e have been over 5,000 pages o f d a t a produced 

d u r i n g the p a s t few y e a r s f o c u s i n g on the c u r r e n t assessment o f American s c i e n c e e d u ­

c a t i o n , the most e x t e n s i v e r e p o r t s have been the t h r e e s t a t u s s t u d i e s which c o s t s e v e r a l 

m i l l i o n d o l l a r s and produced o v e r 2,000 pages o f i n f o r m a t i o n . With such thorough s t u d i e s 

and w i t h so much I n f o r m a t i o n , i t i s dangerous t o g e n e r a l i z e , b u t the f o l l o w i n g are s u g -

gested as major outcomes o f these s t u d i e s : B i o l o g y i n the s c h o o l program can be c h a r a c -

t e r i z e d by one word - t e x t b o o k s . The b i o l o g y textbook not o n l y determines the c o n t e n t , 

b u t the o r d e r , the e x a m p l e s , and the a p p l i c a t l o n s o f t h a t c o n t e n t . These, i n t u r n , d i r e c t -

l y c o n t r o l the t e a c h i n g s t r a t e g y . N e a r l y 90% o f t e a c h e r s use a textbook 90% o f the t i m e . 

Teachers make few c u r r i c u l a r d e c i s i o n s about t h e i r c l a s s r o o m b i o l o g y programs. The 

t e a c h e r ' s major involvement i s i n the i n i t i a l c h o i c e o f the textbook - a p p a r e n t l y the 

most i m p o r t a n t d e c i s i o n made i n e s t a b l i s h i n g the c o n t e n t and a c t i v l t i e s f o r a g i v e n c o u r s e . 

Teachers appear t o have ' f a i t h ' i n a t e x t b o o k ; they l a m e n t , ' i f o n l y the r i g h t one c o u l d 

be found' (Stake and E a s l e y 1978, p. 1 3 - 2 ) . They a l s o f e e l t h a t s e l e c t i n g a new t e x t i s 

a s i g n i f i c a n t c u r r i c u l u m r e f o r m . I n t e r e s t i n g l y , t h e r e are r e l a t i v e l y few t i t l e s i n use 

i n most b i o l o g y c lassrooms i n the U . S . , r e g a r d l e s s o f the p r i d e i n l o c a l c o n t r o l and the 

c h o i c e o f t e x t b o o k . H e l g e s o n , B l o s s e r and Howe (1977) r e p o r t t h a t over 80% o f a l l b i o l o ­

gy c o u r s e s can be d e s c r i b e d by the c o n t e n t o f t h r e e t e x t b o o k s ; over 10% use h o l t ' s 

Modern B i o l o g y w i t h about a n o t h e r 40% e v e n l y d i v i d e d between the BSCS ' Y e l l o w ' and 'Green' 

vers i o n . 

A c l o s e r look a t b i o l o g y t e x t b o o k s r e v e a l s some i m p o r t a n t g e n e r a l i z a t i o n s . T y p l c a l t e x t ­

books emphasize new words o r c o n c e p t s , o f t e n as many as 30 on a s i n g l e page. Such words 

are f r e q u e n t l y i t a l i c i z e d o r s e t a p a r t ; o f t e n they are i n c l u d e d i n q u e s t i o n s a t , t h e end 

o f c h a p t e r s ; they are the f a v o r i t e focus f o r q u i z z e s and e x a m i n a t i o n s . Hurd e t a l . ( 1 9 8 1 ) 

r e v e a l t h a t a t y p i c a l m i d d l e / j u n i o r h i g h s c h o o l s c i e n c e textbook i n c l u d e s 2 , 5 0 0 new 

w o r d s , n e a r l y d o u b l é the number r e q u i r e d f o r a person a t the same age a t t e m p t i n g to l e a r n 

a f o r e i g n language. 

