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account the past changes in income, which are used as indicators
of expected changes of demand in the future. For fields that
.have experienced a fairly stable growth of income, as in the
health professions, and where the relative position of income
in each field has been fairly constant, it is not necessary to
look at the past changes in income to indicate what future in-
come is likely to be. If the relative position of incomé in
each field in a group has been fairly constant, there is no
reason to expect it to change in the relevant future. In such
a case, the discounted income of the life cohort of the members
of the profession is an adequate indicator of the relative pre-

sent value of expected income at any given time.

The service professions are more sensitive to the growth
of population and national income and not so much to changes in
the composition of the national output. If market information
is not perfect but it improves with time until demand shifts
again, the profession with a stable growth will have better
market information at any point of time. There are small changes
in demand for service professions, such as in the health fields
and professions dominated by women. Information about the rela-
tive income in these professions at any point of time is more
perfect than in the case of engineering and science fields where
thepre are more fluctuations in demand. If relative income
changes at some time, t, the information at time t+1 for the
latter professions will be less perfect than in the case of the
medical or teaching professions, which have a stable growth in

demand.
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The elasticity of the supply of degrees with respect to
income and available stipends at the mean values of the vari-
ables can be calculated given the regression coefficients of
equation (4). The elasticities of the supply of degrees with
respect to income for different groups .of fields show the rate
at which students shift from one field to another in response
to a percentage difference in their expected income. The elas-
ticities computed at the mean value of income and degrees range
from .266 to 5.431 for all groups tested. The regression co-
efficients of income are significant at fairly high confidence
intervals when a one-tail t-test was applied to the regression
statistics. The significance level of the regression coeffi-
cients, from which the elasticities were computed, indicate that
Lindeed the relative expected income that can be.earned from
specializing in each field i's ‘an important determinant of the

choice of field, and on the aggregate supply of degrees.

The elasticities computed at the mean vary not only be-
tween groups but also between levels of degrees in Group I and
between two time periods for Group II and the health fields.

The variation in the income elasticities observed in the various

groupings may be explained in part by the differences in 'tastes',

other than specific attitudes and interest in the work activity
that differentiate people who go to each group. The average
academic ability also differs by group. The proportion of the
college population that is qualified to enter one group is dif-

ferent from the proportion that is qualified to major in another



broad area of study.

For each group tested, the elasticity of degrees with
respect to income increased as the lag increased by one more
year. This would mean that the influence of income on the
supply of degrees becomes stronger with time from one equili-
brium point to the next. Market information improves with time,
and tastes and educational facilities become more flexible to-
ward the fields that experienced relative high increases in

demand.

The elasticity of the supply of degrees on enrollment
with respect to stipends is found to be higher than the elasti-
city with respect to income, except for Ph.D. degrees, which
are adjusted forvdifferences in academic ability in Group 1I.
The regression coefficients of stipends are also significant at
an almost 100 per cent confidence interval. Stipends entered
first in the step-wise regression and explain a larger portion
of the variance in degrees and enrollment. Graduate enroll-
ment responds to stipends more strongly than the number of
degrees:. There are factors other than income and stipends that

determine the number of students who actually complete their

degrees.

The discount rates that gave the best results in the’
empirical section are 3% for Group I, B.S. degrees, Group II,
and Group III. For Group I at the Masters and Ph.D. levels, a

discount rate of 8% gave the best results. It can be argued
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that those students who are deciding to pursue a graduate degree
behave as though they use a higher rate to discount the future
stream of income from their investment in education. This seems
reasonable for the time preference of consumption of older stu-
dents higher. They.are more likely to have a family to support
and realize the standard of life they have to give up in order

to be in school.

The adjustment in the market when changes in income
occur: is -assumed to be an adjustment toward a newAequilibrium.
Changes in income disturb the relative position of the present
value of investment in each field. The field that experienced
an increase (decrease) in income will have a positive (negative)
rate of return unless the supply of degrees increases in this

field pushing down its present value towards the new equilibrium

point.

