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NOTICE 

The project that is the subject of this report was 
approved by the Governing Board of the National Research 
Council, whose members are drawn from the Councils of the 
National Academy of Sciences, the National Academy of Engi
neering, and the Institute of Medicine. The members of 
the Panel responsible for the report were chosen for their 
special competences and with regard for appropriate balance. 

This report has been reviewed by a group other than the 
authors according to procedures approved by a Report Review 
Committee consisting of members of the National Academy of 
Sciences, the National Academy of Engineering, and the Insti
tute of Medicine. 
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SUMMARY 

During the 19 5 0 ' s  and 1 9 6 0 ' s  a national e f fort to improve 
pre-co l lege education resulted in the development of  new 
courses and teaching materials for ins truction in e lementary 
and secondary school mathematics , science , and soc ial .s tudies , 
and resulted also in the offering o f  a large number of  ins ti
tutes to increase the knowledge of school teachers and to 
help them learn to us e the new courses and materials effec
tively . 

The 1 9 7 0 ' s  brought a great reduction in the number of  
ins titutes for teachers and a subs tantial decl ine in usage 
of the new courses and materials . The National Science 
Foundation , which has played a leading role in the whole 
effort toward improvement ,  sought to determine the current 
s tatus of teaching and learning in elementary and secondary 
s chools , and to reas sess its own respons ibi lity for pre
co llege education . To that end , NSF commis s ioned three na
tional s tudies of the s tatus of pre-co l lege education , and 
then asked eight national organi zations to review those three 
s tudies and to s tate current needs as they saw them . This 
report i s  one of the eight responses to that request . 

Survey data , firsthand obs ervation, and other evidence 
from the three s tudies commis s ioned by NSF des cribe a troubled 
Ameri can school sys tem .  Dec lining enro l lments , financ ial 
s tringency , the uns ati s factory performance of many pupils 
and graduates , pressure for greater accountability , dis agree
ments over educational policy -- these and other forces have 
affected the teaching of s cience and mathematics as they have 
nearly every aspect of the nation ' s  s chools . 

Nevertheless , there are good s tudents , eager to learn . 
Good teaching is  to be found . Many teachers wish to improve 
their knowledge and ski l ls and to have better texts and 
teaching materials . The first three chapters of this  report 
des cribe the conditions under which these teachers work , the 
variability , the trends , and the problems as reported in the 
three NSF s tudies and as indicated by other reports and 
evidence . 

Drawing upon the findings of the three NSF s tudi es and 
other in formation , the Panel on School Science of the National 
Research Counci l ' s  Commi ssion on Human Resources cons idered 
the current needs for improving education in science and 
mathematics and of fers the fo l lowing recommendations : 

1 .  We recommend the es tablishment of a number of  
Science and Mathematics Teaching Resource Centers , each to 
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serve a large s choo l sys tem or a group of neighboring smaller 
sys tems . Each Teaching Resource Center would of fer some or 
all of the fol lowing services : 

In-serv ice training programs re lated to the 
sc ience and mathemati cs courses being taught or 
to be introduced in the school sys tems involved . 

Cons truction , maintenance , repair , and dis
tribution of kits of materials required to teach 
those courses . 

Expert advice to teachers to he lp them learn 
to us e new science and mathematics ins tructional 
materials and techniques , and to help them wi th 
their individua l teaching problems . 

2 .  We recommend increased support for the NSF program 
of funding the des ign , experimental tes ting , and revis ion of 
new courses in s cience and mathematics and their as sociated 
teaching and learning materials . 

3 .  We recommend support of an NSF program of ins titutes 
for teachers , both to increase their knowledge of subj ect 
matter and to improve the ir ski l l  in teaching the new courses 
that wi l l  be developed in the future , whether the development 
of those courses is funded by public or by private sources . 

4 .  We recommend the development of addi tional s cience 
and technology centers of the kind that now exist  in a number 
of c i ties . Furthermore , we recommend the s trengthening of  
cooperative arrangements between these centers and nearby 
s choo l sys tems to increase the extent to which the centers 
provide planned supplementation of the programs of the as so
ciated schools , and to increase their general value to 
chi ldren and adults who wish to learn more about science . 

5 .  In  order to give women and members of racial or 
ethnic minori ty groups greater opportuni ty to become inter
es ted in and to prepare for careers in scienti fic and tech
nical occupations , we recommend that scientists and engineers 
work with their local s chool sys tems to provide special lec
tures and classes ; tours of local scienti fic , engineering , 
and technica l faci lities ; opportuniti es to meet wi th appro
priate role models ; and other experiences intended to increase 
their motivation and to overcome thei r  disadvantages in 
securing the education necessary for scienti fic and technical 
careers . In addi tion , we recommend that ef forts be made to 
identi fy gi fted but economica l ly disadvantaged s tudents early 
in their schooling , so as to ensure that they will  be afforded 
adequate opportunities to prepare themselves for admi s sion to 
scienti fic and techno logi cal programs in college . 
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6 .  We recommend vi gorous efforts at local levels to 
combat the overemphas i s  currently given to scores on s tandard
i zed te sts of achievement in comparing the performance of  
s chools , c lasses , and individual pupi ls . Because the tests 
mos t genera l ly us ed for these purposes give emphas i s  to the 
more elementary and routine abi lities necessary to meet 
"minimum competency " requirements , they consti tute only a 
part of the bas is upon which schools and pupi l s  should be 
j udged . In addi tion , in order to make avai lable more desir
ab le tes ts with which teachers can appraise  the performance 
of thei r  pupi ls , we recommend the creation , for each maj or 
subj ect , of a large bank of test i tems , of varied types , and 
covering a wide range of ski l l s  and knowledge of the field . 
These tes t banks should be openly avai lable to any teacher , 
school administrator , parent , chi ld , or anyone else who is  
interes ted . Open availability of the entire bank of  tes t 
items should improve the qua lity of tes t i tems and wi l l  give 
teachers lati tude in s electing the test  questions that match 
thei r  educational obj ectives . 

* * * * 

Final ly , we recommend that scienti s ts take the lead in 
evaluating these and other recommendations for the improve
ment of science education at the pre-college level , and in 
deve loping the speci f i c  programs and ac tivi ties neces sary to 
implement the recommendations that seem mos t  promis ing . 
Scienti s ts wi ll  have to accept respons ibi lity for leading the 
whole e f fort , for i t  i s  not like ly that anyone else wi l l . 
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INTRODUCTION 

Beginning in the 1 9 5 0 ' s ,  several groups of scientis ts and 
mathematicians set out to achieve maj or improvements in the 
teaching of science and mathematics in the nation ' s  schools . 
Congres s responded quickly and generous ly by providing finan
cial support for the National Science Foundation ' s  Course 
Content Improvement Program , and for hundreds of  ins titutes 
to enhance the knowledge and teaching e ffectivenes s  of thou
s ands of teachers . 

These cooperative e f forts produced a rich variety o f  
careful ly prepared and wel l  proven materi als for teaching 
science! at a l l  ages from kindergarten through grade 1 2 . 
All over the country some teachers , particularly at the high 
school level , are making good use of at leas t parts of these 
materials and some of  the innovations have been imi tated in 
texts prepared under more traditional arrangements . Some 
teachers are he lping thei r  s tudents learn how to ask ques
tions and search for answers ins tead of s imply relying on 
what the textbook says . And many teachers are better trained 
than they would have been without the bene fit  of attendance 
at a National Science Foundation ins titute for teachers . 
I n  short , the teaching of science in grades K- 1 2  is  on a 
higher plane than i t  was when the Course Content Improvement 
Program s tarted . 

Yet there has also been cons iderable s lippage . Many of 
the innovative teaching programs are being used less widely 
than they were . Some o f  their ideas and techniques have been 
watered down as they have been transplanted into new s ettings 
and adapted by new authors . 

Science is  not alone in having difficulties ; the whole 
educationa l sys tem is  in troub le . The inability of many 
students to read and wri te as wel l  as expected is a frequent 
comp laint at a l l  school levels from the middle grades to 
col lege . Criticisms of the s chools and of some educational 
innovations have induced a de fens ive reaction that encourages 
a " back to the basics " emphas is on the three R's and allots 
correspondingly les s attention to science . Tax revolt , 
f light of some s tudents to the suburbs or to private s chools , 
and dec lining enro l lments have res tricted the funds that 
might have been used to overcome some of  these difficulties . 

Unless the context or wording indicates a narrower meaning , 
science i s  used in this report , as i t  is  in many reports of 
the National Science Foundation , to inc lude mathematics , the 
natural sciences , and the social sciences . 
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Aware o f  these troubles and aware also o f  the dec lining 
usage of the innovative teaching programs that had been 
deve loped under i ts auspices , the National Science Foundation 
commis s ioned three s tudies of the s tatus of  teaching of mathe
matics and the natura l and social sciences in American 
s chools . The Research Triangle I ns titute of North Carolina 
conducted a national survey o f  s chool adminis trators and 
teachers . The Ohio S tate Univer sity , with help from the 
Social Science Education Consortium of Boulder , Colorado , 
searched and summari zed the literature on the teaching o f  
mathematics , the natural  sciences , and the soci al sciences . 
The Univers i ty of  I l l inois  carried out case s tudies of  1 1  
selected and widely dis tributed high schools and the lower 
schools from whi ch each drew i ts students . All three of 
these s tudies were expected to result in s tatus reports ; 
their authors were not invi ted to make sugges tions for 
improvement or change . 

Fol lowing receipt of these three s tudies , the National 
Science Foundation invi ted the National Academy of Sciences 
" to submi t a proposal outlining an approach to summari zing 
re levant f indings ( o f  the three s tudies ) and developing needs 
s tatements from the point of view of the membership" . S imul
taneous ly , s imi lar requests were addressed to seven other 
organiz ations that were expected to view the s tatus of the 
teaching of science and mathematics from the points of view 
of  thei r cons ti tuenc ies . 

Judged on the bas i s  of the Pane l members• other knowl
edge about Ameri can s chools , these reports provide a c lear 
and representative picture of the current status of pre
col lege education in science and mathematics . 

The s tatis tica l survey conducted by the Research Tri angle 
Institute yielded use ful information from a representative 
sample of teachers , principa ls , and curriculum supervi sors . 
The Pane l found the information regarding course of ferings , 
enrol lments , and current usage of  federal ly- funded curriculum 
materials to be the mos t  valuable . I t  i s  unfortunate , how
ever , that thi s survey did not provide s tatis tical informa
tion that was more re levant to some of  the serious ques tions 
raised by the NSF case s tudi es . .  

The li terature revi ews seemed to be  an  adequate and fai r 
review of  much o f  the exis ting literature concerning educa
tional practices and needs in science , mathematics , and 
social s tudies . For the Pane l's purposes , however ,  these 
li terature reviews were less use ful than the other two 
s tudies . 

The NSF case studies , like all  such s tudies , concentrated 
on an in-depth analysis  of some particular school settings . 
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There is  no way of te l ling how representative the eleven 
s choo l dis tric ts selected are , but the case s tudy approach 
did al low the investigators to present detai led descriptions 
of a series of specific  problems that are certainly not un
common in many other American schools . 

The three s tudies wi l l  be referred to so often in thi s  
report they need a s tandard form o f  reference . When a l l  
three are meant , they wi l l  b e  ca lled the three NSF s tudies . 
The national survey conducted by the Research Triangle 
Institute wi l l  be cal led " the NSF s tatis tical survey " and 
wi l l  be c i ted as (Weis s ,  1 9 7 8 ) . The li terature search was 
in three volumes . When re ferred to separately , they wi l l  be 
identi fied and ci ted as fol lows : " the science education 
li terature review "  ( He lgeson , Blos ser , and Howe , 1 9 7 7 ) ; 
" the mathematics education li terature review "  ( Suydam and 
Osborne , 1 9 7 7 ) ; and " the social science education li terature 
review "  (Wi ley and Race , 1 9 7 7 ) . When a l l  three volumes are 
meant , the col lective reference wi l l  be to the "NSF li terature 
revi ew" . The case s tudies and their analyses w i l l  be referred 
to as " the NSF case s tudies " and wi l l  be ci ted as ( Stake and 
Eas ley , 1 9 7 8 ) . 

Respons ibi l i ty for revi ewing these three s tudies and 
preparing thi s  report was assigned to the National Research 
Counci l's Commiss ion on Human Resources ,  which appointed an 
ad hoc Pane l on School Science for the purpose .  Members of 
the pane l were : 

* 

Leallyn B .  Clapp , Department of  Chemis try , Brown 
Univers i ty 

Johns w. Hopkins , I I I , Department of Biology , Washington 
Univers i ty 

*Grace M .  Hopper ,  Captain , Uni ted S tates Navy 

*Gordon Mi l lar , Vi ce Pres ident Engineering , Deere and Co . 

John A .  Moore, Department of  Biology , Univers i ty of 
Cali fornia , Rivers ide 

David Page , Departments of Education and Mathematics , 
Univers ity of I l linois , Chicago Circle , Chicago 

Captain Hopper and Dr . Mi l l ar did not attend either meeting 
of the Pane l . Dr . Colin Hudson of  Deere and Company attended 
both meetings as an observer and made valuable suggestions . 
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James Perkins , Department of Chemistry , Jackson S tate 
Univers ity , Jackson , Mis s is s ippi 

Gerard Pie l , Publ isher , Sc ienti fic Amer ican 

Sylvia D .  Roberts , The Spence School , New York City 

David z. Rob inson , Carnegie Corporation of New York 

John G .  Truxa l , Col lege of Engineering and Appl ied 
Sc ience , S tate Univers i ty of New York at 
S tony Brook 

Dael Wo l f le ( Chairman ) , Graduate S choo l o f Public 
Af fairs , Univers ity of  Washington 

Jerrold R .  Z acharias , Educat ion Development Center , 
Newton , Mas sachus etts 

Douglas Lapp , Science Specialist for the Fairfax County 
(Virginia ) Schoo l System , served as consultant to 
the Panel . 

The first three chapters following thi s  introduction 
were written by Dr . Douglas Lapp . They review the three 
NSF s tudies and on a number of po ints compare the findings 
of thos e s tudies with in formation from other sources . These 
chapters analyze the data and obs ervations provided by the 
three NSF s tudies to answer the fol lowing questions : 
( 1 )  What emphas is do science , mathemat ics , and soc ial s tudies 
receive in the curriculum of the elementary schools ? ( 2 )  
What cons titutes the curriculum in sc ience, mathematics, and 
social s tudies in the nation's secondary s chools ? ( 3 ) What 
factors currently appear to be advers ely af fecting the 
quality of pre-college ins truction in science, mathematics , 
and social s tud ies ? 

The remainder of the report is the work of  the Panel 
members . Its recommendations are bas ed upon the find ings of  
the three s tudies , other reports reviewed by the Panel , and 
the co llective experience of the Panel members .  
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THE ELEMENTARY SCHOOL CURRICULUM 

Al location of Ins tructional Time 

The NSF s tatis tica l s urvey indicates that 2 5 percent of  
the s tates and 4 0  percent of the s chool dis tricts in the 
nation set guidelines for the minimum amount of time to be 
spent on each sub j ec t  in the elementary grades . In districts 
that have such guidelines , for grades one through three , 
the average recommended minimum times are 3 0  minutes per day 
for mathematics and approximately 2 0  minutes per·day each for 
s cience and soc ial studies . In  grades four through six  a 
minimum of 3 0  to 4 0  minutes of dai ly ins truction i s  recom
mended for each of these sub j ects (Weiss , 1 9 7 8 ,  p .  2 2 ) . 

The elementary teachers s urveyed indicated that they 
" typical ly " spent about 2 0  minutes each day on s cience and 
2 0 minutes on socia l s tudi es in grades K- 3 ,  as compared to 
4 0  minutes on mathematics and 9 5  minutes on reading . In 
grades 4- 6 , upper elementary level teachers es timated that 
they usual ly spent about 3 0  minutes each day on s cience , 3 5  
minutes on social s tudies , 5 0  minutes on mathematics , and 6 5  
minutes on reading (Weis s , 19 7 8 , p .  5 1 ) . 

The above figures for elementary s c ience do not differ 
radical ly from previous estimates ; s ummari z ing data from 
severa l independent surveys, Helgeson et al . conc luded that 
about 60 minutes per week were devoted to s cience in grade 1 ,  
increas ing to 1 1 0 - 1 4 0  minutes per week in the upper grades 
( 1 9 7 7, p. 3 2 ) . For mathematics , the surveys s ummari z ed by 
Suydam and Osborne ( 1 9 7 7, pp . 52 - 5 3 ) indicated that approxi
mate ly 20 percent of the s ix-hour elementary s choo l day has 
general ly been al located to mathematics ins truct ion, a cons id
erably larger amount of time than that reported by Weiss . 

In the NSF case s tudies , S take and Eas ley indi cate that 
the teaching o f  s c ience had a very low priori ty in mos t  of 
the elementary s chools visi ted . 

Most schoo ls we s tudied had some wri tten policy 
about what and how elementary sc ience should be 
taught , but what actua l ly was taught was left l arge
ly to individual teachers . By and large, the elemen
tary teachers did not feel con fident about their 
knowledge of s cience , especially about their  under
s tanding of s cience concepts . Even those few who 
did like science and felt confident in their under
s tanding of at least certain aspects of it often fel t  
that they did not have the time nor material resources 
to develop what they thought would be a meaningful 
program . As a consequence , science had been de
emphas i zed at the elementary schoo l leve l , with some 
teachers ignoring i t  completely . 
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When and where science was formal ly taught , 
the ins tructional  mater ial was usual ly taken 
directly from a textbook s eries . The method of  
presentation was : as s ign - reci te - tes t - dis
cus s . The extent to whi ch the emphas is  on reading 
and textbooks pervaded the elementary science pro
gram is i l lus trated by an episode observed in an 
elementary life science c las s where the teacher 
opened a reci tation period wi th the ques tion : 
How do we learn? A chorus of s tudents replied : 
"We learn by reading • . •  " 

Other than the fai rly common practice of 
learning science by reading from a textbook series , 
the selection of what was to be read and the actual 
time spent on reading science varied greatly from 
teacher to teacher . In  mos t  of  our s chool sys tems , 
no dis trict-wide elementary science program was 
identi fied ( S take and Eas ley , 1 9 7 8 , pp . 1 3 : 5- 1 3 : 6 ) . 

Social s tudies ins truction also took a back s eat to 
ins truction in the "bas ic ski l l s " of reading and computation 
in the elementary s chools s tudied : 

As a content area , social s tudies was found 
to be subordinate to re ading and mathematics in 
the e lementary curriculum . At each of the s i tes 
there was some kind of social s tudies curriculum , 
but teachers and principals readi ly admi tted that 
ins truction in this area was of much lower prior
i ty than reading or math . I t  had about the same 
priority as ins truction in sc ience . Social s tudies 
lessons were seen to be given more time than science 
by mos t K- 6 teachers , perhaps because they were 
more knowledgeable about social studies than 
science ( S take and Eas ley , 1 9 7 8 , p .  1 3 : 2 8 ) . 

Use of Federa l ly-Funded Curriculum Materials in Elementary 
Schools 

Local school di strict personnel responding to the NSF 
s tatistical survey indicated that 3 1  percent of the dis tricts 
c laimed they were us ing one or more of the federal ly- funded 
elementary s cience curriculum materials . In social s tudies , 
the figure was 2 5  percent , whi le only 8 percent of  the 
dis tricts indicated use of any federal ly-funded mathematics 
materi als . These data are compared with usage pr ior to 1 9 7 6  
i n  Table 1 .  

9 
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TABLE 1 

Percent o f  School Districts Using One or More of  the Federally
Funded Elementary School Curriculum Materials in Each Subj ect 

Subj ect 

Sc ience 

Mathematics 

Social Studies 

1 9 7 6 - 19 7 7  

3 1  

8 

2 5 

Source : Weis s , 19 7 8 ,  p .  7 9 . 

Prior to 1 9 7 6 - 19 7 7  

2 6  

3 7  

2 4  

Teachers were also asked to indicate which federal ly
funded curriculum materials they had actual ly used in the 
clas s room . The mos t commonly used federally- funded curriculum 
mater ials in each discipline are shown in Table 2 ,  with the 
corresponding percentages of di s tri cts and teachers who 
indicated us e .  The reader wi l l  note that there is o ften 
cons iderable dis agreement between the usage figures reported 
by s chool district personnel and the information suppl ied by 
teachers . Weiss  suggests that the data obtained from teachers 
are likely to be more accurate , since the respondents for 
s chool di s tricts may not have been fully cogni zant of the 
programs actually used in the s chools and because not all  
schools in  a given school dis trict use the s ame programs 
( 19 7 8 , p .  8 2 ) . 

I t  should also be noted that the usage figures in Table 2 
cannot be used to calculate meaningful s ubtotals for science , 
mathematics , and socia l  s tudies , s ince school dis tricts and 
teachers commonly use materi als from more than one federally
funded proj ec t  in a given category . Furthermore, only the 
most commonly used federally- funded curricu lum materia ls  are 
listed in Table 2 .  

Tab le 3 tabulates the percent of  teachers who were us ing 
at leas t one of the federa l ly- funded curriculum materi als 
during 1 9 7 6- 19 7 7 , by subj ect and grade range . 
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TABLE 2 

Use of Selected Federally-Funded Curriculum Materials 
In Elementary Schools 

Curriculum Material Percent of Percent of Teachers 
School Districts Using Selected Materials 

Using Selected Materials 
K-3 4-6 

Using in Used Prior to Using in Used Prior to Using in Used Prior to 1976-1977 1976-1977 1976-1977 1976-1977 1976-1977 1976-1977 

K-6 Science 

Elementary Science Study (ESS) 15 13 5 7 9 14 
Science - A Process Approach (SAPA) 9 10 4 10 9 13 
Science Curriculum Improvement Study (SCIS) 8 8 11 16 12 16 

K-6 Mathematics 

Developing Mathematical Processes (DMP) 1 3 1 3 3 4 

� ERe Mathematics (Greater Cleveland) 0 8 2 22 1 8 
� 

Individualized Mathematics System 4 11 4 7 3 9 

Individually Prescribed Instruction 2 3 1 3 2 7 

School Mathematics Study Group (SMSG) 0 18 0 4 0 9 

K-6 Social Studies 

Concepts and Inquiry (BRC) 2 2 2 4 2 4 

Elementary Social Science Education 
Program Laboratory Units (SRA) 12 3 3 14 6 5 

Family Man (Minnesota) 1 2 1 4 1 1 

Man: A Course of Study (MACOS) 3 3 0 0 2 5 

Materials and Activities for Children (MATCH) - - 1 1 3 5 

our Working World 8 16 5 15 2 10 

Taba Program in Social Science 2 2 1 2 1 3 

Source: Weiss, 1978, Appendix 8, pp. 22-25, 36-40. 
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TABLE 3 

Percent of Elementary School Teachers Us ing One or More of  the 
Federa l ly-Funded Curriculum Materials  in Each Sub j ect ( 1 9 7 6- 7 7 )  

K- 3 

4-6  

Source : 

Science 

2 0  

2 7  

Mathematics 

8 

1 0  

Wei s s , 1 9 7 8 ,  p .  8 3 . 

