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the highest 10 percent earned more than $63,480. Median annudjature of the Work .
earnings in the industries employing the largest numbers of com-Mathematics is one of the oldest and most fundamental sciences.

puter support specialists in 2000 were: Mathematicians use mathematical theory, computational techniques,
_ _ ) algorithms, and the latest computer technology to solve economic,
Professional and commercial equipment ...........ccccceevviiieee e, $42'97Oscientific, engineering, physics, and business problems. The work

Computer and data processing SEIVCES ................wwwwwrwwemmeneeee 7868 mathematicians falls into two broad classes—theoretical (pure)

Eglrlse%r;r;e;rs]gzprﬁ/vzfsrx:gzs """"""""""""""""""""""""""""""""""" ?‘?’; ’gg athematics and applied mathematics. These classes, however, are
Miscellaneous buSINESS SEIVICES ........uuuveeeieiiiiieeiieeeieeeeeeeeeeecea, 21,076‘Ot sharply defined, and often overlap.

Theoretical mathematiciansdvance mathematical knowledge

Median annual earnings of network and computer systems adby developing new principles and recognizing previously unknown

ministrators were $51,280 in 2000. The middle 50 percent earnedelationships between existing principles of mathematics. Although
between $40,450 and $65,140. The lowest 10 percent earned ledbey seek to increase basic knowledge without necessarily consid-
than $32,450, and the highest 10 percent earned more than $81,156ting its practical use, such pure and abstract knowledge has been

Median annual earnings in the industries employing the largest numinstrumental in producing or furthering many scientific and engi-
ber of network and computer systems administrators in 2000 wereneering achievements. Many theoretical mathematicians are em-

ployed as university faculty and divide their time between teaching

Computer and data .pro_cessing SEIVICES ..ovvvviriiiiiiiiiieeeeeeeeeeeeeee, $54,409n¢ conducting research. (See the statement on teachers—
I/Ielephone c?mrrgjunlcbal_tlon |t ...................................................... gigi ostsecondary elsewhere in thandbook)

Eli%agrigsnarijn s eF::L:)n:jCarr?/ 2 C'EQ(SJI s 45 450 Applied mathematiciansn the other hand, use theories and tech-
Colleges and UNIVEISItIES ......c..uvveeiecuiiiee e e e 44’01d\|ques, such as mathematical modeling and computational methods,

to formulate and solve practical problems in business, government,

According to Robert Half International, starting salaries in 2001 engineering, and in the physical, life, and social sciences. For
ranged from $30,500 to $56,000 for help-desk support staff, andexample, they may analyze the most efficient way to schedule airline
from $48,000 to $61,000 for more senior technical support special-routes between cities, the effect and safety of new drugs, the aerody-
ists. For systems administrators, starting salaries in 2001 rangetiamic characteristics of an experimental automobile, or the cost-

from $50,250 to $70,750. effectiveness of alternate manufacturing processes. Applied
mathematicians working in industrial research and development may
Related Occupations develop or enhance mathematical methods when solving a difficult

Other computer-related occupations include computer programmersproblem. Some mathematicians, called cryptanalysts, analyze and
computer software engineers; systems analysts, computer scientistdecipher encryption systems designed to transmit military, political,
and database administrators; and operations research analysts. financial, or law enforcement-related information in code.

Applied mathematicians start with a practical problem, envision

Sources of Additional Information the separate elements of the process under consideration, and then
For additional information about a career as a computer supporteduce the elements into mathematical variables. They often use
specialist, contact: computers to analyze relationships among the variables and solve
» Association of Computer Support Specialists, 218 Huntington Rd., complex problems by developing models with alternate solutions.
Bridgeport, CT 06608. Interneitttp://www.acss.org Much of the work in applied mathematics is done by individuals
> Association of Support Professionals, 66 Mt. Auburn St., Watertown, ith titles other than mathematician. In fact, because mathematics
MA 02472.  Internethttp://www.asponline.com ~is the foundation upon which so many other academic disciplines
For additional information about a career as a systems adminisyre puilt, the number of workers using mathematical techniques is
trator, contact: much greater than the number formally designated as mathemati-