The fairly high R2's observed from the regression of
equation (B%T%he low significance level of the regression co-
efficient of the changes in income indicate .that the supply of
degrees -actually respond to changes in income. When a change =
in demand occurred, the supply of degrees also changed in the
same direction. This positive relationship is regarded as an
adjustment of the supply from a disequilibrium situation toward
an equilibrium situation, However, shortages are experienced
for a number of years b&fore the market finally makes a complete

adjustment. The adjustment in the market for professional skills
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can be improved tremendously by making use of subsidies to
education. It is found in the test of the masters and Ph.D.
degrees for Group I that students are very responsive to sti-
pends. In fact, stipends are more significant than income in
the choice of field for graduate students. Therefore, if it
is the desired social goal either to make the market adjustment
faster or to increase the supply of members in a profession,
subsidy in the form of stipend can be a very effective tool.
The amount of stipends received by each field is small rela-
tive to funds budgeted for other purposes by society and the
increase of stipends to fields that are experiencing a shorf—
age 1is rather marginal. We have only to look at the elasticity
of the supply of degrees with ©respect to stipends to see the
effectiveness of this tool for educational planning. Of course,
if'stipend allocation is not handled correctly in terms of
aiding the market adjustment, the effect will be to slow down

or even obstruct the normal adjustment of the market.

No definite concluslon can be stated from the California
results. At best, the market behaves as well as on the national
level. But, as has been stated before, the possible errors in
the data makes it difficult to say whether the expensive public-
@l ly-supported educational system at the college and university
level improves the market adjustment or not. A more thorough
study of the impact of public@BRly-supported institutions of

higher learning on the individual decision is warranted as soon
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as adequate data becomes available.. Of course, there are other
social goals that society may have in its educational policy of
providing subsidized education. Discussion of these goals is

beyond the realm of this paper.

EAT :pfi
6.XII.68



APPENDIX A

Sources and Processing of Data:

1. The number of degrees by field, by level of degree--
bachelor, master and Ph.D.--are obtained directly from the U.S.
Office of Education Circular Earned Degrees Conferred for
various years from 1952 to 1964.

2. Degrees of those graduates who are equally eligible to
get at least the median requirement. Wolfle gives the percen-
tile distribution of B.S. and Ph.D. graduates and graduate stu-
dents by Army General Classification Test scores, otherwise
known as AGCT scores or I1.Q. Choosing arbltrarlly tg median
IQ score for the field that has the highest average T the
proportion of graduates in other fields that meet at %east the
IQ of Physicists can be estimated from the percentlle distri-
bution of graduates by IQ. TI¥ the chosen 19 falls between
two known percentile distributions in field i, it is assumed
that graduates in that field are distributed between these two
IQ scores at a decreasing rate from a lower IQ score to a
higher IQ score. This assumption follows the general distri-
bution of IQ, the higher the score, the smaller the number of
students who possess this score. For each level of degpee,
the percentage of graduates in each field who meet the I
score chosen is given in Table A below. - To find the number of
degrees of those graduates who are equally eligible to major
in any field, the total number of graduates are multiplied by
the percentage of graduates who have %Q score.

The distribution of graduates in each field shows some
overlapping of scores which makes it difficult to say categori-
cally that some students are not qualified to major in any one
field. Therefore, using the total number of degrees, D instead
of D is still a valid test of our hypothesis. D has the advan-
tage of allowing us to deal with equally qualified graduates and
see how they made their choice of field.

3. Stipends - The National Science Foundation's Seientific
Manpower Bulletin No. 5, July 29, 1955, gives for each field
the total number of graduate students; the number who hold
straight fellowships, research assistantships and teaching
assistantships; the percentage who hold one or more stipends,
the mean amount of stipend held under each form of stipend. The
total amount of stipends is easily computed by multiplying the
number of graduate students who held one type of stipend by the
mean stipend. The total number of students who held any form of
stipend is estimated by multiplying the percentage who had sti-
pends by the total number of graduate students.
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The same data are available for 1963 from the National
Opinion Research Center-National Science Foundation Survey of
Graduate Students Finances, 1962-63.