Social  S tudies 

1 1  

1 2  

The 1 9 7 6- 7 7  us age figures shown in Tables 1 ,  2 ,  and 3 
are lowes t in mathematics . The use o f  a federal ly- funded 
elementary mathematics program was reported by only 8 percent 
of the s chool di s tricts and by less than 10 percent of the 
teachers . However , these  figures may be somewhat mi s leading 
s ince the intention of many of the developers was to have 
thei r  " innovations " incorporated into conunercially-developed 
textbooks and thi s  has occurred to a limi ted extent . 

Although the NSF s tatis tical survey identi fies the mos t  
commonly used mathematics textbooks , no attempt was made to 
analy ze their content . However , the Educational Products 
In formation Exchange ( EPIE ) Institute did make such an 
analys i s  in the National Survey and As sessment of Ins truc
tional Materials (NSAIM) , whi ch was completed in 1 9 7 6 . Thi s  
EPIE Report ( 19 7 7a ,  p .  2 2 )  indicated that the ten mos t-used 
materials in mathematics ( K- 12 ) were c learly traditiona l pro
grams , qui te s imi lar to each other in ins tructiona l des i gn . 
They were also traditional in the way in which they were 
deve loped . Of the ten mos t-used materials , six  were marketed 
by the s ame pub li sher . Among the 3 2  mos t  popular mathematics 
materials  l i s ted in the EPIE Report , only one was the result 
of nontradi tional deve lopment ; thi s  development was federa l ly 
funded . This  mathematic s material ranked 2 4 th ,  and was ci ted 
by on ly 2 . 4  percent of the EPIE survey's respondents . The 
EPIE evaluators came to the fo l lowing conc lus ions : 

Of the remaining 3 1  materials in the first group , 
at bes t two could be considered to have even a 
modicum of an R&D base . This  i s  not to say that 
R&D-based materials  are necessari ly the "bes t "  or 
the " ri ght " materials  for every c lassroom , but i t  
is to s ay that they are more likely to perform as 
promised when used as directed wi th an appropri ate 
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s tudent population . By R&D-based materials , we 
refer to materials bui l t  upon an empirical data 
base , as oppos ed to conventiona l wi sdom , and 
developed through continuous feedback loops that 
insure that once obtained data ho ld s teady over 
time . A tradi tiona l ly developed material  uses 
l i ttle more than " conventi ona l wi sdom" , that i s , 
us ua l ly the manuscript is  wri tten by a publi shing 
company's edi tor , who often is  a former teacher, 
and it receives as " input " critica l readings by 
those who are lis ted as authors and sugges tions 
from s a les repres entatives and production s ta f f  
members ( EPIE Institute, 1 9 7 7a , p .  2 2 ) . 

In  the case of  social s tudies , although the EPIE survey 
concluded that mos t  of the ten mos t-used social s tudies 
mater ials were fai rly al ike , there were some innovative 
materi als in the group ( EPIE Institute , 1 9 7 7 a , p .  2 3 ) . The 
NSF s tati s tical survey a lso revealed that some federally
funded socia l studies materi als were among those that were 
mos t  commonly us ed in the elementary grades (Weis s , 1 9 7 8 ,  
p .  B- 4 6 ) . 

The NSF s tati s tical survey's estimates of teacher us age 
of the three NSF- funded e lementary science programs are lower 
than those which have appeared in earlier s tudies . Us ing data 
from s tate reports through 1 9 7 5 , Helgeson et al . ( 19 7 7 , p .  1 8 )  
estimated that Science Curriculum Improvement S tudy ( SCIS ) 
materials were being used in s choo ls in which 1 7  percent o f  
the K- 6 s tudents i n  the nation were enro l led ; Elementary 
Science S tudy ( ESS ) materials  were in use in schools  which 
contained 12 percent of the s tudents ; for the Science , A 
Process Approach ( SAPA) program the figure was 2 0 percent . 
The di screpancy between these estimates and the NSF s tatis
tical survey data is  probab ly due to the phenomenon mentioned 
ear lier, that s tate and di s trict supervi sors often do not 
know which materials are actua lly being used in teachers' 
classrooms . Also , even though a few teachers in a given 
school may be teaching one of the new elementary s cience pro
grams, thi s does not guarantee that a l l  s tudents are receiving 
such ins truction . 

During the 19 7 0 ' s  s everal pub l ishers produced " hybrid " 
elementary sc ience texts which incorporated some of  the em
phases of the three NSF- funded elementary science programs 
( Hausman, 1 9 7 6 ) . The authors of  the NSF science education 
li terature review commented on the impact of these materials: 

It is  evident that the content and activities of  
these (hybrid)  materi als i s  dif ferent from the 
textbooks of the 1 9 5 0 ' s .  Curriculum guides and 
teacher guides produced by s tates and local schoo l 
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dis tricts s ince 1 9 7 2  are c loser in emphasi s  to the 
NSF proj ects and recent " hybrid " materials than to 
the textbooks of the 1 9 5 0 ' s  ( Helgeson et al . , 
19 7 7' p .  1 8 )  • 

However , the NSF s tatistical survey ' s  data on textbook 
us age sugges t that the second generation " hybrid " materials 
have not captured a s igni ficant fraction o f  the elementary 
science textbook market (Wei s s , 1 9 7 8 , p .  B- 4 4 ) . The four 
mos t  commonly used elementary science texts l i s ted in the NSF 
stati s tical survey uti li ze for the mos t  part a didactic 
approach to sci ence , in which mos t  of the learner ' s  time i s  
spent reading and lis tening ( EPIE Ins titute , 1 9 7 7 b ) . 

1 4  
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THE CURRICULUM IN SECONDARY SCHOOLS 

Science, Mathematics, and Social S tudies Requirements 

Mos t  s choo l sys tems ques tioned in the NSF s tati stical sur
vey have es tabli shed s tandards as to the minimum amounts of 
grade 9- 12  ins truction in science, mathematics, and social 
s tudies required for high school graduation . These require
ments are s ummari zed in Table 4 .  -

Science 

TABLE 4 

Percent o f  S choo l Dis tricts Requiring 
Minimum Amounts of Grade 9 - 1 2  

I ns truction i n  Each Sub j ect 

Les s  Than More Than 
1 Year 1 Year 1 Year 

2 5 4  3 3  

Mathematics 4 4 7  3 3  

Social S tudies 2 5 7 4  

Source: Wei s s, 1 9 7 8 , p .  2 5 .  

Unknown 

1 1  

1 6  

2 0  

I n  general, graduation requirements are s i gni ficantly 
greater in social s tudies than in s cience or mathematics ; 
approximately three- fourths of  the di s tricts reported that 
they requi re more than one year of social s tudies, compared 
to one- thi rd of the distri cts in both science and mathematics . 
(Note that 2 0  percent of the di stricts surveyed did not answer 
this question for social s tudies, whi le 1 6  percent omi tted the 
answer for mathematics and 1 1  percent for science, pos s ibly 
becaus e they have no requirements in the subj ect . )  After 
reviewing s tate soci a l  s tudies requirements, Wi ley and Race 
( 19 7 7 , p .  3 4 )  determined that two or three years of  social  
s tudies are usua l ly required at the senior high school level . 

Mos t  di s tri cts ( 8 6 percent ) require one or more speci fic  
courses in soci al s tudies ; the courses mos t  common ly required 
are Uni ted S tates his tory, American government, and wor ld hi s
tory . Les s  than half of  the di s tricts require specific 
courses in math or science . When specified, such science 
cours e requi rements typical ly inc lude general science, bio logy, 
or phys ical science ; speci fic math course requirements are 
typica l ly general mathematics or elementary algebra (Weiss, 
19 7 81 P• 2 6 )  o 
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Course Offerings (Grades 7-1 2} 

In the NSF s tatistical survey , the most commonly taught 
s cience , mathematics , and social s tudies courses in grades 
7- 9 and 10- 1 2  were ascertained from teacher questionnaire 
data . The results are shown in Table 5 .  

At the j unior high school leve l ( grades 7 - 9 ) , i t  wi l l  be 
noted that four courses ( general science , earth science , l i fe 
science , and physical science ) account for 8 6  percent of the 
science classes . General mathemati cs and algebra together 
account for 8 7  percent of the mathematics c lasses , and Amer
ican his tory and " social s tudies " account for 52 percent of 
the social s tudies c las ses . 

For grades 1 0- 1 2 , biology , chemis try , and physics to
gether account for 7 4  percent of the s cience classes ; algebra 
and geometry together represent more than two- thirds of all  
10- 1 2  mathematics c lasses . In the case of social s tudies , 
numerous el ective courses together account for as many classes 
as American his tory and wor ld history , which together account 
for 3 7  percent of the 1 0 - 1 2  social s tudies classes . 

Data collected by the NSF s tatis tical survey do not lend 
thems elves to ca lculations of the percentage of high school 
s tudents who take a spec ific course prior to graduation . How
ever , a smal ler scale survey , conducted as a part of the NSF 
cas e s tudies , did co l lect some pertinent data . In thi s sur
vey , 3 6 1  high s choo l seniors were asked to indicate the 
sc ience , mathematics , and social s tudies courses they had 
taken previous to their senior year in grades 9 ,  1 0 , and 1 1 . The 
results are tabulated in Tab le 6 .  

I t  i s  curious that earth science was not inc luded in the 
ques tionnaire given s tudents ; the topic of earth science 
courses seemed to have been generally neg lected in the NSF 
case s tudies , even though earth science courses repres ent 2 5  
percent of the science classes taught in grades 7 - 9  (Weis s , 
1 9 7 8, p .  6 3 ) . 

Physics is  not inc luded in Table 6 because i t  i s  usual ly 
taken in grade 12,  making the survey results for thi s  subj ect 
not very us eful . For the s ame reason , i t  is likely that the 
percentages lis ted in Table 6 for mos t  upper- level courses 
( inc luding chemi s try and calculus ) would be higher if a sur
vey had been taken at the end of the senior year so that good 
estimates could have been made for a l l  courses taken through 
grade 1 2 . I t  i s  unfortunate that neither this NSF case 
s tudies survey nor the larger NSF statis tical survey provided 
such estimates . 
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TABLE 5 

Most Commonly Of fered Science, Mathematics, 
and Social Studies Courses 

Grades 7 - 9  

Course % of Classes 

Science 

General Science 

Earth Science 

Li fe Science 

Physical Science 

Bio logy 

Other Courses 

Mathematics 

3 0  

2 5  

1 6  

1 5  

6 

8 

General Mathematics 6 4  

Algebra 2 3  

Remedial  Mathematics 4 

Other Courses 9 

Socia l  S tudies 

American His tory 

Social  S tudies 

S tate History 

Civi cs 

World Geography 

Other Courses 

3 4  

1 8  

7 

6 

6 

2 9  

Grades 1 0 - 1 2  

Course % of C lasses 

Biology 

Chemi s try 

Physics 

Advanced Biology 
( 2d year ) 

Other Courses 

Algebra 

Geometry 

Advanced Mathematics 
and Calculus 

4 0  

19  

1 5  

5 

2 1  

3 8  

3 0  

7 

Consumer/Bus ines s 6 
Mathematics 

General Mathematics 5 

Other Courses 1 4  

American His tory 

World His tory 

P sychology 

Ameri can Culture/ 
Contemporary I s sues 

Uni ted S tates 
Government 

Economics 

Other Courses 

2 7  

1 0  

7 

7 

6 

5 

3 8  

Source : Weiss , 19 7 8 , pp . 6 3- 6 4 . 
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Taken at face value, the data in Table 6 indicate that 
approximate ly 9 0  percent of high schoo l s tudents take biology, 
a lgebra , and American his tory in grades 9- 1 1 ; three- fourths 
of the s tudents take geometry , about two-thirds take general 
science , and approximate ly one-half  take chemi stry . These 
percentages are all somewhat unre liab le . They are not in 
good agreement with what one would intimate from Table 7 ,  and 
the s tudents pol led were not a national ly representative 
sample . Neverthe les s , un les s course enrol lment patterns 
change radical ly , it would appear that these six courses 
represent the mos t  appropriate targets for future high school 
curricu lum deve lopment efforts aimed at improving general 
public l i teracy in science, mathematics and social s tudies . 

TABLE 6 

Percentage* of  1 2 th Grade S tudents Who 
Had Completed Speci fic Courses in Grades 9 - 1 1  

Course % of Seniors Course % of Seniors 

General Science 6 2  Advanced Algebra 3 8  

Biology 8 7  Calculus 2 

Chemistry 4 6  American History 9 4  

Ecology 10  American Government 3 3  

Bas ic Math 4 6  Psychology 1 4  

Algebra 8 8  Sociology 1 2  

Geometry 7 4  Economics 2 3  

*Unweighted percentages 

Source: S take and Eas ley, 19 7 8 , p .  1 8 : 2 6 .  

Course Enrol lment Trends 

Science . The NSF case s tudies and the associated survey 
of science curriculum supervisors both suggested that a 
decline in science enro l lments might be occurring in second
ary schoo ls . In particular , the NSF case studies observers 
noted dec lining enrol lments in chemistry and phys ics . 
Reasons given by school sys tem personnel for this apparent 
decline inc luded reduced graduation requirements , more 
competition from other e lective courses , the fact that these 
subj ects could be picked up in j unior col lege , if needed , 
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and the perception of high school students that the content 
of physics and chemis try is  not "relevant" (Stake and Easley, 
1978, p .  13:4). 

The Condition of Education , 1978 reports that in 1976 
the size of the 14 to 17 year-old population in the nation 
began to decrease (National Center for Educational Statistics, 
1978, p .  5 ) , fol lowing a large increase in the size of this 
age group during the previous two decades . The peak in the 
growth of the s tudent population in grades 7 ,  8 ,  9 occurred 
in 1972-73. The authors of the NSF science education liter
ature review assert that the subsequent decline in total en
rollment has affected the number of junior high school students 
taking science, but that the percentage has remained about 
constant since 1973 (Helgeson et al. , 1977, p. 24 ) . 

Summar i z ing both national s tatistics and s tate data, the 
s ame authors note that general science was the science course 
mos t  commonly taken by s tudents in grades 7, 8 ,  and 9 in the 
19 50 ' s .  S ince then , there has been a dec l ine in general sci
ence enrol lments as that course has been increasingly re
placed by li fe science, physical science , and earth science 
in grades 7 ,  8 ,  and 9 .  There has been an especia l ly sharp 
rise in earth science enrol lments, and a resulting shortage 
of quali fied earth science teachers in many s tates ( He lgeson 
et al . , 1 9 7 7, p .  2 4 ) . 

In the 1 9 6 0 ' s ,  courses in phys ical science began to be 
offered at the eighth , ninth, and tenth grade levels for 
s tudents who did not take chemis try or phys i cs , or as prep
aration for these courses. About half of the schools were 
offering these general physica l  s cience courses in the 19 6 0 ' s, 
but s ince 19 7 0  the percentage of s tudents enrolling in them 
has decl ined ( Helgeson et al . , 1 9 7 7 , p .  2 9 ) . 

Course enro l lment s tatis tics co llected by the Nationa l 
Center for Educational S tatis tics (NCES ) 1 9 7 2 - 7 3  survey in
dicate tha t the percentage of high school s tudents ( grades 
9 - 1 2 ) registered in any s cience course increased from 4 8  
percent in 19 49  to 6 6  percent in 1 9 6 0 - 6 1 ,  and increased 
s lightly further to 6 7 . 2  percent in 1972-73 (Ostendorf and Horn 
19 7 6, p .  1 4 ) . S tate data revi ewed by He lgeson et al . ( 19 7 7 , 

# 

p .  2 6 )  indicate a small  reduction in the percentage of  high 
s chool s tudents taking s cience courses during the period 
19 7 4- 19 7 6 . 

The numbers of s tudents enrol led in se lected science 
courses according to the NCES surveys are l i s ted in Tab le 7 .  
Biology, usually taken in grade 1 0 , is  the las t  s cience course 
taken by about half of the s tudents . The NSF science educa
tion l i terature revi ew indicates that in mos t  s tates over 
80 percent of the s tudents enro ll  in a biology course sometime 
during their high s choo l program ( Helgeson et al . , 1 9 7 7 , 
p .  2 6 ) . 
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Hel geson et al . , wi thout ci ting a source of data , state 
that chemi s try enro l lments showed a small  percentage of  
enrol lment gain in the 19 6 0 ' s  and early 19 7 0 ' s ,  but that since 
19 7 1  the percentage of s tudents enro l led in chemi s try appears 
to have dec lined s l ightly . In addition , their report s tates 
that the percentage of enro l lments in physics increased 
s li ghtly in the 1 9 6 0 ' s  and early 19 7 0 ' s ,  and has decreased 
s ince 19 7 1- 19 7 2  ( 19 7 7 , p .  2 8 ) . 

TABLE 7 

Total Enrol lment in Grades 7 - 1 2  

19 6 1  1 9 73 Percent I ncrease 

11 , 7 0 0 , 0 0 0  1 8 , 50 0 , 0 0 0  59 % 

Number of  Public  School S tudents in Grades 9 - 1 2  
Enrol led i n  Speci fi c  Science Courses i n  Se lected Years 

Course 19 6 1  19 73 Percent Change 

General Science 1 , 8 2 6 , 0 8 7  1 , 0 9 6 , 0 2 0  -40 % 

Biology 1 , 7 7 6 , 3 0 6  2 , 8 6 8,35 2  +6 1% 

Phys io logy 6 5 , 9 53 1 0 9 , 5 8 8  +6 6 %  

Earth Science 7 6 , 5 64 5 5 8 , 6 5 4  +630% 

Chemi s try 744 , 8 2 0  1 , 0 2 8 , 5 9 1  +38% 

Physics 40 2 , 3 1 7  5 8 3 , 1 0 5  +45% 

Source : Nationa l Center for Educational Stati s tics , 
1 9 7 6 , p .  8 and He lgeson et al . , 19 7 7 , p .  2 7 . 

However ,  the percent change calculations shown in 
Tab le 7 indicate that although enrol lments in high school 
chemis try and phys ics courses did increase , they did not keep 
pace wi th the larger increase in the total secondary school 
s tudent population during the period 19 6 1- 19 7 2 . 
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Percentage enrol lments in advanced science courses 
( second-year biology , chemi stry , and physics ) and science 
electives such as physio logy , anatomy , zoology , botany , 
oceanography , and ecology have increased during the las t 
five years . Such s cience electives seem to be absorbing 
signi ficant numbers of s tudents who opt not to take chemi s try 
and/or phys ics . Advanced or second-year biology courses have 
s hown the l arges t percentage gains� i t  appears that as many 
as 3% of the s tudents in grades 1 0 , 1 1 ,  and 1 2  are enrolling 
in such cours es (Helgeson et al . , 19 7 7 , p .  2 9 ) . 

Mathematics . In 19 4 9 , 6 5% of the secondary school stu
dents in grades 7 - 1 2  were enrol led in a mathematics course . 
This  fi gure increased to 7 3% in 1 9 6 0 , and then decreased 
s lightly to 7 1 %  in 19 7 2- 7 3  ( Os tendorf and Horn, 1 9 7 6� Wright 
19 6 5 ) . 

Commenting on the effects of the s econdary- leve l mathe
matics curriculum e f forts during the period 19 5 5 - 19 7 5 , the 
National Advi sory Commi ttee on Mathematics Education (NACOME) 
Report (19 7 5 ,  p .  6 )  notes that there were increased of ferings 
in 19 6 0  in advanced genera l mathematics , plane geometry, ad
vanced algebra, trigonometry , and advanced mathematics courses 
such as c alculus , probabi l i ty and s tati s tics , and analytic 
geometry . The 19 7 2- 7 3  NCES survey data revealed that almost 
as many s tudents were taking a second course in algebra or 
a lgebra/trigonometry as were taking e lementary algebra and 
that over 2 6 0 , 0 0 0  high school s tudents were s tudyin� calculus 
or other advanced- leve l mathematics courses , four t1mes the 
1 9 6 0  fi gure . The 19 7 2- 7 3  NCES survey thus indicated that 
changes had occurred in the mathematics curriculum for a 
targeted but narrow s ample o f  secondary mathematics s tudents� 
changes for s tudents who were not as interes ted in mathematics 
were less pronounced (NACOME , 1 9 7 5 , p. 5 ) . 

S ummari z ing the resu lts of s everal more recent surveys , 
the NSF mathematics education li terature review concluded that 
the mathematics enro llment pattern has been relatively s table 
in recent years , but that some dec lines have been noted . In 
New York State , for example , enrol lment has dec lined s lightly 
year by year during the period 19 7 1- 7 6  in the introductory 
mathematics and a lgebra courses general ly taken by mos t  
high s chool s tudents , although the enrol lment has increased 
in ninth grade " bas ic mathematics " ( Suydam and Osborne , 1 9 7 7 , 
p .  4 4 ) . 

