
The Flight from the Arts and Sciences: 

Trends in Degrees Conferred 


After rising steadily between 1954 and 1968, the percent- 
age of all bachelor's degrees awarded in the arts and 
sciences declined dramatically. These swings cannot be 
explained by demographic variables; however, they have 
been affected by changes in the academic profiles of 
educational institutions that were in turn related to 
trends in enrollment. Even more important have been the 
changing choices of fields of study made by men and 
women (particularly in the case of the humanities), in part 
as a consequence of widening opportunities for women. 
The flight from the arts and sciences now appears to be 
over, and in the future gender-related variables can be 
expected to have less impact on the distribution of degrees 
conferred. 

IN THIS COUNTRY, UNDERGUDUATES ARE UNUSUALLY FREE 

to  elect (and change) the fields of study in which they major. 
Their choices directly affect the demand for teaching hours in 

the academic disciplines and the preparation that graduating classes 
take with them as they enter job markets, pursue further education, 
and participate in civic activities. The shifting popularity of fields of 
study tells a great deal about a society's evolving philosophy of 
education-and its values. 

The distribution of degrees conferred has changed greatly in 
recent years, and there is evidence of a dramatic flight from the arts 
and sciences (1).  Benveen 1968 and 1986, the number of BA 
degrees awarded to students who concentrated in one of the fields 
within the arts and sciences (humanities, social sciences, mathemat- 
ics, physical sciences, biological sciences, and psychology) plummet- 
ed from 47% of all BA degrees t o  about 26%. This rapid decline 
follo\ved a steady increase in the arts and sciences share (AS share) 
during the earlier post-M70rld War I1 (hereafter posnvar) years (2 ) .  
The increase in the AS share occurred simultaneously with the most 
rapid expansion of higher education in the nation's his ton (Fig. 1). 

Some students elect fields of study for reasons that are strictly 
intellectual; others may be influenced by job prospects, broad social 
and political trends, family background and parental pressures, and 
the curricular options made a~railable by colleges and universities. 
An exhaustive analysis would require examination of all variables 
influencing the perceived returns (noneconomic as well as econom- 
ic) related to  investments by students and educational institutions of 
time and other resources in various fields of study. 

The analytical framework used here is less comprehensive. We 
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first consider the implications of broad developments in higher 
education, both demographic and curricular. Then \ve concentrate 
on an explanaton key of considerable power: the role of gender and 
the factors associated with the changing curricular choices made by 
men and women. 

Demographic Changes 
During the 1960s, the traditional college-age population in-

creased by slightly more than 50% as a result of the baby boom. The 
sectors of higher education that grexv most rapidly (state colleges 
and large comprehensive institutions) were not the sectors that 
traditionally emphasized the arts and sciences (such as libcral arts 
colleges). Thus, these population-driven increases in enrollment 
should have reduced the AS share at the very time that it increased 
significantly. 

A second demographic factor also raised enrollments during thc 
1960s: sharply higher age-specific enrollment rates. The percentage 
of the 18 to 24  age group enrolled in college increased from 15.9% 
in 1960 to 23.9% in 1970 (3). Normally, a rapid increase in 
enrollment rates would be expected to  lead to a decline in the AS 
share of degrees conferred because new college entrants, reprcsent- 
ing a wider socioeconomic spectrum and a broader range of 
aptitudes, are likely to  come disproportionately from families in- 
clined to emphasize training for the job market rather than thc more 
general values associated with an arts and sciences curriculum. 
Nonetheless, the AS share rose significantly benveen 1952 and 
1969; it was only during the last years of the expansion (1969 to 
1974) that it started to  decline (Fig. 2A). Moreover, the most 
pronounced decline in the AS share occurred in those years (1 974 to 
1984) when enrollment rates and degrees conferred \yere roughly 
constant. 

In short, the principal demographic variables (excluding gender) 
not only fail to  explain the observed changes in AS shares, but they 
push in the wrong direction, putting more burden on other 
variables (4).  

Institutional and Curricular Changes 
Colleges are much more than passive actors in determining AS 

shares. They establish the curricular options open to students, based 
on institutional aspirations and other considerations such as thc 
costs of entering (and lealing) various disciplines. 