» System Administrators Guild, 2560 9th St., Suite 215, Berkeley, CA
94710. Internethttp://www.sage.org

Further information about computer careers is available from:
> National Workforce Center for Emerging Technologies, 3000 Landerholm
Circle SE., Bellevue, WA 98007. Internéttp://www.nwcet.org

cians. For example, engineers, computer scientists, physicists, and
economists are among those who use mathematics extensively. Some
professionals, including statisticians, actuaries, and operations

|
Mathematicians

(O*NET 15-2021.00)

Significant Points

e A doctoral degree in mathematics usually is the
minimum education needed, except in the Federal
Government.

e Employment is expected to decline because very few
jobs with the title mathematician are available.

e Master’'s and Ph.D. degree holders with a strong
background in mathematics and a related discipline, -

such as computer science or engineering, should have Mathematicians use abstract mathematical concepts and theories
good employment opportunities in related occupations. in real-world applications.
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research analysts, actually are specialists in a particular branch ofollege mathematics major should take as many mathematics courses
mathematics. Frequently, applied mathematicians are required t@s possible while in high school.

collaborate with other workers in their organizations to achieve In 2001, about 200 colleges and universities offered a master’s

common solutions to problems. (For more information, see the statedegree as the highest degree in either pure or applied mathematics
ments on actuaries, operations research analysts, and statisticiamdout 200 offered a Ph.D. degree in pure or applied mathematics.

elsewhere in thelandbook) In graduate school, students conduct research and take advancec
courses, usually specializing in a subfield of mathematics.
Working Conditions For jobs in applied mathematics, training in the field in which

Mathematicians usually work in comfortable offices. They often the mathematics will be used is very important. Mathematics is
are part of an interdisciplinary team that may include economists,used extensively in physics, actuarial science, statistics, engineer-
engineers, computer scientists, physicists, technicians, and othersng, and operations research. Computer science, business and indus
Deadlines, overtime work, special requests for information or analy-trial management, economics, finance, chemistry, geology, life
sis, and prolonged travel to attend seminars or conferences may b&ciences, and behavioral sciences are likewise dependent on ap-
part of their jobs. Mathematicians who work in academia usually plied mathematics. Mathematicians also should have substantial
have a mix of teaching and research responsibilities. These mathknowledge of computer programming because most complex math-
ematicians often conduct research alone, or are aided by graduatmatical computation and much mathematical modeling is done on

students interested in the topic being researched. a computer.
Mathematicians need good reasoning ability and persistence in
Employment order to identify, analyze, and apply basic principles to technical

Mathematicians held about 3,600 jobs in 2000. In addition, aboutproblems. Communication skills are important, as mathematicians
20,000 persons held full-time mathematics faculty positions in must be able to interact and discuss proposed solutions with people
colleges and universities in 2000, according to the Americanwho may not have an extensive knowledge of mathematics.
Mathematical Society. (See the statement on teachers—
postsecondary elsewhere in tHandbook) Job Outlook

Many nonfaculty mathematicians work for Federal or State gov- Employment of mathematicians is expected to decline through 2010,
ernments. The U.S. Department of Defense is the primary Federdbecause very few jobs with the title mathematician are available.
employer, accounting for about three-fourths of the mathematiciansHowever, master’s and Ph.D. degree holders with a strong back-
employed by the Federal Government. In the private sector, majoground in mathematics and a related discipline, such as engineering
employers include research and testing services, educational sesr computer science, should have good job opportunities. How-
vices, security and commodity exchanges, and management andver, many of these workers have job titles that reflect their occupa-
public relations services. Within manufacturing, the aerospace andion, rather than the title mathematician.
drug industries are the key employers. Some mathematicians also Advancements in technology usually lead to expanding applica-

work for banks and insurance companies. tions of mathematics, and more workers with knowledge of math-
ematics will be required in the future. However, jobs in industry
Training, Other Qualifications, and Advancement and government often require advanced knowledge of related sci-

