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R - INTRODUCTION -~ .+~ .
. - L . L L ) ‘ . ’ ’ . o ’

This report i$ designed for students in secondary school or college, ‘and, .
their counsclors ot faculty advisors. It is intended to give an lnd;catlon of

<tlic varicty of careers available to persons with mtcrcst and preparation in*

“the mathcmatlcal scicnces. THe report is written in several parts, cach Y

focusmg on a partrcular class of professions, and describing the nccessary -
tréining as. wcll as the charaetcr of the work and gcncral conglitions of
employmcnt S is sthie casc with any committee report it is subject to the -
authors’ pérsonal biascs conccrnmg thc present and future cmploymcnt
situatio for mathemat|c1ans "
Parts I thrgiigh V deal with flve areas in Wthh the appllcatlon of
mathemftics plays a major role Part I is devoted to the most trad|t|onal'
. areas ;to whrch mathematlcs has bgen appllcd physics and engineering.
Part 1 describes the role of mathematlcs in‘computer science; the natyre
" of the pdblems addressed, and the kinds of employment a mathematician
mrgh seek; Parts 111 and 1V descrlbe Operations Research and Statistics
" in a similar way\Part Vdiscusses the field of Actuarial Science, a profes- "
sion Of long standing deallng prrmarrly with problems’related to pensnons
- “and msuranct Part VI deals with the application -of mathematics to
.model bulldlng in*other dlsc1pl|nes such as sqcial 'sciences and biology.
Parts VII-and -VIII are organized around the typc of employer, and“’

. g'encompass a wide variety of ma hematical specialties. Part VII is devoted

',
J
e

to the teaching of mathematics ft all levels, and Part VIII discusses the
role of the mathematician in government, busmess and industry. ‘Part IX
focuse upon the value of an undergraduate degre¢ in mathematics as -
“preparation for a number of careers not neeessarrly thought of as-mathe-
matical, such_as business or law. Part X gives a lrst of references to.
publlcat-rons and professmnal societies.

*. Changing tim®s hate dictated changes in the focus and emphasis. of *

' “Professmnal Obportunltles in the Mathematical®ScieriCes.”” The 1960’s

- saw a remarkable increase in the recognition of the importanke of.rmgthe-

T

matics in.all areas of"society and in the need for t-t;amed mathemdticians-at . .
all fevels. "Fhls trend has not been re\?ersed but it -has been modified.
Mathematical thlnkmg d techmques “of mathemat1cal a;}Ksrs are, if
anything, morg. important than ever before in an increasing umb}'
\{)rofessronal areas. While, employment o portunltles for teachers“and’ -

‘esearchers, in pure mathematics declined in the 1970’s relative to the
supply, “the need for well-trained people Who could apply ma.thematlcal
methods and ideas remained ‘strong. The latter situation, at least, seems °
- likely to cont| ue. The tenth edition (1978) of this publication contained

.~ the new séction * Opportumtles in lnterdlsc1phnary Areas,”’ which i is still -

highly relevant,.and to this, the eleventh edition, we hava added Part IX,
“Mathematlcs as a Background for Other Professrons ”
LA e, e
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It is important to stress the value of undcrgr%f'gluatc training intmathe-
m‘atics, whether or not the, student -anticipates going on for a graduate
dégree in the mathematical-sciences. As is pointed out in Part IX, a

. i . . . ..
bachelor’s degree in mathematics can provide entry to jobs in manage- -

” ment, «enginecring aid geology, and to graduate schools-ifi business, law

. -~ - N \ p e o
& . and Government, among others. There ar¢ also good"opportumuc;: for

. sthosc secking many of the gore dircctly mathematical carcers mentioned
--{‘ﬁ . in this report, phrlicularly if they have taken somé courses in compujer

© " sciences and statistics. In a number of ficlds a master’s degrecrepresents

”

adequate formal education. Sometimes when higher degrees are required
for 'ac'lvan'cc_mcnt‘thcr'c arc opportunitics to'undertake further schooling
while.on the job. Of coprse, the amount of formal education nccessary
,Jd@pcmls upon the job. ¥or collégé’and university teaching and-for basic
industrial rescarch.a Ph.D. is usually a requirement. .-~ y
AScveral variables affect job opportunities .for pcople trained in mathc-

* matics; regionhal differ nces and the relative economic position of private
-andspublic activitics arc'among them. But in general theprospects. at this

time are very goal far those with some flexibility. Women, Blacks, and .

" Hispanic-Americans, whe are underrepresented in the ficld, should be
encouraged to purstié thicir talents and interests in mathematics. Whilc the
percentage o,t;;v/?eﬁ' in mathematical professions has grown, it is still

\7Er“y small. The percentage of thie minority groups mentioned above is :

" smaller %till

for women are cited in Part X, the list of referénces. ‘ ’

-

. );T s teport is prepared by the- Committee on Advisement and Person-

. of the Mathematical Association of Agherica. The' members™of the
Committec who contributed to this edition were Bernice . Auslander,
University-of Massachusetts/Boston (chairperson aild editor); Janc Day,
‘San- Jose University; Gordon Raisbeck, Arthur D. Little, Inc.; Martha
Smith and James 'Vick, both of th& University of Texas (Austin). The

* * Committec owes a debt of gratitude to Alfred Willcox and tfiestaff of the

"« Mathematical Assocfation of America and to the following members of -

. @ the mathématical community, who also 'made contributions to the repdrt:

Linda Kime, University of Massachusetts4Boston; John E. '‘O’Connor, -

"+ - Socicty of Actuaries; Richard D. Truésdell, University of Massachusetts/
. Boston; Hepr‘y Alder, Uniye’rsity of Californi4;:Davis. : _
: S - . \

. ditional cfforts -arc required to direct the aspirations of . -
these grou s/into the mathematical sciences. Some publications intended

PN
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LPART It ()I’Ii(;‘l{'l'lJN ITIESAN .CI,ASSiCA L APPLIED

. MA'I“IIICMA'I'ICS ANDENGINEERING
’ . “ LI ' ¢
y o The most traditional role of the mathematician in a professional sctting has
' been in the solution of problems arjsing from physical phenomdna, From its very
s inception, caleulus has I)ucn applicd to laws of motion and to undcrst.nndmg the

consequences ofi mwmctmg, forces. While the c.lrly .lpphul mathenaticians were
nucss.mlyLphyswlsts and cng,anccrs as well, the modcr;n setting ‘calls for - the
mathematician to serve as a l’lclﬁbcr Ol\d team ol specialists, c.lch bringing a

* particular talent to bear on pmblcms R ; ) i
In a broad sense, the applied nmtlicnmtlcl.ln is mstrumcnt.ll in dmg,nmg, and
analyzing models of systems and in tcsum, and ev alu.mm, purform.mcc It-is a

characteristic of this ficld that the gchmc.nl quustnons readily move across once

b clearly distinguished bound.mu Whether. in rcscnrch dand development or in
.\' ,m’dustrml production, the applied mathcmatician -must interact with engineers,
R ! physicists, programmers, and other specialists. The common godl is to find ways
~ , - toYimprove quality, reduce cost, and increase productivity. The analyucnl skills " .
~of th¢'mathematician are p\mlcularly valuable in consulting.for tcchmcal services '
or trouble shooting,. ) '

.

Recent mithematical rescarch’ in combination with increasing computer

¢ sophistication las opened ficlds that saw little dcvclopmcnt in the past due to

their intract tability to classical analytic tulmlquu These inclade the solution of~

. probkms mvolvmg enormous numbers of equations, the numerical §imulation of

' complex_systems such as power grids, and the application of control thcory and
‘other mathematical tools to the. management of traffic or industrial processes.

* 1. Education for Applied Mathematics. Preparation for a carcer in applied
mathematics is discussed in thg report from the MAA Commlttcc on the Under-
*graduate. Program in Matlfcmatlcs (CUPM) cnmlcd “Rccommcndathns for a
General Mathematical Sciences Program.” The nccd shguld be stressed for a
thorough b.1ck;,round in caleulus, linear. algcbr'l, ordinary and ‘partial differ-
ential cquallons probat)&hty, stauslu,s, and advanced calculus. These courses
should mdude somc cxtcnswc use of’compuung. or they should be supplemented
* by-approp te coursc§g|n uomputer seiences.

. - . Supportir: work, should mclude physncs and basic cngmpcnn%\courscs
o Spccnﬁc profcssnonal oppormnmcs may, rcqunrc additional trainihg in chemistry,
el blology. or geologys-Jt is” p;lrticularly the case in_some rescarch programs that
prcparanon at advanccd degree fevels in applied mathematics is ncccssary
‘.t Singe the apphdd mathematician will often work as part of a team, communi-
i cation. sk|IIs are essential.. Ther cducatlonal background must develop the ability
to wnte clearly aqd cffccuvely and to: prEScnt Iogxcal and persuasive fral
argug}cnts R Ve P g
_ 2.°W0rkmg as af’l Applled Ma(hemahcmn. Thc tasks of the applied mathe-
malxclan are, as dnverse as the_ consmucncncs' served The broad category of
H ” engmccrlng d|Sc1pImcs is a rich source of mathemamal 'problems In the acro-v

J
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nautical field a nmllum.mu.m nuy Ilclmo develop modcls lor mjno\phuic flight -
nuln‘ing the analysis of pulorummc in-scarch of opunmLlr.tj(.uonu. lho-. '
+ medical engincers may rely on mathematicians when dcsnbmh;, and mtcrprumg
. theoretical models of chemical and biological processes. A mulmmml cngineer
. ," , ay require a study of heat transfer by wn(luulon. L()IlVLLlIOll. und.mdmlnon
R \"-rcsulmn, from a gas turbine,

© .y Many problems involve scientific or cnbnucrmg datatand the ubc of computer
tcc.hmqucs to answer (uestions- arising “in rcscarcll. plant opuauom product. .
dlslqbuuon systems, inventory controls, and business system analchs Mathe- - .. ™

maticians scek cfficient and reliable computer programs for .the” mimerical
solullon of nitial valie problcms or special function routines capable of deliver- ‘
ing .m\xmlc answers over a wide rangg of" p.tmnu,lcrs While the methods most .
frcqucnlly applied are ascd in ordinary and_partial differential cquations, there
. s an incréasing mvolvcmun with probablhly. statistics, and computing.
) ) According to the College Placement,Council; in the Spr?flg of 1982 the avcragc
starting sal.ﬁy for a Ill.ﬂhLlellLS major with a bachelor’s degree was $21,100.
The ¢ rcspondmg average slanmg salary was $25,300 for holders o£ master’s

' “degrees. \ .
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PARTII; ()I’(’()Ibl'lJNI'I'llj)S‘IN COMPUTER SCIENCE, .
. . , . \ .

Until a Qv years after, World War 11, very few. persons were employed as.

mathematicians in, non-tcaching positions. Now many. mathematicians receiving,
the Ph.D. degree and the majority of those with master’s or bachelor’s (lcgrcc.s".
aceept jobs in industry or governnmient."Most of these jobs have been created by
the phenomenal growth in the use of computer technology. A recent U.S. Depyart -
méhit of Labor publication (Ilnl{uln 2075) indicates that in 1978 about 430,000
people worked as computer progranuners or systems analysts: The demand for
wmputu scientists exceeds supply, especially for individuals with work experi-
cnce-or higher dq,rus. In 1980 there were 3,597 midster's and a mere 239 Ph.D.’s
awarded in compnter science (National Center for Edncation Statistics, Lurmd
Degrees (onkrrui Aunual Scries).”

- Computer science is umquc in some respects. It grew out of tllc'uuion of -

scicnce and enginecring and fofms a bn(lgc bétween the two. The nation’s univer-
sitics reflect this dual nature. Sowc place _computer science in ¢ngineéring
“departments and otlurs. in sciende or mathematics departments. Many nniver-
sities lave now created separate departments of cofputer sgicnce.

