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CHAPTER III
MATHEMATICAL SCIENCE FACULTY

Summary
This chapter reports the results of the CMBS Survey of
1970-71 concerning the numbers and qualifications of mathematical science faculty in four-year institutions and discusses historical trends. Also reported are the results of a detailed
study of faculty mobility in 1970 and certain information about
utilization of mathematical science faculty.
Finally, we discuss relationships between faculty and undergraduate mathematical
science enrollments.
The 17,043 full-time mathematical science faculty in 197071 represented a surprising increase from the 7,640 reported
eight years earlier in [C]. Moreover, the percentage of doctorates had risen sharply from 48 percent in 1962-63 to 64 percent
in 1970-71. The 3,658 doctorates on the faculty in 1962-63 were
joined by 7,260 net additional doctorates over the next eight
years. Between 1965-66 and 1970-71 the total faculty increased
at a slightly smaller annual rate (9.7 percent) than over the
preceding three years. For the last of these years the increase
was only 5.4 percent.
In fact, it seems to be true that hirings for the academic
year 1970-71 (which we studied in some detail) represent a transition to a quite different supply and demand situation than that
prevailing in earlier years. The number of faculty with master's
degrees actually decreased and the total mathematical science
faculty in four-year institutions increased by only 873 compared
with an eight year average increase of 1,175 per year.
We observe that the use of large lecture sections, which,
increased greatly between 1960-61 and 1965-66, exhibited little
growth in universities during the last five years, and declined
in other types of institutions. We recorded few increases and
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some actual decreases in use of other "innovative" methods of
instruction such as independent study, television, or programmed
learning.
In 1965-66 the ratio of enrollments in undergraduate mathematical science courses to mathematical science faculty was almost exactly 100 to 1. By 1970-71 this ratio had declined to 81
to 1, presumably representing both increased faculty concentration
on graduate work and increased adequacy of the size of the mathematical science faculty.
Some Cautionary Remarks
Before considering the more detailed analyses which follow,
the reader should perhaps be reminded explicitly of certain facts
which might influence his interpretation of the data.
All the information in this Chapter concerns four-year institutions only: the faculty of two-year colleges will be discussed in Chapter VI. Our division of four-year institutions into
universities, public colleges, and private colleges is derived
(as indicated in Chapter I) from the U.S. Office of Education
classification of institutions, which is based on institutional
characteristics in all fields. Thus, the "universities" group
includes a number of institutions--about 3~~ in our sample--which
did not award a mathematical science Ph.D. in 1970. We also note
again that we have classified branch campuses according to their
local degree-granting character, differing from USOE in this regard.
The faculty reported on in this Chapter includes faculty in
all mathematical science departments including departments of
statistics and computer science and includes all faculty for graduate and undergraduate instruction employed by such mathematical
science departments. The numbers reported are our estimates of
national totals as derived from sample data by methods described
fully in Chapter I.
It may seem to the reader that in this chapter we show an
excessive preoccupation with the degrees held by mathematical
science faculty. Unfortunately, this measure of faculty quality
is the only one which is a matter of record. We would prefer a
more perspicacious measure of qualification if it were available.
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Mathematical Science Faculty in 1970-71
In the academic year 1970-71, the full-time mathematical
science faculty in all four-year institutions numbered approximately 17,043, of whom 9,812 had mathematical science doctorates
and 1,106 had doctorates in other fields. Thus, 64 percent of
the full-time faculty had doctorates in some field. Of the total
full-time faculty, 45 percent taught in universities, 35 percent
in public colleges and 20 percent in private colleges. However,
universities employed almost two-thirds of all mathematical
science doctorates.
Of the 1,106 non-mathematical-science doctorates 818 were
in mathematics education. Imperfect information from the questionnaires indicated that well over half of the remaining 288
were Ph.D.'s in engineering or physics. within universities a
majority of non-mathematical science Ph.D.'s were teaching in
departments of computer science or statistics.
Table 3.1

NUMBER OF FULL-TIME FACULTY IN THE MATHEMATICAL

SCI~NCES

1970-71

Total

Math Sci.
Doctorates

Other
Doctorates

Non
Doctorates

Percent
Doctorates

rota1 Faculty

17,043

9,812

1,106

6,125

64%

Universities

7,623

6,304

348

971

87%

Public Colleges

6,068

2,298

568

3,202

47%

Private Colleges

3,35~

1,210

190

1,952

42%

The figure of 64 percent doctorates is an average of quite
different situations in different types of institutions. Although
87 percent of the university mathematical science faculty held
doctorates, the percentage of doctorates on the faculties of other
types of institutions was only about half as high, being 47 percent
for public colleges and 42 percent for private colleges. Only one
out of six of the faculty without doctorates was employed by a
university.
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Table 3.2 is restricted to university faculties and compares mathematics departments with departments of statistics and
computer science. Computer science departments and statistics
departments each employed nine percent of university mathematical
science faculty in 1970-71. A large (but undetermined) number
of computer scientists and statisticians teach in departments
classified as mathematics. Speculation on the size of this number might well be guided by the data on distribution of computer
science and statistics enrollments by type of department as given
in Table 2.10.
Table 3.2
FULL-TIME MATHEMATICAL SCIENCE FACULTY IN UNIVERSITIES,
BY TYPE OF DEPARTMENT, 1970-71

Total

Doctorates

Non-Doctorates

Percent
Doctorates

7,623

6,652

971

87%

6,235

5,478

757

88%

Computer Science
Departments

688

527

161

77%

Statistics Departments

700

647

53

92%

Total
Mathematics Departments

Table 3.3
EDUCATIONAL QUALIFICATIONS OF FULL-TIME MATHEMATICAL SCIENCE FACULTY,
BY TYPE OF INSTITUTION, 1970-71
Doctorates In

Master's In

Bachelor's In

Math
Sci.

Math
Ed.

Other

Math
Sci.

Math
Ed.

Other

Math
Sci.

Math
Ed.

