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C. I 

NOTICE: The proj ect that is the subj ect of this report was approved by 
th e Governing Board of th e National Resea rch council ,  whose members a r e  
drawn from · the councils o f  the National Academy o f  Sci ences ,  the National 
Acade� o f  Engineering, and th e Institute of Medicine. 

This report has been revi ewed by a group other than the authors 
according to procedur es approved by a Report Review COmmittee consisting 
of members of the National Academy of Sci ences ,  the National Academy of 
Engi neering, and th e Institute of Medicine; 

The National Academy of Scienc es is a private, nonprofit , sel f-per
petuating soci ety of distinguished scholars engaged in scienti fic and 
engineering r esearch, ded icated to the furtherance of scienc e and technol
ogy and to thei r  use for the general welfar e. Upon the author ity of the 
charter granted to it by the Congr ess in 186 3 ,  the Academy bas a mandate 
that requi r es it to advise the federal government on scienti fic and tech
nical matters .  Dr . Prank Pr ess is president of the National Academy of 
Sciences . 

The National Academy of Engineering was establi shed in 196 4 ,  under 
the charter of th e National Acade� of Sciences, as a parallel organi za
tion of outstanding engineers. .It is autonomous in its administration and 
in the sel ection of its members ,  sha ring with th e National Acadellfi of 
Sci ences the responsibility for advising the federal government . The Na
tional Acade� o f  Engi neerin� also sponsors engi neering programs aimed at 
meeting national needs , encourages education and research, and recognizes 
the superior achievements of engi neers . Dr. Robert M. White is president 
of the National Academy of Engineering .  

The Institute o f  Medicine was established i n  1970 by the National 
Acade� of Scienc es to secure the services of eminent members of appro
pr iat e  professions in the examination of policy matt ers pertaining to the 
h ealth of the public . The Institute acts under the responsibility given 
to the National Academy of Sci enc es by its congr essional charter to be an 
adviser to the federal government and, upon its own initiative, to iden
t i fy issu es of medical car e, r esearch, and education . Dr . Samuel o. Thi er 
is pr esident of th e Institute of Medicine. 

The National Research council was organi zed by the National Academy 
of Sciences in 1916 to associate the broad �ommunity of science and tech� 
nology with the Academy ' s  purposes of furthering knowledg e and advising 
the federal government . FUnctioning in accordance with general policies 
deter mined by the Academy ,  the council bas become the principal operating 
agen� of both th e National Acade� of Sciences and th e National Academy 
of Engineering in providing services to the government , the publi c ,  and 
the scienti fic and engineering communities .  The council is administer ed 
jointly by both Academi es and the Institute of Medicine. Dr . Prank Pr ess 

. and Dr . Robert M. White are chairman and vice chai r man ,  r espectively, of 
the National Research council . 

This study was supported by Contract SRS-8 515461 between the National 
Acade� of Sciences and th e National Sci enc e Foundation . 

Copies available from: 
Office of Sci enti fic and Engineering Personnel 
2101 Constitution Avenue, N.W. 
Washington, D.c.  20418 
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PREFACE AND ACKNOWLEDGMENTS 

This proceedings volume is the result of the joint interest of the 

National Science Foundation (NSF) and the National Research Council's 

Office of Scientific and Engineering Personnel COSEP) in the nation's 

human resources. Each has had a strong, longstanding commitment to 

understand the populations comprising the scientific and engineering 

work force and has undertaken numerous studies to analyze supply and 

demand, education and utilization, and various demographic character

istics. The underrepresentation of minorities is a recurrent but 

unresolved issue in many of these studies. . 
OSEP conducted a Workshop on the Underrepresentation and career 

Differentials of Minorities in Science and Engineering on November 20 , 
1986. Both that workshop and an earlier one on women were funded by 

NSF's Directorate for Engineering and Directorate for Scientific, Tech

nological, and International Affairs. Many individuals at NSF and the 

Research Council contributed to the success of this project. Michael 

F. Crowley, study director of NSF's Scientific and Technical Personnel 

Characteristics Study Group (STPCSG), developed the idea for the work

shops. Nancy Conlon, STPCSG program officer, managed the project for 

NSF. Other NSF staff who provided SUPPOrt were Carl w. Hall, deputy 

assistant director in the Directorate for Engineering: Mary F. Poats, 

special assistant to the assistant director in the Directorate for 

Engineering: and several individuals in the Directorate for Scientific, 

Technological, and International Affairs: Alexander J. Morin, director 

of the Division of Research Initiation and Improvement: William L. 

Stewart, director of the Division of Science Resources Studies (SRS): 

and Charles H. Dickens, head of SRS's Surveys and Analysis Section. 

Gwendolyn L. Lewis, OSEP's former data services officer, compiled in

formation from numerous sources in order to structure the workshop's 

agenda and to ensure that scholars with the approPriate expertise would 

be involved in this exploratory workshop. Linda s . . Dix, administra

tive officer, managed the project for OSEP, working with the authors, 

drafting the introductorv chapter of this report, and shepherding this 

volume through the production process. We are grateful for the tech

nical support of Yupin Bae, research assistant: Eileen P. Milner, man-

.ager of SUPPOrting services: and JosePh J. Quiglev and Mary Wanyoike 

of OSEP's suPPOrting services section. Finally, we eXPress apprecia-
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tion for the able secretarial support of Agnes Israelsen and catherine 

D. Jackson. 

The thought-provokinq presentations of the authors whose commis

sioned papers are incorPOrated within this volume--Richard P. Duran. 

Howard H. Garrison, Cora Bagley Marrett, and Willie Pearson. Jr.--qave 

direction to the workshop. Furthermore. the critiques of Cheryl B. 

Legqon, Michael T. Nettles. and Amaurv Nora offered additional insiqhts 

into the current situation in mathematics, science. and engineerinq for 

blacks. Hispanics. and Native Americans: a critique follows each com

missioned paper within this proceedings volume.* 

We express qratitude also to Thomas Cole, who chaired the work

shop: to James Ebert and John Moore. who commented on the imPOrtance 

of the issues from the perspectives of the National Research Council 

and the National Science Foundation, respectively: and to Kenneth 

Manninq. who presented a historical overview of the situation of minor

ities in the fields of science and engineerinq. Finally. OSEP thanks 

those other participants who contributed to the thoughtful discussion 

that took place throughout the day. 

The workshop enabled participants to review the issues in depth. 

OSEP is pleased to broaden the audience for the workshop through pub

lication of this volume. We hope that this will clarify the issues 

and help to direct intervention strategies and research that will 

increase the participation and success of minorities in mathematics, 

science, and engineering. 

Alan Fechter 
Executive Director 

*Throughout this proceedinqs volume, the views expressed by the authors 

and other participants are those of individuals and are not to be at

tributed either to the National Research Council or to the National 

Science Foundation. 
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INTRODUCTION 

The substantial underrepresentation of some mino r i ty g roups-
blacks , H i spanics, and Native Ame ricans--i n this country ' s  science and 
engineering labor fo rce is a matter of national concern, particula rly 
in the face of declining 18-year-old cohorts and increas i ng proport ions 
of minorities wi thin future coho rts . This concern led the Office of 
Scienti fic and Eng ineer i ng Pe rsonnel , supported by the National Science 
Foundation, to sponsor the Wor kshop on the Under"representation and 
career Di fferentials of Minorities in S cience and Eng inee r i ng ,  which 
exami ned the causes and patter ns of this under representat ion at al l 
educational levels and in the wor k  force .  

The workshop was convened to review both the stati stical trends 
of minority part icipation in science and engineer i ng and the body of 
resea rch that seeks to explain the di fferences in the pa rticipation 
rates of mi norities . Papers and formal presentations focused on di f
fe rent educational leve ls and on di ffe rent minority groups in order to 
bette r understand vary ing levels of participation , patterns of attri
tion, and their  under lyi ng causes . * Questions of interest i ncluded : 

• How does the i r  participation di ffer among groups and from that 
of non minori ties? 

• What is known about the factors that lead to their  lower par
ticipat ion rates? 

• Where has progress been made , and why? 
• Where mi ght productive resea rch e fforts be di rected? 

Many factors were cited as poss i ble i mpedi ments to minority 
students' pu rsuit of coursework in mathematic s ,  science , and engineer
i ng and to the i r  success in science and engineer i ng careers :  

• Low soc ioeconomic status of the fami ly , 

*The views expressed by the authors and other partic ipants are those 
of i ndividua ls and are not to be attributed either to the National 
Research Council or to the National Science Foundat ion . 
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• Lower expectations held for minority stud ents than for thei r 
white peers by themselves,  parent s ,  and teachers , 

• Insu fficient counsel i ng and remedial programs , 
• Inferior precollege educational opportunitie s ,  
• Inadequate financial aid , 
• Lack of mino r ity role models and mentors,  and 
• Lack of well-organi zed institutional recruitment and admi s

s ions programs . 

As one resea rcher noted , these factors all center around the • degree 
of compatibi l i ty between home, community ,  and school envi ronments and 
experiences . •  

To counteract this ser ious condition--l imited opportuni ties for 
mino r it i es to succeed in science and mathematics courses and careers-
numerous actions , including the fol lowing , might be taken : 

• Providing bette r preparation in mathematics and science at the 
elementary and secondary school levels , through such programs 
as remedial classes and tutoring, in o rder to improve the 
qual ity of the pool of minority col lege-bound stud ents ,  

• Increasing the number of i ntervent ion programs designed to 
promote positive attitudes toward mathematics and science by 
mino r i ty students and , subsequently, their  en rollment in more 
advanced courses and greater pursuit of careers in  the sci
ences and eng i neer i ng ,  

• Incr eas i ng the number and kinds o f  financial aid avai lable to 
students , 

• Broadening the scope of student services provided by col leges 
and universities in order to promote th e •academic and soc ial 
i ntegration of minority students on nonminority campuses , •  and 

• Hiring more mino rity faculty members,  pa rticularly in highe r 
education, who could serve as mentors and role models as well 
as •visible symbols of the institutions' commitment to rac ial 
equality . •  

Finally , the workshop part icipants identi fi ed topics of further 
resea rch, i ncludi ng : 

• Causes of the di fference among var ious minority groups in 
preference to pursue sci ence study , 

• Determinants of sel f-ass essed mathematical abi lity of minority 
students, and 

• E ffects of social i zation processes and soc i etal values on the 
acc ess of members of speci fic mino r ity groups to scienti fic 
and eng inee r i ng careers.  

2 
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OVERVIEW OF PRESENTATIONS 

cora Bag l ey Ma r r ett analyz ed the pr ecollege situation of mino r ity 
students .  Ach i evement tests of pr ecol l eg e  students show a na r rowing 
but signi ficant gap in mathematics and science scores between whit e 
stud ents and those of black , H i spanic ,  and Native Amer ican stud ents .  
Contributi ng to these di fferences i n  scores a r e  di fferenc es in th e 
avai lability and sel ection of sci ence and mathematics cou rses and in 
thei r  content . Ri sing minority scores , she said , can be attributed in 
part to the success of special programs designed to attract mi nority 
students to mathematics and science and to r ec ent emphas is in th e 
schools on upgrading basic sk i ll s .  The gap between the achi evement 
sco r es of these mino r i ty students and nonminority students is na r r aw
ing in part because of declining scor es for white students. The ex ist
ing gap is pa rticularly alar ming , howev er , because the scores suggest 
that the gap widens as students progr ess through school and that 
g r eater di fferences occur as higher cognitive lev els are tested .  
Chang es i n  enroll ment i n  el ect ive sci enc e and math ematics cou rses ,  as 
well as changing student attitudes towa rd science and math ematics, a r e  
also discussed in her paper . 

Und ergr aduate science and eng ineer ing education for blacks and 
Nat i v e  Amer icans was r evi ewed by Howa rd Ga r r i son.  Und err epresentation 
of thes e  groups at the col l eg e  level is the result both of thei r lower 
r epr esentation in higher education in g en eral and of thei r distribution 
among fi elds.  Although black enroll ment in high er education mor e  than 
doubled between 1 96 8  and 1 978, rac ial di spa r it i es in degree attainment 
r emained mar k ed .  Blacks graduat e from high school at 86 . 7  p erc ent of 
the wh ite rate, enter coll ege at 76.3 percent of the white rate, and 
graduate from coll eg e  at 5 2.2 perc ent of the white rat e. · For Native 
Amer icans the dispa r ities are even la rg er . A number of factors a r e  
r elated to col l eg e  persistence i n  general : socioeconomic background , 
l evel of pa r ental education, strength of acad emic background, avai l
ability of financ ial aid , and int egration into campus li fe. Type of 
institution is  also i mportant, pa rticula rly in contrasting students who 
begin th ei r stud i es at 2-yea r  versus 4-year institutions . Some of the 
factors assume additional i mpo rtance for students who s el ect sc ienc e 
and engineer ing as thei r field of study . Having a col l eg e-educat ed 
pa r ent not only inc r eases the l i k elihood of a mino r i ty student choosi ng 
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a quantitative major,  but also equal i zes the rate of choice from minor
ities and nonmino r ities . Part of this relationship is  due to the ef
fects of parental education on students'  h igh school perf ormance , thei r 
postsecondary education plans , and a wider knowledge of occupational 
opportunities . In addition , r ole models are part icularly important to 
students majori ng in the sciences , and research i ndicates that the race 
of the role model is also important . 

Ri chard P .  Du ran reviewed the precollege and undergraduate educa
tion of Hi spanic groups . survey studies indicate that the educational 
achievement of H i spani c students beg ins to fall behind that of non
mino r i ty white students in the elementary school grades and that the 
gap in achievement cont inues unabated throughout the high school 
years.  Many factors contribute to this gap . Personal background 
characte r i stics such as Spani sh versus English language proficiency , 
socioeconomic level , and length of u . s .  res idence are related to 
achievement . Research indicates that Hispanic students take fewer 
academic cou rses ,  espec ially in mathematics and sc ience, thei r grades 
are not as high as for white students,  and they do less well on stan
da rdi zed achievement test s .  The high school completion rate for Hi s 
panics over the period 1972-1983  ranged from a low o f  about 4 5  percent 
to a high of only 52 percent . 

Data for 1976 t o  1982 s how small but steady increases in the num
ber o f  Hi spanics attendi ng 4-year and 2-year colleges ,  in the per 
centage of al l college enrollees who are Hi spani c ,  and i n  the number 
o f  Hi spanics recei ving bachelo r ' s degrees . Whi le encouragi ng, these 
i ncreases result from a substantial increase in the population of H i s
panics in the college-age group rather than from an increase in the 
number of H i spanic high school graduates who elect to attend col lege . 
When enrollments at 2- and 4-year institutions a re separated, data 
i ndicate that Hi spani cs are twice as li kely to attend 2-yea r col leges 
as 4-yea r colleges . Low enrollment of Hi spanics i n  4-year institutions 
i s  an important factor contr i buting to ·thei r f ailure to pu rsue graduate 
study in science and eng i neering . Persistence in higher education i s  
also a matter of major concern. As early as two years into an under
graduate education , Hi spanics have a persi stence rate notably below 
that of students as a whole--i n fact , the lowest for al l ethnic clas 
s i fications of students.  Dr . Du ran noted that resea rch poi nts to 
strong gender-related di fferences in students' pursuit of science and 
engineer i ng and suggested that analyses of success rates based on eth
nicity alone may be misleading . 

The part ic ipation of underrepresented minor ities in  graduate edu
cat ion and their  careers in science and engi neering was the sub ject of 
Willie Pearson ' s  presentation . Despite enormous increases in enroll 
ment and degree attainment , black and Hi spanic students remain under
represented at the graduate level . A number of reasons for thei r low 
levels of pa rticipation have been suggested : ( 1 )  immediate employment 
opportuniti es may appear to be more rewarding to some mino r ity stu
dents, upon graduation from col lege, than advanced study because of 
possi ble financial di fficulties , the academic r isk of graduate study , 
and labor market uncertainties : ( 2 )  a ma jor r eason gi ven by black and 
Hispanic students for not pursuing higher education is lack of finan-
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cial support ; and ( 3 )  stud ies show that minority students , once in 
graduate school , are more li kely to report feeli ngs of i solat ion from 
other students and lack of encouragement from faculty . 

The generally lower rates of graduate education pa rticipation of 
some minor ities is even more pronounced in certain academic field s ,  
espec ially science and eng i neering .  Neve rtheless, the numbers o f  
minoriti es receiving the doctorate and enter i ng the science and eng i
neering work force is growi ng . In 1 97 3 ,  only 0. 9 pe rcent (or 2, 000 ) 
of employed doctoral scientists and eng ineers were blac k .  By 1983 , 
that number more than doubled ( 4 ,  900 ) ;  that represents a 142  percent 
growth rate over the decade , although blacks compr ised only 1 . 3  percent 
of the doctoral scientists and enginee rs in 1 9 8 3 .  Du r i ng the same 
decade , the representation of H i spanics increased dramatically and 
that of Native Ame r icans remained unchanged . Data i ndicate that among 
scientists and eng ineers,  minorities are more li kely to be unemployed 
or underemployed than are whi te s .  On average, mino r ities earn lower 
annual salaries than thei r white counterparts. Only small di fferences 
--some related to f ield distr ibution--exist among doctorate holders . 
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BLACK AND NATIVE AMERICAN STUDENTS 

IN PRECOLLEGE MATHEMATICS AND SCIENCE 

Cora Bagley Marrett 

Introduction 

Scores of analyses have diagnosed the case of mathematics and 
sc ience education in the Un ited states and found it to be in ser ious 
condit ion . I f  the situation is grave for most students ,  it is  di re 
for black, Native Amer i can, and Hi spanic students ,  students who com
pr i se an ever larger fract ion of the elementary and secondary school 
populatio n .  Yet , the signs are not ent i rely bleak : on sever al ind i 
cators minority students have made gains.  Moreover ,  the correcti ves 
that prove effective for nonminor ity students benef it mino rity students 
as wel l .  To understand the mathematics and science problems of minor
ity students might not requ i re that we develop an et iology d i fferent 
from that which appl ies for nonminori ty pupils ; i nstead , it probably 
demands that we identify the fo rces that make mino r i ty students sus-. 
ceptible to the problems . At present , we know more about the status 
of mino r i ty students in mathematics and sc ience than we know about 
influences on that status . Consequently , improvements in mathematics 
and sc ience education for black , Native Ame rican, and Hi spanic students 
will necess itate analyses that move beyond the present kinds of 
surveys on enrollment and test pe rformance to investigations on the 
ways in which student , teacher ,  and school conditions intersect to 
affect learni ng . 

Four themes organize thi s  discuss ion on the education in mathe
matics and sc ience at the precollege level for black an d Native Ame r i 
can students. * The first is that i n  certain respects these students 
have made sign ificant strides . The second is that even with these 
strides , black and Native American students sti ll lag far behi nd thei r  
nonmino r i ty counterparts . Th i rd ,  en rol lment and pe rformance on stan
dardized tests seem attr i butable to the kinds of inf luences that also 
affect nonmino r i ty students . The fi nal theme : there are dimens ions 
still to be explored if we aim not merely to diagnose but also to 
improve the mathematics and sc ience education of black and Native 
American students .  

*Hispanic students are discussed i n  a separate paper by Howard G. 

Ga r r ison.  
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Indicators of Change 

Changes in the Mathematics and Science Education 
of Black and Native American Students 

Changes in Mathematic s .  In 1 9 78 ,  9-year-old bl acks who took the tests 
in mathematics administe red for th e Nationa l Assessment of Educational 
Progress ( NAEP ) gave cor rect responses on about 4 3 percent of the 
exerc ises . ! In 1982 , the fraction had increased to 4 5  percent ( s ee 
Table 1 ) . Th i rteen-yea r-olds reg i stered an even greate r gain : from 
4 2  percent cor rect in 1978 t o  4 8  percent in 1982.  Pa rticular ly note
wo rthy is the fact that for the age group the increase was greate r for 
black than for white students . Among 17-yea r-old black and white 
pupils,  the scores for 1 98 2  fell below those for 1 978 ; the change was 
larger among whites than among blacks , howeve r .  

The NAEP results are not phenomenal ; they me r it attent ion because 
they parallel trends that other analyses have uncovered . H igh school 
seniors who took a test in mathematics during 1 97 2 in connection wi th 
the Nationa l  Long itudi nal study ( NLS) 2 generally received higher 

!The National Assessment of Educational Progress ( NAEP ) began in 
1 96 9  what was to become a per iod ic exami nation of the educational 
achievement of young Americans . Since that time , NAEP has provided 
i nformation on mathematics achievement for th ree pe r iods : 1 97 2-7 3 ,  
19 77-7 8, and 1981 -8 2 .  NAEP admi nisters a series of exerc ises designed 
to tap four cognitive levels : knowledge, or the abi l i ty to recal l 
facts and def initions ; s ki l l s ,  as assessed by the accu racy of computa
tions , measurements ,  and i nte rpretat ions of graphs and tables ; under
stand ing , or the ability to explai n or il lustrate mathematical sk i ll 
or knowledge ; and appl icat ion , tested by exerci ses requ i ring the use 
of mathematics for problem solving . NAEP reports results for three 
race/ethnic categor ies : wh ites , blacks, and Hispanic s .  Th is i nforma
t ion and that which follows on the NAEP Assessment of Mathematics come 
from Nationa l Assessment o f  Educationa l Progres s ,  Th e  Th i r d  National 
Mathematics Assessment : Results, Trends and I ssues , Report 
No . 13-MA-01 , Apr il 1 983 . Al so see Matthews , et al . ,  1984 . 
2A national sample of high school seniors 'Served as the fi rst re
spondents for th e National Long itudi nal Study ( NLS) , begun in 1 9 7 2 .  
These seniors took a battery of tests , includ ing a test of basic 
knowledge in mathematics , and completed a questionnaire on att itude s ,  
home background , an d  future plans . The same respondents were later 
contacted in 1 97 3 ,  1974,  1 976 , and 1 979 . In 1 98 0  a similar survey-
High S chool and Beyond ( HSB) --was launched . The HSB used many of the 
instruments from th e NLS but included sophomores as well as senior s .  
HSB underwent a change in 1982,  when it included students who had been 
in the 1 98 0  sophomore sample . The group retook the battery of items 
they had fi rst completed as sophomores . The HSB data set al lows for 
two d i fferent compa r i sons : a cross-sectional compa ri son for the two 
cohorts of seniors and a long itudinal study of the 1980 sophomores . 
See Roc k ,  .!.!; !!:..r 1 98Sa , b.  
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TABLE 1 :  Changes in Mean Performance on Mathematics Assessment , by Racial/Ethnic Group , 1978 and 
1 982 ( i n percent ) 

overall Knowledge Sk ills Unde rstandi ng Appl ications 

Score Change Score Change Score Change Score 
1982 ' 78- ' 82 1 98 2  ' 78 - ' 82 1982 ' 78- ' 82 1982 

TOTAL 
Age 9 56 . 4  
Age 1 3  6 0 . 5 
Age 1 7  6 0 . 2  

Wh ite 
Age 9 
Age 1 3  
Age 1 7  

Black 
Age 9 
Age 1 3  
Age 1 7  

Hispanic 
Age 9 
Age 1 3  
Age 17  

58 . 8  
6 3 . 1  
6 3 . 1  

45 . 2  
48 . 2  
45 . 0  

47 . 7  
51 . 9  
49 . 4  

+1 . 0  
+3 . 9* 
-0 . 2  

+0 . 7  
+3 . 2* 
-0 . 2  

+2 . 1  
+6 . 5 * 
+1 . 3  

+1 . 1  
+6 . 5* 
+0 . 9  

6 8 . 3 
7 3 . 8  
74 . 9  

70 . 8  
76 . 1  
77 . 3  

57 . 8  
6 3 . 8  
6 2 . 6  

58 . 7  
6 5 . 3 
66 . 1  

+1 . 4  
+4 . 5* 
+0 . 2  

+1 . 2  
+3 . 9* o.o 

+3 . 5* 
+8 . 0* 
+3 . 0  

o.o 
+6 . 3 * 
+2 . 0  

50 . 6  
57 . 6  
6 0 . 0  

53 . 1  
6 0 . 4  
6 3 . 0  

38 . 7  
44 . 0  
44 . 2  

4 3 . 8  
49 . 2  
48 . 4  

NOTE : Scores represent percent correct for the areas . 
*Change signif icant at . 05 level . 

+0 . 8  
+4 . 0 * 
+0 . 3  

+0 . 6  
+3 . 4 *  
+0 . 3  

+1 . 6  
+6 . 7 *  
+1 . 8  

+2 . 5  
+7 . 2 * 
+0 . 5  

41 . 2  
6 0 . 5 
6 1 . 5  

43 . 4  
6 3 . 6  
6 4 . 7  

31 . 4  
46 . 4  
44 . 8  

32 . 4  
49 . 7  
49 . 7  

Change Score 
' 78- ' 82 1982 

-0 . 4  
+3 . 9* 
-0 . 3  

-0 . 8  
+3 . 6  
-0 . 1  

+0 . 9  
+5 . 9* 
-0 . 2  

-0 . 2  
+5 . 9 *  
+0 . 8  

39 . 6  
4 5 . 6  
42 . 4  

42 . 4  
47 . 9  
45 . 5  

27 . 0  
34 . 8  
26 . 0  

30 . 5  
38 . 8  
31 . 4  

Change 
' 78- ' 82 

+0 . 5  
+2 . 2 * 
-1 . 1  

+0 . 6  
+1 . 6 *  
-1 . 0  

-0 . 6  
+4 . 4 *  
-0 . 2  

+0 . 6  
+6 . 0 *  
+0 . 4  

SOURCE :  National Assessment of Educational Prog ress , The Thi rd National Mathematics Assessment : 
Results, Trends and Issues , Report No. 1 3-MA-01 , Denver , Colo. : Education Commi ss ion of the 
States , Apr i l  1983 . 
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TABLE 2 :  Olanges in Mathematics S cores of seniors,  by Racial/Ethni c  
Group, 1 97 2  and 1 98 0  

N LS  1 97 2 HSB 1 980 
S tandard S tandard Change 

Mea n Deviation Mea n Deviatio n  1 97 2-1 98 0 

TOTAL 1 2 . 94 7 . 3  1 1 . 90 7 . 2  -1 . 0 3* 

Wh ite 1 3 . 95 6 . 9  1 2 . 98 6 . 9  -0 . 98* 

Black 6 . 50 6 . 2  6 . 69 6 . 3  0 . 19 

Native American 7 . 7 4 6 . 4  8 . 28 6 . 5  0 . 5 4 

Chicano 8 . 02 6 . 8  7 . 54 6 . 8  -0 . 48 

Puerto Rican 6 . 3 3 6 . 2  7 . 19 7 . 5  o . 85 

othe r Hi spanic 8 . 04 5 . 9  8 . 08 6 . 8  0 . 0 4 

NOTE : Scores scaled to the National Long itudi nal study Mathematics 
Test . 
*p • •  05 . 
SOURC E :  Donald Rock ,  Ruth Ekstrom, Margaret Goert z ,  Thomas Hi lton , and 
Judith Pollack,  Factors Associated with Decl i ne o f  Test Scores o f  High 
School Seniors, 1972 to 1980 , Report No . cs 8 5-21 7 ,  washi ngton , D .C . : 
cente r for Stati stics , 1 98 5 .  

scores than did those seniors who took the related test in 1980 for 
the High School and Beyond su rvey ( HSB) . The scores of blacks and 
Native Americans did not undergo the sharp dec line that occurred for 
whites ; in fact , for these two minor ity groups , the scores for 1980 
were somewhat higher than those for 1972 , although only minutely ( see 
Table 2 ) . 

The NAEP a nd NLS/HSB stud ies show changes ove r time in enrollment 
patterns . In 1 978 , 5 5  percent of the 17-year-old blacks in the NAEP 
survey had taken at least one-half yea r of algebra ; the figure for 1982 
was 57 percent . In that same per iod , the figure for whites dropped 
slightly : f r om 7 5  t o  7 4  percent ( see Table 3 ) . Enrollment in trigo
nometry went from 6 .  8 percent to 8 .  2 percent for blacks and from 
1 3 . 8  percent to 14 . 9  percent for whites . The N LS/HSB data show that 
most of the 1 98 0  seniors had had more mathematics than had the 1 97 2  
seniors . The di fference across time did not reach stati stical signifi
cance for wh ites ; it  d id for blacks and Nati ve Ame rican s ( see Tabl e 4 ) . 

Evidence of change appears in more than the la rg e-scale , national 
surveys . Native Amer icans in the state of Washi ngton who attend thei r  
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TABLE 3 :  Olanges in Mathematics course-Taking for 17-Year-Olds,  by 
Race , 1 97 8  and 1 98 2  

cou rse 

General or business mathematics 
1 9 78 
1 98 2  

Pre-algebra 
19 78 
1 98 2  

Algebra 
1 9 78 
1 98 2  

Geometry 
1 9 78 
1982 

Algebra I I  
1978 
1982 

Tr igonometry 
1978 
1982 

Pre-calculus/calculus 
1 9 78 
1 98 2  

computer mathematics 
1 9 78 
198 2 

Pe rcentage with a t  Least One semester 
Wh ite Black 

44 . 7  51 . 3  
4 9 . 4  54 . 8  

45 . 6  46 . 5  
4 3 . 4  47 . 4  

7 5 . 4 54 . 5  
7 3 . 9  56 . 9  

54 . 9  31 . 2  
55 . 1  34 . 1  

39 . 1  24 . 4  
40 . 9  27 . 7  

1 3 . 8  6 . 8  
1 4 . 9  8 . 2  

4 . 0  2 . 8  
4 . 4  2 . 8  

4 . 9  5 . 2  
9 . 6  1 1 . 3  

SOURCE :  Nat ional Assessment of Educational Progress , The Th i rd Na
tional Mathematics Assessment : Results ,  Trends and Issues,  Report No . 
13-MA-01 , Denve r ,  Colo . :  Education commission of the States , 1983 . 

own school s3 had scores on the Cali fornia Achievement Test in 1980 
that were well below the national norm. By 1 984 thei r mean scores 
( 51 .  8 )  had risen to a level just above the national mean for the 
mathematics test ( 5 0 ) . 4 A study done among the Choctaw in Missis
sippi found that the achievement scores in  1 97 9  were somewhat higher 
than they had been in 1977 ( Brod, 1979 ) .  

3These schools operate under the Johnson-o ' Malley Act of 1934 , 
through which states can contract with the federal government to pro
vide for the education of students who are el igible for services from 
the Bu reau of Indian Affai rs . 
4The scores over the per iod were as fol lows ( Broui llet , et �, 
1 984 ) : 1 98 0 , 41 . 2 ;  1 9 81 , 46 . 3 ;  1 98 2 ,  48 . 0 ; 1 98 3 ,  46 . 0 ;  1 9 8 4 ,  51 . 8 . 

1 1  
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TABLE 4 :  Olanges in Semesters of Mathematics for Seniors,  by Racial/ 
Ethni c  Group, 197 2 and 1980 

NLS 1 97 2  HS B  1 98 0  
S tandard S tandard Change 

Mea n Deviation Mea n Deviation 1 97 2-1 9 8 0  

TOTAL 3 . 9 3  1 . 8  4 . 06 1 . 9  0 . 14* 

Wh i te 3 . 9 7 1 . 8  4 . 04 1 . 9  0 . 07 

Blac k 3 . 86 1 . 6  4 . 28 1 . 8  0 . 42*  

Native Amer ican 2 . 6 7  1 . 7  3 . 5 2  1 . 9 0 . 8 5* 

Ch icano 3 . 30 1 . 7  3 .  7 3  1 . 8  0 . 4 3 *  

Puerto Rican 4 . 09 2. 0 4 . 26 2 . 1  0 . 18 

Other Hispani c 4 . 1 2 1 . 7  4 . 07 1 . 9  -0 . 05 

*p • •  0 5 .  
SOURCE:  Donald Rock ,  Ruth Ekstrom ,  Margaret Goert z ,  Thomas Hi lton , 
and Judith Pollack ,  Factor s  Associated with Decl i ne  o f  Test Scores of 
High S chool Seniors, 1972 t o  1980 , Report No . cs 8 5-21 7 ,  washi ngton , 
D . c . : center for Statistics , 1985.  

Changes in S cience . In science , as in mathematics , the trends for 
mino r i ty students are positive , as the results from th e NAEP surv� of 
sc ience il lustrate . Por 17-year-old white students ,  the scores on the 
component , •understanding of the sc ience inqui ry proces s ,  • were lower 
in 1982 than in 1977 ; the scores of black students dropped as well ,  
but not so dramatically . Among the 9 - and 13-yea r-old s ,  blacks and 
whites moved in opposite di rect ions : scores improved for blacks and 
dec l i ned for wh ites . 5 

Greater racial consi stency prevai led for the component , •knowledge 
of the content of science , •  which was not admi niste red for the 
9-year-old s .  Blacks and whites scored lower in 1982 than in 1 9 77 , but 
the change was sha rpe r for the latte r group than for the forme r .  The 
resu lt was a nar rowing of the racial difference . Gene rally , both 
groups moved up on the measures o f  • knowledge of the linkage of sc ience 

5The pr imary source of information on the N AEP ASsessment of Science 
was s. J .  Hueftle ,  s. J. Rakow, and w. w. Welc h ,  Images of Science : 
Summary Resu lts from the 1981 -8 2 National Assessment in Science , 
Minneapolis : Mi nnesota Resea rch an d Evaluation cente r,  1 98 3 .  
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TABLE 5 :  Olanges in Semesters of Science for Seniors , by Racial/ 
Ethni c  Group, 1 97 2 and 1 98 0  

NLS 1 97 2  HS B  1 98 0  
S tandard S tandard Change 

Mea n Deviation Mea n Deviation 1972-1 980 

TOTAL 3 .  71 1 . 8  3 . 46 1 . 9  -0 . 25* 

Wh ite 3 .  7 7  1 . 8  3 . 48 2. 0 - 0 . 29* 

Black 3 . 5 2  1 . 7  3 . 45 1 . 9  -0 . 0 2  

Native Amer ican 2 . 75  1 . 5  3 . 02 1 . 7  0 . 27 

Chicano 2 . 96 1 . 6  3 . 05 1 . 6  0 . 09 

Puerto Rican 3 . 6 7  1 . 7  3 . 57 2. 0 -0 . 10 

Other Hispani c 3 . 8 0  1 . 9  3 . 31 1 . 8  -0 . 48 

*p = . 05 .  
SOURCE: Donald Rock ,  Ruth Ekstrom ,  Margaret Goert z ,  Thomas Hi lton , 
and Judith Pollac k ,  Factor s  Associated with Decli ne  o f  Test Sco res of 
High S chool Seniors, 1972 to 1980 , Report No . cs 8 5-21 7 ,  wash i ngton , 
D . C . : Center for statistics , 1 98 5 .  

and technology to society . • Although black students made no special 
gai ns relative to the ones that whites achieved , neither d id they lose 
ground . 0'1 an index measu r i ng attitudes toward science,  blacks main
tai ned the lead in 1 98 2  that they had attai ned in 1 97 7 .  

Native Americans i n  the 1980 senior c lass completed slightly more 
science cour ses than d id the 197 2 cohort . That trend countered the one 
for whites and blacks . In fact , for the gene ral population, enrollment 
in science .cou r ses decreased over the per iod . The drop was sha rp 
enough among whites to reach stat istical signif icance ; i t  was not as 
precipitous for black s ( see Tabl e 5 ) . In sc ience, as in mathematics,  
the change among whites accompani ed a movement away from academic pro
grams and cu r r icula . Students on the academic track increased the 
amount of science they too k ;  but these students represented a smaller 
percentage of wh ite seniors in  1 98 0  than in 1 97 2 .  

The downturn in enrollment among whites , alongside a more moderate 
decline for blacks and stabi l i ty for Native Amer icans , resulted i n  
greater simi la r ity across the three groups i n  1980 than i n  1972 . By 
1 98 0  the nonminor ity-minor ity d i ffe rence in enrollment for advanced 
cou rses was not nearly as evident as ear l ier stud ies had found . TWenty 
pe rcent of the wh ite seniors in the class of 1 980 had taken chemistry , 
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but that was true as wel l  for 19  percent of the black students and 
1 7  percent of th e Native Amer icans . The evidence on enrollment does 
not show any widening of the di sparities between 1 9 72 a nd 1980 . It is 
perhaps of l itt le comfort to know that this results more from declining 
white enrollment in science than it does from increas i ng Native Ameri
can and black pa rt icipatio n .  

Changes in Attitudes Toward Mathematics and Science.  Test scores and 
enrollment patterns represent the outcomes most commonly used in the 
research on mino r ities in precollege mathematics and science . Student 
attitudes have drawn attention as wel l ,  often on the assumption that 
minority students hold negative views about mathematics and science . 
Green ( 1 97 8 )  found support for that assumpt ion as she traveled across 
the country in the late 1 9 70s , trying to discover reasons for the 
vi rtual invisibi l i ty  of Native Amer icans among the ran ks of scientists 
and eng ineers . She uncovered among the students with whom she tal ked 
a profound ambivalence about mathematics . That ambivalence prevai led 
not only among people who planned nontechnical careers but also among 
persons who had chosen scienti f ic and technical f ield s .  According to 
Green ( 1 9 78 : 2 ) :  • Most non-science students avoided math whenever they 
could ,  and they and the sc ience students s truggled painfully with i t  
when avoidance was not possible . •  

Little evidence exists in the large-scale su rveys that the atti
tudes of mino r i ty students depart noticeably from those of nonminor ity 
students . The N LS/HSB survey asked seniors about the quality of the 
i nstruction they had received and their  views on the emphasis g i ven to 
academic matter s .  Native Americans and blacks were nei ther overly 
pos itive nor overly negative about the academic instruct ion in 1 97 2 :  
th is pattern had not changed by 1980 . I n  1 9 72 ,  white seniors had been 
slightly mo re favorably inc l i ned toward the instruction than had the 
other seniors , but by 1980 the reactions of whites had moved closer to 
those of the other groups . All th ree groups expressed stronger reser
vations about the degr ee of emphasi s on academic subjects in 1980 than 
in 1972 . In other word s ,  by the second per iod , la rge numbers of 
students had come to the view that the school gave too little emphasi s  
to basic academic sub j ect s .  

As pointed out earlier,  the NAEP s urvey determined that the atti
tudes toward sc ience of black students were more favorable than were 
those of white students . Among white males , the mean score declined 
for each age category between 1 97 7  and 1 9 8 2 .  Among black males , the 
attitudes of 9- and 13-year-olds were even more positive in 1982 than 
they had been in 1977,  and although the mean for 17-year -olds dropped , 
it stil l  did not fall to the level for the equi valent white segment . 

Explanations for Change 

The modest changes in test perf ormance that the la rge scale su r
veys have found seem to f low from changes in cou r se pa rt icipat ion . As 
minority students have taken more mathematics and science , their  test 
scores in these sub jects have improved . Moore and Smith ( 1 984 : 1985 ) 
have determi ned from the N LS  data that dif ferences in course enroll-
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ment explain much of the di ffe rence in the mathematics scores of black 
and wh ite students . They conclude , • .  • • if the cur r icu la of black 
and white high school students were standard ized to make the black 
students 1 course enrollments more s imi la r  to wh ites 1 ,  a cons iderable 
amount of the black/white difference would di sappear • ( 1 9 84 : 18 ) . Yet 
black and wh ite students do not pur s ue identical cur r icula, even though 
the gap might not be as wide for the nat ion as a whole as once was the 
case . 

In some instances , changes in perf ormance--and in part ic ipation-
may be the consequence of inte rvent ion effort s .  A project i n  Columbi a ,  
Washi ngton , that offered tutor i al services to Native Amer ican pupils 
in grades two through six succeeded in rai sing the achievement scores 
in mathematics by at least one grade level ( Brouillet , et al . ,  1984 ) . 
'lhe Native Amer ican Educat ion Program, a ser ies of acti v ities for 
child ren in the elementary and secondary schools of New York City , 
reportedly has also improved pe rformance in mathematics through a 
tutor ial program ( cotayo, · 1984 ) . Apparently , programs designed to 
improve performance in and attitudes towa rd mathematics and science 
--Mathematics ,  Eng ineer ing , and Science Ach ievement ( MESA ) r epresents 
one of these precollege efforts--have had demonstrable effects on stu
dent outcomes . 

SOme of the gains reported here are microscopic , others are il
luso ry : they represent relative , rather than absolute, advancement . 
On attitudes , however,  the findings are far more substant ial : minor ity 
students commit to the view that mathematics and sc ience a re useful 
and important subjects .  Yet thei r test performance and thei r enroll
ment patterns would seem to bel ie that view . If the surveys of minor
ity students find ins igni f icant relationsh ips between attitudes and 
performance , it is,  possi bly , because such students give answers they 
deem to be appropr iate or acceptable . The re are other cand idate 
explanati ons , however .  Fi rst, the attitudes may be consi stent with 
the feedback that students receive routinely about thei r abi li t ies and 
pe rformance in mathematics and sc ience . Second, test pe rformance and 
course partic ipation may depend on more than a view that a given 
subj ect is worthwhile .  

Students are more li kely to know thei r cou rse grades than thei r 
scores on standa rdized achievement tests.  Seemingly, mino r i ty students 
a re more inclined to err in report ing thei r grades than are nonminority 
students . Farrell and Polla rd ( 1 986 ) discovered that the blacks and 
Hispanics in their  sample more often than whites li sted higher grades 
for cour ses· than they had recei ved . Brod also found a tendency towa rd 
grade inf lation in self-reports of Choctaw students ,  although he had 
no non-Choctaw compa r i son . If grades and not achievement test scores 
represent the signif icant feedback for most students , mino r ity stu
dents who perceive themselves as doi ng well may have l ittle reason to 
think negatively about mathematics or science . 

The students in the Fa rrell and Pollard study expressed strong 
interest in fields that requ i red substant ial preparation in mathe
matics and science . Many of these seniors aspired to a major in busi
ness , architectur e ,  premedicine , or enginee ring .  Only a handfu l had 
taken cour ses that could have prepa red them for such majors , howeve r .  
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It might have been· that the attitudes toward mathematics and science 
had not been strong enough to propel the students in the right di rec
t ion . More li kely , the students had made thei r decisions about majors 
rather late , too late in fact for the decisions to have i nf luenced 
their  high school careers . The relationship of attitudes to per
formance is complex: the former sometimes bear only ind i r ectly on 
the latte r ;  in  other cases ,  favorable attitudes can f low from rather 
than precede pe rformance . In sum, the explanations for the nature of 
and change in att itudes need not be appropr iate for assessments on test 
pe rformance and cou r se participation . 

Indicators of the Gulf 

The Gulf Between Minority and Nonminority Students 
in Mathematics and Science Education 

The discussion thus far has stressed the positive signs: the 
greater change in certain test scores and enrollment patterns for 
minority than nonminority students and the continued favorable atti 
tudes towa rd science . Let us now turn to the i ndicators that a re not 
so positive ,  ind icators that a chasm sti l l  separates black and Nat ive 
Amer ican students from wh ite students .  

The Gulf in Mathematics.  Students who , as sophomores , had taken a 
battery of tests in connect ion with HSB in 1 98 0 ,  retook the battery i n  
1 9 8 2 .  Al l three groups--blacks , Native Amer icans , and whites--did 
better in 1 98 2  than in 1 9 8 0 .  But in 1982,  as in 1 98 0 ,  white students 
were far in advance of the other two groups ( see Table 6 ) .  In addi 
t ion, the d i fference--on basic and problem-solving s k i lls--that was 
evident in 1980 had widened by 1982.  A r e-examination of the data on 
high school seniors in 1 97 2 and 1 98 0  shows that in neithe r per iod did 
blacks and Nat ive Amer icans match whites ( see Table 2 ) . It  may be 
that the scores of blacks changed more impressi vely between the 1978 
and 1982 NAEP a ssessments in mathematics , but the resu lts for these 
years show a wide gap between blacks and wh ite s ( see Table 1 ) . 

The NAEP results suggest that between mino r ity and nonminority 
students ( 1 )  the older the student, the wider the gap and ( 2) the 
higher the cognit i ve level tested , the greater the di ffe rence . The 
1 98 2  assessment found a d ifference of 13 . 6  percent between the propor
t ion of exerc ises completed cor rectly by wh ite and black 9-year-olds , 
14 . 9  percent for 13-year-olds , and 1 8 . 1  percent for 17-year-olds .  
Among the 17-year-olds , the scores on the lowest level--knowledge-
d i ffered by 15 points and on the highest--appl ications--by 19 points . 

The experiences of Native Amer icans further substant iate the the
sis that mino r i ty students fall farther and fa rther behind as they move 
through the school years . Choctaws who were in the thi rd grade in 1979 
had a grade equi valent score in mathemat ics of 2 . 9 ,  ind icating that 
they performed almost at the level expected . Sixth-graders scored just 
be low the level expected of f ifth graders .  Ninth-grade pupi ls had 
scores resembli ng those that seventh-graders should have had1 a nd by 
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TABLE 6 :  Olanges in Sco res for Mathematics and Science , by Racial/ 
Ethni c  Group, 1 98 0  and 1 98 2  

Mathematics 
Basic Sk i ll s  Problem Solvi ng Science 

Racial/ Score , Increase , Score , Increase , score , Increase ,  
Ethnic Group 1 982 1 9 80-1982 1 9 82 1 9 80 -1 9 82 1982 1 9 80-1 9 8 2  

Wh ite 1 3 . 90 1 . 71 3 . 54 • 49 1 1 . 22 1 . 00 

Black 6 . 81 1 . 5 5  1 . 5 9  . 3 2 6 . 3 6  • 91 

Native Ame rican 8 . 3 4  1 .  72  2 . 04 . 3 4 8 .  77 1 . 12 

Hi spani c 7 . 2 4 . 9 5  1 .  7 8  . 2 2 7 . 4 0  • 91 

NOT E :  The data are for persons who took the Hi gh School and Beyond 
tests for sophomores ( HSB)  in 1980 a nd retook that test in 1982.  The 
tests had the following cei lings : mathematics , basic s k i lls : 28 ; 
mathematics,  problem sol vi ng :  10 ; and science : 20 . 
SOURCE: Valerie Wh ite Pl isko and Joyce D.  Ster n ( ed s . ) ,  The condition 
of Education : S tatistical Report ( 19 85 e d . ) ,  washington D . C . : Center 
for Education stati stics , 1986 . 

the twelfth grade , the mean score was at the eighth grade level ( Brod ,  
1979 ) . 

Perhaps as a consequence of this regress ion , blacks and Nat ive 
Ame ricans drop out of cou rses of study in la rger numbers than do 
whites.  Of the 1980 sophomore class , 12 percent of the whites as op
posed to 1 7  percent of the blacks had left school by 1 98 2 .  A survey 
of publ ic school districts in New Mexico determined that the dropout 
rates for Nat ive Americans--and Hi spanics--exceeded those of Anglos 
and blacks . There was , too , a di fference in timing . Anglos and 
blacks were most li kely to leave school at grade eleven ; Nati ve 
Ame ricans were incl ined to quit in the tenth grade ( Cavatta , 1982 ) . 
Gi ven the di fferences in dropout patte rns , the minor ity-nonminor ity 
students who are being compared may not constitute the same groups 
across the school years . 