There are many professional organizations whqse amembers deal with the use
and applications of canputer science. The two major ones are the /\%OCIMIOH
‘or Computing Machinery and the Souuy for Inditstrial and Applicd Mathc-‘
“matics. For additional nayies consult the Ammcdn r(.d(.l';lleIl,Or Inforln:\tlon
Processing Socictics, '

We shall concentrate here on those zmpccts of Lomputcr science holdlng much
. in common with mathcmatlcs - toe

1. Mathematics and Computer Science. Classical and modern mathcmatlcs
can and do interact with computational mathcmatlcs in a variety of ways. Com-

putauonal mathematics oftcn makes extensive use of lincar algebra. One impor-

‘tant and widely used way is in the solution of systcms of equations, usually linear- -

systcms While many elementary college (or high school) courses teach that the.
itverse .of a matrix of order n, ifit exists, can be used to solve a lincar system, thig
is not a good way to accomplish a solution with a computer. This method>would

‘generally involve opcrauons far a systemof n equations in n unknowns Fora

system of equations mvolvmg a thousand equations and a thousand unknowns,
this would represent roughly one billion multiplications or simliar. operations.

~Methods have been developed using matrix’ a]gebra and other techniques from

lincar algebra that reduce this number to n? steps or fewer, This cuts the

" responding number of rcquncd ‘operations to something less than one ml"IOﬂ

Not only does this require far less in the way[of computer resources, but thesc
m&thods also tend to reduce the round- off error mhcrcnt in, all digital computcr
operations.

A great deal of time and effort is involved-in ﬁndlng methods of solution for
system® of” ordinary or partial differential equations. While many courses in
dlffercntlal cquauons are concerned wnh the existence of a solutlon. the com-

1

"
.
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puter scientist must be able to compute the soltion. Frequently the methogs will

') be iterative in nature. ‘Thus two questions arise: Does the technigque umvcrpc)
“How vood an approximation does one desire? C umnutnu, time and nunmcy are
paramount in the consideration of techpiques, '

There is tremendons interest in nmlusl.rmlrnp the logic of u)mpnmnmr, Imth
tlic logic of the program, and the hardware. ¢ urrently there is some experimenta-
tion in ‘'p: lr.lllcl” Lompmcrs desipned tos do o mumber of simultaneous
-operations, The qu&tion of which, LOIIlDlIl'lll()ll.ll algorithms are best u(luptul .
for this type of approach represents an area of active research, -

In the organization of large data bases and in the problem of surtmg such.data
bases, the nse of graph theory iy prnvmb to be of inestimable vafne, Graph theory’
also finds its .lpphcmlons in the design of -compilers and interpreters, Such
applications are needed in the matter of informgption retrieval for users such as
the Internal Revenue Service, the Burean of Census, and other agendies of the
Federal government, as well as for large corporations./ ,

Numerical analysis is, @ nuijor consideration in solvmg problems with com-
mers. In fact,-several of the previously mentioned topics are part of mmrmurl
analysis. (Wl\ulc consideration needs to be given to the existence of solutions or
the Ilkdrlmud that a given problent may, in fact have a solution, there are
mmput.lm .ll u)mplcxnm such as round-off errors, drvcrgmc, or instability
of a propp\g(l numgrical method that are of eqnal importance.) Other mathe-’

* matics-oriented computer arcas are: mathematical probr.ummug, simul; mon,
. artificial intelligence, and Lompumuon.ll comperly

2, Working as’ a Computer Scientist. A nmlrcmancmn with a bachclor’s
~degree hired in. Lp)nputcr -related work erI invariably: start as a_computer pro-
grammer. f‘hc largest cmployers -are mnnulacmrmg firms, bnnks. insurance
companies, data processing service organizations, and government agencies. It is
recommended that undcrgraduatc mathematics majors include i in their prepara-

tion at least three or four computer science coursces.

At the master’s level more opportunitics are openedy There are three b’lsrc
arcas where jobs are available. (1) Tc’uhmg\\opcn at high school and junior
college levels: for someone who can teach compiter science and the mmhcmatrcs
associated- wnh computer science. (2) The majority of governmental and ‘indus-
trial_laboratories usc computers: a large nimber of them have their own

computers._Ncw .and more cfficient methods for solving problems are in -

demand, -and many placcs want to have thc;rr own in-housc computer”expert,
someone who knows computers, people, and problems, and can use.this .
knowledge lo obtain results, (3) Perhaps the biggest employers in computer
science are the “‘software’’ files — companics wWhose business is to write pro-
" grams for computer users. A majdr-problem is to define and write programs that
are casily modified and transported from machine to machine. This involves -
developing programs that arc modular, sclf-documenting, and generally well-
structured. This is a very proflablc business in today’s market and promises to
. continue to be. Advancements in computer hardware are appearing on the

-
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market wt very frequent intervals and new computational methods gre u‘quiu-d
to take advantage of the new capabilitigs. As i result, new Prograns and some”
_ times whole nesw ideas must be generated on short notice,
< Some, camputer manuficturing. cdmpanies employ doctosal Ivv;] nuheniy
ticians, Several of the finest, m.ullcmuu il wxc“mll laboratories in ‘the country
“are e the major computer unupunu. These scolnpinies e lm;u.nl conrses,
post-doctoral” felldws, and in nainy ways conduct research s though they were
universities. Mathematiciins as well as computer scientists working at these
laboratories are among the world eaders in the fields lilulliulu‘d carlier, Like-
Swise, some of the vcmmun laboratories Tave o nijor role m the production
and coordination of omputer mathematics, Similar positions are tg be found in
some of the n ny u)nsulluw firms dealing with operations lcu.mh and the use
« of the computer. : .

The denimd for PhiD.s in u)lll|)lllcl suience is exceptionally Inpll. I (hc;c are
ury lc\\ of thepr, Presinng bly,” tit\Jure of high-paying, jobs for studenty with
master's degrees has resnlted in only 15%: of these snkqluns\lulmp 14 knnmmc
for the Ph.D, Theannuat productionof wmpulcr science PhuD.'s has remained

roughly constant, (.u .lppro\un itely 220) Iur the last eight years, Of thosg who do

et the Pl l)., thie majority are eventually attracted by the higher ray and better
working conditions of industly (see N.hl Program Report Vol 5, No. 6,
“Oct., 1981, ) n . .

The (Iun.md for people with training in uunpulu scienee, especially those with

experience, exceeds .supply. Salary figures vary, but entry level salaries of ‘:"() 000

for holders of bachelor's degrees, $26,000 for Imldtu of master’s degrees, and

$32,000 for holders of Ph.D, degrees in computer Science are common (see

AFIPS publicatisg A Look Into Lmnpulcr Carcers, . ™ '
" References for carwer information are included in the listing'in l’.m X.

Ny
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T PART III OPPORTUNITIES IN OPERATIONS RESEARCH
N Authors and practrtroners generally agree about what operatrons research is, . G
L _i,but differ-in emphasrs and detai] and - use 'drfferent words to- express‘it. One .
© ~“lengthy descnptlon that has passed the test of time was first published in 1946 by
s 'Plullrp Morse and. Ge/or_ge Kimball iri a classifi ed’ report of the ,Na peratlons. L

SR _,Evaluatron Group entitled “Methods -of" Operatrons Research’ ‘and re.peated in e
~~., % the updated revisions that were. pubhshed as unclassrﬁed books and were in print.

"for at least two. q.ecades Here itis: B DR R S ,'
o o ' . @w
‘ “Operatwns research is a sclentrﬁd’ method of prov1d1ng executrve d;epart-- ; '

‘ments’ with a quantrtatrve basrs for. ‘decrsrons regardmg the operatrons

"'.under thelrcontrol’ T Lo

v

operatrons rese rch isa scrennf ic method It is an organrzed actuﬂtyy
_w1th more or ‘less definite methodology of attackmg new problems and;:: L
finding definite solutions. . .the term. screnttf ¢ method iniplies more than" PR
sporadrc applrcatron and occasional use.of a certain methodology, it A\
' rmplres recogmzed and- organrzed actmty amenable to applrcatron to a
: vanety of problems : . ‘
operatrons research 1s of service to axecutrve departments [It' 1s,
: therefore,] an applied science utrlrzmg all known’ scientific techniques as .
tools in solvmg a specific: problem -As:we shall see, ‘operations research. . °
. uses mathemah::s, but it is not a branch: of mathematics. . .Just as civil .
engineering uses the results of science in ordeér to burld 4 bridge, so opera- .
_X tions ‘research - utilizes these various techmques as ‘tools to help the-. "
executive. It. is likely, however, that operatrons research should not be
"classed as a branch of engineering. . . The eriginetr is the consultant to the
© - builder, .the producer Qf equipment, whereas the operations research
o worker is the consultant to the user of equipment. s .

. *“The next important- word in:.the deﬁmtron is quantrtatrve Certain‘-'
aspects of p /gttcally every operatron can: be measured amd compared
- quantltatrvely with similar- aspects of other 0peratlons It is these aSpects et
: whrch can be studied sclentrfically :

L he task of the operatrons research worker is to present the quantrtatrve :
aspect -in 1ntelhg1ble form to point out, if possrble, some of the -non-
" quahtitative aspects that may need consideration by the executive before he
reaches. his decisions.  But the operatlons research worker does not and v

should not make the decrsron . s
o ¥ ’

' Operatrons Research as we know it today is pnmanly an out- growth ofa,
mrlrtary research in. World War 11, aifed at questions such as “How should
patrol ‘aircraft be deployed to maximize the expected number of enemy sub-
mannes detected in a lmuted number of hours of search?” and “‘How should a .

x
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i hrmted inventory of spare parts be d1stnbuted among units in the ﬁeld advance .
‘; depots and- dxstnbutlon warehouses to nunmuze equlpment down t1me due to
: parts shortages"” U IV LEL I, . Se ' : o
- At the end of the war, operaﬁons researchers mbved 1nto 1ndustry, where 1t e
’ was rapidly reahzed zthat sumlar questions- were in need of answers. They readlly
: transferred the1r expen,ence to the elucxdatxon of a host of" problerns in resource '
allocation,” productxon scheduhng, goods and matenel ‘dxstnbutxon Here they
]oxned w1t‘h practmoners of management science, which has a hjstory dating | back
L to the tum of the century, to apply the same quantitative techmques to. problems
' in budgetmg, planning, marketmg, decision-making, ,and other aspects of
management that previously were treated as arts or “‘soft” sc1ences
- A few- Bractitioners retumed to the un1vers1t1es to lay the foundatlons for
- educat1 programs in. operatlohs research. Today there are over: 100 degree-
' gr ting programs that can be called operatlons‘ research. They bear a variety of
" names. and their, place in acadenuc orgamzatxons is; not the . same’ everywhere
~ Some have developed in’ schools of science and englneenng by the extension of
Systems’_analysis ‘methods ‘to 1nterd1sc1p11nary operatlng systems. Some have
. developed, through apphcatlon of quantitative methods to business administra- -
‘tion, political -science, and economics. Others-have developed in close "alliance
_with computer centers, reflecting the importance of general purpose computers,
~computer modelmg, and techmques such .as linear programming; differential
games, Monté Carlo slmujatlon, and Markov processes {0 the effective appllca-
- tion’ of operations research to real problems. | ‘ et
- The ma]g)' professional sqgcieties in the United States are the Operatlons
" Research Socxety of America- RSA), founded i in 1952, and the: Institute of -
- Management* Sclences (TIMS), ounded in 1954 Together they have more than
11,000 members. , PN E .
e 1. Mathematlcs in- Operatlons Research, Although operatlons research has -
- i many. aspects, we, will concentrate- on the mathematxcal aspects. A great deal of .
operatlons research deals with determining the optimum>way to do things based -
.on- some mat‘hematxcal model of a situation. Often this model is a. statistical
model. The major mathematxcal tools entering into O.R. are advanced calculus, =~ ¢
.- linear algebra, d1fferent1al ‘and difference equations, probability, statistics, and - 4
_computer.programming. A sample problem might be the. 0pt1mum operation of
toll booths on a bridge or turnpike. The problem’is to achieve the best balance e/
“between having idle attendants dunng slack hours and too much delay dunngL\
" rush-hour. One-would have to determine the statistics of the ‘traffic flow, coy
struct a mathematical model of the .queuing system; determine the expe ed
"- numiber of idle attendants and the expected delay as a function of the numbér of
.~ attendants. The resultant.expression is then analyzed to determine the opt/lmum '
_ performance, given any other restraints 1mposedéO o ;
". .7 Theabovei isa rather prosaic, but not atypical, ‘sort of problem faced every day . .
_‘in the O. R. “field. Some of the problems are elementary. in their mathematlcal

4

*content (but not necessanly in the1r formulatxon from the real worl ), but many E
’ ]_,/——J - 13
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are mathematically formrdable One such problem whlch is st111 unsolved is
phrased as the travehng salesman problem ‘Asalesmian has a customer in each of

.-certain cities. “Find 'the shorteSt tour enabling him te visit all his. ‘customers. This -
problem has been- warked out for speclfic cases, bat a general solution s not -
- known. This can be translated into -a problem in graph. theory—how] tohar-
acterize the shortest path joining a certain number of nodes A-second fascmatmg -
mathematlcal problem is’ that of ,max1m}zmg (or minif |ng) SOme: '”funCtion,
gwen inéquality. constraints (e.g.; everything must - ‘be. pds tive, the sum of the - v
variables is. bounded above by a. fixed- bound, “or the vanables must all’ be
|ntegers) Linear and |nteger programmlng are among the technlques utilized in |
. solving this type of problem. A third question is that of:findmg a solytion for five

' sunultaneous equations in ten unknowns.. Clearly a ‘unique- solutiori does not -
exist —what is the best “solution" and in what sense can it be uniquely defined"
This becomes eyen more. of a problem when one is: faced with five, hundred
equations in a thousand unknowns. Such problems arise when one is ‘not con-
versant with the real laws governing the underlying system involved. : e

' ‘ We have tried to- suggest above a few of the mathematical questions arising in :

S ‘. the practice of operations research——by no means exhausting such topics.