Other

Total

9,812

818

288

5,156

603

146

200

8

12

Universities

6,304

171

177

834

50

17

50

8

12

Public Colleges

2,298

492

76

2,817

268

29

88

o

Private Colleges

1,210

155

35

1,505

285

100

62

o

o
o
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Table 3.4
PERCENTAGE DISTRIBUTION OF FULL-TIME MATHEMATICAL SCIENCE FACULTY
AT GIVEN TYPES OF INSTITUTIONS, BY LEVEL OF QUALIFICATION,
1970-71
(Add rows to get 100r.)
Doctorates In

Master's In

Bachelor's In

Math
Sci.

Math
Ed.

Other

Math
Sci.

Math
Ed.

Other

Math
Sci.

Math
Ed.

Other

All -Institutions

57%

5%

2r.

30r.

4%

1r.

1%

L

L

Universities

83%

2%

2%

11%

1%

L

1%

L

L

Public Colleges

38%

8%

lr.

47%

. 4%

L

2%

0

0

Private Colleges

36%

5%

1%

45%

8%

37.

2%

0

0

L

= less than 0.5%

Table 3.3 repeats most of the above information in greater
detail. Tables 3.4 and 3.5 are percentage versions of 3.3 from
two different points of view. For example, Table 3.4 says that
8 percent of all professors in public colleges have doctorates
in mathematics education, while Table 3.5 asserts that 60 percent
of all professors having doctorates in mathematics education
teach in public colleges. The similarity of faculty training for
public and private colleges may be noted in Table 3.4.
Table 3.5
PERCENTAGE DISTRIBUTION OF FULL-TIME MATHEMATICAL SCIENCE FACULTY
WITH GIVEN QUALIFICATIONS, BY TYPE OF INSTITUTION, 1970-71
(Add columns to get 100%)
Doctorates In'

Master's In

Bachelor's In

Math
Sci.

Math
Ed.

Other

Math
Sci.

Math
Ed.

Other

Math
Sci.

Math
Ed.

Other

Universities

64%

21%

62%

16%

8%

12%

25%

.,.

.,.

Public Colleges

24%

60%

26%

55%

45%

20%

44%

.,.

.,.

Private Colleges

12%

19%-

12%

29%

47%

68%

31%

.,.

.,.

.,.

-

Too few cases to calculate meaningful percentages.
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We note that teachers having only a bachelor's degree
constitute about one percent of the faculty and probably result
mainly from emergency appointments. The professors shown as
having master's degrees represent a very wide range of qualifications ranging from holders of specialized (but socially useful)
degrees for high school teachers to persons who are putting the
finishing touches on Ph.D. theses.
There is reason to believe that some (unknown) number of
those listed as having mathematical science doctorates actually
obtained their degrees in other subjects. This has been verified
in particular instances by contact with a small number of respondents. The error in reporting typically arises because, after a
period of years during which a professor functions as if he had
a mathematical science degree, the fact that his initial training was in another subject has no practical consequences and hence
is forgotten.
Indeed, such reporting errors, to the extent which
they occur, may not mislead us about qualifications as much as
about the sources of supply of mathematical science faculty.
It is necessary to give some consideration to the question
of part-time faculty. Such faculty members are clearly a heterogeneous group. Some of those reported may hold joint appointments with other departments; some of the part-time faculty, especially in evening classes, may be another institution's full time
faculty members; some may be graduate students appointed as parttime instructors instead of as teaching assistants. Fortunately

Table 3.6
NUMBER .OF PART-TIME FACULTY IN THE MATHEMATICAL SCIENCES.
1970-71

Total

Hath Sci.
Doctorat.8S

Other
Doctorates

Non
Doctorates

Percent
Doctorates

Total

2.830

568

335

1.927

32%

Universities

1.009

421

131

457

55%

Public Colleges

876

57

33

786

10%

Private Colleges

945

90

171

684

28%
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for our degree of understanding of faculty structure this heterogeneous group numbers only 2,830 and hence, even if their teaching loads are as much as half-time on the average, the group as
a whole bears less than ten percent of the total load.
As might be expected the part-time faculty has much lower
formal qualifications (Table 3.6) than does the full-time faculty:
only 32 percent have doctorates. Moreover, over one-third of
these hold doctorates in fields other than the mathematical sciences. Part-time faculty were more prevalent in computer science
than in other university departments: in computer science departments there were 300 part-time faculty of whom 130 had mathematical science doctorates and 82 had doctorates in other fields.
Of far greater significance quantitatively is the teaching
done by graduate teaching assistants. By our estimates there
were slightly over 9,000 teaching assistants in 1970-71, of
whom 78 percent were in universities.
In universities teaching
assistants were almost as numerous as full-time faculty, and in
some institutions had almost as high a teaching load. The total
at first may seem surprisingly high. However, the most commonly
reported data, deriving from departmental applications for NSF
traineeships and including only teaching assistants in over 90
percent of the Ph.D.-granting departments [N], show 5,373 teaching assistants and 6,035 full-time faculty for the fall of 1970,
with about the same ratio of assistants to faculty as in our
larger group of universities.
Table 3.7
NUMBER OF GRADUATE TEACHING ASSISTANTS,
BY TYPE OF DEPARTMENT, 1970-71