Differences in pers istence within cou rses occur,  even among those 
who remain in school . More black than white students in the senior 
class of 1982 had ea rned less than one credi t in mathematics dur i ng 
their high school yea r s  (West , et al . ,  1 98 5a ) . A study of Native 
Ame ri can gi rls in the Minneapoli s  Publ ic School System documents a 
pattern of change . All of the g i r ls in grades 7 th rough 9 were tak i ng 
at least one cou rse in mathematics ; that was true for only one-thi rd 
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TABLE 7 :  course-Taking Among H igh S chool Seni ors , by Race/Ethnicity , 
1 98 0  and 1982 

Native 
Wh ite Black American H i spanic 

1 9 80 Seniors 
Pe rcent complet ing 3 years , math 3 3 . 3 

Percent completing 3 years,  science 23 . 1  

1 9 82 Seniors 
ca rneg ie uni ts in math : average* 2 . 6  

carneg ie units in sc ience : average* 2 . 0  

Percent , intensi ve math preparation* * 10 . 3  

Pe rcent, i ntensive science 1 1 . 0  
preparation* * 

35 . 2  22 . 0  2 7 . 4 

19 . 3  1 2 . 1 14 . 2  

2 . 4  2 . 0  2 . 2  

1 . 6  1 . 6  1 . 5  

3 . 3  ( n a )  4 . 7  

4 . 0  ( na )  5 . 4  

* A carneg ie unit represents one cred it for each !-yea r cou r se  com
pleted . 
* *Intensi ve preparation in mathematics requi res four or more credits 
in mathematic s ,  at least one of which was for the gifted and talented 
or was advanced . Intensive preparation in science requ i res one or 
more credits in either l ife sciences or advanced physical science . 
SOURCES: W .  Vance Grant and Thomas Snyder ,  Digest of Education 
Statistics , 1 98 5-86 ,  Washi ngton , D . C . : U .S .  Governmen t Printing 
Office, 1986 ; vale r i e  Wh ite Pl isko and Joyce D .  Stern ( eds . ) ,  The 
condition of Education : Statistical Report ( 1 98 5  ed . ) ,  Washingto n ,  
D . c . : National Center f or Ed ucation Stat istics , 1986 ; a nd Jer ry West , 
Wendy Mi l le r ,  and LOui s Diodato ( eds . ) ,  An Analysis of cou rse-Taking 
Patterns in secondary Schools as Related to School Characteristic s ,  
washi ngton , D . c . : Nationa l center f o r  Educat ion Statistics , 1985.  

of  the girls in  grades 10-1 2 .  To counteract such withdrawa l ,  the re
sea rche r ( Witthuhn , 1 98 2 )  recommends an increase in the number of 
courses requi red for graduat ion and development of special programs to 
encourage enrollment in advanced cou r ses . It was this second strategy 
that the Uni versity of Colorado selected when it establ i shed a mathe
matics-science institute for Native Amer ican secondary students ,  under 
the Amer ican Indian Educational Opportunity Program ( Church i ll , 1980 ) . 

Black and Native Amer ican students are somewhat less li kely than 
wh ite students to take mathematics cou rses in high school , as the NAEP 
and NLS/HSB data indicate ( see Tables 3 and 4 ) . A greater di fference 
is obtained in type of courses pursued than in number of courses 
taken . Blacks, wh ites , and Native Amer icans in the class of 1982 
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TABLE 8 :  Grades in Mathematics and Science for 1982 Graduates , by 
Race/Ethnic ity 

Native 
Wh ite Black Amer ican H i spanic 

Mathematics 
Percent with A average in sub j ect 1 8 . 4  9 . 5  15 . 4  1 1 . 4  

Percent with D or F average 2 2 . 4  3 9 . 7  31 . 0  35 . 3  

Science 
Percent with A average in subject 21 . 1  11 . 3  1 1 . 8  1 2 . 5  

Pe rcent with D o r  F average 17 . 5  3 5 . 1 30 . 5  3 4 . 6  

SOURCE: Va le r i e  Wh ite Pl isko and Joyce D .  stern ( eds . ) ,  The condition 
o f  Educat ion : Statist ical Report ( 1 98 5  ed . ) ,  washington , D . C . : Center 
for Education Stat ist ics , 1986 . 

had simi lar numbe rs of credits in mathematics ( see Table 7 ) :  but blacks 
were not near ly so li kely as whites to have had advanced cour ses . Nor 
had the mino r i ty students perf ormed as well in the i r  mathematics 
classes as had thei r nonminor i ty peers . Ei ghteen percent of the 
whites , 15 percent of the Native Amer icans and 9 percent of the blacks 
had •A • averages for at least some of the mathemat ics courses they had 
taken. A l arger fraction of the blacks than of the whites or Native 
Amer icans had transcr ipts that contained • D •  or •F • averages i n  
mathematics ( see Table 8 ) . 

Blacks and Nat ive American students may be gai ning on the i r  white 
contemporaries : but if so , it is at a pace so slugg i sh as to make con
vergence only a distant poss ibility .  Meanwh i le ,  too many minority 
youth f ind the i r  plans thwarted or their dreams set aside because of 
ski lls too inadequate for the demands that prevai l .  The Minnesota 
Ch ippewa Tr ibe wanted to know the fate of students who had won tribal 
scholarships to the Un i versity of Minnesota-Du luth . Of the students 
who were sti ll at the univer sity, over half commented quite cr itically 
on thei r high school preparation in mathematics . Host of the students 
thought that they had been adequately prepa red in reading and that they 
had the interpersonal ski ll s  to succeed on the Du luth campus . They 
felt far less pos itive about thei r s k i l ls in mathematics , howeve r .  
Among the students who had quit , one-fourth gave as the i r  reason : 
•poor academic preparation• ( Aitken and Fal k ,  1 9 8 3 ) . 

Many of the minority students who graduate from high school do in 
fact seem to be more poorly prepa red than nonmino r i ty students . A 
ser ies of tests , admini stered to a nat ional sample of adults for the 
Prof i le of Amer ican Youth, found that wh ite respondents with high 
school diplomas had scores on arithmetic reasoning that were normally 
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d istr i buted around the mean 500 . 6 Blacks with the same level of ed 
ucation had a lower mean score, as had Hispanics . The distribution of 
scores di ffered for the two minority groups , howeve r .  Whereas an 
identif iable fraction o f  Hi spanics scored 6 0 0  or bette r ,  few blacks 
had scores above 5 00 .  On nume rical operations , a small group of 
blacks and a large r groups of Hi spanics had scores as high as those 
that whites achieved . But more of the scores of blacks and Hispanics 
were skewed toward the lower range s (see Figure 1 ) . 

The national concern about mathematics educat ion and the programs 
that have sprung up for mino r i ty students have not thus far brought the 
test perf ormance and participation patterns of black and Native Ameri
can students in l i ne with those of wh ite students . 

The Gulf in Science . In science , as in  mathematics , black and Native 
Amer ican students have not come abreast of wh ite students . The forme r  
two groups improved their scores when they retook in 1982 a test i n  
sc ience they had f i rst completed in 1 980 ; but at neither t i me  did 
their scores match those for the la rger populat ion (see Table 6 ) .  on 
sti ll other indicators--course enrollment , persistence , cour se grades-
the picture for science reproduces that for mathematics. Black and 
Native Amer ican high school graduates have slightly fewer science 
courses to the i r  credit than do whites who graduate ( see Table 7 ) .  
Blacks are not as li kely as whites to take such advanced science 
courses in high school as genetics,  biochemistry , and physics. 

Students tend to receive higher grades in science than in mathe
matics ;  this is true for both minority and nonminority students .  Of 
every 1 0 0  blac ks in the graduation c lass of 1 98 2  about 9 had an average 
of • A• i n  a mathematics course and 11 in scienc e .  The equi valent fig
u res for whites were 18 in mathematics and 21 in science . Among Native 
Americans , a higher fraction received A ' s  in mathematics than in sci
ence , but a slightly smalle r  fraction earned failing grades in mathe
matics than in science ( see Table 8 ) .  

Explanations for the Gulf 

An ea rlier section argued that changes in cou rse participation 
can produce changes in test pe rformance . But for mino r i ty students 
course enrollment , test perf ormance , and cou rse grades are intertwined ; 

6 The Profile of Ame rican Youth was undertaken in 1980 to develop 
norms for the Armed Services vocationa l Aptitude Battery. NLS sub jects 
took several tests , three of which have mathematics content:  arith
metic reasoning , requi ring the application of such operations as addi
t ion , subtraction and multipl ication ; numerical operations , measur i ng 
the abi l i ty of the respondent to pe rform arithmetic operations with 
whole numbers ; and mathematics knowledge ,  a test demand ing knowledge 
of mathematical terms and the abi l ity to carry out algebraic opera
tion s .  The prof ile contains information on whites , blacks , and His
panics but not on Native Amer ican s  ( Bock and Moore , 1 985 ) . 
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SOURCE: R .  Da rrell Bock and Elsie G. Moore , Advantage and Di sadvantage : 
A Profi le o f  Amer ican Youth, unpubl ished manuscr ipt ,  1 98 5 .  

Figure 1 Di stribution of scores on ar ithmetic reasoning for whites , 
blacks,  and Hispanics with 1 2  years of school . 
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and on none of the indicators have these students made progress that 
matches the pace nonmino r i ty students have set . 

Continuation in mathematics and science depends on performance in 
prior cou r ses . Because of thei r poo r grades ,  cons iderable numbers of 
black and Native American students cannot enroll in advanced courses . 
Thei r concentration in general and remedi al courses l imits their ex
posu re to the range of topics in mathematics and science that stan
da rdi zed tests may include . 

It wou ld seem , then , that mino r i ty students are caught in a 
vicious web in which fai lure begets failure . This view implies that 
there is nothing unique in the minority experience that would account 
for the patter ns  of enrollment, performance , and per si stence : any 
student can get caught in the web. The next section examines the con
tention that the stu� of mino r i ty students in precollege mathematics 
and science does not requ i re a set of models different f rom those which 
would descr i be  and explain nonmino r i ty education . 

Portraying the Education in Mathematics and Science 
of Native American and Black Students 

An argument can be found in the lite rature that the conceptual and 
empir ical framewo r ks that depi ct the exper iences in mathematics and 
sc ience for nonminority students apply as well for minority students . 
Support for the a rgument appear s ,  among other places,  in a stu� on 
white , black,  and Ch icano middle-school students in which the re
sea rche r ( Exez idis, 1 98 2 )  sought to pred ict student scores on the 
problem-solving component of the Iowa Test of Basic Sk ills . She took 
i nto account the score any g i ven student had made on the vocabula ry , 
read ing ,  concepts , and computation components of the test and consid
ered the gender of the student as well . TWO findings mer it attention : 
the model that Exezidis developed explained a signif icant amount of 
the va riance in problem-solving sco res : and there was no statistical 
interaction between the variable , ethnicity , and the scores on vocabu
la ry , reading, concepts , and computat ion . Stated another way, the 
relat ionship between the fou r measu res and problem solving did not 
d i ffer depending on the ethnic group to which the student belonged . 
The model worked quite well for al l three groups . 

Jones and his associate s ( 1 984,  1 985 ) have shown from the NAEP 
data that the factors associated with nonminority achievement in 
mathematics also account for mino r i ty achievement . The resea rchers 
identified two categories of inf luence : ( 1 )  s tudent background char
acteristic s ,  including the parents ' level of education and the number 
of years the student had taken mathematics and ( 2 )  school character i s
tics , such as the regional location of the school , the type of com
munity, and the proport ion of the student body in mathematics courses . 
According to thei r results , performance on th e NAEP was more nearly 
associated with the student ' s  hi story of course-taking than with other 
background characteri stics . Moreove r ,  the number of high school 
courses taken in algebra and geometry was predictive for both the black 
and white samples . The school -level var iables were better able to ac-
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count for the bl ack-white differences than were the individual level 
measures . What this indicates is that blacks and whites often were 
enrolled in very dif ferent schools : that , not thei r individual traits , 
produced the contrasting test scores . overal l ,  d i fferences among the 
schools were more important than differences among the students : 

'!he average number of years of algebra and geometry taken 
in schools with less than 70 percent whi te was 1 .  3 .  Note 
tha t 7 3 percent of all black students , but only 8 pe rcent · 

of the white students , were attending such schools .  In 
contrast , 6 6  percent of all wh ite students , b�t onl y  7 per
cent of the bl ack students ,  were attending schools that were 
at leas t 9 0  percent wh ite , where the average number of years 
of algebra and geometry taken was 1 . 8 .  Thi s  str iking di f
ference among schools appears to explain to a considerable 
extent the average white-black dif ference in mathematics 
achievement ( 1 984 : 161-16 2 ) . 

A study based on the data from HSB would appear from a cursory 
review to contrad i ct the finding that black students are found i n  
schools with courses an d  course-taking patterns that depart noticeably 
from the norms for schools with predominantly wh ite populations . 
West, et al . ,  ( 1 9 85b ) wanted to know if the types of courses offered 
in mathematics and science and the proportion of students taking those 
courses varied , accord ing to the racial make-up of the student body . 
They d id not f i nd a pattern . Generally, a larger fraction of the 
schools with larger bl ack enrollments than with small numbers offered 
general mathematics . Yet some of the more advanced courses--advanced 
mathematics and physics--were found most often in those schools that 
the resea rchers designated a s  • i ntermed iate •  on the measure , •percent 
black.  • Nor did the authors find a di rect relationship between the 
percentage of black enrol lment in the school and the proportion of al l 
students taking advanced cou rses . 

A c loser look at the West , et _!h, study ( 1 9 85b ) shows that it 
does not in fact ref ute the findings from Jone s ,  � � ( 1 98 4 ) . West ,  
� al . ,  used only three categories to di stinguish among schools : 
schools with no black students,  schools in which blacks constituted 
between 1 and 9 percent of the population , and schools where more than 
1 0  percent of the students were black . Their resea rch would not allow 
for the more fine-grained analysis that one finds in the Jones , et al . ,  
study . Two f i ndings warrant cons iderat ion. West and his col laborators 
found a di rect relationship between di sadvantaged status and cou rses : 
the la rger the fraction of the student body c lassified as d i sadvan
taged , the smaller the number of schools offe ring advanced mathematics 
--but not science--cour ses , and the smaller the number of students 
taking calculus , statistic s ,  chemistry , and physics .  Although rela 
ti vely few of the schools with appreciable numbers of di sadvantaged 
students offered calculus and statistics, those that did had relatively 
few takers . The resea rchers also determi ned that fewer black than 
white students were inclined to take the most advanced courses ( see 
Tabl e 7 ) . 
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The studi es sketched here hint that the kinds of conditions that 
promote pa rt icipation and achievement in mathematics and science for 
nonminority youth affect outcomes for minority youth as wel l . It i s  
not assumed , nevertheless,  that the models derived from the resea rch 
on the general student population are flawless .  Even the most intr i
cate of these models account usually for small proportions of the var i 
ance i n  outcomes , whether the outcomes covered are those for minority 
or nonmino r i ty  students . An analysis of college careers ma kes the 
point . Us ing information from NLS/HSB, Wagenaar ( 19 84 )  looked for the 
c i rcumstances that led students to plan for certain majors and to re
ceive degrees in those majors. For both outcomes--intended field and 
actual f ield--he exami ned an array of background factors : parents ' 
education, father ' s  occupation ,  and the presence of such items in the 
bome as a newspaper ,  encyclopedi a ,  and typewr ite r . Be cons idered, i n  
addition, variables related to the school . Although some of the var i 
ables eme rged as more important than others , the regression models 
that Wagenaar der i ved were not powerful predictors of the plans that 
students made or of thei r f i nal f ields of study . 

The models that seek to elucidate perf ormance and part ic ipation 
patterns do so only partially ; hence , it cannot be concluded that the 
extant analyses lay bare al l of the conditions that affect mathematics 
and science educat ion . For at least two other reasons , it would be 
premature to conclude that no further conceptual work is needed . 
Fi rst, the models have used a l imited set of outcomes : performance on 
standard ized test s ,  enrollment in advanced courses , persistence beyond 
the high school years , and course grades are the usual ones . .But poor 
performance on a standard ized test need not mean inadequate understand
ing of the subject a rea ; it may indicate instead nonexposure to the 
topics in the tes t ,  or limited motivation to perform wel l  on the 
test . Li kewise , participation in advanced cou rses can mean l ittle i f  
the course i s  • advanced •  i n  name only . courses with similar titles do 
not always cover the same content . Second, there possi bly a re ways i n  
which race o r  ethnic ity might be important . The next section con
s iders these way s .  

Portraying the Unique Experiences of Minority Students 

Most of the resea rch and many of the intervention efforts bui ld 
on the notion that if minority students have the chance to learn the 
content that is transmitted to nonmino r i ty students ,  d i fferences i n  
performance wil l  disappear .  But exposure wil l  no t  mean convergence , 
if some students bring to that content perspect ives that render i t  
questionable o r  irrelevant . such may be the case for students who do 
not share fully in the la rger cultu re .  

Several stud ies highlight the poss ible role that culture might 
play in the performance one f inds on standa rdized tests among Native 
Americans . Cohen ( 1 9 85 ) ,  for example , stud ied spatial orientation and 
mathematics achievement for Navajo children . Be administered a 
battery of tests to a small group of Navajos ( 2 2 )  and non-Navajos ( 3 4 )  
who were in the s ixth and tenth grades . According t o  Navajo cultu re , 
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the world is composed of two dishl i ke structu res : the earth and 
heaven . It is a c losed world--nothing substant i al can be added--and 
everything with in it is interrelated . Cohen wanted to know if these 
cultural notions led Nava jo students to have ideas about spati al rela
t ionships that di ffered from the ones held by non-Navaj os . He found 
no evidence of d i fferences,  on the measu res he used . 

Others have , in fact , discovered cultural effects . Garbe ( 1 9 85 )  
used a sample of fou rth-, f if th-, and s ixth-grader s ,  some of whom were 
Navaj o  ( 2 55 ) and the others Anglo ( 1 3 5 ) , to determine if  language di f
ferences might affect performance . He f i rst asked students to defi ne 
or draw a picture to represent such terms as • quot ient , • •angle , • a nd 
•greater than.  • He distributed the responses and asked the students 
to choose the ones they thought the best approximations to or repre
sentations of the term . As the next step , he developed two scales . 
One scale had two def initions for each term : the cor rect one , and one 
that contai ned a word that sounded much l i ke the term being def i ned . 
The word , •sum , •  appeared twice, as follows : 

sum 
( a )  part of somethi ng 
( b) the answer in addition 

sum 
( a )  * total of money 
( b ) 

The second scale used terms and symbols to make comparisons : 

Greater than 
( a )  6 i s  greater than 8 
( b ) 4 ) 2 

Navajo students had difficulty with similarly sound ing terms . They 
were more l i kely than the Ang lo students to choose the response that 
contai ned what seemed to be a homonym . These students were also more 
inclined than the Ang lo students to rej ect the answer that contai ned a 
symbol to express a relationship. 

The Garbe research stresses the fact that , for many Navajo youth , 
Engl ish is a second language . Lack of faci l i ty in that language can 
af fect perf ormance . Other analysts suggest that the language problem 
has deep roots : the answer does not l ie simply in having students 
learn the right words .  Moore ( 1 9 82 )  notes that the Navajo language has 
no words for such concepts as multiply, divide , and cosine . He dis
covered that Navaj o  college students had found creati ve ways to express 
the idea of • if ,  • an idea for which no express ion ex ists i n  Navaj o .  
Moore implies that the world within the school may constitute a very 
d i fferent setting from the world wi thout . The concepts that the school 
advances can be distinct from or even in conflict with those that the 
student encounters outside the classroom . One critic mainta i ns  that 
all too often • objective• tests assume a reality that does not exist 
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for many . The critic reached this conclusion after he watched a group 
of Navajo children i n  LOs Angeles strugg le with a test on vocabula ry 
and one on concepts . The students ,  particularly the least acculturated 
ones , had diff icult¥ not just with the mater ial , but also with the test 
s ituation itself ( Guilmet , 1 9 83 ) .  

One might acknowledge culture by informing students that the ap
proaches to science found in the Western world are not the only one s .  
More li kely , those who se e  culture as important will look for ways 
through which cultu ral exper iences can be i nco rporated i nto mathe
matics and science education .  Bradley ( 1 9 84 ) ,  for example , has used 
loom beadwork to i l lustrate mathematics concepts i n  Eucl idean geomet ry 
a nd measurement for Navajo children. 

For many minority students , social rather than cultural conditions 
set the school apart from the spheres they know . I f ,  as cognitive 
scientists tel l  us , children br i ng to the science class room conceptions 
about the working of things , undoubtedly more should be known about 
how students from barrios ,  from households with few economic re
sources , from segregated communities conceive of the world . Poten
t ially , greater attention to the cultural and social experiences of 
mino r i ty children could produce mode ls of mathematics and science 
education that accent determinants and outcomes di fferent from the 
ones that now predominate . 

Research Needs 

Resea rch on blacks and Native Amer icans is fa r from extensi ve o r  
exhaustive .  Th e  field would profit greatly from analyses o f  forces 
that have produced--or might produce--gai ns in the grasp of mathematics 
and science . It would help , too , if the research add ressed concerns 
that could lead to programs and pol icies on the education of minor ity 
youth. 

Understanding Minority Gains 

Undoubted ly , the changes brought about in education by the expan
sion of f ede ral programs in the 1 96 0s have had ramif ications for the 
gains that minority students have made . until the 1960s , the federal 
government generally had provided a id to state and local districts for 
broad categorical programs , such as vocational education. But with 
the passage of the Elementary and Secondar y  Education Act ( ESEA) i n  
1965 , the federal gove rnment moved to shape part ic ular activities . 
That act earmarked funds for spec i f ic k i nds of curriculum projects and 
services . By the late 1970s at least 7 0  d ifferent agencies admi n
i stered programs that totaled over 40 0 ( Halperin,  1 976 ) . Title I of 
the act requi red that local districts di stribute funds equally for al l 
students . The expansion of funds designed to compensate for inequities 
in educational systems made possible any number of in itiatives in 
schools that contai ned large numbers of mino r i ty students . Although 
there is no extensi ve research literature that li nks the histo ry of 
ESEA to mino r i ty advances in mathematics and science , there is reason 
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to assume that ESEA a nd associated programs set the stage for those 
advances . 

The effective schools movement is another cand idate for des igna
t ion , • stage-bui lde r .  • A handful of distr icts with s i zable mino r ity 
and low-income populations began in the 1970s to attempt to stem the 
tide towa rd poorer and poorer leve ls of performance by emphasi zing the 
teaching and learning of basic sk i l ls . By the end of the decade , a 
f ul l -scale movement was under way, a movement centered on the theme 
that spec i f ic strategies and structu res could impr ove the educational 
outcomes of the most di sadvantaged pupi l . I f ,  as the achievement data 
i ndicate , mino rity students have made more rapid advances on lower
order than on higher-o rder s k i lls,  this may signal the success of the 
widespread attempts made to teach the fundamentals . 

Efforts to reduce d ifferences in the exper iences and oppo rtun ities 
available to mino r i ty students have not been limited to those launched 
by school personnel , howeve r .  Professional associations , businesse s ,  
parent groups , and others have contributed sizable resources to pro
grams created to i nte rest mino r i ty students in and prepa re them for 
mathematics and science . <:ne of these programs , MESA ( Mathematics , 
Engi neering, and Sc ience Ach ievement ) ,  has become a model across the 
nation . Simi larly, the Saturday Academy Pr ogram that operated as part 
of the Science Resou rce center at Atlanta University has had its emu
lators . 

Education ,  and especially education in mathematics and science , 
has moved back i nto a prominent place on the agenda of the nat ion . In 
response to such reports as A Nation at Risk , Educating Americans for 
th e TWent ieth century, and Action for Excel lence , one state after 
another has begun sweeping reforms in its educational programs . More 
than half have raised their mathematics/science requi rements for grad
uation or have taken steps to do so .  Proposals for increasi ng the 
qual ity and quanti ty of sc ience teachers can be found in nea rly eve ry 
state leg islature and Department of Education ( Education commission of 
the States , 1 98 3 ) . 

The current push to improve mathematics and science education al 
most certainly wi ll have an impact on mino r i ty students , g iven the i r  
increased representation i n  the publ ic schools.  But the push will not 
reduce mino r ity/nonminor i ty di fferences unless that is made a specific 
goal . Reducing the di fferences is not nearly so diff icult as might be 
assumed , for g i ven the point at which mino r i ty students are sta rting , 
there is substantial room for improvement . 

The tracking of actual and possible gai ns calls for attentiveness 
to topics that now are underemphasi zed .  The re is more work on the in
di vidual student than on the settings in which the teaching and learn
i ng of mathematics and science occur.  Second , one finds similar terms 
used in different ways . Third,  too often the research on mino r ities 
in mathematics and science takes place in isolation from other inquir
ies . Fou rth, the search for group prope rties sometimes downplays the 
diversity found within a group . 

The emphasi s  on individual -level determinants and outcomes may be 
the consequence of the theoretical models used to study mathematics 
and science education .  Analysts have used various moti vational the-
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ories to explai n part icipation and performance . Di scussions centered 
on role modeling attribute the l imited pa rticipation of minorities in 
mathematics and science to the absence of role models ( see , for ex
ample , Sewell and Ma rti n ,  1 976 ) . ca ree r  choice mode ls assume that 
i ndividuals make rather rational assessments of the tracks they wish 
to follow . But Spade and her associates have determined that ce rtain 
contextual forces interact with the composition of the student body to 
affect mathematics achievement . Th ey found from the HSB data that the 
structu re of the mathematics program mattered more for bigh-abili  ty 
students in upper-class schools than it d id for low-abi l i ty  students 
i n  lower-class schools ( Spade , � a l . , 1 9 86 ) .  Thi s  work suggests that 
the effect of context on outcomes may be complex , but it lends support 
to the notion in Jones , � �' that the context deserves analysis . 

It is not clear how much the measu res used are equivalent in the 
several studies . The studies in mathematics often di fferentiate be
tween higher - and lower-order s k i ll s .  But the terms usually are rela
tive rather than absolute : those sk i lls that appear as higher-o rder 
ones on a gi ven test would be relegated to a lower category on a more 
d if f icult tes t .  The attempt to differentiate among sk i lls represents 
an advance , howeve r ,  for much of the ear l ier work me rely repo rted an 
overall score in mathematics .  

Research on minoriti es i n  mathematics an d  science might benefit 
from research taking place on other subjects . It is not evident, for 
example , that programs designed to attract and educate minority stu
dents draw on the extensive work cente red on cognit ion . The theor ies 
centered on group effects and the success some experimenters have had 
with using group-based instruction in mathematics could be worth the 
attention of those who want to study and improve minority student edu
cation . 

Finally , relatively little is known about the di f ferences that 
exist among students within the same group. The category, • Nati ve 
Amer ican , • i s  not at al l homogeneous .  In fact , Native Amer ican stu
dents can be found in urban centers and in small towns , as we ll as on 
reservations , partic ipating fully in some instances and only marg inally 
in others in the l i fe of the communi ty that surrounds them . The re
search usually draws socioeconomic distinctions within and between 
categor ies , often without discussing the impl ications of those dis
tinctions . Class membership may be a descripti ve var i able , but it  is  
an explanatory va r iable only when the analyst shows bow and why it is  
linked to a given outcome in mathematics or  science . 

On Policies and Programs 

To an extent , the na rrowing of the gap has taken place because of 
downturns in whi te student achievement, attitudes, or part icipation. 
It would be unwise social policy to propose such changes as the way to 
attain equity. Mathematics and science education does not constitute 
a zero-sum game , in which gains for some mean losses for others.  
Policies must develop, therefore, that encourage high qual i ty involve
ment and achievement among al l students . 
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Policies and programs for enhancing minority achievement in mathe
matics and science need not be l i mited to student-or iented ones . It 
is possible to interpret the scores on basic sk ills as indicating that 
students learn what they are taught . The teaching of higher-order 
skills is di ff icult for many cur rent teachers . Thus , programs designed 
to upgrade teachers may be an essenti al  step toward improved perform
ance by students.  

No r  must the polic ies and programs be conf ined to the sphere of 
mathematics and science . It is not c lear that problem-solving s k i lls 
can be transferred easily from one subject to another :  it is clear that 
reading s k i l ls transf e r .  The d i fficulties many mino r i t¥  students face 
in read ing should not be over looked , therefore , by those who would im
prove the mathematics and science education of these students . 
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PRECOLLEGIA TE DEVELOPMENT 

OF MINORITY SCIENTISTS AND ENGINEERS 

Michael T. Nettles 

Introduction 

Among the professional occupations in Amer ica ,  minorities are 
least represented in the scienti f ic and eng i neering professi ons . Al 
though blacks , for example , represent more than 10 percent of the u . s. 
work fo rce , they constitute only 2 . 4  percent of the eng i neers , 5 . 4  per 
cent of the mathematical and computer scient ists , 3 . 2  percent o f  the 
natu ral scientists , 5 percent of the phys ic ians, and nine-tenths of 
1 percent of the dentists ( U . S .  Bureau of the Census , 1986 ) .  The rep
resentation of Native Amer icans in the scienti f ic f ields , which i s  
one-half of 1 percent , i s  est imated to be equivalent to thei r represen
tation in th e u. s. labor forc e  ( National Scienc e Foundation, 1 986 ; 
hereafter,  NSF ) . The underrepresentation of blacks , however ,  which is 
often i ndicati ve of other ethn ic mino r i ty groups except Asi ans , reveals 
several challenges : 

• The challenge for American corporations and industries to 
achieve rac ial equality at the highest levels of the work
place , 

• The chal lenge for minority population groups to more aggres
si vely pursue scienti f ic profess ions in o rder to benef i t  
equally from the soc ietal and profess ional rewards of working 
in the most prestig ious professions, and 

• The chal lenge for American soc iety to el iminate racial 
inequality that conti nues to plague our nation.  

The underrepresentation of minorities is  also symptomatic of the 
conti nuing inequality of educat ional opportun ities for ethn ic minor ity 
groups , even afte r several yea rs of effort to eliminate legal ex
c lus ion.  The major leverage points for addressing these inequa l ities 
in the long te rm appear to be with improving precollegiate education 
of mino r i ty youth and in addressi ng the spec ial problems of low socio
economic populat ion groups . Th i s  paper both elabo rates upon seve ral 
i ssues rai s ed  by Dr . cora Marrett and introduces some add itional in
sights into the precollegiate development and spec ial problems of 
mino r ities in pursuit of scientif ic and engi nee ring ca reers . 
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Precollegiate Preparation 

Observers of mino r i ty youth i n  Ame r ica a re witnessing a crisis re
garding thei r education development . Black ,  H i spani c ,  and Native Amer
ican youth from preschool thr ough high school demonstrate educational 
def iciencies through the i r  school performance and the i r  performance on 
intellectual assessments . Resea rchers frequently demonstrate the poor 
performance of minority youth compared to white youth on the readi ng ,  
wr iting, math, and sc ience components of the Nationa l  Assessment of 
Educational Pr ogress ( NAEP ) ( Holmes , 1980 : Helgeson , et !h1 1977 : 
Plisko and stern ,  1 986 : NAEP, 1 98 5 ) . They also report a greater ten
dency for minority youth to be enrolled in vocational educational 
tracks in high school rather than the gener al or academic cur ricula 
( Oakes , 1985 : HU rd , 1982 ) and the relatively low tendency for minority 
youth to be enrolled in mo re challenging high school cour ses that pre
pare them for college cur r icula and , ul timately, careers in profes
s ional scienti f ic f ield s ( Chessnut, undated ; Thomas , 1 986 ; Hurd,  1 98 2 : 
M i ller and Remick , 1978 : Baye r ,  1973 ) .  Approx imately one-thi rd of 
black students enroll in the academic high school programs compa red to 
two-f ifths of white high school students . FO r  example , 20 percent of 
As ian high school students take calculus (which is considered an ad
vanced high school math cou rse ) compared to 8 percent of whites and 
only 4 percent of blacks and Native Americans . Table 1 ,  which i l lus
t rates mathematics and science course-taking by race in 1985 , shows 
that blacks and Native Amer icans are also less li kely than whites to 
take Algebra I ,  Algebra I I ,  geometry , or t rigonometry . 

It is widely proc laimed that the low pe rformance of mino r it ies on 
va rious math and science achievement indicators is due to ( 1 )  lack of 
exposure and proper introduction to sc ience at ear ly ages--i . e . ,  pre
school and pr imary grades ( Maccoby and Jackli n ,  1974 ; Tsai and Walberg , 
1983 ) :  ( 2 )  failu re of adults to cultivate minority students who have 
strong interests in and positive attitudes towards math and science at 
ear ly ages : and ( 3 )  lack of pa rticipation in math and science extracur
r i cular acti vities . dur i ng elementary and high school . Based upon 
studies of the background of present scientists and engi neers,  it ap
pears that the educational process for successful scientists begins at 
ve ry ea rly ages and continues throughout the adolescent and young adult 
stages of development ( Thomas , 1986 ) .  H igh achievement moti vation , 
high achievement in school , high pe rformance on i ntellectual assess
ments , and acti ve part ic ipation in scientific cur r i cula and extracur
ricular acti vities th roughout ear ly childhood and adolescence are im
portant ingredients for f uture success in scient if ic professions 
( Thomas , 1 986 ) . 

Despite numerous cou rt orders over the past two decades requ i ri ng 
the desegregation of public schools , many mino r i ty students sti ll at
tend segregated school s with fewe r resources than predominantly white 
schools . In the 1 97 8  NAEP Scienc e  Assessment, approx imately 30 percent 
of the black 9-yea r-old s ,  39 percent of the black 1 3 -year-olds ,  and 
4 7 percent of the black 17-year-olds attended schools that were pre
dominantly white . In the Northeast ,  even fewer ( 20-30 percent ) at
tended predomi nantly wh ite school s ( Kahle , 1 97 9 ) . The problem with 
these segregated schools in terms of preparing students to become sci-

34 

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

Minor i t ies :   The i r  Under representa t ion  and Career  D i f fe ren t ia ls  in  Sc ience and Eng ineer ing :  Proceed ings  o f  a  Workshop
ht tp : / /www.nap.edu/ca ta log .php?record_ id=18785

http://www.nap.edu/catalog.php?record_id=18785


TABLE 1 :  Mathematics and Science course-Taking by Race , 1985 ( i n 
percent ) *  

cou rsewo r k  

Mathematics 
Algebra I 
Geometry 
Algebra I I  
Tr igonometry 
Calculus 

Science 
Physical Science 
Biology 
Advanced Biology 
Chemistry 
Chemistry I I  
Physics 
Physics I I  

Wh ite 

7 1  
6 0  
3 8  
26 

8 

6 7  
7 9  
2 0  
3 9  

5 
20 

2 

Blac k 

6 4  
4 6  
2 9  
16 

4 

7 1  
8 0  
1 6  
3 0  

3 
1 2  

1 

Hi spani c  

6 0  
4 0  
26 
1 5  

4 

7 0  
7 8  
1 5  
26 

3 
9 
1 

*Represents i ndividuals who were sophomores in 1 98 0 .  

As ia n 

6 6  
6 8  
3 9  
4 3  
1 9  

5 2  
7 9  
2 5  
5 8  

9 
36 

7 

Native 
Amer ican 

5 7  
3 4  
2 2  
1 4  

4 

6 7  
71 
7 1  
2 4  

3 
9 
0 

SOURCE:  National Science Foundation , women and Minorities in Science 
an d Engineer i ng, Washi ngton, D . c . : u . s . Government Printing Off ice , 
1 9 86 ,  Append ix Table 3 5 .  

entists is neither the school facil ities nor the textbooks--but rathe r 
the limited opportunity for ser i ous science students to learn wi th 
fellow students who sha re their  interest and enthusiasm about science , 
the low level of investment in sc ience instructional mate r ials and 
equipment , and the low quality of training and exper ience of science 
teacher s  ( Stake and Easley, 1 97 8 ) . HU rd ( 1 98 2 )  recently documented 
the national crisis of low qual ity sc ience instruction in elementary 
and secondary education in the United states compar ed to that in the 
Soviet Union , Japan, and most of Europe . He notes that in elementary 
and secondary schools in these foreign nations,  students are taught by 
faculty with the equivalent of a master ' s  degree in a science specialty 
area and students take more sc ience cour ses than students in the u . s .  
For example , students i n  the soviet Union take the equ i valent of six 
years in each of geometry, physics , and chemistry . In contrast , Amer
ican elementary and secondary students take only one year of geometry , 
which is fa r too little to provide any depth in the subject . The 
crisis for minority students is even more severe than for the general 
population . Mino r ities are less li kely to take even one algebra,  
geometry , physics , or chemistry cou rse ( Table 1 ) . In addition , science 
instructors at segregated mino r i ty schools a re often not the most 
qualified science instructors . 

Even for cases in which schools are integrated , cou rses within 
the school are most often segregated . In  these cases,  as in the case 
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of segregated schools,  mino r i ty youth are found disproportionately in 
the least academically demanding courses taught by less quali f ied 
i nstructors whi le majority students have higher-quality courses and 
i nstructors . This segregation wi thin i ntegrated schools occurs when 
minor iti es are counseled away from col lege prepa ratory tracks ( Ekstrom 
an d Lee , 1 986 ) and/or do not have prerequisite math or science prepara
t ion to partic ipate in higher level high school science courses ( Hall , 
1 9 81 ;  Kenschaft, 1 9 81 : Stake and Easley, 1 978 ; Helgeson ,  � �' 1 97 7 ; 
oates , 1985 ) .  Researchers also consistently report that teachers have 
lower expectations of mino r i ty  students than of majo r i ty  students .  
These lower expectations are mani fested through teachers ' tolerance 
for i ncomplete homewor k ,  allowing students longer time on tasks, and 
tolerance of inattentiveness in classroom acti vities . These lowered 
expectations result in a reducti on  of mino r i ty  students '  ambition s ,  
self-conf idence , an d  perf ormance i n  school and a loss of interest and 
determination for higher academic pursuits ( Adenika and Ber ry ,  1 97 2 ;  
Duse k ,  1 9 75 ) .  

Socioeconomic Status Influences 

Rega rdless of racial/ethnic identi ficat ion ,  scientists a re l i kely 
to have family backgrounds of middle to high socioeconomic status ( SES ) 
( Pea r son, fo rthcoming ) .  Ch ildren from lowe r SES fami ly backgrounds 
are more li kely to attend lower quality schools ,  experience lower fam
ily values toward educational and occupational achievement , and have a 
greater probability to experience a li festyle that is antithetical to 
educational achievement . Mino r i ty children, of cou rse , a re overrepre
sented among the lower S ES child ren in America : 34 percent of black 
famil ies in th e u .s .  have i ncomes of less tha n fl O , OO O  compared to 
1 1 . 9  percent of white fami lies , and 5 0  percent of blacks have annual 
fami ly i ncomes of less tha n fl S , OO O  compared to 22 percent of whites 
( u .s.  Bureau of the census , 1984 ) . MCCloskey ( 1 9 76 ) estimates that 
8 0  percent of the black populati on in la rg e NOrthern cities have lower 
SES . Ch i ld r en from lower S ES famili es have fewer extracurricular edu
cational oppo r tunities, l i mited exposure to such cultur al and educa
tional exper iences as museums or major scientific exposi tions , and 
f ewer opportunities to participate in simulated or actual scienti fic 
experiments . Kahle ( 19 79 )  and McCloskey ( 1 9 76 )  characte r i ze lower S ES 
children as having constr icted exper iences and the imposition of such 
bu rdens as abstinence , negation , and humiliation placed upon them 
throughout their  whole existence . 

Intervention Strategies Are Needed 

Efforts to improve the opportunities for mino r i t ies to succeed i n  
engineer i ng an d  to enter scientific professions must compensate for 
the effects of inferior schooling and lower socioeconomic status . 
Therefor e ,  both within and in addition to school programs efforts 
should be initiated to : 
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• Provide support and encouragement to promote positive atti
tudes among mino r ities toward scientif ic careers , 

• Supply mino r i ty schools with teachers and/o r  mentors who have 
high expectations of mino r i ty  students • performance in i ntel 
lectual activiti es and academic courses , 

• El iminate the racially discriminato�:y practices of d i fferen
tially tracking in segregated schools and courses , 

• Provide practical expe r iences wherein mino r i ty children can 
partic ipate in scienti f ic exper iments and be exposed to sci 
entific expositions , 

• Provide greate r  exposu re for the parents and teachers of 
mino r it i es to the science and engineering career oppo rtuni
ties , and 

• Provide bette r training for teachers of mino r i ty students in 
order to expose mino r i ty students to higher qual i ty instruc
t ion dur i ng their  elementary and secondary school experiences . 

several i ntervent ion programs are under way in major urban cities 
th roughout the United states . However ,  to date , only limited attempts 
have been made to ( 1 )  account for ali these programs , ( 2) descr ibe 
their  goals , ( 3 )  compare thei r activities ,  and ( 4 )  evaluate thei r ef
fectiveness. My colleagues , Beatri z Clewe ll and Bernice Anderson at 
Educational Testing Service , are in the process of developing a com
prehensive inventory of science and math i ntervention programs for 
women and mino r ities that focus upon math and science achievement . 
This is an important f i rst step . The expe r ience of these efforts ove r 
the past decade can provide valuable insight about the ingredients of 
successful programs that can be repl icated in more areas where low SES 
mino r ity youth are concentrated . 
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UNDERGRADUATE SCIENCE AND ENGINEERING EDUCATION 

FOR BLACKS AND NATIVE AMERICANS* 

Howard H. Garrison 

Introduction 

Th is paper reviews recent studies related to the undergraduate 
sc ience and engi nee ring education of blacks an d Native Amer icans. ! 
The first section contains a general ove rview of educational trends.  
The second ( and la rgest ) section of the pape r focuses on studies that 
suggest explanations of the underrepresentation of minorities in sc i
ence and eng i nee ring at the unde rgraduate level . A thi rd and f i nal 
section examines programs des igned to al leviate th� under representation 
of mino r ities . 

At the college level , the representation of mi nor ities in science 
and eng i neer i ng f ields can be viewed as the product of two separate 
rates : ( 1 )  the rate of partic ipation of mino rities in higher education 
rega rdless of f ield and ( 2 ) the propens ity of mino r i t ies to select and 
persist in certain academic fields when attending col lege ( Berryman , 
1 98 3 : 4 ;  Chipman and Thomas , 1 984 : 3 ) . The sepa rate analysis of per
si stence in col lege and field choice faci litates the understanding of 
causal processes and wi ll be .employed as an o rgani zational scheme 
throughout this review .  

Trends in the Higher Education 
of Blacks and Native Americans 

Du r i ng the past two decades there have been ma jor changes in Amer
ican higher education . A rapid expans ion in the s i ze of the college 
and uni versity populat ion has occur red as a result of the maturation 
of the • baby boom• cohort and r i sing rates of col lege attendance . The 

*The author wishes to thank Arthu r  c .  Evans for his help in locating 
many of the studies reviewed in this pape r .  
!There were far more studies of blacks than of Native Americans and 
the emphasis in this review ref lects the ava i lab i l i ty of mate r ial . A 
separate paper examines the undergraduate science and eng ineering edu
cation of Hispanic students .  
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civil  rights movement also left its mark on u . s .  h igher education , and 
in the 1 97 0s mino r i ty students began to attend predomi nantly wh ite 
schools in incre�s i ng numbers . 

Minority Participation in Higher Education 

Enrollment figures document the dramatic increase in minority 
pa rticipation in higher education during the 1 97 0s .  In 1 96 8, the 
black enrollment in higher education was 2 87 , 0 00 . By 1978 , this 
f igure more than doubled , reaching 6 01 , 00 0  individuals or 1 0 . 6 percent 
of all persons enrolled in higher education ( Will ie and cunnigen , 
1 9 81 : 86 ) . During the mid-1 970s, the pe rcentage of black high school 
graduates going to college was almost at the level of the white 
population, although the black high school graduat ion rate conti nued 
to be lower than that of whites ( Lee ,  et al . ,  1985 : 8 ) . Since 1975 , 
howeve r ,  progress towa rd racial equal ity has slowed and a counter 
trend may have begun . Whi le the number of black students in col lege 
increased from 1 9 7 5  to 1 9 81 ,  the percentage of college-eligible blacks 
enrolled in col lege dec lined slight ly from the 1975 l evels ( Lee ,  et 
�' 1985: 5 ) . More recent changes a re harder to asses s .  Regrettably , 
the u . s .  Department of Education has not publ i shed data on mino r i ty 
en rollments for the pe r iod si nce 1 9 81 . 

Whi le the racial gap in enrollment rates was reduced dur i ng the 
1 97 0s ,  the raci al dispa r ity in degree attai nment rates remained 
( Berryman , 1983 : 34 ) . US ing data from the 1972 National Long itudinal 
Study ( NLS )  of Hi gh School senior s ,  Dunteman ,  et al . ,  ( 1 9 79 : 3 4 )  found 
that blacks had higher col lege withdrawal rates than whites . Of the 
males in the sample who went to col lege, the withdrawal rate as of 
October 1976 was 3 0 . 3 percent for whites and 3 5 . 7 percent for blacks . 
Among the female - college entrants from the same high school graduati ng 
class , the withdrawal rates were 3 0 . 5  percent for whites and 4 2 . 0 per
cent for blacks . 2 ( The NLS sample si ze was too small to estimate 
withdrawal rates for Native Ame r icans . )  A study of a mo re recent co
hort , 1975 college freshmen , found that 6 5  percent of the whites and 
6 0 percent of the blacks were able to persist in col lege full-time 
through the beg inning of thei r junior yea r  ( Cross and Astin ,  1981 : 79 ) .  

Participation in Science and Engineering Curricula 

The underrepresentation of mino rities in science and eng ineer i ng 
is  pa rtly a matter of persistence in higher educat ion and pa rtly due 
_to the choice of fields by mino r ity students in higher education. In 
this section , the f i eld choices of those students persisting in the 
educational pipeli ne are examined . 

2Thomas ( 1 9 8l b) found that when the college graduation rate for mem
bers of the 1 97 2  high school graduates was measu red in 1979 ( as opposed 
to 1976 ) ,  some of the di sparity between races was reduced . Part of 
what initially appear ed  to be att r ition was actually delayed gradua
t ion. 
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For col lege-bound high school seniors , there is very little dif
ference across racial or ethnic groups in terms of i ntended f ield of 
study . 3 In 1984 , 27 . 5  percent of the white college-bound high 
school seniors i ntended to major in one of the sc iences ( excluding the 
soc ial and behavioral sciences ) .  The percentages for blacks and 
Native Amer icans wer e  3 0 . 9 pe rcent and 2 9 . 7 pe rcent , respecti vely 
( National Science Foundation , 1986 : 161 ; hereafte r ,  NSF ) . 

Howeve r ,  there is a continual shift in the distribution of maj or 
fields from precollege aspiration through college graduation . 
Dunteman, et al . ,  ( 1 979 : 34 )  found that 3 8  percent of all enter ing col 
lege freshman�ported a science ma jor ( i nc luding the soc ial sciences ) .  
Only 26 . 0  percent had earned sc ience degrees or were sti ll students i n  
science programs 4 years later . 

There is an increase in the racial disparities along with the 
general movement out of science and engi nee ring f ield s . Col lege-bound 
blacks and Nat ive Americans left high school intending to major in 
science at the same rate as whi tes . �ut ,  as entering freshmen , blacks 

3compar i sons of science and eng ineer i ng education studies are com
pl icated .bY d i fferent classifications of academic f ields . The National 
Science Foundation uses the broadest def inition of science and engi 
nee ring ( NSF, 1 986 ) . Psychology and the soc i al sciences ( sociology , 
anthropology, and • other • social sciences ) a re included in NSF ' s  
typology of scienti f ic f ields . The i nc lus ion of psychology and the 
soc ial sciences with the physical and life sciences has important 
impl ications for this paper .  Fi rst, as Dunteman ,  et al . ,  ( 19 79 : 1 0 2 ) ' 
have demonstrated , there are important dif ferences in the academic 
attr ibutes of •ha r d •  science majors and soc i al sc ience majors .  Dis
criminant analyses indicated that nonscience and social science majors 
were simila r  to one another and could be d i fferentiated from the •ha rd •  
science majors on the ba s i s  o f  18 abil ity , interest , school i ng ,  and 
SES characteristic s .  A second important outcome of the inc lus ion of 
the behavioral and soc ial sciences with the other science fields is the 
fact that mino r i ty students at all education levels tend to be much 
more highly represented in the so·c ial and behavioral sciences than in 
the •ha r d •  science f ield s ( Asti n ,  1 98 2 : 6 8 ) . calculations from tabula
tions presented by NSF ( 1 9 86 : 17 5-17 7 )  s how that at every education 
leve l ( bachelo r ' s ,  maste r ' s ,  and doctorate ) ,  the social sciences 
compr ise a larger fraction of the minority science students than they 
do for white students.  By combining the soc ial and behavioral 
sciences with the other science fields , the degree of minority 
under representation in science is reduced . 