\ Courses particularly relevant to this field include calculus probability, statistics,
linear algebra, number theory,, abstract alggbra, . and graph theory. These are
COmMmoOn  COUrses in mathematics depart iepts.  Other pamcularly relevant

~ courses, which may be given outside the mat atics department, are linear pro-
" gramming, control theory, integer programmmg, :dynamic programming, game
theory, and quéuing theory, as well as computer programming and simulation,

2. Workmg as an Operatlons Researcher. An individual with a bachelor’s
degree,in mathematics and. some applled minor can possibly obtam direct em- -
ployment in operations research, although this opportunity decreases as the
number.of schools offering a B.S. in O.R. alncreases One generally works on a

_ team, simulating some industrial or govemment process with a mathematical
model. The mathematicians are expected- to know how to solve ‘the models .

~ developed, and to be able to recognrze when the mathematics is so badly posed as o
to be unsolvable. .

P Most employers will be more confident in an operatlons researcher who™has™

' __earned at least a master’s degree. A good working knowledge of ‘economics,

" finance, and organrzatlon theory is' also valuable. With such tra1n|ng one can’
begin to lead projects such as those sketched above. Most O.R. groups, whether

v depanments in -an organization or.independent companies, tend to get involved
in a wide number of problems in the optimum allocation of resources, and one
beginsfo recognize that the underlying procedures are the same. Often, the only = -
difference between problems is that they are phrased in different languages One-
must develop a speaking acquaintance with several fields, for the O.R. person is -
very much in the role of a consultant. In fact, there are an estimated 10,000
~ companies and selfzemployed individuals devoted primarily to consulting in
operations research Most of the people active in operations research today have

14 N
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&\7‘. PART Iv: OPPORTEJ.NITIES [N STATlSTlCS

.‘\_,'

Statlstlcs ha\s been descnbed as the science concemed with maklng sense out of

s

.

"

‘-~

N

numbers Smce numeneal mformatlon plays. an.unportant role in our daily lrves,
“all of us can prof‘ i from some knowledge of statistics. But compléex problems ‘call” .
, *for the services of professional statlstrcrans Statisticians teach«in colleges and"-

universities, provrde information for nat'bnal state, and local govemment and

work for business and mdust;y Often
that of a mathematician. The stugent 1nterested in statistics as a. career s, there;
fore: well .advised to’ pay-attention: to the other- sections in this pamp
parﬁcularly Parts TIT and VIII on opportumtles in <operatlons ‘research and the.

e work of a statistician overlaps

e

_,;h' :

mathematician in industry and government. The pamphlet Careers in Statrstlcs"_
listed among the references is recommended readmg for anybody mterest‘@ﬂ in -
statistics as a career.
The. pnmary profess1onal organrzg,tqon of statlstlclans i the Amencan Statls--
*tical Assocratlon To paraphrase/arstatement in the Society’s official journal, the -

"'membership of ASA is not confined to professional statisticians - but includes
- economists,
vpsychologlsts, as well as business, executives, reséarch directors, government
" officials anid- others who are seriously interested 4n the application of statlstlcal_

-engineers,

mathematicians,

biologists,

actuanes, ’

sociologists,

datd. Founded in 1839, the ASA is the-second oldest: professional organization in .

- the-United States. In 1939 it had about 2,500 Thembers. By 1981 its membership -
" had grown to about 15, 000 reﬂectmg the tremendous expansron of the uses of

StatlSthS

- Two more speclahzed organrzatlons are the Instltute of Mathematical Statis-

¢

<

tics founded in 1935 and the Biometric Society founded in 1947, The IMS is an .

mtematlonal soc1ety of persons 1nterested in probabrlrty and’in mathematical
aspects of. statistics. The Biometric Society is an mtematlonal society of persons'
_‘interested in the quantlﬁcatlon of the biological sciences.
Other associafions of interest to statisticians are the American Assoclatlon for o

Oplmon Research, Amencan Society for Quality Control, Econometnc Soclety, _
Operatldns ‘Research: Society, and the Psychometric Soclety '
' for Statistics. In recent years more and more colleges and uni-
versities have begun to offer undergraduate’ malors in’ statistics, though more
often than not students will take statistics as a minor. along ‘with” programs in

" mathematics and/or computer sci€nce, the biological or social sciences, or

1.- Educatlon(

business. Job opportunitiés, both-in the private and publi¢ sector, are good for.

‘the students with undergraduate training in’statistics, partlcularly if the studentv

'also has computer programming experience.

~ Maost profess10nal statisticians have graduate training in statistics and proba-‘

<

' brlrty Students émbarking on a graduate educatlon in statistics should have good
'undergraduate ‘preparation i mathematics. If the ‘student selects a. graduaté
program in. statistics and probability that emphasizes -theory, considerably more

o advanced work in mathematlcs is requrred The November issue of the. Amencan .

16
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-S atlstlclan, a. pubhcatlo.n of the Amencan Statlstlcal Assocratlon provrdes up-'
. to-date lnformatlon orf oVer two hundred degree programsqn stathti‘cs and blo- .

a

_ statlstlcs at U. S} and Canadlan unlv.ersmes R “ T
" 2. Workmg as Statrstrcran. Statisticians give advice on the statlstlcal desrgn '
- of experiments, conduct surveys,. analyze data with the help of existing statistical .
. techniques,-or devrse new met'hods of analysrs 'l“hey make: ever mcreasrng use of -
“computers, often wntrng their -own. ‘programs or modlfyrng ‘existing prpgrams '
o StatrstrcranScrar.’ ;work by themselves. They. colljiborate w;th specralrsts in fields.
such - as agriculture; the blologrcal and health sqem, econonucs, psychology,
R socrology, .as' wgll as. busmess and industry. New. ﬁelds for statjstical appahcatlons :
arise contlnually “Two of the newest axeas are law and public policy. - *
The diversity of statistical apphcatlons can be sleen from the book Statistics: A

Guide to the UnknoWn in whlch\well known statisticians describe their contribu-

tion$ to the solutlon of problems of fnan in the ‘biological world the political .

- ’woﬁd the social world, :and the physrcal world S .

One of the chlef employers of Statisticians is the Federal Govemment Statls-
ticians are found in the National Bureau of Standards, the Bureau of the Census,

L

the Bureau of Labor Statlstlcs, the Department of Agriculture, the Department - .

of Defense, the Natlonal Instltute of Health and the Environmental Protectlon .
: Agency o -

~ At universities we find statisticians in departments of mathematics and/or
statistics or bio-statistics. But it is also quite’common to find faculty members
with strong involvement in statistics in depdrtments such as blology, busrness,

‘economics, health sciences, psychology, and many more. In recent years, even .

« fields like engllsh and hlstory have developed strong quantitative interests.. An

important aspect.of the work of statisticians in academic institutions is to provrde

"advice on statistical matters to researchers throughout the institution. Graduate

students in statistics are. adyised to become lnvolved in statistical consultlng at the
earliest oppormnlty. .
" The role of the statistician in mdustry is dlscussed in some detail in'Part VIII.

) .Both-industry and govemment often rely on pnvate consultants for statistical
" .advice and services.

Part VIII of this pamphlet dlscusses salaries ‘of mathematrcrans in busrness, '

" industry, and government. This’ mformatlon applies equally to statisticians. Cur-

~$100,000 per year.or more.

~rently (1982);-in-an- academic career a young Ph.D. can expect to start at approxi--

‘mately $19,000 for the acaderruc year. Full professors earn between $25,000 and
$80000 for the academic year, with. the possibility of addmonal income for
summer research or private consultlng There are private consultants who eam

N
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‘. N PART V OPPORTUNITIES IN THE ACT UARIAL PROFESSION

v

y

; ;

e The agtuahal t'eld is one of the older areas\for mag\ematrcal apphcatlons / "
v+ extending | back at least 200° years or more. Twa‘of‘the eafliest developments were ,_"
~ . in_regard to rrrortalrty or life tables and to compound calculatrons These were.

-_combmed in the erghteenth and nmeteenth centuries to ;provrde the scientific

“.- ‘basis. for,_individual Jrfe.ms rarice and life ahnuity contracts. ln' this century, .

: )mdrvr ual insurance contra tjs have been' wrefined greatly, and- there has been a_ - "", "
tremendous growth in group plans provrdmg lrfe, h¥dth drsabrlrty ‘and pepsion -

_ beneﬁts, and a parallel development of Social Secunty Anpther,part of actuarial
science is concemed with the evaluation of non-lifeinsurance risks such as thosé
,covered by autom bile or fire insurance. The‘extent and complexrty of " these .

ied insurance plaps, and the maturing of pension and Socral Secunty systems,
ve creted strong demand for compétent actuaries. ,,{,*j . : :
', » What is.an actuary is a question that most people are unable to answer w1th
' much confidence. A toncise definition+has been offered re céntl by Society of
Actuaries Past_ Preﬁdent John Bragg in his paper ‘“The Future og\the Actuarial
Profession as Viewed in A.D. 1974’ (Transactions of the Socrety of Actuanes,
1974), namely: -Actuary: A professronal who is expert at ‘the ; ancmg,
and operaﬂon of insurance plans of all kinds, and of annurty and plans.
Deﬁnmg an actuary as a. professronal implies three things:’ appropnate educa-
tion, experience, ‘and adherence to a code of ethics. Eecause actuaries affect the -
financial secunty of many. people, they must, bring intelligence and mtegnty to
their work. . S e
* 1. Education and Exammatrons An actuary should have good mathematrcal
,apt'ltude .and a thorough background in calculus, linear: algebra, probability, °
statistics, computer science, and data proce%ng Courses n accountmg, eco-
nomics, English,, finance, marketmg, and liberal arts are also important to. .
provide a broad; foundatron for approachmg the many problems an actuary.has .
to face.’ o : R
The Society of- Actuanes provrdes a series of ten exammatrons in the fields of
life and health insurance and pension funding. Passing the. first .five of - these .
qualifies a. candrdate to be an Associate of the Socrety of Actuaries (A.S. A) and
completion of the final five leads to desrgnatron as a Fellow of the Society of
Actuaries (F. S:A)). In the non-life insurance field, the- Casualty -Actuarial Society- - ‘-—
offers examinations leading to Assocrateshrp (A.C.A.S.) and Fellowship
(F.C.A.S.) in that-organization. The first. four examinations are jointly . adnun-
istered by the two organizations. A booklet describing the Preliminary Actuarial
_ Examinations (Parts 1 and 2), and outlining the later examinations may . be
obtained from the Society of Actuaries, 208 LaSalle Street, Chicago, Illinois
60604, or from the Casualty Actuanal Society, 250 West 34th Street,:New York,
-~ NY 10119. There may be considerable revision of the associateship ‘syllabus over
the next decade. Basic concepts will endure but their development may proceed
on somewhat modrﬁed lmes under ‘the; influence. of advances in mathematrcal °

~
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/ ‘statrstrcal and oy)}puter science aréas. It behooves the prOspectrve actuary to get

. .. agood groundlr‘lg"rn all thre&-of these areas: The student should also take the
-prelmunary ctuanal examrnatrons and perhaps’ further examrnatlons whrle he or .