Total

Mathematics
Departments

Computer Science
Departments

Statistics
Departments

Total

9,005

7,949

309

747

Universities

7,055

5,999

309

747

Public Colleges

1,804

1,804

146

146

Private Colleges
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Although we estimate 1,804 teaching assistants in public
colleges the majority of public colleges reported no graduate
teaching assistants at all. Teaching assistants in public colleges were highly concentrated in those institutions having enrollments over 14,000, many of which offer master's degrees and
some of which are on the verge of attaining university status.
Full-time faculty, part-time faculty, and graduate teaching assistants form three distinct components of the teaching
staff.
In order to compare the relative magnitudes of these
three components it is necessary to reduce them to the common
denominator of full time equivalents (FTE's). The U.S. Office
of Education on the basis of empirical studies has long considered three part-time faculty members to be the equivalent of one
full-time faculty member. Graduate teaching assistants are most
commonly given half-time appointments (0.5 FTE) or less but the
teaching loads for teaching assistants shown in Table 3.16 (especially in mathematics departments) do not support an assignment
on the average of less than one-half FTE for teaching assistants.
Accordingly we will assume in what follows that a part-time faculty member represents one-third FTE and that a teaching assistant
represents one-half FTE.
Table 3.8, then, presents the teaching staff in terms of
full-time equivalents. In all four-year institutions the total
full time equivalent teaching staff number 22,490. Of these
FTE's 76 percent are attributable to full-time faculty, 4 percent
to part-time faculty and 20 percent to teaching assistants.
If
only universities are considered the percentage of FTE's attributable to teaching assistants rises to 31 percent.
It has been stated above that 64 percent of full-time mathematical science faculty have doctorates. A better expression of
the probability that a typical mathematical science student is
being taught by a teacher with a doctorate might well be the percentage of FTE doctorates among the FTE teaching staff. From
some elementary calculations with the data from Tables 3.1, 3.6,
and 3.8, it turns out that only 50 percent of the total number
of FTE's represent teachers holding doctorates.
In universities,
where 87 percent of full-time faculty hold doctorates, the percentage of FTE teaching staff holding doctorates is only 60 percent. For public and private colleges the percentage of doctorates among FTE teaching staff is 40 percent, which is close to
the percentages of doctorates among the full-time faculty.
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Table 3.8
NUMBER OF FULL-TIME EQUIVALENT TEACHING STAFF
IN THE MATHEMATICAL SCIENCES. 1970-71
Total
FTE
Faculty

Number Of
Full-Time
Faculty

FTE Equivalent
Of Part-Time
Faculty

FTE Equivalent
Of Graduate
Teaching Asst.

22,490

17,043

943

4.504

11.488
9,440
943
1.105

7,623
6,235
688
700

336
205
100
31

3,529

Public Colleges

7,262

6,068

292

902

Private Colleges

3.740

3,352

315

73

Total
. Universities
Mathematics Dept.
Computer Science Dept.
Statistics Dept.

3.000
155
374

While a doctorate percentage of around 40 percent may well
be respectable for institutions such as public and private colleges whose main efforts are directed toward undergraduate instruction, it is clear from a study of individual responses to
the present survey that mathematical science doctorates are still
not plentiful in small colleges. Only half of all private colleges had any mathematical science doctorates on the faculty in
1970-71, just as five years earlier, and another one-fourth of
private colleges had only one. The situation is much the same
for those public colleges which are comparable in size to the
private colleges. Table 3.9 includes comparable data for both
years for private colleges, showing that while 21 percent had at
least two doctorates on the faculty five years earlier, 26 percent had at least two in 1970-71, and most of these had four or
more. However, the presence of at least two doctorates still obtains at only one-quarter of the private colleges.
In terms of numbers of institutions, we estimate there to
be 416 private colleges and 70 public colleges having no mathematical science doctorates and another 200 private colleges and
14 public colleges having only one. Thus each college could be
assured of having at least two mathematical science doctorates
by the addition of 1,186 individuals holding Ph.D.'s (suitably
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Table 3.9
MATHEMATICAL SCIENCE DOCTORATES IN PRIVATE COLLEGES
Number of
Mathematical Science
Doctorates on Faculty

Percent of Private
Colleges having this
number, 1965-66

Percent of Private
Colleges having this
number, 1970-71

0

49%

50%

1

31%

24%

2

15%

4%

3

5%

2%

4

1%

11%

more than 4

0%

9%

deployed).
It is worth noting that five years earlier in 196566 the number required for this purpose would have been 1,120.
Trends in Mathematical Science Faculty
The first comprehensive data concerning mathematical science faculty in four-year institutions became available as a
part of the COLFACS study [C], done by the U.S. Office of Education in 1962-63. A study by Rogers [D], also for the U.S.
Office of Education, was from a somewhat different point of view
but produced comparable data for the academic year 1963-64. These
two studies are discussed in greater detail in the report of our
1965-66 survey [E]. Our surveys provide comparable data for mathematical science faculty for the academic years 1965-66 and 197071. The information available from other sources for years other
than these four is for various technical reasons not strictly
comparable. The data summarized in Table 3.10 give a coherent
picture of faculty growth and changes in faculty qualifications
over the eight year period from 1962-63 to 1970-71.
First let us examine the first column of Table 3.10 describing the growth in total numbers of full-time mathematical
science faculty. Over the eight year period the faculty
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Table 3.10
TRENDS IN NUMBER AND QUALIFICATIONS OF FULL-tIME
MATHEMATICAL SCIENCE FACULTY
Non
Doctorates

Percent
Doctorates

3,658

3,982

48%

8,818

4,079

4,739

46%

. 1965-66 (CBXS)

10,753

5,712

5,041

53%

1970-71 (CBMS)

17,043

10,918

6,125

64%

Year

Total
Faculty

1962-63 (COLFACS)

7,640

1963-64 (Rogers)

Doctorates

increased from 7,640 to 17,043, an average increase of 1,175 per
year. The four entries for total faculty size can be thought
of as empirically-determined estimates for four values of some
underlying function.
In this case the data are consistent with
a linear function; the line determined using least squares agrees
with the values given for total faculty in Table 3.10 to within
three percent for each year, a margin smaller than could reasonable be claimed for the accuracy of the data.
It has become more customary in recent years in such studies to assume (so~etimes tacitly) that the underlying function
is exponential in'nature and to calculate annual growth rates
over all or part of the time period under consideration (see,
for example, [G] and [H]). This does not do too badly here. An
exponential function passed through the first and last points is
only four percent lower than the observed values at the two intermediate points. It is, therefore, not stretching matters too far
to think of the underlying function as exponential and to calculate an annual (compound) growth rate of 10.6 percent for total
faculty over the eight year period. One can proceed further and
formally calculate separate annual growth rates for shorter time
periods and for the doctorate and non-doctorate segments of the
faculty:
Total
Doctorates
Non-doctorates
1962-63 to 1965-66