Hefferlin's examination of curricular change benveen 1962 and 
1966 is helpful in explaining why the AS share rose so rapidly 
during the 1960s, a time of widespread reform and curricular 
expansion in higher education (5 ) .Within vocational fields, depart- 



mcnts dropped service ofirings and adopted a more academic 
focus; at the same time, the arts and scicnccs became more inclusive. 
Some of the increase in the AS share may haw reflected develop- 
ments of this kind. There was also a movement away from prep& 
fessional programs ancl tonrard greater emphasis on basic disciplines. 

ll'hen the suppl! of st~ldents was increasing rapidly, "many 
formerly struggling institutions . . . [had] the opportunity . . . to  
move toivard '~caden~ic respectabilin.. . . . Former vocational col- 
legcs . . . ~t last embraced general cclucarion" [(j),p. 671. Fa~rorable 
labor market conditions and thc general mood of optimism that 
characterized much of the 1960s facilitated these curricular changes ., 
b!. encouraging students to  assume that they could stucly whatever 
the!. liked, nrithout having to w o r n  about whether they ~vould be 
able to  get a job after graduation. 

A reverse process took place in the 1970s. When the supply of 
students stopped rising, colleges had to compete ~~igorously to  fill 
their cldsscs and dormitories. and thcv urere much less able to  insist 
on their o\vn academic priorities. The advent of more difficult 
economic conditions caused students to  worry about their roc at ion-
a1 prospects, and inst~rut~ons that had moved aggrcss~vely to  bolster 
their oferings in thc drts and sciences now became more inclined to 
emphasize preprofessional and job-related offerings. M'hercas educa- 
tiondl institutions have considerable leeway to shape academic 
programs \vhcn the demand for education is rising (the 1960s), 
student prcferenccs can be expected to  have Inore impact on college 
curricula when demand is xveakcr and there is strong pressure on 
institutions to  maintain enrollment (the 1970s). 

The experiences of particular collcges and universities illustrate 
these propositions and remind L I ~of the variety of forms of curricular 
adaptation. U'c  take as examples the distribution of degrees con- 
ferred at six quite different institutions-Ball State, Muncie, Indi- 
ana; Cornell Uni\rcrsit\., Ithaca, Ne\\. I'ork; Fairleigh Lliclunson, 
Teaneck, New Jerscy; thc Uni\.crsity of Michigan, Ann Arbor, 
Michigan; San Jose State, San Josc, California; and S\varthmore 
College, Su~arth~nore, Pennsylv'~nia (Table 1 ) . 

Chinell and S\varthmorc define one end of the smctrurn: the 
number of degrees granted increased only modestly during the great 
expansion in higher education of the 1960s; and the AS share 
remained relatively high throughout the posnvar years. At the 
University of ~Michigan, undergraduate programs expanded more 
rapicily, but at nothing like the rate of the comprehensive institu- 
tions discussed bclo\v; nor did the AS share decline significantly 
dftcr 1970. 

A sharp contrast is pro\ided by Ball State, Fairleigh Dickinson, 
and San Jose Statc. All three institutions experienced tremendous 
gro~vth during the 1950s and 1960s (\vith degrees granted incrcas- 
ing tenfold at Fairleigh Dickinson and three- to  fourfold at Ball State 
and Sari Josc Statc). They also excrnpli? the trend toward more 
broadly based curricula. In 1954, Ball State xvas primarily a teacher's 

Table 1. Arts and sclenccs ?hare of dcgrccs conferred at six institutions. 

AS AS AS 
l'hs \hare share share
(no ) (%)  (no ) (Oh) (no ) (%i 

Cornell 1234 49.3 1390 46.8 1693 47.1 
S\\,arthmorc 197 76.1 225 90.2 341 82.1 
Uni\.crsit\.of klichigan 2600 27.9 4444 57.4 5025 45.0 
Ball State 596 2.5 2225 29.9 2568 13.3 
Fdlrlc~ghl)ickil~soti 245 29.0 2276 41.1 1602 19.6 
San Jose State 864 25.1 4136 43.5 3458 26.2 

Fig. 1. Bachelcr degrees 1 200 000 
conferred (1952 to 1986) 

2 800 oooi 

. Art and Sciences BAS 
~ 4 0 0 0 0 0 ,  ,..: ' *yL* I 

+ .-.-, -1-

*-k -+ 1-

0 

1 ~ '  


Year 

college that a~varded almost no degrees in the drrs . ~ n dscicnccs; 
Fairleigh Dickinson and San Jose Statc awarded most of thcir RA 
degrees in business and other professional fields. l h r i n g  the 1960s, 
the AS share rose dramatically at all three institutions, rexhing 30 
to 40%. Benveen 1970 and 1986, the number of degrees conferred 
fell significantly at Fairleigh Dickinson and San Jose Statc and 
remained roughly stable at Ball State. During thcsc ycars of 
contraction, the AS share also declined rapidly, presurnabl! because 
these institutions had to accommodate the stronger vocational 
interests of their students. 