Berryman ( 19 83 : 15 )  adopted a dif ferent , but extremely useful 
typology in her wor k .  Rather than focusing on all sc ience f ields or 
on the • hard• sciences , she examined the • quantitatively based 
disciplines• ( b iolog ical sc iences , physical sc iences , computer 
sciences , mathematics , eng ineer i ng , and economics ) . While simi la r to 
the •ha r d •  science typology, this classif ication inc luded economics 
and used as its def ining criterion the prerequisite of mathematics 
training . 
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were less li kely than whites to be majoring in the physical sciences , 
mathematic s ,  biological sciences , and engi neer i ng . Native Amer icans 
were less l i kely than the i r  white classmates to dec la re majors in the 
physical sciences and engineering ( Asti n ,  1 98 2 : 6 4 -6 5 ) . Dunteman, !.!:, 
al . ,  ( 1 9 79 : 36 )  found that in thei r  freshman yea r  of col lege , 4 7 . 5 
percent of the wh ite males and only 3 7 . 1  percent of the black males 
from the 1972 h igh school graduating class chose a science major . 
Black males had a consistently lowe r probabi lity of entering each 
f ield of science than whites ( DUnteman , et a l . , 1979 : 101 ) . In the 
fall of 1 98 2 ,  4 .  8 percent of all wh ite-undergraduates ( f ull- and 
part-time ) were enrolled in eng ineering programs and 1 . 3  percent were 
enrolled as physical science major s .  The enrollment rates for blacks 
and Nat ive Amer icans were one half of those for whites . Smaller 
d ifferences were found for mathematics and l ife sciences majors 
(Vetter and Babco ,  1984 : Table 1-21 ) . 

The gaps between the racial groups increase because blacks have a 
higher rate of attr ition in the sc ience and engineeri ng f ields than 
whites . A study of 3 0  e ng ineering col leges conducted by the Sloan Task 
Force on Minor ities i n  Eng i neering found that minor i ty students in the 
1 9 70 a nd 1 9 71 freshman classes had a lower than average rate of per
si stence in eng i neering programs ( Luste rman , 1979 : 46 ) . This pattern 
continues to be found in more recent cohorts .  Blacks compr i sed 
6 . 1  percent of the f i rst year engi nee ring students in 1 9 81 . Thi s  
f igure fell to 4 . 9  percent of the second yea r students in 1982 , 3 . 8  
percent of the thi rd year students i n  1 98 3 ,  and 3 .  2 percent of the 
fourth and f ifth yea r students in 1�84 ( Vetter and Babco, 1986 : Table 
7-21 ) . 

At graduation , there is a wide gap in the distribution of racial 
groups across science and engineering f ield s .  EXami ning the achieve
ments of the 1972 NLS cohort , Dunteman, et al . ,  ( 1 9 79 )  found that white 
males were twice as l i kely as black maleSto have earned a physical 
science degree ,  three times as li kely to have obtained a li fe science 
degree, and over ten times as li kely to have obtai ned an engi neering 
degree. These disparities were much greater than those pertaining to 
majors in the freshman yea r .  Other stud ies , using other data sou rce s ,  
reported simi la r racial d-i fferences . Astin ( 1 9 8 2 : 58-5 9 )  found that 
blacks compri sed 6 . 1 percent of the 19 71 freshmen majors in the physi 
cal sciences and mathematics, but only 4 . 0  percent of the baccalau reate 
recipients ea rning degrees in those f ields . This pattern of attr ition 
was also detected in the biological sciences and eng ineer i ng .  

The degree of under representat ion ,  howeve r ,  was not constant 
ac ross f ields . Ch ipman and Thomas ( 19 84 : Table 2 )  constructed represen
tation ratios for the 1 980-81 degree recipients.  For each ethnic group 
( and all groups combined ) ,  a representation ratio was created by di vid
ing the proportion in a field by the proportion among the bachelor ' s  
degree recipients. Black men were the most underrepresented ( relative 
to all me n )  in the physical sc iences , computer sciences,  and engineer
ing .  Ame r ican Indian ·men were most under represented in compute r sci
ences and mathematics . Whi le females were hi ghly under represented 
relative to men , Ch ipman and Thomas ( l i ke Du nteman, et �, 1 9 79 : 101 ) 
found fewer and smaller rac ial d i ffe rences among females . 
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Data on the racial identity of degree ea rners have only been 
available s ince the mid-1 97 0s and the most recently published degree 
data with racial breakdowns were for the 1980-81 school yea r .  
Ga r r i son and Brown ( 1985 : 56 )  found that the pe rcentage o f  black 
bachelo r ' s  degree recipients in the biological sc iences rema ined fai r ly 
stable between 1 97 6  and 1 9 81 . The most substantial change was a drop 
i n  the percentage of white bachelo r ' s  degree recipients majoring in 
these f ield s .  This reduced the di fference between racial groups . 
Using data for the same time peri od s ,  Trent ( 1 9 84 : 29 2-9 3 )  found small 
increases in the percentage of black degree earners majoring in com
puter science and the physical sciences and a large increase in the 
pe rcentage majoring in engineering . In two of the f ields ( engi neering 
and computer science ) i ncreases by white males were larger than those 
of black males and resulted in la rger racial dispa r ities in 1 981 than 
in 1976 . 

Correlates of Educational Outcomes 
for Blacks and Native Americans 

In �his section , studies attempti ng to explain the underrepresen
tation of mino r ities are exami ned . The determi nants of mino r i ty per
sistence in higher education are examined fi rst and are followed by an 
exami nation of the determi nants of mino r i ty pa rticipation in science 
curricula . Research f ind ings in both areas are important for under
standing the o r ig i ns  of racial dispa r ities .in science and engineering 
f ields.  

Determinants of Persistence in Higher Education 

There is an extensive body of social science resea rch on the 
determinants of persistence in higher educat ion . Studies have examined 
precollege background factors , col lege expe r iences, and institutional 
cha racte ri stics. These studies , and especially those focusing on 
raci al di fferences in persistence , a re reviewed below. Emphasis i s  
given to those studies that used multivariate methods to examine the 
contribution of different factors to persistence in the pu rsuit of a 
baccalau reate degree. 

Within this body of resea rch there are a number of important 
methodological var iations that inhibit the di rect compa r ison of find
ings and complicate gene ral i zat ions about relat ionsh ips . Fi rst , there 
a re d i ffe rences in dependent ( outcome ) measu res . Some studies exami ned 
the complet ion of a 4-year degree ( AStin , 1982 ; ounteman , et !.!.:_, 
1 979 ; Munro, 1 9 81 ;  Thomas , 19 8la , b ;  and Vele z ,  1 985 ) .  Other studies 
examined the persistence from freshman to sophomore yea r ,  justifying 
this procedure on the grounds that the freshman year is a crucial 
attrition point ( Ai tken , 1982 ; Anderson , 1981 ; Bean , 1980 ; a nd 
Pasca rella and Te renzini , 1 9 79 ) .  Astin and cros s ( 19 81 )  examined 
pers istence after 2 yea r s ,  whi le Peng and Fetters ( 19 78 )  analyzed both 
short- and long-term persistence . Wh i le persistence is the most common 
outcome measu re,  some studies ( e . g . , Nettles , et !.!.:_, 1986 ) have 
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focused on the determinants of col lege grade-point average 
itself an important determinant of persistence ( see Aitken, 
39-4 0 ;  Peng and Fetters,  1978 : 368-369 ; and Suen 1983 : 1 19 ) . 

( GPA ) , 
1 98 2 :  
Sti l l  

other studies have focused on attitudi nal outcomes ,  such as the i ntent 
to leave ( e . g . , Bennett and Bean , 1984 ) .  

A second important methodological variation i nvolves the sample 
of students used in the analyses . Those stud ies usi ng a nat ional 
sample ( typically the 1 97 2  NLS coho rt ) are able to generalize about 
the broadest populat ion . However ,  many researchers have measured per
sistence using the enrollment records of a sing le i nstitut ion . In 
these stud ies , students who transfer to other schools cannot be dis
tinguished from those who leave higher education . The advantage of 
these samples is that they are not limited to a single cohort and can 
i nc lude a la rger battery of soci al and psychological measures than the 
19 72 NLS . 

A thi rd sou rce of methodological divergence is the dif ference in 
causal models used by the investigators .  Regress ion coefficients va ry 
accord ing to the nature and number of othe r var i ables in the model . 
For example , studies of the d i r ect relationship between freshman GPA 
and persistence wil l  report different coefficients if attitudinal var i 
ables ( institutional satisfaction, i ntention to withdraw) are i ncluded 
as intermedi ate factors in a causal model . Modeling variations abound 
in the research l iterature on educational persistence . 

These fundamental methodolog ical di fferences compl icate the de r i 
vation of def i n itive conc lusions from the resea rch l iteratu re . As a 
result,  this review will emphasi ze . those findings that are common 
across a w ide range of measurements , models , and samples . 

Socioeconomic Background and Persistence in H igher Education . A number 
of fami ly background characteristics are cor related with persistence 
in the pursuit of a baccalau reate degree. Peng and Fetters ( 19 78 : 36 7 ) 
reported that soc ioeconomic statu s ( a  compos ite i ndex of parental edu
cation and income , father ' s  occupation , and a household items scale ) 
had a significant negative relationship with col lege withdrawal when 
other predictor va riables were controlled . They attributed this rela
tionship to the effects of parental expectations and pressure rather 
than to financial conditions because they found that scholarship aid 
and student loans d id not have significant relationships to col lege 
withdrawal . Al len ( 1 9 81 : 13 3 )  found that mother ' s  education was the 
strongest predicator of students '  aspi rat ion in his study of black 
students at the Uni versity of No rth ca roli na .  However ,  in contrast to 
Peng an d Fette r ' s  inte rpretation of the causal dynamics , Astin 
( 1 9  82: 94-9 5)  r eported that family income and parental education were 
st i ll significantly related to educational achievement in higher edu
cation when other academic character i stics , includ ing student educa
tional aspi rations , were statistically control led . 

Given the strong relationship between family soc ioeconomic back
ground and college persistence , it is important to be cogni zant of the 
socioeconomic di fferences between white and minority fami lies . On one 
particularly relevant dimension of socioeconomic background , parental 
education , there are si zable racial differences even withi n  the popu-
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lation of college-bound high school seniors . The median number of 
years of schooling for the parents of wh ite students exceeds that of 
the parents of black students and Native Americans by one ful l yea r 
( Ame r ica n counc il on Education , 1984 : 14 ) . college completion rates 
showed even greater differences . Nearly 46 p ercent of the white 
fathers and 29 . 8  percent of the white mothers finished college.  For 
black fathers and mothers , the college complet ion rates were 19 . 5  and 
21 . 1  percent , respectively . The parents of col lege-bound Amer ican 
Indian students also had lower rates of college complet ion than the 
parents of the wh ite students : only 2 9 . 5 percent of the fathers and 
21 . 5  percent of the mothers completed college . 

Academic Background and Persistence i n  Higher Educat ion . cross and 
Astin ( 1 9 81 : 87 )  found that high school grade point average ( GPA) had 
the strongest relationship to full-time persistence in college of any 
individual -level attr i bute . Aitken ( 1 9 82 : 41 ) , Bennett and Bean 
( 1 984 : 18 5 ) , Nett les , et al . ,  ( 1 986 : 309 ) and Bean ( 1 980 : 1 8 0 )  also re
ported that precol lege academic performance was one of the most impor
tant pred i ctors of dropping out . Peng and Fetter s  ( 19 78 : 36 8-6 9 )  f ound 
that high school cur r iculum and percent ile rank were significantly re
lated to persistence in college even after the effect of col lege GPA 
was controlled . Ast in ( 1 9 8 2 : 92-9 3 )  concluded that students ' academic 
preparation at the time of college entry ( high school grades,  test 
scores , study habits , h igh school curr iculum , and percei ved need for 
tutoring ) had more frequent and stronger relationships with college 
outcome measures than any other category of variables . 

There are important diffe rences in the ave rage educational back- · 
ground of college students from di fferent racial groups. In 1984 , 
wh ite col lege-bound high school seniors were much more li kely than 
blacks and Native Americans to have reported an academic curriculum in 
high school . About four-fifths of the wh ites and two-thi rds of the 
blacks and Native Americans had been in academic programs in high 
schoo l ( NSF, 1986 : 28 ) . Other diffe rences in academic prepa ration 
( e . g . , level and quality of instruct ion ) a re harder to measure , but 
may play a la rge pa rt in produci ng the observed d i ffe rences in per
si stence. In a su rvey of black alumni from the Massachusetts Institute 
of Technology ( MI T ) , 5 3  pe rcent repo rted feeling less well prepa red 
than thei r c lassmates . some were di smayed when they learned that thei r 
classmates had used some of the textboo ks being used at MIT in high 
school . Others reported that the students from pr i vate high schools 
were more prepa red for the pace at MIT ( McBay , et al . ,  1986 : 8 ) . 

There are sizable racial differences in performance on standard
i zed achievement tests taken before col lege entry . In the National 
Assessment of Educational Pr ogress ( NAEP) , the average scores for 
blacks were lower than those of wh ites , and ave rage scores for both 
blacks and Native Americans were lower than those of whites on the 
Scholast ic Aptitude Tests ( SAT) 4 ( NSF, 1986 : 29 ) .  It is important to 

4oue to insufficient sample size , the Nat ional Assessment of Educa
tiona l Progress does not report separate data for Native Amer icans . 
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point ou t ,  however ,  that racial dispariti es in these and other achieve
ment tests have been declining in r ecent year s  ( Congressional Budget 
Office ,  1986 : x v i i i ) .  

The importance of these racial differences in fam i ly and academic 
bac kgrounds as determi nants of the racial dispa r ities in college 
achievement can be seen when family background and academic background 
are statistically controlled in multi var iate analyses . In these com
parisons of students with • equal • f am i ly and academic backgrounds , the 
racial d i fferences in educational outcomes disappea r ( Anderson, 1 9 81 : 
1 2 ;  Cross and Astin , 1981 : 82-8 3 ;  Munro , 1981 : 1 3 9 ;  Nettles , et !b_, 
1 985 : 1 36 ;  Pasca rella and Terenzini , 1 9 78 : 204 ; Pasca rell a ,  � �, 
1983 : 94 ;  Peng and Fetters,  1 9 78 : 36 7 ;  and Vele z ,  1985 : 19 5 ) . 

Financial Aid, Student Employment, and Pe rsi stence in Higher Education.  
There is a very complex relationship between student financial need , 
financial aid, and employment . The strong i nterrelationship among 
these var iables has made it difficult to del ineate the unique contribu
tion of each factor to academic outcomes . FU rther complicating matters 
is the tendency for students to receive several types of financial aid . 
Newman ( 1 985 : 187 ) noted that this widespread use o f  • a id packages • in
troduces the problem of multicoli nea r i ty to the statistical analyses . 

· 
Gi ven these problems , it is not su rpri sing that the reviews o f  

the research literature report conflicting resu lts from ana lyses usi ng 
d i fferent data sets and di fferent measures ( see Asti n ,  1 98 2 : 107-109 ) .  
Nettles , et !b_, ( 1 9 85 : 14 0 )  found that low financ ial need was related 
to both college GPA and academic proqres s .  Pulle r ,  e t  al . ,  ( 1 98 2 : 477 )  
concluded that financial aid can be an important determinant of post
secondary school attendance . Howeve r ,  Peng and Fetter s ( 19 78 : 36 7 )  
found no signif icant effects of scholarships o r  loans on persistence 
once other student attributes were i ncluded in the regression analys i s .  
One review o f  the literature concluded that schola rships and grants had 
small pos itive effects on retention , whi le loans generally were re
ported to have negative effects ( Jensen , 1983 : 300 ) .  

This finding is important because, in recent years,  there has been 
a shift in the amount and form of student financial aid . After adj ust
ing for inf lation , the amount of a id available in the fall of 1 98 3  was 
15 . 5  percent less than that avai lable in 1978 ( Lee ,  et al . ,  1 9 85 : 14 ) . 
Du ring the same time per iod, grant monies dec lined by one-half wh ile 
the amount of loan money near ly doubled . Recent studies have docu
mented a conti nuation of these trends ( Hansen,  1 986 : 46 -5 1 ) . 

Accord ing to Hansen ( 1 9 86 :  57 ) ,  the decline in the size of grant 
programs and the expansion of loan programs represents a major shift 
in federal policy . I t  is  a trans formation that may have important im
plications for the d i sadvantaged students who were the origi nal ta rgets 
of federal assi stance for higher education . Hansen suggested that the 
emphasis on loans may have discouraged underrepresented groups from 
participating in higher education . She noted that there is much specu
lation that the real decline in federal student a id dolla r s ,  plus the 
shift in the balance between grants and loans , contr i buted to the re
cent decline in black college enrol lment s .  
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There is much greater consensus on the effects of student employ
ment than there is for student aid . Peng and Fetter s  ( 19 78 : 3 7 1 )  found 
that students who work are more li kely to drop out of college . How
eve r ,  subsequent studies have substantially quali f i ed  the relationship 
between work and persistence . Anderson ( 1 9 81 : 1 3 )  found that holding a 
work-study job was associated with greater persistence in colleg e ,  
whi le hold ing a regular job was associated with a lower probabi li ty of 
persistence . Astin and cros s ( 19 81 : 84 )  repo rted s imilar f i ndings : 
on-campus jobs were related to greater persistence in college whi le 
working more than 20 hours per week was related to decreased persis
tence . Ve lez ( 19 85 : 19 8 )  a lso found that worki ng on a college campus 
was related to greater persistence . 

Student Adjustment , Integration into campus Life, and Pe rsistence in 
Highe r Education . Highly inf luential papers by Spady ( 19 7 0 ,  1971 ) and 
Tinto ( 1 9 75 )  proposed that integration into campus soc ial and academic 
life were important determi nants of persi stence in higher education. 
An extensi ve research literature has emerg ed  testing and ref ining these 
hypothese s ( e . g . , Aitken, 1982 ; Bean,  1 980 ; Munro, 1 9 81 ; Pasca rella 
and Terenz i ni , 1979 , 1980 ; Pa scarella , et .!.!.:..' 1 9 83 ) .  Nearly all of 
the studies confi rmed the general hypotheses of Spady and Tinto and 
found that integration into the academic and soc ial systems of the 
college campus was pos iti vely related to persistence . 

Several researchers have demonst rated that student-faculty con
tact, a component of academic integrat ion , reduced the likelihood of 
attr ition. Nettles , et al . ,  ( 1 9 86 : 307-8 ) found that an index measu ring 
the quant ity and quality of faculty contact

. 
was pos iti vely related to · 

college GPA. Pascarella and Terenz ini ( 1 9 79 : 204-5 ) reported that the 
frequency and the qua l i ty of student-faculty relationships were sig
nif icant!� and positively related to persistence in college for male 
students . Fu rthermore ,  there was a compensatory interaction pat
tern . Some of the measu res of facul ty contact had their la rgest 
positive effects on those freshmen whose parents had relati vely low 
levels of education. 

There is some indication that the effects of social and academic 
integration may be pa rticula rly important for black students on pre
dominantly white campuses .  In a study conducted at one predominantly 
white school , Suen ( 1 983 : 1 1 9 )  found that black students were more 
a li enated than white students and that ali enation was a significant 
pred ictor of attrit ion for blacks but not for wh ites . Nettles , !! 

5 It is important to note that the correlat ion between faculty con
tact and student achievement does not necessa rily mean that faculty 
contact causes better schola rship. While this is one possible in
te rpretat ion , other explanations are also possi ble . The students ' 
achievement may facili tate relationships with faculty members. The 
more successful students may be more li kely to seek out thei r teachers 
and faculty members may feel more comfortable or more gratif ied when 
interacting with these students .  
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a l . , ( 1 9 86 :  303 ) also found that black students reported lower levels 
of faculty contact , greater pe rceptions of university discrimination, 
and lower overall satisfaction than white students .  All of these 
variables were signif icantly related to college GPA. Nettles ,  � �' 
found racial interactions between some measu res of academic integra
tion and GPA. In their study of students in 30 southern and border 
state colleges and uni versities , the relationship between faculty con
tact and GPA was stronge r for blacks than for wh ites . Pasca rella and 
Terenzi ni ( 1 9 79 : 70-71 ) ,  however ,  found no racial interactions in the i r  
study o f  the effects of academic i ntegration on persistence conducted 
at Syracuse University . 

Ad justing to college li fe and col lege coursework can be difficult , 
as the high freshman dropout rate attests . Beyond these •norma l •  pres
sures , mino r i ty students often have to conf ront an ali en and inhospi
table campus envi ronment . over 82 percent of the black MIT alumni 
i nterviewed in a recent telephone survey reported that they had to 
adjust to the pace , pressure and wor kload of college life . Almost 
45 percent mentioned that they had to make additional adjustments as 
black students . Both soci al and academic situations were cited . OVer 
40 percent noted cultural barriers or a sense of racial iso lation in 
MI T ' s  l iving envi ronment . Rac i al i ncidents involving othe r MIT stu
dents were mentioned by 15 percent of the respondent s .  Relationships 
with wh ite facul ty members were often characterized by poor or i nade
quate support and negative expectations for black student achievement . 
Black faculty member s  ( 2  percent of the total faculty ) accounted for 
4 0  percent of the positive faculty relationships mentioned ( McBay, et 
�, 1 986 : 8-1 3 ) . 

A study conducted by the National Research counci l  ( 19 77 : 5 ) found 
that the retention of mino r i ty eng i neering students at predominantly 
white colleges was improved when a • c r i tical mass • of minority stu
dents was reached on each campus . These students provided peer sup
port and role models for newer minority students .  Positive relation
ships with faculty members were also seen as reducing the alienation 
of the mino r i ty engineer i ng students and consequently reducing thei r 
l ikelihood of attr ition . Similar views were expressed in the survey 
of black MI T a lumni . Nearly 4 0  percent of the respondents volunteered 
the opi nion that MIT needed more blacks ( on all level s )  to serve as 
comrades and role models ( McBay, � a l . , 1 9 86 : 15 ) . 

In addition to faculty contact, contact with administrative units 
of the college can have an impact on students '  academic decisions . 
Wil lie and cunnige n ( 19 81 : 19 0 ) reviewed several stud i es of suppo rt 
services for black students on white campuses and found that black 
students were most li kely to seek help from black admi nistrators ,  black 
faculty ,  and black students. Burre ll and Trombley ( 1 9 83 : 12 3-24 ) a lso 
reported that mino r i ty  students were much more li kely to seek help for 
academic problems from advisers and other students who were minority 
group members than from their white advisers . 

Institutional Cha racteri stics and Persistence in H igher Education. 
There is a la rge body of resea rch on the impact of school characteris
tics on student performance . In a review of these stud ies , Berryman 
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( 1 9 8 3 : 1 0 7-1 1 4 ) concluded that ( 1 )  i ndividual differences underlie most 
of the appa rent relationshi ps ; ( 2 )  the effects of the institutions 
should , in most cases ,  be small ; a nd ( 3 )  the institutional effects 
should be smaller at the postseconda ry level than at ea r lier levels of 
education . concurring with her evaluation , the review of institutional 
cha racter i stics in this secti on is limited to two factors that may dis
t inguish the minority experience in higher education from that of the 
major ity: enrollment in predomi nantly mino r i ty institutions and en
rollment in 2-year colleges . 

The desegregation of u . s .  colleges and uni ve rsities had a profound 
effect on the distr ibution of black college students across types of 
schools . In the early 1960s , an est imated 6 5  t o  7 0  percent of all 
black college students were enrol led at traditionally black colleges . 
By 1968 , the figure had dropped to 36 percent . I n  the 1 975-76 school 
yea r ,  black colleges enrolled 1 7 . 8 percent of all black college stu
dents ( Willie and cunnigen, 1981 : 181 ) . The most current data ( 1 9 8 2 )  
i ndicated that 16 . 1  percent o f  all black col lege students were enrol led 
at black col leges ( Ame rican council on Education , 1 9 85 : 1 2 ) . 

Wh i le the pe rcentage of black students enrolled in black colleges 
dec li ned , these institutions continued to award a substantial propor
tion of all baccalaureate degrees earned by blacks .  In the 1 97 5-76 
school year ,  black institutions awarded 4 0 . 2  percent of al l bachelor ' s  
degrees earned by black s ( Trent, 1 98 4 : 296 ) . In the 1980-81 school 
yea r ,  3 3 . 7  percent of al l bachelo r ' s  degrees earned by blacks were 
awa rded by black institutions . These figu res suggest that there is a 
higher rate of persistence among black students at black institutions 
than at wh ite institutions . 

The dif ferences in persi stence could be due to di ffe rences in the 
character i stics of the students enrolled at each type of i nstitution . 
In their  1 9 76 survey data , Ast in and cross ( 1 9 81 : 30-36 ) found that 
black students at black colleges tended to come from fami l ies with 
higher levels of parental ed ucation than blacks attending predominantly 
wh ite institut i ons , but that black students in wh ite inst itutions had 
higher average GPAs and test scores. 

several stud ies have est imated the impact of attending a predomi
nantly mino r i ty institution whi le controlling for student background 
cha racte r i stic s .  Ast in and cross ( 1 9 81 :  87 ) found a strong positive 
effect of mino r i ty inst itutions on persistance after statistically 
controlling for individual background factors and financial aid .  
Thoma s ( 19 8la : 34 3 )  also found that attendance at a black institution 
was positively related to prompt 4-yea r graduat ion when academic and 
fami ly backgrounds were statistically control led . Howeve r ,  the impact 
of the black institutions was largely mediated by GPA a nd other insti
tutional characteristic s .  When these measures were i ncluded in the 
regress ion model ,  there was no di rect effect of attendance at a black 
college . In contrast to these stud ies and in contrast to his own 
earlier research on 1968 f reshmen, a recent study by Astin ( 1 9 8 2 : 101 ) 
reported that attending a predomi nantly wh ite institution increased a 
black student ' s  chance of earning a bachelor ' s  degree . He suggested 
that wh ite institutions may have become more sens itive to the needs of 
black students in recent years . 
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In the same study , Astin found that students who began the i r  edu
cation a t  2-year colleges were also less li kely to ea rn bachelo r ' s  
degrees . The dif ferences remained when the character i stics of the 
students attending each type of institution were control led ( 198 2 : 99 ) . 
Simi lar results were reported by Anderson ( 19 81 : 13 ) . Velez ( 19 85 : 19 7 )  
found that after other determinants of persistence were controlled , 
students who started thei r col lege education at 4 -year institutions had 
a 1 9  percent highe r  probab i l i ty of earning a bachelo r ' s  degree than 
students who began the i r  higher education at 2-year i ns titutions . 

These relationships are important because mino r i ty students a re 
more li kely than white students to attend 2-year colleges . Of the 
college students enrolled in the fall of 1 98 2 ,  over 41 percent of the 
blacks , compared to 3 5 . 3 percent of the whites , were enrolled in 
2-yea r publ ic school s ( Lee ,  et al . ,  1985 : i ) .  Native Amer icans were 
also more li kely than whites-to� enrolled at 2-year institutions 
( Ame r ican Council on Educat ion , 1 9 85 : 7 ) . 

Detmninanls of Participation 
in Sc�nce and Engineering Curricula 

The number of minority students earning science and eng ineer i ng 
degrees is a functi on of both thei r persistence in h igher education and 
the i r  choice of science and eng ineering majors . In this section, the 
factors associated with pa rticipation in science and engineering cur
r i cula are examined . A number of factors have been suggested as cor
relates of the low rate of mino r i ty  pa rticipation in science and eng i 
nee r i ng cur ricula and the high rate of attrition among those minority 
students who i nitially enter those f ield s ( se e  National Resea rch coun
cil , 1977 : 21 -2 2 ) . Some of these factors ( fami ly background , academic 
prepa rat ion , and college cha racteri stics )  were also related to persis
tence in higher education , whi le others ( cultural factors,  career 
information , and i nte rpersonal i nfluence s ) have not been identif i ed  as 
i mportant correlates of persistence in higher education. 

Socioeconomic and Academic Background and Pa rt icipati on i n  Science and 
Engineer i ng cu rricula . Many obse rvers have recognized def iciencies in 
academic preparation as cruc i al determi nants of mino r i ty underrepre
sentation in science and eng ineering curricula ( see McBay, 1 9 78 : 21 7 ) .  
TWO sepa rate panels of educational experts ident i f i ed  the lack of 
academic preparation as one of the most important factors deterring 
minor ities from pa rticipating in science and eng i neering cur r icula 
( National Research Council , 1 9 77 : 21 -22 ;  Office of Technology Assess
ment , 1 985 : 1 41 ) . 

Findings from quantitati ve assessments support the assessments of 
these educators . Duntema n ,  et �, ( 1 9 79 : 10 2 )  found that d ifferences 
in abi li ty and academic background distinguished the science majors 
from nonscience majors . Asti n ( 1 98 2 : 7 3-7 4 )  reported that students 
with the highest SAT scores tended to prefer majors in the sciences , 
and he suggested that the underrepresentation of mino r ities in the 
sc iences was in part due to poor academic preparation at the secondary 
school level . Ber ryman ( 1 983 : 8 4 )  also found that the students who 
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planned to major in the sciences had higher scores on the quantitati ve 
po rtion of the SAT than students planning to major in other f ield s .  

Ast in ( 19 8 2 : 106 ) r eported that minority students i n  the natural 
sc iences and eng i neering received l owe r grades than would be expected 
from their  academic background characte r istic s ,  whi le minority students 
majoring in the a rts , human ities , social sc iences , or education re
ceived higher grades . Low grades in college courses may • push • many 
students out of the science cu r riculum . 

When it comes to training for the quantitati ve field s ,  there are 
la rge d i fferences in the prepa ration of mino r i ty and nonmino r i ty stu
dents.  Among the 1983 college freshmen with probable majors in mathe
matic s ,  8 0 . 2 percent of the white students had 4 or more years of high 
school mathematic s .  Only 6 o. 8 percent of the blacks and 5 7. 5 percent 
of the Native Amer icans planning college majors in mathematics had four 
or  more years of high school mathematics ( NSP, 1986 : 1 5 4 ) . The re were 
also la rge dispa r ities in mathematics prepa ration among the physical 
science majors.  

Dunteman, et al . ,  ( 1 9 79 : 10 2 )  demonstrated the importance of these 
background d i fferences in the choice of college major .  When racial 
groups were statistically equated on four key intervening variables 
( mathematics abi lity, or ientation to things , perception of mothe r s ' 
educational aspi ration for children, and number of high school science 
semester s ) , there was a substantial positive effect of being black on 
the choice of science majors. The intervening factors accounted for 
the negative relationship between being black and being a sc ience 
major . 

Most of the research and commentary on precollege factors has 
focused on academic background . Howeve r ,  resea rchers have also re
ported an important relationship between soc ioeconomic background and 
the choice of a science major in college . ountema n ,  � al . ,  ( 19 79 : 10 2 )  
found differences between the socioeconomic status of the fami l i es of 
science majors and othe r majors . Ber ryma n ( 1 98 3 : 8 9-9 3 )  found that 
having a col lege-educated parent not only increased the li keli hood of 
choosing a quantitative majo r ,  but equalized the rate of choice across 
white , black ,  Ame rican Ind ian , and Hi spani c subgroups. At least part 
of the relationship between parental education and college major was 
due to the effects of parental education on students '  h igh school per
formance and postsecondary education plans . Ber ryman hypothesi zed that 
parents with col lege experience were more li kely to assume that thei r 
children would attend college and also knew more about the early train
i ng investments that thei r child ren needed to make . She also postu
lated that the second-gene ration col lege students were more li kely to 
have grown up with knowledge of wider occupational hor i zons than first
generation college students .  

Mentors an d  Minority Pa rt ic ipation in Science and Engineering cu r r ic
ula . several studies have stressed the importance of role models for 
increas ing the number of minority scientists and profess ionals ( Murphy 
and McNa i r ,  19 81 ; National Resea rch counci l ,  1 9 77 : 21-22 ; New Yor k  
State , 1984 : 4 ;  Office of Technology Assessment , 1985 : 141 ) . Mino rity 
sc ience students have acknowledged the importance of mentors and role 
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models in the i r  f ield choice ( Gr een and Brown , 1 9 76 ; Pe r ry ,  et a l . , 
1 9 76 : 1 78 ) and thei r persistence in science ca reer s ( Gar r ison �d 
Brown, 1984 : 25 ;  Malcom ,  et !.!: . .r 1 9 76 ) .  

Thomas ( 1 9 84 : 24 )  found that both black and white students majoring 
in the sciences were more li kely to have had childhood exposure to sci 
entists than were students majoring i n  other f ields . The race of the 
role model was also very important . When asked about the person who 
most influenced the i r  choice of major in college , approximately 9 0  per
cent of the black respondents and nearly 9 8  percent of the white re
spondents reported a person of the same race ( Thomas , 1984 : Table 3 ) . 
Spencer ,  et llir ( 1 97 5 )  found that the occupational aspirations of 
Choctaw youth tended to mi rror the occupational achievements of older 
tribal member s .  

Whi le the relationship between mentors and f ield choice i s  well 
documented , less is  known about the underlying dynamics of the associ 
ation . The role models may se rve as sources of occupational informa
tion. McBay ( 1 9 78 : 217 ) l isted i nadequate career i nformation as one of 
the major causes of mino rity underrepresentation in college science 
programs . 

Identi f ication with the field through identif ication with the men
tor may also be an important process of choosing a scientif ic caree r .  
Mino rity students part ic ipating i n  an honors training program reported 
that the oppo rtunity to see members of their own ethn ic group working 
as scientists was a very important factor in the decision to pursue a 
science caree r ( Gar ri son and Brown, 1 985 : 2 5 ) . The exper ience helped 
to demystify the li fe of the researcher and helped students to envi sion 
themselves in research ca reers.  

Howeve r ,  part of the mentors ' impact on the careers of thei r stu
dents may involve more than psychological dynamic s .  Blackwell 
( 19 81 : 291 -9 3 )  noted that the importance of personal references in aca
demi a ( the •old boy network• ) tends to work against mino r i ty  students ,  
especially those from mino r ity institutions . 

CUltura l  Factors and Minority Pa rt icipati on i n  Sc ience and Engineer i ng 
Cur ricula . A common theme in several ea rly studies of mino r ity under
representation in sc ience was the idea that cultural ba rriers deterred 
many mino rity students ( especially H i spanics and Native Americans ) from 
the pursuit of careers in science and eng i neering .  Maesta s ( 1 977 )  
l isted four culturally based factors that prevented Amer ican Indian and 
Mex ican Amer ican students from pu rsuing ca reers in science : Eng l is h  
as a second language ; r e jection by members o f  the majority culture ; 
d ifferences in phi losophy ( e . g . ,  mastery and control of nature versus 
l i fe in harmony with nature ) ;  and the di fferences in orientation toward 
science ( minority students seeking to a id thei r communities resented 
the deprecation of applied science ) . 

It has also been suggested that cultural orientations toward com
petition and success d i ffered across cultures and tha t •succes s •  i n  
white educational institutions forced Native Amer ican students into 
confl i ct with certain traditional value s  ( Planning commission, 
1 9 74 : 57 ) .  Emphasi s  on collective rather than individual achievement 
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i n  Ind ian cultures has often been viewed as conf licting with the 
demands of the non- Indian education system . Howeve r ,  one study of 
this hypothes i s  usi ng a sample of Ok lahoma col lege students found no 
signif icant d i fferences between whites and Native Amer icans on the 
acceptance or rejection of individual competition . FU rthermore ,  the 
four survey items used to measure the presence/absence of values re
j ecti ng ind ividual competition were not significant ly related to 
col lege GPA for either whites or  Native Amer i cans ( Ke rbo , 1981 : 1 27 8 ) .  

It is easier to attribute group dif ferences to the effects of 
•cultu r e •  than to demonstrate the actual cultu ral basis of an observed 
difference between groups . Alternative hypotheses explai ning the dif
ference need to be ruled out . Factors external to the cultu r e  ( in
clud ing negative stereotyping and lack of opportun ity ) may be sources 
of the observed d i fferences between groups . In a study based on inter 
views with Native Amer ican students ,  educators,  and program developer s ,  
Green ( 1 9 7 8a : 2 ) concluded that mathematics anxiety and mathematics 
avoidance were important ba r riers to Native Amer i can entrance into 
science . Some of these fears may have been produced by the attitudes 
held by teachers and counselors. At a meeting devoted to issues in 
Native Amer ican mathematics education, confe rees suggested that the 
most important factor preventing Native Amer ican students from 
obtaining a sound mathematics education was the widespread bel ief on 
the part of teache rs and counselors that mathematics competence is 
beyond or i r relevant t o  Native Amer ican need s ( Green, 1978b : 3 ) . In a 
statement before the Subcommittee on Science of the House Committee on 
Sc ience and Technology, the executive d i r ector of the Amer ican Indian 
Science and Eng ineering society also expressed the view that inadequate 
counseling and negative ste reotypes were important factors limiti ng 
Native Amer ican achievement in the sciences ( Anderson , 1982 : 15-16 ) .  

The limited achievements of Native Ame r ican students in science 
and mathematics have also been att r i buted to the poor quality of the i r  
educat ion . One panel o f  experts felt that the most crucial factor was 
i nadequate preparation in publ ic schools rathe r than the characte r i s
tics of tribal cultures ( Green, 1978b :  2-3 ) . until the questions of 
educational access and quality are resolved , the role of cultural fac
tors rema i ns  indeterminate . 

Institutiona l Cha racte r i stics and Pa rt ic ipation in Science cu r r icula . 
Whi le the effects of institutional characte ri stics on general persis
tence in higher education were neither large nor uni form across 
stud ies , there are important reasons to reexamine thei r effects on 
f ield choic e .  Schools vary in thei r abi lity to offer certain technical 
cur r icul a  ( e . g . ,  eng i nee ring ) ,  and depa rtmental strengths and weak
nesses may effect field choice in much more di rect ways than other 
institutional characte r istics inf luence gene ral persi stence in higher 
education. 

A number of obse rve rs have poi nted out the historically important 
role that traditionally black inst itutions have played in the careers 
of black scient ists ( see Fi she r ,  1977 : 1 7 3-76 ; Jay 1977 : 4 ) . Gr i ffo 
( 1 9 77 : 156 ) reported tha t 6 2  percent of all black M. D . s  and 7 2  percent 
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of all black Ph . D . s  in science recei ved the i r  unde rg raduate education 
at black institutions . 6 Jay ( 1 9 77 :  4) found that the traditional ly 
black i nstitutions employed between 6 5  and 7 5  percent of the academ
i cally employed black science doctorates . 

Whi le they were important in the production and employment of 
minority scientists , traditional ly black institutions have received 
only a small fraction of the f ederal support for resea rch and develop
ment activities , and this fraction has declined in recent yea rs . In 
1 9 7 3 ,  f ederal research and development support at black institutions 
was fl 9 . 5  m i ll ion, 1 percent of the total support at all institutions . 
The sum for black i nstitutions rose t o  f36 . 5  mi l l i on in 1 9 8 0 ,  but the 
support for other institutions grew more rapidly . In 1 9 80 ,  the black 
institutions recei ved only o. 9 percent of a ll f ederal research and 
development support ( NSF, 1982 : 2 ) . The relati ve decline in federal 
research and development support was pa rticula rly important for the 
black institutions because they are more dependent than the othe r 
institutions on federal funds for resea rch and development activities 
( NSF, 1982 : 4 ) . 

COmparing black students at black institutions and at white insti
tutions , cross and Asti n ( 19 81 : 41 )  found only small d i fferences in the 
percentages choosing science fields as probable majors.  Berryman 
( 1 98 3 : 9 5 )  reports simi la r  fi ndings for the selection of •quantitative• 
majors by black f reshmen. However ,  when earned degr ees were con
s ide red, much la rger d ifferences were found . Ga r r i son and Brown 
( 19 85 : 56 )  found that a la rger percentage of black bachelo r ' s  degree 
recipients were biological science majors at black i nstitutions than 
at white institutions . Trent ( 1 9 84 : 302 ) found that in a number of sci 
ence and eng i neering f ield s ( biological sc iences , computer science , 
enginee r i ng ,  mathematics ,  and physical sciences ) ,  predominantly black 
colleges produce a greater share of the black bachelor ' s  degrees than 
their  sha re of all degrees would predict . Prom 1 9 76 to 1981 , the posi 
tion of black institutions improved relative to the white institutions 
in te rms of th� percentage of black degree ea r ne r s  with majors in these 
science and eng i neering f ields . These ftnding s ,  howeve r ,  must be con
sidered tentative because the analyses were not able to control for 
di fferences in the character i stics of the students attending each type 
of school . 

The Transition to Graduate School 

In the quantitatively based field s ,  blacks and Native Amer icans 
a re underrepresented at all degree level s .  Thei r  underrepresentation 

6 'l'hese figures , in part , represent the high degr ee of segregation 
that existed i n  Amer ican higher education . Until recently, most black 
students attended black colleges and uni versities . The absence of his
tor ical data on black graduates of white i nstitutions , however ,  pre
vents the direct compar i son of the � at which black sc ientists were 
produced from the black graduates of each type of institut ion . 
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i s  greater at the .aster ' s  and doctorate level than at the bachelo r ' s  
leve l ( Ber ry.an , 1 98 3 : 21 ) .  So.e of this increased dispa r i ty is the re
sult of lover rates of .atr iculation in graduate school . In 1983 , 
blacks ear ne d  5 .  5 percent of the bachelo r ' s  degrees in science and 
eng ineer i ng ( NSP , 1986 : 32-37 ) .  However ,  blacks .ade up only 3 . 7  per
cent of the u . s .  c it i zens enrolled as full-time students in science 
and eng ineer i ng ( NSP, 19858 : 70 ) .  

Aspi rations for advanced degrees are iaportant precursors to grad
uate enrollments , and measures of abi l i ty and achievement a re highly 
correlated with graduate degree aspi rations . Aaong a saaple of Gradu
ate Records Examinatio n  ( GRB )  take r s , Centr a  ( 1980 : 476 ) found that the 
i mportant predictors of aspi ration for a doctorate rather than a mas
te r ' s  degree were GRE scores and col lege GPA. Being aale and black 
were as sociated with higher asp i rations once the other measures ve re 
controlled .  

The type of undergraduate institution attended was also cor related 
with graduate school plans . AStin and cross ( 19 81 : 38-4 0 ) reported that 
blacks in black undergraduate institutions tended to aspi re to Ph . D .  
and Bd . D .  degrees mo re often than black students at whi te unde rgraduate 
i nst itutions . ( Black students at white institutions , howeve r ,  were 
more l i kely to asp i re to professional degrees . )  centra ( 1980 :  47 3 )  
found that when race , sex ,  GPA, and GRE scores were controlled , under
graduates from black institutions and women ' s  colleges had slightly 
lower graduate degree aspi rations . However ,  the attr i butes of individ
uals were much stronge r pred i ctors of graduate school plans than the 
institutional characte r istic s .  Astin ( 1 9 82 : 10 4 )  found that measures 
of undergraduate institution qual i ty were related to graduate enrol l 
ment or degree attainment afte r students '  individual att r i butes were 
statistically control led . He suggested that these relationships could 
be a function of the intel lectual climate at certai n schools that fos
ter ed  the moti vation for advanced training, or  else that prestigious 
undergraduate inst itutions had better connections to graduate and pro
fessional schools . 

Programs to recruit mino r ity students exi st at many un i versities . 
Howeve r ,  a recent survey of major resea rch uni versities found that pro
fessional programs ( e . g. , law , eng inee r ing , and medicine ) were much 
mo re li kely than graduate school science depa rtments to have mino r ity 
recruitment and admi ssions programs . Al l of the law schools , 9 3. 3  per
cent of the medical school s ,  and 8 2 . 6 percent of the engineering 
schools had spec ial mino r ity recruitment and admissions effort s .  In 
the biological sc iences , physical sciences, and mathematic s ,  the per
centage of departments with such programs was between 50 a nd 6 0  percent 
( Counc il of Graduate School s ,  1 984 : 14 ) . 

As was the case at other educational levels , minority underrepre
sentation in postbaccalaureate science education was affected by f ield 
choice as well as by persistence in higher education . In a study of 
1 984-85 GRE takers , Pearson and Powe r s  ( undated : l l )  found that blacks 
with undergraduate degrees in science fields were more li kely than 
whites o r  Asians to migrate to nonsc ience field s (especially education )  
a t  the graduate leve l .  
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Special Programs for Minorities 
in Science and Engineering 

Eng ineering was the first of the scientific f ields to acknowledge 
the problem of mino r i ty underrepresentation and to mount an effort to 
correct it . Goals were set and organi zational structures were estab
lished at a symposium held under the auspices of the Nationa l Academy 
of Eng ineering in 1973 ( Kauffman, 1980 : 331 ) . OYer the years,  a number 
of speci al programs for mino r i ty engi neering students were created on 
col lege and uni versity campuses .  Minority students rose from 4 . 5  per
cent of the total unde rgraduate engi nee ring student population in 1 97 3  
t o  7 . 5  percent 5 years later ( Kauffman, 1980 : 331-32 ) .  

Pos itive results have been demonstrated in a number of campus 
training programs for minority students . The re were high rates of en
rollment in graduate school and profess ional school among the alumni 
of the Ha rva rd Uni versity Heal th career summer Program ( Jackson , 
1 97 2 : 6 23 ; Wallace , 1 977 : 23 4 ) , the Mehar ry Biomedical Sc ience Program 
( Bi rch and Wolf , 1975 : 10 59 -6 0 ;  Murphy and McNa i r ,  1981 : 196 ) ,  the Uni
ve rsity of North ca rolina Summer Program in Health Science s ( Lea and 
Farias ,  1972 ) , the Baylor University Work and study Program ( Tr i stan , 
et �' 1 9 81 : 5 3 ) , and the Uni versity of Texas Med ical Branch at Galves
ton Summer Pr ogram ( Levine , et al . ,  1976 : 741 ) .  A summer program at the 
oa k  Ridg e  National Laboratory-achieved results s imilar to those of the 
college and uni versity campus programs ( Hami lton ,  1977 : 229 ) .  

Despite numerous local programs , f ederal support for mino r i ty stu
dent science training programs at the undergraduate level is very lim
i ted . A recent catalog of f ede ral programs designed to attract minor
itystudents to science and eng ineer i ng careers li sted 47  programs in 
12 agencie s  ( NSF, 1 98 5b) . Howeve r ,  1 9  of these programs were funded 
by one agency, the u . s .  Department of Health and Human Services . Most 
of th e 4 7  programs were small ,  multipu rpose initiatives . Only the 
Minority Biomedi cal Research Support ( MBRS ) program and the Minority 
Access to Resea rch ca reer s ( MARC) program provided support for science 
training at the undergraduate level . 

The MBRS program , initiated in 1972,  provides research grants to 
faculty members at institutions with substantial minor i ty ·  student popu
lations . Graduate and undergraduate students are hi red as employees 
on the resea rch grants.  Si nce 1 972,  nearly 5 ,  50 0 undergraduates have 
been supported by MBRS projects ( Minority Biomedical Research Support 
Program, 1985 : 5 ) . In 1 98 5  there were 1 , 10 9  unde rgraduate students sup
ported on 6 47 research grants at 96 d ifferent institutions ( 19 85 : 36 ) .  
Wh i le there has not been an attempt to trace the ca reer accomplishments 
for a representative sample of MBRS-supported students , several li sts 
of doctorate recipients have been sea rched for MBRS alumni . These 
efforts ident ified 118 Ph . o . s ,  9 5  o . o . s . s ,  and 6 1 7  M . o . s ( 1 9 85 : 6 ) .  

Wh i le MBRS funds research activ ities , the MARC program di rectly 
supports training acti vities . The Honors Undergraduate Research 
Training ( HURT) program is the la rgest component of the MARC program . 
The MARC-HURT t rainees ( j unior and senior honors students at school s  
with substantial mino r i ty enrollments ) receive tuition, stipends ,  and 
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a specially structured curriculum . Research in the biomedi cal sciences 
is a central component of the trai ning program and students wor k  
closely with faculty members on research projects i n  the biomedical 
science s .  

The MARC-HURT program began i n  1977 with 74 t rainees at 12 i nsti
tutions . In 1984, all of the nearly 80 0 program alumni were mai led 
questionnai res asking about their  career progress . Almost two-thi rds 
( 6 5 pe rcent ) of the. former trainees returned the questionnai res . over 
three-fourths ( 76 . 1  percent ) of the su rvey respondents had enrolled in 
a graduate or profess ional program at some point in time since gradua
tion ( Ga r r i son and Brown , 1985 : 33-34 ) .  AS of November 1984 , 17 . 9  per
cent of the former trainees were enrolled in Ph . D .  programs, and 
15 . 1  percent were seeking master ' s  degr ees . Another 29 . 5  percent had 
obtained or were studying fo r profess ional doctorates ( mostly M . D .  
degrees ) . 