12.1%

16.1%

8.2%

1965-66 to 1970-71

9.7%

13.8%

4.0%
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From this it is clear that all segments of the faculty
increased at a slower rate from 1965-66 to 1970-71 than during
the earlier periods, and that the rate of growth of the nondoctorate portion of the faculty was much less than the growth
rate in faculty with doctorates. In fact, as we shall see
shortly, the number of non-doctorates actually decreased by approximately 200 from 1969-70 to 1970-71 and there are indications
from the annual salary survey of the American Mathematical Society
[K], that such non-doctorate faculty decreased further by roughly
500 in the following year.
As a result of the higher growth rates for doctorate as
opposed to non-doctorate faculty, the percentage of doctorates
among full-time mathematical science faculty increased rapidly
from 48 percent in 1962-63 to 53 percent in 1965-66 and to 64
percent in 1970-71. It is interesting to note that over the
eight year period the faculty increased by 7,260 doctorates
while only 2,170 non-doctorates were added. Thus on balance
77 percent of the net faculty additions held doctorates.
Table 3.11 gives the numerical changes in numbers of faculty members in the five years between the two CBMS surveys.
Because of changes in the U.S. Office of Education classification
of institutions as described in Chapter I, it is difficult to
compare 1965-66 data with 1970-71 data for more specific groups
of institutions, but these are divided into "universities" and
"colleges" in Table 3.11.
(The sub-category of·" technological
schools" used in 1965-66 has been grouped with colleges for that
year, but several of these as well as a few former "colleges"
have been included in the university group in 1970-71.)
Table 3.11

NUMERICAL CHANGE IN FULL-TIME MATHEMATICAL SCIENCE FACULTY,
FROM 1965-66 TO 1970-71
Total

Math Science
Doctorates

Other
Doctorates

Non
Doctorates

Total

+ 6,290

+ 4,807

+ 399

+ 1,084

Universities

+ 2,893

+ 2,867

+ 201

175

Colleges

+ 3,397

+ 1,940

+ 198

+ 1,259
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The mathematical science faculty in all four-year institutions increased by 6,290, of whom 5,206 held doctorates and 4,807
held mathematical science doctorates, so over this period 83 percent of net faculty additions held doctorates.
In universities
the number of non-doctorate faculty actually declined slightly.
These impressive increases in the mathematical science faculty occurred over a five-year period in which much smaller percentage increases were the case for undergraduate mathematical
science course enrollments, for the fu11-time-equiva1ent enrollment in four-year colleges and universities (Table 2.1), and for
full time equivalent faculty in all fields [A, Tables 34 and 35J.
However, there seems to be little doubt that the figure of
17,043 full-time mathematical science faculty is essentially
correct. The total is closely corroborated by extrapolation
from the data of the AMS Salary Survey of 1970-71 [KJ. The
AMS Salary Surveys for the years between 1965-66 and 1970-71
show yearly growth rates for individual departments of 9.7%,
9.6%, 12.~~, 6.7%, and 3.1%, which when compounded give a total
increase for the five-year period of 48 percent in the size of
individual departments. On top of this there has been a proliferation of additional departments, principally in statistics
and computer science; over 50 such departments were established.
Finally, the NSF study [GJ, although its data are not
strictly comparable to ours, does support the thesis that the
mathematical science faculty grew at least as rapidly as our
data indicate. They report that in 1965 there were 13,700
mathematicians (mathematical scientists) employed full or parttime in universities and colleges, while 23,500 such persons
were so employed in 1970, the latter figure being a linear interpolation between values reported by NSF for 1969 and 1971. Their
figures exclude graduate assistants. Since our estimates for full·
and part-time faculty (a more restricted category of individuals)
are 12,504 and 19,873 for the same two years, the NSF data indicate an even greater growth (71%) than do ours (59%).
It is interesting (and somewhat puzzling) to note that the
net increase of 4,807 in the number of faculty reported as holding mathematical science doctorates compares with a total of
5,165 Ph.D.'s in the mathematical sciences granted in academic
years 1965-66 through 1969-70 (see [AJ).
If some allowance (at
least 1% per year) is made for deaths and retirements among the
5,005 mathematical science doctorates in the faculty in 1965-66,
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these data seem to imply that virtually every recent mathematical
science Ph.D. has been going into college teaching. However,
data from Volume III of the CBMS Survey [J] and from the NAS-NRC
Doctorate Recipients [L] indicate that three-fourths of recent
mathematical science Ph.D. IS have been employed in college teaching in the United States immediately upon receipt of their degrees, and about 5% more take postdoctoral appointments and (presumably) join faculties thereafter. We thus have over 1,000 individuals reported as having doctorates in the mathematical sciences who have been added to the doctorate faculty since 1965
and whose· origins cannot easily be identified. A similar situation held with respect to the 1965-66 survey [E, pg. 38]. The
following are possible sources for these faculty members:
(1)
individuals reported as having mathematical science Ph.D.ls
whose doctorates were not so identified at the time they were
conferred, (2) immigrants with foreign (including Canadian)
doctorates*, and (3) U.S. mathematical science doctorates entering teaching after initial employment in industry or abroad. A
more refined analysis of these matters would be possible only
after several yearly repetitions of the mobility studies discussed below.
Faculty Mobility
In the questionnaire for the present survey we sought information on the movements of full-time mathematical science faculty of universities and four-year colleges from the academic
year 1969-70 to the academic year 1970-71. The respondents were
first asked about the sources of faculty members employed fulltime for the first time in 1970-71. They were then asked what
happened to those who were members of the full-time faculty in
1969-70 but were not members of the full-time faculty in 1970-71.
The respondents were asked to report separately on doctorate holding and non-doctorate holding faculty.
A certain part of the resulting data deals with movement
from one faculty position to another faculty position. Setting
this aside for the time being and considering only entrances into
or exits from the total mathematical science faculty of fouryear institutions, the results are presented both in the form of
* This number appears to be relatively small:
March 1972, page 15.