Social  Studies . Ci ting a s tudy by Gross the authors of 
the NSF soci al s tudies education literature review examined 
social  s tudies course enrol lment trends f rom 19 6 1  to 1 9 7 3 ;  
thes e data can be found in Tab le 8 ,  which shows the percentage 
change in enrol lment for the mos t  commonly of fered social 
s tudies cours es . 
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TABLE 8 

Total Enro l lments in Grades 7- 1 2  

19 6 1  19 7 3  Percent Increase 

1 1 , 7 0 0 , 0 0 0  1 8 , 5 0 0 , 0 0 0  59% 

Number of Public  School S tudents in Grades 9 - 1 2  
Enrol led i n  Specific  Social Studies Courses i n  Selected Years 

Course 1 9 6 1  19 7 3  Percent I ncrease 

Civics 7 3 3 , 0 0 0  449 , 0 0 0  - 3 9% 

Problems of  3 8 0 , 0 0 0  2 9 8 , 0 0 0  - 2 2% 
Democracy 

Wor ld History 1 , 47 1 , 0 0 0  1 , 541 , 0 0 0  + 5 %  

Wor ld Geography 5 9 5 , 0 0 0  7 3 6 , 0 0 0  +24% 

u.s. Government 7 8 0 , 0 0 0  1 , 3 0 6 , 0 0 0  +6 7 %  

u.s. History 1 , 9 9 4 , 0 0 0  3 , 464 , 0 0 0  +74% 

Economics 2 9 3 , 0 0 0  5 9 2 , 0 0 0  +1 0 2 %  

Sociology 2 8 9 , 0 0 0  7 9 6 , 0 0 0  +17 5% 

P sycho logy 140 , 0 0 0  5 9 0 , 0 0 0  + 3 2 3% 

Source : Wi ley and Race , 19 7 7 , p .  3 5  ( after Gros s )  • 

I t  can be seen that enro llments in u.s. history and u.s. 
government grew a little more rapidly than total enrol lment 
during the 19 6 1-1 9 7 3  per iod , but that enrol lments in wor ld 
his tory and wor ld geography grew less rapidly . The enrol l
ment decreases in some courses were apparently redirected 
to new soc ial s tudies of ferings , particular ly elective courses 
in the social sc iences such as psychology and soc io logy 
(Wiley and Race , 1 9 7 7 , pp . 3 5- 3 6 ) . 

Use of Federa l ly-Funded Curricula 

The NSF case s tudies investigators did not f ind much 
evidence o f  the laboratory-or iented NSF science curriculum 
proj ec ts in the schools , nor did they identify any remnants 
of the "new math " programs developed wi th NSF support . In social 

2 2  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S t a t e  o f  S c h o o l  S c i e n c e :  A  R e v i e w  o f  t h e  T e a c h i n g  o f  M a t h e m a t i c s ,  S c i e n c e  a n d  S o c i a l  S t u d i e s  i n  A m e r i c a n  S c h o o l s ,  a n d  R e c o m m e n d a t i o n s  f o r  I m p r o v e m e n t s .
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 7 2

http://www.nap.edu/catalog.php?record_id=18672


studies , no traces were found of the High School Geography 
Project, Project Social Stu�ies, the Anthropology Project, etc. 
(Stake and Easley, pp. 13:7, 13:23, 13:29b). 

Whether or not thes e observations are accurate or are 
representative of the situation in the res t  of the schools 
in the United S tates is open to ques tion . I t  is pos s ib le 
that at leas t s ome of  the obs ervers uti l i z ed by the NSF case 
s tudies may not have been equal ly fami liar with the previous 
NSF curriculum development efforts in all  subj ect areas , and 
therefore may not have recognized any residue of impact. 
Nevertheless , their impres s ions are discouraging . · 

The NSF s tatis tical survey did obtain estimates o f  the 
percentages of school districts and teachers who indicated use 
of speci fic federal ly- funded materials during the 1 9 7 6 - 7 7  
s chool year , and also obtained information on the use of  thes e  
materials by districts and teachers in pr ior years . The re
sults for the mos t  common ly us ed materials are summari zed in 
Table 9 .  

Again , as was the cas e  at the e lementary leve l , the 
figures for mathema tics may be mis leading, since mos t  feder
ally- funded mathematics materials were developed with the 
intention of incorporating the innovations into commercially
developed text books . It is un fortunate that neither the NSF 
s tati s tical s urvey nor the NSF case s tudies made an attempt 
to as sess the impact of any spec i fic innovations of  the 
secondary level mathematics curriculum development proj ects . 

Table 1 0  indicates the percent of s econdary school 
teachers in each subj ect and grade range who were us ing at 
leas t one of the federal ly- funded proj ect materials . (Note 
that only the mos t  commonly-used federal ly- funded materials 
are listed in Table 9. ) Comparing these data with Table 3, 
i t  wi l l  be noted that secondary schoo l teachers were much 
more likely than elementary schoo l  teachers to be us ing one 
or more of the federal ly- funded materials . 

Tab le 1 0  also indicates that the percentage of science 
teachers us ing federal ly- funded materials was greater than 
the percentage of mathematics or social  s tudies teachers . 
S lightly more than hal f o f  a l l  grade 10- 12 sc ience teachers 
were us ing at leas t one of  the federal ly- funded curriculum 
materials during the 1 9 7 6 - 7 7  school year . I t  is di f ficult 
to reconcile  this information wi th the previous ly cited obser
vations of the NSF case studies . 

I t  is important to note that Table 9 does not give data 
about the percentages of teachers teaching a given subject 
who were us ing the materials . However , analys ts did 
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Curriculum 
Mater i a l  

TABLE 9 

Use of Se lec ted Federa l ly- Funded Curr iculum Mate ri a l s  
( Grade s 7 - 1 2 ) 

Percent o f  S choo l Percent o f  Teachers U s ing 
D i s tricts Us i ng Se lec ted Ma ter i a l s  

S e l e c ted Materia l s  
Grades 7 - 9  Grade s 1 0 - 1 2  

Us ing I n  U s ed P rior U s i ng In Used P rior Us ing I n  Used Prior 
1 9 7 6 - 7 7  to 1 9 7 6 - 7 7  19 7 6 - 7 7  to 1 9 7 6 - 7 7  1 9 7 6 - 7 7  to 1 9 7 6 - 7 7  

S c i ence 

BSCS Green 1 9  3 0  3 1 4  1 7  3 0  
BSCS Yel low 1 6  3 1  5 1 4  1 3  3 1  
BSCS B l ue 8 1 1  6 1 1  5 1 6  
Chemi c a l  Bond Approach 2 3 0 2 2 5 
CHEM S tudy 1 5 1 9  1 5 7 1 4  
ESCP 1 0  1 2  1 0  2 2  4 1 0  
I P S  2 5 2 1  9 2 3  7 2 9  
I SCS 1 2 1 1  1 2 1 9  2 6 
PSSC Phy s i c s  1 1  1 8  1 4 4 1 4  
Pro j ect Phy s i c s  1 2  9 1 4 1 0  1 4  

Mathematics 
IMS 2 4 3 7 1 3 
Modern Coordinate Geome try 3 3 3 6 5 1 3  
SMSG 2 1 8  7 2 6  6 3 1  

Soc i a l  S tudi es 
Ameri can Political Behavior 1 2  1 1  3 6 7 1 2  
Carnegie Me l lon Pro j ect 10 11 2 4 4 1 2  
H i gh S choo l Geography Pro j e c t  4 7 2 4 3 7 
Sociological Re sources for 

the Soc i a l  S tudie s  7 7 1 3 6 1 0  

Source : We i s s , 1 9 7 8 , pp . B- 2 1 ,  B- 2 3 ,  B- 2 5 ,  B- 3 7 , B- 3 9 , B- 4 1 . 
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make some rough estimates of this  kind and determined that 
approximately hal f  of all biology teachers were us ing at least 
one of the BSCS materials� approximately 40 percent of  all  
phys ics teachers  were us ing either the Proj ect Physics  Course 
or PSSC Phys ics or both� and approximately 2 5  percent of the 
chemi s try teachers were using either CHEM s tudy materials or 
the Chemical Bond Approach , or both ( Weis s ,  19 7 8 , p .  8 2 ) . 

TABLE 10  

Percent of Secondary School Teachers Us ing One or More 
of  the Federal ly-Funded Curriculum Materials 

7- 9 

1 0 - 1 2  

Source : 

in Each Sub j ect by Grade Range ( 19 7 6- 7 7 ) 

Science 

3 3  

5 2  

Wei s s , 19 7 8 , p .  8 3 . 

Sub j ect 

Mathematics 

10 

11  

Social S tudies 

12 

2 2  

The data col lected by the NSF s tatistical survey indicate 
that a number o f  the federal ly- funded materials were used more 
extens ive ly by teachers in previous years than in 1 9 7 6 - 7 7 , 
particularly SMSG for K- 1 2  mathematics� PSSC physics, CHEM 
S tudy chemi s try, and several of the BSCS program materials in 
7- 1 2  sci ence� and Our Working World in K- 6 social s tudies . 

Tracing the use of the PSSC physics program , He lgeson et 
al . ( 19 7 7 , p .  2 8 )  note that the maj or physics text in use in 
the l ate 19 50 ' s  was Modern Phys ics ( Holt ) . I ntroduced in 
19 5 8 , PSSC gained in acceptance unti l the early 1 9 7 0 ' s ,  at  
whi ch time the peak usage was about 35  percent o f  the s tudents 
enrol led in phys ics . S ince the early 19 7 0 ' s ,  the use of 
PSSC has been dec lining , as ref lected in the NSF s tatis tical 
survey results . Project  Phys ics , introduced in 1 9 6 9 , 
accounted for approximate ly 2 2  percent of  the s tudents 
s tudying physics in 1 9 7 5 . However , Modern Phys ics continued 
to be used by over 40 pe rcent of the s tudents throughout this  
time period ( Helgeson et al . ,  19 7 7 , p .  2 9 ) . 
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The s i tuation in chemistry was s imi lar . In the late 
1 9 5 0 ' s  mos t high school chemi stry s tudents were us ing Modern 
Chemi stry ( also pub l ished by Ho l t ) . Of the two NSF- funded 
high school chemis try proj ects , the Chemical Bond Approach 
( CBA) never was used by a large number of schools , but the 
CHEM S tudy text received cons iderable acceptance during the 
1 9 6 0 ' s .  The use of CHEM Study materials peaked in the early 
1 9 7 0 ' s  at about 30 percent of the students taking chemi s try ; 
this was fol lowed by a dec l ine during the last four years . 
He lgeson et al . sugges t that this  dec l ine was due primari ly 
to the avai lab i l i ty of other texts that incorporate many of  
the CHEM S tudy approaches . However ,  the Modern Chemi stry 
text , l ike the Hol t  physics text , has continued to be widely 
used . Helgeson et al . ( 1 9 7 7 ,  p .  2 8 )  report that in 1 9 74 
about 50  percent of the high s chool s tudents s tudying chemis
try were us ing thi s  text . 

In biology , the maj or text used during the 1 9 50 ' s  was 
also one published by Holt , Modern Biology . Prior to 1 9 6 3 , 
it  was reputed to occupy 8 0  percent of the high s choo l biol
ogy market ( Quick , 19 7 8 , p .  1 1 8 ) . The three BSCS biology 
programs ( the green , ye llow ,  and blue vers ions ) were widely 
adopted by school systems during the 1 9 6 0 ' s .  In the early 
1 9 7 0 ' s ,  about 40 percent of the s tudents s tudying biology 
were using one of the three BSCS vers ions ; about 3 5-40 percent 
were us ing the Modern Biology text . More recent data , as 
we l l  as the NSF s tatistical survey , indicate that there has 
been a dec line of  from 5 to 8 percent in the use of the BSCS 
materials in recent years ( Helgeson et al . ,  1 9 7 7 , p .  2 6 ) . 
Figure 1 provides a picture of these trends in biology text
book usage . 

A number of observers have s tressed that recent decl ines 
in usage of federal ly- funded innovative materials  need not 
c ause much concern , s ince many of the ideas and approaches of 
these innovative materia ls have , been incorporated into 
" conventional "  textbooks (Wei s s , 1 9 7 8 , p .  7 8 ; He lgeson et al . , 
1 9 7 7 , p .  2 8 ) . Quick ,  in her recent s tudy of  the secondary 
impac ts of the curriculum re form movement ,  found cons i s tent 
evidence that educationa l publi shers had incorporated innova
tions of the federal ly- funded curriculum material s into their 
own commerc ially-developed programs . She suggests that the 
commercial success of the federally- funded programs created 
market pressures that encouraged publishers to incorporate 
some of the themes and approaches of the innovative materials 
( Quick , 19 7 8 ) . 

Other observers are less sanguine than Qui ck about the 
impact of the federal ly- funded innovative programs on clas s 
room ins truc tion i n  schools that are now us ing commercial ly
developed texts . Many o f  thes e texts have adopted changes 
that are largely cosmetic ,  in order to ref lect the " inquiry 
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Figure 1. S tudent usage of Biology Textbooks 
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approach " and other innovations o f  the curriculum re form 
movement .  Mos t of these commercial ly-deve loped texts s ti l l  
lend themselves t o  being used to support a didactic approach 
to teaching in which the s tudent ' s  main role is to l i s ten , 
read , and memori z e . 

However ,  the above data indi cate that a subs tantial  num
ber o f  teachers do continue to use the inquiry-bas ed curric
ulum mater ials deve loped wi th federal support , although they 
usua lly constitute a minority .  Of greater concern is the 
rate at which thi s  usage is decreas ing , especially cons ider
ing the absence of an e f fective mechanism to fami liari ze new 
teachers wi th the content and approach of  the NSF courses . 
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FACTORS AFFECTING THE QUALITY OF INSTRUCTION 

Evidence of  a Dec line in Student Performance 

In 1 9 7 7 , after a 14-year dec line ,  the average scores on 
the Col lege Entrance Examination Board ' s  ( CEEB ) verbal and 
mathematics  tes ts reached a new low . The Scholastic Apti tude 
Tes t ( SAT ) verbal score average , which had been 47 8 in 1 9 6 3 , 
dropped 49 points to 42 9 ; the mathematics average score fe l l  
from 5 0 2  in 1 9 6 3  to 47 0 i n  1 9 7 7 . A CEEB panel inves tigating 
the dec line estimated that about 70 percent of  the dec line 
prior to 1 9 7 0  was due to an expans ion in the diversity of the 
population of s tudents taking the SAT . In 1 9 5 2 , on ly hal f o f  
the young people i n  the United S tates were s taying i n  s chool 
through the twel f th grade ; this increas ed to two- thirds in 
1 9 64 ,  and to three- fourths in 1 9 7 0 . The proportion going on 
to col lege was about one- fourth in 1 9 52 ; thi s  increased to 
one- third in 1 9 64 and to almost hal f  in 1 9 7 0 . The pane l 
indicated that 5 5  percent of those taking the SAT in 1 9 6 0  
came from the top f i fth of their high school c lasses ; i n  1 9 7 2  
this was true o f  only 3 6  percent ( Wirtz et  al . , 1 9 7 7 , 
pp . 1 3- 14) . 

However , s ince 1 9 7 0  there has been on ly a l imi ted amount 
of change in the compos i tion of the tes t- taking group . The 
CEEB pane l sugges ted that a number o f  other factors mi ght have 
af fected the scores , inc luding : ( 1 ) a pro l i feration in the 
number o f  e lective courses taken by high school s tudents at 
the expense of more " basic " course o f ferings , ( 2 )  a " dimin
ished seriousness  of purpose and attention to mas tery of 
ski l l s  and knowledge . • •  in the schools , the home , and the 
society general ly " , ( 3 )  the competition for time between 
te levi s ion and s tudent ' s  school work , (4 )  a dec l ine in the 
ro le of the fami ly in the educational proces s ,  ( 5 ) the ef fect 
of  a " decade of dis traction " between 1 9 6 7  and 1 9 7 5 , ( 6 )  " an 
apparent marked diminution in young people ' s  learning motiva
tion " .  

I ronically , the CEEB panel laid some of the blame for the 
dec l ine in SAT scores on a deterioration in s tudent wri ting 
abi l ity , brought about in part by the increas ingly widespread 
use of  easi ly s cored mul tiple-choice tests ( like the SAT ) at 
al l educationa l leve l s : 

Our firmes t  conclus ion i s  that the critical factors 
in the relationship between curricular change and 
the SAT scores are ( 1 )  that less thoughtful and 
critical reading i s  now being demanded and done , 
and ( 2 )  that careful writing has apparently about 
gone out of s tyle  . • •  We can ' t  prove that learning 
how to wri te is related to a decl ine in scores 
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on a tes t  that requires no writing . Ye t in our 
j udgment thi s  may be a s i gni ficant factor . We 
suspect s trongly that expres s ing something c learly 
and correctly -- espec ial ly in wri ting -- is think
ing ' s  s ternest discipl ine . 

I t  s eems clear that increas ing re liance i n  col leges 
and high schools  on tes ts requiring only the putting 
of X ' s  in boxes contributes to j uveni le wri ting 
delinquency . Students learn what they think they 
need to know • • •  Our s trong conviction i s  that 
concern about dec lining SAT-Verbal scores can 
profi tably be concentrated on seeing to it that 
young people do more reading that enhances vocab
ulary and enlarges knowledge and experience , and 
more wri ting that makes f ledgl ing ideas test and 
s trengthen their wings· (Wirtz et al . ,  1 9 7 7 , 
p .  2 7 )  • 

Al though the " return to the bas ics " has shi fted into 
high gear in school systems throu9hout the Uni ted S tates 
it is paradoxical that this  activ� ty has been accompanied in 
many school dis tri cts by an increased moleculari zation of the 
curriculum into disembodied learning obj ectives , the achieve
ment of  which is usua l ly indicated by s tudent performance on 
s tandardi zed or cri terion-referenced mu ltiple-choice tes ts . 
Too often , these tests emphas i z e  the most superficial aspects 
of learning in the content areas , focusing on the recal l of 
facts and information as opposed to an unders tanding of  
conceptual schemes . 

More detai led in formation about s tudent performance in 
spec i f ic discipl ines has been provided by the surveys con
ducted in recent years by the Nati onal As sessment of Educa
tional Progres s  (NAEP ) . The first NAEP mathematics as ses sment 
was conduc ted during 19 7 2- 7 3 ,  and inc luded six ma jor content 
areas : numbers and numeration , measurement , geometry , 
variables and re lationships , probabi l i ty and s tati s tics , and 
consumer mathematics . 

S ummari z ing several interpretive reports on the results 
of the 1 9 72- 7 3  mathematics assessment , Suydam and Osborne 
( 1 9 7 7 , pp . 2 0 1- 2 0 3 )  indicate that s tudent performance was 
reasonably s trong in the areas of whole-number computation , 
knowledge o f  numeration concepts , analys i s  of one- s tep word 
problems , measurement concepts , and the recognition of basic 
geometrical figures . Weaknes ses were evident in the areas 
of percent , the use of fractions , tasks invo lving es timation 
and measurement ,  problems invo lving geometrical concepts , and 
complex word problems . 
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Three NAEP science as sessments have been conducted ( in 
1 9 6 9- 7 0 , 1 9 7 2- 7 3 , and 1 9 7 6- 7 7 ) , to assess the s cience know
ledge of  nine- , thirteen- , and seventeen-year-old s tudents . 
A considerable amount of controversy has been generated con
cerning both the kinds of ques tions included in the first 
two s urveys and the way in which the results were reported to 
the public ( Tolman , 1 9 7 6 ) . An attempt was made to revis e  the 
NAEP science tes t items and reporting procedures for the 
19 7 6- 7 7  science assessment in order to remedy these problems . 

A s tatistically s i gnificant dec line in achievement on the 
test exercises was noted between the first and second science 
as ses sments for all  three age levels . A further decline was 
noted for s eventeen-year-olds in 19 7 6 - 7 7 ; their average scores 
were lower on both biology and phys ical sciences exercises , 
although the dec line was greater in the physical sciences . 
Nine- and thirteen-year-olds did not dec line in achievement 
on biology exercises during the period 19 6 9 - 19 7 7 , but both 
groups did dec line s teadi ly in achievement on phys ical sci
ence ques tions ( NAEP , 1 9 7 8b ) . 

In  19 7 1- 7 2 , the first NAEP social s tudies asses sment was 
conducted . The following findings were highlighted in the 
report of this survey : 

---Less than one-hal f  of the seventeen-year-olds and adults 
in the nation understood how to use all parts of a simple 
bal lot . 

---Re lative ly few Americans could read or interpret tables , 
graphs or maps e ffectively . 

---A large gap exis ted between the attitudes students profes sed 
to hold and the actions they indicated they would take in 
speci fic s i tuations . 

---Exercises involving the recal l of speci fic information 
appeared to be the mos t di f ficult to answer for a l l  age 
groups . 

---s tudents general ly had very little knowledge about the 
contributions of  minori ty groups to our culture and his tory . 

The 19 7 1- 7 2  social s tudies results also sugges ted that one ' s  
out-of-school learning experiences in social s tudies are 
often as important as what one learns in school (Wi ley and 
Race , 19 7 7 , p .  2 1 2 ) . 
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A second NAEP social s tudies as ses sment was conducted 
in 19 7 5- 7 6 . Thi s  survey provided data on changes in social 
s tudies achievement between 1 9 7 2  and 1 9 7 6 . The re sults 
revealed changes in soci al  s tudies achievement that were 
related to age leve l : nine-year-olds showed no s tati stically 
s igni ficant change in per formance while the achievement of 
thirteen-year-olds declined only s l ightly . However , the per
formance of seventeen-year-olds showed a signi f icant decline 
between 1 9 7 2  and 1 9 7 6  (NAEP , 1 9 7 8a ) . In thi s respec t the 
results of the 19 7 6  social s tudies as ses sment and the 1 9 7 7  
science asses sment were simi lar , and sugge s t  that spec ial 
attention needs to be paid to changes in atti tudes toward 
learning that may be occurring when s tudents reach adolescence , 
and to the methods which teachers are using to deal with thi s 
problem . 

Teacher E f fectiveness  in the C lassroom 

Teacher Quali fications 

The N SF s tati s tical survey determined that , considering 
s cience , mathematics , and social s tudies teachers as a group , 
the average number of  years of teaching experience i s  1 1 . 5  
years , wi th only small di f ferences among those responsible for 
di f ferent subj ects or grade leve ls (Weiss , 19 7 8 , p .  1 3 7 ) . 
Although many school sys tems are experiencing dec lining 
enrol lments , union pres sures and the des ires of school sys tem 
admini s trators to avoid grievances have led to the es tabli sh
ment of reduc tion in force policie s based sole ly on seniority . 
As a result , i t  has general ly been the younger teachers who 
have been dropped when personne l cuts became necessary . The 
more experienced teachers have been re tained , sometimes by 
trans ferring them to di f ferent grade leve ls or sometimes to 
entire ly new subj ects . 