An important part of the MARC-HURT program is a summer research 
project, usually conducted of f-campus at a major resea rch institution. 
At least 19 i nst itutions have created formal summer research programs 
fo r MARC and other biomedical sc ience students .  Wh i le not supported 
by the MARC program ,  these summer programs often work in close coopera
tion with MARC program di rectors at mino r ity i nst itutions . One pro
gram ,  the Pu rdue -MARC summer Resea rch Program ,  has kept track of the 
educational ach ievements of its trainees .  Of the 7 5 i ndividuals who 
were no longer working on bachelor ' s  degrees , 43 percent were in grad
school , 18 percent were in medical school ,  1 3  percent were employed , 
and 2 5  percent were not located ( Pu rdue University , 1986 ) .  

Despite the consistency of thei r findings , the reports of program 
achievements need to be viewed caut iously . The program results are 
usually reported by program administ-rators and a selection bias i s  
probably i n  operation . Administrators of unsuccessful or unsatisfyi ng 
programs are probably less li kely than admi nistrators of successful 
programs to take the time and effort to document and publ ish their  pro
gram ' s  record . ? In addition , few of the program evaluations have 
used control groups or compa ri son groups ( Jackson , 1972,  and Per ry ,  !! 
al . ,  1 9 76 ,  are notable exceptions ) .  Along with the accomplishments of 
program pa rt icipants,  trai ning programs should trace the educational 
achievements of students who could not be accepted . 

On the other hand , it is unfai r to demand that these sma ll and 
innovative programs display i rrefutable evidence of effecti veness . In 
most cases,  the cost of a complete evaluation is not justif i ed  in li ght 
of the total program budget . The projected fiscal year 1985 budget 
for one of the la rgest programs , the MARC-HURT Program ,  was onl y $4 . 9 3  
mill ion . Wh ile evaluation standards should not be abandoned , the 
survi val of these programs should not be conti ngent upon an unfai r 

7Th is is not meant as an aspersion on the character of program ad
mi nistrators .  Sc ienti sts also tend to unde rreport negative fi ndings 
( see Gould ,  1986 : 47 ) .  
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bu rden of proof . Administ rative restr ictions may also limit evalua
tion efforts . & 

Per haps the best use that can be made of these evaluation reports 
at the present time is to summa r i ze their most successful characteris
t ics . Reviewi ng elementary and secondary school programs , Malcom ,  et 
al . ,  ( 1 984 : vi i )  conc luded that the primary feature of succes sf ul pro= 
grams was the involvement of students in the • doing• o f  science and 
mathematics . At the college leve l ,  pa rticipants in the MARC-HURT pro
gram reported that research experience was the most benefic ial aspect 
of the program . The importance of resea rch was emphasized in the re
sponses to both multiple choice and open-ended questions ( Ga r ri son and 
Brown , 1985 : 4 7 -5 0 ) .  Other observers have also emphasi zed the impor
tance of direct research experience ( National Board on Graduate Educa
t ion, 1 9 76 : 13 ; Watson ,  1977 : 100-1 01 ) . 

Di rect interaction with faculty members is another important at
tribute of successful programs . Next to resea rch exper ience , this was 
the most frequently praised characte r i stic of the MARC-HURT program 
( Gar rison and Brown, 1985 : 4 7 -5 0 ) . A study collecting data from the 
staff of minority retention programs at 4 0  e ngineer i ng schools also 
emphasi zed the importance of facu l ty i nteraction with students ( Penick 
and Morning , 1983 ) .  Simi la r f ind ings have been reported for students 
in the health profession s  ( Mu rphy and McNa i r ,  1 9 81 : 1 9 6 -97 ; Green and 
Brown , 1 9 76 : 6 ) .  

Wh i le research exposu re and faculty contact have important moti va
tional consequences,  the academic components of successful programs 
should not be overlooked . Tutori ng and other academic programs were 
identified as important methods for reducing mino r i ty attrition in an 
early review of successful mino r i ty eng ineer i ng programs ( Nationa l  Re
sea rch Council ,  1 9 77 : 3 4 ) . Ea r ly diagnosis and c lose monito ring of 
student progress were also cited as important factors in a more recent 
review of engi neering retention programs ( Penick and Morning , 1 98 3 ) .  

Conclusion 

The underrepresentation of mino r i t ies in college science and 
eng ineering programs is the result of racial di fferences in rates of 
pa rticipation in higher educat ion and racial d i fferences in f ield 
choices . DU r i ng the ea r ly 1970s , rates of college enrollment for 

Bpor example , the Office of Management and Budget ( OMB ) r efused to 
approve the survey of a compar i son g roup in the MARC evaluation on the 
grounds that the comparison group could not be matched exactly with 
the MARC-HURT trainees . OMB ignor ed the possibi l i ty of stati stical 
ad justment and fai led to see the value of compar i sons with the • next 
best group •  of student s ( see Ga r r i son and Brown, 1 9 85 : 31 ) .  Under the 
standards proposed by OMB , only programs in which partic ipation was 
determi ned by random assignment could be evaluated . This would 
c learly eliminate the possibility of evaluation for most educational 
programs . 
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minor ities rose and the percentage of black high school graduates 
attending college approached that of whi te s .  Whi le the gap in enrol l 
ment rates was reduced duri ng the 1970s , the racial disparities in 
graduation rates remai ned la rge . Data from the late 1 97 0s also i ndica
ted that there was some progress in reducing the degree of minority 
underrepresentation among science and engi neering maj or s . Howeve r ,  the 
absence of publ i shed data on the educational attainment of racial 
groups for the per iod following 1981 ser i ously l imited the assessment 
of thi s  issue . 

The factors associated with persistence in col lege and part ic ipa
tion in sc ience and eng i neering fields were reviewed . Precollege aca
demic and socioeconomic backgrounds were important cor relates of both 
educational outcomes . Bette r preparation in pr imary and seconda ry 
schools would probably improve the rate of minority persistence in 
college as well as the rate of participation in science and engi neer i ng 
programs . Greater soc ioeconomic opportun ity should also increase the 
rate of persistence in college and the selection of sc ience maj ors . 

Recent data ind icate that there has been some small but signifi
cant reduction in the rac i al gap on the standa rdized achievement test 
scores of elementary and secondary school students.  Progress in the 
area of socioeconomic opportun i ty is more difficult to i nte rpret . Due 
to the r ising number of mino r i ty students attend ing col lege, there 
wi ll be an increase in the number of mino r i ty students rai sed in fami
l ies with col lege experience .  Thi s  has been viewed as a precursor to 
higher rates of pa rt icipation in the quantitative discipl i nes 
( Berryman , 1983 : 106 ) . Howeve r ,  the rising number of minority children 
being raised in poor and single-pa rent famil ies may have the oppos ite 
effect and could resu lt in a higher precollege dropout rate and lower 
rates of pa rticipation in mathematics and science cou rse s  ( Vetter ,  
1 9 85 : 7 ) . 

Wh ile the long-term scholastic and socioeconomic trends wil l 
probably affect the number of mino r i ty science student s ,  the problem 
is too immedi ate , however ,  to be left to the uncertai nty of long-range 
developments .  There is much that colleges and universities can do now 
to remedy the situation . A number of researchers have examined the 
factors in the postsecondary school exper ience that mediate the eff ects 
of precollege background . Seve ral have documented the cor relation 
between i ntegration i nto the social and academic mi l ieus of the col lege 
and academic achievement . Others have found that mino r i ty students 
pa rticipating in wor k -study and special training programs were ve ry 
successful in the i r  science and eng inee ring stud ies . These programs 
demonstrate an immediate way of increasing the number of mino r ity 
scientists and professiona ls and should not be ove rlooked in the effort 
to reduce mino r i ty under representation in the technical f ields . They 
should be expanded to cover more fields and more campuses .  

These programs pe rform both academic and sociali zation function s ,  
and high rates of educational achievement have been documented for 
program alumni . Howeve r ,  these programs are small in scale and can 
reach only a small , eli te group of high-abi lity students. In order to 
reach a greater number of students,  the colleges and universities 
should work to establ i sh a campus-wide mili eu that emulates that of 
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the training program . EXpanded opportunity for the part icipation of 
unde rgraduate students in research would introduce more students to 
the challenge and exc itement of scientific inqu i ry .  A broad range of 
student services could help to promote the social and academic i ntegra
t ion of minority students on nonminority campuses .  Faculty mellbera 
also have a cruc i al role to play . Both the quantity and quality of 
faculty-student interaction are cor related with academi c  achievement . 
For mino r ity students,  this i nteraction can beat be promoted by the 
presence of minority faculty member s .  These minority faculty members 
serve mino r i ty students as mentors and role models and , in addition , 
become visi ble symbols of the institutions ' commitment to racial 
equality .  
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BACCALAUREATE-LEVEL PRODUCTION 

OF SCffiNTISTS AND ENGINEERS 

Michael T. Nettles 

Introduction 

Black Americans are underrepresented in all scient i f ic and engi
neering professions . Blacks constitute 10 percent of the employed 
labor f orce and 6 percent of al l professional employees in the Un ited 
States , but the 9 0 , 500 black sc ientists and eng i neers represent only 
s lightly more than 2 percent of all u . s .  scientists and eng ineer s .  
Native Amer icans, on the other hand , represent only fou r-tenths of one 
percent of u . s .  scientists and eng ineer s ,  equal i ng thei r representa
tion in the u . s .  labor force ( National Science Foundat ion ,  1 986 ; here
afte r ,  NSF ) . Howard Ga rrison, in this report , has demonstrated the 
need to increase the production of mino r i ty scientists and engineers 
by increas i ng the number of minority students admitted into college 
and by improving thei r pe rformance in col lege . This paper elaborates 
upon some important points discussed in the Ga r r i son paper and also 
recommends needed research for gaining greater understanding of the 
obstacles to equal partic ipation in undergraduate science and engineer
ing curr icula . 

Undergraduate Production 

Although prepa ration for science and eng i neering careers begins 
dur ing ear ly childhood , the fi rst level of educational special i zat ion 
is at the unde rgraduate college level . Unde rgraduate col leges and 
universities provide students the opportunity to special i ze in the 
scientif ic fields in which they wi ll eithe r practice immediately after 
receiving the baccalaureate degree or continue to study in graduate 
and professional school s .  Unde rgraduate science programs also serve 
as a proving ground for entry into scienti f ic professions : and as a 
result, the relatively r igorous cur r icula result in rather high dropout 
rates , part icula rly for mino r ity undergraduate science majors.  

In recent years, the Col lege Board •s  annual Nationa l College
Bound Seniors reports indicate that of college-bound seniors , 41 per
cent of blacks , 39 percent of Native Amer icans , 47 pe rcent of Asi ans , 
and 3 9  percent of whites ind icate an interest in majoring in science 
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and eng ineer i ng ( The College Board , 1984 ) .  Recent reports of college 
baccalau reate degree recipients , howeve r ,  indicate a much sma lle r pro
port ion of minority degree recipients in science and eng ineering dis
cipl i nes . Of the 6 0 , 67 3  black bacca lau reate degree recipients in 
19 80-81 , only 6 , 410  ( 1 0 . 5  percent ) r ecei ved thei r deg rees in either 
biological science ( 2 , 26 9 ) ,  computer science ( 786 ) ,  physical sciences 
( 9 06 ) ,  or eng ineering ( 2 , 4 49 ) .  Simila r ly ,  of the 3 , 59 3  Native Amer ican 
baccalau reate degree recipients , 418 ( 1 1 . 6  pe rcent ) were in either bio
log ical science ( 1 37 ) , computer science ( 21 ) ,  physical _science ( 6 5 ) , 
or engineering ( 19 5 ) . By contrast, about 1 7 percent of wh ite and 
18 . 5  percent of Asian baccalau reate degree recipients received thei r 
degrees in these fou r f ield s ( Nationa l center for Educat ion Statistics , 
1 9 84 ) .  Of the baccalaureate degree recipients in 19 80-81 , blacks and 
Native Amer icans represent respecti vely 6 . 5  percent and fou r-tenths of 
1 percent of total degrees , 5 . 1  percent and one-tenth of 1 percent of 
computer sc ience degrees , 3 . 8  pe rcent and three-tenths of 1 percent of 
physical science degrees , and 3 . 3  percent and three-tenths of 1 percent 
of the eng i neering degrees . 

Wh ile many colleges and uni versities have made progress in produc
i ng la rger numbers of mino r i ty unde rgraduate scientists and engineers 
in recent yea rs ,  much more progress is needed , particula r ly at predomi
nantly wh ite universities . Resea rchers have recently documented the 
i nord inate production of black science and eng ineer i ng bachelo r ' s  
degrees by predomi nantly black colleges . Although black col leges enrol l 
fewer than 3 0  percent of black undergraduate students , they produce 
more than 4 0  percent of black baccalau reates in biolog ical sc ience s ,  
physical sciences , engineering and mathematical sciences ( Berryman, 
1 983 ; The Col lege Board ,  1 985 ; Hill , 1 9 8 5 ) . Accolades and recompensa
t ion are due black colleges for producing a high proport ion of black 
scientists , especially since the 88 black 4-year universities represent 
less than 5 percent of Amer ican uni versities and since the vast major
ity do not offer extensive science programs . At the same t ime , how
ever,  research is needed in order to examine ways to increase the 
production of mi no r i ty scientists at predomi nantly wh ite universitie s ,  
where the more extensive science cur r icula are offered . Cl'lly five 
black colleges offer engi neering degrees , yet combi ned they produced 
over 35 percent of the 2 , 4 45 black eng ineers in 1981 . 

Resea rch is also needed to determine the contri but ion of col lege 
attrition to the overall low production of minority baccalaureate 
degrees . Examinati on of such i ssues as the racial d i fferences in the 
attri tion rates and the causes for such differences will provide in
sight i nto ways to increase the production of minor ity sc ientists . 
Although increas ing minority retention may help to improve somewhat 
the production of minority scientist s ,  determining ways to i ncrease 
the pool of minorities qualif ied for col lege admi ssions is also very 
important . Additionally, an examination of the effects of col lege 
remediation and other interventions upon the success of underprepared 
mino r i ty science majors wi ll help to identi fy methods for reducing the 
gap between the number of students who aspi re for science careers and 
those who actually achieve baccalau reate degrees in sc ience or eng i -
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nee r i ng .  Although 4-year colleges and uni versities are moving away 
from remediation , such interventions a re often necessary to offset the 
effects of inferior precollegiate opportun ities available for low 
socioeconomic status and mino r i ty  youth .  An important factor to focus 
on in efforts to increase admiss ions and persistence of undergradu
ates is thei r academic pe rformance . Precol legiate preparation and 
performance are important determinants of admi ssions ; a nd college per
formance is an important determinant not only of persistence but also 
of college students ' postbaccalaureate career and educational oppor
tunities . 

A r ecent su r vey of black and white college students reveals some 
important racial d i fferences in college science students '  prepa ration 
for college and thei r performance in col lege ( for a complete descrip
tion of the survey methodology, see Nettles , et al . ,  1 986 ) .  Table 1 
illustrates the dif ferences in academic perf ormances-of black and white 
sophomo res , juniors , and seniors at 3 0  diverse colleges and universi
t ies . Students in three categories of science major ( biolog ical sci
ence, physical science, and eng i neering ) are compa red as well as stu
dents in all other major f ields combined . As expected , both black and 
wh ite college science students have higher pe rformance than students 
in al l other col lege majors combined on al l four performance measu res. 
Black science students perform better than black nonscience students ,  
but the i r  performance is significantly lower than thei r white counter
parts within thei r di scipl ine . In  other words , black science majors 
have signi f icantly lower S cholastic Aptitude Test scores than white 
science majors ; and with the exception of the physical sc iences , blacks 
have signif icantly lower high school grade-point averages ( GPAs ) , sig
nificantly lower col lege GPAs , and signif icantly slowe r  progression 
rates than white science majors. 

Although the precollegiate performance measu res are important for 
admission ,  perhaps the most important of all these pe rformance measures 
for determining the future development of minority scientific talent 
is col lege GPA. Whi le wh ite science majors report college grades of 
• s- ,  • black col lege science majors have average grades of • c .  • The 
lowe r col lege GPAs for black students a re important because they fore
tell lower postbaccalaureate professional and educational experiences 
for today ' s  mino r i ty college students .  Both employers and graduate 
and professional schools consi der col lege GPAs among the most important 
cr ite r ia when making admissions and employment dec i si ons . Therefore , 
not only is it important to improve minority partic ipation in college 
science and eng i neering programs , but improving mino r i ty performance 
in college is equally important . 

Finally ,  a frequently over looked source of minority scient i f ic 
talent is commun ity colleges . The nation ' s  1 , 20 0  community col leges 
enroll nearly half of the mino r ity college students.  Howeve r ,  recent 
reports estimate that fewe r tha n 25 percent transfer to 4-year univer
s ities to pursue a baccalau reate degree ( Astin, 1982 ) . Ef forts to 
encourage mino r i ty community-col lege students to transfer to 4-yea r 
i nstitutions may also contribute to improving the production of minor� 
ity scientists . 
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TABLE 1 :  Weighted compar i sons of Black and White Students ' Academic Performance in High School 
and Col lege,  1 982 

standard Standa rd 
White Mean Deviat ion Number Black Mean Deviation Number P 

SAT Score 
( Combined V and Q) 

Biological science 
Physical science 
Engineer ing 
All other f i elds 

High School GPA 
Biological science 
Physical science 
Engineering 
All other f i elds 

College GPA 
Biological science 
Physical science 
Engineer ing 
All other f ields 

Progression Rate 
Biological science 
Physical science 
Engineer ing 
All other f ields 

ll41 . 49 
1 1 37 . 39 
1148 . 51 
1 051 . 84 

2 . 1 4 ( B+ )  
2 .  76 ( B )  
2 . 39 ( B+ )  
2 . 9 2 ( B )  

3 . 98 ( B- )  
4 . 37 ( B- )  
4 . 46 ( B- )  
4 . 47 ( B- )  

16 . 55 
16 . 34 
16 . 25 
1 5 . 79 

*Significant at the . 001 level . 

161 . 49 
1 5 8 . 38 
148 . 30 
1 48 . 77 

1 . 34 
1 .  74 
1 . 54 
1 . 54 

1 . 74 
2 . 01 
2 . 1 4 
1 . 88 

3 . 95 
4 . 22 
3 . 21 
4 .  21 

1 4 4  
158 
481 

26 17 

144 
158  
481 

26 17 

144 
1 58 
481 

26 1 7  

1 4 4  
1 5 8  
481 

26 17 

827 . 01 
955 . 15 
846 . 93 
811 . 82 

3 . 6 0 ( B )  
2 . 88 ( B ) 
3 . 46 ( B- )  
3 . 79 ( B- )  

S . l7 ( C )  
4 . 40 ( B- )  
S . 23 ( C )  
5 .  3 7  ( C ) 

1 4 . 87 
1 4 . 61 
1 4 . 6 9  
1 4 . 02 

178 . 79 
1 35 . 6 8 
1 45 . 4 3 
1 25 . 39 

1 . 58 
1 . 80 
1 . 73 
1 . 6 1  

1 .  75 
2 . 43 
1 . 81 
1 .  79 

3 . 6 5 
3 . 34 
4 . 82 
4 . 36 

42 
9 

70 
5 31 

42 
9 

70 
5 31 

42 
9 

70 
5 31 

42 
9 

70 
5 31 

1 1 7 . 16 *  
1 1 . 88 *  

254 .  56 * 
1 20 7 . 68* 

35 . 25 *  
. 04 

27 . 76 * 
1 38 . 6 1 *  

1 5 . 04* 
. 002 

8 . 1 2* 
1 0 2 . 52* 

5 . 83*  
1 . 49 

1 2 . 17* 
72 . 6 8 *  

SOURCE :  M .  T .  Nettles , E .  J .  Gosman , A.  R .  Thoeny , 
Consequences of Col lege Students ' Performance : A Pocus 

and B. A. Dand r idge ,  The causes and 
on Black and Wh ite Students ' Att r i t ion 

Rates , Progress ion Rates , and Grade-Point Averages , 
commission, 1 985 . 

Nashvi lle : Tennessee Higher Education 
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Conclusion 

Ef forts to increase the col lege production of minority scientists 
should devote attention to exami ning the followi ng :  

• Improving the quali ty of the pool of minority college-bound 
students , especially those 4 0  percent who express an ambition 
to become scientists and enginee rs , 

• Improving the retent ion rates of those mino r ities who actually 
enter col lege science curricula but drop out prior to receiving 
a baccalau reate degree , 

• Improving the college GPAs of minority science ma jors to the 
point that they a re equal to their nonmino r i ty counte rpa rts i n  
science disciplines , 

• Determining the factors that contr i bute to mai ntai ning minority 
students '  interest in science and engi nee ring ca reers , 

• Identifying and eliminating the ba r ri ers to success of minori
ties in sc ience di sciplines at predomi nantly wh ite universi
ties , and 

• Dete rmining ways to increase the transfer of mino r ity commun
ity-college students who have the inte rest and abi l ity to 
succeed in science and eng inee ring degree programs at 4 -year 
institutions . 
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lllSPANICS' PRECOLLEGE AND UNDERGRADUATE EDUCATION: 

IMPLICATIONS FOR SCIENCE AND ENGINEERING STUDIES 

Richard P. Duran 

Introduction 

Underrepresentation of H i spanics in professional careers involving 
science and eng i nee ring ref lects nume rous factors.  one key factor i s  
the fai lure of signif icant numbers of H i spanics to attain a graduate 
education , and a second key factor is the deci s ion of those Hi spanics 
who do attain a graduate education to elect areas of graduate study 
outside the natu ral sciences, eng i neer i ng, computer science , and mathe
matics. Th i s  paper reviews cu rrent data and research on the educa
tional progress of Hi spanic students prior to graduate school in order 
to di scuss how Hi spanics ' propensity to enter graduate study in science 
and engi nee ring a reas is related to ea r l ier educational attainment and 
ach ievement patte rns . 

Pour topic areas a re reviewed : ( 1 )  Hi spani cs ' demograph ic char
te ristics , educational attai nment, and school persistence , ( 2 )  Hi s
panics'  elementary and high school achievement and academic cou rse 
selection patte rns , ( 3 )  Hi spanic s '  unde rgraduate col lege admi ssions 
prof ile,  col lege achievement , academic areas of B.A.  degree attainment , 
and Graduate Reco rd EXami natio n ( GRB )  scores ,  and ( 4 ) the n�ed for 
f u rther research on background , personal , and institutional factors 
affecti ng Hi spanic students • educational progress in a reas relevant to 
sc ience and eng ineer i ng study . 

At certain points , the review adopts a comparative perspect ive ,  
compa ring educational outcome s ( 1 )  among Hi spanic subgroups and ( 2 )  be
tween Hispanic students and other ethnic groupings of students--pr ima r
ily wh ite , black , Asian, and Ame rican Ind ian . In several instances ,  
gender i s  treated as a grouping variable , since the association of thi s  
factor with educational outcomes i s  important to conside r  for Hi spanics 
as well as for other groups of students . 

Going beyond educational survey-based resea rch, the re view also 
covers selected research on the col lege admissions process for Hispanic 
students, their academic and cognitive sk i ll development, and ways i n  
Which their  language and social characte r i stics might inf luence educa
tional outcomes . Some attention is also g i ven to institut ional ser
vi ces , programs , and practices and related educational pol icy issues 
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that one may associate with educational outcomes for Hispanic students . 
These latter concerns have not been sub jected to a great deal of re
search, yet they are critical in the identif ication of educational in
terventions that may benef i t  Hispan ic students ' preparation for science 
and engineering careers . 

Hispanics' Demographic Characteristics, 
Educational Attainment, and School Persistence 

Population Size, Age, andlnco� 

Data from the 1985 Cllr rent Population Survey ( CPS )  of the u . s .  
Bureau of the census and other su rveys provide usef ul i nformat ion on 
the si ze , soc ioeconomic status , and gene ral educational attai nment lev
els of u . s .  H i spanics. ! The 1985 CPS survey estimate of 16 . 9  m i ll ion 
persons of Spani sh origin in th e United States amounts to 7 .  2 percent 
of the total u . s .  population . The subgroup breakdown of thi s  popula
tion was as follows : 1 0 . 3 mi l l ion of Mex ican origin;  2. 6 mi l l ion,  
PUerto Rican origin ; 1 .  0 m i ll ion , cuban orig i n ;  1 .  7 m i ll ion , Central 
or South American o r igin ; and 1 . 4  mi l l ion ,  •athe r Spani s h  Or igi n . • The 
March 1985 CPS survey indicated that the u . s .  H i spani c  population had 
grown by 16 percent during the 1 980-1 98 5 period ,  compa red to a growth 
rate of a little over 3 percent for the population as a whole . 

Other data i nd icate cons iderable heterogeneity in the demograph ic 
character istics of u . s .  H i spanic subgroups .  For example , the median 
age of u .s . res idents of non-Hispanic or igin was estimated a t  31 . 9  
yea rs .  I n  contrast , the median age of residents of Mexican origin was 
23 . 3  years , and that of res idents o f  PUerto Rican origin was 24 . 3  
yea r s .  u.s.  r esidents of cuban origin , however ,  had a median age of 
3 9 . 1  yea rs--older than the non-Hi spanic populace--wh i l e  •athe r Spanish 
Or igin• residents had a median age of 28 . 0  years--more li ke that of 
u .s .  non-Hispanic residents as a whole . 

va riat ions in income levels are shown both in the u . s .  population 
as a whole and acros s  Hispanic subgroups . overal l ,  poverty was more 
than twice as prevalent among Hispanics ( 2 5 percent ) than it was among 
non-Hispanics in the gene ral popu lation ( 11 pe rcent ) 1 but Hispanic 
groups differed considerably from each other in this rega rd . Forty-two 

\ 
percent of Puerto Rican fami l ies earned incomes below the poverty line 
in contrast to 2 4  percent of fami lies of Mexican origin and 2 4  percent 
of those of central and South Amer ican origi n .  Famil ies of cuban o r i 
gin showed the lowest incidence o f  poverty ( 1 3  percent ) 1 followed by 
•athe r Spanish Orig i n •  fami l ies ( 15 percent ) .  

!Throughout this report reference to • Hispanics• will only apply to 
persons o f  Hispanic origin res iding within the conti nenta l United 
States . Hispanics resid ing in Puerto Rico are not discussed but merit 
sepa rate and specialized cons ideration . 
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High S chool and College Attainment . Census and su rvey data ind icate 
that Hi spanics receive less of an education than the general populace .  
For example , i n  1985 the educational attainment o f  H i spanic adults 2 5  
yea rs or older lagged cons iderably behind that of the gene ral popula
tion at all levels of education ( u. s. Bureau of the Census ,  1985 ) :  
48  percent o f  Hi spanics in this age range had completed high school i n  
contrast to 76 percent o f  non-Hi spanics . In addition , 14 percent of 
Hispanics had completed 5 years or less of formal educat ion, compa red 
to only 2 percent of non-Hispanics . 

The fai lure of Hispanics to complete high school at rates equal 
to those of wh i te students is a severe and long-term national problem . 
The magnitude of the problem is evident by inspecting the trends de
picted i n  Figu re 1 ,  which shows the percent of 18- and 19-year-olds 
complet ing 12 years of education dur i ng the period 1972-1 9 8 3 .  As the 
plots show , Hi spanics ' high school completion rates for this age 
range , far below those of whites ,  have va ried from a low of about 
4 5  pe rcent to a high of about 5 2  pe rcent over the per i od  in question ; 
the completion rates for whites , meanwhi le ,  ranged from about 
71 percent to 7 4 percent . Blacks also showed depressed high schoo l 
complet ion rates among 18- and 19-year-olds relative to white 
students .  These rates followed the growth and decline pattern for 
Hispanics,  but overall , the high school complet ion rates for blacks 
were slightly highe r than for Hi spanics.  

The dif ficulty that Hispanics encounter in complet ing h igh school 
has an obv ious negative impact on students '  subsequent occupational and 
school i ng development . A recent study by the Hispanic Policy De velop
ment Project ( 1 986 )  examined the occupational status and educat ional 
pursuits of white , Hispanic ,  and black students who were high school 
sophomores in 1 98 0  and who were pa rticipants in the 1984 High School 
and Beyond ( HSB ) long itudi nal su rvey, 2 which indicated that unem
ployment rates were noticeably higher among students who had not 
graduated from high school and among students who were academically at 
r i sk whi le successfully complet ing high school . Fa ilure to complete 
high school seemed especially preva lent among females who became preg
nant dur i ng high school : about 2 5  percent of all H i spanic females 
dropping out of high school indicated that they had done so because of 
pregnancy . 

2Because of the propert ies of the High School and Beyond ( HS B )  
sampling procedure in the o r igi nal 1 980 survey and i n  the 1 984 
follow-up su rvey , it  is not poss ible to draw def initive inferences 
about the national population of Hi spanic youth within the sophomore
age range in 1980 . The resu lts of the HSB su rvey, for example , 
exclude Hispanic students who might have been sophomores in 1 980 but 
who had al ready dropped out of school ( see Hispanic Policy Development 
Project , 1 9 86 : 7 , for a discussion of these and other sampling 
l imitations ) • 
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NOTE: The proport ion of 18- and 19-yea r-olds who have graduated from 
high school decl ined from a peak of 7 4 . 8 percent in 1 97 2 to 7 2 . 0  per
cent in 1982 . The percentages of high school graduates for blacks and 
Hispanics a re several points below wh ites for each yea r ,  but are 
s lightly higher in 1982 than in 1972.  
SOURCE : u.s. Depa rtment of Education ,  Indicators of Educational 
Status and Trends , wash ington , o . c . : u . s .  Government Pr i nting Offi ce ,  
1985 . 

Figure 1 H igh school graduates , by race/ethnicity , 1972-1 9 8 3  ( i n 
percent ) .  

Growth in Hispanic College Enrollment . The fact that so many H i spanics 
have a problem attaining a high school education implies that Hi spanics 
would necessa r i ly show lower levels of college attainment than the pop
ulation as a whole . Indeed, this is the case . Results from the 1985 
CPS survey ind icated that only 8 percent of Hi spani cs , as compared to 
20 percent of non-Hispanics , had completed at least fou r  years of col-
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lege . However,  recent su rvey data indicate that small , but steadily 
increasing, numbers of Hi spanics a re attending col leges and receivi ng 
undergraduate degrees ( Amer ican council on Education , 1986 ) .  In 
add ition to prov iding this i nformation , Table 1 also i nc ludes enrol l 
ment trend statistics f o r  various non-Hi spanic groups . 

overal l ,  from 1 97 6  to 1 98 2 ,  Hi span ic unde rgraduate education en
rollment increased by roughly 136 , 000 students , and the percentage of 
college enrollees of Hispanic origin increased from 3 . 5 to 4 . 2  percent . 
These increases contrasted with trends encountered for white and blac k  
students : the enrollment numbers and proportional representat ion among 
college enrollees dec lined for these two groups . More recent statis
tics indicate that Hispan ic enrollment in 2-year and 4-yea r col leges 
has grown further : in 1984 Hi spanics constituted 4 . 3  percent of all 
unde rgraduate college students ,  3 . 1  percent of al l 4-yea r col lege stu
dents , and 6 . 4  percent of al l 2-yea r col lege students. over the period 
1 98 0-198 4 ,  the population of Hispanic college students grew by an aver
age of 12 percent : the growth rate was highest for 2-yea r col leges 
( 1 3 percent ) and lowe r for 4-yea r col lege s ( 1 1 . 1  percent ) .  In con
trast , the number of black college enrollees dropped by 3 . 3  percent 
ove r the per iod . very small drops also occur r ed  for wh ite students ,  
the la rgest occurring for 2-year colleges ( 1 . 5  percent ) .  

Growth i n  Hispanic Bachelo r ' s  Degree Recipients . Increased college 
attainment among H i spanics is also evidenced in su rvey data concerning 
unde rgraduate degrees confer r ed  ove r the pe r i od  1 97 5-7 6 through 1 98 0-81 
( American council on Education , 1985 : 17 ) . During this period , the num
ber of Hi spanic bachelo r ' s  degree recipients i ncreased from 17 , 96 4 to 
21 , 7 31 , or 20 . 4  percent . Blacks also showed an increase in the number 
of bachelor ' s  degrees received : from 5 9 , 12 2  to 6 0 , 533,  or 1 3 . 9 per 
cent. Vi rtually no increase occurred for American Indians , and only a 
slight i ncrease occurred for whites ( 0 . 8  percent ) . Interesti ngly , 
Asians showed the . most dramatic increase ; the number of bachelo r ' s  
degrees received by this group rose by 6 7  percent du ring the per iod . 

Interpretation of Data on College Enrollment and Degrees Ea rned . The 
data reviewed above on increases in the number of Hi spanics attending 
college and receiving bachelor ' s  degrees is sub ject to misinterpreta
tion . on f i rst inspect ion, the data might be j udged to signal unambig
uously that a general improvement has occurred in Hispanics ' abi lity 
to attain a college educat ion . AS the data indicate , the number of 
Hispani c undergr aduate students has clearly increased in recent yea rs , 
the proportion of Hi spanics among all undergraduate college students 
has increased , and the number of Hispanic bachelo r ' s  degree recipients 
was increasing as of 1981 . Howeve r ,  it is important to analyze this 
growth further to cla rify whether Hi spani cs ' propensity to en roll in  
col lege has i ndeed changed . 

An examinat ion of additional data ( u. s .  Bureau of the Census ,  
1984 ) suggests that the growth rate i n  Hi spanics ' col lege attendance , 
uneven across 2- and 4 -yea r col leges , largely reflects an increase in 
the raw s i ze of the Hispanic col lege-age population . such data ind i 
cate that there i s  no increased propensity for Hispanic high school 
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TABLE 1 :  Trends in Total Enrol lment in Institutions of Higher Education , by Level of Institution and 
Race/Ethn icity ,  1 976 -1984 

Race/Ethnicity Number Enrolled ( i n  thousands )  Percent Enrolled Percent Change 
and Citi zenship 1976 1978 1980 1982 1 984 1 976 1978 1980 1 98 2  1 984 1 980-1 984 

TOTAL, 4-yea r inst 7 , 090 7 , 1 87 7 , 56 5  7 , 648 7 , 561 1 00 . 0  1 00 . 0  1 00 . 0  1 00 . 0  100 . 0  1 . 1  
White, non-Hispan ic 5 , 984 6 ,  01 3 6 ,  275 . 6 ,  306 6 ,  26 3 84 . 4  8 3 . 7  8 2 . 9 82 . 5  81 . 6  -0 . 2  
Minority 930  973  1 , 050 1 , 07 3  1 , 108 1 3 . 1  1 3 . 5  1 3 . 9  1 4 . 0  1 4 . 5  5 . 5  

Blac k ,  non-Hispan ic 6 0 3  6 11 6 34 612  613  8 . 5  8 . 5  8 . 4  8 . 0  8 . 0  -3 . 3  
Hispanic 1 7 3  1 9 0  217 229 241 2 . 4  2 . 6  2 . 9  3 . 0  3 . 1  11 . 1  
As ian/Paci f ic 118 137 162 193 217 1 . 7  1 . 9  2 . 6  2 . 5  2 . 8  3 3 . 9  
Nat ive American 35 35 37 38 37 0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  o.o 

Non -resident Al ien 1 76 200 241 270 280 2 . 5  2 . 8  3 . 2  3 . 5  3 . 6  16 . 2  

TOTAL, 2-yea r i nst 3 , 880 4 , 028 4 , 521 4 , 740 4 , 51 1  100 . 0  1 00 . 0  100 . 0  10 0 . 0  1 00 . 0  -0 . 2  
White, non-Hi span ic 3 , 071 3 , 1 6 7  3 , 558 3 , 69 2  3 , 504 7 9 . 3  7 8 . 6  78 . 7  7 7 . 9  7 7 . 7  -1 . 5  

...... Minority 761 81 0 899 987 955 1 9 . 6  20 . 1  1 9 . 9 20 . 8  21 . 1  6 . 2  
00 Black,  non-Hi spanic 429 443 472 489 457 11 . 1  11 . 0  10 . 4  1 0 . 3  1 0 . 1  -3 . 2  

Hispanic 21 0 227 255 291 288 5 . 4  5 . 6  5 . 6  6 . 1  6 . 4  1 3 . 0  
As ian/Pacif ic 79 97 1 24 1 58 1 6 5  2 . 0  2 . 4  2 . 7  3 . 3  3 . 7  3 3 . 1  
Nat ive Amer i can 41 4 3  4 7  49 45 1 . 1  1 . 1  1 . 0  1 . 0  0 . 9  -4 . 2  

Non-resident Alien 42 52 64 61 52  1 . 1  1 . 3  1 . 4  1 . 3  1 . 2  -1 8 . 8  

TOTAL, all institutions 1 0 , 970 1 1 , 21 5  1 2 , 087 1 2 , 388 1 2 , 16 2  1 00 . 0  1 00 . 0  1 00 . 0  1 00 . 0  1 00 . 0  0 . 6  
White 9 ,  061 9 , 1 80 9 , 8 33 9 , 997 9,  76 7 8 2 . 6  81 . 9  81 . 3  8 0 . 7  80 . 3  -0 . 6  
Minor ity 1 , 6 91 1 , 78 3  1 , 949 2 , 059 2 ,  06 3 1 5 . 4  1 5 . 9  16 . 1  16 . 9  1 7 . 0  5 . 8  

Black 1 , 032 1 , 054 1 , 1 0 7  1 , 1 01 1 , 070 9 . 4  9 . 4  9 . 1  8 . 9  8 . 8  -3 . 3  
Hispanic 38 3 41 7 472 51 9 529 3 . 5  3 . 7  3 . 9  4 . 2  4 . 3  1 2 . 1  
Asian/Paci f ic 1 97 234 286 351 382 1 . 8  2 . 1  2 . 4  2 . 8  3 . 1  3 3 . 6  
Nat ive American 76 78 84 88 83 0 . 7  0 . 7  0 . 7  0 . 7  0 . 7  -1 . 2  

Non-resident Alien 218 252 305 3 31 332 2 . 0  2 . 2  2 . 5  2 . 7  2 . 7  8 . 9  

NOTE : Excludes enrollment in u . s .  Service School . 
SOURCES : American Counci l  for Education , Minorities in Hi�her Education, Fou rth Annual Status Re2ort,  
1 985,  and Mj._n9_r iti�!l- in __ H_ig]l_er_ Ed_ucat ion, Fi fth Annual Status KeQ9_rt ,  1 986 . 
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students to elect col lege study following successful complet ion of high 
school : i ndeed , the proportion of Hi spanic high school graduates 
electing to go to college after high school has decl i ned dur i ng the 
past 1 0  yea r s .  

Growth i n  2- and 4 -Year College Attendance Rates . Da ta ind icating 
Hi spanics d i fferential enrollment rates i n  2-year ver su s  4-yea r col
leges ( see Table 1 )  i ndicate that H i spanics are twice as li kely to at
tend 2-year co lleges than 4-year colleges and that this trend seems 
cons istent ove r the period 1 9 76 -1 9 8 2 .  H i spanics constituted 5 . 4  per
cent of the 2-yea r college population in 1 976 and 6 . 1  pe rcent of thi s  
population i n  1982 . I n  comparison , thei r representation among al l 
4-year college enrol lees wa s  2 . 4  percent and 3 percent in 1 976 and 
1 9 8 2 ,  respecti vely . The stat istics suggest that , in the 18- to 
24-year-old group ( of which they constituted abou t 7 percent of the 
populat ion in 1982 ) , Hispanics are close to approaching an equitable 
representation i n  2-yea r colleges but remain ser iously underrepresented 
i n  4 -year col leges . 

The fact that H ispani cs ' enrollment rates in 4-yea r colleges are 
not keeping pace with thei r population growth is impo rtant to an anal
ysis of factors contr ibut ing to Hispani cs ' fai lure to pursue graduate 
study in science and engineering areas . It is c lear that improving 
Hispani cs ' part ic ipation in graduate school in these areas requi res a 
concomitant growth in their  abi l ity to attend 4-year unde rgraduate col 
leges and students ' subsequent selection of undergr aduate majors that 
wi ll promote pursuit of science and engineering stud ies in graduate 
school . 

Decline in College Attendance Followi ng H igh S chool . A more startling 
development cal ling into question unquali f i ed  optimism that Hi spanics 
are gai ning greater access to college is that the percentage of H i s
panic high school graduates, aged 1 8  to 24, who go on to college has 
declined over the past 10 years fol lowing a period of increas ing col 
lege en rollment du ring the pe r iod 1 972-1 976 ( Amer ica n council on Educa
t ion , 1985 ) .  Fi gure 2 ,  which graphically displays this trend based on 
a plot of recent data compiled by the u. s. Bureau of the Censu s ( 1 984 ) , 
indicates that in 1984 a n  est imated 3 0  percent of H i spanic high school 
graduates were enrolled in college as compa red to 3 5 . 8  pe rcent in 1 976 
and 2 5 . 8 percent in 1982 . Est imated black col lege enrollment rates 
among 18- to 24-yea r-old high school graduates between 1 976 and 1 98 4  
show a simila r  increase , followed by a decline .  Since 1972 , white high 
school graduates in the same age range show the least va riation in 
est imated col lege enrollment rates , from a low of 3 0 . 2  percent to a 
high of 3 3 . 7  percent . 

Population Growth and Proper Interpretation of Increased Attai nment . 
Gi ven the patte rn of college enrollment rates for Hi spanics , the growth 
rate in numbers of H ispanics attending college appears to ref lect 
growth in the raw numbers of Hispanics who do manage to complete high 
school , rather than an increased propensity for Hispanics either to 
complete high school itself or to elect college fol lowi ng successful 
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SOURCE:  u . s .  Bu reau of the Census , School Enrollment--Social and 
Economic Characteri stics of students : October 1 98 4  ( advance report ) ,  
Washi ngton, D . C . : u . s .  Department of commerce ,  1985 . 

Figu re 2 Rate of college attendence of 18- to 24-year-old high school 
graduates , by racial/ethnic group , 19 72-1 9 84 ( i n percent ) .  

completion of high school . Si nce 1 97 2  the 1 8 - to 24-yea r -old Hispan ic 
population has grown from an estimated 1 , 3 38 , 0 00 persons to an esti
mated 2 , 018 , 00 0  persons in 1 984--an increase of roughl y  51 pe rcent . 
In contrast , the general populat ion of 18- to 2 4-yea r-olds has grown 
from 24 , 579 , 00 0 in  1 97 2  to 28 , 0 31 , 00 0  persons in 1 984--an i ncrease of 
roughly 14 percent . Thus,  the Hispanic population of h igh school grad
uation age has been growing fa r faster than the rest of the population.  
Th is fact appears to account for the growth in the number of H i spanics 
attending college . 

The noteworthy growth ( 2 0 . 4  percent ) in  the number of Hispanic 
college students successfully ea rning bachelo r ' s  degrees over the 
period 1975-7 6  to 1980-81 is li kely to be associated with growth in 
the number of Hispanics attending college du ring the per iod , although 
only indi rect evidence support ing this contention has been encountered 
in prepa ring this report . In orde r for the association between growth 
in bachelo r ' s  degree recipients and growth in 4-year college attendance 
to be examined adequately, it would be necessa ry to study growth i n  

8 0  
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the pool of H i spanic college students originating 4 o r  more years pr ior 
to receipt of the degree . Unfortunately, data to complete such an 
analysis appear not to be readi ly avai lable . 

As shown i n  Table 1 ,  during the per iod 1 976-1 98 0 the number of 
Hispani cs attending 4-year inst itutions grew from 17 3 , 000 to 217 , 000 , 
an increase of about 2 5  pe rcent . Howeve r ,  this growth rate can only be 
partially and ind i rectly related to growth in the number of H i spanic 
bachelor ' s  degree recipient s ,  since the growth rate ref lects i ncreasi ng 
enrollment without consideration of students ' level of college advance
ment . Thus , the data do not d i r ectly address the contention that 
growth in the number of H i spanic bachelor ' s  degrees over the period 
1975-7 6  through 1 980-81 can be la rgely attr ibuted to sheer growth in 
the number of H i spanics attending 4 -year colleges . 

School Persistenc� 

College Progress and Persistence .  Gi ven that H i spanic students are 
able to enroll in a 4-yea r col lege, a key question is whether they a re 
able to progress through thei r col lege education as well as other stu
dents .  The answer to this question i s  •no •  based on data compi led 
from a number of su rvey sou rces . 

Table 2 reveals college complet ion rates of American Indian, 
black ,  Chicano , Puerto Rican, and wh ite students based on data com
piled from the National Long itudinal survey of 1972 ( NLS ) , cu rrent 
Population Surveys ( CPS ) , and 1 98 0  follow-up data on pa rt icipants in a 
1 9 71 su rvey conducted by the H igher Education Resea rch Institute on 
entering full-time college freshmen at 4-year institutions . The data 
bases for the su r veys are dif ferent ( the NLS and CPS data include 
2-year as we ll as 4-yea r college student s ) , and the resulting college 
complet ion rates show some var iabi lity across su rvey sou rces . Howeve r ,  

TABLE 2 :  TWo Estimates of Percentage of Col leg e Entrants Who completed 
College 

Group NLS and CPS* H ERI* * 

Whites 59 . 0  5 5 . 6  
Blacks 4 2 . 0 5 0 . 9  
Ch icanos 31 . 3  3 9 . 7 
Puerto Ricans 31 . 3  41 . 8  
Amer ican Indians 3 9 . 0  3 8 . 6  

*National Longitudi nal StudY and current Population Surveys . 
* *Higher Educat ion Research Inst itute Follow-up Study of 1971 Freshmen 
( conducted in 1 980 ) . 
SOURCE:  Alexander Astin , Minor ities in Higher Education , San Fran
cisco : Jossey-Bass ,  1982,  p. 4 3 .  
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TABLE 3 :  COllege Entrants Who Had Persisted , Transferred , completed 
Short-Term Programs , o r  Withdrawn , by Racial/Ethn i c  Group : Februa ry 
1 98 2  ( in percent ) a 

4-Yea r Coll�e 2-Yea r Col l�e 
Racial/ complete/ complete/ 
Ethni c Persist Transfe r Withdrawb Persist Transfe r  Withdrawb 
Grou 

All students 7 5  1 5c 1 0  5 9  16 d 26 

Hi spani c 6 6  1 7  1 7  6 5  1 1  24  
Black 71  14  15  61  1 5  2 4  
Wh ite 7 5  1 5  9 5 7  16 27 
Asian 

Amer i can 86e 1 2  2 7 0  21 9 
Amer ican 

Indian 81 1 1  9 61  21  1 8  

aPercentages are based on those indi viduals who entered college 
before June 1 9 81 .  
bstudents who had completed short-term programs ( i . e . , completer s )  
and students who had left school without completing programs ( i . e . , 
withdrawe r s )  were not dif ferentiated in thi s  table because the 
i nformation needed for so doing was not avai lable in the HSB f i rst HBA 
follow-up survey . 
Cincludes 10 percent 4- t o  4 -yea r college transfers and 5 percent 4-
to 2-yea r college transfer s .  
dincludes 8 percent 2 - t o  2 -year col lege transfers and 8 percent 2-
to 4-yea r college transfer s .  
eThe apparently higher persistence of Asian Amer i cans is  based on a 
small sample of As ian Amer icans and does not d i ffer significantly from 
the rate for whites . 
SOURC E :  National Center for Education Statistics , Two Years After 
High School : A capsule Descr iption of 1 98 0  Seniors ,  washi ngton,  
D . C . : National Center f or Education Statistics , 1984 . 

both sets of results show a simila r  pattern of col lege completion 
rates among the various ethnic groups : well over hal f  of white stu
dents were estimated as completing col lege successfully, as compa red 
to only 3 0-40 percent of H i spani cs ; American Indian and black students 
also were found to be less successful in completi ng college than wh ite 
students. 