see CBMS Newsletter,
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Table 3.12
CHANGES IN NUMBERS OF FULL-TIME MATHEMATICAL SCIENCE FACULTY
ACADEMIC YEAR 1969-70 TO ACADEMIC YEAR 1970-71
Additions To Faculty
From Graduate School
From Post-Doctorals
From Non-Academic Positions
From Other Sources
Total Additions

Total
1,355
87
96
25
.+ 1,563

Doctorates

Non-Doctorates

843
87
52

512

+ 993

+ 570

103
55

89
82
230
28

11

44

14

Subtractions From Faculty
Deaths and Retirements
To Non-Academic Positions
Returned To Graduate School
Other
Total Subtractions
Obtained Ph.D. While Engaged In
Full-Time Teaching (Net Change)
Net Change In Faculty Size

192
137
279
82
- 690

54
- 261

- 429

o

+ 373

- 373

+ 873

+ 1,105

- 232

49

a balance sheet, as in Table 3.12, and also in the form of a
flow chart (page 43).
For 1970-71 there were 1,563 new entrants into the mathematical science faculty counterbalanced in part by 690 professors
who left teaching. There was therefore a net gain of 873 in the
size of the mathematical science faculty, compared with an average
increase of 1,175 per year over the eight year period ending in
1970-71.
The net increase of 873 in total faculty was made up of an
increase of 1,105 in the number of doctorates and a net decrease
of 232 in the number of non-doctorates. From this and the count
of faculty numbers in 1970-71 it follows that the faculty in the
preceding year numbered 16,170 of whom 9,813 held doctorates and
6,357 did not.
It is interesting to note that 373 of the net increase in
doctorates were attributable to individuals who completed
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requirements for their degrees while employed in some institution
as full-time faculty members. In our balance sheet this also
appears as a loss of 373 non-doctorate faculty.
Only 30 percent
of these 373 were employed by universities. As a curiosity we
observe that our data reveal 49 persons who held doctorates but
yet returned to graduate school, presumably to study some subject
differing from the original doctorate. The 230 non-doctorates who
returned to graduate school accounted for over half of all nondoctorates leaving college teaching. These two groups of 1969-70
faculty who were involved in graduate study during 1970-71 together constituted almost 10 percent of the non-doctorate faculty.
The rate of deaths and retirements has a strong cumulative
effect on future demand for mathematical science professors. A
conventional assumption for college faculty as a whole is a rate
of two percent. The mathematical science faculty has been growing
extremely rapidly. Since new entrants are typically quite young,
one would expect the rate of deaths and retirements to be lower.
The 192 deaths and retirements reported were 1.2 percent of the
1969-70 mathematical science faculty. The deaths and retirement
rate was 1.0 percent for doctorates compared with 1.4 percent for
non-doctorates. The higher retirement rate for non-doctorates is
plausibly explained by slower growth of the non-doctorate segment
of the faculty, since most entrants to the teaching profession are
relatively young.
If the mathematical science faculty were to
grow at a slower rate than in the past the rate of deaths and retirements could be expected to rise as the age distribution of the
faculty shifted upwards.
We were surprised at the extremely small amount of interchange between academic positions and non-academic ones. Only
137 people left college teaching for non-academic positions and
only 96 moved in the opposite direction.
The questionnaire sent to four-year institutions was not as
specific about movements between academic positions as about the
to-and-from movement, and no distinction was made between academic
positions in two-year colleges and positions in four-year colleges.
However, returns from our questionnaire to two-year institutions
(see Chapter V) indicate that approximately 20 Ph.D. 's and slightly
over 100 non-doctorate faculty migrated from four-year institutions
in 1969-60 to two-year institutions in 1970-7l~ the flow in the
opposite direction is not known. For clarity of argument we make
the plausible assumption that the net flow of faculty between two-
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FLOW CHART FOR FACULTY MOBILITY
ACADEMIC YEAR 1969-70 TO ACADEMIC YEAR 1970-71
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and four-year institutions was essentially zero. Both the estimates of net change in faculty size given above and the discussion which follows would be affected in obvious ways if this
assumption were significantly in error.
An estimated 611 doctorate-holding faculty members were
reported as transferring from one academic position to another.
This is an internal mobility rate of six percent, which is equivalent to approximately two job changes during a typical career.
The non-doctorate-holding faculty was less mobile. A total of
174 were hired from other academic positions, an internal mobility rate of not quite three percent (perhaps less if there was a
net transfer to junior colleges). A total of 307 doctorates and
106 non-doctorates were on leaves not involving a return to graduate school.
Restricting our attention to the universities we note that
83 more professors left universities for other academic positions
than went in the other direction. The excess leaving departments
of mathematics was 175, the difference representing a net importation by university departments of statistics and computer science of professors from other types of institutions. Taking into
account all the kinds of changes mentioned above we estlmate
(rather roughly) that the university mathematical science faculty
had a net increase of 463 of whom 236 were in mathematics departments, 52 in statistics departments, and 175 in computer science
departments. This indicates a higher growth rate in statistics
departments than in mathematics departments and a much higher
growth rate for departments of computer science.
It should also
be remembered that statisticians and computer scientists are, or
were, employed by many mathematics departments and by departments
outside the mathematical sciences, and that some may have changed
their departmental affiliations within the mathematical sciences.
In addition to the facts discussed above concerning faculty
hired for 1970-71 the respondents were asked how many additional
faculty members they planned to seek for 1971-72 (exclusive of
replacements) and for 1972-73. The replies, many of which were
prepared in December and January and were thus undoubtedly premature with respect to administrative approvals, indicated that
about 900 additional faculty--750 doctorates and 150 non-doctorates--were desired, exclusive of replacements. This would have
been about the same net addition as for the previous year (Table
3.12).
In reality, the chairmen were clearly unable actually to
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obtain these new positions in the difficult financial period
which followed: the data from the AMS Salary Survey [K] in the
summer of 1971 indicate that the number of new positions actually
added to the total faculty was probably not much over 200. The
chairmen's aspirations for 1972-73 were even larger, and thus not
at all meaningful in the light of 1971-72 actualities.
However, it is instructive to compare the percentage distribution by field of the Ph.D.'s granted in 1971, as reported
in [L], with the desires of department chairmen for 1971-72 and
1972-73:
Ph.D's Granted
1970-71