Mos t  secondary ( leve ls 7 - 1 2 ) s chool teachers of science , 

mathematics , and social s tudies teach all  of  the ir courses 

within a single sub j ect area . However ,  1 3  percent o f  the 

secondary s cience teachers surveyed were teaching one or more 

courses for which they fe lt inadequate ly qual i f ied , as did 
1 2  percent of the social s tudies teachers �nd � p7rcent of  

the mathematics teachers . Mos t  such teachers 1nd1cated con

cern about thei r qua l i f ications to teach courses within their 

general subj ect area ; for example , a s cience teacher quali

fied to teach biology might have indicated a concern about 

be ing unquali fied to teach earth science or chemis try ( Weiss , 

1 9 7 8 ' p .  1 4 2 ) . 

At the e lementary level , 4 9  percent of the teachers fee l 
themse lves to be " very we l l  qual i f ied " to teach mathematics , 
as compared to 3 9  percent in social s tudies , only 2 2  percent 
in science , and a high of 6 3  percent in reading . Mos t of the 

3 2  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S t a t e  o f  S c h o o l  S c i e n c e :  A  R e v i e w  o f  t h e  T e a c h i n g  o f  M a t h e m a t i c s ,  S c i e n c e  a n d  S o c i a l  S t u d i e s  i n  A m e r i c a n  S c h o o l s ,  a n d  R e c o m m e n d a t i o n s  f o r  I m p r o v e m e n t s .
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 7 2

http://www.nap.edu/catalog.php?record_id=18672


teachers fe lt  at least " adequate ly quali fied " to teach a l l  
these subj ects , al though 16  percent of  the elementary teachers 
fe lt that they were " not we ll qual i fied " to teach science , the 
only subj ect in whi ch more than 6 percent of the teachers so 
indicated (Weiss , 19 7 8 , p .  142 ) . However ,  s tate science 
supervi sors and elementary school principals considered in
adequate teacher preparation in science ,  as wel l  as a lack 
of teacher interes t  in science , to be a serious problem in 
their s chools . In addi tion , s tate mathematics supervi sors 
rated inadequate teacher preparation to be a serious problem 
in K- 6 mathematics (Weis s , 19 7 8 , p .  1 6 1 ) . 

In  the pas t , the NSF provided a cons iderable amount of  
support for in- service trai ning ins ti tutes to help teachers 
to improve their knowledge of sub j ect  matter and teaching 
ski l l s . Almost hal f  of the grade 1 0 - 1 2  science teachers , and 
40 percent of the mathematics teachers at this  leve l , have 
attended one or more of the ins titutes , conferences , or work
shops sponsored by NSF . Attendance rates at such NSF activi
ties were substantial ly lower for j unior high school science 
and mathematics teachers ( grades 7 - 9 ) and much lower for 
elementary school teachers ,  averaging less than 1 0 percent for 
s cience and 5 pe rcent for mathematics . Only a few of the 
social s tudies teachers surveyed had attended NSF ins titutes 
or workshops ; thi s is not surprising s ince NSF sponsored a 
relative ly sma l l  number o f  such in- service training activi ties 
in the social sciences ( Weiss , 19 7 8 , p .  6 9 ) . 

Although the teacher- training ins ti tutes supported by 
the National Science Foundation were attended by signi ficant 
numbers of teachers , hal f  of the sc ience , mathematics , and 
social  s tudi es teachers surveyed in 1 9 7 7  indicated that they 
needed as sis tance in the us e of manipulatives or hands-on 
materials in implementing the inquiry approach (Wei s s , 1 9 7 8 , 
p .  148 ) . Undoubtedly , this group included many experienced 
teachers who have been reas s i gned to teach s ubj ects outs ide 
of their field of experti se , as wel l  as new graduates from 
colleges o f  education who are currently receiving very l i ttle 
training in the use of  speci fic inquiry-based course materials . 
The NSF case s tudies reported that many teachers and admini s
trators felt that the NSF ins ti tutes should be extended to 
the many teachers who have not had a chance to bene fit  from 
them ( Helgeson , S take , and Weis s , 19 7 8 , p .  1 9 : 2 5 ) . 

Unfortunate ly , there are not as many opportunities as 
there once were for teachers to improve the ir knowledge of  
subj ect  matter and their teach ing ski lls . Local school 
sys tems do not have the resources or capabi lities to support 
such activi ties ; the limi ted s ta f f  deve lopment funds that are 
avai lable are usually targe ted on e f for ts to implement com
petency-based accountabi lity schemes . Since in the past 
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s uch training was mos t  e f fective ly provided in the context of 
course-specific  NSF ins ti tutes , the Foundation ' s  current 
inability to support such activi ties poses a serious problem . 

Laboratory Instruction and the I nquiry Approach 

The res earch scholars and teachers who worked together 
in the NSF Course Content Improvement Program were critical 
of the encyclopedic approach of the textbooks of the time and 
of the procedures by which facts were presented , facts were 
learned , and facts were regurgi tated in c lass and on examina
tions . I ns tead , the deve lopers of the new courses s trove to 
create teaching materials that would foster better unders tand
ing of ideas and principles . They placed emphasis  on what 
is  cal led the inquiry approach , which provides opportuni ties 
for s tudents to " di scover " key concepts and re lationships 
through hands-on experiences . Thus laboratory ins truction 
was des igned to play an important role in the NSF- supported 
curricula , especi al ly in the sciences . There are many 
reasons for such an emphasi s . 

Firs t ,  laboratory work provides personal experiences for 
s tudents . Some of the programs were des igned so that impor
tant information had to come from the lab . The deve lopment 
of an idea in the textbook would s top at a cri tical point , 
requiring the s tudent to search for the answer in the labor
atory . S tudents were expected to be able to answer some 
important questions on the bas i s  of their own observations 
and experiments . 

Second , laboratory experiences provided information that 
is almos t impossible to convey in a textbook . Printed words 
and static i l lus trations cannot capture the complexi ty of 
the behavior of  microorgani sms in a droplet of pond water or 
of the ways in which waves pas sing through two narrow 
apertures interac t to produce interference patterns . 

Thi rd , the laboratory requires activi ty of s tudents in 
a time when many young people lead increasingly pas s ive lives . 
For some young people , the dissection of a frog or the 
qua li tative analysis of an unknown subs tance wi l l  be one o f  
the mos t  chal lenging things they have ever done i n  the ir 
l ives . 

Fourth , scienti fic observations and ex�eriments fre
quently show the limitations and uncertaint1es of scienti fic 
procedures . Al l copies of the same book present the same 
" correct"  data and answers . Observations and experiments 
may not and , when the resul ts are di f ferent , an inqui si tive 
s tudent and a stimu lating teacher wi l l  search for the causes 
of the di fferent results . That search wi l l  lead to a deeper 
and more re liable unders tanding of the phenomenon . 

3 4  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S t a t e  o f  S c h o o l  S c i e n c e :  A  R e v i e w  o f  t h e  T e a c h i n g  o f  M a t h e m a t i c s ,  S c i e n c e  a n d  S o c i a l  S t u d i e s  i n  A m e r i c a n  S c h o o l s ,  a n d  R e c o m m e n d a t i o n s  f o r  I m p r o v e m e n t s .
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 7 2

http://www.nap.edu/catalog.php?record_id=18672


Las t ,  mos t  s tudents find that laboratory work i s  fun . 
The s eemingly endles s pattern of classroom reci tation or 
busy work is  broken by this opportuni ty to be independent , to 
be active , and to di scover . 

However , the use o f  laboratory ins truction and the inquiry 
approach in the schools  appears to be diminishing . Al though 
the use of manipulatives or laboratory materia ls  is much more 
common in science clas ses than in mathematics or social  
s tudies c lasses , only 48  percent of the ( K- 1 2 )  science teachers 
surveyed indicated that they used them once a week or more in 
their c lasses , 9 percent of the K- 1 2  science c lasses never 
use laboratory materials , and 1 4  percent do so less than once 
a month (Weis s ,  19 7 8 , p .  1 0 7 ) . Although the use of laboratory 
materials  i s  more common at the secondary leve l , the NSF 
s tati s tical survey revealed that 26 percent of  the leve l 1 0 -
1 2  sc ience c lasses and 3 8  percent of the level 7 - 9  science 
clas ses do not have laboratory activi ties as often as once 
a week (Wei s s , 19 7 8 , p .  B- 6 2 ) . 

In  some schools , thi s reduction in " hands-on " learning 
experiences can be attributed to a lack of laboratory fac i l
i ties and equipment , since the dimini shing proportion of  
school di s trict funds al located to  ins tructional suppl ies and 
equipment is causing cri tical shortages of laboratory appar
atus in many s chool sys tems . Thi s problem has been exacer
bated by the termination of categorical Nationa l De fense 
Education Act support for the purchase of science equipment 
and the improvement of laboratory fac i l i ties . The NSF 
s tati s tical survey revealed that shortages of  science supplies 
and equipment were identi fied as a ma j or problem by over one
third of the secondary school science teachers and by over 
hal f  of the e lementary teachers of grades 4 - 6  (Wei s s , 1 9 7 8 , 
p .  1 3 5 ) . The s i tuation at the e lementary level i s  encap
sulated in this comment by a science coordinator quoted in 
the NSF cas e s tudies : 

Even though s tate law says teach science as a lab 
science , wi th so li ttle money you have to teach 
it from the textbook . At the e lementary leve l 
many teachers cannot teach science and many do 
not try ( S take and Eas ley , 1 9 7 8 , p .  1 3 : 6 1 ) . 

A second factor which mus t be cons idered as a pos s ible 
cause of  the infrequent use of laboratory ins truction is  the 
dec reased opportuni ties during recent years for teachers to 
attend NSF ins ti tutes focused on speci f ic laboratory-centered 
courses . The NSF s tati s tical survey indicated that science 
teachers who had attended one or more NSF- sponsored insti tutes 
were con >iderably more likely than other teachers to be us ing 
manipulative materi a l s  once a week or more (Weiss , 19 7 8 , 
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p .  1 0 7 ) . Because laboratory-centered courses are more di f
ficult to teach , the prob lems which inevi tably ari se when an 
untrained teacher attempts to use inquiry-based materia l s  
often lead t o  the adoption of  a textbook-centered approach 
which makes fewer demands upon the teacher . 

However ,  even i f  teachers have been adequately trained 
and provided with sufficient laboratory equipment and s upplies , 
forces s ti l l  remain that tend to discourage placing an emphasis  
on  hands-on learning experiences .  The educational c limate in  
the schools , wi th the current focus on accountabi lity s chemes 
and basic ski lls , has tended to attach great importance to 
s tudent performance on s tandardi zed achievement tes ts or 
cri terion-re ferenced competency tes ts . Because complex ideas 
and rela tionships are di fficult to tes t  in a mul tiple-choice 
format , a heavy sys tem-wide emphasi s  on mul tiple-choice tes t
ing ha s the unfortunate result of  e levating the importance of 
s impler and less meaning ful ins tructional obj ectives and of 
dimini shing the importance attached to the learning of con
cepts and re lationships . 

Teachers and principa ls  are under pres sure to a l locate 
more and more ins tructiona l time to the kinds of achievement 
measured by the tes ts , and to neg lect those aspects of  s tudent 
learning that are not so we l l  measured by the tes ts . Prin
cipals and teachers who advocate learning through experience 
find li ttle to sustain them in such an envi ronment . 

The Educational C limate in the Schools 

The dimini shed emphas i s  on laboratory ins truction and 
learning through experience is thus indicative of a more per
vasive prob lem in the nation ' s  pub lic schools . The whole 
c l imate under which teachers are working is les s  favorable to 
the pursui t  of exce l lence than i t  was in . the latter part of 
the 1 9 5 0 ' s  and mos t  of the 19 6 0 ' s .  

Sc ience and the deve lopment of critical thinking ski lls  
in social  s tudies and mathematics have assumed a low priori ty 
in the thinking of school adminis trators . An increased 
emphasis  on the " bas ic "  learning ski l l s , such as reading , 
ari thmetic , and spe l l ing , is preempting time previous ly 
avai lable for the s tudy of science , social s tudies , and mathe
ma tica l concepts , especially in elementary schools . The NSF 
case s tudies observers found that in mos t  schools natural 
sciences , mathematics other than basic ari thmetic , and social 
sc ience inquiry were seen as having a rather limi ted va lue 
for the s tudent body at large , and that providing a s trong 
K- 1 2 program in science for those s tudents who wi l l  become the 
nation ' s  future s cienti s ts was not a high priority in mos t  
school systems ( Stake and Eas ley , 19 7 8 , p .  1 2 : 1 ) . 
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The NSF case s tudies observers also found much apathy 
among s tudents . In some s chools ,  a lack of academic motiva
tion was revealed by low attendance rates and the refusal of 
many s tudents to attend s chool on a regular bas is . Other 
s tudents displayed their apathy towards school through pas s ive 
noninvolvement in c las sroom activities . After budget prob
lems , the problem mos t  frequent ly cited by public  school 
teachers was s tudent apathy , l ack of  motivation , and absen
teeism ( S take and Eas ley , 1 9 7 8 , p .  1 8 : 8 9 ) . 

The NSF cas e  s tudies described many of the s chools  as 
not being intel lectua l ly stimulating places in which to work . 
Few schoo l principals have a good academic background in 
s c ience or mathematics ; thi s  makes i t  di fficult for them to 
he lp teachers to develop ef fective science and mathematics 
ins tructional programs . S chool administrators have increas
ing ly had to become managers and interpreters of the s chool 
bureaucracy , rather than educational leaders . School system 
superintendents , primari ly preoccupied wi th the detai l s  of  
ins titutiona l management ,  are not acting as  educational 
spokesmen , but ins tead are responding primari ly to perceived 
communi ty and governmental pres sures . 

This is not the set of conditions one would choose as 
the environment in which to mount new efforts to improve 
s cience and mathematics education . However ,  many opportun
i ties remain to cooperate wi th that nuc leus of teachers who 
retain the spirit of the course content improvement program 
and to expand their numbers . Many teachers would take advan
tage of a revived program of NSF ins titutes and many s ay that 
they want acces s to know ledgeab le resource people who can 
help them with their teaching prob lems in science and mathe
matics . S cientis ts and research scholars in all  fields need 
to address this prob lem ,  and to find ways in whi ch they can 
cooperate to provide the educational leadership that is  so 
cri tical ly needed . 
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THE CURRENT NEED 

That volunteer citi zen initiative can secure subs tantial 
and cons tructive change in the c l as s rooms of America was 
generous ly demons trated by the impact of the National S cience 
Foundation ' s  Course Content Improvement Program . Some 5 3  
dif ferent curriculum-deve lopment proj ects were carried through 
by volunteer groups of univers ity scienti s ts and experienced 
teachers . Beginning with the Physical Sciences S tudy Com
mi ttee o f  1 9 56 , the e f fort spread to the l i fe sciences , 
chemi s try , mathematics , and the socia l  sciences , principal ly 
for the secondary school years but also inc luding new pro
grams and materials for the e lementary grades . By the mid-
1 9 6 0 ' s ,  improvements in the preparation of entering freshmen 
compel led upgradi ng of the science curricula in the co l leges . 
In  1 9 7 8 , near ly a decade after the main initiative had been 
spent , more than hal f  the high- school s cience teachers sur
veyed were s ti l l  using " at least  one " of the materials thus 
deve loped , as were 2 2  percent of the teachers in the social 
sciences and 11  percent o f  the teachers of mathematics . The 
cumulative cos t to the taxpayer of thi s  movement in American 
education came to j us t  under $ 1  bi l l ion , mos t  of i t  spent for 
teacher ins titutes that brought teachers back to col lege for 
re fresher courses in their s ubj ects as wel l  as introducing 
them to the new curricular materials . It would be di f ficu l t  
t o  find a better bargain in the federa l government ' s  shopping 
l i s t  over the pas t quarter century . 

The e f fort that s tarted in the 1 9 5 0 ' s  was motivated by 
fear that the United S tates was fal ling behind in interna
tiona l competi tion and by the conviction that i t  was neces sary 
to increase the number of  young people preparing for careers 
in science and technology . 

Now , the dis array in American e lementary and secondary 
schoo ls again asks for the concern and the cons tructive inter
vention of a l l  respons ib le c i ti zens . Much evidence indicates 
that far too many young men and women are leaving high school 
with less than adequate capaci ty to read , wri te , and do simple 
ari thmetic . Such findings have en listed many citi zens and 
educators in a nationwide " back to the bas ics " movement , wi th 
a resulting narrowing of  the educationa l program in schools 
al l across the country . 

From the preoccupation of the popular cul ture with the 
paranormal , the psychic , the mys tic , and the occul t ,  it i s  
apparent that a n  alarming number o f  American adu l ts cannot 
te l l  sense from nonsense .  Mathophobia and the associated 
incapaci ty to make rigorous quanti tative connections and 
di s tinctions afflicts altogether too large a fraction of the 
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adult  popu lation . In the context of s ingle purpose pres sure 
groups in contemporary po litics , wi shing disp laces thinking ; 
none of these groups accepts the real-wor ld cons traint that 
al lows the attainment of each good only in a trade-o ff  
agains t some other good . The American peop le share no common 
body of knowledge and unders tanding on which to ground a 
reliable consensus on such urgent public is sues as energy and 
the arms race . Too many Americans find themselves coping 
wi th l i fe in today ' s  large ly man-made envi ronment wi th re la
tive ly as much ignorance and supersti tion as forerunners in 
the pris tine environment of  nature . 

The s i tuation argues for l i teracy in science as an obj ec
tive of American education ful ly as urgent as bas ic  ski l l s  
i n  the three R ' s .  An educated ci ti zen ought to have not only 
a general acquaintance with contemporary knowledge about 
inanimate and living nature but , more impor tant , a di sposition 
and c apacity to frame questions and find answers . One mus t  
b e  able to recogni ze relevant evidence , make quanti tative 
assessments of rate and scale , and think in rational accor
dance with ob j ective reality . Some methods of  teaching 
science can contribute to the deve lopment of this kind of 
cri tical , rational approach to problems ; and a reasonably 
accurate but not detai led unders tanding of maj or scienti fic 
principles and of  the methods and limi tations of s cienti fic 
work -- what we here ca l l  scienti fic l i teracy -- can help one 
to unders tand and cope with many types of problems .  

To as sert the priori ty of  s cienti fic l i teracy i s  not , 
therefore , to attempt to impose upon American education the 
aims of yet another s ingle-purpose pressure group . On the 
contrary , i t is a c a l l  on American society to redeem i ts 
promi se to i ts chi ldren : that i s , to ful f i l l  their right to 
the bes t  education society can provide . 

That right i s  implicit  in the very insti tution of demo
crati c s e l f-government . A self-governing society must be made 
up of s e l f-governing citi zens . What is wanted in the citi zen 
is  autonomous inte l l i gence , discipl ined to seek and face the 
truth , and capab le of the independent j udgment that s tands 
up both to wishful thinking and to arbi trary external authori ty .  

The l iberating obj ective of scienti fic li teracy cannot 
be accompli shed by a one-time effort , not even one as pro
longed as the cours e content improvement ef fort . What i s  
required i s  the permanent , sus tained , and increasing commi t
ment of  the Ameri can scientific  communi ty to enlarge i ts 
pres ence in the nation ' s  c lassrooms . A practi cal and feas ible 
program to thi s end , one that wi l l  reach a subs tantial and 
reasonab le number of class rooms and chi ldren in a reasonab le 
time , i s  spe l led ou t in what fol lows . 
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There i s  not now as much public interest in improving 
the quality of education as there was during the ear ly pos t
Sputnik years and many scientis ts may now be les s wi lling to 
take time away from their  regular duties than were eager to 
volunteer in the 1 9 5 0 ' s  and 1 9 6 0 ' s . Even so , we expect that 
univers i ty and indus trial  scienti s ts and engineers , and others 
quali fied to he lp , wi l l  make themse lves avai lable for the 
e f fort , whi ch wi l l  range from curriculum deve lopment ,  to the 
ins truction of c lassroom teachers , to the deve lopment of 
regional resource centers , and to he lping teachers in the 
classroom . That such talent and time are avai lable , providing 
there i s  assurance the effort can be ef fective , was demon
s trated by the s tory of the s cience-curriculum re form move
ment of the 1 9 5 0 ' s  and 1 9 6 0 ' s .  

I t  i s  also expected that the National Science Foundation 
wi l l  correspondingly res tore elementary and secondary science 
education to i ts priori ties , and wi l l  have funding available 
to respond to proposals , subj ect to the usual cri tical s tan
dards of peer review . Additional funding wi l l  be necessary 
from other sources , for whi le NSF can be a leader , i t  should 
not be expected to provide al l of the necessary money . We 
make no es timate of the total cos t o f  the fol lowing recom
mendations . Those cos ts wi l l  be variable , depending upon 
how wide ly the recommendations are adopted . But even at ful l 
implementation , annua l costs would be substantially less than 
one percen t of the $ 1 0 0  billion per year that federal , s tate , 
and local governments now spend on elementary and secondary 
education . 
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RECOMMENDATIONS 

Rationale 

The Pane l ' s  recommendations are based on three cons idera
tions : 

• An analysis  of the alternative goals of  pre
col lege education in science and mathematics . 

• Les sons learned from exper ience wi th the new 
courses and curricula of  the 1 9 5 0 ' s  and 1 9 6 0 ' s .  

• Evidence from teachers as to what they need in 
order to teach more ef fective ly . 

The Goals of  Science and Mathematics Education 

There are four main goals for the teaching of science 
and mathematics : 

1 .  Knowledge i s  a value in i tsel f . I t  need serve 
no immediate ly useful purpose other than to 
expand the wor ld view of the individual learner . 

2 .  Knowledge may be useful by he lping the individ
ual to live in greater health and happiness , 
and even to survive better in a competi tive 
society . 