- )

*"" she is sti lu‘(/@ollege L ) .

o o ? An en,fjolled actuai‘y” desrgnatron, granted by ﬂ1e Federal govemment, isa

Vi requrred i 0 certrfy reports fo -the govemment concemrng pension plans. The
-“e actuary desrgnatron is earned by *passing two. examinations (]orntly

jA ‘number of colleges and unrversrtresrrn the Unrted States and Canad‘a offer
sgurses at the undergraduate or graduate level leading to degrees in actuarial
‘)ég?unce A List” of such institutions can be obtauned by writing to the Society of
i Actuanes 'Ijherr courses are mainly at the assocrateshrp_ level but some give back—
i ground for ‘the- fellowship .examinations and f rProtfessional development, i

A addition to getting the students started through “the early examrnatrons .

% ’ A number of women have drstrngurshed themselves in actuarial careers, and
? minority students are berng assisted towards qualification. A special’scholarship.
Tv.  fund for- minority and women students is available through the Society of.

.'35” . Actuanes to help finance the graduate education ofrsuch students.
4 vf', 2. Workmg as an Actuary. About sixty percent of actrvely employed actuaries
. work for insurance companies. The following comments are abstracted froim the
booklet The Actuanal Prbfessron but . have been general1zed to include. non-life
~_insurance.’
The business of insurance 1nvolves the assumptron of risks and the payment of
claims. The actuary is responsible for seeing that the risk is properly defi ned and
- evaluated, that a fair pnce is charged for assuming the risk, and proper provrsron
is made to'pay all claims and expenses- as they occur. Insurance company
actuaries engage in a-variety of other important activities ranging from research
to management functions. For example, an actuary may study the claims experi-
ence, in partigular, the mortality and survival experience of insured persons.
Most actuaries become mvolved with development of new applrcatrons for elec-
tronic- computers in their company’s.’ operations. Or they may apply
mathematrcal models or techniques of operations research to rnsurance company
problems and may engage in corporaté planning. E
‘Consulting actuaries, who now include more than one thrrd of all active
. ‘actuaries in America, offer professronal advice to corporatrons, insurance com-
- panies, state .and local governments, labor unions, joint labor-management
trustees, Federal government agencies, and attorneys. As indicated in the booklet,
“The Actuarial Profession, the consulting actuary often deals with top financial
‘and administrative- ofﬁcers of client organizations who present a variety of chal-
lenging assrgnments such as: desrgnrng a pension plan for an employee group and
advising on a sound program for" ﬁnancrng the benefits; partrcrpatrng in a collec-

v, o

. : 20\ | | Rt
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, ‘by the Socrety of * Actuaries, the Joint Board " for “the Enrollmentr of
.'.’.?“f 'A t. anes an. other actuanal orgamz?itrons) and meetrng e&taun expenence -
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for an 1nsurance or\pension organrzatron testrfylng in c{;ourt regardrng the assess-
.~ " mént of damages.rn accrdent S -

Through the old age, rv;vors, drsabrhty, and medrcal beneﬁts provrded by

; . Sgcial Secunty, and .through ke supervision of 1nsurance and pension funds by

government /agEncres ‘there is a growing number, of opportumtres for actuanes
-in public service.- Important general responsrbrhtres of:actuaries in govemment .
- are to’ advrse on legislation ahd to ‘act on regulatory ‘matters.” Specrﬁcally, an.
acruary may be. called’ upon to testrfy before a Congr jonal commrttee on insur-
ance matters, to estabhsh actuarial gurdehhes for t deductrbllrty of - pensron v
" costs; to; assrst in census;or demographrc studies; to exarm e an insurance com- ¢
_-pany or an employee benefit plan to determine if it complies with regulatrons _
Some actuaries are also employed by- large corporations or labor unions with
major respons“brhtres related to employee or “member benéfit plans.” Other-
actiiaries are employed in orgamzatrons offering computer or financial products
. and.services. A number of actuaries have found opportunrtres m universities for -
actuarial teaching, research and pubhc service,
though some indications are emerging that the 5upply of actuarial students
! has been catching up with the perennial demand, there: wﬂl remam for the fore- -
seeable future a strong need for competent actuaries. An ufcertain economy is
posing many new prablems.for the actuarial professron, and the current active
- >'demand for qualified actuanes should continué strongly. .

__. In 1982, the median- startrng salary for students with no examination or only

By

" the first part passed was approxrmately $18,000, and for students with 4 .or 5 °

- exdrninations passed'the median starting salary was about $22,000. Actuaries can

- advance rapidly with experience-and - examination qualrﬁcatrons to salary levels

.which are three .or ‘more times the starting levels. A substantial number of
actuaries go on to senror management posrtrons in their orgamzatrons

A
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MatHematlcs_has alwayg been .used as a tool for orgamzmg and understandmg,,

- the phy51cal scxences, The solution of mathemat@l problems./ansmg out of these
Qeids is the work of' the' classxeai apphed mathemanc:an descnbed in Part I of
thls pa,mph]et This semon is concemed with g-much newer and ‘;pss well- knawn
‘class of protgsslpns mvolvmgqihe apphcauop o mathematlcs to other dlsc1plmes

& .

The twenqeth century has. Rsfv‘en a remarkabbe"xncrease in the use of mathematlcs

TN

T in biology, medlomg, management, linguistics, and the social sciences— par-

A ucularly economics and- psychology. 'I'fns has resu]te(d in the emergence of new -
K mtmdlscxplmary professions' in which mathemaucs plays a central role.
* * Initially the area ofemathematmb which was-of primary imporfance outside the

-

: data. More recently there has been a growmg interést in the exploration of other

" areas of mathematics "for the construction of non-statistical models. These,'y'.

.. endeavors coexist and sometimes overlap, but are considered to be different
aspects of their respective disciplines. The professional nomenclature reflects this
difference.-Economists who specialize in the application of statistics to their field.

-are called ecohometricians; biologists, biometricians; psychologists, ‘psycho-
metricians, and so on. Economists who are primarily interested in non-statistical .
modeling are called mathematical economists. Similarly there are mathematical
biologists, mathematical psychologists, and so on (in. management the field is
called operations reséarch, ,not elaborated here, but described in Part Il of this -
pamphlet)\ The growmg importance of these professlons provides an

opportunity to combme mathematlcal training with a senous interest in another -

- .discipline.

' 1. Mathematics in lnterdnscnplmary Areas The role of statlsucs in apphca-
tions of mathematics to the social sciences, biology and medlcme is extremely

" influential, especnally, as has been noted above, in a major category of intér-
éhscnplmary research. '
" The mathematics-used in non-statistical modeling varies with the kind of prob-
‘lem under consideration. The construction of a mathematical model entails the
formulauon of laws or axioms which describe in mathematical terms the (neces-.
sarily idealized) underlymg structure of a system. Examples of systems range

~physxcal sciences was classical st‘husues, used in the collection and analysis-of .-

%

T

from free competitive economics to neural networks. Since we are dxscussmg IR

possible to enumerate all the branches of mathematics used. Furtherfnore it must
be remembered that many of these efforis hare still young; the numbtr of mathe-
" matical fools drawn upon and their level of sophlsucatlon are continually
- increasing. We offer below a samplmg of the kinds of problems treated and the/’

such a variety of fields and dwersxty of approaches within each fi el?t is hardly

~

kinds of mathematics used. ! d S

.Mathematlcal economics is the oldest, and probably the best developed (/;f
. these 1nterd15c1plmary pursuits. The first’ Nobel Prize in Economlcs went to a -



- . ’ < J o C
pnncrpaL founder ofthe field..One toplc which has been the subject ofresearch ing -
this area is the existence of equllrbrrum inga compqtrtrve economy. Thé problem
simply stated is this: given a free market in which prices respond' to the law of..
, supply ‘and demand and-a set of assumptrons about the behavior of consumers
and producers, w1,ll prices eventually regulate themselves to values at Wthh
supply and demand exactly balance" Otlrer topics Wthh occur concern indivjdual
‘ behavror stability. of equlhbna, oligopolic systems and the" economics of the wel-
- fare state. Linear algebra “and real analysrs are heavrly used, as well ag differential
-and drfference equatxons, topology, set theory, logrc, and combmatonal _
mathematrcs. . ' RN ~L - N A
.Recently some socrologlsts have adopted some of ~the§‘ chnrques of mathe- -
matrcal economics to study social relationships. " . ~ia ‘
One of the earliest uses of mathematics in biology was in thesstudy of popula- w
tion growth. If we assume that the growth of a population of organisms is not
affected by pressure | of resources, then we arrive quickly-at the conclusion that
the number of organisms existing after a given period of time is a constant mul-
tiple of an exponentral function of the time period elapsed. However, as we take
into account additional factors such‘as availability of resources, the model
becomes more complicated and the mathematics more sophisticated. Other areas
in blology and medrcme which are studied by means of mathematrcal models are
immunology, epidemiology, ion transfer across membranes, and cell differentia-
tion. Neurophysiology is closely associated with ‘psychology in: the study of
models of perceptron and learning. Frequently used mathematical _tools are
ordinary and partial differential equations, control theory, optimization theory,
stochastic processes, and computer science, as well as some topology
In psychology, ofe finds mathematical modeling closely "associated with
experimentation. For example, consider the ‘‘simple learning’’ model. A subject
T is placed in a repetitive choice situation in which different responses carry dlf-
ferent rewards As the reward pattern reveals itself to the subject, the subject’ st
responses, slowly change. The. problem is to explain the laws governing the
evaluatlon of the ¢hoice pattern within the framework of the experiment. More
complex learning situations are studied, as well as problems in stimulus response,
reactron time, preference behavior, and social interaction. Computer modeling is
sed to simulate the organization of the nervous system. Another kind of
——-problem.. which_ arises_ in. mathematical psychology occurs in_the theory of
measurement and scaling. The categories of mathematics which have been
heavily used are probability and stochastxc processes, computer science, com= - 7
bmatonal mathematics, set theory, and some analysis.
~Mathematical linguistics has become a major force in the study of lmgurstrcs,
the science of languages. It has some relationshig?with mathematical psychology
since it is concerned w1th the rangé of humanly possible linguistic structures.
rather than with the pamcular qualities of any given language This area makes
use primarily of set theory, loglc, algebra, automata theory, and computer
mathematics. :

)
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The above descriptions of mathematical problems arising in-other f'elds are by
no means exhaustive. The, student interested in doing nathematical research in,
blo.op or the social suenccs is on an intellectual fronuer where the possibilities
.are manifcid. 2 . . T e
2. Education for lnlerdrscrplmar) Research. There Jis*no well defined educa»
_ tional path for students wishing to entér these mtcrdrsuplmary areas, A samplmg
ol thOSL now engaged in each of the, »‘anous flelds- would show considerable ./
dwersrty in patterns, of formal educatién, although it can be safely said tiat thgre
it is little-opportunity without a doctoral degree A stronguhdergraduate educauon .
with a doubie' major would be the 1deafl start. Short of that ambitious program a’
major in mathematics with considerable ¢ourse work in the otherfield would be a
good beginning. It does appear to.be important that the mathemaucal training be
started carly, and preferably that it include some work.in statistics and eomputer
science. There is no prescription for gfaduate study. This depends very much on %
finding ‘an individual or group working in the area one would like to ‘pursue.
Mathematical biologists and psychologists may be found in some departments of
biology and psychology, *respectively, but often are based in departments.of
mathematics or applied mathematics. A student who is interested in entering one
of these interdisciplinary fields, or any of the others~involving social sciences
would do well to engage in some preliminary research to locate an appropriate
graduate department. (A partial list of professional organizations is mcluded
among the references at the end of this pamphlet.)