65%

Mathematics

Ph.D. 's Wanted
1971-1973

40%
12%

Applied Mathematics
computer Science

10010

32%

Probability and Statistics

16%

16%

In the cases of applied mathematics and probability and
statistics, the nice matching in percentages does not imply a
balance between supply and demand in these fields, since academic
demand overall seems likely to fall far short of supply: Ph.D's
in these fields would merely not have as difficult a time as those
in core mathematics. With respect to computer science, the
healthy demand for Ph.D.'s has been recognized by universities for
some time. To meet this demand, many new graduate departments
have been formed and the number of Ph.D. 's granted has risen [L],
from 18 in 1966 to 51 in 1968 and to 118 in 1970. Should the number of computer science doctorates continue to double every two
years, the supply and demand ratio for faculty in the field would
probably tend to converge toward that of the other mathematical
sciences, even though over half the Ph.D.'s in this area are employed (as of 1970) in non-academic activities [0].
Faculty Utilization
In this section we report on data concerning teaching loads,
expectations of research, and trends in methods of instruction.
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The information presented all bears on manpower questions.
Table 3.13 gives a tabulation of the answers to the question, "What percent of the total freshman-sophomore teaching load
is borne by graduate assistants?" This question must be difficult
to answer if graduate assistants are used primarily as graders or
are in charge of quiz sections or laboratories. There are difficulties with the data from statistics and computer science departments, and except for universities the responses were scattered. However, in university mathematics departments the data
were excellent and are reported in Table 3.13 in terms of the
Table 3.13
LOWER DIVISION TEACHING DONE BY GRADUATE ASSISTANTS IN UNIVERSITY
MATHEMATICS DEPARTMENTS IN 1965-66 AND 1970-71
Percent of
Freshman-So~homore

Teaching Done by
Graduate Assistants

Percent of University
Mathematics Departments
In This Range
1965-66

Percent of University
Mathematics Departments
In This Range
1970-71

0% to

19%

22%

21%

20% to

39%

24%

28%

40% to

59%

30%

37%

60% to

79%

14%

7%

80% to 100%

,W%

7%

percentage of university mathematics departments whose responses
fell in a given range. The same information is also presented
from the 1965-66 survey. In both years the median university had
40 percent of its freshman-sophomore mathematics taught by graduate assistants, but apparently there has been some movement from
extreme situations toward the median. Here we have one of the few
differences between public and private institutions. Of private
universities over one-third have less than 20 percent of all lower division mathematics taught by graduate assistants while only
ten percent of public universities report such a small utilization.
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We also asked about upper division classes and about other
segments of the teaching staff. As might be expected from data
previously presented on the full time equivalent of part-time
faculty (Table 3.8) a very small percentage of the total load is
borne by this group. Upperc1ass courses were rarely taught by
any except full-time faculty members, and almost never by teaching assistants.
Information on teaching loads is presented in Table 3.14
and 3.15. Information was sought separately for each faculty
rank and for each term of the year and the respondents were asked
to comment on exceptions to the general policies. Differences by
rank or by loads in different semesters were only infrequently
reported.
The only standard exceptions to the stated policies
were reductions in load for various types of administrative duties.
A number of departments just beginning to become established as
research centers have formal policies assigning higher teaching
loads to those faculty members not involved in research.

Table 3.14
PERCENTAGES OF MATHEMATICS DEPARTMENTS HAVING GIVEN
TEACHING LOADS FOR FACULTY, 1970-71
Teaching Load

Percentage of Departments Having This Load
Mathematics in
Universities

Public
Colleges

Private
Colleges

Less Than 6 Hours

8%

6 Hours

40%

3%

7 or 8 Hours

32%

5%

9 Hours

8%

14%

7%

5%

25%

17%

7%

35%

60%

18%

16%

10 or 11 Hours
12 Hours
Over 12 Hours
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The median university mathematics department had a teaching load of seven hours although the most common teaching load
was six hours. Teaching loads of less than six hours were only
infrequently reported and were usually unbalanced, being less
than six hours in only one term (e.g., six hours the first semester and three the second). A total of 72 percent of all university mathematics departments reported teaching loads in the range
from six to eight hours.
Since a teaching load of seven or eight
hours virtually always involves only two courses, we can conclude
that a two course teaching load or less is standard in 80 percent
of university mathematics departments. with a single exception
all reports of teaching loads of nine hours or more were from departments without a Ph.D. program in mathematics. However within the university category a majority even of non-Ph.D.-granting
departments had teaching loads of less than nine hours.
The teaching loads in public and private colleges were significantly higher. A total of 74 percent of public colleges and

Table 3.15
PERCENTAGES OF STATISTICS AND COMPUTER SCIENCE DEPARTMENTS
HAVING GIVEN TEACHING LOADS FOR FACULTY, 1970-71
Teaching Load

Percentage of Departments Having This Load
in Universities
Computer
Science
Statistics

Less Than 6 Hours

17%

44%

6 Hours

46%

28%

7 or 8 Hours

27%

12%

9 Hours
10 or 11 Hours
12 Hours
Over 12 Hours

8%
7%

3%

8%

49

84 percent of private colleges had teaching loads between nine
and twelve hours. The median teaching load was twelve hours
both in public and in private colleges. Reports of teaching
loads higher than twelve hours came mostly from small colleges.
Only one private college and no public colleges reported a standard load as high as fifteen hours.
In computer science and statistics departments teaching
loads were lighter than in university mathematics departments.
The median load in each was six hours; 63 percent of computer
science departments and 72 percent of statistics departments
had teaching loads of six hours or less.
The same type of data for teaching assistants is summarized
in Table 3.16. First we observe that in departments of computer
science and statistics almost two thirds of all respondents reported teaching loads of three hours or less for graduate assistants. This probably reflects a different balance of teaching
and non-teaching assignments for assistants in these fields.
In university mathematics departments the situation is
quite different, especially if a comparison is made between the