The National Opinion Research Center, headed by James Davis
also made an extensive study of graduate students finances in-
cluding the income from spouses and support from families. How-
ever, the data presented are for broad fields of study. In
order to estimate the total amount of stipends available and
the total number of students who held stipends for each field
in Group I, it is assumed that the stipend for 1958 for field i
has the same relationship to 1954 as the stipend in 1958 and
1954 for Group I.

4, Income for Group I--Annual income by field, by degree,
by age, is available in unpublished data from the National
Science Foundation. Annual income for the years 1956-68, 1960,
1962, by field and by age are reported in the different issues
of the National Science Foundation, Science Manpower, 1956-58,
1960 and 1962. The National Science Foundation in its Scienti-
fic and Technical Manpower Resources, 1964, also gives income
by field and by age for 1964. To estimate the average income
by field, by degree and by age for 1956-58, 1960 and 1962, it
is assumed that the ratio of income of people with a B.S.
degree to the income of all graduates in each field at each age
bracket, remaihed constant from 1956-58 to 1964. The ratio of
income, B.S. graduates to the income, all graduates at each age
group in 1964 is multiplied by the income by age 1n the previous
years to get the income by field, for the B.§. graduates, Py
age in the previous years. The same method is used to estimate
the annual income of M.S. and Ph.D. graduates, Dy field, by age

in previous years.

To get the hiring rate, the average income of the first
five years in the profession is used. The income of members of
the profession at age 40-4u is given directly from the raw data.

LY, the discounted income from the age.coho?t of.members of
each profession is calculated @n the following, if Y is the
average income of members of given age.

n
T Yy « Cig)

PV. R
= ol (1*P)n

where the working life is T.

PV, the present value of expected lifetime income,.is calcu~
lated, given that g is the expected growth of LY, the discounted
income. g is assumed to be equal to
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PV oeq = PViggy(ive)

A longer time interval is also used to calculate g where
PV1962 = PV1957(1+g)‘
- M~

Solving for g, PV is calculated in the following way:

PV.

n
£60 = PV60(1+g)

where n=43 for the B.S. degree
n=41 for the M.S. degree
n=39 for the Ph.D. degree

where n is the length of the working life counting the time
immediately after graduation to the age of 65. For the health
professions, n varies with the length of the investment period,
43 for medicine, 42 for veterinary and dentistry and 41 for
optometry. n differs from each other in the health professions.

The cost of a year in college is approximately equal to the
total out-of-pocket cost--tuition and fees, and supplies, plus
the opportunity cost of being in school. The latter is esti-
mated to be equal to 25% of the income of the labor force who
have the same academic accomplishment and are of the same age.
Data on the national average tuition and other fees are avail-
able for public and private universities and colleges. The
~weighted average cost can be estimated by the multiplying the
‘cost at public and private schools and the relative weight in
the corresponding profession.

The weighted average cost in 1958 and 1961 is adjusted for
the average cost obtained directly from NORC-NSF.

The academic cost per annum is assumed to be equal for all
levels of degrees.

5. Incomes of doctors are available from the various surveys
done by their respective associations except for medicine which
tries to defend the doctors' high relative income. The only
data available for doctors of medicine comes from the specific
survey done by the Bureau of Labor Statistics in 1949 and by the
Bureau of the Census in 1960.

The American Optometrist Association made a survey of the

members' income in 1951, 1958 and 1964. Income by age for these
three years is given on a chart in H.W. Hofstetter "Optometrists'
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Income, 1937-64", in the Journal of the American Optometrists
Association, October, 1966, pp. 959.

The average income of dentists, by age, is taken in various
surveys made by the American Dental Association. . The asso-
ciation published the result of these surveys in their Journal
of ADA giving income by age for 1948 in Journal, Vol. 40, March
1950; income for 1953 in Journal, Vol. 48, Jan., 1954; income
for 1956 in Journal, Vol. 53, Dec., 19563 income for 1958 in
Journal, Vol. 60, May, 1960; income for 1961 in Journal, Vol. 66,
April, 1963; and income for 1964 in Journal, Vol. 72, March, 1966.