3. Employment in Interdisciplinary Areas. Most of the people now workmg in .
the m__terdrscrplmary, fields described above hold academic posts. Others are
empIOYed in research organizations sponsored by government, industry, or foun-
dations. Still ethers are in hospitals and in consulting firms. Since these fields are
increasing in importance one can expect the employment picture to be favorable.

It is, however, vulnerable to the pressures affecting the general academic market
and government supported research, and growth i is more likely to occur in the
areas ofconsultmg and industrial research
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- PART VII: TEACHING MATHEMATICS,
. There is a serious, nationwide shonagc;'of mathematics teachers in 1982,
“ especially at the secondary school level. The need for-new teachrs is expected to ,
" continue through'the 1980’s. 1 - “~ ; v L .
o~ icicl:ording‘td a 1980 survey conducted by the State Department\of Public T
Instruction in Iowa, a shortage or critical shortage of mafhematics teachers was * .
_ identified in_35-states. By 1981, 43 statgs had such shortages. A separatesurvey
«  *by the 'Associat'ioq'for Schopl, College-and University Staffing (ASCUS) con- - -
firms these figures and -reports that no fégion of the country, except Alaska, has™ - "
ah adequate supply of quéliﬁgd mathematics teachets. A research memotandum o«
of the National Education Association. detailing teacher supply and demand in '
. public schools during the 1980-81 schoo! year stated that mathematics was the *
only subject in which every region of the country reporied shdrtages. Still other
independent syrveys confirm these findings.- . * .
This need for mathematics teachers has developed because the demand for
mathematics and computing courses has increased sharply during the past.
decade, while the number of new mathematics teachers decreased during the
same time period. S ' _— . , ‘
Among the teasons for the increased demand for mathematics in secondary
schools are desires' for minimum competence, increased number of gi;ls taking
higher mathematics, growing enrollments in computer science, and higher admis- -
sions requirements in mathematics at universities and colleges. ' :
Yet, while the demand has been incre"%sing, the supply has been diminishing.
This was partly due to the fact that in the 1970’s-the employment situation for
mathématics teachers, especially at the secondary level, was not good. Shrinking
school populations and concurrent economizing by cities and towns in-most parts
of the country lowered the demand for teachers during that period and -
jeopardized the security of those who did hold positions. At the same time a
burgeoning computer industry was able to absorb many young people with
" mathematical training. In consequepce, the number of students in teacher certifi-
cation programs decreased sharply over the last decade. . ‘
Although the high school population nationwide is not yet increasing, demand
for mathematics is. The necessity for preparing students for an ever more techno-
""" -~ logical society and thé role of mathematics as the foundation of such preparation

has become apparent to all. _ :
. Students should be encouraged to think about teaching as a career if they have
any inclination in that direction. It is a demanding profession, but one which-
offers substantial rewards. Professor Edwin Moise. of Queens College of the City

~

University of New York put it well: . o
Teaching is a very ambiguous interpersonal relation. The teacher is a per- -
. former, an expositor, a taskmaster, a leader, a judge, an advisor, an,
authority figure, an interlocutor, and a friend. None of these roles is easy,
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and many of them are mutuallyqreongruous. . .one of the vital element$ ini
. leachmg is the enlargement and refinement of the student’s acsthetic’ per-
, cepnons, when he is ‘turned on' by somelhmg lhal d1d not turn him on - -
before, real progress hasTbeen made.
" (Nouces AMS 20 (1973). 219 )

"

Malhemaucs teacheri today musl know more malhemam:s and more aboul -
related fields than was requrred in the past, They musl have a breadlh of mathe-
maucal knowledge, including, now, somg knowledge of compmer science, . and
also some underslandmg of how 1o’ apply mathematics to other disciplines.”
o " There dre three essentially dlfferent,types of mathematics teaching: elementary
and secondary school teaching, junior or community college leachmg, and col--

. lege. or "university. teachmg The conditions of employment, . -education for /7 _'

_employment, and the nature of lhe students differ draslxcally, s0- they ‘will be
dxscussed separalely s . . .

L Teachmg in an’ Elemenlary or_Secondary School Teachers in a public’
school (as oppo d to™a private schodl) generally must be accredited by the state
education systgm. The requirements for accreditation vary from state to state.
(Candidates fof public school teaching should be alerted to the National Council -
for Accreditation of Teacher Education (NCATEfand the reciprocity agreement
among many sgues which eniables one trained if qne state to teach in anothier’ and -
allows chaniges in position with reasonable sfig
that certain courses, usually in educationg ;‘" »’1 en prior to ,:_my permanem’
ap;ﬁomlmem as a teacher. Sometimes thes¢{@l@als can be taken at night or

.. during the summer while teaching. Havmg a e :s degree in mathematics,

_orevena Ph D., does not by itself certify someo e Y0 leach»m a public school. A
person envisioning teaching at this level is well advised to check on the certifica-
tion requu‘emenls early in planning a college program. ‘ :

" 3 Since calculus and lmear algebra are now being taught in many high schools
and in practically every preparatory school, the-:prospective secondary school
teacher must be qualified beyond this level. Geometry (Euclidean and trans-
formation), probability, statistics, and the history of mathematics are necessary
parts of a teacher’s preparation. To teach effectively. it is also dsirable for the
teacher to have taken more advanced courses in analysis and algebra in order to B

. know how the material being taught is related to more advanced mathematics.

= “Advanced calculus’ is a nice integration of calculus and geometry; projective

© - geometry gives an msxght ito both Euclidean geometry and algebra; and
numerical analysis courses give a good mixture of algebra and calculus. Another
‘variable course is number theory, because this is one of the few areas of mathe-

. matics where high scl§ool students can do driginal research. This is also an area
especially suited for dncouraging the really gifted student. A course in model
‘theory, particularly models related to non-traditional areas such as business and
the social sciences, would also be beneficial. : ] :

e ) . 3
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" Most secondary schools and many elementary schools alréady have computers
available for classroom use. Microcomputers, are{gost - common. Teachers

" should know at least one computer language avell. (BASIC.is still used pnmanly,

but PASCAL and LOGO are growing more popular in education.) Many mathe-
matrcal ideas and skills are stimulated by computer use. In addition to teachrng

,students to program, teachers should use computers, as appropriate, to enhance

the learning of mathematrcs For example, a microcomputer with video display
can be an effective demonstration aid -during lectures, and- an efféctive stand-

““alone instructor of new concepts or for drill. Also, ‘computer assrgnments can be

made’ whrch stimulate creativity and strengthen students reasoning skills, but _

would be too tedious to do by hand.

The prospectrve secondary school teacher will do well to study’ all of the\above
subJects Both for breadth and for “relevance,” these courses will increase the .
prospective teacher’s marketability. The prospectrve teacher in the private school

- will probably ﬁnd all these courses necessary and ‘may find a master’s degree

>

essential. : >

Elementary sch l teachers face different problems. They must teach all sub-

~ jects, not just mathematics.. Therefore, ‘they usually dp not major in mathe-

matics, although such a major should be seriously considered by anyone ‘who
particularly enjoys mathematics and desires to teach at the elementary. level, The
mathematics courses they should/take are primarily those in number systems,’

.elementary algebra geometry, . probability and statistics, set theory, and logic.

- There is a great,need to 1mprove the quahty of mathematics educatlon at the

elementary $chool level’ 5 : . .
~ For more information bn i what secondary and elementary mathematics educa-
tion should be, see- An Agenda for..Action: Recommendations for School

’Mathematrcs in the 1980’s, Mational Council of Teachers. of Mathematics, 1980.

Salaries in the public school system tend to vary widely from one geographic-

7 area to another. According to the figures . from the Educational Research

Service,* the nationwide average. fB)r secondary and elementary school teachers
was estimated to be $19,275 for -1981-82. The 1981-82 salaries averaged 8-9% .
‘higher-than those in 1980-81. Various fringe beneﬁts are also avarlable to most
elementary and secondary school teachers. -

2. Teaching in a Junior or Community College. These colleges attract students

with widely varying. academic needs. In the big inner-city community colleges, .

close to 85% .of the mathematics taught is remedial (near the grade- school level)., _'
These students are frequently those who did poorly in high school, but who ar¢
re-entering. school and .are better motiyated. The remaining 15% is freshman and
sophomore mathematrcs of the type usually taught in a ma]or university. For the
schools in more affluent areas the percentages change, but the rapge of mathe-
matrcs rcourses is not srgnrﬂcantly drfferent Many junior colleges are offenng

. ‘Nauonal Survey of Salaries.and Wages in Publrc Schools, Part 2 Educauonal Research Servrce,

lnc Washmgton D.C., f’982
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extensive computer programs Relevance to career opportumtres is often the

major factor in the schools’ existence and choice of currrculum particularly in .

the case of public commumty colleges.

The teaching loads are usually heavier in junior colleges than in most four-year
colleges, but often lrghter than in secondary schools. Most: Jumor colleges have a
great many students and quite a number take mathématics. Because of the very
_ wide range of student abilities, many of the junior colleges havé experimerited,

with varying /degrees of success, with individualized instruction, programmed |

learning, and non-traditional ways of teathing. In fact, one of the fascirations of
‘being on a junior college faculty is the- opportumty ‘to try new methods of

teaching with an. audience which is mature, often desperate for a workmg-under-_

- standing of the subJect -and generally well motrvated

The essential criterion *for employn‘lent is 4 master’s ‘degree ? here are some
Ph.D.’s on junior ‘and community ‘college faculties (thelf 1680 Amencan'

Mzrthematrcal Society Two-year College Survey mdrcated that among those

. institutions reportmg, 15% of the full-time mathematrcs faculty members held
-~ doctorates), but as yet there is no major push to hire Ph:D.’s in mathematrcs
Faculty members with . -doctorates often become admmrsﬁ:tors because the
‘primary functron in fact ‘almost the sole functron, of these

r

are job-oriented, many even work part-time. These students are pnmanly inter-

.ested in how mathematrcs can be used. They recognize fhat mathematics does -

- have application to the careers they intend to enter and theyare well,motrvated to
" ledtn the mathematrcal tools of the trade. .
Many junior and commumty colleges are under State Educatron Systems and

have certification criteria similar to high schools. Others are ‘strictly under local |

control. The salaries at-such schools are reported in.the Two-Year College

Mathematrcs Journal. The 197980 salary survey- showed the folldwmg range for.

_ the mrddle fifty “percent of salaries reported: -nondoctorate, $15,800-$22;000;
doctorate, $16,800-$23, 400 Since these ﬁgures are based on 9-10 months em-

ployment, one can often add up to an additional 20% for summer employrhént.
3. Teaching in'a College or University. The Ph D. is required, with rare excep- -

. tions, for posrtrons in a college or university. Many positions are open
—throughout the U.S., mostly in four-year colleges, and most of these prefer or

+ require mathematicians able'to teach computer science courses. Since not many .

‘college: levét openings were available during the 1970’s, the supply of Ph.D.’s

- diminished; Hence there is now a shortagé of candidates for- these. There are also : E
. some openings at. universities for new PhD s ‘with’ outstandmg research

-potential.

University professors that is, teachers in an mstrtutron offermg a graduate '

program, are expected to specialize and to spend a major portion of their time
with graduate students, doing research and keeping abreast of the developments

on the frontier of their ﬁelds Formal classroom‘ teachmg usually occupres less -

@
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hools is teachmg, ,
not research. With the typical range of students, the teaching is an inspiring and.
~ exciting challenge: A knowledge of apphcatrons is essential. Most students here

«



time than-at an undergraduate |nst|tut|on These professors are expected and//
requrred to maintain a reputation beyond their school’s boundaries by- publishing '
original research writing books, turning out outstanding _research students, or.
contributing their expertise to national organizations. As this description sug-
gests, the university professor has a responslbrlrty for expandrng the boundaries
- of knowledge.