Thus, the overall increase in the AS share during the 1960s was 
associated \vith a hndamental change in the character of many state 
colleges and comprehensive institutions. It was at thcsc rapidly 
groxving schools, \vhich had been heavily oriented toward profcs- 
sional and preprofessional programs in the imrnedidte posnvar ycars, 
that the sharpest increases in AS shares occurred. Subsequently, the 
flight from the arts and sciences was most pronounced , ~ t  these same 
institutions, even though it also occurred at many rescarch universi- 
ties (6) .  

Choices of Majors by Men and Women 
For the arts and sciences as a \vhole, the pattern of year to  year 

changes in shares is remarkably similar for men and \\omen: each 
time that the AS share for men rose (o r  fell), so too did the share for 
xvonlen (Fig. 2A) ( 7 ) .  Benveen 1954 and the mid- 1980s, the AS 
share for men \vas consistently higher than the AS share for \\,omen; 
but this gender gap finally closed, and in 1986 the shares \verc 
precisely the same. 

Taken field by field, havever, male and female choices have 
diverged significantly. In the case of the humanities (Fig. 2),  the 
differences by gender are especially striking: for men, the humanities 
share declined steadily from 1954 to 1986; but for Ivorncn, the 
humanities share increased sharply only benvcen 1954 and 1966, 
before falling to  about 5%. 

The social sciences enjoyed the greatest surge in popularity during 
the 1960s, xvhen fields such as sociology \verc perceived by many as 
the source of ans\vers to  the socictal problems that xverc so high on 
the national agenda. Rut this boon1 xvas short-lived, and the appeal 
of these subjects soon declined along \vith interest in the humanities 
(Fig. 2) .  

The launching of Sputnik in 1957 evoked a \vavc of concern 
about the nation's standing in mathematics and the related bcicnces, 
\vhich was folloured by a substantial rise in the proportion of 
undergraduates majoring in mathematics, especially among men 
(Fig. 2 ) .  Degrees conferred in the physical sciences also responded 
to the events of the mid-1950s, but in less dramatic fashion (Fig. 2) .  
We suspect that increased numbers of students majored in mathe- 
matics because it was perceived as a pathway into many applied 
fields, including engineering and computer science. Interest in both 
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Table 2. Changes in shares of  degrees conferred (percentage point allocations). XI, male; I-'. female. 

Change due to  
Field Total 

change M/F  
ratio M 

Choices 

Humanitics 
S O C I ~ Iscience\ 

Mathematics 
Phy\ical scietice 
B i o l o g  
Psycholog 
Total anslsc~cnces 
Education 
Busincs 

fields peaked bcnvecn 1962 and 1964, and then declined steadily 
until ne\\  plateaus Lvcre reached-~vith, hokvever, v e n  different 
ratios of male to  female students majoring in these subjects (about 1 
to  1 in mathematics \,ersus 2.5 to 1 in the physical sciences, rc-
specti\.ely). 

Historically, men have been more heavil!, represented than wom- 
en in the biological sciences; ho\vever, this difikrential has narrokved 
markedly, perhaps partly as a consequence of increased participation 
by \\,omen in the field of medicine, and hardly any difference by 
gender remains (Fig. 2). Psychology is the only field in ~vhich 
differences by gender have \videned. Renveen 1954 and 1970, the 
psychology shares for men and \\,omen Lvere nearly the same; by 
1986, \\,omen were morc than nvice as likely as men to major in this 
field (Fig. 2). 

Gender-Related Components of Changes in 
Shares 

Because men and \\,omen choose fields in different proportions, 
any change in the relative number of men or women in the student 
population xvill itself affcct overall shares, even in the absence of 
changes by males ~ n d  fernales in their choices of majors. In the 
posnvar period there has been a marked increase in the relative 
number of BA degrees axyarded to xvornen. In 1954, \vomcn earned 
39% of all BA degrees; by 1986, thcy earned 51%. For this reason, 
the male-female ratio must be considered along with malc and 
female choices of majors in seeking to explain overall changes in 
shares of degrees conferred. 

T o  isolate the part of thc total change attributable to each of these 
three gender-related variables benveen discrete points in time (such 
as 1954 and 1970), \ve determined \vhat the total AS share would 
have been in 1970 if thc fields of study chosen by men had rcmained 
just as they \\,ere in 1954 while both thc fields choscri by \\,omen and 
the male-female ratio Lvcre permitted to  take on  their actual 1970 
values. The hypothetical AS sharc for 1970 calculated in this way is 
then subtracted from thc actual AS sharc in 1970: the difierence is 
the amount of thc obsencd changc in the AS sharc that can be 
attributed to  the change in majors chosen by men (malc choice) 
bcnvccn these 2 years. Precisely analogous procedures \Irere used to 
calcul~tcthe parts of the changc in the total AS sharc associated \i,ith 
female choicc and with changes in the male-female ratio (8). 