The American Veterinary Association took a survey of their
members' income in 1950, 1955 and 1960. But the published data
for 1950 and 1955 are for the mean income of all the members
of various ages. The income data for 1960 is by age. The dis-
counted income, PV, is estimated from the age cohort for 1960,
and the discounted income for the previous years, 1950 and 1955
are assumed to have the same relation to that of 1960 as the
mean income of all the members.

6. Income of Engineers is available biennially from the
survey of members of the profession. Annual income by age, by
field, are available from these survey reports for 1952, 1956,
1958, 1960, 1962 and 1964. The survey does not publish income
by age, by field and by degree. The discounted Y is computed
for each year by field.

The Bureau of Labor Statistics surveyed engineers income
and employment outlook in 1949. The result of the survey was
published in its Bulletin A968 entitled Engineering Employment
Outlook. Income by age, by field and by degree is given in
this publication. The discounted income, LY, is computed for
each field and degree.

In order to estimate the discounted Y, PV for each field
of a given degree/it is assumed that the ratio of discounted
income, PV, of a given degree in 1949 to the discounted income
PV of members with all degrees in 1949 has remained constant.
This ratio is used to extrapolate discounted Y, PV, Y 3
for the later years, 1952-64 where income is given by age and
field only.
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Table A.2

Mean Stipend in U.S. Dollars by Graduate
Field

Field of study R A, 1958 : 1962-63
Agriculture 955 1171 1387
Biological Sciences 9y7 143y 1878
Mathematics & Statistics 573 1089 1089
Physics & Astronomy 862 1680 1680
Chemistry 951 1767 1767
Earth Sciences 625 1059 122y
Engineering, total 423 1909
Chemical 662 1740 1395
Civil 436 1687 1086
Electrical 332 1541 650
Mechanical 193 1435 683
Other 535 1759 1225
Social Sciences 268 1013
Psychology 386 627 1135
Anthropology 266 636 1133
Economics 340 858 1011
Sociology 330 597 1026
Political Science ‘ 253
Humanities 384 560
English 400
History 201 524 420
Social Work 1488

SOURCE: National Science Foundation. See discussion of these
data for the detailed source of data.
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Table A.3

Percent of Students with Stipend

1954 1958 1963
Agriculture 642 .698 « 125
Biological Sciences .663 . 794 .825
Mathematics 422 .702 .6686
Physics .591 .816 T4
Chemistry .686 .861 . 807
Earth Sciences 5%6 . 734 . 708
Chemical Engineering 435 .564 .693
Civil Engineering .267 L443 .619
Electrical Engineering .182 .365 547
Meéhanical Engineering .179 .576 .576
Table A.4

Number of Graduate Students with at Least One
Form of Stipend

1954 1958 1963
Agriculture : 2177 2742 3236
Biological Sciences 5662 11968 17027
Mathematics 1423 7384 9680
Physics , 2883 7692 9118
Chemistry 5361 9259 10949
Earth Sciences 1116 2551 2726
Chemical Engineering 815 1730 2608
Civil Engineering Ly2 2137 3171
Electrical Engineering 904 5431 8311
Mechanical Engineering 509 34086 5473

SOURCE: National Science Foundation. All details
from text of Appendix A.
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Table A.5

Graduate Enrollment by Field

Agriculture

Biological Sciences
Mathematics

Physics

Chemistry

Earth Sciences
Chemical Engineering
Civil Engineering
Electrical Engineering

Mechanical Engineering

1954

3390
8540
3375
4871
7819
2159
1874
1654
4959

2823

1958

3852
14775
10735

8675
11169

3543

2750

4025
11928

7140

1963

4463
20639
14538
11781
13567
3867
3764
5132
15193

9503

SOURCE: U.S. Office of Education,

1954, 1958, 1963,

Graduate Enrollment,
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Table A.6