Table 3.16
'PERCENTAGE OF MATHEMATICAL SCIENCE DEPARTMENTS HAVING GIVEN
TEACHING LOADS FOR GRADUATE ASSISTANTS, 1970-71

Teaching Load
for
Graduate
Assistants

Percentage of Departments Having This Load
in Universities
Mathematics

Computer Science

Statistics

Less Than 4 Hours

23%

65%

62%

4 or 5 Hours

35%

4%

8%

6 Hours

35%

31%

30%

Over 6 Hours

7%
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load of a teaching assistant and that of a full-time faculty
member in the same department. In only 36 percent of the responding university mathematics departments does the teaching
load for a professor exceed that for a teaching assistant by
more than two hours. In 44 percent the loads for professors
were higher but by less than two hours, and in 20 percent the
loads were the same or (in two instances) the graduate assistants had higher loads.
Table 3.17 gives some information concerning expectations
of research and pUblication. It is no surprise that all Ph.D.granting departments have some such expectation. About half of
the university respondents balked at stating these expectations
in terms of numbers of publications over a five year period, including the majority of respondents from prestigious departments
where research accomplishment is most highly valued. A reading
of the raw data indicates that outside universities publication
at some stated rate probably does represent a genuinely stronger
emphasis on research.
It comes as somewhat of a surprise to the
authors that 38 percent of public colleges and 28 percent of
private colleges stated some expectation of faculty research and
publication.
(Information on actual publication rates of Ph.D. 's
was reported in our earlier graduate survey, [F], pp. 108-110.)

Table 3.17
PERCENTAGE OF MATHEMATICAL SCIENCE DEPARTMENTS HAVING GIVEN
EXPECTATIONS OF RESEARCR AND PUBLICATION

Expectation

Universities
CMathematics Depts.)

Public
Colleges

Private
Colleges

(a)

Publication at a Stated
Rate·

41%

13%

4%

(b)

Maintaining Research Activity
but With no Expected Rate of
Publication

53%

25%

24%

No Expectation of Research or
Publication

6%

62%

72%

1.0

0.4

0.6

(c)

Average Rate of Publication in
Papers Per Year (Where Stated)
~----~
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In this connection it may be interesting to note that 80
percent of universities, 66 percent of public colleges and 79
percent of private colleges have a sabbatical leave plan. Many
institutions not having a formal plan indicated that ad hoc
arrangements can frequently be made to achieve the same ends.
A sabbatical leave is rarely granted automatically as a matter
of right but usually requires an application expressing wellformulated plans for research or for some other activity. As
we stated earlier only 307 or three percent of the doctorate
faculty were on leave in 1970-71; even if all of these were on
sabbatical leave, which is quite unlikely, the average frequency
of leave of absence is clearly not literally "sabbatical".

Table 3.18
PREVALENCE OF METHODS OF INSTRUCTION OTHER THAN SMALL SECTIONS,
MATHEMATICAL SCIENCE DEPARTMENTS, 1970-71
Method of Instruction

Percent of Departments Using This Method
Universities
(Mathematics)

Computer
Science

Statistics

Public
Colleges

Private
Colleges

Large Lecture Classes
With Small Quiz
Sections

43%

51%

15%

11%

3%

Large Lecture C~asses
With Help Sessions

42%

47%

29%

8%

10%

Organized Program of
Independent Study

24%

51%

18%

22%

51%

Courses by Television

6%

2%

9%

10%

4%

Courses by Film

3%

0%

0%

0%

0%

Courses by Programmed
Instruction

9%

3%

2%

7%

10%

Courses by ComputerAssisted Instruction

5%

11%

2%

2%

2%

Other

6%

11%

5%

0%

17%

27%

21%

49%

53%

37%

None of the Above

52

We turn now to the information we have acquired about methods of instruction in the mathematical sciences. The questionnaire asked the respondents to give yes or no answers as to whether in their department at least some use was made of specified
methods of instruction. The percentages of departments giving
positive answers are summarized in Table 3.18. The most commonly
used methods were independent study and some form of large lectures. The "other" methods listed in the next to the last line
in the table were mainly slight variations of the methods previously listed. It is interesting to note that some form of large
lecture classes was used in 56 percent of university mathematics
departments, 77 percent of computer science departments, 40 percent of statistics departments, 17 percent of public colleges and
12 percent of private colleges. The last line lists the percentages of departments who used only traditional small class methods.
Apart from the intrinsic interest of the subject it would
be useful with respect to considerations of manpower to have some
idea of the proportion of students taught by each of these methods.
It is easy to see from the data of Table 3.18 that courses conducted using television, films, and computer assisted instruction
are not at present encountered by very many mathematical science
students, but it is not possible from data of the type we have to
make satisfactory estimates of the proportions of mathematical
science students taught in large sections or involved in independent study. However, from the point of view of manpower and especially for purposes of making projections it is more important to
have some knowledge of general trends than to have detailed and
precise knowledge of a static situation. Information on trends in
those methods which are most prevalent is provided in Table 3.19.
We observe that from 1960-61 to 1965-66 various forms of
large scale teaching came into much more widespread use in all
kinds of institutions, perhaps doubling in frequency.
In the next
five years, however, there seems to be on the whole no significant
spread of large class instruction. There may possibly have been
some modest increase in universities as opposed to a significant
falling off in public and private colleges. A similar pattern
seems to hold with respect to independent study--a significant
increase followed by slight declines thereafter. Programmed instruction continued to increase modestly in universities but declined somewhat in public and private colleges. On the whole we
see little evidence of any greatly increased use of new formats
for mathematical science instruction from 1965-66 to 1970-71.
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Table 3.19
TRENDS IN METHODS OF INSTRUCTION, 1960-61 TO 1970-71
MATHEMATICS DEPARTMENTS