NSF s t u d i e s r e v e a l t h a t c l a s s i c a l d i d a c t i c t e a c h i n g c h a r a c t e r i z e s most c l a s s r o o m s . Tea­

c h i n g s c i e n c e as i n q u i r y , a g o a l s t a t e d o f t e n d u r i n g the 1960s, i s r a r e l y o b s e r v e d . High 

s c h o o l b i o l o g y i s u s u a l l y a survey o f the d i s c i p l i n e o f b i o l o g y w h e r e i n t e a c h e r s tend t o 

emphasize the textbook i n f o r m a t i o n w i t h c o r r e s p o n d i n g emphasis on t e r m i n o l o g y and d e f i -

n i t i o n s . When l a b o r a t o r i e s are u s e d , they tend t o be d e m o n s t r a t i o n s o f i n f o r m a t i o n a l -
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ready p r e s e n t e d o r e x e r c i s e s used merely to break the monotomy o f r e c i t a t i o n / d i s c u s s i o n 

(Yager and S t o d g h l l l 1979). 

The NSF S t a t u s S t u d i e s a l s o r e v c a l e d g r e a t dependence upon d e f i n i n g a l l s c i e n c e i n tcrms 

o f the s p e c i f i c d i s c i p l i n e s per s e . B i o l o g y i s p r e s e n t e d i n a way known to b i o l n g i s t s . 

S u r e l e y the s t r u c t u r e o f BSCS courses was developed around the u n i f y i n g themes o f the 

d i s c i p l i n e . There have been some attempts to develop new c o u r s e s , o f t e n m i n i c o u r s e s , 

i n the area o f e n v i r o n m e n t a l p r o b l e m s , s o c i e t a l i s s u e s , marine b i o l o g y , and o t h e r b i n l o -

g i c a l s p e d a l i t i e s . N o n e t h e l e s s , b i o l o g y i s p r e s e n t e d i n the elementary s c h o o l ns t o p i c s 

c h a r a c t e r i s t i c to the d i s c i p l i n e ; i n the m i d d l e / j u n i o r h i g h school the 11fe s c i e n c e c o u r ­

se taken by o n e - t h i r d a l l s t u d e n t s i n c l u d e s the t r a d i t i o n a l t o p i c s which c h a r a c t e r i z e 

b i o l o g y ; the same b a s i s t o p i c s o f b i o l o g y appear i n v i r t u a l l y every textbook f o r the 

t e n t h - g r a d e course ( t h e course t h a t as many as 80% of h i g h s c h o o l graduates c o m p l e t e ) . 

B i o l o g y , as i t appears i n the s c h o o l program, Is pure i n the sense t h a t there are few 

a p p l i c a t i o n s , H t t l e a t t e n t i o n to c u r r e n t i s s u e s , no focus on p e r s o n a l needs o f s t u d e n t s , 

and H t t l e a t t e n t i o n t o c a r e e r nwareness (Harms and Yager 1981; Y a g e r , H o f s t e i n and 

L u n e t t a 1981). 

Project Simthcsin. S e v e r a l means of o r g a n i z a t i o n were used i n the P r o j e c t S y n t h e s i s 

r e s e a r c h e f f o r t (Harms and Kahle 1981; Harms and Yager 1981). One was a s e t o f Goal 

C l u s t e r s - the f o u r areas where agreenient had been reached c o n c e r n i n g i m p o r t a n t f u n c t i o n s 

f o r a s c i e n c e program. The Goal C l u s t e r s used throughout the study i n c l u d e d : 

1. Personal ti.eedc S c i e n c e e d u c a t i o n s h o u l d p r e p a r e i n d i v i d u a l s t o use s c i e n c e to improve 

t h e i r own l i v e s and t o cope w i t h an i n c r e a s i n g l y t e c h n o l o g i c a l w o r l d . 

2 . Societal Iosuen. S c i e n c e e d u c a t i o n s h o u l d produce informed c i t i z e n s prepared to d e a l 

r e s p o n s i b l y w i t h s c i e n c e - r e l a t e d s o c i e t a l i s s u e s . 

3 . Academie Preparation. S c i e n c e e d u c a t i o n s h o u l d a l l o w s t u d e n t s l i k e l y to purstie s c i e n c e 

a c a d e m i c a l l y as w e l l as p r o f e s s i o n a l l y to a c q u i r e the academie knowledge a p p r o p r i a t e 

f o r t h e i r needs. 