A doctoral degree in mathematics usually is the minimum educa-entific disciplines in addition to mathematics. The most common
tion needed for prospective mathematicians, except in the Federdields in which mathematicians study and find work are computer
Government. In the Federal Government, entry-level job candi-science and software development, physics, engineering, and op-
dates usually must have a 4-year degree with a major in mathematrations research. More mathematicians also are becoming involved
ics or a 4-year degree with the equivalent of a mathematicsin financial analysis. Mathematicians must compete for jobs, how-
major—24 semester hours of mathematics courses. ever, with people who have degrees in these other disciplines. The
In private industry, candidates for mathematician jobs typically most successful jobseekers will be able to apply mathematical theory
need a Masters or Ph.D. degree. Most of the positions designatetb real-world problems, and possess good communication, team-
for mathematicians are in research and development laboratories asork, and computer skills.
part of technical teams. Research scientists in such positions en- Private industry jobs require at least a master’s degree in math-
gage either in basic research on pure mathematical principles or iematics or in one of the related fields. Bachelor’s degree holders in
applied research on developing or improving specific products ormathematics usually are not qualified for most jobs, and many seek
processes. The majority of those with a bachelor’s or master’s deadvanced degrees in mathematics or a related discipline. However,
gree in mathematics who work in private industry do so not as math-bachelor’s degree holders who meet State certification requirements
ematicians, but in related fields such as computer science, wherenay become primary or secondary school mathematics teachers.
they have titles such as computer programmer, systems analyst, diFor additional information, see the statement on teachers—pre-
systems engineer. school, kindergarten, elementary, middle, and secondary elsewhere
A bachelor’s degree in mathematics is offered by most collegesin theHandbook)
and universities. Mathematics courses usually required for this de- Holders of a master’s degree in mathematics will face very strong
gree include calculus, differential equations, and linear and abstractompetition for jobs in theoretical research. Because the number
algebra. Additional courses might include probability theory and of Ph.D. degrees awarded in mathematics continues to exceed the
statistics, mathematical analysis, numerical analysis, topology, disnumber of university positions available, many of these graduates
crete mathematics, and mathematical logic. Many colleges andwill need to find employment in industry and government.
universities urge or require students majoring in mathematics to
take courses in a field that is closely related to mathematics, such aSarnings
computer science, engineering, life science, physical science, oMedian annual earnings of mathematicians were $68,640 in 2000.
economics. A double major in mathematics and another disciplineThe middle 50 percent earned between $50,740 and $85,520. The
such as computer science, economics, or another one of the sclewest 10 percent had earnings of less than $35,390, while the high-
ences is particularly desirable to many employers. A prospectiveest 10 percent earned over $101,900.
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According to a 2001 survey by the National Association of Col-  The prevalence of operations research in the Nation’s economy
leges and Employers, starting salary offers averaged $46,466 a yeaeflects the growing complexity of managing large organizations
for mathematics graduates with a bachelor’s degree, and $55,93&at require the effective use of money, materials, equipment, and
for those with a master’s degree. Doctoral degree candidates avepeople. Operations research analysts help determine better ways to
aged $53,440. coordinate these elements by applying analytical methods from

In early 2001, the average annual salary for mathematicians emmathematics, science, and engineering. They solve problems in
ployed by the Federal Government in supervisory, nonsupervisorydifferent ways and propose alternative solutions to management,
and managerial positions was $76,460; for mathematical statistiwhich then chooses the course of action that best meets the

cians, it was $76,530, and for cryptanalysts, $70,840. organization’s goals. In general, operations research analysts may
be concerned with diverse issues such as top-level strategy, plan-
Related Occupations ning, forecasting, resource allocation, performance measurement,

Other occupations that require extensive knowledge of mathematicscheduling, design of production facilities and systems, supply chain
or, in some cases, a degree in mathematics include actuaries; statistanagement, pricing, transportation and distribution, and analysis
ticians; computer programmers; systems analysts, computer sciersf data in large databases.
tists, and database administrators; computer software engineers; and The duties of the operations research analyst vary according to
operations research analysts. A strong background in mathematicthe structure and management philosophy of the employer or cli-
also facilitates employment as teachers—postsecondary, engineersnt. Some firms centralize operations research in one department;
economists and survey and market researchers, financial analysisthers use operations research in each division. Operations research
and personal financial advisors, and physicists and astronomers. analysts also may work closely with senior managers to identify
and solve a variety of problems. Some organizations contract op-