Method of Instruction

Percent of Departments Using This Method
Universities
60-61 65-66 70-71

Public Colleges
60-61 65-66 70-71

Private Colleges
60-61 65-66 70-71

Large Lecture Classes With
Small Quiz Sections

21%

42%

43%

2%

13%

11%

4%

10%

3%

Large Lecture Classes With
Help Sessions

27%

34%

42%

11%

28%

8%

8%

15%

10%

Organized Programs of
Independent Study

15%

24%

24%

7%

27%

22%

16%

25%

22%

Courses by Programmed
Instruction

0%

6%

9%

0%

11%

7%

1%

11%

10%

Course Enrollments and Mathematical Science Faculty
We turn now to a consideration of the relationships between undergraduate course enrollments and numbers of faculty
as observed in our 1965-66 survey [E] and in the present survey.
The supply and demand studies of Allan M. Cartter and others
have been based on the assumption that the number of new faculty
members required for expansion will bear a fixed ratio to the
number of additional students. Historical data [A] support this
assumption as applied to faculty in all disciplines and the total
number of students in college. The validity of this assumption
as applied to individual disciplines cannot generally be tested
because the appropriate data are lacking. Cartter states in [M]:
It is not too difficult to assess the aggregate flows of
new teachers, as well as replacement and expansion needs,
for errors tend to cancel out. For each 100,000 new
students in higher education, about 5,000 new college
teachers will commonly be required. But whether those
new teachers will be scientists or humanists, specialists
or generalists depends on a host of factors that are not
revealed by the aggregates •••

54

The next three tables consider this situation for the
mathematical sciences. Table 3.20 brings together data for
1965-66, taken from [E], about course enrollments and faculty
in that year.
A ratio which we have found to be a useful indicator is the
ratio of enrollments in undergraduate mathematical science courses
to full-time mathematical science faculty. Let r
denote this
ratio. It should be noted that r compares undergraduate enrollment with the number of full-time faculty available for all purposes, including graduate teaching and research. A purer ratio,
comparing the magnitude of the undergraduate teaching effort with
the manpower available for that effort only, would be preferable
were it possible to obtain the necessary information.
From Table 3.20 we observe that r was 99.3 for all fouryear institutions in 1965-66 and within ten percent of that
figure for each category of institution except for the (relatively
small) category of technological schools.
Table 3.21 summarizes the same facts for 1970-71. Observe
that r,
far from remaining constant, has declined from 99.3 to
81.3 and is even more nearly uniform among different classes of
institutions. Table 3.22 breaks up the university component by
type of department.

Table 3.20
UNDERGRADUATE COURSE·ENROLLMENTS AND MATHEMATIGAL
SCIENCE FACULTY, 1965-66
Private Technolosical
Public
Total Universities Colleges Colleges
Schools
Course Enrollments
(In Thousands)

1,068

493

310

201

64

Full-Time Faculty

10,753

4,730

3,056

2,228

739

Part-Time Faculty

1,751

698

293

625

135

99.3

104.2

101.4

90.2

86.6

Enrollments per Full-Time
Faculty Member
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Table 3.21
UNDERGRADUATE COURSE ENROLLMENTS AND MATHEMATICAL
SCIENCE FACULTY, 1970-71

Total

Public
Colleges

Universities

Private
Colleges

Course Enrollments
(In Thousands)

1,386

629

496

261

Full-Time Faculty

17 ,043

7,623

6,068

3,352

Part-Time Faculty

2,830

1,009

876

945

Graduate Assistants

9,005

7,055

1,804

.146

22,490

11,488

7,262

3,740

Enrollments per Full-Time
Faculty Member

81.3

S2.5

S1.7

77 .9

Enrollments per FTE Faculty

61.6

54.8

68.3

69.8

FTE Faculty

Table 3.22
UNDERGRADUATE COURSE ENROLLMENTS AND MATHEMATICAL SCIENCE FACULTY
IN UNIVERSITIES, BY TYPE OF DEPARTMENT, 1970-71
University
Mathematics
Departments
Course Enrollments
(In Thousands)

Computer Science
Departments

Statistics
Departments

551

46

32

Full-Time Faculty

6,235

688

700

Part-Time Faculty

"615

300

93

Graduate Assistants

5,999

309

747

FTE Faculty

9,440

943

1,105

Enrollments per Full-Time
Faculty Member

SS.4

66.9

45.7

Enrollments per FTE Faculty

58.4

48.8

29.0
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There are three conceivable causes for a decline in r:
(1) An increase in the proportion of full-time faculty among
the full-time-equivalent teaching staff. This would happen, for
example, if full-time faculty were hired to replace a considerable number of teaching assistants.
(2) Decreased teaching loads
or decreased average class size in undergraduate instruction so
that a typical faculty member would handle fewer students.
(3)
Additional faculty members hired for purposes other than undergraduate teaching. That the first alternative did not occur
between 1965-66 and 1970-71 is shown by the fact that full-time
faculty constituted 77 percent of the entire full-time-equivalent
teaching staff in 1965-66 compared to 76 percent in 1970-71.
Alternative (2) must be virtually the complete explanation
for the decline in r
for the category of private colleges since
these institutions conduct only a negligible amount of graduate
work and paid research. The value of r
for these institutions
in 1970-71 was 77.9, which was 90 percent of its 1965-66 value.
If a closely comparable decrease in r were observed in universities one might feel justified in assuming that decreases in
teaching loads or class size provided an explanation for observed
decrease in r
in universities. However, the value of r
in
universities for 1970-71 was 82.5, which was only 79 percent of
the 1965-66 value so that it is extremely plausible that alternative (3) has also had a considerable effect in universities.
It is instructive to compare what Table 3.21 says about
universities, (which have extensive graduate programs) with private colleges (which have essentially none). The category of
public colleges is, in a sense, intermediate in this respect.
The universities have substantially the same value of r
as do
private colleges. In universities in 1970-71 there were 7,623
full-time faculty members and 7,055 teaching assistants. At the
cost of some oversimplification this can be thought of as stating
that one professor plus one graduate assistant in a university
teach the same number of undergraduates as does one professor in
a private college. Thus in a beautifully symbiotic relationship
the teaching assistant frees precisely as much of the professor's
energy as is utilized in providing the program of graduate instruction and research which is the real payment for the teaching
assistant's services.