4. Career Education/Auarenenr,. S c i e n c e e d u c a t i o n s h o u l d g i v e a l l s t u d e n t s an awareness 

o f the n a t u r e and scope of a wide v a r i e t y o f s c i e n c e and t e c h n o l o g y - r e l a t e d c a r e e r s 

open to s t u d e n t s o f v a r y i n g a p t i t u d e s and i n t e r e s t s . ' 

I t i s apparent t h ? t the o n l y goal area that r e c e i v e d attention by teachers and by the c u r r i ­

culum 1s i n the area o f academie p r e p a r a t i o n . S c i e n c e t e a c h e r s seem concerned o n l y w i t h 

t e a c h i n g b i o l o g y as something i m p o r t a n t f o r f u t u r e s t u d i e s . B i o l o g y too o f t e n seems im­

p o r t a n t because t e a c h e r s emphasize i t s Importance i n an academie sense - as a means f o r 

a d v a n c i n g up the academie l a d d e r . P r o j e c t S y n t h e s i s a l s o employed ' C r i t i c a l E lements' 

as a n o t h e r s e t of o r g a n i z e r s (Harms and Yager 1981; Yager 1982a). Major C r i t i c a l Elements 
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i n c l u d e d g o a l s , c u r r i c u l u m , i n s t r u c t i o n , e v a l u a t i o n , and t e a c h e r s . I t was p o s s i b l e t o 

examine the data used i n the p r o s p e c t i v e s y n t h e s i s - t h a t d e s i g n e d to d e s c r i b e a D e s i r e d 

S t a t e f o r b i o l o g y e d u c a t i o n . I t was p o s s i b l e t o use the NSF s t a t u s s t u d i e s and the NAEP 

data to d e f i n e an A c t u a l S t a t e c o n d i t i o n . T h i s a n a l y s i s produced n o t a b l e d i f f e r e n c e s i n 

each o f the f i v e C r i t i c a l Element c a t e g o r i e s i n the area o f b i o l o g y ( t a b l e 1 ) . 

Accomplislvnents and needs. The NSTA e f f o r t (NSTA 1978) p a r a l l e l e d the NSF assessments 

which r e s u l t e d i n the S t a t u s S t u d i e s , the rev iew o f the s t u d i e s by n i n e p r o f e s s i o n a l 

g r o u p s , the P r o j e c t S y n t h e s i s e f f o r t , and s i m i l a r ones i n mathematics and s o c i a l s c i e n c e . 

The 309-page a n a l y s i s o f the Accomplishments and Needs study was completed a t the end o f 

1980 (Yager 1980a). Some o f the s p e c i f i c accomplishments i n s c i e n c e e d u c a t i o n d u r i n g the 

p r e c e d i n g two decades were i d e n t i f i e d a s : 

1. M a j o r involvement o f the s c i e n t i f i c community i n d e f i n i n g the d i s c i p l i n e s o f s c i e n c e , 

i n i n t e r p r e t i n g d i s c o v e r i e s - t h a t are i m p o r t a n t as p r e p a r a t i o n f o r f u t u r e l i v i n g , and 

i n p a r t i c i p a t i n g as a p a r t o f c u r r i c u l u m development teams; 

2 . New views o f s c i e n c e e d u c a t i o n t h a t i n c l u d e p h i l o s o p h i c a l , h i s t o r l c a l , s o c i o l o g i c a l , 

t e c h n o l o g i c a l and h u m a n i s t i c d i m e n s i o n s ; r e c o g n i t i o n t h a t these new views are as v a l i d 

as o r g a n i z e r s f o r l e a r n i n g e x p e r l e n c e s as a r e c o n t e n t and p r o c e s s schemes; 

3 . N a t i o n a l concern f o r and i n t e r e s t i n b e t t e r s c i e n c e e x p e r i e n c e s f o r Amer ica's y o u t h ; 

renewed i n t e r e s t i n s c i e n c e f o r a l l p e o p l e ; 

1. Development o f new m a t e r i a l s which can be adapted to l o c a l s i t u a t i o n s ; new i n s t r u c -

t i o n a l s t r a t e g i e s w i t h model m a t e r i a l s to implement them; 

5 M a s s i v e e f f o r t s t o a f f e c t s c i e n c e c u r r i c u l a and t e a c h e r i n s e r v i c e programs; 

6 . E x c e l l e n t p r e p a r a t o r y sequences t o e n a b l e s t u d e n t s t o p r e p a r e f o r advanced c a r e e r s 

i n s c i e n c e and t e c h n o l o g y ; 