3 .  Important economic and s ocial values are 
involved . C i ti zens with knowledge of science 
and mathematics are necess ary for a healthy 
economy and for future progres s ;  and intel
ligent action on many public i s sues depends 
upon understanding their scienti fic and 
technical content . 

4 .  The education may be preparatory to a pro
fes s ional career in science or one of the 
technical profes sions . 

The maj or NSF-supported curriculum s tudies were 
initiated primari ly to deal  with the fourth goal , to he lp 
increase the nation ' s  scienti fic manpower .  Because there 
were at the same time a number of other measures to that s ame 
end , i t  is  impos sible to say j us t  how much the Course Content 
Improvement Program contributed to the growing numbers of  
scienti sts and engineers . But i t  i s  c lear that their 
number did increase greatly and that the new courses deve loped 
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under NSF auspices did provide improved learning materials 
for a s i gni ficant number of s tudents who were interes ted in 
careers in science and mathematics . Moreover the high 
vis ibi l i ty of  the new courses drew added attention to their 
disciplines . 

Because the new curricula were des igned for precol lege 
s tudents , and especially for high school s tudents , they could 
only be introduc tory , and not ful ly profess ional . Thus for 
a large group of s tudents , including many who were not headed 
toward scienti fic or technical careers , they served the other 
goals as we l l .  They did so to varying ·degrees . 

The firs t goal -- learning for the sake of learning -
was met wi th cons iderable succes s .  The science curri cula 
were modern , laboratory based , and inquiry-oriented . They 
were sophi s ticated and demanded cons iderable mental work from 
the s tudent . They were indeed mind-expanding for s tudents 
who were motivated , able , and disciplined , and who were for
tunate in having a ski l l ful teacher and a we l l-equipped 
laboratory . 

The second goal  -- knowledge useful for one ' s  own wel l
being -- was me t less succes s fully . As an example , the bio
logical sciences can offer much of importance to one ' s  health 
and happiness : an unders tanding of nutri tion , disease and i ts 
prevention , and behavior . Yet the Biological Sciences Cur
riculum S tudy courses did not deal with these areas in a 
s ubs tantial  manner ; there were other mess ages that seemed 
more pres s ing to the authors . A second example is  provided 
by the new elementary school mathematics . I t may have intro
duced young pupi ls to the field of mathematics in a manner 
thought be fi tting by mathematicians , but i t  did not succeed 
in encouraging s tudents to become " friendly with numbers " and 
i t  left some of them unable to do the s imp le calculations 
of adult living . 

The third goal -- an informed c i ti zenry -- was probably 
the leas t succes s fu l ly met .  I t  i s  unques tionably di f f icul t 
in  one schoo l year to give s tudents an unders tanding of the 
basic s cienti fic concepts in a field and also to provide 
enough re levant information to enable them as future citi zens 
to dea l inte l ligently wi th di f ficult poli tical , economic , 
and social is sues . But progress can be made ; s tudents can 
begin to deve lop critical s tandards that wi l l  help them to 
sor t  out and appraise the technological claims and advi ce 
they receive through the popular media .  This  task has not 
been given sufficient attention in pas t curriculum develop
ment e fforts and needs to be readdressed . 
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In summary , goa ls two and three -- knowledge useful for 
one ' s  own wel l  being and knowledge use ful for good citi zen
ship -- now need more emphas is  than they received in the 
1 9 5 0 ' s  and 1 9 6 0 ' s .  

Les sons of  the Pas t 

I n  planning future programs , we should take advantage of 
the experience of the pas t two decades o f  curriculum reform . 
That experience has demons trated that even the bes t  curricu
lum mater ials wi l l  not be adequate ly uti li zed unless atten
tion is paid to the fol lowing i s sues : 

1 .  Teachers mus t be provided opportunities and incen
tives to acquire the comprehens ive training neces
s ary for the successful uti li zation of the new 
materials and techniques . 

2 .  Principals should be provided opportunities to gain 
unders tanding of the new programs , for they are 
key agents for educational change or for main
taining the s tatus quo . 

3 .  New course materi als should be introduced in  a 
fashion that encourages hones t exchange of views 
between teachers and the exponents of curricular 
innovation . 

4 .  Mechani sms of  long- term materia ls  support mus t  be 
es tabli shed so that teachers can obtain the ins truc
tional materials  and apparatus needed for the new 
courses . I n  the pas t, obtaining mater ials has pre
sented a serious obs tacle to the succes s ful  adop
tion of e lementary science programs , for many of 
those programs uti l i ze a large variety of expend
able ma terials . Although commerci ally -prepared 
kits have been purchased by many school systems , 
e lementary teachers , in particular , have found it  
di fficult to order in advance a l l  of the materia ls  
required to refurbish those ki ts so they may be 
used again . 

5 .  Resource personne l should be available to provide 
continued expert advice and moral  support to 
teachers and principals when problems ari se . The 
three NSF s tudies indicate that mos t  school 
sys tems are not suf ficiently s taffed wi th super
vis ory personne l to per form this task . Such super
vi sory per sonnel as exi s t  are usual ly so fu l ly 
occupied wi th admini s trative functions that they 
seldom have oppor tuni ti es to work wi th the large 
numbers of  teachers for whom they are respons ible . 
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What Teachers Need 

Many teachers want he lp . They want to teach more effec
tive ly . They want better equipment that wi l l  he lp their s tu
dents learn from observation , manipulation , and trying things 
out -- from educative experience as we l l  as from reading and 
di s cus s ion . They want to s trengthen the ir own unders tanding 
of science and mathematics . And they want acces s to experts 
to whom they can turn for help on their teaching problems 
(Weiss , 19 7 8 , pp . B- 9 3-B- 1 1 6 ; Stake and Eas ley , 1 9 7 8 ) . 

The percentages of teachers express ing each need 
varied considerab ly , depending on the subj ects taught and 
the age leve l of the pupi ls invo lved , but in total, large 
numbers of teachers said they wanted improvement in each of 
the fol lowing areas : 

• Opportuni ties to learn about new teaching materi als . 

• Acces s  to current information in  their fie lds . 

• Opportunities to learn new teaching methods , 
especia l ly regarding the us e of " hands-on " 
materials and the imp lementation of the dis
covery or inquiry approach . 

• More permanent equipment , such as micros copes or 
balances , and better maintenance of equipment .  

• Abi l i ty to get cons umable s upplies such as 
chemica ls , dry cells , and duplicating mas ters 
quick ly and as needed . 

* * * * 

The teachers who want these  improvements are to be found 
in many schoo l sys tems . They are sometimes a minori ty wi thin 
their own school sys tem , but in total, there are many of them . 
Because the teachers who want these  kinds of help are wide ly 
scattered and becaus e no central education authori ty exists 
under the American sys tem , the remedies have to be decen
trali zed . Becaus e the kind and amount of  he lp teachers want 
or are ab le to accept varies , del ivery has to be on a bas i s  
o f  vo luntary participation . 

Thus, what seems to be cal led for is  not a uni form and 
centra l ly planned revi sion of the who le school sys tem or a 
s et of uni form changes , but rather a set of  opportuni ties that 
can be grasped by those teachers who are eager to improve . 
Because �ot a l l  teachers wi l l  want to take advantage o f  such 
oppor tuni ti es , the recommendations involve servi ces that can 
be made avai lable to motivated teachers regard less of what 
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their immediate colleagues or the teachers in neighboring 
sys tems decide to do . I f  thes e recommendations are put into 
e f fect , many teachers wi l l  be he lped , and their pupi ls wi l l  
reap the benef i ts of better education i n  science and mathema
tics . 

Science and Mathematics Teaching Resource Centers 

The findings of the three NSF s tudies indicate that 
teachers , principals , and superintendents a l l  attes t to a 
need for more as s i s tance with the local implementation of  
course improvement programs in sci ence and mathematics . Such 
assis tance could be bes t provided by creating a network of 
sci ence and mathematics teaching resource centers throughout 
the nation . These centers could provide a variety of  support
ing services to sc ience and mathematics teachers who want to 
improve their teaching . The centers could conduct in- service 
training programs based upon local ly identified needs ; pro
vide low-cos t kits of s cience and mathematics ins tructional 
materia ls to teachers from participating s chool sys tems ; and 
provide expert resource personne l to help teachers learn to 
uti l i ze new science and mathematics ins tructional materials 
and techniques . 

Two success ful prototype sc ience teaching resource cen
ters already exi s t  in the Uni ted States . In Spencerport ,  
New York , the Science Center for Ins tructional Materials and 
Processing ( SCIMAP ) i� currently serving approximate ly 1 , 0 0 0  
teachers and 2 5 , 0 0 0  elementary school s tudents i n  the 
Genes see Val ley . The SCIMAP as sembles e lementary s cience ki ts 
and sponsors in- service training workshops for teachers from 
1 7  sma l l  independent s chool districts . The SC IMAP operation 
is one of the services provided by the Board of Cooperative 
Educational Services of  Monroe-Or leans Counties ,  New York . 
Participation in the SCIMAP science programs i s  voluntary ; 
financial support is derived from the local participating 
school dis tricts and the New York S tate Department of Educa
tion , wi th the s tate paying the larger share . 

A larger Science Materials Center was es tabli shed in 
1 9 7 0  by Lawrence Watts , Superintendent of S chools of Fairfax 
County , Virginia . The Fair fax resource center i s  operated 
and supported by the Fair fax County S chool Sys tem ( the twelfth 
largest school sys tem in the nation ) . I t  provides teachers 
wi th a variety of  in- service training programs and with class
room kits o f  s cience teaching materi als , beginning at the 
kindergarten leve l and extending through high school . At the 
e lementary s choo l level , it provides science ki ts and teacher 
training servi ces for 2 , 4 0 0  teachers and 6 0 , 0 0 0  chi ldren . 
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Simi lar large- scale prototype support centers do not 
currently exi s t  for mathematics teachers . However , because 
the problems of  in- service training and ins tructional 
materials are s imi lar in s cience and mathematics , i t  seems 
likely that a j oint e f fort would be feas ible . 

One of the func tions of the science and mathematics 
teaching resource centers would be to provide in- service 
training for teachers of  science and mathematics in response 
to needs identi fied by local school sys tems . At the elemen
tary schoo l leve l , such local ly-based teacher- training efforts 
are urgently needed i f  si gni ficant improvements are to be 
made in the teaching of s cience and mathematics . 

Pas t efforts to insti tute s i gni ficant improvements in 
s cience and mathematics curricula at the elementary leve l have 
often foundered , due to seeming ly unmanageab le prob lems of 
scale . Al though it was pos s ible to retrain a s ignificant 
frac tion of the nation ' s 1 5 , 0 0 0  high schoo l physics teachers 
by holding summer ins t i tutes for several years at several 
univers i ties , it has not been practicab le to set up insti tutes 
to train over 1 mi l l ion elementary teachers . S trategies 
involving the training o f  a token number of elementary school 
teachers during summer ins ti tutes , with the hope that they 
would re turn to their s choo l districts to " spread the word " , 
were at bes t wishful thinking . 

The three NSF s tudies indicate that a much greater 
teacher- training e f fort wi l l  be needed i f  s igni ficant improve
ments in the teaching of e lementary s chool science and mathe
matics are to be achieved . The large number of elementary 
school teachers who mus t  be reached points to the need for 
deve loping local ly-based ins ti tutions which could focus on 
thi s  task . The proposed science and mathematics teaching 
resource centers could as sess local  needs by arranging peri
odi c meetings with key teachers , principals , and curriculum 
s upervi sors ; organize  meetings of parents and teachers to 
discuss recent deve lopments in the teaching of science and 
mathematics ; provide in- s ervice workshops on science and 
mathematics ins truc tiona l programs and methods ; enl i s t  the 
help of experts to speak on topics of special interest  to 
teachers ; and arrange for s taff members to visit  local schools 
periodical ly to ensure c lose communications wi th schools 
served by the centers . 

A s econd important function of the proposed science and 
mathematics teaching resource centers would be to provide low
cos t kits of  science and mathematics materials to teachers 
from participating school sys tems . The need for this  service 
i s  especia l ly great at the e lementary s choo l level , since 
mos t  elementary schools are poorly equipped to teach science 
and mathematics . 
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I t  i s  generally agreed that science and mathematics at 
the e lementary school level are bes t  taught through the 
uti l i zation of concrete " hands-on " experiences to deve lop key 
concepts ( Hausman , 19 7 6 , p .  1 3 ; Nationa l Advisory Commi ttee 
on Mathematical Education , 1 9 7 5 , p .  1 8 ) . However , the logi s
tics of supplying " hands-on " ins tructional materials to 
elementary school classrooms on a large scale has presented 
a serious obs tac le to the implementation of activi ty-centered 
programs in both science and mathematics . Mos t  school sys
tems have not been ab le to develop effective mechanisms to 
supply ins tructional materials other than textbooks to elemen
tary s choo l class rooms . The problem has been one of scale , 
and also of costs . Even though the deve lopers of the e lemen
tary leve l course content improvement programs usual ly 
attempted to make use of materials that would be relative ly 
inexpens ive to purchase , the marketing cos ts as soci ated wi th 
the commercial production of  elementary science and mathema
tics kits has raised the price to a prohibi tive level for 
many s choo l sys tems . 

Another obs tac le has been the prob lem o f  maintaining 
kits of ins tructional materials in a ready- to- teach condi
tion after their initial purchase .  Because signifi cant 
amounts of expendable materials are frequently used in many 
of the new programs , some provi s ion mus t  be made to refurbish 
the ki ts each term ; both to replace the expendable items and 
to inventory , clean , and repair non-expendab le i tems . 

The two exi s ting science re source centers in New York 
and Virginia have demons trated a practical solution to these 
problems . Personnel at  thes e centers manufacture mos t  of  the 
science apparatus used in the elementary s chools . The se 
pi eces o f  s cience apparatus , as we l l  as packages of expendable 
materials , are assemb led into kits that are loaned to teachers 
at participating s chools . Cons iderable cos t s avings result 
from employing high school s tudents to carry out many of the 
manufac turing operations neces s ary to assemb le s imple elemen
tary science and mathematics apparatus , such as microscopes , 
ba lances , circuit boards , and trundle wheels . Addi tional 
s avings are made by purchasing suppl ies in bulk , di rectly 
from manufacturers , and by reprocess ing kits of ins tructional 
materials after each use so that they can be used by several 
elementary school classes each year . 

Even when overhead and adminis trative cos ts are inc luded , 
the s cience kits produced by these centers cos t subs tantia l ly 
les s than those avai lab le from commercial suppliers . For 
examp le , a " Sma l l  Things " microscopy kit for a class of 3 2  
s tudents cos t the Fairfax Science Materials Center $ 6 8  to 
prepare , compared wi th $ 2 0 2  for the leas t expens ive commer
cial vers ion . A large part of this  saving resulted from the 

4 7  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S t a t e  o f  S c h o o l  S c i e n c e :  A  R e v i e w  o f  t h e  T e a c h i n g  o f  M a t h e m a t i c s ,  S c i e n c e  a n d  S o c i a l  S t u d i e s  i n  A m e r i c a n  S c h o o l s ,  a n d  R e c o m m e n d a t i o n s  f o r  I m p r o v e m e n t s .
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 7 2

http://www.nap.edu/catalog.php?record_id=18672


use of a s imple elementary mi croscope manu factured by the 
Fairfax Center at a cos t of 5 2  cents . ( Seven thousand of 
these simple microscopes were manufactured by high school 
s tudents during two summer vacati ons . )  The leas t expensive 
comparab le microscope avai lable from commerci al suppliers 
wou ld have cos t over four dol l ars . In total , the first  
�0 0 0  science kits produced by the Fairfax Science Materi als 
Center cos t the school sys tem $ 2 1 1 , 0 0 0  ins tead of the $ 4 2 0 , 0 0 0  
they would have cos t commercially . 

An added bene fit  can accrue by linking the provi s ion of 
instruc tional materials  suppor t to the in- gervi ce training 
provided by a science and mathematics teaching resource cen
ter . Al though pas t  experi ence suggests that in- service 
training programs are mos t  ef fective if teacher participation 
i s  voluntary , i t  i s  feas ible to l imi t the avai labi lity of 
some ki ts of ins tructional materia l s  to teachers who have 
attended an in- service training workshop des i gned to acquaint 
them wi th the ef fec tive use of the materials in the ki t .  
Such an arrangement can he lp motivate teachers to become in
volved in in-service training programs who wou ld not other
wis e  respond to appeals to upgrade thei r  teaching ski l l s . 
In  addi tion , teachers often adopt a more serious atti tude 
toward the util i zation of new ins tructional materials i f  they 
mus t make an ef fort to qua l i fy to receive them . 

Al though mos t  es sential for the elementary school leve l , 
s imi lar teacher- training and materials-support services would 
also be of cons iderable as s i s tance to j unior high school 
science and mathematics teachers . Af ter the elementary 
s choo l teachers , j unior high school teachers compri se  the 
group which is mos t  numerous and least adequate ly prepared to 
teach science and mathematics . 

The science and mathematics teaching resource centers 
cou ld also help improve the quality of teaching at the secon
dary leve l , both by working wi thin the cons traints of exi s ting 
curri cula and by providing opportunities to acquaint local 
decision-makers and teachers wi th the options avai lable for 
improving the curriculum .  The resource centers would provide 
an ideal s i te for the introduction , adaptation , and dissem
ination of supplementary science and mathematics teaching 
materials . I t  mi ght a lso be pos sib le for the resource center 
to co llaborate wi th univers i ty s cience faculties to sponsor 
s ummer ins titutes for science and mathematics teachers that 
wou ld be c lose ly tied to the needs and interes ts of local 
schoo l  sys tems . 

Initial ly , a limi ted number of prototype centers mi ght 
be s tar ted in locations where the essential local cooperation 
and support could mos t  readi ly be found . I t  mi ght be pos s ible 
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to attach some such centers to exis ting insti tutions , such 
as science and technology centers or univers ities . However , 
because some teacher- support ins titutions es tablished in the 
pas t have become bogged down in bureaucracy and enmeshed in 
s truggles over control , i t  wi l l  be important to plan the 
science and mathematics teaching resource centers so as to 
lessen the probabi li ty o f  such prob lems ensuing . 

Due to dec lining enrol lments , s chool sys tems in many 
parts of the country have space in school bui ldings that i s  no 
longer needed for c lass room ins truction . I t  might be pos sible 
to locate some science and mathematics teaching resource 
cen ters in such unused space . However , it is important that 
a resource center be independent of day- to-day school sys tem 
management concerns , so that i t  can concentrate entire ly on 
serving the teacher- support purposes for whi ch i t  i s  being 
es tablished . Idea l ly ,  a science and mathematic s teaching 
resource center should be a quasi-independent , cooperative 
enterprise , governed by a board wi th representation from local 
participating school sys tems , and the local univers i ty and 
indus trial scienti fic research communi ty .  

In areas wi th many sma l l  school sys tems , a science and 
mathematics teaching resource center might be operated in con
j unction with the other services sometimes offered by an " in
termediate s chool district " ,  such as the Boards of Cooperative 
Educational Services that exi s t  in New York S tate and the 
SCIMAP center in Spencerport , New York . Eventually , i t  
would b e  advantageous for groups of resource centers to be 
loosely associated into regional networks which would a l low 
them to share capab i l i ties and to undertake col laborative 
efforts . 

The f indings of the three NSF s tudies suggest  that the 
proposed science and mathematics teaching resource centers 
would be enthus ias tically supported by teachers , principals ,  
and s chool sys tem superintendents . Each new center would 
create a focus for the profess ional development of teachers ; 
establ i sh a mechanism by which teachers could have a voice in 
curriculum and materials  des ign ; and provide them with inno
vative ins tructional materials  and moral support . 

RECOMMENDATION 1 :  We recommend the establishment 
o f  a number of science and mathematics teaching 
resource centers , each to serve a large s choo l 
sys tem or a group of neighboring smal ler sys tems . 
Each teaching resource center would of fer some or 
a l l  of the fol lowing services : 

In-service training programs re lated to 
the science and mathematics courses 
being taught or to be introduced in the 
s choo l sys tems involved . 
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Cons truction , maintenance , repair ,  and 
dis tribution of ki ts of materials 
requi red to teach those courses . 

Expert advice to teachers to help them 
learn to use new science and mathematics 
ins truc tional materials and techniques , 
and to help them with their individual 
teaching problems . 

Thi s  recommendation i s  addres sed to individual school 
sys tems and c lus ters of nei ghboring systems , s ince such a 
resource center wi l l  be unl ikely to succeed unless the local 
communi ty wants it to succeed . Money , of course , is a l so 
needed . The resource centers in  Genes see Val ley , New York 
and Fair fax County , Virginia operate their s cience materials 
support programs for e lementary schools at a yearly cos t of 
four to six dol lars per s tudent , depending upon the grade 
level and the number of new science uni ts that are intro
duced in a given year . Thi s cos t represents less than one
hal f percent of the total annual per pupi l operating cos t . 
Nevertheles s , for 2 5 , 0 0 0  pupi ls an annual outlay of  $ 1 0 0 , 0 0 0  
to $ 1 5 0 , 0 0 0  wou ld be requi red . Mos t  o f  thi s cos t should come 
from local  school budgets , and we hope enough communi ties wi l l  
deve lop teaching re source centers to give the idea a thorough 
tes ting under a variety of community and organi zational pat
terns . 

However , federa l as s i s tance to help with the initial 
costs of  establi shing and outfi tting resource centers wi l l  
b e  needed to encourage a subs tanti ally larger number o f  school 
sys tems to es tablish such fac i l i ties . Such centers should 
also be el igible for federal support for special  programs , 
such as ins ti tutes or other special in-service teacher 
training programs . Continuing operating cos ts , however , 
should come from local resources and should be cons idered as 
a part  of  the normal cos t of operating the school sys tem . 