Data from the 1982 follow-up survey to the 1980 HSB survey suggest 
more recent trends in Hi spanics ' progress through college relative to 
other groups . As Table 3 i ndicates , H i spanic students showed the low
est persi stence in colleg e ( 6 6  percent ) ,  fol lowed by black s ( 71 per-
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cent ) and whites ( 7 5 percent ) .  Asian Amer i cans ( 86 percent ) and Amer
ica n Indian s ( 81 pe rcent ) showed the highest persi stence rates . The 
overall rate of college persistence across groups was 75 percent . 
Thus ,  as ear ly a s  2 yea rs into an unde rgraduate educat ion , Hispanics ' 
persi stence was notably below that of students as a whole , as well as 
below the persistence rates for all other ethnic c lassif ications of 
students.  Al so , 17 percent of H i spanic students either had withdrawn 
formally from college or had ceased col lege attendance because of 
attainment of some short-term college obj ective .  Th i s  rate , too , was 
higher than for all othe r groups and nearly double the rate for wh ite 
students.  

The data cited above contrast with previously cited data that in
dicated a growth in the number o f  Hi spanics receiving bachelor ' s 
degrees dur i ng the period 1975-1 9 81 . Again, it is poss ible that His
panics ea rned more degrees becau se of thei r shee r growth i n  the col 
lege-age populat ion and not because they were becoming more successful 
in completing college once they entered it . Other data to be discussed 
suggest that H i spanic students as a whole enter col leges with less 
academic prepa ration than other students and that other persona l ,  
background , financ ial , and institutional factors can impede progress 
in college for them more than for other student s .  

Elementary and High School Achievement 
and Academic Coursework 

Su rvey studies ind icate that H i spani c students ' educationa l 
achievement begi ns to fa ll behind that of wh ite students during the 
e lementary school grades and that the gap in achievement continues un
abated th roughout the high school years and across all major academic 
areas of study . While Hi spanics ' leve l of achievement appears to have 
improved in certain sk i ll a reas over the past decade , it sti ll falls 
below that of students as a whole . By the end of high school , H i spanic 
students are less well prepa red academically to pur s ue advanced study 
in mathematics and the natural sciences as compared to other students . 

Achievement Data, 1971-1984. 

NAEP data on the reading achievement trends of black , H i spani c ,  
and white 9-, 13-, and 17-yea r-olds show a steady r i se i n  the mean 
read ing scores of H i spanics and blacks at all three age levels from 
1 9 7 5  to 1 9 8 4 .  Rises have also occu r r ed  in the mean reading scores of 
white students at al l three ages , but these r i ses are very sli ght in 
compa r i son to gai ns shown by black and Hi spanic students .  Despite 
evidence of gains , however,  H i spanics in 1984 a ttained mean read ing 
achievement scores be low those of wh ite students of comparable age : 
for example , Hi spani c 17-year-olds were estimated to read only a 
litt le better than wh ite students aged 1 3  years and far below white 
students aged 1� years .  

It i s  important to note that the NAEP survey excludes students who 
a re j udged to be so limited in the i r  Eng lish prof ic iency that they a re 
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of Education : Statistical Report ( 1 98 5  ed . ) ,  washington, D . C . : Na
t ional Center f or Education s tatistics, 1986 , p. 5 7 .  

Figure 3 compa rative scores for 1 980 
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incapable of being tested in the English language . The NAEP resu lts 
cited above thus suggest that Hi spanic s '  lower reading achievement may 
not be attri buted solely to thei r seve rely limited English profic iency, 
although some of the Hispanics tested by NAEP. may show some degree of 
limited English proficiency . 

NAEP data on mathematics achievement trends of 9-,  13-, and 
17-yea r-old white and mi no r i ty students have been compiled for the 
period 1978-1 9 8 2 .  With one exception , the data suggest gai ns in the 
mathematics pe rformance of all those student s ( Plisko, 1 98 5 ) . Howeve r ,  
these gai ns were found to be statist ically signif icant only for 
13-yea r-olds : the gains in performance among Hi spanic and black 
13-year-old students were la rger than for thei r white counterparts.  
Desp ite this evidence of gains at one age level , Hi spanic students '  
performance fell far below that of wh ite students overall in 1981-8 2 .  

The HSB survey of high school sophomores i n  1 98 0  and the subse
quent follow-up su rvey of these students in 1982 a ssessed students '  
readi ng and sc ience achievement at both points in time ,  exc luding stu
dents who were not enrolled in high school in 1982 , two years after the 
initial assessment ( Figu re 3 ) . The data indicate that Hi spanic sopho
mores ea rned lower read ing and science test scores than thei r white and 
Asian/Paci f i c  Islander counterpa rts both in 1 98 0  and in 1 98 2 .  Data for 
black and American Indian/Native American students show a simi la r pat
tern .  Further examinat ion of the data indicates that the increased 
reading and science achievement test scores of H i spani c ,  black ,  and 
Amer ican Indian/Native Amer ican students du ring this per iod were 
smaller than those attained by white and Asian American/Pacific 
Islander students . Th is evidence needs to be exami ned for statistical 
signif icance ; it  suggests the poss ibility that Hi spanics were fall i ng 
further behind in reading and science achievement as students ap
proached the complet ion of high school --despite the exclusion of stu
dents who dropped out of school between 1 98 0  and 1 98 2 .  

Academic Coursework 

The HSB Survey also provides data on the average number of 
ca rnegie units earned by students wh i le in high school . Tabl e 4 shows 
this information for various racial/ethni c groups of students ( the same 
as reported ear lier for reading and sc ience ach ievement test score s )  
for a number of academic areas : Eng lish, foreign language ,  mathemat
ics , natu ral sc ience , social sc ience , arts , business , trade and indus 
try ,  and • other.  • ove ral l ,  Hispanics showed a sli ghtly lower number 
of tota l ca rnegie study un its than wh ite students and about one less 
Ca rneg ie uni t than As ian/Pacific Islander students.  The largest dif
ferences between Hispanic students and wh ite and As ian/Paci f i c  Islander 
students in amount of study occur red in pursu it of mathematics and 
natural science study : in both of these areas , Hi spanic students 
stud ied almost one-half yea r less than white students and nea rly a 
year less than Asian/Pacific Islander students . 

The evidence also indicates that Hispanics did not ea rn as high 
academic grades as wh ite and As ian/Pacific Islander students in mathe
matics and natural science cou rsework . A little over 11 percent of 

85 

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

Minor i t ies :   The i r  Under representa t ion  and Career  D i f fe ren t ia ls  in  Sc ience and Eng ineer ing :  Proceed ings  o f  a  Workshop
ht tp : / /www.nap.edu/ca ta log .php?record_ id=18785

http://www.nap.edu/catalog.php?record_id=18785


I I  
I 

(I) 
0'1 

TABLE 4 :  Average Numbe r of carneg ie Units Earned by High School Sophomores Who Graduated by Fall 
1 982 , by student Race/Ethnicity* 

Foreign Nat Soc Trade & 
Race/Ethnic Group Total Engl ish Language Math Sci Sci Arts Business Indust ry Othe r * *  

All students 21 . 0  3 . 7  1 . 0  2 . 5  1 . 9  2 . 6  1 . 4  1 . 7  0 . 9  

Wh ite , non-Hi span ic 21 . 2  3 . 7  1 . 1  2 . 6  2 . 0  2 . 6  1 . 4  1 . 8  . 8  
Black , non-Hispanic 20 . 3  3 . 6  . 7  2 . 4  1 . 6  2 . 5  1 . 2  1 . 7  . 8  
Hispanic 20 . 7  3 . 6  . 8  2 . 2  1 . 5  2 . 5  1 . 2  1 . 6  1 . 1  
Asian/Pac if ic Islander 21 . 7  3 . 6 1 . 9  3 . 1  2 . 4  2 . 5  1 . 2  1 . 1  . 7  
Amer ican Indian/ 

Alaskan Nati ve 20 . 6  3 . 5  . 4  2 . 0  1 . 6  2 . 7  1 . 6  1 . 5  1 . 6  

NOTE : Each ca rneg ie Unit represents one year of complete study in an academic area . 
*Data are based on student transc ripts for the last fou r yea rs of high schoo l .  

5 . 4  

5 . 2  
5 . 8 
6 . 1  
5 . 2  

5 . 6  

* * Includes cou rses in architecture , computer and information sciences , health , home economics , 
industr ial a rts , personal and social development , ph ilosophy, physical education , psychology , 
publ ic affai rs , and re ligion . 
SOURCE :  v .  w. Pl isko and J .  D .  ste rn ( eds . ) ,  The condition of Education : Statisical Report ( 1 985 
ed . ) ,  washington , D . C . : National Cente r for Education Stati stics , p .  4 8 .  
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Hi spanics ea rned an • A• average in mathematics study in high school as 
compa red to about 18 pe rcent of wh ite students and about 28 percent of 
Asian/Pacific Islander students. Hispanics were much more li kely to 
earn ba rely passing or fai ling grades in mathematics : over 35 percent 
of H i spanic high school students averaged • o• or • F• grades in mathe
matics as compared to about 22 percent of wh ite students and 20 percent 
of Asian students.  H i spani c students ( more than 3 4  percent ) also were 
more li kely than wh ite or Asian/Paci f i c  Islander student s ( 1 8  and 
16 percent , respectively ) to ea rn • o• or • F• grades in natural science 
study ( Plisko and Stern,  1 986 : 50 ) . 

The data cited imply that H i spani c  students complet ing h igh school 
are li kely to be unde rprepar ed  in mathematics and science studY areas 
and that efforts to improve thei r access to graduate trai ning in sci
ence and eng i neering areas in the long run wi ll benef it from improvi ng 
thei r educational progress in these areas pr ior to the complet ion of 
high school and as ear ly as possi ble . 

College Admissions Proftle, College Achievement, 
and Degree Areas 

Not all students complet ing high school aspire to attend selecti ve 
4-yea r col leges ; some apply to attend 4-yea r col leges with open admi s
s ions , some apply to attend 2-year col leges , and sti ll others dec ide 
not to go on to college . This section of the report discusses the aca
demic credent ials of Hispani c students who do asp i re to attend selec
tive 4-yea r col leges by vi rtue of their taking college admi ssions 
tests . Data presented compare the college admi ss i ons test scores and 
academic records o f  Hi spanic students with those of students from other 
backgrounds . Attention is also given to the degree aspi rations of His
panic students and to thei r plans for col lege study in science- and 
engineering-related areas at the point at which they first apply to 
college . Special attention is gi ven to Hi spanic high school students '  
perf ormance on advanced ach ievement tests in mathematics and science 
areas . Additional topics di scussed inc lude ( 1 )  the prediction of 
Hi spanic students'  college grades from the i r  high school grades and 
admissions test scores and ( 2 )  Hi spanic male and fema le student s ' rate 
of attainment of degrees related to science and eng ineer i ng ca reers . 

Scholastic Aptitutk T�st Admissions Scor�s 
of Mexican Americans and Puerto Ricans 

Two college admissions tests in national use , the American College 
Testing ( ACT ) program and the SAT of the col lege Entrance EXami nation 
Board , are intended to measure students ' developed academic abi li ty 
relevant to pursuing coursewo rk in col lege . Data from the Admissions 
Testing Program ( ATP ) of the College Board are discussed here because 
more detailed information on Hi spanic exami nees ' perfo rmance was 
readily avai lable for these tests than for the ACT. 

Figures 4 and 5 plot the mean SAT-Verbal and SAT-Math scores of 
va rious ethnic groups over the period 1976 -1 9 8 5 .  The mean scores of 
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NOTE: The plot of trend data in Scholastic Aptitude Test scores ex
cludes •other s •  in order to increase legibility of the graphs . 
SOURCES :  American Council on Education , Minorities in Higher Educa
t ion : Fou rth Annual Status Report, Washi ngton , D . c . : ACE, 1 985 ; and 
Ch ronicle of H igher Education , October 2 ,  1985 ,  pp .  3 3 ,  3 7 .  

Figu re 4 Trends i n  SAT-Verbal scores , by _ ethnic groups : 1976-1 98 5 .  

Mexican Amer ican and Puerto Rican students tended to fall 50-7 5 points 
below the mean for all test-takers each year du ring that per iod . Th i s  
d i fference amounts to about one-half to three-qua rters of a standard 
deviat ion .  In 1 98 5, Mexican Amer ican exami nees ea r ned slightly higher 
SAT-Ve rbal ( 3 8 2 )  a nd SAT-Math ( 4 26 ) s cores than Puerto Rican exami nees 
( ve rbal , 36 8 ;  math, 409 ) ,  and the mean scores for both of these groups 
exceeded those earned by blacks ( ve rbal , 3 46 ; math, 376 ) .  In 1985 
Amer ica n ·  Indian examinees ea rned higher mean SAT-Ve r ba l  ( 39 2 )  and SAT
Math ( 4 28 ) s cores than Mexican Americans and Puerto Ricans and so did 
Asian s ( verbal , 404 ; math , 518 ) , who earned the highest mean SAT-Math 
scores of all the groups considered . 

It is interesting to note the degree of stabi lity shown in the 
relative ranki ngs of groups on SAT-Verbal and SAT-Mathematics scores 
over the 10-yea r period . It is also interesting to note that the data 

88 

� ::::-=---= - · - - - - - - --Copyright © National Academy of Sciences. All rights reserved.

Minorities:  Their Underrepresentation and Career Differentials in Science and Engineering: Proceedings of a Workshop
http://www.nap.edu/catalog.php?record_id=18785

http://www.nap.edu/catalog.php?record_id=18785


I ... 0 
� 
CIS .5:! -
as E CD � -al 

:E 
I � (/) 
c al CD 

:E 

600 

... 
500 . 

400 )._ 

300 
1 976 

�-

- ---.... 
- -

---

I 

1 978 

---
..... ... '=" 

-a- Whites 
� ... All Students 

... Asians -
... Native Amers 
... Mexican Amers 
� Puerto Ricans 
.... Blacks 

I I 

1 980 1 982 1 984 

Year 

NOTE: The plot of trend data in Scholastic Aptitude Test scores ex
clude s •othe rs • in order to increase legibi l i ty of the graphs . 
SOURCES : American council on Education , Mino rities in Higher Educa
tion : Fou rth Annual Statu s Report, Washington, D . C . : ACE, 1 985 ; and 
Ch ronicle of H igher Education , October 2,  1985 , pp . 3 3 ,  3 7 .  

Figu re 5 Trends i n  SAT-Math scores , by ethnic groups : 1 976-1 98 5 .  

given i n  Figures 4 a nd 5 i ndicate a general rise in SAT-Ve rbal and 
SAT-Math scores in recent years for all groups of students following a 
period of score dec line afte r 1976 . In  the context of the topic of 
this pape r ,  it is important to note that the mathematics scores of 
Mex ican Amer ican and Puerto Rican students are both below the nationa l 
average for SAT test-takers as a whole and below the averages shown by 
Asian and white students .  

Prediction of Hispanic Students' College Grades 
from Admissions Test Scores and High School Grades 

Whi le controversies linger about the population va l id i ty of SAT 
scores for Hispanic and other minority students , taken at face value 
these scores indicate that Hispanics as a group wi ll be j udged as less 
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TABLE 5 :  M edian cor relations Between College Predi ctor Measu res and 
College Grade s* 

Groupa 

Breland Review 

Predictor Wh ite 

High school record ( HSR ) . 37 ( 3 2 )  

Ve rbal test scores . 37 ( 4 5 )  

Quantitative test scores . 3 3 ( 45 )  

HSR and admissions test scores . 48 ( 6 1 )  

Chicano 

. 36 ( 8 )  

. 25 ( 9 )  

. 1 7 ( 9 )  

. 38 ( 2 5 )  

Thi s  Reviewb 

Hispanicsc 

. 3 0 ( 14 )  

• 2 5 (  16 ) 

• 2 3  ( 16 )  

. 38 ( 31 )  

aNumber of independent analyses over studies is indicated in paren
theses . 
brncludes the same analyses found in Breland ( 19 79 ) ,  as well as 
results cited in new studies reviewed here . The review appears i n  
Du ran ( 1 983 ) .  
cHi spanics in the 5 0  states and Di str i ct of Columbia only . 
SOURCE : R .  P .  Dura n ,  Hi spanics ' Educat ion and Background:  Pred icto rs 
of College Achievement , New York : COllege Entrance Examination Board , 
1983 . 

pr epared for college academic work than students overall .  It  should 
also be noted that the pattern of depressed SAT scores among Hi spanic 
students is consi stent with information that they are less li kely to 
have been enrolled in high school college-prepa ratory programs : have 
averaged fewer yea rs of Eng lish , mathematics , and science cou rsework 
in high school : and have earned average lower grades in high school 
( Du ran, 1986 ; Ramist and Arbeiter ,  1984 ) .  

Research studies i ndicate that high school grade-point average 
(GPA )  or rank in high school class and college admiss ions test scores 
a re statistically signif icant pred ictors of the early col lege GPA of 
students rega rdless of thei r background . Howeve r,  some evidence sug
gests that the accu racy of pred iction may be lowe r for Hi spanic stu
dents than for nonminority ,  white students . Table 5 d isplays median 
cor relations between ea rly col lege grades and va r i ous predictor 
measu res computed on the basis of cor relat ions reported in  a number of 
published resea rch studies involvi ng Hi spanic and wh ite college stu
dents . The table reports resu lts from two sou rces--a review by Breland 
( 1 979 ) ,  which also exami ned prediction of black students ' col lege 
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grades , and a review by Du ran ( 1 9 83 ) focusi ng on H i spanic and white 
students and supplementing the studies of Hi span ic students exami ned 
by Breland . The predictor measures included high school grades or rank 
in high school class [ labeled •High school record ( HSR ) • in the table ] ,  
verbal admi ssions test score , quantitative admiss ions test score , and 
a composite of all of these measure s .  

As wou ld be expected , the ea r ly college grades of H i spanic and 
wh ite students were pred icted best by a combi ned measure der i ved from 
students '  h igh school GPA (or rank in class ) and the i r  verbal and quan
titative test scores . Howeve r, the median correlation of . 4 8  obtai ned 
for white students across studies was notably higher than the median 
correlation of . 3 8  for Hispanics . The di fference between the square of 
these cor relation coefficients indicates that about 9 percent more 
va r iabi l i ty could be predicted in wh ite students ' col lege grades than 
could be predicted in those of Hispani cs . 

· 

As the tabled correlations show, each i ndividual predictor measu re 
was less assoc iated with college grades than a composite measu re devel
oped from a combinat ion of a ll of them . Howeve r ,  GPA in high school 
( o r  rank in high school class ) associated more with col lege GPA than 
did verbal and quantitative admissions scores for both wh ite and His
panic students . Interestingly , both this high school achievement in
formation and verbal and mathematics college admissions scores bore a 
stronger relationship to college grades for white students than for 
Hispanic students across the stud i es exami ned . This dispa r i ty was 
larger f or verbal test scores than for quantitative test scores.  A 
follow-up review of the studies in question indicates that the lower 
correlation occurring for Hispanics could not be explai ned by restr i c
tion in the range of values taken by predictor measu res ; Hi span ic 
samples tended to show la rger variance in predi ctor measu res than was 
the case for wh ite students sampled from the same i nst itutions . 

Another study comparing prediction of H i spani c ,  white , and black 
students '  ea rly col lege grades from high school grades and col lege ad
missions test scores was conducted by the ACT ( Maxey and Sawyer , 1981 ) . 
Involving only th e ACT col lege admi ssions test, that stu� found that 
white students '  college grades could be predicted a li ttle more accu
rately from high school grades an d ACT admissions test scores than 
could those for black or Hispanic students .  

These summaries of predictive val id ity resea rch suggest that the 
admissions test scores and high school grades of minority students 
mer it cautious i nte rpretation in college-admissions decision making .  
In particula r ,  hete rogeneity in the background and personal characte r
istics of Hispan ic students may affect i nterpretation of this informa
t ion as indicators of potent ial for col lege success ( Du ran , 1983 ) .  FOr 
example, one ' s  having greate r fami lia rity with Spanish and limited pro
ficiency in Eng lish may lead to inaccurate assessment of his/her abi l
ity to do col lege wor k ( Alderman , 1981 ; Du ran, 1 98 5 ) . 

Graduate Study Olld Degree Aspiralions of Mexican American 
Olld Puerto Rican College Board Examinees 

Attention is now turned to data on the higher ed ucation aspi ra-
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TABLE 6 :  Degree Goals Among Admissions Testing Program Examinees in 1 984 ( in percent ) 

Mex ican Americans Puerto Ricans All Examinees 
Male Female Total Male Female Total Male Female Total 

Two-year training 
program 4 . 2  3 . 2  3 . 7  5 . 3 4 . 7  4 . 9  2 . 9  2 . 8  2 . 9  

Associate of Arts 
degree 1 . 5  2 . 3  1 . 9  2 . 6  4 . 6  3 . 7  1 . 4  2 . 8  2 . 2  

Bachelor ' s  degree 29 .· 3  29 . 3  29 . 3  3 2 . 4  3 0 . 0  31 . 1  3 2 . 0  3 3 . 4  3 2 . 7  
\0 
N 

Master ' s  deg ree 28 . 4  25 . 9  27 . 1  24 . 1  22 . 3  2 3 . 1 27 . 7  25 . 2  26 . 4  

M . D . , Ph . D . , other 
professional degree 20 . 6  20 . 2  20 . 4  17 . 6  18 . 2  1 8 . 0  1 9 . 3  17 . 7  18 . 4  

Undecided 16 . 1  1 9 . 1  1 7 . 7  1 8 . 0  20 . 2  1 9 . 2  16 . 7  1 8 . 1  1 7 . 5 

Two-yea r program 
or degree 5 . 7  5 . 5 5 . 6  7 . 9  9 . 3  8 . 7 4 . 2  5 . 7  5 . 0  

Graduate study 48 . 9  46 . 1  47 . 4  41 . 7  40 . 6  41 . 1  47 . 0  42 . 9  44 . 8  

TOTAL NUMBER 8 , 440 9 , 442 1 7 , 882 3 , 727 4 , 557 8 , 826 4 2 3 , 931 472 , 738 896 , 66 9  

SOURCE :  s .  Arbeiter , Profiles, Colle9e-Bound Seniors , 1984 , New York : College Entrance 
Examination Board , 1 98 5 .  
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t iona of Mexican American and Puerto Rican examinees tak i ng admi ssions 
and placement tests administered by the College Boa rd as pa rt of the 
ATP. The fact that Mexican American and Puerto Rican students ea rn 
lowe r college admi ssions test scores and high school grades tha n Col 
lege Board examinees as a whole does not mean that they necessa r i ly 
have lowe r graduate study and college degree aspi rations than other 
examinees as a whole . Table 6 reveals that 4 7. 4 percent of Mexican 
Amer icans , 41 . 1  percent of PUerto Ricans , and 4 4 . 8 pe rcent of all 
examinees planned to attend graduate school . The data also ind icate 
no dramatic d i fferences between Mexican Ame r ican and PUerto Rican male 
and female students ' plans for graduate study , though a sli ghtly 
la rger percentage of males planned graduate study than fema les . AmOng 
students as a whole , slightly more males ( 4 7 percent ) planned graduate 
study than female s ( 4 2 . 9 pe rcent ) than was. the case for the two 
Hispanic groups . 

It is quite interesting to note that Mex ican American students 
aspired to obtain M . A. and Ph . D .  degrees at rates exceeding those of 
examinees as a whole . The cor respond ing rates for PUerto Ricans were 
slightly below those of exami nees as a whole . The fact that Mex ican 
Ame rican and Puerto Rican students showed similar and sometimes highe r 
graduate study and degree goals than SAT test-takers as a whole i s  
somewhat su rpu s�ng . It suggests the exceptional motivation of these 
students to pursue a graduate education in spite of evidence that they 
a re li kely to ea rn lower SAT scores in compar i son to College Board ex
aminees as a whole . Intervention programs a iding Hi spanics '  develop
ment of ca reer goals in science and eng ineer i ng should capital i ze on 
these aspi rations for graduate education . 

College Board Mathematics and Science Achievement Test Scores 
of Mexican Americans and Puerto Ricans 

In the context of thi s paper ,  findings cited above need to be 
tempe red by exami ning further data on the Col lege Board achievement 
test scores earned by these students in areas related to mathematics 
and sc ience achievement . Table 7 shows the mean test scores ea rned by 
va r ious ethnic groups tak i ng College Board achievement tests as part 
of ATP du ring 1 98 4  ( Arbe ite r ,  1 98 5 ) . The College Boa rd ' s  achievement 
test in physics is not considered because data on Hispani cs ' perfor
mance on this test was not avai lable . In addit ion , Table 7 also in
indicates the numbe r of persons from each ethnic group tak i ng an 
achievement test and the mean SAT-Verbal and SAT-Math scores of these 
groups . 

The incidence of achievement test-taking in mathematics and sci
ence appears lowe r for Hi span ic students than for students as a whole . 
Students who take College Board achievement tests need not take the 
SAT in the same yea r ; nonetheless , a rough estimate of the incidence 
of achievement test-tak ing can be formed by di viding the number of 
students taking a gi ven achievement test in a year by the total numbe r 
of SAT-take rs in the same yea r .  If  this is done , then roughly 15 per
cent of all SAT-takers in  1 98 4  took the Mathematics Level 1 test, and 
about 4 percent took each of the remaining tests ( Mathematics Level 2 ,  
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TABLE 7 :  1984 College Board Mean Achievement Test scores in Mathematics , Biology, 
and Chemi stry , by Ethnic Groups 

Mex ican Puerto All Amer ican 
Americans Ricans students Whi tes Asians Blacks Indians 

Mathematics 486 510 542 546 566 481 507 
Level 1 

( N )  ( 2 , 438 ) ( 6 30 )  ( 1 46 , 6 9 3 ) ( 10 2 , 855 ) ( 10 , 341 ) ( 5 , 2 29 ) ( 39 7 ) 
Mean SAT-V 441 446 503 514 455 445 470 
Mean SAT-M 494 522 560 56 7 578 48 2 522 

Mathemat ics 6 0 3  6 21 659 661 614 577 6 1 4  
Level 2 

( N )  ( 390 ) ( 101 ) ( 41 , 70 2 )  ( 29 , 11 3 )  ( 5 , 057 ) ( 954 ) ( 101 ) 
\0 Mean SAT-V 498 514 553 568 4 97 489 524 ... 

Mean SAT-M 594 609 650 6 55 6 55 56 3 6 09 

Biology 491 51 7 550 553 556 481 521 
( N )  ( 279 ) ( 200 ) ( 43 , 166 ) ( 2 9 , 866 ) ( 3 , 068 ) ( 1 ,  227 ) ( 97 )  

Mean SAT-V 47 3 484 531 537 504 46 7 483 
Mean SAT-M 517 524 579 583 6 09 490 536 

Chemistry 5 24 543 573 575 586 505 524 
( N )  ( 2 3 3 ) ( 1 42 ) ( 36 1 41 9 )  ( 25 , 6 9 2 )  ( 3 , 829 ) ( 1 , 054 ) ( 1 4 )  

Mean SAT-V 498 499 541 552 500 473 502 
Mean SAT-M 590 588 6 29 6 32 6 50 535 59 2 

SOURCE : s .  Arbeite r ,  Prof iles , College-Bound Seniors , 1984 , New York : Col lege 
Entrance Examination Board,  1 985 . 
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Bi ology, and Chemistry ) .  The incidence of achievement test-tak i ng 
among Hi spanics appears noticeably lower with one except ion : only 
about 8 percent of Puerto Rican examinees took the basic mathematics 
test, and the incidence of Mexican American and PUerto Rican students 
taking the remaining achievement tests was between 1 and 2 percent-
except fo r Mex ican Ame ricans who took the Mathematics , Level 1 test 
( about 15 percent ) .  

The foregoing information is important to note because achievement 
test-takers are a highly select group of examinees ; these are li kely 
to be students with the strongest academic credentials,  since ( 1 )  only 
the more compet itive 4-yea r col leges are li kely to request submission 
of achievement test scores and ( 2 ) many students are li kely to elect 
to take achievement tests in areas in which they feel highly competent.  
Inspection of the Table 7 data is consi stent �ith such a view . For ex
ample , the mean SAT-Verbal and SAT-Math scores ea rned by Mexican Amer i
can and Puerto Rican students and by students as a whole were highe r 
than the means for these groups in the general SAT-taking population . 

Howeve r, the data indicate that mean achievement test scores of 
Mex ica n Americans and PUerto Ricans were lower than those of students 
as a whole and , in part ic ula r ,  in comparison to mean scores earned by 
Asians and whites . Thus ,  the self-selection of exami nees to take 
mathematics and science achievement tests did not dramatically reduce 
the test score advantages shown by students as a whole--and Asians and 
white students, in particular--over Mexican Amer ican and Puerto Rican 
students . It was clea r ,  howeve r, that these latter students ea rned 
much higher SAT-Ve rbal and SAT-Math scores than students from the i r  
overall group . 

Intended Undergraduate Majors of Mexican American 
and Puerto Rican College Board Examinees 

College Board data indicate that Mexican American and Puerto Rican 
students do not d i ffer from students as a whole in thei r plans to major 
in  mathematics and science while in college ( see Tables 8-10 ) .  Between 
19 and 20 percent of students , rega rdless of groupi ng, planned majors 
in the biolog ical sciences or a related area . Most of this interest 
lay in the health and medical field s ( between 15 and 1 7  pe rcent of all 
students ) ,  whe re rates of planned study were about twice as high among 
females as among males across all th ree groupings of exami nees . Also,  
Puerto Rican examinees were more li kely than both Mexican Amer icans 
and exami nees as a whole to plan study in health and medical a rea s .  
Th is pattern was most evident for Puerto Rican female s ;  over 22 percent 
of those examined in 1 98 4  planned academic study in the health and med
ical area as compared to 19 . 1  percent of Mexican Ame rican examinees and 
20 . 3  percent of examinees as a whole . 

Rates of planned study in biolog ical sc iences proper were sl i ghtly 
lower among Hi spanic exami nees than among exami nees as a whole ; but 
apart from this di fference , there was equal preference for electing 
study in these areas among males and females withi n Hispanic groups 
and within the • Al l Students• group . Across all groups , students 
planning concentrated study in the biolog ical sc iences earned the high-
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TABLE 8 :  Mex ican Americans ' Intended Areas of Study , Fi rst Choice , 
1 98 3-8 4  

SAT-V SAT-M 
Pe rcentile Percent ile 

Area of study Male Female Tota l 25th 50th 75th 25th 50th 75th 

Arts and Humanitie s 10 . 1  9 . 6  9 . 8  299 366 448 3 23 393 46 5 
Architec/envi r  des ign 4 . 0  0 . 9  2 . 4  289 347 41 0 342 408 491 
Art 2 . 5  3 . 7  3 . 2  293 355 4 23 306 368 447 
English/l iterature 0 . 8  1 . 2  1 . 0  376 458 524 347 431 507 
Foreign language s 0 . 4  1 . 6  1 . 0  293 372 465 3 25 3 98 46 0 
Music 1 . 3  0 • .  8 1 . 0  306 378 46 0 322 395 460 
Phi losophy/relig ion 0 . 4  0 . 2  0 . 3  334 3 70 4 31 3 33 3 88 458 
Theater arts 0 . 6  1 . 2  0 . 9  300 371 457 31 8 374 461 

B iol ScilRelated Areas 1 5 . 9  2 2 . 2  19 . 2  310 376 448 3 45 413 4 91 
Agr iculture 1 . 2  0 . 3  0 . 7  270 3 29 409 31 4 374 456 
Biological sciences 2 . 6  2 . 6  2 . 6  3 36 403 480 36 2 429 512 
Forestry/conservation 0 . 3  0 . 1  0 . 2  31 3 390 456 328 373 461 
Health/medical science l l . 8  19 . 1  15 . 7  308 374 444 343 412 489 

Busi ness£ commerce£ & 
communications 16 . 4  25 . 4  21 . 2  293 354 420 324 389 462 

Business and commerce 14 . 1  22 . 0  1 8 . 3  288 349 412 324 389 461 
Communications 2 . 3  3 . 4  2 . 9  328 395 46 4 324 390 46 3 

PhXs ScilRelated Areas 3 8 . 6  15 . 4  26 . 3  310 378 450 379 457 539 
comp sci/sys analysis 12 . 9  9 . 5  1 1 . 1  2 91 3 56 426 350 425 501 
Eng i neering 2 3 . 4  4 . 6 1 3 . 4  3 25 394 46 2 405 483 559 
Mathematics 1 . 0  0 . 7  0 . 8  326 390 46 3 428 51 8 581 
Physi cal science s 1 . 4  0 . 7  1 . 0  333 410 496 394 4 71 56 9 

Soc ScilRelated Areas 1 3 . 5  22 . 2  1 8 . 1  3 03 371 4 47 323 391 467 
Education 2 . 4  7 . 1  4 . 9  278 332 402 309 366 4 3 3  
Ethnic studies 
Geography 
History and cultures 0 . 4  0 . 2  0 . 3  358 440 497 332 395 483 
Home economic s 0 . 1  0 . 5  0 . 3  243 310 390 285 318 415 
Li brary science 
Mil itary scienc e  1 . 0  0 . 1  0 . 5  343  413 486 378 434 518 
Psychology 1 . 7  5 . 2  3 . 6 31 2 378 451 3 31 3 95 473 
Soc ial science s 7 . 9  9 . 1  8 . 5  316 3 85 463 3 31 4 01 480 

Mi scellaneous 5 . 5  5 . 1  5 . 3  283 341 41 2 323 385 455 
Other 1 . 0  0 . 9  1 . 0 272 323 380 31 1 3 71 4 31 
Trade and vocational 0 . 8  0 . 8  0 . 8  243 293 347 293 343 400 
Undec ided 3 . 7  3 . 4  3 . 5  298 357 432 339 399 470 

Number Responding* 8 £ 297 9£ 3 24 1 7 £ 6 21 

*The number who responded to SDQ Question 6 1 .  
SOURCE:  s .  Arbeiter, Profiles£ Colle9e-Bound Seniors£ 1984 £ New York : 
College Entrance EXamination Boa rd ,  1985.  
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TABLE 9 :  PUerto Ricans ' Intended Areas of study , Fi r st Choice, 1983-8 4  

SA T-V SAT-M 
Percentile Pe rcenti le 

Area of study Mal e Female Tota l 2 5th 5 0th 7 5th 25th 5 0th 7 5th 

Arts and Humanitie s  10 . 2  9 . 2  9 . 7  286 36 2 4 41 308 368 4 51 
Architec/envi r  des ign 2 . 5  0 . 6  1 . 4  26 8 31 4 41 4 323 400 489 
Art 3 . 3  3 . 7  3 . 5  28 2 352 415 302 357 434 
Engl ish/l iterature 0 . 6 0 . 8  0 . 7  385 459 568 358 448 505 
Foreign language s 0 . 5  1 . 5  1 . 1  295 36 3 445 302 363 443 
Music 1 . 5  0 . 9  1 . 2  283 36 9 443 308 385 450 
Philosophy/rel ig ion 0 . 6  0 . 1  0 . 3  31 1 410 46 3 338 408 453 
Theater arts 1 . 2  1 . 5  1 . 4  278 36 1 4 35 292 335 41 5 

Biol Sci[Related Areas 14 . 3  25 . 3  20 . 3  285 360 445 312 386 4 81 
Agr i culture 0 . 5  0 . 3  0 . 4  293 340 458 31 1 3 75 490 
Biological science s 2 . 6  2 . 5 2 . 5  3 51 415 499 364 4 41 524 
Forestry/conservation 0 . 3  0 . 1  0 . 2  298 343 393 291 3 9 0  459 
Health/medical sc ience 10 . 9  2 2 . 4  17 . 2  281 352 432 307 376 47 2 

Business, commerce, & 
communications 19 . 1  26 . 0  2 2 . 9 277 343  423  308 36 8 448 

Business and commerce 16 . 1  23 . 0  19 . 9  272 3 36 414 3 06 368 449 
communicat ions 3 . 0  3 . 0  3 . 0 316 390 46 3 31 7 375 441 

Ph�s Sci[Related Areas 3 5 . 0 1 5 . 0  24 . 0  285 36 2 446 339 424 526 
comp sci/sys analysis 16 . 1  11 . 5  1 3 . 6  26 9 333 416 31 4 384 474 
Eng i neering 1 7 . 0  2 . 3 8 . 9  319 3 96 483 388 4 71 56 4 
Mathematics 0 . 8  0 . 5  0 . 6 328 378 440 41 4 505 583 
Physical science s 1 . 2  0 . 6  0 . 9  372 453 520 415 498 600  

Soc Sci/Related Areas 14 . 8  1 8 . 9  17 . 1  290 36 4 441 310 374 451 
Education 2 . 6  5 . 0  3 . 9 256 327 403 287 346 416 
Ethnic studies 
Geography 
Hi story and cultures 0 . 3  0 . 2  0 . 3  36 0 535 6 05 355 455 532 
Home economic s 0 . 1  0 . 6  0 . 4  235 28 2 355 265 303 360 
Libra ry science 
M i l ita ry sc ienc e  1 . 9  0 . 2  1 . 0  340 3 95 46 3 320 385 4 9 3  
Psychology 1 . 7  4 . 9  3 . 4  302 370 441 315  376 448 
Soc ial sc ience s 8 . 1  8 . 0  8 . 1  307 380 459 3 20 387 466 

Miscellaneous 6 . 6 5 . 7  6 . 1  2 57 326 426 295 357 448 
Other 1 . 4  1 . 0  1 . 2  240 293 420 290 348 430  
Trade and vocational 1 . 7  1 . 6 1 . 6  238 298 36 0 279 320 373  
Undec ided 3 . 4  3 . 1  3 . 2  283 359 455 309 384 486 

Number Responding* 3 ,6 80 4, 474 8, 1 3 4  

*The number who responded to SDQ Question 61 . 
SOURCE: s .  Arbeite r ,  Profiles, Colle�e-Bound Seniors, 1984, New York : 
College Entrance Examination Boa rd ,  1 98 5 .  
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TABLE 1 0 :  Intended Areas of study , Fi rst Choice , of All Students ,  
1 98 3 -84 

SAT-V SAT-M 
Pe rcentile Percentile 

Area of study Male Female Tota l 25th 5 0th 7 5th 2 5th 50th 75th 

Arts and Humanitie s  8 . 4  1 1 . 1  9 . 8  358 435 517 3 71 4 51 5 3 3  
Architec/envi r  des ign 2 . 6  0 . 7  1 . 6  343 41 0 483 406 484 564 
Art 2 . 1  4 . 5  3 . 4  335 403 475 3 46 414 488 
English/l iterature 0 . 9  1 . 7  1 . 3  442 524 6 05 41 1 495 575 
Foreign language s 0 . 3  1 . 3  0 . 8  402 484 567 409 484 566 
Musi c 1 . 5  1 . 3  1 . 4  36 1 4 37 51 3 370 451 5 36 
Philosophy/relig ion 0 . 5  0 . 2  0 . 3  3 87 461 547 3 90 481 56 8 
Theater arts 0 . 6  1 . 4  1 . 0  361 4 37 516 354 432 516 

Biol ScilRelated Areas 14 . 4  24 . 2  1 9 . 6  357 4 30 507 387 470 559 
Agr i culture 1 . 5  0 . 6  1 . 0  331 3 96 46 2 356 426 499 
Biological science s 3 . 0  3 . 1  3 . 1  400 476 552 4 31 517 597 
Forestry/conservation 0 . 7  0 . 1  0 . 4  353 41 4 48 2 371 4 44 51 8 
Health/medical sc ienc e 9 . 2  20 . 3  15 . 1  352 4 24 5 01 38 2 46 5 555 

Busi ness£ commerce£ & 
communications 2 0 . 9  24 . 6  22 . 9  339 406 477 36 7 445 526 

Business and comme rce 1 7 .6 20 . 5  19 . 1  334 400 467 367 445 527 
Communications 3 . 2  4 . 1  3 . 7  374 446 51 7 36 8 443 523 

Ph�s Sc ilRelated Areas 3 7 . 1  13 . 4  24 . 6  360 439 517 436 528 6 15 
comp sci/sys analysis 12 . 1  7 . 7  9 . 7  334 407 483 392 481 572 
Engi neer ing 21 . 4  3 . 6  1 2 . 0  377 455 529 46 2 550 6 31 
Mathematics 1 . 2  1 . 1  1 . 1  3 79 456 530 506 584 660  
Physical sc ience s 2 . 5  1 . 0  1 . 7  419 502 583 4 81 5 71 6 56 

soc ScilRe lated Areas 13 . 0  20 . 7  17 . 1  3 59 432 510 371 4 51 5 33 
Education 2 . 1  6 . 8  4 .6 329 395 463 349 417 4 9 3  
Ethnic studies 285 36 8 455 305 36 0 430 
Geography 353 415 479 3 97 466 539 
History and cultures 0 . 6  0 . 3  0 . 5  407 493 584 393 474 561 
Home economics 0 . 1  0 . 8  0 . 5  317 3 80 4 51 330 402 474 
Library science 3 75 470 552 361 4 30 525 
M i litary sc ience 1 . 4  0 . 1 0 . 7  368 4 37 508 394 473 548 
Psychology 1 . 4  5 . 3  3 . 5  366 433 503 373 449 527 
Social sciences 7 . 3  7 . 4  7 . 3  3 81 459 538 3 91 473 56 0 

Miscellaneous 6 . 3  6 . 0  6 . 1  3 43 416 498 373 456 545 
other 1 . 0  0 . 8  0 . 9  319 3 89 4 6 1  350 4 21 503 
Trade and vocational 0 . 9  0 . 7  0 . 8  282 341 402 31 4 371 4 44 
Undecided 4 . 4 4 . 5  4 . 4  36 3 4 36 514 3 97 479 56 5 

Number Responding* 41 3 , 781 4§5 1 2 3  @78 904 

*The number who responded to SDQ Question 6 1 .  
SOURC E :  s .  Arbeite r ,  Prof iles£ Colle�e-Bound Seniors£ 1984£ New York : 
college Entrance Examination Boa rd ,  1 98 5 .  
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est SAT-Ve rbal and SAT-Math scores among students planning study in 
a ll academic a reas li sted under the la rger umbre l la category • Biolog i 
cal Sciences and Related Areas . • 

The academic areas encompassed by the category • physical Sciences 
and Related Areas •  included computer scien·ce/systems analysi s ,  eng i 
neer ing ,  mathematics , and physical sciences . Mexican Amer ican and 
Puerto Rican students tended to show equal , and sometimes higher ,  pro
pensity to plan major study in this broad category as compared to stu
dents as a whole--in spite of evidence that the Hi spanic students 
earned lowe r SAT-Ve rbal and SAT-Math scores within every area of aca
demic study listed under this umbrella category. More than 26 pe rcent 
of Mexican Americans and 24 percent of Puerto Ricans planned stud ies 
in these a reas as compa red to about 25 percent of students as a whole . 
However,  males , both with in Hispani c subgroup� and within examinees as 
a whole , were two to th ree times more li kely than females to plan stud
i es in the • physical Sciences and Related Areas . •  

Some i nte resting simi la r ities and d i fferences eme rged i n  Mexican 
American, Puerto Rican, and all students ' preferences for ind ividual 
major a reas identified under the rubr i c  • physical Sc iences and Related 
Areas . • Mexican Americans showed sli ghtly higher rates than students 
as a whole in plans to study computer science/systems analysis 
( 1 1 . 1  percent versus 9 . 7  percent ) and eng inee r i ng ( 1 3 . 4  percent versus 
1 2 . 0  percent ) .  In addition , Pue rto Ricans showed a higher rate of 
planned study of computer science/systems ana lysis ( 1 3 . 6  percent ) than 
d id students as a whole . The propens ity of Mex ican Amer ican ,  Pue rto 
Rican , and students as a whole to plan study in mathematics and in the 
physical sc iences proper were a ll under 2 percent . These patterns 
suggest that it may be easier to attract Hispanic students to academic 
study in computer science and eng i neering but much more d i fficult, and 
perhaps worth more effort , to attract them to pursue study in mathe
matics and the physical sciences . 

As with plans to study in the biolog ical sciences and related 
areas ,  students ' gender was strongly related to thei r pl�ns for study 
in the physical sciences areas , both for Hispanic groups and for stu
dents as a whole . In pa rticula r ,  five to seven times as many men as 
women planned to study engineer i ng ,  and about three times as many males 
as females planned to study either mathematics or the physical sci 
ences . Wh ite males were more li kely to _plan the study of mathematics 
than females ; the rates appea red only a l itt le higher across all 
groups . Interestingly, whi le males ' plans to study computer science 
exceeded those of females by almost 3-1 for examinees as a whole , these 
rates were well under a 2-1 ratio for the two Hispani c subgroups . 

The Association of Gender with Bachelor's Degree Area 

As the foregoing discussion indicates , there appear to be impor
tant associations between gender and unde rgraduate candidates ' plans 
to study in science and eng ineer ing . Ch ipman and Thomas ( 1 9 84 ) ex
tended this concern to degree recip ients , examining the associations 
between receipt of B.A. , M.A. , and Ph . D .  degrees in 1980 -81 and degree 
recipients'  academic area , gende r ,  and ethnic group. The entries i n  
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Table 11 give the percentages of men and women from each ethnic group 
recei ving B . A. degrees in g iven academic areas : biological science s ,  
computer and information sciences , eng ineer i ng ,  mathematics, and phys
ical sciences . These main table entries can be i nte rpreted in a 
straightforward manner .  POr example , under Hispanics , the entries 1 . 1  
for women and 1 . 5 for men in biological sciences mean that in the bio
log ical sciences , 1 . 1  percent of al l B .A. degrees were ea rned by His
pan ic women whi le 1 . 5  percent were earned by Hi spanic men . 

The parenthetical entries in Table 11 are an index of the propen
s i ty  of men or women from a g i ven group to receive a degree in an area , 
gi ven thei r representation in the tota l u . s. populat ion . 3 POr ex
ample , under H i spanics,  the entry ( 0 . 3 4 )  for Hispanic women means that 
a litt le over a thi rd of the degrees expected of Hi spanic women i n  
biolog ical sciences are actual ly rece i ved , assuming that H i spani c  women 
should be ea rning degrees in th is area at the same rate they are repre
sented in the u . s .  population . 

Inspection of Table 11 ind icates that H i spanic men were much more 
li kely to earn B . A. degrees tha n Hi spanic women in each of the f i ve 
areas related to natural science and eng ineer i ng trai ning . In 
contrast , Hispanic women were better represented among bachelor ' s  
degree recipients in psychology than men , although the reverse pattern 
held in other soci al sciences . The data indicate that Hi spanic men 
and women are severely underrepresented as degree recipients in these 
a reas , g iven thei r dens i ty in the u . s. population . It is also i nter
esting to note that this same pattern holds for other B .A. academic 
a reas outside science and eng i neering, though the rates of underrepre
sentation are not quite as severe . 

The patterns of bachelo r ' s  degrees received by black men and women 
also reflect underrepresentat ion , although these patterns show some 
d iffe rences from those encountered by H i spanics . Rates of underrepre
sentation for Amer ica n Indians cannot be discussed because they were 
not computed . As i ans show considerable ove rrepresentation in the num
ber of B .A. degrees received in science and eng i neering, whi le they 
show underrepresentation in nonscience areas such as letter s ,  fine 
arts , and education .  