7. Improved m a t e r i a l s and f a c i l i t i e s f o r a p p r o p r i a t e s c i e n c e i n s t r u c t i o n . 

The s c i e n c e e d u c a t i o n l e a d e r s h i p ( i n c l u d i n g e lementary t e a c h e r s , secondary t e a c h e r s , 

s u p e r v i s o r s , t e a c h e r e d u c a t o r s , and r e s e a r c h e r s ) a l s o i d e n t i f i e d major needs f o r f u t u r e 

y e a r s . A f t e r g a t h e r i n g i n f o r m a t i o n from 500 l e a d e r s i n s c i e n c e e d u c a t i o n , seven g e n e r a l 

needs were i d e n t i f i e d : 

1. A new c o n c e p t u a l i z a t i o n o f s c i e n c e e d u c a t i o n as a d i s c i p l i n e ; 

2 . I n s e r v i c e programs to a s s i s t p r o f e s s i o n a l s w i t h implement ing programs c o n s i s t e n t w i t h 

new g o a l s ; 

3 . Cont inued c u r r i c u l u m development t o a s s u r e m o d e l s f o r implement ing new p h i l o s o p h y and 

new t e a c h i n g s t r a t e g i e s ; 

4. New programs f o r a s s e s s i n g a l l a s p e c t s o f i n s t r u c t i o n and l e a r n i n g t o p r o v i d e i n f o r ­

mation f o r p lanned changes and improvements; 
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Table 1: Project Synthesis Comparison of 'Critical Elements' In Biology Education 

Oesired state Actual state 

Goals 
1. Human adaptation and alternntive 

futures cmphaslzed. 

Z. Blosoclal problems and Issues as goals 

3. Inqulry processes unlque to blologlcal 
disciplines. 

4. Declslonmaking involvlng biologica! 
knowledge In blosoclal contexts. 

5. Career awareness an Integra! part or 
learning. 

6. Value, ethica! and moral considera-
tlon of blosoclal problems and issues 

Curriculum 
7. Curriculum 1s problem-centered, flex-

ible, and culturally as wel 1 as bio-
logically valld. 

8. Kumankind central. 

9. Hultifaceted Includlng local and 
communlty relevance. 

10. Use of the natural environment, com­
munlty resources, and the students 
themselvesas foei of study. 

11. Blologlcal information is In the con­
text of the student as a blological 
organism in a cultural/socla! 
environment. 

Xnetruction 
12. Indivlduallzed and personalized re-

cognlzlng student dlverslty. 

13. Cooperatlve work on problems or 
Issues. 

14. Hethodology based on current infor­
mation and research in developmental 
psychology involvlng cognitlve, 
affective, experientlal and matura-, 
tional studies. 

1. Minimal conslderatlon given to human 
adaptlve capacities. 

Z. Harglnal emphasls'on biosoclal goals. 

3. Inqulry ski lis characterlstlc of a 
generallzed model of science. 

4. Uncoverlng a correct answer to discl -
pllne-bound problems. 

5. Minimal attention to careers; histori-
cal personages highlighted. 

6. Value-free interpretations of d lsc l -
pline-bound problems. 

7. Curriculum Is textbook-centered, in-
flexlble; only blological validity is 
consldered. 

8. Humankind Incldental. 

9. Textbook controlled, local relevance 
fortuitous. 

10. Contrlved materials, kits, and classroom-
bound resources; use of sub-human species 
as foei of study. 

11. Blologlcal Information is in the context 
of the logic and structure of the disci ­
pline. 

12. Group Instruction geared for the average 
student and directed by the organlzatfon 
of the textbook. 

13. Some group work, prlmarily In laboratory. 

14. Heak psychological basis for instruction 
In the scinnces, behaviorlstic orienta-
tion. 

Evaluation 
15. Testing and evaluation stress the use 

of blologlcal knowledge to interpret 
personal and social problems and 
issues. 

16. Student evaluation is based on growth 
In rational declslonmaking. 

Teachers 
17. Requlres a change In perceptlons 

(philosophy, rationale belief system) 
of biology teaching to include a com-
mltment to human welfare and progress. 