New Courses and Learning Materials 

The continued advance of human unders tanding on the 
frontiers of sci ence requi res continued revi sion and develop
ment of the science curriculum . The yield from research is 
not new " i nformation " to be packed into young heads ; i t  is , 
rathe� changes in  unders tanding . Better unders tanding some
times requi res not a new chapter in a textbook , but new 
textbooks and new ways of teaching . That task calls  for the 
continued engagement of univers i ty scienti s ts ; through their 
col laboration wi th teachers , the l i nkage of primary source 
to the c lassroom can be mos t  directly made . 
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A continuing program of improvement i s  also des irable 
in order to do better what we tried to do be fore , but in a 
first effort did not know how to do very wel l .  Funding 
agencies need to pay special attention to the following needs : 

1 .  The new math did not work out satis factori ly in 
e lementary schools , but the current reemphasi s  on 
bui lding ski l l s  in the four bas ic operations of 
ari thmetic is  not s ati s factory e i ther . Mos t  e lemen
tary school chi ldren not only continue to learn 
primari ly computational ari thmetic , they continue 
to be taught by rote with the s ame l ack of emphas i s  
o n  logical thinking that has a lready produced large 
numbers of adult mathophobes .  

The NSF case s tudies reported li ttle evidence 
of the use of hands-on materials and found that fun 
and exci tement were absent from a lmost a l l  elemen
tary mathematics c lasses . Although it is now 
generally accepted that firmer mathematical 
foundations are laid if chi ldren ' s  numerical think
ing is c losely related to concrete perceptual 
experiences , e lementary mathematics programs wi th 
such an emphas is  are not common in e lementary 
school s  in the Uni ted S tates . 

Clearly , a renewed e ffort to improve the 
teaching of elementary school mathematics i s  a 
hi gh priori ty need . However ,  in initiating new 
proj ects , great care needs to be taken to learn 
from the mi s takes of the pas t , so as to develop 
elementary mathematics materials that can be read
i ly unders tood by teachers and parents as wel l  as 
s tudents . 

2 .  Well- intended ef forts to make education 
" relevant"  by developing tota l ly new mul ti
disciplinary or problem-centered courses have not 
been very succes s ful  due to the reluc tance of  
schoo ls and school sys tems to make radical a l ter
ations in the core curriculum .  The NSF s tati s
tical survey found that , at the j unior high school 
level ( grade 7 - 9 ) , four fairly tradi tional fie lds 
accounted for 86 percent of the science clas ses -
general science , earth sci ence , l i fe science , and 
physical sc ience . S imi larly , genera l mathematic s  
and algebra accounted for 8 7  percent of the j unior 
hi gh mathematics c lasses . In grades 10 through 1 2 , 
biology , chemi s try , and phys ics comprised 7 4  per
cent of the science c lasses , and algebra and 
geometry more than two- thirds of a l l  mathematics 
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c lasses . ( See Tables 5 and 7 . )  Al though these 
are the science and mathematics courses mos t  
commonly taken by secondary school s tudents dur
ing the pas t decade , a disproportionate ly sma l l  
percentage of the financial support has been 
allocated for their improvement . In the future , 
greater relative emphas i s  should be given to im
proving the courses that are taken by the largest 
numbers of s tuden ts . 

3 .  More attention needs to be focused on the 
development of science and mathematics materials 
appropri ate to the needs of the average s tudent ,  
as dis tingui shed from those s tudents who are pre
paring for careers in science . In the pas t ,  i t  
has been di f ficul t  for some course developers to 
appreci ate the fact that not a l l  s tudents are 
interes ted in science for i ts own sake . Some 
courses have emphas i zed topics and activi ties 
that were of  marginal interest to the average 
s tudent . 

Al though i t  i s  not proposed that developers 
cease trying to involve s tudents in the intrin
sic de lights of the pursui t of scienti fic know
ledge , in the future an ef fort should be made to 
develop some course materials that have greater 
appeal  to s tudents who are not intensely inter
es ted in science . 

The prob lem i s  parti cularly acute at the 
j unior and senior high school levels , where there 
is a current need for a j unior high s chool applied 
physical science course , an ac tivi ty-centered 
earth sc ience course appropriate to the abi li ties 
and interes ts o f  the average ninth grader , and a 
gene ra l education chemis try course that is  les s 
mathematical  than CHEM S tudy or CBA chemi s try . 

The second and third goals o f  education s ta ted 
on page 4 1  are knowledge for personal satis faction 
and bene f i t , and know ledge for good c i ti zenship 
and intel ligent deal ing wi th social is sues that 
have a technical content . Courses aimed toward 
these goal s  are often more di f ficult to develop 
than are courses di rected primari ly toward know
ledge as an end in i ts e l f ,  and many s cientis ts 
are not as comfortab le in trying to deve lop or 
teach them . In planning such courses , de l icate 
s teering i s  necessary to avoid the leve l s  of 
rigor and scienti fic sophi s ti cation that scare 
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some s tudents away , and at the same time to avoid 
the mushiness of courses that are about but not of 
science , or that treat only the social aspects of 
a topic wi thout giving s tudents a better unders tand
ing of the under lying processes and principles . 
Developing courses to meet the second and third 
goals is not easy , but we think the e f fort is very 
much worth continuing . 

4 .  There i s  a continuing need for the deve lopment 
of  supplemental materials for the teaching of 
science and mathematics at a l l  leve l s  of  the cur
riculum . Such supplemental material s  can provide 
a focus for e f forts to improve teaching , draw the 
attention of teachers to new ideas and teaching 
techniques , and serve as vehic les to add more 
timely and exci ting activiti es to exis ting courses . 

A need also exi s ts to explore a l ternative 
mechanisms for dis tributing low-cost  supplementary 
resource materials  for teachers , such as resource 
guides , learning games , duplicator and transpar
ency mas ters , and book lets for s tudents on topics 
of  special interes t .  Because supplementary mater
ials for teachers compri se a relatively smal l 
market as compared to textbooks , thei r  production 
i s  often not economical ly attractive to commercial 
publi shers .  Several branches of the federal govern
ment , inc luding the Department of Energy and the 
u.s. Geological Survey , are already publishing 
resource materials  for teachers in speciali zed 
fields . Consideration should be given to the 
uti li zation of thi s  mechani sm for the dissemina
tion of some of the supplementary materials pro
duced wi th National Science Foundation support .  
I f  such materials were to be placed immediately 
in the public domain , even wider dis tribution 
could be accompli shed through local reprintings 
at regional science and mathematics resource 
centers . 

Major curriculum deve lopment requires public funding for 
the fami liar reason that the profi t margins of textbook pub
li shing do not generate the necess ary capital . His tory 
shows that the inerti a of the country ' s  vas t , p lura l i s ti c , 
independent ,  local ly control led school sys tem , taken together 
wi th the high risk and intense competition in educationa l 
publishing , has tended to inhibi t innovation and to promote 
uni formi ty at a safely mediocre level in the quali ty and con
tent of textbooks and o ther materials sold by the textbook 
indus try to the school s .  Although many publishers were 
ini tially worried about "government interference " ,  the 
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respons ib le leadership of the indus try came to wel come the 
curriculum- reform movement and to conclude that they , as wel l  
a s  the s chools , had benefi tted from i t  ( BCMA Associates , 19 7 5 ) . 

The NSF-supported curriculum-reform enterprises not only 
supplied fresh materials directly to the publ ishers that took 
over the distribution of their product but also made market 
breakthroughs tha t were sufficiently success ful to stimulate 
competing publishers to update the content and enhance the 
appeal of their of ferings . 

This success ful  model of curriculum development needs 
to be revived and continued . The earlier ef fort was suc
ces s ful, in par� becaus e the shock of Rus sian achi evement in 
space motivated many ab le and prominent scientis ts to devote 
much attention to improving precollege ins truction . There is 
now no s ingle motivating fac tor comparable to Sputnik . But 
there is another kind of motivation to reinforce a sense of  
public  duty : many scientists are greatly di ssatis fied with 
the education of their own children . 

RECOMMENDATION 2 :  We recommend continuation and 
increased support for the NSF programs of funding 
the des ign , experimental testing , and revis ion of 
new courses or curricula in science and mathematics 
and their assoc iated teaching and learning materials . 

The cos t of thi s recommendation wi l l  be of the order of 
$ 1 5  to $ 2 0  mi l l ion a year , and shou ld be provided by the 
federal government .  During the 1 9 6 0 ' s ,  7 7  elementary 
and s econdary school curriculum proj ects cos t a tota l of 
$ 9 3 . 8 mi l l ion , or an aver age of $ 1 . 2 2  mi l l ion each (National 
Science Foundation , 19 7 0 ) . They varied subs tantia l ly in s i ze 
and scope ; some of the l arger proj ects cos t about $ 5  mi l l ion 
each . I f  emphas is is  placed on the core s ubj ects that are 
taken by the largest numbers of s tudents , if each of these 
courses is  revi sed every five to ten years, and if there are 
always two or three al ternative programs for each subj ect , 
one can es timate that some s ix to eight new proj ects would 
be s tarted each year . At th e average cos t of  the 1 9 6 0 ' s ,  
correc ted for inf l ation , we arrive at a figure in the $ 1 5  to 
$ 2 0  mi l l ion a year range . 

Ins titutes for Teachers 

The new courses deve loped under NSF auspices are not as 
widely used as they were a few years ago (Wei s s , 19 7 8 ) , and 
the l earning techniques that character i z ed many of those 
cours es -- the inquiry approach , hands-on s tudent experimen
tation , and s tudent- initiated dis cus s ion -- are not in common 
use in mos t  schools  ( S take and Eas ley , 19 7 8 ) . 
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There are probab ly severa l reasons for thi s  s ituation . 
C ertainly par t  of the problem is  due to the fact  that only 
short- term teacher- training ef forts were made to so lve long
term problems . Several s tudies have indi cated that the NSF 
Ins titutes held prior to 1 9 7 0  were generally succes s ful ; 
teachers who had attended such institutes were more likely 
than other teachers to be using curriculum materials developed 
with NSF support ,  to be emphas i z ing laboratory activities , and 
to be s tres s ing a pupil-centered approach ( Schless inger , Howe , 
et a l . , 1 9 7 3 , p .  1 4 9 ) . Neverthe less , in Fiscal Year 1 9 7 1 , NSF 
negotiations with the Office of Manaqement and Budget resulted 
in a reduction of over one-third in funds for teacher-training 
institutes ( from 3 3 . 1  mi l lion dol lars to 2 0 . 1  mi l lion dollars ) .  
In expla ining this  change in priorities in 1 9 7 1 , Dr . Wi ll iam 
McElroy , the new NSF Director , .s tated : 

Up to now we have put roughly $ 4 6 0  mi ll ion 
into the summer institutes for high school teach
ers and we think we have reached the maximum 
benefit  from this approach . We think i t  is  time 
to turn around and reexamine our whole approach • • •  

The maj or cutback is  in summer ins ti tutes for 
high school teachers • • •  4 0  percent of our high 
s chool teachers have now participated in one or 
more of these . Un fortunately , we don ' t  have , but 
hope to know by the end of the year , how much 
further we can real ly go in reaching the football  
coach who is  as signed to  teach biology at the high 
s chool level ( Crane , 1 9 7 6 , pp . 1 4 5- 1 4 6 ) . 

As i t  turned out , the is sue was not so much how to reach 
the " football coach who is  as s i gned to t.each biology " as it  
was to give the new teachers who continued to enter the 
schools an unders tanding of the speci fic content , rationale , 
and techniques required to teach the improved core curriculum 
courses developed during the previous fifteen years . 

Each year , the schools have a signi ficant turnover of  
s cience and mathematics teachers . In 19 7 1 , the average teach
ing experience of s econdary school science teachers was 
between 10 and 11 years ( S ch less inger , et al . , 1 9 7 3 , p .  1 0 3 ) . 
In recent years , this figure has increased s l i ghtly ; in 19 7 7  
the NSF s tati s tical survey found an average o f  1 1 . 5  years of 
experience for mathematics , sc ience , and social s tudies 
teachers , wi th no great differences among the three subj ect 
areas (Weiss , 19 7 8 , p.  1 3 7 ) . Many of the 40 percent of the 
teachers who had attended NSF ins titutes prior to 1 9 7 0  are 
no longer teaching . 

Although dec lining school enrol lments have now s lowed 
the hiring of new teachers , dec l ining enrol lments have created 
new problems . When lay-of fs are necess ary , younger teachers 
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with little seniori ty are the first to be terminated ; they 
are often replaced by teachers wi th more seniority who have 
been trans ferred from other disc iplines . In 19 7 7 , 1 3  per
cent of the secondary school science teachers in the nation 
were teaching courses they did not fee l adequately quali fied 
to teach (Wei ss , 1 9 7 8 , p .  1 4 4 ) . 

For example , i t  i s  not at all  unusual to find a former 
chemis try or biology teacher with no academic background in 
earth science ass igned to teach that course . In such 
s i tuations , teachers often abandon the more ri gorous course 
materials in favor of al ternative texts that s tres s reading 
about s cience , and place fewer demands upon the teacher . The 
classrooms of these teachers are genera l ly dis tinguished by 
a l ack of emphas i s  on laboratory work and a preoccupation 
wi th answering the ques tions at the end of each chapter . 

Unfortunate ly , adequate opportuni ties have not been pro
vided during the 19 7 0 ' s  for retraining teachers who have been 
trans ferred to new fields . The 1 9 7 1  reduction in funds for 
teacher ins titutes des cribed by Or . McElroy was fol lowed by 
further reductions , and in 19 7 5  all  funding for NSF teacher 
training programs was suspended . In  1 9 7 6 , Congres s restored 
$ 4  mi ll ion for teacher ins titutes but res tric ted its use to 
ins ti tutes that are disciplinary in nature and not integrated 
wi th cours e  deve lopment efforts . These are ins titutes of the 
original kind , those intended to help teachers learn more 
chemis try , more mathematics , or more o f  some other s ubj ect 
they teach . Al though there has been some dissati s f action 
wi th the extent to which these insti tutes ac tua l ly increased 
the scienti fic knowledge of teachers attending them , there 
has been general approval of the ob j ective . 

Much more controversial  has been a second type o f  insti
tute . As  new courses and materials were prepared by some of  
the curriculum proj ects supported by NSF , i t  seemed desi rable 
to give teachers of those courses special training not on ly 
in the subj ec t  matter but also in me thods of handl ing the 
laboratory and other spec ial materials  used in the new courses , 
and in how to use the discovery or inqui ry me thod of  teaching 
that some of these courses emphasi zed . 

The s econd obj ec tive has been both confused and cri ti
ci zed . The purpose has sometimes been described as s timulat
ing the adoption of new curri cular materia ls that had been 
developed wi th NSF support ,  and when so described has been 
j us tified as increas ing the ef fectiveness of the courses 
deve loped under the NSF Course Content Improvement Program . 
At other time s , however , the s ame ef fort has been cri tici zed 
as improper ly interfering wi th course se lection decisions 
that should be made at the loca l leve l . These course- specific  
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ins titutes have also been charged with being unfair ly competi
tive with private textbook publishers who do not have funds 
to support teacher training insti tutes . 

Al though both of  these issues have been overemphas i zed 
in recent years by s ome members of Congress , there have been 
few complaints from publi shers or school district officials . 
A 1 9 7 5 report on the elementary and high s chool publishing 
industry indicates that , although the publishing indus try 
was apprehens ive twenty years ago when the NSF Course Content 
Improvement Program was initiated , mos t publi shers now appre
ciate the need for course- speci fic insti tutes . The report 
explains : 

[ Publishers ] may not be equal to the challenge 
of new curriculum materials with their new approaches 
to teaching and learning and. with content fre
quently not included in the teacher ' s  undergraduate 
and graduate curriculum . The publishers ' ef forts to 
expand implementation beyond their present ef forts i s  
limited by the money avai lable in school budgets . 
Many publishers are convinced that the programs they 
develop with a heavy investment of their own funds , 
as wel l  as the programs developed by S tudy Groups 
and Counci ls , do not always live up to expectations 
because of the cost limit imposed on implementation 
( BCMA Associates , 1 9 7 5 , p .  2 1 ) . 

Moreover , the spectre o f  interference in local curricu
lum decisions is dispel led by the endorsement of NSF activi
ties by many s chool superintendents . The NSF s tati s tical 
survey found 58 percent of  the s uperintendents agreeing that 
federal support has improved the quali ty of curriculum alter
natives available to s chools , 6 6  percent believing continued 
federal s upport for curri culum development to be necessary , 
and 7 7  percent believing that NSF should continue to help 
teachers learn to implement NSF- funded curricula (Wei s s , 
1 9 7 8 ,  p .  7 6 ) . 

I 

Several changes in NSF policy had the ef fect o f  depriv
ing many teachers of contact with the individuals who were 
mos t knowledgeable and most committed to the success ful 
uti li zation of the new materials in the core areas of  science . 
These changes inc luded NSF ' s  reluctance to fund teacher
training ef forts by the groups responsible for deve loping 
the new materials ; termination of some of the pro j ects in the 
core areas before thei r  frui tion ; and a switch in emphas i s  
f rom the core subj ects t o  interdis ciplinary approaches and 
social s tudies . During the period when the largest numbers 
of teachers finally began to use the core curriculum materi
als developed wi th NSF support , mos t  of the curriculum pro-
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j ec t  personne l were dispersed , and could no longer respond 
to the problems encountered by teachers . Thi s di scontinui ty 
also prevented proj ect personne l from becoming signi ficantly 
involved wi th the very real problems of large-scale course 
implementation ; such experience could have provided the bas is  
for s ubs tantive improvements in later revi s ions of the course 
materials . 

Although there can be no substi tute for subj ect-area 
competence , the NSF s tati s tical survey revealed that large 
numbers of teachers indicated a need for addi tional as s i s tance 
in obtaining information about new ins tructional materials  
( 4 3  percent ) , learning new teaching methods ( 4 3  percent ) , 
implementing the di scovery/inquiry approach ( 3 6 percent) , and 
us ing manipulative materials  ( 3 3  percent ) (Weiss , 1 9 7 8 , 
p .  14 7 ) . The dicipline-centered insti tutes that are now 
authori zed may be able to mee t  some of these needs in addi
tion to increas ing teachers ' knowledge of the disc ipline 
involved . But past experience has shown that there i s  no 
such thing as a " teacher-proof " curriculum . Unles s adequate 
teacher training programs are provided when new courses are 
introduced , very l i ttle change occurs in the classroom save 
the subs ti tution o f  one textbook for another . 

Mos t  of the maj or curriculum development groups have 
s tressed that the approach used by teachers in the c lassroom 
i s  as important as the new course material s . Some pro j ects 
have s tres sed that the success of their materials  in the 
classroom i s  critical ly dependent upon the adoption of a new 
role by the teacher . Teaching science or mathematics wi th 
an emphas i s  on the qual i ty of chi ldren ' s  thinking i s  an alien 
experience for many teachers , and is not an easy task for 
anyone . Teachers who are not convinced of the need to change 
their approaches to teaching can and do s abotage even the 
bes t of the new programs . 

The NSF case s tudies sugges t  that considerab le attention 
needs to be given to the development of s trategies to help 
teachers cope succes s fully wi th the practical problems 
created by the introduction of new teaching approaches and 
materials  into their c lassrooms . Subs tantive and long- term 
teacher- training e fforts are needed , both to update 
teachers ' unders tanding of science and to addres s the 
speci fic problems and cha l lenges that the new courses gener-
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ate , such as the use of the inquiry approach , the development 
of ques tioning techniques that focus on the quality of a 
s tudent ' s  thinking , the management and use of manipulative 
materials , the orches tration of a multi-media approach , the 
evaluation of s tudent achievement , and the maintenance of 
discipline in an activity-centered classroom . 

Rarely are these ski l l s  adequately mas tered in the pre
service education of teachers , partly because teachers usua l ly 
do not know which courses they wi l l  be teaching unti l they 
are hired , and partly because theoretical discus sions o f  
pedagogy do not seem to have much impact on teachers before 
they have grappled with the realities of managing their  own 
c las srooms . The alternative is more e ffective in- service 
training programs , but local s chool systems do not have the 
capabi lities , resources , or wi l l  to assume responsibi lities 
for the in- s ervice training of  s cience and mathematics 
teachers , particularly at the secondary leve l . It i s  there
fore important that the National Science Foundation resume 
support for ins titutes that can be course- specific , as wel l  
a s  for thos e that are primari ly disciplinary i n  nature . 

The charge of undue inter ference in local curriculum 
selection decisions need not arise , for NSF funding of 
ins titutes wi th the origina l emphas is  on the upgrading of 
individual teachers would al low NSF to remain at arm ' s  length 
from the adoption of speci fic programs by speci fic school 
systems . After a school sys tem has decided to introduce a 
particular new program , special  training for the teachers is  
essential regardless of whether deve lopment o f  the new pro
gram has been supported with NSF funds . 

I n  addi tion to in- servi ce training programs for teachers , 
more e f forts shou ld be made to develop s ummer ins ti tutes for 
elementary and secondary principals , focused on new approaches 
to the teaching of science and mathematics . Bes ides making 
principa ls more e f fective , such e f forts might also enli s t  
thei r  s upport i n  recruiting re luctant teachers to parti cipate 
in in- s ervi ce training ins titutes . 

RECOMMENDATION 3 :  We recommend support of an NSF pro
gram of ins ti tutes for teachers , both to increase their 
knowledge of subj ect matter and to improve their ski l l  
i n  teaching the new courses that wi l l  be deve loped in 
the future , whether the development of these courses 
is funded by public  or private sources . 

Al though there has been much tes timony to the value o f  
the NSF insti tutes , it  mus t b e  acknowledged that the leaders 
of some of  the ins ti tutes were disappointed that they were 
not more ef fective . In p lanning for future institutes , 
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attention should be given to overcoming the deficiencies 
reported in some of the pas t ones . 

At peak leve l during the latter hal f  of  the 1 9 6 0 ' s ,  NSF 
was expending c lose to $ 4 0  mi l lion a year to support ins ti
tutes attended by about 4 0 , 0 0 0  teachers a year . Nearly 9 0  
percent o f  the ins ti tutes were for high school teachers , and 
the ma j or cos t was for s tipends for the teachers who attended 
summer or year- long institutes . The part- time ins titutes 
attended by in- service teachers were cons iderably les s 
expensive . For the future , there i s  no " right " number of 
ins titutes ; the number wi l l  be determined by the normal 
political processes of balancing competing needs and 
opportuni ti es , but we believe the program should have per
manent , continuing s tatus . 