The data of Table 1 1  do not provide information about the prefer
ences of successful men and women baccalau reate recipients from d iffer
ent ethnic groups to attain degrees in one area over another .  To 
examine this quest ion , Chipman and Thomas devised a propens ity index 
that used the ratio of two statistics : the numerator is the percentage 
of B . A. degrees received in an academic area by persons of a g i ven 
gender and ethni city relative to the total number of degrees awarded 
in that academic area ; the denominator is the total number of B . A. 
degrees awarded across all fields of study . As the index value departs 

3Chipman and Thomas point out that the propens ity index given in 
pa rentheses is approximate , since it does not take into account va ria
tion in population size according to different age intervals for an 
ethnic group and gende r .  
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TABLE 1 1 :  Pe rcent of B.A.  Degrees Earned , by Ethnic Subgroups , 1980 -81 

Ma jor 
Field/Se x 

Biolog ical Sci 
Women 
Men 

Comput/i nfo sci 
Women 
Men 

Engineering 
Women 
Men 

Mathematics 
Women 
Men 

Physical sci 
Women 
Men 

Psychology 
Women 
Men 

Social sci 
Women 
Men 

Busi ness/mgmt 
Women 
Men 

Education 
Women 
Men 

Fi ne/appl arts 
Women 
Men 

Letters 
Women 
Men 

TOTAL degrees 
Women 
Men 

Al l 
student s 

4 4 . 2 ( 0 . 86 )  
55 . 8  ( 1 . 15 )  

3 2 . 6 ( 0 . 6 3 )  
6 7 . 4 ( 1 . 39 )  

1 0 . 4 ( 0 . 20 )  
8 9 . 6 ( 1 . 84 )  

4 3 . 1 ( 0 . 8 4 )  
56 . 9 ( 1 . 17 )  

2 4 . 9 ( 0 . 48 )  
7 5 . 1 ( 1 . 54 )  

6 5 . 1 ( 1 .  26 ) 
3 4 . 9 ( 0 . 31 )  

4 4 . 3 ( 0 . 87 )  
5 5 . 7 ( 1 . 15 )  

3 6 . 8 ( 0 . 7 2 )  
6 3 .  2 ( 1 .  30 ) 

7 5 .  0 ( 1 .  46 ) 
25 . 0 ( 0 . 51 )  

6 3 . 7 ( 1 . 24 )  
36 . 3 ( 0 .  75 ) 

As ian s  

1 .  5 ( 1 .  86 ) 
1 . 9 ( 2 .  71 ) 

1 . 7 ( 2 . 3 )  
2 . 7 ( 3 . 36 )  

0 . 5 ( 0 . 6 3 )  
3 . 6 ( 5 . 1 4 ) 

American 
Indians 

0 . 26 
0 . 26 

0 . 0 3 
0 . 1 1  

0 . 0 3  
0 . 2 3  

1 . 5 ( 1 . 88 )  0 . 07 
2 . 0 ( 2 . 86 )  0 . 0 8  

0 . 8 ( 1 . 00 )  0 . 08 
1 . 7 ( 2 . 4 2 )  0 . 1 9 

1 . 3 ( 1 . 6 3 )  0 . 31 
0 . 7 ( 1 . 00 )  0 . 1 7 

0 . 8 ( 1 . 00 )  0 . 2 3  
0 . 9 ( 1 . 29 )  0 . 2 4 

0 . 9 ( 1 . 13 )  0 . 10 
1 . 1 ( 1 . 57 )  0 . 2 0  

0 . 4 ( 0 . 50 )  
0 . 3 ( 0 . 43 )  

1 . 2 ( 1 . 50 )  
0 . 8 ( 1 . 14 ) 

0 . 4 0  
0 . 1 0 

0 . 3 0 
0 . 2 0 

5 9 . 3 ( 1 . 16 )  0 . 7 ( 0 . 38 )  0 . 2 0 
40 . 2 ( 0 . 8 3 ) 0 . 4 ( 0 . 57 )  0 . 1 0  

4 9 . 9 ( 0 . 9 7 )  0 . 9 ( 1 . 13 )  0 . 2 0  
50 . 1 ( 1 . 0 3 )  1 . 1 ( 1 . 57 )  0 . 1 8  

Blacks 

3 . 0 ( 0 . 48 )  
2 . 2 ( 0 . 4 2 )  

2 . 6 ( 0 . 4 2 )  
2 . 6 ( 0 . 50 )  

0 . 6 ( 0 . 09 )  
2 . 7 ( 0 . 5 2 )  

2 . 8 ( 0 . 4 5 )  
2 . 5 ( 0 . 48 )  

1 . 2 ( 0 . 19 )  
2 . 5 ( 0 . 48 )  

5 . 6 ( 0 . 09 )  
2 . 5 ( 0 . 48 )  

4 . 4 ( 0 . 71 )  
3 . 7 ( 0 . 71 )  

3 . 4 ( 0 . 55 )  
3 . 3 ( 0 . 6 3 )  

6 . 3 ( 1 . 0 2 )  
2 .  4 ( o. 46 ) 

2 . 5 ( 0 . 4 0 )  
2 . 1 ( 0 . 40 )  

3 . 3 ( 0 . 5 3 )  
1 . 6 ( 0 . 31 )  

3 . 9 ( 0 . 6 3 ) 
2 . 6 ( 0 . 50 )  

Hispanics 

1 . 1 ( 0 . 34 )  
1 . 5 ( 0 . 47 )  

0 . 7 ( 0 . 2 2 )  
1 . 3 ( 0 . 41 )  

0 . 2 ( 0 . 06 )  
1 . 7 ( 0 . 5 3 ) 

0 . 7 ( 0 . 22 )  
1 . 0 ( 0 . 31 )  

0 . 5 ( 0 . 16 )  
1 . 2 ( 0 . 38 )  

2 . 0 ( 0 . 6 2 )  
1 . 2 ( 0 . 3 3 )  

1 . 3 ( 0 . 41 )  
1 . 5 ( 0 . 47 )  

0 . 8 ( 0 . 25 )  
1 . 2 ( 0 . 3 3 )  

1 . 9 ( 0 . 6 0 )  
0 . 7 ( 0 . 22 )  

1 . 1 ( 0 . 24 )  
0 . 8 ( 0 . 25 )  

1 . 0 ( 0 . 31 )  
0 . 7 ( 0 . 22 )  

1 . 2 ( 0 . 39 )  
1 . 1 ( 0 . 3 4 )  

NOTE : Numbers in parentheses i ndicate the representation ratio of the 
group in certain fields relative to their proportion in the total u . s . 
population . 
SOURCE: s .  F.  Ch ipman and v .  G .  Thomas , The Pa rtic ipation of Women and 
Minor ities in Mathematical, Scienti f ic, and Technical Field s ( unpubl ished 
manuscr ipt ) ,  Wash ington, D . C . : National Research council , 1984 . 
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from 1 . 0 ,  it indicates either lower preference for an area ( values less 
than 1 . 0 )  or greate r preference for an area ( values greater than 1 . 0 ) . 

Figures 6 -9 a re taken from Ch ipman and Thomas ; the figures 
graphically summa r i ze d ifferences in the propens ity index across ethnic 
groups and gender for various majors . The majors li sted for the ab
scissa axis are o rdered according to preference among degree recipi
ent s ;  those to the left tend to be of lower preference for women and 
highe r preference for men, whi le those that fall to the right tend to 
be of higher preference for women and lower preference for men .  The 
least-preferred scientific and eng i neering degree areas for women , from 
least to most preferred , were eng ineer ing , physical sciences , computer/ 
information science , mathematics , biological science , social science , 
and psychology. 

The bold li ne for women plotted in Figure 6 g ives the propensity 
for women as a whole to receive degrees in the va rious academic area s ,  
going from areas least preferred to most prefer red . Figure 7 shows a 
bold l i ne plotted for men, showing the converse relationship. The plot 
of Figure 6 i ndicates that H i spanic women were less li kely than other 
women as a whole to earn degrees in eng i neering, physical sciences , 
and compute r science . In  the biological sciences , soc ial sciences , 
and psychology , Hispanic women earned B . A. degrees at the same rate as 
women as a whole . The plot of Hispani c men ' s  propensity to ea rn B .A. 
degrees in d i fferent areas ( see Figure 7)  ind icates that Hispanic men 
were less li kely than men as a whole to ea rn B . A. degrees in science 
and technical f ields--except , as with Hispanic women, in the biological 
sc iences and psychology. Wh i le Hispanic men showed a lower propens ity 
overall to earn B . A. degrees in science and technical a reas in compar i 
son to me n  as a whole , they showed a higher propens ity to ea rn B .A. 
degrees in these areas than women as a whole . 

The Chipman and Thomas analyses suggest that there are very strong 
gender-related d ifferences in student s '  pu rsu it of degrees in science
and engineering-related areas and that analyses of degree rates based 
on ethn ic ity alone mask these associations . The fact that bachelo r ' s  
degree rates in enginee ring and science areas shqw a relationship to 
both gender and ethn ici ty a rgues for the need to keep both factors i n  
mind i n  analyzing factors related to students ' development of academic 
s k i lls and aspi rations related to science and engi nee ring ca reers .  

GRE Tut Scores of HispaJUc tmd Other Stlllknts 

Tables 12-1 4 display the mean GRE verbal , quantitative ,  and ana
lytical subscores of various ethnic groups of u.s .  cit izen examinees 
according to planned area of graduate studY . Across all groups , stu
dents planning to major in the humanities showed the highest mean GRE 
verbal subscores . Interestingly, across all groups , students planni ng 
to major in the physical sciences tended to ea r n  higher GRE verbal 
scores than those earned by students planning majors in the soc ial 
sciences and in the biological sciences . one exception to this pattern 
occurred in the case of Asian examinees ; their mean GRE verbal sub
scores were higher f or students planni ng ma jors in the social sciences 
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Figure 6 Propensity to select major fields : Men , women , minority women at B .A. level . 
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Figure 7 Propensity to select maj or fields : Men , women , minority men at B . A .  level . 
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Figure 8 Propensity to select maj or field s :  Men , women , minority men at Ph . D .  level . 
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Figure 9 Propensity to select maj or fie lds : Men , women , minority women at Ph . D .  level . 
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and the biological sc iences than for Asian students planning graduate 
ma jors in the physical sciences and mathematics. Interest ingly, the 
GRE verbal scores of psychology majors were simi lar to those of 
biological and physical science majors , regardless of ethnic group . 

Regardless of planned graduate area of study, Mexican America n ,  
Puerto Ri can , and other Hispani c examinees ea rned lower mean GRE verbal 
subscores than white exami nees . Al so among students planning graduate 
study in the humani ties , soc ial sciences , and biolog ical sciences , 
Hi spanic exami nees also earned lower mean GRE ve rbal subscores than 
Asian examinees . 

As would be expected , regardless of ethnic group , students plan
ning graduate studY in the physical sc iences and mathematics earned 
the highest mean GRE quantitat ive subscores , fol lowed by students who 
planned to study in the biological sciences.  Su rpr isingly, students 
planning graduate study in the humani ties ea rned higher or equ i valent 
mean GRE quantitative scores,  in general , as students planning graduate 
study in the soc ial sciences . Behavioral science majors , however ,  
earned higher quantitative scores than humanities major s .  The results 
are somewhat su rpr i sing , given that quant itative methods are typically 
thought of as an important area of graduate trai ning for both soc ial 
sc ience and behavioral science majors . 

As with GRE verbal subscores ,  with in any planned area of graduate 
study , Hi spanic and non-Asian minority group exami nees earned lower 
mean GRE quantitative subscores than white or Asian examinees . As ian 
examinees earned higher mean quant itative subscores than wh ite exam
inees within every graduate major area . 

The mean GRE analytical subscores of students from all ethnic sub
groups were highest for students planni ng a graduate major in the 
physical sc iences and mathematic s .  Exami nees planning graduate majors 
in  the biological sciences ea rned noticeably lower mean GRE analytical 
subscores than students in these two highest groups . In turn, the mean 
GRE analytical subscores of examinees plann ing graduate ma jors in the 
biological sc iences were slightly higher than those earned by students 
plann ing graduate study in the humanities. Thi s  pattern,  too , was 
consistent across ethnic groups . Fi nally, the lowest mean GRE analyt
ical subscores among students planning graduate science majors were 
earned by those pursuing studY in the soc ial and behavioral science s .  
This pattern was cons istent across ethnic groups . Across all planned 
graduate areas , Asian and whi te exami nees earned higher mean analyt i
cal subscores than examinees from Hi spani c ,  black, and Amer ican Indian 
backgrounds , replicating the fi nding for the ve rbal and quantitati ve 
subscores . Thus , regard less of planned area of graduate study , exami
nees who were Mexican Ame rican , Puerto Rican , •othe r Hi spanic , •  Amer i 
can Indian , and black earned lower GRE subscores than As ian and white 
exami nees.  
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TABLE 1 2 :  GRE-V Mea n ,  ·s . o . , and Number of Test-Ta k e r s ,  by Graduate Major and Ethni c  Group , 1 9 8 2 - 8 3  ( U . s .  
c i t i zens onl y )  

Graduate Aller B lack/ Mex ican Or iental Puerto Other R l sp No 
Ma jor Indian A f roAmer Ame r i can or As ian R ican Lat i n  Aller Wh l te Other Response Total 

N 1 8  1 6 2  3 4  4 3  1 5  25 3501 7 1  9 7  3966 
Arts Mean 5 3 1  36 7 4 5 1  488 341 470 507 516 509 500 

S . D . 97 1 0 3  1 1 6  1 3 3 85 1 4 5  1 0 8  1 1 3  1 1 3  1 1 2  
Other N 7 1  3 5 3  1 1 1  1 74 9 2  1 30 9868 256 298 1 1 3 5 3  
Huma n i t ies Mean 508 4 1 6  46 3 5 1 1  4 1 8  4 8 5  56 0 5 8 3  570 5 5 3  

S . D . 1 16 1 23 1 21 1 34 1 1 4  1 3 4  1 1 5  1 1 5  1 25 1 21 
N 1 79 1 56 3  4 36 1 55 1 40 1 9 2  1 7 366 1 9 1  3 4 4  20566 

Educat ion Mean 4 1 3  3 35 3 7 2  4 4 9  36 4 4 1 2  46 3 4 6 0  4 58 4 5 0  
...... S . D  • 99 87 9 7  1 08 90 1 0 4  1 0 3  1 1 2  1 20 1 0 9  
0 

N 96 1 5 48 2 5 7  1 87 1 30 1 25 1 08 1 0  1 99 256 1 36 0 8  co 
Soc ial Sci Mean 4 5 2  36 4 4 1 2 4 8 1  38 2 4 54 509 508 49 1 488 

S . D .  1 08 99 98 1 22 98 1 1 2  1 09 1 1 9  1 22 1 1 8  
N 1 6 7  1 4 49 26 5 3 5 7  2 5 2  2 5 8  1 76 9 2  4 5 2  505 2 1 39 7  

Behav ior Sci Mean 4 97 3 9 5  4 6 7  5 1 6  4 0 2  4 8 3  535 542 5 4 2  5 2 2  
S . D . 1 1 3  1 0 5  1 0 8  1 24 1 1 4  1 1 1  1 08 1 1 0  1 2 2 1 1 5  
N 39 2 9 1  6 0  2 0 0  1 5 1  6 1  6 5 7 5  1 28 1 80 76 8 5  

B lolog Sci Mean 4 7 9  3 9 7  46 3 5 20 3 7 8  496 529 536 56 4 5 2 1  
S . D . 99 96 99 1 1 2  90 1 22 1 00 1 1 1  1 1 7  1 06 
N 1 03 9 3 8  1 34 2 7 5  1 39 1 1 2  1 27 7 4  1 6 0  2 5 4  1 48 8 9  

Hea l th Mean 4 56 3 76 4 2 3  4 6 1  3 7 4  4 6 1  4 9 1  4 9 1  4 9 2  4 8 1  
S . D . 88 89 90 1 0 3  1 0 3  1 1 2  98 1 0 7  1 0 5  1 0 3  
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Appl ied Bio N 2 5  9 9  2 0  4 1  5 0  3 0  3809 4 4  7 8  4 1 96 
Mean 450 351 4 38 485 354 46 3 4 9 3  5 0 3  5 1 7  488 
s . o . 86 9 4  1 00 1 05 8 7  1 06 1 01 1 23 1 1 1  1 0 4  
N 39 26 3 87 502 96 1 1 4  7 2 3 8  1 29 1 8 4  86 5 2  

Eng i neer i ng Mean 5 3 1  4 36 4 6 8  46 2 4 1 9  466 533 549 540 5 2 4  
s . o . 90 99 9 1  1 21 1 0 2  87 99 1 31 1 0 4  1 0 5  
N 26 3 3 3  56 2 5 4  7 7  45 5 306 9 4  1 56 6 34 7  

Hath Science Mean 503 379 483 454 4 06 4 9 3  5 4 8  5 5 2  5 7 1  5 3 3  
s . o . 9 7  1 1 0  1 1 3  1 4 1 1 0 1 1 26 1 1 1  1 20 1 27 1 21 
N 31 1 4 2  5 4  1 4 0 75 55 6 47 9  1 1 8  1 6 2 7 256 

Physica l  Sci Mean 507 4 09 487 519 389 5 1 8  5 3 4  5 4 2  551 5 3 0  
s . o . 109 9 9  1 0 3  1 3 3 1 0 1  1 30 1 0 4  1 1 5  1 1 9  1 08 
N 2 2  1 96 25 5 2  25 1 8  2458 58 73 2 9 2 7  

..... Not in Above Mean 4 3 4  3 4 1  4 1 0  4 2 2  3 5 4  4 4 1  490 525 495 477 0 s . o. 1 1 8  9 3  96 96 88 1 1 3  1 1 0  1 25 1 0 2  1 1 6  ID 
N 7 1  859 1 49 2 7 5  90 9 4  1 1 07 5  2 4 5  3 0 4  1 3 1 6 2  

Undecided Mean 4 6 5  6 48 4 35 4 99 4 0 3  4 5 9  5 1 8  5 36 5 3 2  505 
s . o . 99 1 0 2  1 1 3  1 1 9  9 4  1 1 5  1 1 2  1 29 1 29 1 20 
N 35 1 7 4  26 60 27 29 2 7 3 5  6 0  2 31 5  5 4 6 1  

N o  Response Mean 476 350 401 480 384 487 5 1 6  584 5 1 8  51 1 
s . o . 1 36 1 00 87 1 37 1 0 2  1 05 1 1 4  1 1 8  1 2 1  1 21 
N 9 2 2  8 370 1 7 1 4  27 1 5  1 359 1 288 1 1 76 86 2 205 5 206 1 4 1 46 5  

Tota l  Mean 468 6 70 4 27 4 8 3  389 466 5 1 4  5 3 2  5 2 2  5 0 3  
S . D . 1 1 1  1 02 1 1 0  1 25 1 0 3  1 1 7  1 1 0  1 21 1 2 3  1 1 7  

SOURCE :  H .  R .  Slli t h , , A summarx of Data co l l ected for: Graduate Record Exa11 i nat iona Teat -Takers J)ur i ng 
1 98 2 -8 3 ,  Data Summary Repor t  1 8 ,  1 98 4 .  
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TABLE 1 3 : GRE-0 Mea n ,  S . D . , and Numbe r of Test -Takers , by Gradua te Ma jor a nd Ethn i c  Group , 1 98 2 -8 3 ( u . s .  
c i t i zens only )  

Graduate Amer; B lack/ Mex ican Or ient-.al PUe r to ot-.her H i sp No 
Ma jor I ndian Af roAmer Ame r i can or As ian Rican Lat i n  Ame r Wh i te Othe r Response Tota l 

N 1 8  1 6 2  34 4 3  1 5  25 3501 7 1  9 7  3966 
Arts Mean 4 9 2  350 4 50 554 291 428 4 9 5  5 0 5  4 76 488 

S . D . 1 1 8  1 0 4  1 1 7  1 2 3 7 4  1 1 4  1 1 5  1 1 4  1 29 1 20 

..... Othe r N 7 1  3 5 3  1 1 1  1 7 4 9 2  1 30 9 86 8  256 298 1 1 35 3  
..... Huma n i t ies Mean 455 371 437 550 400 46 7 529 535 5 2 4  5 2 1  0 

1 3 5 1 24 1 2 2 1 23 1 1 9  1 2 2 1 1 7  1 29 S . D .  1 22 1 2 2 
N 1 79 1 56 3 4 36 1 55 1 4 0  1 9 2  1 7 366 1 91 3 4 4  20566 

Education Mean 405 321 3 7 3  501 3 4 7  3 8 9  4 7 1  4 46 4 3 3  4 5 5  
S . D .  1 09 9 4  4 0 5  1 26 1 04 1 1 3  1 1 1  1 2 3 1 2 4 1 1 9  
N 96 1 5 48 257 1 87 1 30 1 25 1 08 1 0  1 99 2 56 1 36 0 8  

Soc ial S c i  Mean 4 32 3 4 5  4 1 2 5 2 4  38� 4 3 9 504 497 46 3 4 8 1  
S . D .  1 1 5  1 0 4 1 1 5  1 30 1 03 1 28 1 1 5  1 28 1 31 1 26 
N 1 6 7  1 4 4 9  26 5 357 252 258 1 76 9 2  4 5 2  505 2 1 3 9 7  

Behavo i r  Sci Mean 4 7 1  378 4 4 5  5 5 3  4 04 4 6 4  5 3 0  5 24 5 2 2  5 1 6  
S . D .  1 2 1  1 1 3  1 1 7  1 25 1 1 �· 1 1 8  1 1 5  1 1 7  1 3 2  1 2 3 
N 39 291 6 0  2 0 0  1 5 1  6 1  6 575 1 28 1 80 7685 

Biolog Sci Mean 5 4 2  4 3 4  526 6 2 3  4 4 3  5 5 7  589 587 592 580 
S . D . 1 0 2  1 0 8  1 06 97 105 1 1 5  98 9 8  1 1 3  1 06 
N 1 0 3  9 38 1 34 2 7 5  1 39 1 1 2  1 27 7 4  1 6 0  2 5 4  1 4 88 9  

Hea l th Mean 4 6 4  3 76 4 37 5 4 5  4 11 4 6 7  508 506 4 9 4  4 9 8  
S . D . 1 1 0  1 0 3  1 0 8  1 22 1 0 8  1 2 3 1 09 1 1 2  1 1 8  1 1 5  
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Appl ied B i o  N 2 5  9 9  20 41 50 30 3809 4 4  78 4 1 96 
Mean 5 3 1  371 4 3 2 5 8 5  4 49 5 2 3  56 1 5 7 2  56 3 5 5 4  
S . D . 1 1 7  1 1 9  9 4  l OS 1 1 0  1 06 1 0 5  1 0 3  1 29 1 1 1  
N 39 26 3 87 5 0 2  96 1 1 4  7 2 3 8  1 29 1 84 86 5 2  

Eng inee r i ng Mean 6 5 8  559 6 3 2  6 7 9  590 6 1 9  6 8 1  6 6 6  6 7 5  6 7 5  
S . D .  8 5  1 1 7  7 7  8 0  1 0 4  9 1  7 8  9 5  8 8  8 4  
N 26 3 3 3  56 2 5 4  77 4 5  5 306 9 4  1 56 6 3 4 7  

Hath Sc ience Mean 6 1 2  468 5 96 6 5 3  5 4 5  5 8 8  6 6 2  6 5 1  6 6 7  6 49 
S . D . 95 1 27 1 1 0  9 4  1 0 4  1 0 2  9 4  1 06 1 06 1 0 7  
N 3 1  1 4 2  54 1 4 0 7 5  55 6 4 7 9 1 1 8  1 6 2  7 256 

Phys ical Sci Mean 597 476 594 659 5 2 7  6 0 0  6 3 1 6 21 6 26 6 26 
S . D . 1 1 8  108 1 1 2  1 05 9 7  1 16 96 1 1 0  1 09 1 0 0  
N 22 1 96 25 5 2  25 1 8  2 4 5 8  5 8  7 3  29 2 7  

� Not i n  Above Mean 4 6 0  3 32 4 36 5 4 1  4 0 0  4 4 9  5 1 8  5 3 5  4 9 3  5 0 3  
� S . D .  1 2 2  9 7  1 4 2  1 0 8  1 0 5  1 49 1 2 3 1 4 1  1 1 6 1 3 1  � 

N 7 1  8 5 9  1 49 275 90 94 1 1 0 7 5  2 4 5  3 0 4  1 31 6 2  
Undec ided Mean 4 7 4  3 5 0  46 0 6 0 3  4 1 6  4 7 3  5 4 8  5 4 2  5 5 4  5 3 4  

S . D .  1 35 1 1 4  1 5 2 1 24 1 2 1 1 3 2  1 2 2 1 37 1 4 1  1 3 3  
N 3 5  1 7 4 26 6 0  2 7  2 9  2 7 3 5  6 0  2 3 1 5  5 4 6 1  

No Response Mean 5 2 3  359 400 571 398 4 57 5 29 587 5 3 2  5 2 4  
S . D . 1 27 1 09 1 2 1 1 46 1 1 0  1 0 8  1 27 1 3 2 1 3 1  1 3 3 
N 9 22 8 3 70 1 7 1 4  2 7 1 5  1 3 59 1 288 1 1 76 86 2205 5 206 1 4 1 46 5  

Total Mean 4 7 5  36 8 4 4 3  596 4 3 0  4 8 0  5 4 2  5 4 2  5 4 2  5 3 3  
S . D. 1 1 1  1 0 2  1 1 0  1 25 1 0 3  1 1 7  1 1 0 1 21 1 2 3 1 1 7  

SOURCE :  H .  R .  Smith , A summarx: of Data Col l ected for Graduat-.e Record Exami nat i ons . Test-Ta k e r s _  Du r i ng 
1 9 8 2 -8 3 ,  Data summa ry Report 1 8 ,  1 9 8 4 . 
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TABLE 1 4 :  GRE-A Mean , S . D . , and Numbe r of Tesi".-Take r s ,  by Graduat-.e Ma jor a nd Ethn i c  Group , 198 2 - 8 3  ( U . S .  
c i t i zens onl y )  

-

Graduate Allier B l ack/ Mex i can Or ienta l Pue r t-.o Ot-.her H i sp No 
Ma jor I ndian . A f roAmer Ame r i can o r  Asian R ican J�t i n  Ame r Wh i te Ot-.her Response Total 

N 1 8  1 6 2  3 4  4 3  1 5  25 )501 71 97 3966 
A r ts Mean 498 303 4 76 5 J J  J J5 4 7 5  5 27 508 5 0 4  5 1 R  

S . D . 97 95 1 2 2 1 2 2  7 2  L l 2 1 1 7  1 26 1 2 7 1 2 1 
Other N 7 1  3 5 3  1 1 1 1 7 4  9 2  1 30 986 8 256 298 1 1 3 5 3  
Humanities Mean 480 405 439 509 394 4 5 8  5 4 5  5 4 9  5 39 536 

..... S . D  • l l 8 1 1 1  1 1 0  1 2 1 8 7  1 1 5  1 1 9  1 23 1 27 1 2 2  ..... 
1 79 1 56 3  4 36 1 5 5  1 4 0  1 9 2  1 7 366 1 9 1  3 4 4  20566 N N 

Education Mean 4 30 3 5 2  379 4 7 4  368 4 1 8  4 86 46 0 4 5 1  4 7 0  
S . D . 1 0 4  8 1  9 2  1 1 5  9 4  1 09 1 1 1  1 1 4  1 1 6  1 16 
N 96 1 5 4 8  2 5 7  1 87 1 30 1 25 1 0 8 1 0  1 99 256 1 3608 

Soc ial Sci Mean 458 3 8 1  4 1 5  489 395 4 5 2  521 503 489 500 
S . D .  1 0 1 96 99 1 16 1 0 3  1 1 6 1 1 4  1 21 1 30 1 2 2  
N 1 6 7  1 4 4 9  26 5 3 5 7  2 5 2  2 5 8  1 76 9 2  4 5 2  505 2 1 3 9 7  

Behavoi r Sc i Mean 4 89 407 46 2 5 J J  401 4 8 2  5 4 4  5 29 5 3 2  5 3 0  
S . D .  1 1 1  1 00 1 1 3  1 24 1 0 3  1 1 2 1 16 1 1 7  1 28 1 2 1 
N 39 2 9 1  6 0  200 1 5 1  6 1  6 5 7 5  1 28 1 80 7 6 8 5  

B iolog Sci Mean 5 1 9  4 1 8  488 565 404 5 1 2  5 7 4  5 5 3  575 56 3 
S . D .  1 01 1 00 90 1 1 3  1 06 1 35 1 1 0  1 1 8  1 1 7  1 1 7  
N 1 0 3  9 38 1 3 4 2 7 5  1 39 1 1 2  1 27 7 4  1 6 0  2 5 4  1 4889 

Heal th Mean 4 6 8  3 9 7  4 4 2  5 0 3  3 9 3  4 8 2  5 2 4  507 504 51 2 
S . D . 1 0 7  9 3  1 0 5  1 1 3  1 0 7  1 1 2  109 1 1 0  1 1 9  1 1 4  
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Appl ied Bio N 25 99 20 4 1  so 30 3 8 09 44 18 4 1 96 
Mellin 5 2 1  3 7 8  4 3 9  5 3 2  4 0 2  4 7 7  5 5 2  560 554 5 4 5  
S . D . 1 3 2 88 9 1  1 1 1  8 4  1 04 1 1 2  1 30 1 1 5  1 1 6  
N 39 26 3 87 502 96 1 1 4  7 2 3 8  1 29 1 8 "  81; ') �  

Eng i nee r i ng Mean 56"0 4 70 5 39 5 5 7  4 8 1  5 1 9  6 06 597 59 2 '; ') r;  
s . o . 1 1 5  1 07 1 0 3  1 26 1 2 2  1 1 9  l l 2  1 3 1  1 2 3 1 1 8  
N 26 3 3 3  56 2 5 4  7 7  4 5  5 306 9 4  1 56 6 H 7 

Hat h Science HP.an 5 6 7  4 2 5 5 2 8  5 36 46 5  5 1 0  6 1 3  596 6 1 6  59 7 
S . D .  1 0 3  1 1 9  1 36 1 3 5 1 1 1  1 1 4 1 1 5 1 2 4 1 2 2 I �� 
N 3 1  1 4 2  5 4  1 4 0 7 5  5 5  6 4 7 9  1 1 8  1 6 2 7 2'\1; 

Phys ical Sci Mean 56 3 4 39 5 3 2  5 8 0  4 28 5 2 5  5 8 2  5 5 3  5 9 1  576 
s . o . 1 3 2  94 1 08 1 36 1 1 4  1 36 1 1 5  1 1 6 1 21} 1 1 8  
N 2 2  1 96 25 5 2  2 5  1 8  2 4 58 58 7 3  29 7 7  

..... Not In Above Mean 4 7 1  36 8 4 1 6  "6 4 39 3 4 30 5 1 8  5 3 5 506 S O i  ..... 
w S . D .  1 09 88 1 28 1 1 2  1 07 1 1 7 1 1 7  1 26 1 2 2 l 2 l  

N 7 1  8 5 9  1 4 9 2 7 5  9 0  1} 4  1 1 0 75 2 4 5  liH U J «; J  
Undec i ded Mean 4 8 4  1 78 4 7 1  556 4 20 4 8 1  5 5 2  5 4 7  5 5 1  S JS 

S . D . 1 0 7  98 1 27 1 27 1 0 7  1 1 9  1 1 9  1 36 1 38 1 2  7 
N 3 5  1 7 4 26 6 0  2 7  2 9  2 7 3 5  6 0  2 3 1 5  5 4 f, l 

No Pespon!le Mean 5oa 36 9 406 5 2 8  4 1 0  4 36 536 576 5 2 5  5 2 i  
s . o .  1 4 4 90 1 0 2 1 4 3  1 1 4 8 7  1 20 1 25 1 2 4 1 25 
N 9 2 2  8 3 70 1 7 1 4  27 1 5  1 3 59 1 28 8  1 1 76 86 2205 5 206 1 4 1 4 6 5  

Tot.lll 1 HP.an 4 8 1  3 8 9  4 39 5 3 2  407 4 7 3  54 2 5 3 4  5 29 5 28 
s . o . l-1 7 99 1 1 6  1 2 7 108 1 20 1 1 9 1 2 7  1 2C) 1 25 

· ·- · -

SOURCE: " ·  R .  Smi t h ,  A Summa r:,: of Data Co l l ected for Gradua t r> Record Examinat l r>nn 1 e ::; t. - ·�_3!!-.£!.:!.....- l<" l_"-:t  
1 98 2 -8 3 ,  Data Summa r y  Repo r t  1 8 ,  1 98 4 .  
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Association of Hispanics' School Achievement 
with Other Factors: 

Existing and Needed Research 

Anafyses of factors under lying H i spanics ' educational attainment 
and academic progress toward advanced study of engi nee ring and sc ience 
can proceed on many grounds .  The inf luence of three broad classes of 
factors on Hi spanic s '  educational outcomes has been studied : ( 1 ) the 
background of students ' fami lies , ( 2 )  the character i stics of individual 
students ,  and ( 3 ) the characteri stics of educational inst itutions and 
their  abi lity to meet Hispani c students ' need s .  stud ies of the asso
ciations of these factors with educational outcomes vary in the i r  
theoretical orientation , the number o f  variables they examine simul
taneously, their  methods, and their · units of behavioral and soc ial 
analysi s .  An exhaustive review of studies is not presented here , but 
those studies reviewed exemplify recur rent issues and findings of im
portance . Th is section f i rst summar i zes some of the important findings 
emanating from survey-based studies and la rge sample studies that have 
i nvestigated connections between H i spanic students ' educational out
comes and multiple predictor va r iables . Next is a discuss ion of 
anthropolog ical and ethnographic research on Hispani cs ' learning and 
the importance of educationally suppo rtive connections between fami
l ies , communi ties , and school s .  The final port ion of the section re
views psychological research on the cogn itive and li ngui stic s k i l ls of 
Hispani c  students and the need for research on areas related to the 
academic moti vat ion of Hi spanic students .  

Explaining Achievement of Hispanic Students: 
High School and Beyond SUTVey Studies 

A number of stud ies have been undertaken involving H i spanic stu
dents pa rticipating in the 1 980 BSB su rvey and its 1 98 2  follow-up sur
vey . Three studies are cited here . In one of the fi rst major studies 
on the BSB 1 98 0  data base , Nielsen and Fernande z ( 19 8 1 )  investigated 
the prediction of school delay , educational aspi rations , and mathe
matics , reading, and vocabulary achievement test scores of sophomore 
and senior H i spani c high school students based on information about 
per sonal and background chara cte r istics of students . The pred i ctor 
va r iables used in regress ion analyses include1 measu res of self-judged 
Spanish prof iciency, sel f-j udged Eng lish prof i c iency, j udgments of 
frequency of Spani sh use , soc ioeconomic status ( SES ) , gender ,  and His
panic subgroup membership ( Mex ican Ame r ican ,  Pue rto Rican, or other 
Latin Amer i can ) . use of regress ion analysis procedures permitted cal 
culation o f  the unique contribut ion that each i ndependent va r iable made 
in predicting each crite r ion measure for the san.ple in question . The 
findings of the Nielsen an d Fer nandez study typi fy the findings of 
other survey studies on factors predicting H i spanic students ' elemen
tary and high school educational outcomes . Bence , some of the major 
f i ndings are discussed below with regard to each out come var i able . 

The school delay outcome measure was based on the di fference be
tween a student ' s  age and the modal age of al l students in the same 
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gr ade . The resu lts of regression ana lysis ind icated that school delay 
was significantly less for fema les with highe r SES status , Eng lish 
language profic iency, and Spani sh language profic iency . On the other 
hand, more frequent oral use of Spanish and less length of residence 
in the United states was al l ied with greater school delay . Membership 
in a pa rticula r Hi spanic subgroup exe rted no signif icant influence on 
school delay , controlling for the effects of the other predi ctor 
var iables on school delay . 

The educational aspirations of students , measu red by the number 
of years · of schooling that they expected to get, were signif icantly 
predicted by higher Spanish language proficiency , less oral use of 
Spanish, and highe r SES status for both sophomores and senio r s .  
English language prof iciency was a signif icant predi ctor o f  sophomores ' 
educational aspi rations but not of seniors '  aspirations . Interest
i ngly ,  in contrast to the findings for prediction of schooling delay , 
longer length of u .s .  residence pred icted significantly lower educa
tional aspirations among sophomores and seniors . ·  Thi s  point is worth 
reiterati ng : the longer that Hi spanic students had l ived in th e United 
States , the more likely they judged that they wou ld not get as far in  
their schooling. Some d i fferences emerged in the educational aspi ra
tions of H i spanic subgroups . Cuban Amer ican sophomores and seniors 
had significantly higher educational aspi rations than thei r Mex ican 
Amer ican counterparts after controlling for the inf luence of other 
pred ictor measu res on aspi rations . And among senior s ,  Puerto Rican 
students also had signif icantly higher educational aspi rations than 
thei r Mexican Amer ican peers . It is thus i nteresti ng to note that 
wh i le school delay was not significantly predictable from subgroup mem
bership after controlling for othe r pred ictor va riables , educational 
asp irations were inf luenced by H i spanic subgroup membership. 

Prediction of students '  mathematics , reading, and vocabula ry 
ach ievement test scores fol lowed simi la r ,  but not identical , patterns 
for sophomores and seniors .  Highe r Spanish language prof iciency , 
English language prof iciency, and SES level were signif icant positive 
pred ictors of mathemat ics achievement for both

. 
sophomores and senior s ,  

while greater oral use of Spanish was a signif icant negative predi ctor 
of mathematics scores for sophomores and senior s .  In add ition, males 
earned significantly higher mathematics scores than did females for 
both grade level s .  Anothe r fi nding was that length of U .s .  res idence 
was a signif icant negative predictor of sophomores ' mathematics scores, 
whi le this influence was not statistically signif icant for senior s .  
Two addit ional find ings were that Mexican American sophomores earned 
signif icantly higher mathematics scores than Puerto Rican sophomores ,  
wh ile Cuban Amer ican seniors earned significantly higher mathematics 
scores than Mex ican Amer ican seniors .  The results obtai ned for pre
d iction of mathemat ics scores are important because they suggest that 
indicators of language , gende r,  and social background can contribute 
unique information associated with students '  mathematics achievement 
and, fu rthe r ,  that the same pred ictor va r iables account for verbal 
ach ievement test scores in a manner resembli ng the pattern of predic
tion of mathemat ics achievement test scores . 

Addit ional analyses of 1980 HSB data have compared prediction of 
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educational outcome var i ables for H i spanic students , language minority 
students,  and nonmino r i ty wh ite student s ( Fernandez and Nielsen,  1 986 ) .  
One important find ing of this work was that SES cont r i buted less to 
the prediction o f  Hispan ic students '  and ling ui stic mino r i ty students '  
educational outcome than was the case for nonminority white students 
who were not language mino r i ty students . 

One important stream of follow-up research in the HSB survey is 
investigating the academic growth o f  Hispanic sophomores pa rticipating 
i n  the initial wave of the 1980 survey ( O' Malley , 1984 ) .  Among other 
things,  the resea rch is investigating gains in achievement test scores 
from 1980 to 1982 a nd connections between these gai ns ,  students ' back
ground and per sonal characteristics , and their i ntervening coursework.  
A pre limina ry oral report of  findings presented to the Nat ional Center 
for Education statistics i n  July 1 98 5  i ndicated that Hi span ic students '  
gains in achievement test scores were very simi lar to those shown by 
non-Hispanic wh ite and black students .  Whi l e  Hi span ic students '  
achievement grew, the relative di fference between ach ievement levels 
o f  Hispan ic and non-Hispanic wh ite students remained the same at the 
end of the 2 -year period . Other analyses indicated that achievement 
test scores earned by students in 1 98 0  uniquely accounted for about 
one-thi rd of the gai n  in students ' test scores from 1980 to 1982 . 
Less than 2 percent of the gain in students ' achievement test scores 
from 1980 to 1982 could be uniquely attributed to inf luences stemming 
from individual va riable s  ( SES ,  home language,  educational aspi ration s ,  
gender ,  race/ethnicity , and high school academic credits ) .  However ,  
va riance shar ed  in common by these latte r predictor va riables accounted 
for about 48 percent of the variance in the gai ns shown by students ' 
achievement test scores . 

The foregoing findings ind icate the di fficulty in attempting to 
use regress ion analysis procedures in order to identi fy i ndividual 
personal and background variables that can be shown to have a signifi
cant and meaningf ul impact on educational outcomes . Intercorrelation 
among predi ctor var i ables makes it very difficult to isolate the im
portant influences asserted by i ndividual va r iables on outcomes . Yet 
the resu lts support strongly the hypothesis that the strongest indi
vidual predictor of students ' cur rent achievement is  previous achieve
ment in the same academic content domain.  Thi s  latter contention has 
important impl ications for interventions aimed at improving students '  
academic development in areas relating to science and engineering ,  
suggesting that effective i nterventions should i nclude academic skill  
development if  they are to maximize the i r  impact on students ' academic 
growth .  

Another stream o f  fol low-up research i n  the HSB survey exami ned , 
in 1982,  persistence in high school , entry into college , and the labor 
force exper ience of H i spanic students who had been sophomores and 
seniors in high school in 1 98 0  ( Fernandez and Hi rano-Nakanishi ,  unpub
l ished manuscr ipt ) .  The study found that H i spanic students had the 
highest dropout rate from schoo l ( 1 8 . 3 pe rcen t ) , followed by blacks 
( 17 . 1  percent ) and whi tea ( 1 2 .  5 percent ) and that these dropout rates 
were also associated with the income of students ' fami lies--the lower 
the income , the higher the dropout rate . Pregnancy of H i spanic females 
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was assoc iated with a propensity to drop out of high school . Another 
finding was that Hi spanic students '  sel f-j udged Eng l ish prof i c iency and 
self-j udged Spani sh prof ic iency were not signif icantly related to drop
ping out of high school . 

The high school dropout rate was highest among H i spanic students 
who were the most recent immigrants to th e United state s ( 30 pe rcent 
among students with less than 5 y ears of Un ited states residence ) . 
su rpr i si ngly ,  howeve r,  among other immigrant Hi spanics,  except those 
in the • other Latin American• grouping, the dropout rate tended to be 
higher among students who had spent almost all of their l ives in the 
United States ( 1 7 . 8  percent ) than among those who had li ved 10 o r  more 
yea rs in the United states ( 15 . 1  percent ) .  Howeve r ,  in sp ite of these 
trends for immigrants,  H i spanic students who were at least second
generation United States citizens tended to be less li kely to drop out 
of high school than f irst-generation Hispanics. 

Data on the col lege attendance rates in 1 98 2  of students who we re 
high school seniors in 1980 i ndicated that H i spanic males ( 2 3 . 9  per
cent ) were less l i kely to be enrolled in 4-yea r colleges than non
Hispani c males ( 3 4 . 9  percent ) .  On ly 19 . 1  percent of H i spanic females 
who were high school seniors in 1 98 0  attended 4-yea r col leges in 1 98 2 ,  
in  contrast to 36 . 4  percent of non-Hispanic females . The 2 -year col 
lege attendance rates o f  Hi spanics and non-Hi spanics who were high 
school seniors in 1980 were sim i la r  across ethn ic groups and gender ; 
these rates va r i ed  between 2 2  and 28 pe rcent . '!be pattern of col lege 
attendance findings descr ibed here appears consistent with the finding 
described in the f i rst pa rt of this repo rt:  Hi spanics who are success
ful in complet ing high school are entering 4 -yea r col leges at rates 
below those shown for nonmino r i ty wh ite students .  

linguistic and Cognitive Factors 
Affecting Mathematics and Science Learning 

Whi le Hispanic students '  school ach ievement is related to back
ground measu res such as fami ly socioeconomic status, achievement is 
associated even more with students ' linguistic and cognitive charac
teristic s .  In recent years a number o f  research studies investigati ng 
connections between Hispani c students ' mathematics and science lea rning 
abi l ity and their abi l ity to think and reason in eithe r Spanish or 
Eng lish have emerged . 'lbese invest igations have included stud ies 
examining correlations between measu res of students ' Eng lish language 
profic iency and the i r  col lege aptitude test scores and also stud ies of 
Hispanics ' problem-solving abi lity, drawing on cogn itive psychology 
approaches . 

Findings from each of these approaches wi l l  be di scussed in tu rn . 
Table 15 shows correlati ons between ( 1 )  SAT-Verba l ,  SAT-Math, and Test 
of Standard Wr itten English ( TSWE ) scores and ( 2 )  sel f-ratings of 
Engl i sh and Spanish prof iciency for a la rge sample of Hi spanic col lege 
freshmen in the academic year 1982-8 3 ( Du ran, et al . ,  1985 ) . The 
rating sca le fo r prof ic iency assigns low numbers for high self-rati ngs 
of language profic iency ; hence , negative cor relat ions with SAT-Ve rbal , 
SAT-Math, and TSWE scores ind icate a pos itive association between 
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TABLE 1 5 :  Correlat ions Between Self-Rat ings of Global Language Prof iciency and SAT and TSWE 
Scores 

cor relations 
Verbal Math 'lWSE 

soo 38 : Is Engl ish your best language? - . 1 9 -. 09 - . 25 
6 .  With rega rd to Eng lish , how well do you do the following? 

Ext remely Moderately Not very Not at 
well Well well well all 

a .  Understand English 
when people speak it?  ( ) ( ) ( ) ( ) ( ) - . 29 -. 1 3  - . 31 

b. Speak in Engl ish? ( ) ( ) ( ) ( ) ( ) - . 35 - . 15 - . 36 
c .  Read in English? ( ) ( ) ( ) ( ) ( ) - . 35  - . 1 0  -. 31 
d. Wr ite in English? ( ) ( ) ( ) ( ) ( ) - . 34 - . 15 - . 39 

NOTE : SAT • Scholastic Aptitude Test ; TSWE a Test of Standard Wr itten Engl ish . 
SOURCE : R .  P .  Duran , M .  K .  Enr ight , and D .  A. Rock , Language Factors and Hispanic Freshmen ' s  
Student profile ( Col lege Boa rd Report No . 85-3 ) ,  New York : Col lege Entrance Examination 
Board , 1 985.  
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language proficiency and academic apt itude test scores . conversely , 
positive cor relat ions indicate a negative relationship between self
ratings of language prof iciency and test scores . The correlations i n  
Table 1 5  i ndicate that the SAT-Math scores had a smalle r  positive as 
sociation with se lf-ratings o f  Eng lish profi c iency than d id SAT-Verbal 
and TSWE s cores.  The pattern of correlations thus suggests that the 
mathematic;s aptitude of students was less dependent on Eng l ish prof i
c iency sk i ll s  than the i r  verbal and writing sk i lls were . 

Nonetheless , research has found that the mathematics apt itude of 
Hi spani c students may not be assessed accurately in English if students 
show limite d  Eng l ish prof iciency and an education predomi nantly i n  
Spanish .  Table 16 summari zes the results of regress ion analyses pre
d icting the SAT-Verbal and SAT-Math scores of 3 6 1  PUerto Rican students 
from scores on the Pr ueba de Aptitud Academica ( PAA) and various 
English language prof iciency test s ( Alderman , 1981 ) . The PAA test is  a 
Spani sh language version of the SAT d eveloped for use in Latin America . 
Li ke the SAT, the PAA assesses students '  verbal and mathematics apt i
tude for col lege work . The English profic iency uti l i zed included the 
Eng lish as a Secon d Language Ach ievemen t Test ( ESLAT ) , TSWE, and the 
Test of Eng lish as a Foreign Language ( TOEFL ) . Of particular interest 
in Table 16 is the bottom hal f :  the th ree regress ion analyses summa
r i zed involved prediction of SAT-Math scores from PAA-MathscorEts and 
each of the three Eng lish profic iency measures separately . The regres
sion analyses included an interaction term between PAA-Math scores and 
a prof iciency measure . In the case of each analysi s ,  the i nteraction 
term attained statistical signif icance ( p < . Ol ) . These resu lts indi
cate that student s '  SAT-Math scores were affected by thei r Eng lish 
language pr ofic iency, gi ven the assumption that thei r PAA-Math scores 
ref lected thei r true mathematics abil ity .  AS students ' Eng lish lan
guage prof ic iency increased , thei r SAT-Mathscores bore a closer rela
tion to thei r PAA-Math scores--suggesting that th e Engl i sh language 
requirements of mathematics problems can limit the display of mathe
matics s k i l ls by Hi spanic students with l imited Eng lish prof ic iency . 

Cognit ive research stud ies of student s '  verba l problem-solving 
s k i l ls have verified tha t Hi spanics may encounter diff icult ies in  
properly comprehending verbal mathematics problems ( Mestre , 1986 ; 
Morales ,  et al . ,  1985 ; Spanos4 ) • The stud ies suggest that di fficul
ties in properly inte rpreting verbal mathematics problems may ari se 
because of limited development of the underlying conceptual knowledge 
requi red to solve problems as well as diff iculties in understandi ng 
the English statement of problems . Both of these factors constraining 
ve rbal mathematics problemsol ving need to be cons idered in designi ng 
interventions aiding the development of Hispanic students ' mathematics 
sk i ll s  ( Cueva s ,  et al . ,  1 986 ) . 