18. Philosophlcal posltlon influences all 
aspects of curriculum and teaching 
practices. 

15. Repllcatlon of assigned Information. 

16. Stating 'correct' solutions to pre-
planned problems. 

17. Philosophlcal perceptlons not evident 
In practice, beyond a comtnitment to 
biology as a science. 

18. Curriculum and teaching practices 
largely al.heoretlcal and routine. 



5 . New c o o p e r a t i v e e n t e r p r i s e s i n v o l v i n g a l l segments o f government, i n d u s t r y and commu-

n i t y groups as w e l l as persons from a l l l e v e l s o f the p r o f e s s i o n a l s c i e n c e e d u c a t i o n 

community; 

6 . New s u p p o r t s y s t e m s , i n c l u d i n g p e r s o n n e l , l e a r n i n g c e n t e r s and communication l i n k s , 

to encourage change and p r o f e s s i o n a l g r o w t h ; 

7. New p h i l o s o p h i c a l bases f o r r e s e a r c h i n o r d e r t o t e s t the v a l i d i t y o f new c o n c e p t u a -

l i z a t i o n s and new d i r e c t i o n s . 

The a n a l y s i s c o n c l u d e s w i t h a d i s c u s s i o n o f areas o f agreement t h a t i n d i c a t e r e s u l t s o f 

our y e a r s o f assessment i n s c i e n c e e d u c a t i o n . These i n c l u d e : 

1. Emphasis upon s c i e n c e f o r academie p r e p a r a t i o n has been a major focus o f the p a s t . 

Ilowever major concern f o r s c i e n c e as a means o f e n c o u r a g i n g and r e s o l v i n g c u r r e n t 

s o c i e t a l p r o b l e m s , as a means f o r a t t e n d l n g t o the p e r s o n a l needs o f s t u d e n t s and as 

a means o f a p p r o a c h i n g g r e a t e r awareness o f c a r e e r p o t e n t i a l i n s c i e n c e , t e c h n o l o g y , 

and r e l a t e d f i e l d s s u g g e s t g o a l s t h a t may be f a r more i m p o r t a n t than the t r a d i t i o n a l 

goal o f academie p r e p a r a t i o n f o r f u t u r e c o u r s e s . 

?.. Teachers are c e n t r a l i n r e a l i z i n g p a s t a c c o m p l i s h m e n t s , i n p l a n n i n g l o c a l programs, 

and i n making the d i f f e r e n c e w i t h l e a r n e r s . C u r r i c u l u m i s seen as a form o f s u p p o r t 

f o r t e a c h e r s - not something t h a t w i l l c o n s t r i c t and/or d i r e c t them. The n e c e s s l t y 

f o r i m p r o v i n g t e a c h e r e d u c a t i o n programs (both p r e s e r v i c e and i n s e r v i c e ) i s viewed 

as a c r i t i c a l need and one where t h e r e i s g r e a t e s t agreement c o n c e r n i n g the need 

a c r o s s the p r o f e s s i o n . 

3 . Some o f the p a s t assumptions r e g a r d i n g s c i e n c e t e a c h i n g a r e b e i n g q u e s t i o n e d . These 

i n c l u d e : 

a . the importance o f the l a b o r a t o r y - (a r e d e f i n i t i o n o f l a b o r a t o r y i n terms o f 

p o s i t i o n i n the program i s o c c u r r i n g ) ; 

b. the a p p r o p r i a t e n e s s o f i n q u i r y as a f o c u s ; 

c . the ' d i s c i p l i n e ' o r g a n i z a t i o n f o r secondary c o u r s e s ; 

d . a t w o - d i m e n s i o n a l view o f s c i e n c e ( i . e . c o n t e n t , and p r o c e s s ) as a c c u r a t e and/ 

o r c o m p l e t e ; 

e. a focus upon s c i e n c e t h a t i s a t the ' c u t t i n g edge' o f r e s e a r c h e r s ( s c i e n c e t h a t 

i s u s e f u l i n the l i v e s o f l e a r n e r s i s i n e v i d e n c e ) ; 

f . the n e c e s s i t y o f s c i e n c e as a p r e c u r s o r f o r s tudy a t the next academie l e v e l ; 

g . the a p p r o p r i a t e n e s s o f a l l l e a r n e r s l e a r n i n g the major i d e a s and the unique p r o -

cesses t h a t p r o f e s s i o n a l s c i e n t i s t s know and u s e ; and 

h. the more s c i e n c e c o n t e n t p r e p a r a t i o n t h a t a t e a c h e r e x p e r i e n c e s , the b e t t e r the 

t e a c h e r . 
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4 . Cont inued q u e s t i o n i n g assessment, e v a l u a t i o n and s p e c i f i c new attempts w i t h g o a l s , 

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

a means f o r s t i m u l a t i n g improvements and f o r s o l v i n g many immediate problems. l h i s 

b a s i c ' s p i r i t o f s c i e n c e ' must be used to a g r e a t e r degree i n s c i e n c e e d u c a t i o n . 