Contran to  \vhat one might have expected to  find, changes in the 
rnale/fernale ratio never accounted for a significant part of the total 
change in the AS share; the changing choices of fields by both men 
and \vomen \\ere far morc important (Table 2) .  
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Estending this analysis to individual fields of study leads to  an 
important finding: male choices have been more important than 
female choices in determining mo\.ernents in shares in five of the six 
fields of study within the arts and sciences-in even field but the 
humanities. In the social sciences, for example, chanpcs in malc 
choices accounted for nvo times as much of thc incre'~sc in \h'~rc 
(measured in percentage points) between 1954 and 1970 a\ did 
changes in female choices (+3 .87  versus + 1.96 in Table 2); and I .5 
times as much of the decrease in sharc benveen 1970 , ~ n d  1986 
(-4.94 versus -3.31). 

Why should male choices so consistently explain morc of the 
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Fig. 3. Degrees axvarded outside the arcs and scic~lces 

change in shares than female choices, both when shares were rising 
and \vhen they were falling? We have a simple hypothesis: as a rule, 
men have had more occunational ontions than women. Thus. when 
general economic cond~tions have changed, or when job opportuni- 
tics have become more attractive in onc sector and less attractive in 
another, men have had an casier time adapting. 

In the humanities alone, the changing curricular choices of 
women have dominated the other determinants of changes in shares. 
As we saw earlier, mcn began movlng aLvay from the humanities as 
earl) as 1962, and continued to d o  so (more or less regularlv) slnce 
then Womcn, on the other hand, lncreaslngly chose to  major In the 
h u m a ~ ~ t i e sbetween 1954 and 1970, and these changes were so 
powerful that they caused the overall humanities share to  rise 
between these years in spite of the declining interest of men in these 
fields. Then, beween 1970 and 1986, the declining participation of 
Lvomen accounted for more than three times the loss i n  share 
attributable to reduced interest in the humanities aniong men (Table 
2).This pattern can be understood only by examining developments 
outside the arts and sciences. 

Education and Business 
Education and business are the largest fields of study outside the 

arts and sciences, and the changing appeal of these fields has also had 
the greatest impact on other curricular choices made by Lvomen ( 9 ) .  
The increasing demand for teachcrs caused by the baby boom 
resulted in more women entering the field of education in the early 
and mid-1950s. By 1958, nearly half of all BA degrees awarded to 
women were conferred in education. Ever since, ho~vever, there has 
becn an unrelenting decline, and by 1986, only 13% of all BA 
degrees earned by women were in education (Fig. 3A). Revolution- 
ary changes occurrcd at institutions such as Ball State, which once 
were prikarily teachers colleges and have since diversified their 
offerings. In 1954, over 90% of all degrees awarded to women at 
Ball State were in education; that figure fell to 64% in 1970 and to 
18% in 1986. 

Between 1958 and 1966, a large share of the women who might 
have gone into education migrated to  the humanities. Other 
women, in relatively smaller numbers, elected to study the social 
sciences. These shifts are consistent with the educational back- 
grounds of most women at this time. It  was easier for many of 
them-who, in earlier times, might have chosen to major in 
education-to choose these subjects than it would have been for 
them to major in fields that required radically different kinds of 
preparation, especially in mathematics. 

The years from 1966 to 1974 can be thought of as a period of 
transition: women in increasing numbers decided not to  major in 
education and determined that the humanities were not the best 
a1ternatii.e. Some of them turned to fields such as biology and 
psychology. Thcre was also a modest increase in interest in mathe- 
matics and the physical sciences, but thc absolute numbers of 

women in these fields continued to be small. 
By far the most significant developments took place in the field of 

business. Beginning in the early 1970s, there was an extraordinan 
increase in the relative number of women majoring in business (Fig. 
3B) as a direct consequence, presumably, of the marked improvc- 
ment in professional employment opportunities for Lvomcn in 
related occupations. The business share of all degrees earned by 
Lvomen rose from 2.8% in 1970 to 21.7% in 1986. Whereas the 
business share of degrees earned by men also rose during these years, 
the rate of change was much more modest. In both business and 
education, then, the shifting patterns of degrees conferred havc been 
dominated by the movements of Lvomen into and out of these fields 
(bottom rows ofTable 2), with pronounced effects on interest in the 
humanities. 

Implications 
Fields of concentration chosen by men and women have con- 

verged substantially, and gender-related variables may have less 
influence on  the pattern of degrees conferred in thc future. It is 
unlikely, in our view, that men's choices of majors will dominate 
changes in shares within the arts and sciences, as they have over the 
past three decades. 