The college professor, that is, a teacher in an undergraduate |nst|tut|on will
typically have twice the teaching load of the university professor. He or she may
be expected to maintain a reputation beyond the school walls, but even out-
standing research will not: guarantee employment in the face of poor teaching

- performance. The college teacher should expect to have to teach mathematics
courses -outside his or her own specialty. (Typically one learns some of these

~ fields ““on the job” by continuing to study after starting to teach. Semetimes

. one is given time off to learn new ideas.) ln a college the professor has students '
who want mathematics simply because it is a beautrful subject, but most of the
-students want to use mathematics or are required to take it. It is qdfite valuable
for the prospectrve college teachertq learn appllcatrons, be versatile, and, most
|mportant have a knowledge of computer science and statistics. Furthermore, a g
number of universities and colleges "are now offenng remedial courses. in 1
mathematics. Prospective teachers should recognize that courses must be taught RO
at vanous levels, -and hence they must be prepared to teach at developmental as~;' '
well as advanced levels. )

‘Salary figures for college and unrversrty professors are publrshed each year, -
usually in November, in the Notices of the American Mathematical Socrety The
latest issue (1981) lists salaries for schools depending upon. their mathematics'
reputation. For a-*‘distinguished”” school - offering the doctorate the average
beginning salary for an assistant professor was $20,100, up about $300 from the

. previous year. The professorial salaries averaged $40,450, although .the top
~ salary reported was. $61,000. These are salaries for 9-10 months employment.
" One can expect to add additional. rncome (up to 20% of the base salary) for
" summer employment. .

For colleges: andOmasters degree grantrng schools, the. salary ﬁgures are.
slightly lower. An, ;asSistant professor with a doctorate in a four-year college was
averaging $18, 600, up $1,600 from last year. In an institution. granting an M. S.

X the average assistant professor salary ‘was $20,750, up $1,600, and the average
full professor salary was $31, 300, with the top salary reported as $47,600. _

.~ The major professional’ orgamzatrons for mathematics teachers at the college

~and university level are the Mathematlcal Association of America, the American o
Mathematical Society, and the Society for Industrial and Applied Mathematics. == ——
For mathematics teachers at thﬁementary and secondary levels the major
professronal orgamzatron‘ls the Natlonal Councrl of Teachers of Mathematics.
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l\ ’ PART VIII: THE MATHEMATICIAN IN-GOVERNMENT,
o : - BUSINESS, AND INDUSTRY

Private industry, business, and government are maJor employers of mathema-
ticians and computer specialists. A recent U.S. Department of Commerce sample
survey (Facts from the 1976 Natidnal Survey of Natural and Social Scientists and
"Engineers, U.S. Department of Commerce,/ Bureau of Census, issued .in
February, 1977) shows that‘in a population of about 25,000 mathematical
specialists, the proportion who were etployed in 1976 in mdustry, Federal and
public administration, and services other than education was 50%, compared to
- 47% employed in educational institutions; or, alternatively, the propomon who .
reported their primary Wwork activity as research and development, management
or adnumstratlon, production and inspection, consulting rgport ‘writing and
statistical work, or computer. applications, was 58%, compared with 37% who.
reported teaching as their primary activity. The proportion of computer specnal-
ists in private industry, business, and services was even%ligher, 78% of a popula-
‘tion of about 51,000. Except in a few research institutes, mathematicians in
government, business, and industry were hired because they can contribute to the |

~ solution of some on-going problem, and at least some of their work must, show
" some relevance. Rarely do they work alone; usually they are part of a team. Thus
a fundamental requirement is the ability to communicate about problems that
are. poorly formulated mathematlcally by people with hnuted mathematlcal
~ training. | . <
" 1. Working as a Mathemauclan ‘in Govemment Business, and Industry.
Several of the areas in which mathematncnans serve in government, business, and_
mdustry are discussed at some length elsewhere in this publication. However,
since many students and teachers of mathematics have had .no personal ex- -
perience with the opportumtxes ‘which exist outside schools, colleges -and univer-
sities, a brief summary of each of the ‘major areas is given below. '
' a) Computer Mathematician (Some of whom have job titles like Systems Pro-.
grammer or Systems Analyst). Almost every government .agency, business, and
industry in the: world now makes extensive use of computers, and there is a great -
. demand for pe ple who can communicate with a computer correctly and effi-~
= ciently. There s a- wealth of genuine mathematical problems .in computer
programming igvolving logic, combinatorics, number theory, and algebra. Com-
puters are expensive to 0perate* and there is a premium on efficient usage, and
. hence most companies, both users and designers of computers, are interested in
the efficient working of computer operations. Most young mathematrcrans at the
B.S. and M.S. level are, in fact, hired Jas computer programmers Thls work can
be routine and dull if one allows it to be, but it need not be. Most users of com-
puters do not understand the non-commutativity of finite arithmetic, or the -
elementary logic of algorithms, or how to estimate errors accurately in approxi-
' mations. They routinely use the- most available computer program, regardless of
its real applxcabthty Someone who can understand poorly worded problems*and
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translate them into efficient algorithms becomes valuable. To understand the
problems requlres good will, common sense, and a great deal of persistence, as
well as a sound knowledge, of mathcmatlcs Anyone who expects to work as a
- mathematician in govcmm”ént busmess, or industry must have some computer
experience. More information about computer science may be found in Part II.
+b) Operations Researcher (Some of whom have job titles like Operations
- Analyst;- Systems Engineer or Systems Analyst. Note that the last job title is &
. usually amblguous) There is a rapidly growing demand’ for this type of mathe-
_ matician. He or she is expected to construct simple mathematical models of
- complgx structures— spcial, economic and ‘technical, civil and military,.govern-
ment, business, and industrial. Ideally, the models must be-complex enough to
approximate the real world with some predictive value, and simple enough to be
exercised. As with any relatively new field, operations research can be exciting, '
. challenging, frustrating, and disappointing.’ Part III-of this pamphlet discusses
.operations research in some detail. Essentially, it is the ‘‘mathematics of the .
decIS|on sciences.”” It involves the use of mathematics, statistics, ‘and computer

. ”
. science, with an emphasis on how to quantify things so as to make decisions.

c) Stattstzc&m (This class includes many specialist job titles). This can easxlyﬂ
overlap with the above category—a person who can utilize data, and say what"
data are appropnate Data abound in government, business and industry, and
those who know how to extract usable, Teliable information are ‘very useful.

“ Statistics plays a role in operations research,but ‘many assignments involve
-primarily the application of statistical methodol% -Statistically sound design of -
experiments, together with planned analysis of data in accordance with the ex-
penmental idesign, -can be used to great advantage in improving products and
processes, and so are of great importance to a variety of firms and agencles
More information about opportunities in statistics may be found in Part IV,

d) Classical Applied Mathematician. The phrase “apphed mathemauclan
has traditionally meant someone with a differential - equauons and physics
orientation. This is still a fundamental field in govemment ‘and industry, which
often uses computers. There s still a tremendous interest in solving equations of

“motion and those of steady state fields. In the last two decades the computer has
" made formerly impractical problems routmely solvable. Some of these computer :
solutlons are being developed very effectively by engineers, partly because o
~ mathematicians have not been interested in‘such work. However, the engineer is
" usually interested in just one type of problem and will stay with any method ;
which will give an answer to that problem. The mathematician acts more as a
- consultant, being interested in several methods and trymg to find which problems
- dre best solved by each method. Part I gives more lnfonnauon about Classxcal '
Applied Mathematics and Engineering. :

The mathematician in government or industry soon learns that colleagues are
primarily interested in efficient answers, even if they are only approximate. The
mathematician who learns this has taken a significant step forward.

<
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e) Information Scientist (Many have job titles containing words ljk'e'Control

Systems, Communications Systems, and Signal Processing). The mathematical
roots and many of the main branches are the same as those of statistics, but for

historical reasons these subJects were actively developed during the 1950’s and .

1960’s indcpendently of the main stream of what was then called statistics. -

Information scientists. are concerncd with problems involving information-

bearing - characteristics of . srgnals, patterns, and observations, and their con~;‘ o

version-from one form to another storage, retrieval, and transmission and (ecep-

.- tion from one place to another. If any distinction is to be made between statistics .

and -information sciences, the former is concerned more with after-the- fact -

analysis of relatively slow processes, such as interpretation of national econo
data, whereas the latter are more concerned with the interpretation as they occur
‘of fast events, such as modulated radio waves.

Transforming speech into various electrical signals suitable for transmissions -

over telephone cables, -fm or am radio broadcasts, or digital transmission by
‘satellite relay, and reconstruction of the voice at the receiver are applications of

information science. Further applrcatrons are found in every part of a telecom-.

_munications system where a message is transformed from 8ne form to another or
transmitted from one place to another. Other applications are found in informa-
-~ tion- ‘transmission, storage and retrieval systems like. those used to maintain
business ‘records and accounts, automated libraries and ‘‘data banks,”’ for
example electronic fund transfer systems, secunty*systemS ‘real-time inventory

“.~and reservatron systems, and real-time police, credit- -service; and news-service

~data banks. Still other apphcatrons are found in-search and pattern recognition,
as in analysis of geophysrcal recordsto. locate petroleum deposits or the organiza-
tion of displays and’ commumcatrons in an air traffic control system. Further

applications are found'in automatic control, from the simple household thermo- -

“stat or more complex aircraft autop|lots, to highly sophisticated control’ systems .

for automated factones and space exploration vehicles. y

Mathematrcal ideas from analysrs, statistics, algebra, and other branches are
essential in the information scrences Practical appllcatlons—conceptual desrgn
. of information-using systems, design and development of equipment, and system

operation— always require sorhe knowledge and understanding of engineering,

- the sciences, and the partrcular kind of operations involved. Probably more of

" today’s info mation scientists were ongmally ‘trained in electrical engineering

than in any other branch of engineéring or science, or mathematics> "When

lookmg for mformatron scientists, most employers wrll seek people frained in
engmeenng ot science and overlook mathematrcrans However, there -are
numerous xamples to show that an academic background in pure or applied
mathematl S or statrstrcs is a sound foundatron for a government, busmess or

‘J)
N7 Consultant A mathematical consultant usually has,an established reputa-
tion for solving problems and carrying out research. the client employs

mathematicians, they may have formulated the scope and content of a mathema-
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“tical investigation and identified the particular kind of mathematical talent and

expcricnqe required to carry it forward. In'such a case, the consultant reviews
their work, advises them, and suggests methods of approach to be worked out in
detail by the client’s resident staff. In other cases, it is neccssary that the con-

sultant master the fundamentals of one or more-fields of scicnce, engincering, . -

business or government opcrations or management in which complex quantita-

tive issues susccptrble to mathematical treatment can become urgcnt and

economically rmport'mt -

The consultant . must recognize the client’s obJectrves and nonmathematical
constraints dnd produce results that do not violate them. Fees ranging from
several hundred to one thousand dollars a day are common. Many consult only
occasionally while pursuing full- -time . carcers as, say, university professors;

others arc in private practice, like lawyers and physicians; still others are

members of consulting firms, sharing' a practice with other mathematicians, or
with a more diversified professional staff capable of undertaking total responsi-
bility for «interdisciplinary assignments; some are employed full-time by large
corporations to serve as internal staff consultants. .

g) Mathematician in a Non- mathematical Role. Quantitative« roblems that

_yield to rigorous lOgrcal thinking -are not peculiar to mathematics, and a training

in mathematics is a very good background with which to approach them., People
whose academic training is in mathematics have been successful in many jobs
traditionally thought of as belonging to other fields. These are too numerous to

" list, include many branches of engmeermg, physical and social science,

R

finance and management, law, and medicine. The incidence of mathematicians

»

in any one field is small, but the aggregate number of mathematicians thus. .