éroportion of B.S. Graduates from Public
Institutions and Estimated Academic Cost
in Selected Years

Proportion from
Public Institutions

1958 1961 | 1963 1958 | 1961 | 1963

Academic Cost

Agriculture «0:3B .583 6 07 442 610 560
Biological Science 449 467 .459 526 784 702
Mathematics 545 s 9o . 589 483 616 775
'Physics 420 U425 439 539 564 855
Chemistry 41y 435 439 542 706 747
Earth 175
Chemical Engineering 567 538 43y 499 .901
Civil Engineering .602 <660 420 483 <333
Electrical Engineering .542 .566 Lyy 520 .930
Mechanical Engineering .536 .55 446 524 .926

SOURCE: Proportion of graduates from public institutions from
the NORC-NSF Graduate Students Finances, 1963-6U4.
The academic cost in 1963 is given directly by the
NORC-NSF Survey.
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Tablo /Le.Ce.a Prosent Value of Axpeoted

- 32

Lifotime Incomo For Solootd Yo~rs (in thous nds of UeS. Jollors)

Education

Dietetics & Nutrition
Medical & Dental Tech.
Librarian

Nurses

Social Workers

Disgoounted
at 3%

103.5
103.6
102,.3

94.2

90.9
102.7

See text for gources of data and method of egtimating data.

Digcounted Income in

1990 1951 1952

1953

Disoounted
at 6%
56.9
56.0
554
51.3
48.9
551

Table A.8,b
Group II from 1950=-61 (discounted at 37)

1954 1955

1956 _ 1957

1958

Discounted
at 8%
40.6
39+4
39.2
3643
3443
395

1959 1960 1

ine 13444 129.1 143.7
Lstry 103.4 110.1 116.7
netry 90.7  93.7  96.7
*inary 81.6 89.0 96.3

148.3
12344

9947
103,Y

152.9 15746
133,412 14248
102.7 105,7
111.0 118,4

16242 16648
14940 15542
108.7. 111.7
12440 129.7

171.4
16144
11447
13544

176.0 180,7 18
170.8 180,2 18
122.8 131,0 13
141.0 146.7 15

———y

MR IR

bext for sources of data and method of estimating data.
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Table A-9-a
Number of B.S. Degrees Conferred in California

1955 1957 1960 1963 1964

Agricul ture 287 420 397 350 444
Biological Science 800 996 1036 1431 1621
Mathematics 209 269 599 842 1073
Physics 171 258 374 410 453
Chemi gtry 247 282 397 386 512
Earth Sciences 231 181 206 123 131
Chemical Engineering 28 44 104 66 68
Civil Engineering 224 286 322 321 328
Electrical Engineering 289 472 669 609 630
Mechanical Engineering 327 414 529 422 446
Table A-9-b

Number of M.S. Degrees Conferred in California

1955 1957 1960 1963 1964

Agricul ture 24 38 34 56 101
Biological Science 83 64 155 198 193
Mathematics 49 44 83 125 27
Physics 66 102 101 124 146
Chemistry 33 30 30 85 83
Earth Sciences 64 73 69 49 55
Chemical Engineering 32 25 30 36 38
Civil Engineering 87 112 110 196 213
Electrical Engineering 174 242 351 405 454
Mechanical Engineering 99 143 169 224 254
Table A-9~c

Number of Ph.D. Degrees Conferred in California

1955 1957 1960 1963 1964

Agriculture 9 3 8 12 16
Biological Sciences 104 107 126 168 189
Mathematics 37 21 24 47 54
Physics 78 60 73 128 88
Chemistry 83 93 90 89 108
Earth Sciences 2] 33 38 34 38
Chemical Engineering . 4 5 6 12 12
Civil Engineering 3 5 3 20 23
Electrical Engineering 29 23 37 66 73
Mechanical Engineering 13 9 6 29 38
EAT:ped
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