Sources of Additional Information erations research services with a consulting firm. Economists, sys-
For more information about careers and training in mathematics,tems analysts, mathematicians, industrial engineers, and others also
especially for doctoral-level employment, contact: may apply operations research technigues to address problems in
> American Mathematical Society, 201 Charles St., Providence, R102940.their respective fields. (These occupations are discussed elsewhere
Internet:http://www.ams.org in theHandbook)

For specific information on careers in applied mathematics, Regardless of the type or structure of the client organization,
contact: operations research in its classical role entails a similar set of pro-

> Society for Industrial and Applied Mathematics, 3600 University City - cedures in carrying out analysis to support management's quest for
E;;S‘/me:ig{ Eg;gﬂg'ﬁ:&%xpﬁ ;9104'2688' Internet: performance improvement. Managers begin the process by describ-

I.nformétion' on obtaininé a mathematician position with the mg_the symptoms of & problem to the analyst_, who then formally
defines the problem. For example, an operations research analyst

Federal Government is available from the Office of Personnel ; :
Management (OPM) through a telephone-based system. Consu(toran auto manufacturer may be asked to determine the best inven

your telephone directory under U.S. Government for a local num- ory Ieyel for each of the parts ngeded ona produqtion line and to
ber or call (912) 757-3000: Federél F.{elay Service: (800) 877-8339 determme the_r number of windshields to be kept in inventory. Too
The first number is no,t tollfree. and chargés may result ‘many wmdsk_nelds wc_)uld be wasteful and expensive, while too few

. ; . ! _7 " could result in an unintended halt in production.
Informatlpn also is available from the OPM Interet sftep:// Operations research analysts study such problems, then break them
WWw.usajobs.opm.gov into their component parts. Analysts then gather information about
each of these parts from a variety of sources. To determine the most

efficient amount of inventory to be kept on hand, for example, opera-
tions research analysts might talk with engineers about production

Operations Research Analysts levels, discuss purchasing arrangements with buyers, and examine
. data on storage costs provided by the accounting department.
(O™NET 15-2031.00) With this information in hand, the analyst is ready to select the
most appropriate analytical technique. Analysts could use several
techniques—including simulation, linear and nonlinear program-

Significant Points

¢ Individuals with a master’s or Ph.D. degree in ming, dynamic programming, queuing and other stochastic-process
management science, operations research, or a closelymodels, Markov decision processes, econometric methods, data
related field should have good job prospects. envelopment analysis, neural networks, expert systems, decision

e Employment growth is projected to be slower than analysis, and the analytic hierarchy process. Nearly all of these

. . techniques, however, involve the construction of a mathematical
average because few job openings are expected to ha\/t"'?1odel that attempts to describe the system being studied. The use

the titleoperations research analyst of models enables the analyst to assign values to the different com-
ponents, and clarify the relationships between components. These
Nature of the Work values can be altered to examine what may happen to the system

Operations research and management science are terms that are usedier different circumstances.

interchangeably to describe the discipline of applying advanced ana- In most cases, the computer program developed to solve the model
lytical techniques to help make better decisions and to solve prob-must be modified and run repeatedly to obtain different solutions. A
lems. The procedures of operations research gave effective assistanngodel for airline flight scheduling, for example, might include vari-
during World War 11 in missions such as deploying radar, searchingables for the cities to be connected, amount of fuel required to fly the
for enemy submarines, and getting supplies where they were mostoutes, projected levels of passenger demand, varying ticket and fuel
needed. Following the war, new analytical methods were developegrices, pilot scheduling, and maintenance costs. By locating the right
and numerous peacetime applications emerged, leading to the use cémbination of variable values, the analyst is able to produce the
operations research in many industries and occupations. best flight schedule consistent with particular assumptions.