Non- tradi tiona l Educational Opportuni ties 

Much learning goes on outside of  schools and s chool 
lessons . The Panel had extens ive discus sions on only one of 
the non- tradi tional educational agencies -- the science and 
techno logy centers that now cons ti tute the mos t rapidly grow
ing segment of the museum world . But two others should be 
mentioned , for a lthough the Panel did not cons ider them in 
detail  they wi l l  have to be given care ful attention in future 
ef forts to improve science education . 

One has resul ted from recent revolutionary changes in 
e lec tronic circui try . The hand-held calculator i s  used by 
many thousands of s tudents and teachers , to so lve a variety 
of  quanti tative problems . Computers of  increasing power and 
decreas ing cos t have added a new dimens ion to ins truction in 
a range of subj ects . Computer aided ins truction has not 
fulfi l led a l l  the hopes of i ts advocates , but surely is not 
yet to be di smi s s ed . When and how these powerful tools  can 
mos t effective ly be used in education is a topic of much 
importance in future s tudies of science education . 

The other is  te levi sion , which has c learly become an 
enormous ly potent force in American soci ety . Mos t  chi ldren 
watch and are inf luenced by i t , and several s tudies have 
sugges ted that by the time they graduate from high schoo l , 
many s tudents have spent more time watching te levision than 
attending schoo l -- 2 0 , 0 0 0  hours and more . 

The Pane l noted that in the pas t , TV science programs 
have not been popular wi th chi ldren ( Ho lden , 19 7 8 )  and that 
even the bes t programs have not been total ly success ful , 
particular ly in involving the chi ld active ly , ins tead of as 
a pas s ive spectator . Never theless , a maj or challenge and 
opportunity lies in us ing te levis ion , perhaps in unconven-
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tional ways , as a too l to improve science l i teracy . The 
Chi ldren ' s  Televi sion Workshop science series now being 
developed has attractive pos s ibiliti es ; the Panel would hope 
other innovative approaches can be found . 

I t  i s  pos s ible that new and cheaper technology might 
help in making chi ldren more active participants . For 
ins tance , it is likely that video dis cs wi l l  soon be avai lable 
in clas s rooms so that video materials  can be consulted readi ly 
and wi thout help from teachers , j us t  as books can now be used . 
S imi larly , cheap hand-held video cameras and recording equip
ment could a llow chi ldren to video-record their own science 
programs , the goal being not necessar i ly the fini shed produc t 
but rather involvement in the process of program preparation . 

Te levi s ion and the computer have drastica l ly changed 
mos t  people ' s  l ives in the pas t 2 5  years . However , the right 
s trategy for thei r  use in education , particular ly in science 
education which depends heavi ly on active individual discovery 
and conceptual development ,  i s  not evident . Certainly much 
harm can be done by the mis application of inappropriate tech
nologies , and the glamour of sophis ticated technologies often 
cas ts them in the role of a solution in search of a problem . 
The Panel would hope that in the future the educational value 
of these  technologies wi l l  be assessed obj ective ly , giving 
ful l  consideration to both cos ts and bene fits , so that their 
mos t  appropriate uses in chi ldren ' s  science and mathematics 
education can be identi fied . 

Science and Technology Centers 

Many a vis i tor has come away from a museum , a planetar
i um ,  a zoo , an aquarium , or a science and technology center 
with a new interest , or an enhanced unders tanding of s ome 
s cientific proces s  or phenomenon . These non- formal educa
tional ins titutions di f fer in kind , s tyle , and e f fectivenes s ,  
but in communi ties that are fortunate enough to have them 
they can be va luable resources to chi ldren and adul ts who 
want to know more about sc ience and techno logy . 

Their permanent and trave ling exhibits and their special
i zed col lections and fac i l i ties provide opportuni ties for 
experiences that are practica l ly never avai lable in s chools . 
One can watch a polar bear , view science fi lms , get a c lose 
up view of a live octopus , s i t  in a space c apsule , or examine 
arti facts from early civi li zations and other cultures . And 
in a science and technology center -- much more than in the 
typical museum or zoo -- one c an also manipulate , try out , 
and experiment with equipment specifical ly des igned to fac i l
i tate learning through experience . As compared wi th s choo l , 
the learning is  less sys tematic , deliberately les s formal , 
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and more dependent on individual initiative and interest . 
At the s ame time , the experience can enrich the c lassroom 
fare , a l low one to go more deeply into an interes ting topic , 
and bring a topic to life through c lose s tudy and manipulation 
of speci fic examples . 

These benefits are avai lable to those  that seek them . 
Yet there has been surpris ingly l i ttle research on what and 
how vis i tors to mus eums , zoos , and science and technology 
centers rea l ly learn . I t  seems c lear that some vi s i tors 
learn much . And attendance records and the number o f  repeat 
vis i ts give evidence that many people value these insti tu
tions . The science and technology centers are especially 
popular ; a 1 9 7 4  survey by the National Endowment for the 
Arts found 3 8  percent of a l l  museum vis i ts to be to science 
and techno logy centers , as compared with 24 percent to his tory 
museums and 1 4  percent to art mus eums . Science centers had 
3 6 . 5  mi l l ion vis i tors in 19 7 5  ( Kimche , 1 9 7 7 ; Roark , 1 9 7 9 ) . 

Because of  their popularity and f lexibi lity , s cience 
centers can be very important contributors to increased 
science l i teracy of the American public . How their programs 
and exhibi ts can bes t  contribute to thi s end is an area of  
educationa l research that merits much more ef fort than i t  has 
received in the pas t . 

In  addition to their c lassic , museum- like function of 
presenting intere s ting and informative exhibits , many of these 
ins titutions of fer other educational opportunities . Examples 
include : 

• Special lecture-demonstrations , given to school 
c lasses brought to the qenter for that purpos e ,  
or taken to the school by the center s taf f , 
together with a van load o f  demonstration equip
ment . 

• Organi zed c las ses , a few hours a day for pre-school 
chi ldren ; and short courses on photography , magne
tism , geo logy , computer programming , and many other . 
topics , taught at leve ls appropriate for des i gnated 
age groups . 

• Guided tours , work on proj ects that have educational 
value , a home and meeting place for amateur science 
c lubs , and a variety of  other activi ties , some for 
particular age groups and some designed to attract 
whole fami lies . 

• Internships for elementary or high school teachers 
who want to learn more about science education and 
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how to make use of a variety of kinds of equipment , 
or for prospec tive teachers during their pre- service 
education . 

Typical ly , the people who take advantage of any of these 
opportuni ti es cons titute a vo luntary , se lf-selected group ; 
peopl e  visi t  museums and science centers because they want 
to . Thus the s tudents who make mos t  use of these out-of
s chool opportuni ti es are l ikely to be those who are mos t  
interes ted i n  science , for there they can pursue their  inter
ests to gre ater depth , in new directions , and at their own 
pace -- a l l  more readi ly than i s  usua l ly pos s ib le in the 
more s tructured atmosphere of the school . 

Thi s aspect is  an asset that should be preserved , for 
under current priori ties the abler and more highly motivated 
s tudents are now o ften given less attention in s chool than 
their abi lities and their potential  contributions to society 
would warrant . At a science center , they can pursue favorite 
topics in more depth , work on science pro j ects , and get 
expert advice more readi ly than in mos t  schools . 

At the same time , because these centers are located in 
cities , they can also provide inner-c i ty youngs ters wi th 
better opportuni ties to learn what the natural wor ld i s  like 
than can be o ffered by the fenced- in blacktop surrounding a 
city s chool bui lding . Some centers have already s tarted 
special programs for thi s  purpose , such as the events spon
sored by the Oakland Museum to involve local communi ty members 
and the " explainer " s tudent intern program of  the San Francisco 
Exploratorium . Science centers can play qui te s igni ficant 
roles in providing al ternative educational experiences for 
talented s tudents from inner-city s chools who do not have 
sufficient opportuni ties in school to pursue s cienti fic inter
ests . Thi s  concept wi l l  be discus sed in more detai l later , 
in the s ection enti tled " The Needs of Spec ial Groups " .  

In some communities , th e local sc1ence and technology 
center may be the bes t  organi zational base for a science and 
mathemati cs teaching resource center of the type described 
ear li er . A science center provides a degree of independence 
from the s choo l sys tem i tse l f . The center ' s  s taff may include 
experi enced and s ucces s ful teachers and also practicing 
scienti s ts interes ted in improving science education . And 
it may a lready have a variety of use ful supporting s ervices , 
such as shops , technicians , and graphic arts faci lities . 
The deci s ion is  obvious ly a local and individual one , for 
many communities do not have a science and technology center . 
But in communities in which they do exi s t , their educational 
us efu lness could sometimes be increas ed by enab ling them to 
assume the additiona l role of a teaching resource center . 
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In a number of communities , the educational value of 
s cience and technology centers i s  a lready so wide ly recog
ni zed that they are being pressed to do more than can be sup
ported by their over-strained budgets . Al l of their func
tions require money , and admis sion charges are never suffi
cient to meet expenses . Gi fts from private sources or sub
s idies from public ones are essential . Contributions from 
bus iness and indus try , grants for special proj ects from 
private foundations and federal agencies with scienti fic and 
technica l interes ts , and the new but s ti l l  sma l l  sus taining 
grants from the federal Ins titute for Museum Services are a l l  
needed , and a l l  helpful . 

In some communi ties , the school sys tems of the regi on 
have found the local science and technology center to be so 
valuable that they regularly provide some support f rom school 
budgets . Thi s  i s  a relationship to be encouraged , for i t  
gives both s ides an on-going interes t  i n  developing the mos t  
educational ly useful methods of  collaboration between the 
formal school sys tem and these non- school a llies in improving 
s c ience education . 

RECOMMENDATION 4 :  We recommend the development 
of addi tional science and technology centers of 
the kind that now exi s t  in a number of ci ties . 
Furthermore , we recommend the s trengthening of 
cooperative arrangements between these centers 
and nearby school sys tems to increase the extent 
to which the centers provide planned supplementa
tion of the programs of  the associated schools , 
and to increase their general value to chi ldren 
and adults who wi sh to learn more about science . 

This recommendation does not call for action by the 
federal government . A number of ci ties have found means to 
develop science and technology centers ; their number i s  
growing ; w e  hope i t  wi l l  continue to grow . But w e  are not 
recommending the ir es tablishment anywhere except where there 
is sufficient local interes t and local financial support to 
get one s tarted . 

The Needs of Special Groups 

Minori ty group members and women are serious ly under
represented in science and engineering . In 19 7 4 , minorities 
cons ti tuted almos t 11 percent of the emp loyed labor force , 
but occupied only about 5 percent of all  j obs in s cience and 
engineering . Women , who made up almos t 4 0  percent of the work 
force , compri sed only 6 percent of the employed sc ientists 
and engineers (NSF , 19 7 7 , p .  6 ) . 
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These disparities are so great as to show c learly the 
need for pos i tive efforts to increase the opportunities for 
women and for members of minori ty groups . But ci ting the 
dispari ties does not mean that our obj ective i s  exact s tatis
tical parity of  all groups in all occupational fields . 
Indeed the attainment of precise s tati s tical parity in a l l  
fields would no doubt require the i l legal  use o f  race and 
sex as cri teria for selection . In any event , the goal  
should not be  s tati s tica l , but individual : any chi ld who 
has the necessary interes t and abi l i ty should not be denied 
access because of race or sex to a career in any fie ld of 
science or any of the profes s ions based on science . 

Among the four general ly identified minority groups , 
�erso�s o f  As i an origin are s tatis tically over-represented 
�n sc�ence and engineering , and there fore do not need special 
attention in the context of thi s  report . The other three - 

American Indians and Alaskan Natives , Blacks , and Hi spanics -
are all underrepresented . Of these three groups , Blacks are 
mos t  numerous , have been mos t  s tudied , and wi l l  mos t  often 
be used as the i l lus trative minori ty group in the fol lowing 
discus sion . In  general , however , the special  needs of Blacks 
are matched by s imi lar needs of the other two minori ty 
groups , and also by thos e economica l ly disadvantaged chi ldren 
in general . 

Blacks cons ti tuted 15  percent o f  the 1 8 - 2 1  age group in 
1 9 7 4  and 1 0 . 7  percent o f  the total undergraduate population . 
But Blacks cons ti tute only 6 . 9  percent of  undergraduates 
ma j oring in the biological sciences , 5 . 9  percent of  those 
maj oring in engineering , and 4 . 6  percent of the physical 
science ma j ors ( Office of Civi l Rights , 1 9 7 6 ) . 

At the graduate school leve l , the numbers of minorities 
receiving doc torates in scienti fic di sciplines are even 
lower . Blacks , Hispanics , and Native Americans account for 
almos t 2 0  percent of the population , but in 1 9 7 7  cons tituted 
les s than 4 percent of the Ph . D .  recipients in a l l  science 
and engineering fie lds , inc luding the social sciences . Women 
received 1 8  percent of the doctora l degrees in science and 
engineering in 1 9 7 7  (National Research Council , 1 9 7 8 ) . 

The s i tuation means that as a nation we are not uti l i z
ing effec tively many gi fted young people , although technolog
ical innovation is widely recogni zed as a need focal to our 
economic hea l th .  A large fraction of the nation ' s  corporate 
executives and more than hal f  of the federal decision-makers 
( GS- 1 8  and above ) come from science and engineering back
grounds . I t  is unfortunate that more women and minorities 
are not receiving the scienti fic education that would improve 
their opportunities for upward mobi lity . 
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As chi ldren approach adolescence , the avai lability of 
ro le models  becomes an important factor in their selection 
of future care�s .  S tudies have shown that , a lthough parents 
are listed by adolescents as the individual s  mos t  responsible 
for their career choices , associations with other adults 
holding spec i fic occupations are second in importance 
( Pa llone , Hur ley , and Rickard , 19 7 3 ) . There is a need , there
fore , to provide more women and minori ty group role models , 
i f  we are to encourage more adolescent girls and minori ty 
group s tudents to cons ider careers in s cience . 

Ways should be explored to increase the number of  such 
role models  on the science and mathematics faculties of 
s econdary schools . However , minori ty group s tudents and 
girls need contact with role models  from scienti fic careers 
other than secondary schoo l science or mathematics teaching . 
I t  i s  here that indus try and universi ty science and engineer
ing departments can provide an important service by lending 
s cienti fic personnel to work with minori ty youth and girls . 

The Minori ti es in Engineering programs initiated through
out the country beginning in 19 7 2  provide many examples  of 
cooperative e f forts involving loca l  school sys tems , indus tries , 
and univers i ties ( Committee on Minori ties in Engineering , 
1 9 7 7 ) . Wi th support from a number of indus trial  corporations 
and their foundations , these programs have focused on es tab
li shing local organi zations that encourage interac tions among 
secondary school personne l , col lege faculty members , indus
tria l  personne l ,  and community groups . 

However ,  much remains to be done , not only in engineer
ing but in other scienti fic fields . Unti l i t  i s  pos s ible to 
improve signi ficantly the qua l i ty of mathematic s  and science 
education for a l l  disadvantaged chi ldren , particular ly in 
inner- c i ty schools , there is a need to deve lop an approach 
that wi l l  identi fy gi fted but economical ly disadvantaged 
s tudents ear ly in e lementary and j unior high s chool and fol low 
them through high school and col lege , so as to provide them 
with the support necessary to increase their opportunities 
for learning and thei r  chances of s ucces s . There is much that 
could be done to help such s tudents cross the academic hurdles 
in their path , such as the establishment of special  schools  
or s chools-within-a-school ,  the provi s ion of summer enrichment 
camps in science and mathematics , the arrangement of part
time s tudent apprenticeships wi th profess ional scienti s ts and 
engineers , and the provi s ion of speci al  career-planning assis
tance for s tudents and their parents . 

I f  larger .numbers of women and minori ty group members 
are to have careers in science and engineering , larger numbers 
of s tudents mus t  be put into good science and mathematics 
cours es , enrol led in the col lege-preparatory programs in high 
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schoo l , and given the education that wi l l  qual i fy them for 
admis s ion to scien ti fic and technical programs in col lege . 
Effective actions of thi s kind should be the conscious 
and measurable obj ectives of programs to increase interest  
and motivation . 

Even i f  many special  efforts are made , the task wi l l  take 
decades . Success  wi l l  require a national commi tment las ting 
into the next century . The fac t  that the task cannot be 
accomplished quickly should not deter us from continuing on 
what mus t necessari ly be a long- term effort . 

RECOMMENDATION 5 :  I n  order to give women and mem
bers of  racial  or ethnic minori ty groups greater 
opportuni ty to become interes ted in and to prepare 
for careers in scienti fic and technical occupations , 
we recommend that scienti s ts and engineers work 
with their local school sys tems to provide special  
lectures and c lasses ; tours of local  scientific , 
engineering , and technical fac i l i ties ; opportuni
ties  to meet with appropri ate role mode ls ; and 
other experi ences intended to inc rease their 
motivation and to overcome their disadvantages 
in s ecuring the education necessary for s cien-
tific and technical careers . In addi tion , we 
recommend that ef forts be made to identi fy 
gifted but economically disadvantaged s tudents 
early in their school ing , so as to ensure that 
they wi l l  be afforded adequate opportuni ties to 
prepare themse lves for admi ssion to scienti fic  
and technical programs in col lege . 

Accomplishment of these obj ec tives wi l l  require wide
spread , decentra l i zed , continuing e f fort on the part of many 
organi zations and individuals . Thi s  recommendation i s  
equal ly broadly aimed . 

Accountabi l i ty and the Use of  Tes ts 

The phrase " back to the basics " s ummari zes the mos t  
widely publici zed recent campaign in education . Three 
quarters of the S tates of the Union have adopted some form 
of minimum competency legi s lation , legi s lation requiring 
s tudents to pass certain tes ts before being promoted or 
allowed to graduate . Both the back to the bas ics movement 
and the minimum competency legi s lation are evidence of in
creas ing pub lic insis tence that schoo l s  be held accountable 
for the per formance of s tudents . 

Thi s whole movement has been fueled by widespread com
plaints that high school graduates are not as we l l  educated 
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as they should be . Employers complain that new young em
ployees wi th high school diplomas are i lliterate . Col lege 
English departments are having to shi ft more of thei r  Fresh
man Engli sh classes to work on composition and remedial 
English ins tead of teaching literature courses ( Gibson , 19 7 8 ) ; 
publicity has been given to declining scores on the Scholas
tic Apti tude Tes t ,  and part of  that dec line has been re lated 
to the fact that " less thoughtful and critical reading i s  
now being demanded and done " and " careful wri ting has appar
ently about gone out of sty le " in many schools (Wirtz , et al . ,  
19 7 7 ) . 

So  the cal l arises for an end to social promotion , the 
abolition of fri lls  and a reduction in the number of soft 
courses , for greater emphas is on the bas ics of reading , 
wri tin� and computation , for the use of s tandardi zed tests 
to determine whether s tudents have attained minimum competency , 
and for increas ed accountability on the part of  the schools . 

The motivation for much of this concern i s  highly 
laudable . The public should be interested in i ts schools . 
There is room for much improvement in the curriculum . 
Reading and writing are bas ic and essential ski l ls . S chools 
should be accountable for the ef fectiveness with which they 
educate the nation ' s  youth . The trouble wi th accountability 
i s  not with the concept , but wi th the method by whi ch student 
per formance is measured and publicly reported . 

I f  teachers know the tes ts that wi l l  be used to compare 
their pupi ls , their schools , and their own performance , of  
course they wi l l  emphas i ze in their  teaching the ski l l s  and 
knowledge that are emphasi zed in the tes ts . Nothing else 
could be expected . Indeed teachers would be remiss  i f  they 
did not help their s tudents acquire the information and ski l ls 
on which they wi l l  be j udged . 

I t  i s  therefore necessary to unders tand the methods by 
which pupi ls are j udged , and to ana ly ze the s logan " back to 
the bas ics " ,  for that s logan seems to have di f ferent meanings 
for d ifferent users . As a reas sertion of  the primacy of the 
central core subj ects in contras t  wi th a variety of " fringe " 
or " so f t "  courses , it  raises a ques tion of educationa l phi los
ophy on which there is continuing argument , and to whi ch the 
answer often depends upon the parti cular s tudents being con
s idered . 

As ins i s tence on mas tery of  the facts , methods , and 
ski lls  that are essential for competent performance , l earn
ing the basics of mathematics or other s ubj ects has the s ame 
kind of  solid j us ti f i cation that i t  does in learning to play 
basketba l l , or a mus ical ins trument . Initia l ly , reading , 
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writing , and arithmetic are ski l l  subj ects . After the rudi
ments have been learned , they become much more than that , 
but for a beginning pupi l much practice is  required to mas ter 
the bas i c  ski l ls . Because those ski l ls are es sential for 
other schoo l s ubj ects and for ef fec tive management of many 
aspects of adult l i fe , the public  is ri ght in wanting to 
hold s choo ls accountable for the abi l i ty of their s tudents 
to read , wri te , and calcu late wi th reasonable competency . 

Reasonab le competency may be a l l  that can be expected of 
some s tudents , but for others that level is not enough , par
ticularly in the higher grades and especia l ly for the more 
competent s tudents . Thus loss res ults when back to the bas ics 
sets limi ts on what is to be learned , as i t  does when some 
s ubj ects , such as science , are exc luded from the defini tion 
of basic  educa tion which is used to a l loc ate s tate funds to 
local  schools ; or when teachers and s tudents are led to 
believe that there is no need to go beyond the leve l of min
imum competency , as they are when promotion or graduation are 
determined by scores on tests of minimum competency . 

I t  i s  this last interpretation , or implementation , of 
the back to the bas ics and minimum competency movements that 
we s trongly oppose . When those movements set a low cei ling 
on expectations and opportunities , many of  the chi ldren and 
soci ety are deprived . Ralph Tyler provides an example of 
how the low cei ling of a minimum competency requirement 
affec ts schools : 

" I n F lorida , the Nationa l Education Associ ation 
panel (which I chaired ) heard criticisms that the 
eleventh grade testing program was resulting in 
an overemphas is in many high schools on e lemen
tary reading , ari thmetic , and speci fic tes t items 
in order to ensure that students can pas s the 
tes ts . As a result , high schoo l subj ects s uch 
as science , his tory , li terature , music , and the 
arts have been neg lected . Some of the teachers 
ac tual ly be lieved that the law now required them 
to narrow the curriculum to these minimum compe
tencies . • .  Many teachers interpreted the emphas is  
on bas ic ski lls  to mean they mus t  devote mos t  of  
their attention to routine dri l l "  ( Tyler , 1 9 7 9 , 
p .  2 9 - 3 0 ) . 