5. There i s an urgency c o n c e r n i n g the c u r r e n t s t a t u s o f s c i e n c e e d u c a t i o n i n the U n i t e d 

S t a t e s . There i s g e n e r a l agreement t h a t s c i e n c e e d u c a t i o n must a c t i n a concerned 

f a s h i o n i n o r d e r t h a t e d u c a t i o n a l and s o c i a l problems might be c o n f r o n t e d and r e s o l v e d . 

Other Analysie. The volume 'What Research Says t o the S c i e n c e Teacher (Yager 1982b) 

i n c l u d e s a rev iew o f problem s o l v i n g and i t s importance 1n t e a c h i n g , a rev iew o f our 

knowledge o f the e f f e c t s o f i n s t r u c t i o n on l e a r n i n g , a review o f developmental ps.ychology 

( P i a g e t ) and s c i e n c e t e a c h i n g , and a rev iew o f r e s e a r c h c o n c e r n i n g c r e a t i v i t y . The volume 

I d e n t i f l e s s e v e r a l dimensions of s c i e n c e e d u c a t i o n - many not o f t e n c o n s i d e r e d i n s c h o o l 

programs and by t e a c h e r s c u r r e n t l y . 

One i m p o r t a n t s e c t i o n o f Volume 1 d e a l s w i t h a t t e n t i v e n e s s to s c i e n c e . Persons d e f i n e d as 

' a t t e n t l v e ' t o s c i e n c e have t h r e e c h a r a c t e r i s t l c s : 1) they express i n t e r e s t i n s c i e n c e ; 

2) they possess knowledge about s c i e n c e ; and 3) they pursue i n f o r m a t i o n to m a i n t a l n both 

i n t e r e s t and knowledge. Some very i n t e r e s t i n g f l n d i n g s emerge: 

1. There Is no growth i n i n t e r e s t i n s c i e n c e a c r o s s the y e a r s s t u d e n t s are e n r o l l e d i n 

the secondary s c h o o l ; 

2 . Fewer than h a l f o f h i g h s c h o o l graduates express any i n t e r e s t i n s c i e n c e ( o n l y 30% o f 

n o n - c o l l e g e s t u d e n t s ) ; 

3 . I n t e r e s t i n t e c h n o l o g y 1s s i g n i f i c a n t l y g r e a t e r f o r a l l s t u d e n t s than I n s c i e n c e per s e ; 

4 . Knowledge o f b a s i c s c i e n c e c ó n c e p t s ( f o u r examples used) i s very low: 40% have 

knowledge o f amoeba and DNA, 25% m o l e c u l e s ; and 20% o r g a n i c c h e m i s t r y ; 

5 . There i s no growth i n knowledge o f b a s i c s c i e n c e concepts s t u d i e d a c r o s s the f o u r y e a r s 

s t u d e n t s spend i n a secondary s c h o o l ; 

6. Very few h i g h s c h o o l s t u d e n t s pursue a d d i t i o n a l i n f o r m a t i o n c o n c e r n i n g s c i e n c e (10% 

o f n o n - c o l l e g e s t u d e n t s and 25% o f c o l l e g e - b o u n d s t u d e n t s ) ; 

7. Fewer than 10% o f the s t u d e n t s e n r o l l e d i n secondary s c h o o l s can be c o n s i d e r e d ' a t t e n ­

t l v e ' i n s c i e n c e ; 

8. Presence i n s c h o o l and p a r t i c i p a t i o n 1n s c i e n c e does l i t t l e t o promote a t t e n t i v e n e s s . 

There i s l i t t l e e v i d e n c e t h a t s c h o o l s c i e n c e prepares s t u d e n t s f o r c o l l e g e and/or f o r l i f e . 