“occupied is large enough to constrtute a professronal opportumty not to be

~overlooked. R . s
_Not too many years ago, a great many mdustnes, businesses ant government
agencres hired mathematrcrans quite readily,-and were glad to have any mathema-
tician. In the last few years this situation has changed. A survey of industrial
mathematrcs departments (Amencan Mathematical Monthly 81 (1974)) records
the opinions of industry concerning Ph.D. mathematicians and their. training,
but the report is relevant to all mathematicians. A typical negative comment is
. .the push towards ‘near-term‘relevance’ in our research programs has made

it vrrtually impossible for us to afford the luxury of a topologist, an alge-

_ braist...”” A typical positive comment is **. . .the discipline and logic which they

have leamed through their, trammg is a valuable part of their usefulness to the
"company.’’ Government agencies often take a longer view and can afford more
time to mdoctnnate new employees, and the1r enthusrasm for mathemattcally-
.tramed personn{l has not fallen as fast. .

2. Working ‘Conditions and Employment Opportumues in Busmess and

, lndustry The reader is advised to’read the article in the American Mathematical

Monthly Vol 81 (1974) by R.E. Gaskell and M. Klamkin for a detailed list of
comments In general, mathematicians are consrdered professionals, and work in
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a group often as though they were consultants to that groub. A nice description is
contained in the reference above.. **The applied part consists mainly in hearing a
client’s description of his situation, plowing through his jargon, overcoming his
tendency to start in the middle, digging out all the constraints that he has for-

. gotten to miention, developing a model that takes account of enough detail to be

realistic (but not so much as to become mathematically unwicldy), explaining it

to the client in his language to determine if it is reasonable and rclcvant, solving -,

- whatever - problems are suggested by the model, and explaining to the client,
~ again in hlS language, how he can use the solution.”

Thcrc is a general feeling now in industry that most mathcmaucal trammg is
too narrow. An obvious alternative to narrow specialization is to learn something
about everything.. For a mathematician in mdustry, this would be jUSt as inade-
quate as narrow specialization. The most promising solution to this dilemma is
training which includes specnahzauon in oné or more areas appropriate to the
tasks at hand, together with some command of all branches of mathematics at an

A\

clementary level. To nonmathematician colleagues, the industrial mathematician ,
is an cmlssary from the universe of mathematics, and he .or she should be able to

represent all of that universe. Thus, it is very useful for a ma athematician looking
for employment in industry to have had some courses in'other ﬁelds—-eco-l
nomics, operations research, ‘biophysics, computers, physics, engineering, or ,
statistics. Mathematicians will be able to learn a great deal about the nonmathe- -
matical aspectS of the industry from colleagues, whereas few colleagues will be
available- to enrich the ‘mathematician’s own mathematical background. '

* In general, the employment opportunities in business and industry are greater.
for candidates with the B.S. or M.S. degree than for those with Ph.D. The candi-,
date with no graduate training may have to be satisfied with a job with little
technical content. Whatever the candidate’s educational level, the technical com-
petence of- the mdmdual will soon diminish in a rapidly changing technological
environment, unless an effort is made to continue the education process. Many
employers offer excellent educational programs for obtaining an M.S. degree (in”
some cases, even'a Ph.D.) or for keeping up to date without seeking a degree.

“Salaries paid to mathematicians in business and industry are usually compar-

" able to salaries paid to engineers and scientists, and most published salary survey

data do not separate mathematics from other disciplines. One exception is 1981
National Survey of Compensation by Battelle Columbus Laboratories. It can be
inferred from this report that the median starting salary in 1981 for a holder of a

‘bachelor’s degree in mathematics or statistics was about $21,000 per annum, for

a master’s degree holder about $22,000¢ and for a doctor’s degree holder about

" $30,000. For those who received the first (bachelor’s) degree in 1961, median
. salary figures are $39,000 p. a. for those with no further degree, $40,000 for those
‘with a master’s, and $43,000 for those with a doctorate. This survey is based on a

statistically balanced sample of -over 96,000 scientists and- engineers domg
research and development, of whom over 65,000 are in mdustry, about 3,000 are
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in educational institutions, -and about 27, 000 in other rescarch institutions and
Federal laboratorjes. The sample included about 4,500 whose hlg,hut degree is in
mathematics. %
3. Worklng'&mdilions nnd Employment Opponunmu in Government. The
Federal- and state governments employ a number of mathematically- trained

. people, generally as **applied mathematicians,”” at all levels of education. In the

1970 American Science Manpower report about 6% of the mathematicians sur-
veyed, worked for government, .but 57% of the statisticians and 9% of the
computer scientists worked for FLd(.mI and local governments full-time, and
these proportions appear to be rising. The employment of mathematically
trained people comes largely in serving two main functions: both the local and

.Federal governments devote a sw,nmumt amount of their resources to the collec-
tion and analysis of data; and the Federal government has a considerable

research effon of its own in several fields,” notably space, defcnse, agnculture.
and the environment.
"a) The Uses of Mathematics in Government. The mathematical work -is" in-

variably computational at the beginning levels of government work and

pamcularly so for someone at the bachelor’s or master’s level. Typical problems
involve solving algebraic or differential equations or analyzing statistical data.

"These problems are not generally mathematically sophisticated, but a sound

grounding in mathematics is a great asset. A combination of mathematics and
statistics or mathematics and computer science is a valuable asset. In fact,
knowledge of how to use high speed computers is almost essential.

‘With some expencncc the mathematician generally becomes a department-
wide consultant.- Many problems involving data analysis are ‘problems trymg to

match data with imperfect mathematical models of physical, economic, or socio-+ .
logical systems. One must somehow perform the sometimes unhappy marriage - -

between what can be obsérved, what can be modeled, mathematically, and what
can be solved mathematically in finite time and finite resources. A mathematician
who can learn to understand the modeling process in some applied area becomcs
very valuable and experiences tremendous challenges.

’

A number of government agdncies are highly involved in the physical scwncc?s' ,

(e.g., the National Aeronautics and Space Administration and Department o
Defense). Also; there are many engineering applications of mathematics such as
the design, simulation, and occasnonally construction of complicated structures.

Efficient modeling of engineering problemsis a task calling for the assmtance of -

many mathematicians at all professional levels.

The Federal government is responsible for the direct support of a significant
amount of fundamental research, even in mathematlcs A substahtial portion of
this' support is through research grants to .mathematicians throughout the
country, either at universities oy in private-industry. Most of the *“‘pure’’ research
is funded by the National Sciehce Foundation, but other agencies, especmlly ‘the
Department of Defensesand NASA, support considerable work with a high
mathematlcal content. All togcther in the 1970’s the Federal government typically

r
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granted more than $100 milliqn per year to various institutions and individuals
for work in pure and applied mathematies and allied subjeets. This amount is not
likely to increase, gnd will probably. decrease if policies prevailing in 1982 are
maintained. The reeipients of these grants however, are not really considered as
“‘working for the government.”” They are rather like consultants, hired for a
short period for a certain task. The people involved in these grants are usually
university professors, research associates, post- doctoral fellows, and graduate
students working on their doctoral theses.

:In aeron to the considerable support of mathematics through these outside
research prants, the Federal government has a number of excellent research
laboratorics of its own. These labs have their own full-time staff of professional

--mathematicians and' do rescarch as competently as any university. It is not
feasible to list all but we do mention, in particular, the U.S. Army Mathematics
Research Center in Madison, Wisconsin, the Atomic Energy Commission’s Oak
Ridge National Laboratory in Tennessce, and the National Buréau of Standards
in Washington, D.C., which have internationally known mathematicians on
their staff. A great many of the research and development labs have independent
rescarch programs, where promising ideas can be explored. These.ideas are not
necessarily directly applicable to the lab’s immediate purpose. The work here i is
in many ways comparable to that in mdustry (

b) Working Conditions and Salaries. A major difference between employ- *
ment in industry and that in government is in the employment structure. Most
government employees are in the Civil Service, a nationwide employment plan

- with a great deal of structure to it, with the coneomitant features of security and -

- lack of flexibility. Someone with a bachelor’s degree would typically find a
position somewhere near the GS-5 level. (Civil Service grade level salaries are
frequently revised, and.current salary scales are readily available from public .

- sources.) With a master’s degree the starting level is usually GS-8 or hlgher, and
-with a Ph.D., GS-11 or higher. .

A 1972 NSF publication listed 2,446 mathematlcnans 2,802 statnstncnans 7,332
computer specialists, and 1,807 operations rescarch analysts in the Federal
government, and 1,839 mathematicians, 1,053 statisticians, 4,206 computer
specialists and 602 operations research analysts in state and local governmient **
who answered a questionnaire sent out by NSF. The 1981 U.S. Department of .
Energy National Survey of Compensation Paid Scientists and Engineers in
Research and Development Laboratories shows 18.1% of a total population of -
over half a million in Federal (Civil Service) and Contract Research (industry
operated on behalf of the Federal government) establishments. The percentage
of mathematicians has not been calculated separately from other scientists and
engineers, but there is no reason to believe the proportion would be very
different.

In general the professional conditions in government service are good Ad-
vanced schooling is encouraged, frequently at government expense. Attendance
at professional meetings is encouraged and the government sponsors or cospon-

| .
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the decline in these jobs.
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!

sors a number of professional meetings. Exchanges of scientists between

laboratorics is often possible. The Federal government has mathematical labs in
‘most every state and in many overscas locatians as well. Working for the Federal

government gives one access to the vast Defense Documentation Center with its
. N . " . . . b4 o

wealth of information. As with most jobs, a government job can be as exciting or

as tedious as the individial makes it. However, rescarch, per se, is probably on

.
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PART IX: MATIIEMK{A;‘ ICS AS BACKGROUND
' FOR OTHER PROFESSIONS
An undergraduate’ degree in mathematics is excellent preparation for many
carccrs not usually considered ‘‘mathematical.”” Why? The reasons stem both
from the usc of mathematics in other ficlds and from the nature of the study of
mathematics. Mathematical techniques -arc being used to a large extent in

A

" increasingly many arcas (rcsource cxploration, data processing® corporate

management, and pollution control, to name just a few). In some mstanccs.
knowledge of mathematics is more crucial than knowledge of spccrhc subject

matter. Morcover, non-technical professionals (managers, policy analysts, sales
pcoplc) who work with technical personnel have an advantage if they speak the
language—i.c., if they know Jmathcmatical terminology and symbols. The
naturc of learning mathematics caters in three ways. First, it is usually casicr to
learn mathematics in college and pick up specifics of subject matter later than
vice versa, Second, the mathematics student typically gets more practice solving
problems than docs any other undergraduate major. Problem solving skills arc
valuable in many disciplines. Finally, mathematics is not an casy major. The
student who succceds in an undergraduate mathematics program has demon-
strated both ability and the willingness tp work hard. He or she is apt to lcarn
more quickly on the job than is a graduate of a less demanding program

1. Careers Requiring No Graduate T'glimng

Sales and Management. These arc lumped together since both primarily usc
the ‘“ability to spcak the language’’ aspect of a mathematics background. Collcge
graduates with many differcnt majefs enter these ficlds. If the company is tech-
nologically oriented, the math m@jor has an advantage over the liberal arts (and
often over the. business) major. For a career in management, you might
supplement a mathematics major with threc or four business courses. .

Geophysics. As resgurces become scarce, exploration techrgques become morc
sophrstrcated and accordingly more mathematical. -Math majors with a minor in
geology (or vice versa) are currently in great demand by oil companies.

Engineering. When the demand for eng]neers exceeds the supply, mathematics
majors are recruited to fill the vacancies—they already know the mathematics
and are receptive to on-the-job training. Even when supply equals demand, a
good math major. with a few enginecring courses may have an advantage over a

“ run-of-the-mill engineering graduate.

2. Graduate and Pro_fessidrnal School Opportunities s

Many graduate and professional schools-draw students from a wide variety of :

majors. Often a few courses outside the major are required for acceptance into
these programs, so if you are interested in any of the areas discussed here, be sure

~ to check graduate.school catalogues early enough to be able to include requrred

courses in your undergraduate schedule.
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. Business Administetion, Mathematics is i good pre-business major for many
reasons: many modern business techniques fire highly mathematical; most busl-
nesses today use, produce, or sell sophisticated technology; und success in the
competitive business,world demands problem solving skills, hard work, and the
ability to learn quickly. We quote from the article *What's nceded to become a
company superstar,”* Business Week, September 15, 1980, <, one combination
appears to be emérging as the surest ticket to instant employment, a high salary,
and a promising future. That is the combination of an undergraduate degree in

* engineering, math, or science, and a master’s degree in business ’zulmi_nistration.""