An encouraging contrast to thi s  report is  the fact  that 
some s tudents now seem to recogni ze what has been happening ; 
a recent survey conduc ted by Ga l l up Poll  and the Ke ttering 
Foundation found many s tudents saying that e lementary 
s chool s tandards are too low and that c lasses are not suffi
ci ently cha l l enging . 
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In practice , the emphasis  on minimum competency has led 
to over-reliance on tes ts of those aspects of the curri culum 
that can be mos t  readily expres sed in s imple numerical scores . 
This  tendency is  rein forced by the already wide use of obj ec
tive and national ly s tandardi zed tes ts of aptitude and 
achievement ,  and by the desire on the part of parents , the 
public , and school adminis trators to be ab le to compare this  
year with las t year , or  this school wi th that one . 

Unfortunate ly , thi s emphasis  on numerical measures that 
are easi ly obtained and easy to report undermines an impor
tant part of the s chools' educational function , for the tes ts 
that bes t sati s fy the des ire for ease of admini s tration and 
reporting are , in the main , des i gned to measure the s imp ler 
and more routine aspects of education : abi lity to per form 
the four fundamental processes of ari thmetic rather than 
understanding of mathematical principles and reasoning ; 
remembering the names of concepts rather than unders tanding 
their meaning ; abi lity to recogni ze rules and princip les 
rather than abi l i ty to interpret and apply them ; abi l i ty to 
recogni ze  parts of  speech rather than abi l i ty to wri te 
li terate English.. Yet as a report from the Counci l for Bas ic 
Education emphas i zed , "wi thout the thinking elements science 
teaching is s tripped of i ts greate s t  appeal to chi ldren , "  
and these "more subtle and often more important obj ectives 
of education " tend to be suppres sed by the rigid application 
of accountability measures ( Hausman , 1 9 7 6 , pp . 3 and 1 0 ) . 

I t  i s  pos s ib le to improve the examinations that are 
used to measure minimum competency and that should be done 
for they wi l l  no doubt continue to be used . But even at 
their bes t ,  they help establish a single s tandard for the 
granting of  an educ ational credential , a s tandard that may be 
di scouragingly high for some s tudents and di spiri tingly low 
for others . As s tated earlier , there are important bas i c  
ski lls  that s tudents should b e  expected to learn , and i t  is  
appropriate to require demons tration of competency in reading , 
wri ting , and ari thmetic computation . But measures of these 
ski l l s  shou ld never cons ti tute the sole bas i s  for decis ions 
concerning promotion or graduation of s tudents or the eva lua� 
tion of school curricula . Tes ts of these ski l l s  do not 
measure and do not purport to measure all  that should be con
s idered in making those decis ions . 

W� there for� recommend that teachers be provided wi th 
a more des irable and f lexible al ternative : a large bank 
of careful ly cons tructed examination i tems from which indi
vidua l schools  and individua l teachers can select their own 
examinations ( Z acharias , 1 9 7 9 ) . There shou ld be such a bank 
or res ervoir of tes t  i tems in each sub j ect  or ma j or area 
inc luded in the curri culum : in the s ciences , and also in 
foreign languages , soci al  s tudies , the arts , and a l l  the res t . 
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Each bank should cover a wide range , from the e lemental 
and s imple  f ac ts to the ideas , the concepts , the methods , and 
the more di f ficult and abs tract aspects of the sub j ec t . Each 
i tem bank should include ques tions of several types . Some c an 
be of fami liar mul tiple-choice form , but other types would 
also be included . E s s ay or discuss ion que s tions are harder 
to score , but pedagogical ly more effective . In between 
multiple-choi ce and ess ay ques tions are open-ended ques tions 
that can be answered by a word , a phrase , a sentence , a com
putation , or a comparison . These i tems can be scored in a 
highly re liab le manner ; they can be phrased to require rea l 
unders tanding ; they can be wri tten in great variety ; they 
serve more effectively as a bas i s  for c lass di scus sion than 
do mul tip le-choice i tems ; and they s tand up better to pub lic 
scrutiny . 

Each bank should be large enough to provide very wide 
choice in se lecting i tems to make up di f ferent examinations 
di f ferent in order to be appropri ate for the wide range of 
schools and pupi ls that exi s t  in the Uni ted States , and di f
ferent so the same schoo l or teacher can draw many examina
tions from the bank . 

Moreover , and mos t  importantly , the bank should not be 
secret . All  of the tes t i tems should be public ly avai lable , 
to teachers , parents , schoo l chi ldre� to anyone who is  inter
es ted . Unlike tes ts whose secrecy mus t be care fully pre
served , there wou ld be no danger in a l lowing s tudents to 
examine the tes t bank . Wi thin any fie ld -- biology for 
example -- there would be so many dif ferent i tems , tes ting 
so many di f ferent aspects of biological knowledge , princip le , 
and method that any teacher could say to a pupi l " Go to i t . 
I f  you can answer the questions in thz biology bank you know 
enough biology to earn a high grade . "  I t  may be des irable 

2
Beginning in the 1 9 3 0 ' s ,  the University of Chicago faculty -
wi th he lp from the Univers i ty ' s  Board o f  Examinations -- con
s tructed long , searching examinations that were the sole 
basis for grading in many courses . These examinations inc lud
ed some mul tiple-choice and other obj ec tive i tems , some to be 
answered by a word or phrase , and some that required longer 
answers . As soon as one of these examinations was used , copies 
were made avai lab le in the Univers i ty Book S tore for purchase 
by anyone interes ted . Thi s sys tem worked very sati s factori ly . 
The faculty had to cons truct good examinations , ones they were 
wi lling to make publ ic . S tudents had the opportuni ty to find 
out in advance what the faculty cons idered to be the content , 
scope , and appropriate examination for a course . The reason
ablenes s of our proposal i s  supported by this  favorab le expe
rience , but our proposal goes further in making the whole 
bank of i tems avai lable from the s tart . 
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to add that under mos t c ircums tances the particular i tems 
from the bank that wi l l  appear on a given examination should 
not be announced in advance . The who le i tem bank should be 
open , but if the particular ques tions on which s tudents wi ll  
be graded are known in advance , s tudents wi l l  be tempted to 
concentrate too exc lus ive ly on the answers to the selected 
i tems . 

Open access to the whole tes t  bank would force the people 
who cons truct the tes t  i tems to do a better j ob .  I t  i s  di f
ficul t to wri te tes t  i tems that assess a s tudent ' s  abi li ty 
to think c learly , to unders tand principles and re lationships , 
to express ideas in c lear , concise prose . I t  i s  more di f fi
c�lt to wri te such i tems than to wri te tes t  i tems that depend 
on memory for facts , names , or word meanings , but it is not 
imposs ible . · I f , �l� of the . i tems are open to public inspec
tion , and if the tes t  bank is expected to cover the whole 
range of curricular obj ectives , the tes t wri ters would have 
to do a better j ob .  

I f  all of the i tems are open to inspection , they are 
also open to obj ec tion by experts . Scienti s ts could chal
lenge any that invo lved faulty unders tanding of  the sc ien
ti f ic facts or princ iples involved . Representatives o f  
minority groups cou ld challenge any that seemed unfair to 
their groups . 

The purposes of  these tes t  banks would be to improve 
education and to give teachers wider lati tude in measuring 
what their pupils  have learned than is pos s ible wi th s tan
dardi zed tes ts . For other purposes , tests o f  other types 
are available . Employers and college admis s ions officers can 
continue to use s tandardi zed tests to aid in making their 
selection deci sions . Educational and vocational counselors 
can continue to use the tests they find of value in their  
work . The National As sessment of Educational Progres s 
wi l l  no doubt continue to use tes ts designed for i ts purposes . 
Tes ts for these uses are typical ly the s ame throughout the 
country , and care is exercised to keep the tes t items secret , 
at leas t unti l after the tes t has served i ts purpose . 

But nei ther national s tandardi zation nor secrecy are 
necessary for tes ts used to assess progres s  during the school 
year , to he lp diagnose areas of s trength or weakness , to use 
as s tarting points for c lassroom discus s ion or other forms 
of teaching , or to determine when a s tudent i s  ready to move 
to the next level or block of material , or i s  ready for pro
motion or graduation . For these purposes , examinations con
s i s ting of ques tions se lected from the appropriate tes t  bank 
can give each school or teacher subs tantia l  lati tude in 
s e lec ting i tems with the content and at the leve l that are 
appropriate for that parti cular group of s tudents . 
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RECOMMENDATION 6 :  We recommend vigorous e fforts 
at local levels  to combat the overemphas is  currently 
given to s cores on s tandardi zed tes ts of achievement 
in comparing the performance of schools , c lasses , and 
individual pupi ls . Because the tes ts mos t  generally 
used for these purposes give emphasis  to the more 
elementary and routine abi l i ties necess ary to meet 
"minimum competency " requi rements , they cons ti tute 
only a part of the bas i s  upon which s chools  and 
pupils  should be j udged . In addi tion , in order to 
make availab le more desi rable tests wi th which 
teachers can appraise the performance of their 
pupi ls , we recommend the creation , for each ma j or 
sub j ect , of  a large bank of tes t  i tems , of varied 
types and covering a wide range of ski lls  and 
knowledge of the subj ect field . These tes t  banks 
should be openly avai lable to any teacher , school 
adminis trator , parent , chi ld , or anyone else who is  
interes ted . Open avai labi lity of the entire bank 
of test items should improve the quality of tes t  
i tems and wi ll  give teachers lati tude in selecting 
the tes t  questions that match their educationa l 
ob j ectives . 

Much work wou ld be involved in making up the thousands 
of i tems that would be needed for the i tem banks in all  of 
the ma j or areas o f  the s choo l curriculum , and to pretest the 
i tems to determine their di f ficulty and uncover hidden 
ambigui ties . Because the tes t i tems would be of quite varied 
types , more time would be required to score them than is 
necessary for tests that can be scored by machine . But off
setting these cos ts would be the large amount of time saved 
by not having to cons truct individual teacher-made tests and 
the advantage of having access  to a large resource o f  reliable 
and wel l- tes ted i tems from which any teacher could draw exam
inations tai lored to the particular needs and interes ts of 
a school or class . 
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IMPLEMENTATION 

Success ful achievement of the obj ectives of  our recom
mendations wi ll  require leadership , cooperation between the 
scienti fic and educational communi ties , and continuing govern
ment suppor t for private initiative . 

Leadership 

Mos t  of the leadership mus t come from s cientis ts and 
scienti fic organi zations . The NSF s tudies indicate that 
leadership in this effort is quite unlikely to come from any
where within the educational system . Only a small percentage 
of school superintendents and principals are primari ly inter
es ted in s cience or mathematics . Teachers rate them low 
among avai lable sources of help on problems in teaching 
sc ience and mathematics . A maze of s tate and federal regula
tions and requirements forces them to be sys tems managers 
rather than educational leaders . 

Some sub j ec t  matter coordinators could serve as leaders , 
but the exce llently quali fied ones are few in number ,  and 
typically they are able to devote only about a fourth of 
their time to working wi th teachers on ins tructional matters . 

The individual teachers who are interes ted are geograph
ica l ly scattered . Working on curricular reform and the 
development of innovative teaching materials is  not generally 
rewarded in most s chool systems . Some of the speciali zed 
societies , such as the National Counci l  of Teachers of Mathe
matics or the National Science Teachers As sociation , can be 
very he lpful . But the ma jor national association , the 
National Education As sociatio� has los t  most of its former 
intere s t  in educational matters as it has become an aggres
s ive labor union . 

Thu� respons ibi lity for leadership seems to lie in the 
hands of  scientists and scienti fic as sociations . In the 
19 50 ' s  and 19 6 0 ' s  mos t  of the scienti s ts actively involved 
in the curriculum proj ects came from academic insti tutions , 
and that wi ll  probably be true in the future . But there i s  
also a rich source o f  talent among scienti s ts and engineers 
in indus try , and they may be of  special value as greater 
emphasis  is  given to improving science learning for all 
s tudents , whether or not they are going to co llege or whether 
they are likely to fol low careers in the scienti fic and tech
nical fields . 

From wherever they may come , scienti s ts wi l l  have to 
take the initiative . Many are not s atis fied wi th the present 
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performance of  the nation ' s  schools , and believe that improve
ment is pos sible and necessary . They now have the choice 
between doing the hard work neces sary to provide leadership 
in bringing about the desired improvements or of resigning 
themse lves to the expectation that those improvements wi ll  
not occur . 

Ins ti tutional as we l l  as individual leadership wi l l  be 
necessary , and the National Science Foundation is the mos t  
experienced and appears to be the mos t  appropriate ins ti tu
tiona l leader . Other federal agencies , school sys tems , and 
private foundations should help , as they have in the pas t , 
but a leading agency i s  required to focus the governmental 
intere s t  and support . 

One of  the unknowns of  the legi s lative future i s  whether 
Congres s wi l l  vote to e s tab lish a new Department of Education , 
and i f  i t  does so , whe ther i t  wi l l  trans fer the pre-college 
educational responsibi lities of NSF to tha t new Department ,  
as some of the advocates o f  the new Department propose .  The 
case can be argued ei ther way . Science education is  part of 
education and should therefore be part of  the new Department . 
Or , science education i s  part of science and should remain 
in c lose alliance wi th other scienti fic activities . I f  a 
new Department of Education is  es tablished , i t  may deve lop 
in such a way as to make the trans fer seem des i rab le . But 
for the time being , we give more wei ght to two reasons for 
retaining respons ibi l i ty in the National Science Foundation . 
One reason i s  the nature o f  the activi ties to be supported . 
The recommendations presented above wi ll  require individual 
decis ions as to whi ch proposals , among a number submi tted , 
are most meri torious and can be supported . NSF has had 
much more experience in the support o f  individua l pro j ects 
selected as mos t meri torious by the processes o f  peer review 
than has e i ther the Office of  Education or the National 
Institute of Educa tion . Indeed a subs tantial part of the 
Office of Education responsibi l i ty has been for programs in  
which funds are allotted by formu la ins tead of on a se lec tive 
bas i s . 

The other reason concerns the personnel involved . 
Scienti s ts , who wi l l  have to lead the whole e f fort , al ready 
have we ll-estab lished working re lationships wi th NSF . 
Moreover , because the interests of  scienti s ts in education 
are often c lose ly linked to their interes ts in research , 
s trong continuing re lationships with NSF are al together 
likely . For these hi s torical and organi zational reasons , 
we be lieve that the NSF should continue to be the federal 
agency wi th maj or respons ibi l i ty for supporting e f forts to 
improve science educ ation at the pre-co llege level . 
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Cooperation 

Leadership wi l l  come from scientis ts , but they should 
make greater ef forts to enli s t  the active cooperation of the 
educational communi ty than they did in the 1 9 5 0 ' s  and 19 6 0 ' s .  
Specialists in education are needed and they can be of much 
help in getting improved programs accepted by the educational 
communi ty .  They can also be more directly ef fective in 
devi s ing systems to reward teachers for using better materials 
and methods , and can he lp bui ld into the education sys tem the 
idea of a continuing e f fort toward improvement . 

New curricular materials are generally more demanding 
of teachers than were the textbooks that preceded them . They 
call  for greater unders tanding of subj ect matter , and require 
effective use of  teaching ski lls that are not required by 
s imple reading and reci tation . But this  i s  not what i s  
emphas i zed in mos t  schools of education . So far the s chools of 
education have had relative ly li ttle involvement in the course 
improvement effor t . Individuals , particularly specialists in 
science educ ation , have been valuable members of many of the 
proj ect teams . And some of the institutes for teachers have 
been sponsored by schools or departments of education . But 
the education profess ion did not ini tiate the maj or e f forts 
to improve education in science and mathematics , and the 
initiators of that ef fort have not done enough to enli s t  the 
continuing cooperation of that profession . 

Now , wi th c lear recogni tion that a continuing e f fort is  
needed , the leaders of that e f fort should seek means of  
involving more e f fectively the deans and professors of educa
tion . In the long run, i t  is they who wi l l  determine whether 
new teachers enter their firs t pos i tions reasonab ly we l l  
grounded in their fie lds and able to u s e  teaching methods 
that he lp young s tudents learn to think and develop rational 
abilities . The schools of education should inculcate the 
atti tude that curricular improvement and the development of 
better materials and methods wi ll  be an expected and con
tinuing part of each teacher ' s  profes siona l li fe . 

Suppor t for Private Initiative 

Twenty years ago , NSF clear ly di s tinguished the educa
tiona l responsibi l i ti es of the federal government from those 
of the private sector and local government . Congress had 
recogni zed the need for federal ass i s tance to the nation ' s  
schools , and NSF was authori zed to use part of i ts funds for 
that purpose .  But it would not try to control ; ins tead , i t  
would support " the activi ties of competent persons and groups 
in the scienti fic and academic communi ties in carrying out 
what those communi ties j udge to be needed and proper . The 
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Foundation takes pains to avoid wherever possible the impli
cation o f  endors ing or speci fying atti tudes , the nature of 
course content , or related i tems which are properly the prov
ince of the educational community . The initiative mus t  derive 
from the academic community "  (quoted from 1 9 5 9  budget s tate
ment , NSF , 19 7 5 ,  Vol .  I I , p .  2 1 ) . 

In taking this posture , NSF was honoring the long and 
deep tradition that educational respons ibi lity i s  reserved 
to private insti tutions and to s tate and local government .  
At the s ame time , NSF was honoring another deeply rooted 
American tradition , that voluntary private action is often 
the mos t ef fective way to accomplish maj or public purposes . 
I n  supporting research , NSF had already followed this course . 
I t  was accustomed to selecting the most promi s ing 
proposals from among all  those submi tted , but i t  did not try 
to decide what problems should be tackled next or what methods 
should be employed . Scientis ts active ly engaged in research 
were cons idered to be the best j udges of those matters . And 
so it was with improvements in education ; scientis ts and the 
educational specialists and teachers who were working with 
them were considered to be better j udges than the NSF s taff 
members of what should be taught to pre-col lege students and 
of how i t  should be taught . 

For several reasons there has been appreciable back
s liding from this pos i tion .  Congress s ti l l  pays tribute to 
the tradition of local autonomy , and in fact has reprimanded 
NSF when it thought some of the Foundation ' s  implementation 
activi ti es had gone too far in influenc ing school sys tems as 
to the curricular materials they should use . Congress  i tself 
has not tried to dictate what should be taught in the nation ' s  
schools , but i t  has come dangerous ly c lose in deciding some 
things that should not be taught . When some o f  the NSF
funded proj ects in the biological and social sciences encoun
tered cri ticism in Congress as being value- laden or contro
versial , NSF was sei zed by anxiety . Both Congres s and the 
General Accounting Of fice have warned NSF that it c annot 
avoid being responsible for the content and conduct of cur
riculum development proj ects , and that it should take a more 
active ro le in determining in advance what is needed in the 
way of educational improvement and then seek means of respond
ing to those needs . 

NSF has been immense ly valuable in achieving many of 
the improvements in science and mathematics education of the 
pas t quarter century .  Other federal agencies and some pri
vate foundations have also been involved , but NSF has c learly 
been the primary supporter o f  the whole movement .  In large 
par t i ts success has been due to the fact that it had the 
confidence of the scienti fic communi ty , and i t , in turn , was 
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geared to provide financial support for the bes t ideas and 
proposals  that were generated in that communi ty . NSF was 
success ful because it did not try to mas termind the whole 
e f fort and because it could pick and choose from among a l l  
the ideas emanating from the community of  scienti s ts and 
educators interes ted in the improvement of education . 

Much experience tells  us that the support of private 
intere s t  and e f fort is often the mos t e f fec tive way to achieve 
a public purpose . But when private ini ti ative is supported 
by public funds there is s trong temptation for the provider 
of those funds to exert more and more control . Unless that 
temptation i s  res i s ted , the private ini tiative that s tarted 
the whole effort is weakened , and is likely to be squee zed 
out . The fact that thi s  tendency is wrong in principle and 
usually ine fficient in practice is likely to be forgotten 
by a bureaucracy that is overly respons ive to criticism . 
Nothing useful in education can expect universal approval . 
The response to cri ticisms mus t  not be the typical bureau

cratic remedy of s tronger central control . 

In looking toward the implementation o f  the recommenda
tions made above , the tendency toward centrali zation and 
increasing national regulations should be re s i s ted as vigor
ous ly and continuous ly as pos s ible . The teaching resource 
centers we have proposed wi l l  operate in individual communi
ties , some as parts of school systems and others under other 
organi zational sponsors . Each should be pl anned , organi zed , 
and managed in terms of  i ts local resources , opportunities , 
and cus toms . Simi larly , as efforts are made to improve 
education in mathematics -- to achieve something better than 
the tradi tiona l emphasis  on computati on and better than the 
original versions of the new math -- i t  is sure ly teachers 
and mathematicians in the field , not s taff  members in 
Washington , who can bes t  decide what to try and whether what 
has been tried has worked as e f fective ly as i t  might . 

What i s  cal led for is enlightened self-restraint on the 
part of the National Science Foundation , the Office of Manage
ment and Budget , and the Congres s .  All recogni ze the prin
ciple involved , but in day to day dea ling with detai ls s taff  
members are always under pre s sure to  take the " safe " course 
of increasing central control or adopting another nationa l 
regulation . Yet principle should be made to prevai l .  NSF 
surely does not want authori ty over the subs tance of what i s  
taught in the schools . Congress  would not want that power to 
be held by any agency of the Executive Branch nor to arrogate 
it to itself . The proper role for NSF is to al locate public 
funds in the encouragement of the bes t  independent initiative . 
Of course NSF mus t then see to i t  that those funds are hon-
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es tly and competently used for the purposes intended . But 
decis ions as to what educational improvements are most needed 
and how those needs can bes t  be met are emphatical ly not 
decisions to be made by an agency of the federal government . 
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