4. S e e k i n g S o l u t i o n s , 1982-2000 

The r e m a i n i n g y e a r s o f the 20th century must be spent s e e k i n g s o l u t i o n s t o the problems 
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i n b i o l o g y e d u c a t i o n . Never have we known so much nor have the s o l u t i o n s seemed more o b -

v i o u s . N o n e t h e l e s s , t h e r e are major forces t h a t would l e a d us t o i g n o r e what we have 

l e a m e d from the assessments o f the p a s t f i v e y e a r s . C o n c e p t u a l i z i n g a new framework, a 

new r a t i o n a l e f o r s c i e n c e e d u c a t i o n , i s much more d i f f i c u l t and t ime consuming than merely 

u s i n g c o n v e n t i o n a l c o r r e c t i v e s and t r i e d procedures from the p a s t . 

There are some who would have us b e g i n w i t h the same c o r r e c t i v e s we t r i e d i n 1957. The 

N a t i o n a l Research C o u n c i l R e p o r t , f o r example, c a l l s f o r j u s t such a c t i o n (NSF 1 9 7 9 ) . 

Many. are c o n t e n t to c a l l f o r more f i n a n c i a l s u p p o r t , presumably to do a g a i n many o f the 

t h i n g s we d i d d u r i n g the '60s (Renner and Yager 1 9 8 0 ) . There are t h o s e who would blame 

our c u r r e n t c r i s i s upon a d e c l i n e i n s t a n d a r d s , a r e l a x a t i o n o f g r a d u a t i o n r e q u i r e m e n t s , 

changes i n c o l l e g e e n t r a n c e r e q u i r e m e n t s , antagonism f o r s c i e n c e on the p a r t o f s c h o o l 

a d m i n i s t r a t o r s and c o u n s e l o r s , and l e s s p u b l i c commitment t o s c i e n c e and the funds r e -

q u i r e d f o r a t r u l y e f f e c t i v e program. Too few take time t o a n a l y z e and q u e s t i o n the a p p r o ­

p r i a t e n e s s o f c u r r e n t programs, m a t e r i a l s , g o a l s , and i n s t r u c t i o n . They demandinstead 

t h a t someone s h o u l d d e c l a r e t r a d i t i o n a l programs and p r a c t i c e s as g o o d , Important and r e -

q u i r e d . With such pronouncements they assume t h a t the c u r r e n t c r i s i s would be a m e l i o r a t e d . 

Too many b i o l o g y t e a c h e r s remain enamored w i t h the p r o f e s s i o n a l b i o l o g i s t . The s c i e n t i f i c 

community i s assumed t o be i n the b e s t p o s i t i o n t o d e f i n e b i o l o g y , t o p r o v i d e i n f o r m a t i o n 

r e g a r d i n g the most r e c e n t r e s e a r c h r e s u l t s , to e s t a b l i s h the l e g i t l m a c y o f the b i o l o g y 

b e i n g t a u g h t . 

Recommendations o f the ' b a c k - t o - b l o l o g i s t s - a s - M e s s i a h ' group are c o s m e t i c and d e s i g n e d t o 

p r e s e r v e the s c i e n c e t h a t was developed two decades ago. C l e a r l y , s o l u t i o n s t h a t do not 

go beyond s u p p o r t f o r p a s t p r a c t i c e s are not s o l u t i o n s a t a l l and o n l y r e s u l t i n f u r t h e r 

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

At the n a t i o n a l l e v e l , o t h e r s are c a l l i n g f o r changes i n n a t i o n a l , p o l i d e s as a s o l u t i o n 

t o our c u r r e n t c r i s i s . Such p o l i c i e s would be advanced by major p r o f e s s i o n a l s o c i e t i e s 

o r by NSF. Such p o l i c y s t a t e m e n t s would o u t l i n e new approaches t o s c i e n c e , new c u r r i c u l u m 

e f f o r t s , new t e a c h e r e d u c a t i o n m o d e l s . Ilowever, d u r i n g the p a s t 25 y e a r s , o u t s i d e g r o u p s , 

n a t i o n a l l e a d e r s , and p r e s t i g i o u s persons have 'handed down' new p o l i c i e s and programs 

f o r the masses to f o l l o w . Such a c t i o n s and such s o l u t i o n s may have been a p p r o p r i a t e 1n 

the p a s t , b u t now i g n o r e the v a s t amount o f i n f o r m a t i o n a v a i l a b l e from our y e a r s o f 

assessment. 