Research on the deductive reasoning ski lls and 
pe rformance o f  Hispanic bi linguals indicates that 
problems more slowly in thei r less fam i li a r  language 

4 Pe rsonal communication . 
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TABLE 16 : Regressions of Aptitude Test scores in Second Language ( SAT) 
on Aptitude Test sco res i n  Fi r s t  Language ( PAA) and Measures of Second 
Language Profic iency 

Multiple 
Co rrelations 

R 

. 6655 • 4429 

. 856 8 . 73 4 1  

. 8934  . 7982 

. 6655 . 4429 

. 8022 . 6 4 36 

. 8615 . 1 423 

. 6655 . 4 429 
• 879 0  • 7 727 
. 8805 • 7754 

• 7955 . 6 328 
. 8 514 • 7 248 
. 8871 • 7870 

• 7955 . 6 328 
. 8 259 . 6 8 21 
. 8777 • 7703 

• 7955 . 6 328 
. 86 1 5  • 7422 
. 8718 • 7601 

Independent 
Va r iables 

Regression coefficients statistical Test 
b B s eg of Moderator Ef fect 

PAA-V 
TOEFL 
TOEFL X PAA-V 
( constant ) 

- . 8303  
-. 8329 

. 00 25 
490 . 8048 

PAA-V - . 791 3 
ESLAT -. 7 916 
ESLAT X PAA-V • 0 0 21 
(constant ) 508 . 1 33 0  

PAA-V 
TSWE 
TSWE X PAA-V 
(constant ) 

PAA-M 
TOEFL 
TOEFL X PAA-M 
( constant ) 

PAA-M 
ESLAT 
ESLAT X PAA-M 
( constant ) 

PAA-M 
TSWE 
TSWE X PAA-M 
( constant ) 

. 09 5 2  
2 . 281 4 

. 00 71 
6 8 . 4927 

- . 6 20 7  
-1 . 21 47 

. 00 26 
558 . 7 010 

- . 550 2 
-1 . 0554 

. 0022 
540 . 7829 

. 066 4 
-9 . 0 486 

. 0200 
236 . 5505 

-. 9 7  
-. 9 4  
2 . 57 

-. 9 2  
-1 . 21 

2 . 7 5 

. 11 

. 23 

. 58 

-. 70  
-1 . 1 7  

2 . 56 

-. !) 2  
-1 . 3 9  

2 . 6 6  

• 07 
-. 77 
1 . 51 

. 10 

. 1 4 
• 00 

• 09 
. 10 

F ( l , 357 ) •1 1 3 . 39* 

. 00 F ( l , 357 ) •1 3 6 . 70* 

.oa 
2 . 26 

. 00 F ( l , 357 ) •  4 . 216 

. 1 1 

. 16 
• 0 0  

. 10 

. 11 
• 0 0  

. 09 
2 . 6 9  .oo 

F ( l , 357 ) •1 0 4 . 26 *  

F ( l , 3 57 ) •1 37 . 16 *  

F ( l , 357 ) •  26 . 6 9* 

*Indicates statistical significance , p < . 050  
SOURCE : D.  Alderman ,  Language proficiency as a moderator va r iable in 
testing academic aptitude , Journal of Educational Psychology 7 4 ( 4 )  : 580-
587 . 

or  Spani sh ) .  However,  for simple problems , the rate of correct solu
tion of problems in Eng lish and Spanish is very similar ( Mestre , 1 985 ; 
Duran , 1985 ) . The research suggests that as students became more pro
f icient i n  Eng l i sh o r  Spanish, they are able to concentrate thei r at-
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tention on understanding the pri nciples needed to i nte rpret and sol ve 
problems , r ather than on decoding the li nguistic statement of problems . 

Attitudes Toward Science and Mathematics Leaming 

Walker and Ra kow ( 1 9 85 )  reviewed previous studies of minority stu
dent s '  attitudes toward science and mathematics learni ng, and they 
also analyzed data on 9-, 13-, and 17-year-old black,  H i spanic ,  and 
wh ite students ' att itudes toward science . They conc luded that 
( 1 )  lack of representation of mino r ity students in academic science 
cou rses could not be adequately explai ned by i nferring that black and 
Hi spanic students simply show less preference than white and Asian 
students for the study of science cou rses and the pu rsu it of sc ience 
careers and ( 2 )  the causes underlying these different preferences need 
i nvestigat ion .  The data reported by Walker and Rakaw i nd icated that 
while the positive attitudes of black ,  H i spanic ,  and white students 
toward the value of scientific resea rch increased among older students 
the i r  attitudes toward science teachers and perceptions about science 
ca reers va r i ed  by ethnic group and age . They also found that male 
students showed more positive attitudes toward science classes than 
d id female students but that this pos itive att itude declined between 
the ages of 1 3  a nd 17 among white students . 

A study by Mestre and Robi nson ( 1 98 3 )  found that Hi spanic and 
Anglo college students enrolled in eng ineering and technical courses 
reported simi lar moti vations for pu rsu it of these stud ies : both 
groups reported that thei r choice of study area was influenced by 
having fr iends or relati ves employed in technical f ields and that 
their dec ision to pursue technical stud ies in college emerged between 
the ages of 1 4  and 1 8 .  Ang lo students , howeve r, were more li kely to 
have parents employed in technical f ields , and they were found to have 
recei ved more encouragement to pursue science careers than Hispanic 
students. 

Psychological stud ies investigating dif ferences in the motivation 
of mino r i ty male and fema le students for science and mathematics study 
have just begun to emerge .  Lockheed , et al . ,  ( 1 9 85 )  r eport that stu
dents in grades 4 to 8 i ndicate very l itt �vidence of gender d i ffer
ences in mathematics achievement but clear evidence that Asian and 
wh ite students have higher mathematics achievement than black and 
Hi spani c  students .  In science , however ,  without concern for ethnicity 
as a facto r ,  evidence has eme rged that boys outpe rformed g i r ls on 
tasks that requi re manipulation of science task materi als and objects 
that were more fami liar to boys than to g i rl s .  The possible 
interaction of gender with ethnic ity in science achievement has yet to 
be investigated in depth . 

Hackett ( 19 85 )  has proposed that self-eff icacy ( i . e . , self
assessed abi l ity )  in mathematics problem solving is a critical inter
vening var iable affecting diffe rences in the pursu it of mathematics 
majors by col lege women and men . Hackett ' s  resea rch has found that 
previous mathematics achievement is important in the development of 
women ' s  and men ' s  mathematics sel f-eff icacy . In add it ion , howeve r ,  
gender-related soc iali zation practices may cont ribute signif icantly to 
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attitudes constrain ing women ' s  pursuit of coursework requ i r ing mathe
matics . Resea rch on the mathematics sel f-eff icacy of male and female 
students from mino r i ty backgrounds has not been conducted but seems 
valuable to pu rsue in o rder to learn ways in which i nterventions might 
be des ignated to stimulate aspi rations for science and engineer i ng 
careers . 

Anthropological and Sociolinguistic Research 

Resea rch on the educational pe rformance and educational outcomes 
of H i spanic students from anthropological and sociol i nguistic perspec
tives has i nd icated that students '  abil ity to learn is very much 
affected by the social and cultural climate of the school and by the 
degree of compatibi l i ty between home , community, and school envi ron
ments and experiences . Thi s  body of research bas yet to probe either 
the mathematics and science achievements of Hispan ic students or the 
development of aspi rations for study in specific sc ience- and eng ineer
i ng-related a r eas . No netheless, important and relevant f i ndings do 
i ndicate the promise of such research for identifying interventions 
a iding Hi spanic students ' aspi rations for careers in science and 
enginee r ing .  

Ogbu and Matute-Bianchi ( 1 9 86 )  surveyed , from an anthropological 
perspective ,  an i nternational collection of resea rch on the academic 
attainment of mino r ity-group members within countr i es and communi
t ies . Based on their research synthesis, they theo r i zed that many 
u . s .  H i spanic students fai l to develop aspi rations for higher educa
tion because there does not exist a soci al support system for the 
development of these aspi rations . They claim that H i spanic students 
from lower socioeconomic backgrounds may develop perceptions that 
higher education will not lead to jobs and economic rewards equal to 
those obtai ned by nonmino r i ty persons with similar education. OgbuS 

bas suggested that innovati ve partne rships between ethnic mino r ity 
community member s ,  universit ies , and scientif ic and technical busi:
nesses could be used to foster programs promoting H i spanic and other 
mino r i ty students ' development of higher education aspi rations in 
science and eng ineer ing . 

Sociol i nguistic research on class room communication has found evi
dence tha t Hi span ic school children may pe rform poorly on academic 
tasks because of lack of fami liarity with norms for canmunication in 
the class room . Teacher s ,  as wel l ,  may not be sens iti ve to the cultural 
values and communication no rms of H i spanic students , and this may lead 
to behavior of both students and teachers that blocks students from 
demonstrating thei r academic competence ( Ca r rasco , et al . ,  1 9 81 ; Moll , 
et �!.:..t 1 98 0 ) . Th is same resea rch has also found 

... that peer tutor i ng 
and des ign of exper ientially relevant class room tasks can promote His
panic students '  lea rni ng .  Mol l ,  et al . ,  found, for example, that His
panic students ' display of li teracy sk ills was very much affected by 
teachers ' choice of c lass room tasks : when teachers concentrated on 

SPersonal communication . 
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basic ski lls development , such as the prope r pronunciation of words i n  
i solation , H i spanic students did no t  get a chance to exerc ise high
level reasoning s k i l ls in their reading and wr iting . The same students 
d isplayed these sk i lls when ass ignments requi red them . The foregoing 
resea rch f indings suggest that research should be conducted on the 
qual ity and meaningfulness of the mathematics and science learning 
activities and how these activities bui ld on students ' communication 
skills,  cultural and social knowledge ,  and higher-level reasoning 
ski lls . 

Cognitive Intervention Programs To Enhance 
Science and Mathematics Learning of Hispanic Students 

Research on intervention programs drawing on
-
cognit i ve theory has 

begun to eme rge . CUeva s ,  et al . ,  ( 1 986 ) repo rted implementation of a 
program , known as the Language Process Approach to Mathematics Teach
i ng, for teaching early grade-school children methods for solvi ng 
verbal mathematics problems . The program combines second-language 
teaching techniques with the teachi ng of mathematics content . Drawi ng 
on cognit i ve psychology research on metacognit ion, the program helps 
students develop s k i l ls in planning problem sol ving and in check i ng 
thei r work as they sol ve problems . Teachers help students systemati
cally lea rn vocabulary and syntact ic structu res occurring in verbal 
mathematics problems . As part of mathematics lessions , Cuevas , � 
al . ,  ( 1 986 ) have formally evaluated the effecti veness of this program 
with Cuban , Mex ican American, and Hait ian students.  They found that 
students exposed to the program in grades 3 and 5 earned highe r cal i
fornia Test of Basic Sk ills ( CTBS) mathematics scores than comparison 
groups of students in the same grades, afte r controlling for the i nflu
ence of pr ior CTBS mathematics scores earned by students. 

DeAvila (in pres s ) repo rted the evaluation of a sc ience and mathe
matics intervention program that he and others . developed for use with 
Hi spanic 2nd-,  3rd-, and 4th-graders enrol led in bilingual education 
programs . Known as • Fi nding OUt/Descubrimiento , •  the intervention 
program consists of 150 smal l -group activ ities designed to train 
students in measu ring ,  counting , estimating , grouping ,  hypothesi zing , 
analyzi ng, and repo rting results of expe riments . Once g i ven the 
problem-sol ving tasks , students are permitted to interact freely with 
other students in the same group and to use eithe r Spanish or English 
versions of task mate rials . Drawing on cognit ive psychology research, 
activit ies for a g i ven sk i ll area are structu red so that the tasks 
presented in cu rrent activit ies focus on problem-solving sk i ll s  and 
principles maste red at an ea r lier point by students . New problem
sol ving tasks vary in wel l -def ined , but limited , ways , enabl i ng stu
dents to discover how ski lls that they have al ready mastered can be 
used and further augmented to solve novel problems . 

An eva luat ion of th e • Finding Out/Descubrimiento• program by 
DeAvila found that part ic ipants in the program showed higher mathe
matics appl icat ion and conceptual problem-solving score ga ins than the 
comparison group of bilingual students who did not partic ipate in the 
program . 
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Institutional Strategies for Mathemotics 
and Science II'IIOVenlions 

Rendon ( 1 9 85 )  provided a detai led analysis of Mthematics and 
science learning programs involving Hispanic and other mino r i ty group 
students.  She noted four organi zat ional arrangements that were espe
c ially successful : ( 1 )  collaboration between a school district, col
lege or uni versity, and industry , ( 2 ) a formal consortium arrangement 
among colleges , ( 3 )  cluste r programs within col leges ta rgeting the 
mathematics and science training of minority students , and ( 4 )  student/ 
faculty mentorship programs . Rendon also discussed in detail features 
of programs that were judged to cont r i bute to thei r success .  

Resta and Rendon ( 1 98 5 ) ,  Ber r iozaba l ( 1 985 ) ,  Mu rgi a ( 1985 ) ,  and 
Tu rnbull ( 1 9 85 ) in Border College Consort ium ( 19 85 )  descr ibed the im
plementation of a se r ies of mathematics and sc ience i ntervention pro
grams aimed at students en rolled in elementary school , h igh schoo l , and 
college . One important cha racter i st ic of these programs conducted by 
colleges in Ar i zona , Texas , and ca li fornia was that many of them in
volved tutoring in mathematics whi le students were sti ll enrolled i n  
elementary or secondary school . These programs thus emphasi zed devel
opment of mathematics and science s k i l ls and of aspi rations for col 
lege study in these areas prior to the student • s entry into college . 
Another important characteristic of the programs was that some of them 
included attention to developing spec i f ic higher mathematics ski lls of 
students,  such as vector algebra and calculus appropriate for college
level science and eng ineer ing cou rsework . 

Rendon ( 1 986 ) has demonstrated in her own research how basic re
sea rch both on the attitudes of H i spanic students toward science and 
mathematics learning and on the diagnoses of sc ience and mathematics 
lea rning can be made useful in the context of a community college pro
gram to a id students ' lea rning. She advocates an analysis of institu
tional resources that might be made . avai lable to aid mathematics 
learning of students, gi ven thei r attitudes and lea rning cha racter -:
i stic s .  She also emphasi zes the importance o f  developing formal docu
mentation and evaluations of interventions for di ssemination . to prac
titioners and educational policymakers.  

A usef ul compendium of programs facil itating mathematics and sci 
ence learning of females and mino r ity students is provided by Malcom 
( 1 98 4 ) . Her compendium identi f i es additional programs , such as MESA 
( Mathematics,  Eng inee r ing ,  and Science Ach ievement ) ,  which served 
Hi spanic students as of 1 9 8 3 .  

Suggestions for Further Research 

Whi le the review o f  Hi spanic students '  progress towa rd ca reers in 
sc ience and eng ineer i ng has not been exhaustive , several important 
di rections for resea rch eme rge . Fi rst, continued and more extensive 
educational su rvey research is needed . Th i s  research should include 
( 1 )  longitudinal survey studies o f  Hispan ic students '  progress - through 
school and ( 2 ) investigation of factors promoting mathematics and sci-
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ence cou rsework . It is especially important that major educational 
sur vey data bases maintained by the u. s. Depa rtment o f  Education and 
other federal and state agenc ies read i ly make avai lable information on 
the ethnic identi ty of students . Th is is cr itical , g i ven projected 
i ncreases in the size of the u . s. Hispanic population and the emer
gence of trends suggesting tha t Hispan ic ,  black ,  an d Amer ican Indian 
academic development and education achievement cont inue to lag se r i 
ously behind that of wh ite a n d  Asi an students .  

A second suggestion for needed research concerns gender as a fac
tor associated with mino r i ty students ' succes s .  Resea rch investigati ng 
how sociali zation processes and soc ietal values constrain the access 
of Hispanic and other mino r i ty female students to science and eng i 
nee r i ng careers i s  needed . Wh ile evidence suggests that me n  and women 
show equal achievement in mathematics in the ea rly school years,  the 
absence of mino r ity women in col lege training areas involving mathe
matics and the sc iences needs careful investigation in o rder to devise 
effecti ve intervention programs . 

A thi rd area of needed research concerns the development of 
aspi rations for careers in science and mathematics.  We need to under
stand better how students ' aspi rations for these careers develop and 
how interventions might be designed to stimulate such aspi rations among 
Hispanic and other minority students .  community- and fami ly-based 
approaches seem especially promi sing, g i ven resea rch findings suggest
i ng that educational aspi rations are related to familial socialization 
of children . Th is thi rd a r ea  of research is connected to a fou rth 
broad area--research on des igning and evaluating interventions aid i ng 
Hispanic and other mino r i ty students in their science and mathematics 
career aspi rations , mathematics and science ski l l  development , and 
persistence in college . Development of prof iciency and high-level 
literacy sk i lls in English should also be a target for research, given 
findings that suggest that mathematics and science problem solving 
i nvolves verba l as well as quantitative sk i lls.  Bili ngual language 
training should be investigated as a medium for a iding the development 
of mathematics and high-level reasoning sk i lls as students acqu i re 
greate r prof iciency i n  Eng l ish.  Related to this is the need for an 
investigation of institutiona l strateg ies for implementing and evalu
ating i ntervention programs . Wo rk such as suggested by Rendon ( 1 985 ) 
on effecti ve interventions and ins titutional arrangements cutting 
across college and other schooling systems and community and home 
seems especially important to pu rsue . 

Finally, cognit ive and linguistic research is needed on the 
acqui sition of science and eng i nee r ing content by related learning 
skills of H i spanic and othe r mino r i ty students .  The programs of re
sea rch by Mestre ( 1 98 5 ) ,  DeAvila ( in press ) ,  and CUevas , et !h_, 
( 19 86 ) exemplify ways in which such research can or cou ld lead to the 
design of training i nterventions that promote development of high
level reasoning and mathematics sk i ll s ,  which subsequently help stu
dents advance toward col lege-level study in eng i nee ring and sc ience 
areas . The approaches mentioned appear espec ially promising ,  since 
they use experimental and quas i-experimental techniques to evaluate 
scientif ically the effectiveness of intervention programs . 
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CASUAL RELATIONSHIPS OF FACfORS UNDERLYING 
SCIENCE EDUCATION OF IDSPANICS 

AmauryNora 

In reviewing Richard Duran 1 s pape r,  • Hispanics 1 Precollege and 
Undergraduate Education , •  o ne cannot help but be awed by the thorough
ness of the study . The fi ndings are very speci f ic in identi fyi ng 
trends of H i spanic partic ipation in higher education and provocative 
in their impl ications rega rding access , retent ion , academic pe r
formance , and degree attai nment of H i spanic students .  Howeve r ,  al
though there is  total agreement with the fi ndings , the report is almost 
solely descriptive in nature . Whi le it is necessary to begin research 
on the underrepresentation o f  Hi spanics in certain a reas of higher 
education by pointing out the di fferences in degr ee attainment , reten
tion rates , test sco res, academic performance and many othe r factors 
between di fferent groups of student populat ions , studies should also 
focus on the causal relationships among the factors identified i n  
ear lier descr ipt i ve studies and the underlying structural patte rns 
among the d i ffe rent groups . Moreove r ,  conf i rmatory resea rch enhances 
the capacity of institutions to understand student academic and atti
tudi nal factors associated with student under representation and under
achievement . The lack of an empirical base of information often gives 
r i se to the misunde rstanding of problems and the mi sdi rection of solu
tions to problems and can limit the extent to which col leges are able 
to develop appropri ate polic ies and intervention strateg ies to improve 
student preparation , achievement , and attitudes . 

The presence o f  Hispanics in higher education and the cohort 1 s 
cor responding under representation in quant itative and scient i f ic fields 
of stuqy make confi rmatory resea rch on prepa rat ion ,  attitudes, achieve
ment , and part ic ipation among H i spanics a necess ity for educational 
planning and pol icy . The fi ndings in the Du ran paper are alarming , but 
not unexpected . That Hispanics are under represented in higher educa
tion is not, and should not be , a su rpr ise . That Hi spanics have not 
made substantial gains in numbers and representation in recent years is 
interesting but, agai n ,  not su rpr ising .  That conf i rmato ry studies on 
Hispanic students are almost nonexistent is di st ress ing .  

If we are to begin to test the causal relationships of facto rs 
associated with Hispanic under representation in va r ious areas of higher 
education , one must f i rst exami ne the appropriateness of avai lable data 
sets . Depending on the data set one chooses to study , di fferent para-
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d igms inhe rent in di fferent data sets could resu lt in  di f ferent con
c lusions based on d i fferent finding s .  Por i nstance, the National 
Longitudinal Survey of 1972 i s  not only outdated , but also extremely 
nonrepresentative and uncharacte ristic of Hispan ic students . Even the 
High S chool and Beyond Survey of 1 9 80 a nd the follow-up su rvey of 1982 
represent students su rveyed in their sophomore yea r ,  we ll after many 
Hispanic students have al ready dropped out . studies that exami ne His
panic student characteristics and subject the data to d i fferent anal 
yses may be misleading in any gene rali zation that may come from thei r 
finding s .  

The problem with inappropriate data sets lies mostly i n  thei r 
representation of reality for Hispan ic students . EXamining factors 
associated with Hispanic students ,  be they retention or academic per
formance , from data sets that exclude Hi spanics in communi ty and junior 
col leges distorts reality : most H ispanic col lege students are enrolled 
i n  2-year institutions . On the other hand , studies that report attri
tion rates for Hispanics in higher education from data sets that are 
inclusive of Hi spanics i n  2-year i nstitutions may not be representative 
of true attrition rates because of di f ferent paradigms operati ng in 
Hi spanic student populations i n  2- and 4-year ins titutions . The 
reasons that students attend community colleges are very dif ferent than 
those reasons for students enrolled in a 4-year institution . Attaining 
an undergraduate degree may not be the goal of this speci f ic H ispanic 
population .  

Although attrition rates remain high in any case , the deletion o r  
separation of these two Hispanic student subgroups would be cruc i al in  
( 1 )  operationally def i ning variables in studies that appropr iately re
flect cha racter istics and paradigms that a re operating in these sub
groups and ( 2 )  identifying parameter estimates that truly are represen
tative of these subgroups . More appropriate samples that represent 
true group real ity may exist in su rveyi ng students at the instituti onal 
level . Only by examining data sets collected at s imi la r institutions 
with similar Hispanic student characte r istics can we rely on paramete r 
estimates identified in the findings . The acceptabi l i ty of these in·
d ices becomes even more critical when they are tied in with the inter
vention strateg ies and pol icies for these subgroups . 

The only major concern in  Du ran ' s  study arises with the validity 
of the fi ndi ngs of the three studies reported . Al though DUran cites 
that • [ i ] ntercorrelation among predictor variables makes it very di ffi
cult to isolate the important influences asse rted by i ndividual va r i 
ables on outcomes , • o ther problems need to be addressed . I n  experi
mental resea rch, the exper imenter manipulates the va riables of ·interest 
and obse rves the effect on the dependent var i able . However ,  in nonex
pe r imenta l  ( educationa l )  resea rch, the s ituation is more complex and 
more ambiguous because manipulation of the variables and randomi zation 
is not poss i bl e  ( Pedhazu r ,  1 98 2 ) . Whi le it is possi ble to resort to 
statistical controls when randomi zation is not achieved , other cond i
tions must be considered : the cor related causes between the va riable s ,  
the order of entry i n  the equations , and the common variance with other 
va r iables . 
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Multiple regress ion ana lysis has been used almost exclusi vely in 
attempts at analyzing data coll ected from d iffe rent student popula
tions . Mult iple regress ion is a method by which the va r iabi lity of a 
dependent va riable is analyzed by regressing the dependent va riable on 
one or more independent ( predicto r )  var iables . stud ies in education , 
howeve r ,  emplqy va r iables that are i nte rcor related . The i ntercor
relations between mos t ,  if not al l ,  variables exami ned in educational 
resea rch frequently preclude the use of mu ltiple regression analysi s  
t o  determine the relative importance of the variables i n  any hypothe
si zed model . 

Moreover ,  the order of entry of the var iables in the equation is  
critical and shou ld be based on theoretical cons iderations . va riables 
that appear not to have any predicti ve validity wou ld prove to be 
statistically significant had the o rder of entry for the va r iable i n  
the equation been di f ferent . EVen .afte r appropr iate partiall i ng of 
va riables ( which resu lt in R2 changes reflecting the proport ion of 
va r iance accounted for by the unique pa rti alled pred ictor va r iabl e ) , 
the residuali zed var iable is  not reflective of the original var i able . 

At most ,  multiple regression makes impl i c it assumptions about the 
d i rect and causal relationships among the var i ables . Underlying 
structu ral equations among the va riables cannot be exami ned . Because 
the following research condit ions exist in educational research , 
causal modeling appears to be the most appropriate form of data anal
ysis :  ( 1 )  the intercorrelations between the independent ( pr edicto r )  
va riables , ( 2 ) intact ( nonrandom) groups that compr i se the samples to 
be used , ( 3 )  nonmanipulation of the va riables , and ( 4 )  the inability 
to dete rmine the relative impo rtance of pred ictor va riables . 

When certai n assumptions cannot be met by the researcher ( e .  g . , 
uncorrelated residual s ,  si ng le i ndicators or i ndices for observed var i 
ables i n  the model ) , the use of structural equation models ( Li near 
Structural Relations , Ver s ion 6, or LISREL VI ) can accommodate for a 
variety of research conditions ( Jo reskog and Sorbom, 1984 ) . Structural 
equation mode ls take into account the correlations found between the 
residuals and ad just accordingly . Multiple ind icators ( i ndices ) may 
be used to measure constructs in the theo retical model by forming la
tent variables . In addition , when va r iables are col lected through the 
use of sur vey i nstruments ,  often it is at the nominal or o rdinal leve l .  
Structural equation models can hand le the use of coding schemes for 
endogenous and exogenous va riable s .  

In sum , quantitative stud ies on Hispanic underrepresentation in 
higher education should begin to expand from notewo rthy descr iptive 
stud ies by focusing on theory building and testing related to Hispanic 
student populati ons . Why are Hi spanic students underrepresented i n  
undergr aduate degree attainment i n  a l l  areas of higher education ? Is 
this problem a matter of aspi rations , high school featu res , institu
tional factors,  or al l of these ? Are aspi rations affected by institu
tions? These questions must now be addressed by resea rchers . More
ove r ,  research on Hi spanic students that expand from cur rent studies 
must be a collective effo rt by educational pract itioners and resea rch
ers and must involve faculty from di ffe rent disciplines . The latter 
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has already begun ; Du ran ' s  report is evidence of this interd isciplina ry 
effort . Howeve r ,  this is only a beg i nning ; fu rthe r confi rmatory stud
i es on Hispani c  students must now be conducted by researcher s .  
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THE GRADUATE EDUCATION AND CAREERS 
OF UNDERREPRESENTED :MJNORITIES 

IN SCIENCE AND ENGINEERING* 

Willie Pearson, Jr. 

Introduction 

That di sproportionately few black s , Hispanic s ,  and Native Ame r i 
cans , relative to Asians and whites , are found i n  science and eng i
nee r ing has been we ll documented ( Co le and cole, 1973;  Hill , 1 984 ; 
Jay ,  1971 ; National Science Board , 1985 ; Young and Young , 1974 ) .  Be
yond this fact ,  howeve r,  scant knowledge exists on the causes of thi s  
under representation and the experiences of these groups i n  the Amer ican 
scienti f ic community .  This paper describes recent trends in the pa r
t icipation of blacks , H i spanics , and Native Americans in science and 
eng i nee ring graduate education and ca reers . Data a re der i ved from a 
review of relevant li terature . Both publ i shed and unpubl i shed mate r i
als are der i ved from a number of sou rces , including a thorough compu
ter i zed search and add itional searches in those jou rnals yet to be 
indexed by electronic sou rces . Unpublished repo rts were sol icited 
from var ious scholars conducti ng resea rch in the topical area . 

Because the pri ncipal assignment is to rev iew the l iterature on 
the partic ipation of blacks , Hispanics,  and Native Amer icans in 
science and eng i nee ring graduate education and careers , relative to 
that of whites ( a nd Asians ) , the chapte r is necessa r i ly highly 
descr i ptive .  Due to space and time l imitations , a discussion of the 
status of minority women in science and engineer i ng is not included 
( se e  Leggon ' s  discuss ion , this volume ) . Additionally, the chapter 
concludes with an assessment of the cur rent state of the li terature on 
underrepresented racial/ethnic mino r ities i n  Amer ican science and 
engineer ing . 

Limitations 

A number of caveats are in order . To avoid repetit ion , these 
caveats wi ll not be repeated in the chapte r .  Fi rst, ultimate assess-

*The author greatly appreciates 
cunningham Pearson , John R. Ea r le ,  
ear lier draft of the manuscr ipt . 
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menta of equal i ty are diff icult to reach because previous studies gen
erally fai l  to include performance var iables . Second , the comparabi l 
i ty o f  many studies i s  hampered by the inclusion o f  both fo reign and 
native mino r ities. The soc ial backgrounds of foreign mino rities may 
be very d i fferent from those o f  American mino r i t ies , and their  treat
ment withi n  thi s  society may be different . Th i rd ,  the terms • race , • 
•ethnic , •  and •mino r ity• are often used i nte rchangeably in the l itera
ture , but they are not synonymous . Wh i le these categories overlap 
somewhat, they a re analytically disti nct . 

W irth ( 1 9 85 )  a rg ued that the pr imary driving force behind mino r i ty 
status is that the group, whether racial or ethnic,  is exc luded from 
full part ic ipation in the life of the society in which they l i ve .  

Graduate Education 

Despite more than a century ' s  presence in American graduate edu
cat ion , rema rkably l i tt le systematic research has been generated on 
the mino r i ty graduate educational exper ience and trai ning .  In fact , 
most of what has been done is l imited to summa ry statistic s ( Dunca n ,  
19 76 ) .  In addition , afte r two decades o f  aff i rmative action and 
desegregation efforts , only minimal progress has been made by blacks 
and H i spanics in their  quest for graduate school access and attainment 
( Lou ry, 1 986 7 Thomas , 1 986 ) . A number of reasons have been suggested 
for the low levels of partic ipation of certai n mino rities , especially 
blacks and Hispanics , in graduate educat ion .  POr instance, immediate 
employment opportun ity upon graduation from college may appear more 
rewa rding to some minor ities than advanced study give n  ( 1 )  the pros
pect of further f inanc ial di fficulties , ( 2 ) the academic r isk of grad
uate study, and ( 3 )  labor ma rket uncertaintie s ( Office o f  Technology 
Assessment , 1985 ) . 

Thomas ( 1 9 86 )  reported that a major reason that blacks and H i s
panics give for not pursuing higher education is lack of fi nancial 
support . She argues that grant awards, as opposed to loans , tend to 
have a more pos itive i nfluence on blacks ' and Hispanic s '  graduate 
school retention and access . In short , Thomas believes that both the 
amount and the type of funding are important . Arbeite r ( 1986 ) a rgued 
that the amount of financial aid avai lable to mino rities declined 
modestly between 1 97 8  and 198 3 .  The increasing shift in the f inancial 
aid package from grants to loans--along with the limited incomes of 
some mino r i t ies, pa rticula rly blacks--may further l imit the pursuit of 
advanced study . There is some evidence that mino r ities are less li kely 
than whi tes to bo rrow money to support their educatio n  ( Arbeite r ,  
1 9 86 ) .  

In addition to financ ial aid ,  Thomas ( 1 9 86 )  beli eves that stan
da rdi zed test pe rformance , lower college grades , and institutional 
recruitment and selection practices also have impacts on the access 
and retention of blacks and Hi spanics in graduate educat ion .  In the 
case of blacks , Blackwell ( 1 9 81 )  asse rted that improper counsel i ng and 
a general lack of inte rest may be additional inh ibiting factors . He 
argued that the lack of inte rest may resu lt from the fact that many 

134  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .

M ino r i t i es :   The i r  Unde r rep resen ta t i on  and  Ca ree r  D i f f e ren t i a l s  i n  Sc ience  and  Eng inee r i ng :  P roceed ings  o f  a  Workshop
h t tp : / /www.nap .edu /ca ta log .php? reco rd_ id=18785

http://www.nap.edu/catalog.php?record_id=18785


black students are fi rst-generation college students to whom the pur
su it of studies beyond the bachelo r ' s  degree may not have occu r red . In  
sum , the conf luence of the above factors may deter or  delay the pursuit 
of graduate studies by qualified mino r i ty  students .  

The gene rally lower graduate education participation rates of 
some mino r ities is even more pronounced in certain academic disc i
plines , especially science and engineering .  'lbese low part ic ipation 
rates of some minor i t ies , pa rticularly blacks and Hi spanics , may wel l  
reflect individual preferences . such preferences , however ,  have sig
nificance in terms of prospective employment oppo rtunities ( National 
Board on Graduate Education , 1976 ) .  Ultimately, thi s  situation may 
serve as soci al and cultu ral ba rriers to equal opportun ity ( Off ice of 
Technology Assessment , 1985 ; Pearson , forthcomi ng ) .  

cur rent data reveal signif icant d i fferences among racial/ethn ic 
minorities with respect to rate of part ic ipation and preparedness in 
science and eng i neer i ng graduate education . In general,  the data show 
that blacks and H i spanics tend to be severely underrepresented while 
Native Ame ricans are propo rtionately represented and Asian Ame ricans 
a re over represented . Regard ing master ' s  degrees , Berryman ( 1 9 8 3 ; 1 9 85 )  
noted str i k ing d ifferences among racial/ethnic groups . AS evidence , 
she revealed that in 1978-7 9,  relative to a randomly selected black 
from the appropr iate age group, a randomly selected white an d As ian 
American were , respecti vely , five and thi rteen times as li kely to have 
earned a quantitati vely based maste r ' s  degree . Ber ryman attri buted 
these di fferences to a number of factors : spec i f ically , pipeline 
attrition, along with majo r f ield choices, accounts for most of the 
variations of science and eng ineer i ng part ic ipation at the graduate 
level . For example, among blacks , attrition appears to be dispersed 
across the education pipeli ne .  Yet , among Native Americans , attr ition 
seems to be somewhat minimal after the bachelo r ' s  degree ; as for His 
pani cs,  attr ition tends to be concentrated at high school graduation 
and college entry . 

Berryman pointed out that at the master ' s  degree level , blacks 
chose quantitati vely based majors at roughly two-f ifths of the national 
average ; whites and Native Americans , at the national rate ; Hi spanic s ,  
at about four-f ifths ; an d Asian Amer icans , a t  roughly twice the na
tional ave rage . She also contended that the driving force behi nd the 
Asians ' overrepresentation in quantitati vely based fields appea rs to 
be their  major f ield choice , where they are considerably more li kely 
than others to choose such a maj o r . In 1 98 3,  approximately one-half 
of Asian Amer icans earning master ' s  degrees recei ved them in the field 
of engi neering .  In sharp contrast , blacks and Hi spanics ear ned most 
of their  master ' s  degrees in the social sciences or psychology ; Native 
Ame r icans earned most of their maste r ' s  degrees in the life sc iences 
or psychology ( NSF, 1986 ) .  

· 

Overal l ,  the patte rns of minority part ic ipation evidenced at the 
maste r ' s  degree level continue at the doctoral level . FOr example , 
eng ineer i ng cont inued to be the most popula r f ield choice for Asian 
Ame r icans : in 1983,  nea rly one-thi rd of the Asian Ame r icans ea rni ng 
science and eng ineer i ng degrees did . so in the field of eng inee r i ng .  
Sl ightly less than one-thi rd of the sc ience and eng i neering doctorates 
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received by whites were in the life sciences , whi le a simila r  propor 
t ion o f  blacks ea r ned doctorates i n  psychology . An equal proport ion 
( one-thi rd )  of both Hi spanics and Native Amer icans earned doctorates 
in the field of psychology ( NSP, 1 9 86 ) .  

With respect to major field choice, Ber ryma n ( 1 98 3 ; 1 98 5 )  showed 
that in 1 9 79 -8 0 ,  30 percent of the Ph . D . s  earned by u.s. citizens were 
in quantitati vely based f ields . Howeve r ,  Asian Amer icans ' approximate 
degree attainment was twice the national average ; whites ' , about equal ; 
Hispanic s '  and Native Amer icans ' ,  two-thi rds ; and blacks ' ,  one-th i rd . 

Racial/ethnic mino rities , except for Asian Americans , cont inue to 
be severely underrepresented among science and eng i neering Ph . D . s .  
Por example , among docto ral science and engineer i ng degree recipients 
in 1 9 7 9 ,  black s ( 2 . 3 pe rcent ) and Hispanics ( 1 . 7  percent ) were severely 
underrepresented ; whites ( 89 percent ) and Asian Amer icans ( 6 . 5  percent ) 
were overrepresented ; and Native Americans ( 0 . 2  percent ) were about 
proportionately represented . By 1983 , the proport ional representation 
for each of the groups remai ned relati vely unchanged ( NSP, 1986 ) . 
Jackson ( 19 84 )  has estimated that to achieve par ity with whites in 
science , the percentage of black doctorates would have to increase 
tenfold . 

Striking differences also emerged among the groups under discus 
sion within the sc ience and engi nee ring doctoral degree r ecipient 
pool . Por example , in 1979 , whites accounted for nea rly 91  percent 
and 77 percent of a ll scientists and engi neers , respectively . These 
representational levels were essent ial ly identical in 1983 . Por blacks 
earning doctorates , propo rtional representations among scientists in 
1 9 79 ( 2 . 4  percent ) and in 1983 ( 2 . 3  percent ) were unchanged . Blacks , 
wh i le sti ll severely underrepresented among engi neer s ,  exper ienced 
gains , however ,  from 1979 ( 1 . 3  percent ) to 1983 ( 2 . 0  percent ) .  Simi
lar ly , Hispanics accounted for roughly 1 .  7 percent and 1 .  9 percent of 
the science doctorates in 1 9 79 and 1983 , respecti vely . Comparable 
figu res fo r Hispanic degree recipients in engi neering were 1 . 6  percent 
and 2 . 0  percent . The pattern for Native Amer icans remained constant at 
0 . 2  percent among scientists in both 1979 and 1 9 8 3 ,  whi le their repre� 
sentation among engineers dec lined from 0 . 2  percent to 0 . 1  percent . 
Asia n Amer icans evidenced the most striking representational change 
during the period in question : f or instance , whi le thei r proport ional 
representation in science was s imi lar in both 1979 and 1 98 3 ( 4 .  7 per 
cent and 4 . 3  percent , respectively ) ,  the pattern i n  engineer i ng was 
considerably more conspicuous . In 1 9 7 9 ,  Asia n Americans received 
near ly 2 0  percent of eng ineering docto rates awarded . By 1983 , however ,  
the figure had declined slightly . Nevertheless , they continued to be 
overrepresented , especially among eng ineer i ng doctorate recipients 
( NSP, 1 986 ) . These fi ndings are consistent with previous findings 
( Astin,  1982 ; Berryman , 1983 , 1985 ; a nd Maxf ield , 1 9 85 ) . 

Gradllole Support Status 

Among 1984 science and eng ineer i ng doctorate recipients , uni 
versities were most frequently cited as the major sou rce of suppo rt .  
Racia l/ethnic disparities did arise with respect to both level and 
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type of support received for graduate education . FOr example ,  more 
than one-half of whites and Asian Americans repo rted receiving uni
versity assi stanc e .  comparable figures for blacks and Native Americans 
were less than 40 and 25 pe rcent , respectively . Hi spanic s ( 4 5  percen t )  
were least li kely of al l to report that uni versities were thei r main 
sou rce of support . Other frequently cited sou rces of support we re 
•fede ral • government and • self . •  Slightly more than one-half of Native 
Ame ricans c i ted • sel £ - support, compa red to 3 0  percent of the wh ites 
and blacks , and 25 percent of the Asian Americans and Hispanics ( NSF, 
1 986 ) . 

Most of those receiving uni versity support , blacks being the ex
cept ion , repo rted holding resea rch assistantships rather than teaching 
assistantships . Racial/ethnic var i at ions , however ,  did emerg e .  FO r  
example , slightly mo re than one-half of the Asian Amer icans and whites 
and about two-f ifths of the Native Americans held research assistant
ships in 1984 . In sharp contrast, s lightly more than one-fourth of 
blacks held these posi tions --a pattern that may be explai ned , in part , 
by f ield distributions . Blacks,  in compa r ison with othe r groups , were 
more highly concentrated in the fields of social science and psychol 
ogy, where teaching assistantships a re more often awa rded ( Blackwel l ,  
1 9 81 :  NSF, 1986 ; Pearson , forthcomi ng ) .  Hispanics were least li kely 
of all to hold resea rch assistantships . 

Postdoctoral Appo�nlS 

Although the numbers of racial/ethnic mino rities hold ing postdoc
tor al appointments in science and eng i neering increased dramatically 
in the decade ending in 1 9 83 , this continues to be miniscule . Between 
1 97 3 and 1983,  there was a sevenfold ( from 2 8  to 215 )  increase in the 
number of black science and eng ineer ing postdocto rates . comparable 
figu res fo r Asians wer e  658 and 1 ,  175.  DU ring the same period ,  the 
number of postdoctoral appointments held by Native Americans and His
panics jumped from 0 to ll  and from 6 9 to 27 0,  respectively ( NSF, 
1 9 86 ) .  

In 1983 , almost al l postdoctoral holders , except Asian Americans , 
were in the sciences . FOr whites , almost two-thi rds and one-f ifth 
were in the li fe and physical sciences , respectively . Blacks were 
equally ( one-th i rd )  distributed among the social and physi cal sc i 
ences . Nearly 6 0 percent of the Asian Americans were in the life 
sciences , whi le slightly less than 2 0  percent were in engi neering . 
For Hispanics , more than one -half were in the life sciences , and 
one-f ifth were in engi nee ring .  The few Nativ e  Amer icans tended to 
hold postdoctoral appointments in the li fe sciences ( NSF, 1986 ) .  

The prima ry reasons given by mino r i ty graduates for declini ng to 
pursue postdoctoral appointments are similar to those given by other 
Ph. D .  recipients : more promi sing ca reer oppo rtunities were avai lable ;  
the appointment was perceived as being of li ttle or no benefit in terms 
of career aspi rations ; and the stipend was cons idered f i nancially 
unattracti ve compared with alternative sa lary offers . It  is speculated 
that the increasing unce rtainty about careers in academic resea rch may 
have had a greater inf luence on the career dec isions of mino r ity sci-
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entists than of other scient ists. Mino rity graduates tended to be 
o lder and have more dependents at receipt of the doctorate ( Coggeshal l ,  
1 9 81 ) . 

In thei r study of postdoctoral training in the biosciences , 
McGinni s ,  !1 �' ( 1 98 2) ,  repo rted several i nteresting f indings : 

• Postdoctoral trainees are more li kely than others to take aca
demic positions , 

• Prestige of postdoctoral institution replaces doctoral prestige 
as the strongest pred i ctor of the prestige of f i rst academic 
position, 

• Postdoctoral training has a positive effect on subsequent pub
l ication rate s (due prima ri ly to the fact that postdoctoral& 
are usually concentrated in research-oriented sectors ) ,  and 

• Postdoctoral& get over 3 0  percent more c itations to thei r pub
lications than non-postdoctoral& . 

They believe that one of the major functions of postdoctoral training 
is that it faci l i tates intellectual mobility ( the time to explore new 
a reas of inqui ry) . 

Some researchers ( Coggeshall , 1 9 81 ) express concern that the lack 
of postdoctoral expe rience may restr i ct the ultimate career 
achievement of mino r i ty scientists, especially in fields such as the 
biosc iences , physics , and chemistry . In these f ield s ,  postdoctoral 
experience is gene rally regarded as valuable to careers,  particularly 
in academic resea rch . It is equally important for the scientific 
community and young mino rity scientists that they gain greater 
postdoctoral educat ion .  

Field Switching 

The uneven distribution of racial/ethnic groups across va rious 
science and eng i nee ring f ields is pa rtly accounted for by f ield migra
t ion or switching . FOr example , some of the under representation of 
blacks among science and engi nee ring majors relative to the represen
tation of other racial/ethnic groups is due to the fact that blacks 
tend to switch discipl i nes , especially to nonscience f ields , as they 
ascend the educational ladder .  Of the 1973-7 4  black Ph . D . s  who had an 
unde rgraduate major in the l ife sciences , only 5 2  pe rcent ( ve r sus 8 0  
percent of whites ) continued i n  that field for doctoral study. Simi
la rly, in the physical sc iences , slightly more than 40 pe rcent of 
black doctorates who ea rned bachelo r ' s  degrees ( compared to more than 
two-thi rds of thei r white counte rpa rts )  continued in those f ields for 
doctoral work whi le one-thi rd switched to education ( compared to 
slightly less than one-tenth of whites ) .  FU rthe r,  whi le roughly one
thi rd of black doctorates earned bachelo r ' s  degrees in education , about 
6 0  percent ear ned thei r doctorates in that field . Although this pat
tern of disciplinary migration is also evident for whites , it is con
s iderably less pronounced ( National Board on Graduat e Educat ion ,  1976 ) . 

In a recent pilot study of the graduate enrollment dec isions of 
unde rgraduate science majors who were Graduate Reco rd EXamination 
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( GRE )  test-taker s , Pearson and Powe r s  ( 1 986 ) conf i rm that blacks a re 
more li kely than whites ( and Asian Americans ) to report intentions to 
switch to a nonsc ience f ield, especially education ,  for graduate study . 
OVerall ,  white test-takers were sl ightly more li kely than Asian Ameri
cans to report i ntentions to migrate to anothe r f ield, usually another 
science field . tl'lfortunately, the numbers of H i spanics and Native 
Ame ricans in the sample were too small to make any def i nitive state
ments . 

SJ�m�n��TY 

The underrepresentation of blacks and Hispanics ( and to a lesser 
extent , Native Amer icans)  in sc ience and engineering graduate educa
t ion is partly attributable to thei r overall low part ic ipation rates 
in graduate educat ion . But the conf luence of several factors appears 
to account for thei r representation , relative to that of other groups , 
in science and eng i neering graduate educat ion . Because of d i fferentia l 
retention patterns among the racial/ethnic groups , dissimilar strate
gies are needed to address thei r pa rticular need s ( Ber ryman , 1 98 3 ; 
Wilson and Melendez , 1984 ) . 

Of the racial/ethnic groups covered in thi s  review ,  blacks and 
Hispanics are most underrepresented in every phase of the sc ience and 
engineering graduate education pipel i ne .  While field choice and field 
retent ion play a large role in the unde rrepresentation of the two 
groups , precol lege experiences seem to be at the hea rt of the problem . 
Perhaps a more fundamental issue to be gleaned from the low pa rt icipa
tion of some racial/ethnic groups in science and eng ineering graduate 
education is its potential to create bar riers to equal opportunity .  

Career Patterns 

Transition from School to Work 

Of recent science and eng inee ring graduates who gained employ
ment , not all were employed in the science and engi nee ring work fo rce . 
There is some evidence that the abi lity of young science and eng ineer
ing graduates to secure science and engi nee ring employment is signi f i 
cantly inf luenced by both degree level and field . FOr example , of 
those graduati ng in 1 978,  about one-half of the bachelo r ' s  degree re
c ipients , but four-fifths of the master ' s  degree recipients , had found 
degree-related employment by 1 9 7 9 .  Employment patter ns  also var ied 
signif icantly by field . In gene ral ,  the data reflect a st rong market 
demand for computer specialists and eng i neers , wh i le physical sc ience 
and mathematics degree holders were in somewhat lower demand ( NSF, 
1982) . 

Gene rally , an advanced degree is considered necessary for post
doctoral employment in the mathematical and physical sciences . TO some 
extent , the increased demand for mathematical science degree recipients 
is associated with the increasing demand for computer specialists , the 
principal reason being that many of these with degrees in mathematics 
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have found employment in computer specialties ( NSF, 1 9 82 ) . Th ese f ind
ings have obvious impl ications for some racia l /ethnic groups given 
their gene rally lower representation , relative to that of Asians and 
whi tes, among doctorate holders in quantitat i vely bas ed  fields . 