~ Government. Air and water pollution, resource depletion, the arms race, com-
plex budgets — these are just a few of the concerns of government that involve
use of muthcmulica‘l tools, And, of course, most of what ‘was said above about
business holds equally true for government. it ts thus not surprising that, for
example, ‘the John F. Kennedy School of Government at” Harvard actively
recruits math majors for its programs, ' ‘ ;

Law. The lawyer in court must use the evidence available to prove that the
defendant is innocent or guilty, just.as the:mathematics student must prove the
conclusion of a theorem from the hypotheses given. Where clse in the nnder-
graduate curricnlum does on¢ acquire as much experience in “‘arguing a case?”’
-Morcover, as mathematical techniques become more prevalent in government
and business, théy inevitably show up in legal proceedings. The lawyer with a J

- knowledge of statistics, computers, or other mathematical topics has an cdgt®
over her or his ¢olleague with a pure liberal arts background. With today’s flood
of lawyers, this edge can be especially important. . o -

Meteorology, Oceanography, Wildhrfc Management. These are just a few of
the **smaller’” disciplines which have become highly mathematical,and usually do
not offer nndergradd@fc degrees. In some cases, a minor in another field (c.g.,
biology for wildlife management) is advisable as preparation for a graduate pro-
gram in one of these ficlds. A thorough study of graduate school catalogues for
the arcas that interest you is therefore particularly advisable. '
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o b Careers in Mathematics, Amcriuul Mulhunntmll Society, I’ 0. Box 6248,
l’rovulcmc Rl 02940, One copy, free.
2. Careers i Statistics, American Statistical Association, 806 15th St., NW Wash-
‘mgmn D.CL 20008,
3 Actuary, Careers, P.O. Box 135, Largo, FL 33540, 65¢ cach.
4. Mathematician, Careers, 1.0, Box 135, Largo, I'1. 33540, 95¢,
S. Programmer, Carcers, P.O..Box 135, Largo, FL 33540, 95¢.
6. Statistician, Carcers, P.O. Dox 135, Largo, IL. 33540. 65¢,
7. Swstemns Analyst, Careers, PO, Box 135, Largo, FL, 33540, 65¢.
8, Cusualty Actnary, Casunalty Actuarial Socicty, 250 W. Mth St., New York,
NY 10119, !
9. Chronicle Ouupammal Briefs. Among various bricfs Of intcrest are those re dting
. to Programmers, Mathematicians and Technicians, Statisticians, Statistical Clerks, and
" Actuaries. Chronicle Guidance Publications, In¢., Moravia, NY 13118, $2 per 4-page
brief, (Complete list of titles free on request:)
A0, Statistics: A Guide 1o the Unknown, 1,M. Tanur, Ed,, 2nd Edmon Holden- Day,
v Ing., 4432 Telegraph Avenue, Oakland, CA 94609, '
ll Carcer Mathematics:  Industry aml the Trades, Houghton Mifflin Co., Once
Beacon St., Boston, MA 02108, $6.99."
A2 .8clence Education for You?, 1975, 20 pgs. National Science I‘c.uhcrq Associa-
-tion, 1742 Conneccticut Ave., NW, Washington, D.C. 20009. $2. Prepaid orders over
i, - 315, waive 32 postage & handling fec. -
13..-Careers in Operations Research and the Educational Programs in Operanons
Research/Managenwnl Science, Operations Rescarch Socicty of Amcncn. 428 East
_Preston St., Baltimore, MD 21202, Up to 3 copices, free. '
.~ 14. Careers in Applied Mathematics, Society for Industrial and Appllcd Mathc
matics, 117 South-17th St., Philadelphia, PA 19103. One copy, free. {
15. Profi les in Applied Mathematics, Society for Industrial and Appllcd Mathe-
matics, 117 South 17th Street, Philadelphia, PA 19103. One copy, free, -
16. Actnarial Profession,” Society of Actuaries, 208 S. LaSalle St., Clucago.
IL 60604, 25¢.
17. From Actuarius to Actuary, the Growth of a Dynamu Profession in Canada and
-« the United States, Socicty df Actuaries, 208 S. LaSalle Street, Chicago, IL 60604, $2,
18. Mathematics. The Student, Subject,” and Careers Series, Guidance Center,

“Faculty of Education, Umvcrsny of Toronto, 252, Bloor St. W., Ontario, MSS 273 v

CANADA. $3.90.

19. Occupational lnformanon Monograph-—Malhemanuan, Guidance Center,
.Faculty of Educauon University of Toronto, 252 Bloor St W., Ontdrio M5S 2Y3
CANADASI.

20. Issues of thc Notices of the Amcru‘an Marhemancal Soc:ely contain thc followmg o

articles which may bc “of interest:
“Commcnts on’ Panel Dlscussmn Nonacadcmxc Employmcnt of Ph D.'s,”” -
155( I974)206-2| 1.
..+'Nonacademic Employment of Ph D s in the Mathematical Scncnccs." chdcll H
“Fleming, 161(1975)152-155, -
*‘Case Studies — Some Mathematicians wnth Nonacademic Employmcnt v 157(1974)
346-348; 160(1975)100-102; 162(1957)181 l84 163(1975)241-244; 165(1975)355 357;
’ 184(1978)“5’”8
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. “Current Trends in Graduate Education in- Ph D. Granting Mat?ematrcs Depart-

ments,” Wendell H. Fleming, 168(1976)109-113 > &
“Comments on’ Panel Discussion:’ The ‘Changing Role of the Master s Degree,
l70(l976)206—209 ' # )
“Employers- “Viewpoint on Nonacademrc Employment-—A Panel Drscussron,
e 185(1978)184:188. :
! © “Employment of Mathematrcal Scrences Doctorates,” Wendell H.’ Flemrng, g
Y 184(1978)99-104. = =~ )

21, Issues of the Amencan Mathemancal Monthly qgntarn the followrng articles
-which may be of interest: :
L “Computer scrence and its relatron to mathematrcs,” Donald E. Knuth 81(1974)
. 323-343. .
“The rndustrral mathematrcra%vrews his profession—a report of the committee on-
corporate members,’’ R.E. Gaskell and M.S. Klamkin, 81(1974)699-716. - ’
. “Mathematrcrans in, opergtrons resear;ch consultrng,” Danrel H. ‘Wagner, 82(1975)
- 895-904. .
“Mathematrcs ‘and Sex,” John Ernest,. 83(1976)595 614,
*‘Mathematicians in the practrce of operations research ' éordon Rarsbeck 83(1976)
68l 701 : oo .

N

Recommended Study . ‘ , : o ' .
‘See also #13. - ' ’
22. Professional Trammg in Mathematics with a Selecteal List of. Avazlable Scholar-
' sths and Stipends:in Mathematics, Amerrcan Mathematrcal Socrety, P.O. Box 6248,
.Providence, RI 02940. $2. .
. 23. Recommendations for Study, Casualt‘@ Actuarral Socrety, 250 ‘W.. 34th St., New
York, NY 10119. -~
24. Preliminary Actuarial Exammanons Socrety of Actuaries, 208 S LaSalle St,,
Chrcago, IL 60604 : : :

: Support for Study o ' C ;

2»  Seealso#22. - L
: 25. Assrstantsths and Fellowships in .the Mathemancal Sczences, Notices of the
- American Mathematical Society, (publrshed every December),. Amencan Mathematrcal
B ,Socrety, P.O. Box 6248, Provrdence, Rl 02940. $3
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Women in Mathematrcs and Scrence . '

26. Women in Physzcs Amerjcan Physrcafl Socrety, 335 E 45th St New York NY

ne copy, free.

‘for Women'in Mathematics, Association for Women in Mathematrcs 422

. 'Founders\, Wellesley College, Wellesley, MA 0218l1. (Self-addressed stamped envelope. .
must, accorpany request. One copy, free; over ten copies, 10¢ each.) L

28. Science r Exploration for Women, 1978, 77 pgs. For seience teachers, coun-

selors, and others who work with young women. Contains activities modules desrgned to
;-assist women students in explorrng science related professronal careers. National Science -
'Tea,chers Association, 1742 Connecticut Ave.” NW, Washrngton, ‘D.C. 20009 $s. ™y
““Prepaid orders over $15, waive $2 postage & handling fee. ¥

. .29. A Profile of the Woman Engineer, Society of Women Engrneers 345 E 47th St

. New:York NY 10017 o . o -{

v
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]

See also #20..
See also #21.

Other Sources
31, Womeiﬁ Scientists Roster 1979, 143 pgs A listing of oveft 1 300 women m science

" related fields who have volunteered to address students and other groups*mterested in

science careers from“a new perspective. National Science Teachers Assocfation, 1742

.. Connecticut Ave., NW, Washington, D. C 20009. $S Prepaid orders over $15 walve '$2
‘ postage & handlmg fee.

32. Science and Engineering Careers— A Btbhography (1974), Sclentlf' ic Manpower

" Commission, 1776 Massachusetts Ave., NW, Washington, D.C. 20036.,$2.

.

'Hayward, C ,
10. Mathematical Assoclatlon of Amenca, 1529 Elghteenth St N W Washmgton -

33 Nanonal Survey of Compensauon for Paid Scientists and Engineers engaged in -
.Research & Developmental Activities— 1981 edition. (#061-000-00569-2) Superintendent

of Documents, U.S. Government Printing Office, Washington, D.C. 20402, $9.

34. Employment Outlook for Education and "Related Occupations, (BLS Bulletin
2200-9) Superintendent of Documents, U S. Govemment Prmtmg Office, Washington,
D.C: 20402; $2.25.

35. Employment Outlook for. Computer and Mathemaucs Related Occupanons,
(BLS Bulletin-2200-4) Superintendent of Documents, uU.s. Govemment Prmtmg Office,
Washmgton D.C. 20402. $2. 25

1
1

"For further information we hst the addresses of professlonal sociéties referred to'in

.this pamphlet: =~ - . s

1. American Mathematlcal Society, P 0. Box 6248 Provxdence RI 02940

2, Amerjcan Federation of lnformatlon PrOcessmg SOClCthS, 1815 N. Lynn Street
Su1te 800, Arlington, VA 22209.-

, 3. American Physical Society, 335 E 45th St., New York NY 10017.-

"4, American Statistical Assoclatlon 806 '15th St N.W., Washington, D.C. 20005,

5. Association for Computing Machmery, 11 West 42nd St,, New York, NY 10036:

6. Association for .Women in Mathematlcs, 422 Foun TS, Wellesley College,
Well sley, MA 02181.

. 7.\Biometric Society, 806 Flfteenth St N w., Washmgton D. C 20005

8. asualty Actuarial Society, 250 W. 34th St., New York, NY 10119.

9. Institute of Mathematlcal Stat1st1cs, 340] Investment Boulevard Suite #6,

D.C. 20036.
11.. Natlonal Council of Teachers of Mathematlcs 1906 Assoclatlon Dnvc, Reston
VA 22091. o ¢
-12. National Science Teachers Assoclatlon 1742 Connectlcut Ave.,, NW., Washmg-

~ton D.C. 20009. C »

13. Operations Research SOclety of Amenca, 428 East Preston St Baltlmore,

‘MD 21202.

14. Scientific Manpower Commxssxon 1776 Massachusetts Ave NW Washmgton,
D.C. 20036. v

15. Society for Jndustrial® and Apphed Mathematlcs, 17’ South l7th St Phlla-
delphia, PA 19103.

16. Society of Actuaries, 208 S. LaSalle St., Chicago, L 60_604. : ]

17. Society of Women Englneers,~345 E. 47th St., New York, NY 10017. ,  *=

18. The Institute of Management Sclences (TlMS), 146 Westmmster St., Provxdence,

RI02903. .
42 Ty
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30. Seekmg Employment in the Mdthemancal Scrences, Amencan Mathematlcal.«
Society, P.O. Box 6248 Provxdence, RI 02940 $1 for first cop)', $1 for each addmonal 2
- copies. . _ v

@3