S t i l l , the c a l l s f o r new p o l i c y s t a t e m e n t s about the importance o f s c h o o l s c i e n c e are 

many and l o i i d . Some n a t i o n a l l e a d e r s have r e t u r n e d t o the t a c t i c s used i n the l a t e 1950s 

t o p r o c l a i m the i n f e r i o r i t y o f U.S. s c h o o l s and c u r r i c u l a when compared w i t h those i n the 

S o v i e t U n i o n , J a p a n , and West Germany. Many o f those r e p o r t s a r e p o p u l a r f o r meetings o f 
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s c i e n c e e d u c a t o r s and f o r a r t i c l e s i n e d u c a t i o n j o u r n a l s (Burdman 1980). Many p r o c l a i m 

l o u d l y about the importance o f s c i e n c e i n s c h o o l s ; they want n a t i o n a l p o l i c i e s e s t a b l i s h e d 

t o f o r c e uptodate and 'pure' s c i e n c e on more s t u d e n t s . These l e a d e r s are remembering 

f o n d l y the Golden Y e a r s . B u t , t imes have changed and s o c i e t y has turned i t s a t t e n t i o n to 

'the. b a s i c s ' , and a weakening economy. 

S c i e n c e e d u c a t o r s concerned t h a t s c i e n c e i s f r e q u e n t l y o m i t t e d from p u b l i c c a l l s f o r a 

r e t u r n t o the b a s i c s f e e l t h a t s c i e n c e in b a s i c t o our c u r r e n t s o c i e t y . However, they f a i l 

t o note t h a t most o f the s c i e n c e t h a t 1s b e i n g taught i s not r e l a t e d to the problems that. 

e x i s t i n today's s o c i e t y . There i s a mismatch between the s c i e n c e taught and t h a t needed. 

One major f i n d i n g from P r o j e c t S y n t h e s i s and t h e A n a l y s i s o f C u r r e n t Accomplishment and 

Needs i n S c i e n c e E d u c a t i o n i s the need f o r a new r a t i o n a l e - a new purpose. Such a s t a t e ­

ment o f purpose c o u l d a f f e c t p o l i c i e s as w e l l as p r a c t i c e s i n s c h o o l s . I n s t e a d o f b e g i n ­

n i n g a t the p r a e t i c e o r the p o l i c y l e v e l , we need t o b e g i n a t the purpose l e v e l . We need 

not w a i t f o r the government to a c t o r f o r any agency such as NSF to make a pronouncement 

c o n c e r n i n g new g o a l s f o r s c i e n c e e d u c a t i o n . Some i n d i c a t o r s o f new d i r e c t i o n s have a l -

ready been d e s c r i b e d (Bybee, 1 9 7 9 a , 1979b; Hurd e t a l . , 1981; Harms and Yager 1901). I n ­

d e e d , the p r o s p e c t i v e s y n t h e s i s which produced the O e s i r e d S t a t e c o n d i t i o n f o r b i o l o g y 

may be a s i g n i f i c a n t s t a r t i n g p o i n t . A t t h i s p o i n t i t i s i m p o r t a n t t o take a s c h o l a r l y 

look a t i n f o r m a t i o n t h a t has been amassed and t o take the next s t e p - a c t i o n . 

As we work toward s o l u t i o n s f o r a new c e n t u r y , we must remember t h a t such a s e a r c h i s a 

p a r t o f the s o l u t i o n . S c i e n c e e d u c a t i o n , l i k e s c i e n c e , must be e v e r c h a n g i n g . A l l s o l u t i o n s 

must be viewed as t e n t a t i v e ones - e x e m p H f y i n g the s e l f - c o r r e c t i n g f e a t u r e o f the s c i e n ­

t i f i c e n t e r p r i s e . - The immediate f u t u r e f o r b i o l o g y e d u c a t i o n i s f u l l o f c h a l l e n g e s as we 

emerge w i t h s o l u t i o n s f o r the c u r r e n t c r i s i s . I t i s i m p o r t a n t to remember, however, t h a t 

r e a l s o l u t i o n s must b e g i n w i t h a r e - d e f i n i t i o n o f the major g o a l s of our d i s c i p l i n e . Such 

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

p r e v e n t i n g f u t u r e c r i s e s b e f o r e they o c c u r . 
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