Employment Levels and Trends 

Blacks and H i spanics are signif icantly underrepresented in science 
and eng i nee ring employment, whi l e  Asians generally are not . AmOng 
scientists and engineer s ,  Native Americans equal thei r representation 
in the tota l u.s. labor force . In 1984,  blacks and Hi spanics accounted 
for only 2 .  3 percent and 2 .  2 percent of the employed scientists and 
engineers , respectively . During the same yea r ,  Asians accounted for 
about 5 percent ( o r  186 , 500 ) of all employed scientists and engi neers,  
whi l e  Native Amer ica ns represented 0 . 5 pe rcent (or 2 0 , 40 0 )  of the sci
ence and eng ineering work force ( NSF , 1 9 86 ) .  

In the 2-year pe riod 1 98 2 -1984,  employment of blacks rose by 
27 percent , as compared to the 2 2  percent increase for whites . Dur ing 
the same time, employment of Hi spanics climbed from 7 0 , 00 0  to 86 , 6 0 0 ,  
but their labor force proport ional representation remained constant at 
about 2 .  2 percent . Whi le employment of Native Amer ica ns increased 
more rapidly than that of whites ( 31 percent versus 22 percent ) ,  they 
sti ll accounted for roughly the same share of the sc ience and eng i neer
i ng work force over the 2 -year period . The most phenomenal growth 
du ring the pe riod was exper ienced by Asians , whose employment i ncreased 
almost twice as fast as that of whi tes --39 percent versus 22 percent 
( NSF I 1 986 ) • 

Even more significant di fferences arose among the groups with re
ga rd to employment of doctoral scientists and engi neers .  FOr example , 
i n  1973 , only 0 . 9  percent ( o r  2, 000 ) of the doctoral work force was 
black . By 1 98 3 ,  that number had more than doubled ( 4 ,  900 ) . Despite 
an ove rall growth rate of 1 4 2  percent over the decade , black Ph .  D . s  
continued to be extremely underrepresented ( 1 . 3 pe rcen t )  in 1 9 8 3 .  DUr
ing the same decade , H i spanic representation increased dramatically 
from 0 . 7 pe rcent ( or 1 , 6 0 0 )  to 1 . 5 percent (or 5 , 400 ) .  Stil l , Hispan
ics also continued to be severely underrepresented in the science and 
engineering doctoral work fo rce . Native Americans account for a minute 
fraction of al l employed doctoral scientists and engineer s .  Between 
1 97 3 and 1 9 8 3 ,  for example , Native Amer icans ' share of employed doc
toral scientists and eng ineers remained unchanged ( 0 . 1  percent ) .  In  
sha rp contrast, the cur rent representati on  o f  Asians among doctoral 
scientists and eng ineers is conside rably higher than thei r representa
tion among a ll scientists and engi neer s ( 8  percent ver su s  4 . 6  pe rcent ) .  
Between 1 9 73 a nd 1983 , Asian employment increased nea r ly 190 percent , 
as compa red to 6 2 percent and 1 4 2  percent for whites and blacks ,  
respectively ( NSF, 1986 ) .  

Field Distribution 

Racial/ethnic groups di ffer significantly with respect to thei r 
distr ibutions across fields . In 1984,  blacks accounted for 5 percent 
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of all mathematical and soc i al scientists but less than 1 pe rcent of 
the envi ronmental scientists . Among doctoral scientists and engineers 
in 1983, black field representati on was highest in soc i al sc ience 
( 2 .  5 percent ) and lowest in envi ronmental science ( 0 .  2 percent ) • 'Die 
f ield distribution o f  Hi spanics in science and engi nee ring is simi la-r 
to that of al l scientists and eng ineers . FOr example , approximately 
55 pe rcent of both Hi spanics and the total were eng i neers . AmOng sc i
entists , H i spanics are somewhat more li kely to be social scientists . 
'Die f ield distribution o f  Hi spanic doctorate holders is simi lar to 
that for al l doctoral scientists and engineers.  

Since 1982,  the most rapid growth has been in the mathematical and 
physical sciences . In  1 9 83 , 7 0  percent of the Native Amer icans were 
concentrated in eithe r psychology or the l ife and soc i al sciences . In 
comparison to the other groups , Asians were more li kely to be employed 
in engi nee ring than sc ience : in 1 9 8 4 ,  nearly two-thi rds of Asians , as 
compared to slightly more than one-half of whites , were in engineer 
ing . Across sc ientif ic f ields , Asians were most li kely to be in com
puter specialties and least li kely to be in psychology . 'Die field 
distribution of Asian and white doctoral scientists and engineers d i f
fered substantially : in  1983 , about two-thi rds of Asians and slightly 
more than 8 0  percent of whites were employed in sc ience field s  ( NSP, 
1 9 86 ) .  

With regard to professional experience, black and H i spanic scien
tists and eng i neers report fewer yea rs of professional exper ience than 
do whites . In 1 9 84 , for example , about 4 0  percent of both blacks and 
Hispanics had fewe r than 1 0  yea rs of work expe r ience, compared to 
nearly one-thi rd of the whites and As ians . Among Native Americans , 
roughly one-fou rth had less than 1 0  yea rs of expe r ience ( NSP, 1 986 ) .  

Racial/ethnic variations emerged with respect to scientists and 
engi nee rs reporting 1 0  or more yea rs of expe r ience . FOr example, a 
higher proport ion of As ians ( 2 3  percent ) and blacks ( 2 0 percent ) than 
white s  ( 1 5  pe rcent ) ,  Hi spanic s ( 1 5  percent ) ,  and Native Ame r icans 
( 1 2 percent ) r eported having 10-1 4  years of exper i ence in 1984 ( NSP, 
1 986 ) . 

In comparison with othe r racial/ethnic groups , black scientists 
and engi neers are less often employed in industry . In 1 98 4 ,  for exam
ple ; slightly more than one-half of the blacks--compared to nearly 
two-thi rds of the whites , Hi spanic s ,  and Native Amer i cans and three
f i fths of the Asians --were working in thi s  sector ( NSP, 1986 : pearson , 
1 985 ) . 

These findings are supported by recent stud ies of the employment 
patterns of va r ious racial/ethnic groups who hold membership in the 
Ame rican Chemical Society ( ACS ) . FOr example , Gaston and Pearson 
( 1 986 ) repo rted that black chemists were cons ide rably less li kely than 
whites to work in pr i vate indust ry ( a nd gove rnment ) .  'Dl i s  led the 
authors to speculate that pri vate industry may provide d i fferent 
opportunities for blacks . In his study of Ch inese ACS member s ,  Tun 
( 1 986 ) found that slightly more than four-f ifths were employed in 
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i ndustry. Much of the va riation among racial/ethnic groups , with re
spect to industrial employment , may be accounted for by field choice 
and degree attainment . Thus , having a Ph . D . ,  pa rticular ly in the nat
u ral sciences or eng ineeri ng ,  increases employabi l ity in pr i vate in
dustry . In 1984,  an equal propo rtion ( 3 0  percent ) of blacks and whites 
reported management or administration as the i r  pr imary work activity 
across all sectors . Field di fferences also a rose . For example , among 
engineers,  one in three whites--compared to one in four blacks and His
panics , one in five Asians , and two in five Native Amer icans--reported 
this sector as the i r  primary work activity ( NSF , 1986 ) .  

Among doctoral scientists and eng i neers employed by 4-year col 
leges and uni versities in 1 9 83 , roughly two-thi rds of whites and Native 
Ame ricans--compar ed  to one-half o f  Asians , blacks ,  and Hispanics--held 
tenu red posi tions . Among groups for which data were available , 
6 . 5  percent of blac ks held nontenure track positions compa red to 
9 . 8  percent , 12 . 9  percent , and 12 percent of whites , Asians , and His
panics , respectively . Field d i fferences also emerged . In general ,  
scientists were about twice as li kely as eng ineers to hold nontenure 
track pos ition s  ( 10 . 5 and 4 . 9  percent , respect i vely ) . Spec i fically, 
4 . 6 percent and 10 . 5  percent of white eng ineers and scientists , respec
tively, were in these positions . Among Asians , 8 .  3 percent of eng i 
neers,  compared to 1 4  percent of scientists , held nontenure track 
appointment s ( NSF, 1 986 ) . 

However ,  scientists were only slightly less li kely than eng ineers 
( 6 2 percent versus 6 4  percent , respect i vely ) to hold tenur ed  positions 
( NSF, 1986 ) .  Among whites 6 7  percent of engineers and 6 2 percent of 
scientists were tenured . comparable figures fo r Asians were 50 percent 
and 56  percent . For Hispanics , eng ineers ( 6 7  percent ) were more li kely 
than scientist s ( 5 7  percent ) to hold tenure.  Unfortunately, comparable 
data were unavailable for blacks and Native Ame ricans . 

Labor Ml�T'Azt lndicaJon 

In 1 984 , labor market exper i ences di ffered considerably by raciali 
ethnic group. overal l ,  whites were more li kely than mino rities to be 
employed in science and enginee ring occupations and less li kely to be 
unemployed . Specif ically , 86 . 8  percent of wh ites were in sc ience and 
engineering jobs compared to 81 . 3 percent of blacks , 9 0 .  8 percent of 
Asians , 7 8 . 3 percent of Native Americans , and 8 0 . 3 percent o f  His
panic s .  unemployment figures revealed that on l y  1 . 5  percent o f  whites 
but 2 . 7 percent of blacks , 2 . 4 percent of Asians , 3 . 4  percent of Nati ve 
Amer icans , and 2 . 1  percent of H i spanics were not in the labor f orce .  
A more stri k ing pattern eme rged with rega rd to underemployment . For 
example , the underemployment rate for · blacks ( 6 . 6 percent ) was consid
erably higher than that of white s  ( 2 . 5 pe rcent ) ,  Asians ( 1 . 8 pe rcent ) ,  
Native Americans ( 2 . 9 percent ) ,  and H i spanics ( 4 . 2  percent ) (NSF , 
1 986 ) . Thus , these f igu res reveal major d i fferences in the extent to 
which these var ious racial/ethnic groups part ic ipated in sc ience and 
engi nee ri ng .  

I n  1984 ,  annual salaries varied across racial/ethnic li nes . For 
example , black scientists and eng i neers earned sala ries that were,  on 
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average , 8 7  percent of those of wh ite s  < $32 , 500 versu s  f37 , 500 ) .  
Furthe r ,  annual salaries for blacks were lower than those for whites 
across all science and engi nee ring fields . In the field of envi ron
mental science , where the largest differentials occur red, sala r i es for 
blacks were roughl y 81 percent of those for whi tea . In contrast , 
black computer special i sts ea r ned salaries that were about 91 percent 
of those of whi tes . Among doctorate holders , the black/White 
differential in annual sa lary was smalle r :  in 1983 , black doctoral 
sc ienti sts and eng i neers ea rned median annual sala r i es of f37,  000, o r  f3 , 10 0  l es s  than the i r  white peers ( NSP, 1986 ) .  

Among recent scientists and eng i neers,  salary di fferentials are 
more pronounced than those reported for the total science and engi
nee ring work force . Among those receiving bachelo r ' s  degrees in 
science in 1982 a nd 1983 , blacks reported salar i es that were 
approx imately 7 0  percent of those earned by their  white peers i n  1984 . Among engineer i ng graduates , black/white salary di fferentials 
were neg l ig i bl e ( NSP, 1986 ) . 

Across most fields , the average annual salar i es for As ian scien
tists and eng i neers were above those of whi tes . POr example, in 1 984 ,  
salaries for Asians were f38 , 200 compared to f37 , 500 f or whites . Ex
cept for the physical sciences and eng i neering, the sala ry d ifferential 
favored As ians by 1-8 percentage points in all f ields . While As ian 
physical scientists ea rned average sala ries that were fl , 000 lower 
than the i r  white peer s ,  salary di fferentials for Asians and whites in 
other discipl ines were neg l igi ble . At the doctoral level , Asian and 
white scientists and engineers recei ved essent ially equal salar i es -f39 , 50 0  and f39 ,800 ,  respecti vely ( NSP, 1986 ) . 

In 1984 , Native American scientists and eng inee rs gene rally aver
aged sala r ie s  ( f40 , 500 )  that were above those of wh ite s  < $37 , 500 ) . 
Hispanics report median sala r i es ( f3 3 ,10 0 )  that gene rally are below 
those ea rned by a ll scientists and eng i nee r s  < $37 , 400) . Gi ven the i r  
fewer yea rs of professional expe rience , thi s  finding i s  not unantic i 
pated . Whi le sala r ies fo r Hi spanics averaged abou t 89  pe rcent of 
those for all scientists and eng ineer s ,  substantial field variation 
arose . POr instance , Hi spanic engi neers ea rned abou t 9 2  pe rcent of 
the sa laries ea rned by al l eng ineers . In contrast , H i spanic scien
tists ea rned roughly 8 2  percent of the sala r ies earned by all scien
tists . Among scientists , the differential ranged from 94 percent 
among envi ronmental and l i fe scienti sts to 7 3 percent among social 
scientists. Sala r ies for Hispanics lagged behind those for al l scien
tists and eng i neers rega rdless of expe r ience level s .  Among doctoral 
scientists and enginee rs,  Hispanics ea r ned approximately 96 percent of 
the average sala ry ( f38 , 200 ve rsu s f39, 700 )  in 198 3  ( NSP, 1986 ) . 
Summary 

In gene ral , blacks and Hispanics are underrepresented in the sci
ence and engi nee ring work force whi l e  Asian Amer icans , Native Ame r i 
cans , and whites are not . The most phenomenal growth in the science 
and engi nee r ing work force was made by Asian Amer icans . Asian Amer i
cans not only inc reased thei r numbers , but also thei r proport ional 
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representation . While other mino rities experienced increased growth, 
relative to that of whi tes, thei r propo rtional representati on in the 
science and engineer i ng work force remained vi rtually unchanged .  
Blacks , relati ve to other racial/ethnic groups , were less often ea
pl�ed in industry . overall ,  blacks and whites were equally as li kely 
to hold manage rial or administrative positions . Among scientists and 
engineers employed in 4 -yea r  col leges and uni versities , Whites and 
Native Americans were more li kely to be tenu r ed . Asian Americans and 
Hispanics were more likely to be in nontenured pos itions . OVerall ,  
mino r ities were considerably more li kely than thei r whi te peers to be 
both unemployed and underemployed . on average, mino rities earned an
nual sala r ies below those of thei r whi te counte rpa rts .  small d i ffer
entials emerged among science and eng inee r ing doctorate holders . Some 
of the dispa r ities among the groups seem to be related to thei r dis
tribution across f ields . 

Summary and Conclusions 

The underrepresentation of racia l/ethnic mino r ities such as 
blacks , H i spanic s ,  and Native Americans in science and engineer i ng 
graduate education may serve to l imit fu rther pa rt�cipati on i n  American 
society . Because of this situation , Smith ( 19 83 ) a rg ued that a major 
national effort is needed to attract minorities-�a rticularly blacks ,  
Hispanics , and Native Americans--away from thei r current restricted , 
traditional ca reer choices to career choices in science and eng i neer
i ng .  To accomplish this goal , she believes that prevai l i ng counseling 
practices must be altered . Additionally, Smith a rgued that s ome of 
the assumptions and constructs underlying many career choice theor ies 
may have l imited relevance when appl ied to rac ial/ethnic mino rities, 
particularly blacks and Hispanic s .  Given that racial/ethnic mino r ities 
do not constitute a homogeneous group, Smith suggested that mo re 
stud ies in vocational psychology and related areas should focus on 
racial d i fferences in career aspi rations among sever al racial mino r ity 
groups rather than comparing one racial mino r ity group with whites . 
It is through these kinds of studies , Smith believes , that a greater 
understanding of the factors that lead to career choices of racial 
minorities will be accomplished . 

Thi s  review has shown that graduate educational and career prog
ress have not been uniform across racial/ethnic groups . Such progress 
seems to be related to a var i ety of factors such as history , patterns 
of assimi lat ion , educational achievement, and ca reer behavio r ( Smit h ,  
1 9 83 ) . In  gene ral , the findings suggest the need f o r  dif ferent educa
tional pol i �  strategies to address the unevenness of the progress made 
by various racial/ethnic minor ities ( the same condition applies equally 
to gender within groups ) . 

In one of the few studies that has focused on the educational 
expe r iences of mino r i ty graduate students , Dunca n ( 1 976 ) provided some 
i mportant research f indings.  Th i s  study included blacks , whites , 
Mexican Amer icans , and Asian Americans . In capsu le form, Duncan f ound 
that : 
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• Minority students , especially blacks and Asians , were consid
erably 110re li kely than whites to report that they ra rely or 
never socialized with other students in thei r graduate depart
ment . such a pattern of isolation would make developing and 
ma intaining a realistic perception of one ' s  COilpetencies and 
l iabi l i t ies,  as well as strengths and weaknesses , rather di f
f icult . 

• Mino rities were also more li kely to feel depressed or lonely . 
• Mino r i ties were about three times ( 3 8  percent ) as li kely a s  

whites ( 1 3  percent ) to cons i de r  d ropping ou t  of the program 
either dai ly or a couple of times pe r  wee k . The major reasons 
c ited by mino riti es were lack of faculty encouragement and 
f i nanc i al pressures , whi le whites usually repo rted uncertainty 
about the future . 

• Most students,  i rrespective of race/ethnicity, had not been 
taught by a mino r i ty professo r .  

• Minor ity students were more li kely to be shut off from most 
i nformal learning oppo rtunities,  such as small study groups , 
which are invaluable for in-c lass discussions and preparation 
for examinations . Because most graduate instruction takes the 
form of semina r s ,  this lack of informal interaction with other 
graduate students fu rther isolates the mino r i ty students . 

• Minority students were usually uncompl imentary of thei r rela
tionships with professors . In pa rticula r ,  Mexica n  Americans , 
blacks , and Native Americans believed that thei r professo rs 
viewed them , relative to white students,  as less adequate and 
i n  need of remediation . Simi la rly ,  Asians stated that they 
were treated as i ndividuals who had to be tole rated . 

• Minorities ( one-f ifth ) were somewhat less li kely than whites 
( one-fourth ) to report that a professor had helped them become 
a professiona l in thei r f ield of study . Related ly, three
f ifths of the mino r i ty students repo rted that they were on the 
fr i nges of the i r  departments . 

If  these experiences are typical of minority graduate students in 
gene ral , it is not su rpr ising that so few minor ities are in sc ience 
and engineering .  There is some evidence that institutions and depart
ments with reputat ions of i nd i fference or racism do not attract minor 
ity students. By the same token, the absence of a critical mass may 
be explained by that i nd i fference or racism . Unl i ke professional 
schools ,  graduate schools have not usually mounted wel l-organi zed and 
systematic recruitment programs specif ically designed to attract 
underrepresented students such as blacks and H i spanics ( Blackwell , 
1 9 8 1 ) . Th is is ref lected in the fact that of the nea rly 400 schools 
awarding doctorates in 1980-81 , 2ll did not award a si ng le doctorate 
degree to black s ( Wi lson and Melende z ,  1 98 4 ) . 

While the causes of the low representation of blacks , H i spanics , 
and Native Ame ri can relati ve to that of whites in science and engi neer
i ng graduate education is not fully understood , we do know that policy
makers can improve the status of these groups by i nstituting efforts 
to increase the group ' s  share of the initial mathematical/scientific 
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talent pool or by reducing the group ' s  attrition at each juncture in 
the educat ion pipeline ( Berryman ,  1 98 3) . At the present rate, it will 
take many years before parity is reached , especially for blacks and 
Hispanics . Higher rates of enrollment with broader distributions will 
be necessary in order to offset usual attr ition rates and no rmal pat
ter ns  of f ield migration ( Jackso n ,  1 98 4) . In the end, any progress i n  
science and engineer ing will l i e  squarely on the shoulders of mino rity
group members themselves . Yet, the responsi bi l i ty of the gatekeepers 
of the scientific community regarding equal opportun i ty cannot be 
ignored . 

With an increase in the production of mino r i ty scientists and 
engineers , signif i cant changes are l i kely to occur in the scientific 
and engineer i ng work forc e .  cur rent findings suggest that minority/ 
majo r i ty profi les tend to converge somewhat among those holding the 
doctorate degree ( Gaston and Pearson , 1986 ; NSF, 1986 ; Pearson and 
Gaston, 1 985 ; TUn,  1 986 ) . This is pa rticula r ly evident in the case of 
Asian Americans . Thus , the Ph . D .  appears be a major ba r r i er for race 
equ i ty in science and engi neering . Th is is not to a rgue , howeve r ,  
that with attainment of the docto rate , all differences wil l  vanish 
because they wi ll not . However ,  the d i fferences wi ll narrow consider
ably ( Pearson , 1 9 85 ) . 

It is important to point out that the employment patterns of 
Ph. D . s  in the science and engi nee ring work force, l i ke in .other wor k  
forces , is influenced by a m�mber o f  factors , such as quality of 
training ,  discipl i na ry concentration and market conditions . For exam
ple, as a group there is no spec i f ic market for scientists and engi
neers . There are mar kets for i nd i viduals trained in pa rticular disc i 
plines , and these markets and disciplines do not always experience the 
same or simi la r  conditions simultaneously ( Office o f  Technology Assess
ment, 1985 ) .  A major problem confronting many mino rities , especially 
blacks ,  is that they pursue graduate training in disciplines that are 
related to low-growth rather than high-growth industries .  

A simila r  problem exists a110ng i ndividuals planning careers in 
academia . In  a recent study of the career patterns of black and white 
Ph . D .  scientists ,  Pea rson ( 1 98 5 ) reports that black and whi te graduates 
( between 1964 a nd 1 9 74 ) of prestig ious Ph . D .  science departments began 
thei r careers in s imilarly ranked depa rtment s .  Unfortunately, the 
proport ion of blacks ea rning thei r doctorates in top-ranked science 
depa rtments appears to be declini ng .  

Finally ,  the results of this review reveal that much research is 
needed to better understand the causes of the continued underrepresen
tation of blacks and H i spanics in science and engineering .  It is 
important, too, that we gain some understanding of those conditions 
that foster the overrepresentation of Asian Americans in science and 
especially in engi neering . At the moment our knowledge of the gradu
ate education experiences of various mino r i ty students in science and 
engineering remai ns l imited . What l i tt le is known is la rgely dated , 
based on summary statistics ,  or highly descriptive .  NOthing short of 
a comprehensive and systematic study is needed on the status of minor
ities in science and engineer i ng education . 

our knowledge of role pe rformances , communication patterns , job 
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satisfaction, career decisions and patterns, perceptions of universal 
i sm ,  and mot i ves for f ield migration also remains limited . While 
funding is needed to conduct studies at every juncture of the mathe
matics/science education pipel i ne ,  considerable knowledge is yet to be 
learned f rom those mino r ities who have successfully manuevered that 
pipel i ne .  The benef its from a study would be enormous . The experi
ences of mino r i ty scienti sts and eng i neers would assist in developi ng 
educational pol icy strateg ies as wel l  as in gaining insight into the 
coping mechani sms used by such i ndi viduals over thei r careers . Ult i
mately, fund ing agencies must determine the extent to which they are 
committed to sponsoring research on this topic . Whi le some excellent 
biographies of black scientists are available , they provide little 
understanding of the exper iences of the group as a whole . Nothi ng 
short of a well -f i nanced , comprehensi ve ,  and systematic study wil l  pro
vide us with a broader under standing of the status of underrepresented 
minor ities in science and eng ineer ing . Without such a commitment , ou r  
l ibrary shelves wi ll continue to hold only a handf ul o f  books and 
a rt ic les on mino rities in science and eng ineering . 
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MINORITY UNDERREPRESENTATION 
m ScrnNCE AND ENGThffiE�G 

GRADUATE EDUCATION AND CAREERS 

Cheryl B. Leggon 

Much resea rch documents the underrepresentation of mino r ities in  
sc ience and eng ineering and identif ies factors cor related with this 
underrepresentat ion. Much more resea rch needs to be done in o rder to 
explai n the causes of underrepresentation and over representation and 
provide guidance for designing ta rgeted inte rvention strateg ies . Th i s  
d iscussion o f  Wil l i e  Pearson ' s  paper focuses on the signif icance of 
intra-ethnic gender compa risons and the impo rtance of ta rgeting i nter
vention strateg ies at di ffe rent points along the scienti f ic and eng i
neering career path : f i nal ly, a promi sing paradigm for systemati zi ng 
extant research f indings is suggested as a necessary prerequisite to 
guide fu rther resea rch. 

Significance of Gender Comparisons 

At the beg i nning of his pape r ,  Pea rson states tha t •the principal 
assignment is to review the li teratu re on the part ic ipation of black s ,  
Hispanics , and Native Amer icans i n  science and eng i nee ring graduate 
education and careers , relative to that of whites ( and As ians ) • • 
Then , howeve r ,  he states that his discussion wi ll exclude the status 
of minority women in science and eng inee ring .  I contend that a di s 
cussion o f  the status of minor ities i n  science and eng i neeri ng must 
i nclude , by def inition, a di scussion of the status of minority women.  
Excluding mino r i ty women impl ies that there is no significant d i ffer
ence between them and thei r male counte rparts--an implication that the 
data do not support.  

Most of the publ i shed sou rces on the underrepresentation of 
minorities in science and eng i nee ring ca reers contrast all major ity 
persons to al l members of one or more minority groups . Racial/ethnic 
groups are di sti nguishable by certain educational prof i le s  ( e . g . , 
f ield selection , support in graduate school , time-to-complet ion of 

*The author great ly appreciates the assistance of susan coyle and Betty 
Maxf ield of the National Resea rch counc il sta ff in prov iding some of 
the data for this paper. 
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TABLE 1 :  Rates of Pa rt ic ipation in Scientific Fields , by Degree , 
Ethnicity, and Gender : 1 980-81 ( in pe rcent ) · 

Bachelor ' s Master • s  
Ethnicity Men Women Men women 

Bl acks 0 . 50 0 . 6 3  0 . 4 0  0 . 6 3  

Hi spanics 0 . 34 0 . 3 8  o .  34 0 . 3 4  

Asian Ame ricans 1 . 57 1 . 13 1 . 86 1 . 13 

DOctorate 
Men Women 

0 . 4 0 0 . 27 

0 . 25 0 . 16 

3 . 29 0 . 88 

NOTES : Rate of part ic ipation • percentage of degree holders that a 
group compri ses divided by its pe rcentage of the population . Scien
tific fields include the biological sciences , computer and information 
sciences, engi neering,  mathematics ,  physical sciences,  psychology, and 
social sciences . 
SOURCE:  Susan Ch ipman and Ve roni ca G .  Thomas , • The Participation of 
Women and Mino r ities in Mathematical , Scienti f ic ,  and Technical 
Fields , •  u npubl ished paper commiss ioned by the committee on Research in 
Mathematics,  Sc ience , and Technology Education of the National Resea rch 
Counc il ' s  Commiss ion on Behavioral and Social Sciences and Education , 
1984 . 

doctorate , and postgraduation plans ) ,  but these prof iles do not neces
sa rily describe the women of these groups . combi ning data for both 
genders obscures the fact that differences within ethnic groups ( i ntra
ethnic d i fference s )  may be as great as or even greater than d i fferences 
between ethnic groups ( i nter-ethnic di f ferences ) .  FOr example , 1980 -81 
data show that among all doctorate degree holders in sc ience and engi
neering ,  u . s .  citi zens who are Asian American participate in scientific 
ca reers at a rate three times greater than thei r proportion of the u . s .  
populat ion. Broken down by gender ,  the rate for men is 3 . 29 ,  while for 
women it i s  0 . 88 ; this d i fference is larger than the inter-ethnic dif
ference between H i spanics and blacks.  

Di saggregation by gender reveals that the situations of men and 
women within mino r ity groups can di ffer as much as the situations of 
men and women in the white majority--although not always in the same 
way ( Chipman and Thomas , 1 98 4 ) . Like black ,  Hi spanic, and wh ite 
women ,  Asian Amer ican women are less wel l  represented than thei r male 
counte rpa rts among doctorate degree holders ; however ,  unl ike black ,  
Hispani c ,  and white women ,  the ratio for Asian American women is lower 
than that for As ian Ame rican men at all three level s ,  although the 
greatest inter-gender difference occurs among Asian Americans at the 
doctorate leve l ( Table 1 ) . 

Di saggregating data by gender reveals that minority women share 
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the fate of those in thei r gender g roup as wel l  as those in thei r 
ethnic group. Rega rdless of ethnicity, women a re less well represented 
than men among holders of the doctorate . Moreove r ,  within each 
group--black ,  Hi spanic , Asian, and wh ite--there is an inve rse correla
tion between level of degree and proport ion of women holding that 
degree . To i l lustrate:  in 1 9 81 , blacks were only about half as well 
represented among recipients of bachelor ' s  degrees as they were in 
the population as a whole . When the data a re broken down by gende r ,  
however ,  the ratio of all bachelor • s degree recipients to proport ion 
of United States population i s  0 . 5 0  for black men whi le the rat io for 
black women is 0 . 6 3 ;  at the master ' s  level , the ratio is 0 . 4 0 f or men 
and 0 .6 3 for women ; and at the doctoral level , the rat io i s  0 . 4 0  for 
men contrasted to 0 . 27 f or women . Simi la rly for Hispanics in 1981 , at 
the bachelo r ' s  level the ratio was 0 . 3 4  for men , bu t 0 . 3 8 for women ; 
at the Master ' s  level the ratios for Hi spanic men and women were the 
same ( 0 . 34 ) ;  but at the doctoral level the ratio was 0 . 2 5 for men but 
only 0 . 16 for women ( Table 1 ) . 

From 1975 t o  1985 , both women and mino rities increased thei r 
proportion among doctorate recip ient s .  When the data is disaggregated 
by gender ,  two signif icant trends eme rg e :  

( 1 )  Each mino r i ty female subgroup grew i n  its proport ion of 
total doctorates ea rned ( Table 2 ) , and 

( 2 )  All women increased thei r percentages within the i r  
respective ethnic subgroups ( Table 3 ) . 

In 1 97 5 ,  black women earned slightly over one-thi rd of the doc
torates awarded to al l blacks ( 3 4 . 5  percent ) ,  whi le As ian, H i spanic ,  
and wh ite women earned slightly over one-f ifth of the doctorates 
awarded to thei r respective ethnic groups. In 1985,  black women earned 

TABLE 2 :  Women as Percent of Al l Citi zens Ea rning the Ph . D . , by Race 
and Year of Doctorate , 1975 a nd 1985 

Pe rcent 
Ethnic ity 1 97 5  1 98 5  Change 

Asians 0 . 2  0 . 8  30 0 

Hispanics 0 . 2  1 . 1  4 50 

Blacks 1 . 3  2 . 3  76 

Whites 23 . 5 3 8 . 2 6 2  

SOURCE:  Unpubl i shed data , survey of Doctorate Recipients , Nationa l  
Resea rch counci l ,  1 986 . 
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TABLE 3 :  Growth i n  Proportion of Women Ph. D . s  With i n  Each Ethni c  
Group: 1 975-19 85 ( U. s .  citizens only ) 

1 9 75 19 85 . Pe rcent 
NUmber Pe rcen t NUmber Pe rcen t Change 

Asians 64 2 2 . 3  1 87 36 . 3  + 6 2  

Hispanics 61  2 0 . 1  261 46 . 7  + 1 3 2  

Blacks 3 49 34 . 9  5 31 58 . 4  + 6 7  

Whites 5 ,  716 2 2 . 0  7 , 891 3 4 . 7  + 57 

SOURCE:  Susan coyle and Peter D. Syverson , summary Report 1985 : Doc
torate Recipients from United states Universities , Washi ng ton ,  D . c. : 
National Academy Pr ess , 1986 . 

more than one-half ( 5 8 .  4 percent ) of the doctorates awa rded to black 
Ame ricans while Hispanic women earned almost one-half of the doctorates 
to Hi spanics , and white and Asian women earned slightly over one-thi rd 
of all the doctorates awa rded in 1 98 5  to their respective ethni c  
groups . Although by 1985 black women ea rned the la rgest pe rcentage of 
doctorates awa rded within thei r racial group, the greatest percentage 
i ncrease among women ea rning doctorates between 1975 a nd 1985 o ccurred 
among Hispanic women, as shown in Table 3 .  

Because mino rity women sha re the fate of both the men in the i r  
racia l/ethnic group as we ll as that of women, i t  is c r itical to analyze 
their situation separately from those of minority men and majority 
women . such analysis not only highlights the d i fferences of the rates 
of under representation in science and enginee r i ng among and within 
minority groups , but also fac i l i tates the identif ication of the causes 
and correlates of these rates , which, in tu rn,  will facilitate the 
development, implementat ion ,  and evaluation of i ntervention strategies 
tailored , when necessary , to different race-gender groups . 

Targeting Intervention Programs 

In add it ion to being tai lored to dif ferent populat ion groups , pro
grams designed to increase the pa rt icipation of mino r ities in science 
and engineer i ng can be tai lored to different points along the career 
path.  Although Pea rson states that, at least for blacks ,  attr ition 
occurs throughout the educat ion pipeli ne ,  he proceeds to hypothesi ze 
that minorities ' underrepresentat ion in scient i f ic and eng i nee ring 
careers •probably stems la rgely from precollege experience. • If attri
tion occurs th roughout the education pipe l i ne for black s ( and , as pre-
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TABLE 4 :  Median Time-to-Degree fo r University-Suppo rted student s ,  by 
Field , Race , and Sex, 1985 ( U . s .  cit izens ) 

Total 

All fields 8 . 0  

Physical 
sc iences 6 . 5  

Life sc iences 1 . 1  

Social sciences 8 . 3 

Engi nee ring 6 . 6 

Asian 

8 . 1  

7 . 1  

7 . 8  

9 . 0  

7 . 3  

Black Hispanic 

1 1 . 0 9 . 0  

6 . 5  7 . 3  

8 . 8  7 . 3  

8 . 6  8 . 9 

6 . 3  7 . 5  

White Men Women 

7 . 9  7 . 6  1 5 . 3 

6 . 5  6 . 5  6 . 3  

7 . 7  7 . 6  8 . 2  

8 . 2  8 . 2  8 . 3  

6 . 6 6 . 7  6 . 2  

SOURC E :  Susa n coyle and Pete r D .  Syve rso n ,  summary Report 1985 : Doc
torate Recipients from United states Unive rsit ies , washi ngton, D . C . : 
Nationa l Academy Press , 1 986 . 

vious di scussion indicates , for women ,  too ) , then it seems reasonable 
to assume that strateg ies to increase mino r i ty pa rticipation in sc ience 
and eng ineer i ng should be appl ied throughout , and not be limited to a 
pa rticular segment . 

Education is the primary crite rion for entry into scient i f ic and 
engi nee ring ca reers . A recent trend for programs designed to increase 
the number of under represented mino rities in science and engineer i ng 
seems to be to focus on the high school , j unior high school , and ele
mentary school levels : proport ionately few programs focus on the grad
uate school level . Neve rtheless , the low rate of pa rt icipation in 
higher education is one substant ial factor accounting for the under
representation in scienti f ic careers of both mino r ities and women 
( Ch i pman and Thomas , 1984 ) . One factor affecting the rate of part ic i 
pation i n  higher educat ion i s  suppo rt . Graduate students recei ving 
university-related support tend to finish thei r doctorates in less time 
than those not recei ving such support.  Differences among groups i n  
thei r pr imary sou rces of graduate support are il luminat ing . Across all 
fields,  more men than women report thei r pr imary sou rce of support as 
university-related , 4 5 . 7 percent to 3 3  percent , respecti vely : correla
ti vely, women take longe r than men to complete the doctor ate . Simi
larly ,  a smaller percentage of blacks than As ians and Hi spanics report 
thei r prima ry source of support as university-related ; the median time 
to complete the doctorate . ,  across al l fields , was 14 . 4  yea rs for 
blacks , 1 1 . 8 years fo r Hi spanics , but onl y 9 . 7 yea rs for Asians 
( Table 4 ) . 

Is the di fference that uni versity-re lated support makes in an 
i ndi vidua l ' s  scientif ic or eng i nee ring ca reer only f i nancial? Data 
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suggest that i nsofar as this support can be i nte rpreted as a univer
sity ' s  vote of conf idence in the awa rdee ' s  abi lity to successfully pur 
s ue  a ca reer i n  science and eng i nee r i ng, that univers ity-related sup
port also provides soc io-emotional encouragement . Graduate students 
can be j ust as discouraged by the lack of encouragement as by the 
presence of discouragement . 

Suggestions for Fmther Research 

After b r iefly summa r i zing diverse f i ndings from sever al research 
studies , Pearson concludes that • nothing short of a comprehens i ve and 
systematic study is needed on the status of mino r it ies in science and 
engineer i ng education . • A necessary prerequisite to such a study , 
howeve r,  is a systemat ic analysis of the ent i re bo �  of relevant data 
al ready produced . Th i s  •meta-analys i s •  not only synthesi zes ex isting 
research fi ndings and identif ies key va r iables impacting on the gradu
ate education and careers of mino rities in  science and eng inee r i ng ,  
but also faci litates the identif ication of li nkages among diverse re
search f ind ings that have practical significance as wel l  as stati stical 
signif icance . 

The soc iolog ical constructs of •cumulat ive advantage and disad
vantage •  seem pa rticula rly promi sing for analyzing the overrepresenta
t ion of some groups as well as the underrepresentat ion of · others in 
science and eng i nee ring . In brief, these constructs view advantage 
and , conve rsely , disadvantage as a se r i es of di screte gai ns and losses 
respectively , resulting in an overa ll advantage (or los s )  that i s  
greater than the sum o f  the discrete gains ( losses ) • Each ad vantage 
increases the probabi l i t¥  of receiving subsequent advantages . POr 
example , research indicates that uni versity-related support dur i ng 
graduate school may be a factor in accounting for the d i fferences 
among groups in the time from the bachelo r ' s  degree to the doctorate . 
Univer sity-related support tends to be partially a function of f ield 
choice : research and teaching assi stantships tend to be more preva� 
lent in such f ields as the natu ral sc iences and eng i neering than i n  
education. 

Si nce Asian Amer icans tend to be more prevalent in the natural 
sc iences and eng i neering and less prevalent in educat ion, they a re 
more li kely to receive university-related support ; consequently , Asi an 
Ame r icans are more li kely to complete the doctorate in less than the 
median time . Q1 the other hand , blacks and H i spanics tend to be con
centrated in educat ion ,  where they a re less l i kely to receive univer 
sity-related support ; consequently , they take longer than the median 
time to complete the doctorate . 

cumulative advantage and disadvantage not only indicate that the 
effects of both advantage and di sadvantage a re synergystic rather than 
additive but also help us to design, target , and evaluate intervention 
programs more effectively . Univers ity-related support is of two basic 
types--resea rch and teaching assi stantships . Of the two , resea rch 
assistantships a re viewed as preferable because they provide socializa
tion into the profession ,  as well as enhancement of research ski lls . 
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Among those receiving assistantships , data across al l fields indicate 
that mino r ities tend to receive fewer research than teaching assistant
ships ; consequently , minorities tend to be at a di sadvantage in terms 
of acqui ring research expe r ience and opportunities . These fi ndings 
indicate that intervention programs on the doctoral level should pro
mote socializat ion i nto the profession in pa rticular and i nto academe 
in general , as well as provide financial assi stance . 
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SUMMARY OF OPEN DISCUSSIONS 

Statistical and Historical Overview 

Roosevelt Calbe rt , of the National Science Foundation , commented 
on that agency ' s  increasing f i nancial support to mino r i ty institution s .  
I n  1980 , minority institutions recei ved less than $5 00 , 0 00 i n  research 
grants . By 1 986 , the total had r i sen to ove r f4 ,  000 , 00 0  to the same 
institutions--an increase of 7 00 percent . Mino r ity researchers , he 
said , submit only four-tenths of one percent of all proposa ls t o  NSF. 
There is an urgent need to increase this number .  

He rman Branson , Lincol n Univers ity, said that one factor associ 
ated with mino r ity underrepresentat ion i n  science is the la rge number 
of black students who are attendi ng 2-yea r ,  rather than 4-yea r,  inst i
tutions . 

Bob Jones , Ame rican Chemical Society , said that blacks who have 
been raised in this country seem to feel strongly that their wor k  
should reflect thei r • blackness . • There i s  a tradition o f  blacks in 
medicine and in law because these i ndividuals serve their local com
muni ties . Such a connection is much harder to make in the physical 
sc iences and in eng i neering . Howa r d  Adams , executive d i rector of the 
National consort ium for Graduate Degrees for M i nor ities in Eng inee r
i ng , Inc . , said that i nformation is the key facto r. Minority students 
need to know about career opportunities , about the importance of grad
uate educat ion ,  and how to pursue thei r goal s . He noted that although 
there is no tradition of blacks excel l i ng in scientific fields , the 
number of mino r ities in engineering has increased si nce 1 97 3  because 
information about career opportunities became ava ilable to students. 

Geo rge castro, Society for Advancement o f  Ch icanos and Native 
Americans in Science , felt that the underrepresentat ion of minor ities 
has been suff iciently documented , resul ti ng in a number of successful 
efforts to increase minority part ic ipation . Resources should be con
centrated on expanding those programs and on developing i nnovative 
programs for areas that have not yet been addressed . Howeve r ,  Glo r ia 
Denecochea , ca rneg ie co rporation of New Yor k ,  noted the lack of minor
ities at levels where science education dec is ions are made and sug
gested that greate r pa rticipation there would increase the number of 
role models for minorities . 
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Precollege Education in Science and Mathematics 
Joseph ine Davis,  Albany ( Georgia ) state Col lege Graduate School , 

said that the gap in achievement between mino r i ty and nonmino r i ty  stu
dents cannot be discussed without tak i ng into account students i oppor
tun ities to learn mathematics . Some problems for mino r i ty students a re 
that the content of mathematics cou rses is not standard national ly and 
that mino r i ty students have a high rate of repeaters in mathematics 
cou rses . She added that students understand the terms but are unable 
to apply them , citi ng the fact that blacks enrol led in advanced mathe
matics courses perform less wel l  on achievement tests than Algebra I 
enrollees as a whole . Enhancing the overall lea rning exper ience must 
be a goal . Lloyd cooke ,  chai r of an Opportunities in Science Program 
i n  New Yor k  state , said a forthcoming report on ACT data shows that i f  
one plots full years of college preparatory mathematics courses versus 
ACT scores for the last five yea r s ,  the result is l i nea r .  Ear lier data 
show a non-l inear relationship because cou rses in business math , r eme
d i al a rithmetic, and general algebra automatically excluded students 
from the college preparatory trac k .  Bowa rd Adams sa i d  that in looking 
at achievement test sco res , it was important to note that the scores 
of minorities are improving and that the number of minority students 
taking these tests is increasi ng . That is evidence that the potential 
pool of minorities for science and eng ineer i ng careers is increas ing . 

Dr . Branson cited a New Yor k  Times a rtic le that listed dropout 
rates for minority students after the ninth grade . The most recent 
statistics for the state of New York wer e  6 2  percent fo r Hi spanic s ,  
5 3  percent for blacks , and 46  percent for Native Ame r i cans . With 
these ala rmi ng dropout rates , how wi ll there be sufficient minor ity 
representation in any field? co ra Mar rett , uni versity of Wisconsi n ,  
said there i s  some evidence that the dropouts are not confined to the 
poorest students. The school cur r i culum is so unattracti ve to some 
bright students that they are among the dropouts .  

Discussi on turned to the strengths and weaknesses of intervention 
programs . Richa r d  Neblett , Nationa l Advisory counc il fo r Mino r it ies 
in Enginee r ing ,  said that whi le intervention programs have been suc
cessf ul in retai ning mino r i ty  students who are al ready interested and 
who are doing well ,  such programs have had little success in actually 
expanding the pool of students . Melvi n Webb ,  Cla r k  Col lege , said that 
one thing intervention programs do well is to put students in a healthy 
competitive envi ronment . Another strength of i ntervent ion programs i s  
the dedicated efforts of one or  two ind i viduals .  Howeve r ,  he noted that 
in o rder to expand the pool , students must be reached before they fall 
behind in the system--that is , as ea rly as the thi rd grade--and teacher 
preparat ion must be improved . Michae l Nettles agreed that because en
t i re school systems are sometimes unable to attract and keep good 
teachers ,  teachers often are teaching outs ide thei r discipli nes and 
the quali ty of instruction deter iorates . Ni na Kay said that Buston
Ti llotson college is working wi th NASA to build a data base on i nter
vention programs and thei r impact ; data wi ll .be broken down by race , 
ethnicity ,  and sex . 
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College Education in Science and Mathematics 

Howa rd Ga r r i son reviewed the data discussed in his paper on finan
cial aid and pe rsi stence rates based on Asti n ' s  wor k .  Amau ry Nora said 
that his own study , in contrast to Astin ' s  work , found student aid to 
have a la rge impact on persistence--more than grade-poi nt ave rage or  
other factors . H i s  study was of H i spanic students ( predominantly Mexi
can Ame r ica n )  at 2-year inst itutions . Dr.  Denecochea agreed that 
f inancial aid for minority students is an especially critical issue 
because many need support for thei r fami l ies as well . Dr s .  Branson and 
Mann ing expressed concern about the data being di scussed , part icula r ly 
the heavy use of test score statistics : Dr . Manning said that the 
caveats of the data are not su fficiently clea r ,  and the issues are very 
sens itive . He feared that poorly understood data and stud ies could 
become the bas is of important pol icy dec isions . Dr . C i r i aco Gonzale z ,  
di rector of the National Institutes o f  Health ' s  Mino r i ty Biomedical 
Research Pr ograms , said that emphasi s  on what intervention programs 
can accomplish would be more benef icial than concentrating heavily on 
statistics . 

Di scussion turned to the prevalence of females among black college 
students.  One pa rt icipant sa id he had heard that the current popula
t ion of black students,  part icularly in predominantly black col leges , 
was prima r i ly female and that the number of black ma le college students 
is decreas ing . If this was correct , what impl ications are there for 
the futu re? Dr . Nettles said that this indeed was a major problem : 
in  1984 , black women college students accounted for about 6 3 percent 
of black students . The overrepresentat ion of black women as compa red 
with black men in science , added Dr . Denecochea , shows up as ea rly as 
the seventh grade ; in  precol lege programs i n  California , black and 
Hispani c girls outnumber boys by two or three to one .  

Betty Vetter said the attr ition rate for black and Hispanic stu
dents in highe r education was important . Despite a sl ight increase in 
enrol lment in the junior yea r ,  the completion rate is onl y 30 pe rcent 
for black eng inee r i ng students and 4 0  percent for Hispani c students .  
This compares to a 7 0  pe rcent completion rate for the total class . 
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APPENDIX A 

WORKSHOP ON MI NORI TIES I N  SC IENCE AND ENGINEERI NG 
National Academy of Sc iences 

Novembe r 21 , 1986 

chair : Thomas w .  Cole , Jr . ,  President 
West Vi rg inia State College 

8 : 30 Coffee 

9 : 00 Welcome , Introductions 

9 : 30 Statistical Overview 

9 : 45 Histor ica l  overview 

1 0 : 15 Di scussion 

10 : 30 Brea k  

James Ebe rt ,  National Resea rch Council 
John Moore , National Science Foundat ion 

M ichael F.  crowley , National Science 
Foundation 

Kenneth Manning, MIT 

10 : 45 Blacks and Native Americans co ra Marrett , Un i versity of Wisconsin 
at the Precol lege Level 

1 1 : 15 Di scussion Michael Nettles , Educational Testing 
Service 

1 1 : 45 Lunch 

1 : 00 Underg raduate Education for 
Blacks and Native Amer icans 

1 : 45 Di scussion 

2 : 15 Hi spanics ' Precol lege and 
Undergraduate Education 

3 : 0 0 Di scuss ion 

3 : 30 Break 

3 : 45 Graduate Education 
and ca reers 

4 : 30 Di scussion 

5 : 00 Ad jou rnment 

Howard Ga r r i son , Appl ied Management 
Sc iences 

Michael Nettles 

Richa rd P. Du ran , Uni versity of 
Ca lifornia-Santa Ba rba ra 

Amau ry Nora , Uni versity of Houston 

Willie Pearson , Jr . , Wake Forest 
Univers ity 

Che ryl B .  Leggon , National Research 
council 

Alan Fechter ,  National Research Counc il 
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