The overall AS share of degrees conferred is likely to  bc more 
stable over the next few decades than it has been during 1954 to 
1986. Some of the main factors responsible (in at least a proximate 
sense) for recent trends have run their course. In particular, greatly 
increased opportunities for women in fields outside the arts and 
sciences, such as business, havc removed certain culturally imposed 
constraints that in the past induced comparatively large numbers of 
Lvomen to major in areas such as the humanities. We d o  not expect 
the flight from the arts and sciences to  continue, and one implication 
is that the demand for faculty in these fields may he greater in the 
years ahead than recent projections suggest. 

Perhaps the most significant developments Lvill occur within the 
arts and sciences, since there is certainly no current equilibrium 
benveen men and Lvomen in their choices of majors such as physics. 
If more progress can be madc in removing cultural barriers and in 
improving teaching and learning at the primary and secondary levels 
of schooling, Lvomen may participate much more fully in thc math- 
intensive subjects. Marked changes have occurrcd in other fields, 
and these changes should encourage efibrts designed to address 
what seems to us to be the most serious anomaly in the present 
pattern of degrees conferred (10). 
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Sca ttering and Recoili Spectrometry: 
Ion's Eve View of .rface Structure 

Recent developments in ion-scattering spectrometry have 
led to a surface crystallography that is sensitive to all 
elements, including hydrogen. Time-of-fight techniques 
for the detection of atoms scattered and recoiled from 
surfaces in simple collision sequences, together with cal- 
culations of shadowing and blocking cones, can be used to 
make direct measurements of interatomic spacings and 
adsorption sites within an accuracy of 50.1 angstrom. 
Time-of-flight detection of both neutrals and ions pro- 
vides the high sensitivity necessary for nondestructive 
analysis. Structures are determined by monitoring the 
angular anisotropies in the scattered primary and recoiled 
target atom flux.Such surface and adsorption site deter- 
minations find application in such fields as catalysis, thin 
film growth, and interfaces. 

CATTERING EXPERIMENTS HAD THEIR  ORIGINS I N  THE DE- 

velopment of modern atomic theory at the beginning of this 
century. As a result of both the Rutherford experiment on  the 

scattering of alpha particles ( H e  nuclei) by thin metallic foils and the 
Bohr theory of atomic stnicture, a consistent model of the atom as a 
small massive nucleus surrounded by a large swarm of light electrons 
was confirmed. It  was quickly realized that the inverse process, 
namely, analysis of the scattering pattern of ions from crystals, could 
provide information on composition and structure. This analysis is 
straightfonvard because the lunematics of energetic atomic collisions 
is accurately described by classical mechanics. Such scattering occurs 
as a result of the mutual Coulomb repulsion between the colliding 
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atomic cores, that is, the nucleus plus core electrons. The scattered 
primary atom loses some of its energy to the target atom. The latter, 
in turn, recoils into a forward direction. The final energies of the 
scattered and recoiled atoms and the directions of their trajectories 
are determined by the masses of the pair of atoms involved and the 
closeness of the collision. By analysis of these final energies and the 
angular distributions of the scattered and recoiled atoms, the 
elemental composition and structure of  the surface can be deci- 
phered. 

Ion-scattering spectrometry (ISS) with ion energies in the low 
kiloelectron volt range is the surface-sensitive analog of Rutherford 
backscattering spectrometry (RBS) (1).  RBS is sensitive to  long- 
range bulk structure through the use of ions in the million electron 
volt range. ISS as a surface analysis technique developed rapidly after 
the 1967 work of Smith (Z), which demonstrated surface elemental 
analysis. Interest in ISS as a technique for investigating surface 
structure grew quickly after the 1982 work of Aono et  nl .  (3 ) ,which 
showed that the use of backscattering angles near 180" greatly 
simplified the scattering geometry and interpretation. In 1984, Ruck 
and his associates (4) demonstrated the high sensitivity of time-of- 
flight (TOF) detection of scattered particles for structural analysis. 
The recent coupling (5 ) of TOF methods with detection of both 
scattered and recoiled particles has led to  the development of time- 
of-flight scattering and recoiling spectrometry (TOF-SARS) as a 
tool for structural analysis. Several research groups (6-16) through-
out the world are now engaged in surface structure determinations 
using some form of kiloelectron volt ISS. 

Basic Physics Underlying TOF-SARS 
Two basic physical phenomena govern atomic collisions in the 

kiloelectron volt range. First, repulsi\.e interatomic interactions, 
described by the laws of classical mechanics, control the scattering 
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