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2-year degree or its equivalent in work experience should face Stron (i

competition for programming jobs. Competition for entry-level Computer Software Engineers
positions, however, also can affect applicants with a bachelor’s

degree. Prospects should be best for college graduates with knowlO*NET 15-1031.00, 15-1032.00)
edge of, and experience working with, a variety of programming
languages and tools—including C++ and other object-oriented lan- Significant Points

guages like Java, as well as newer, domain-specific languages thg} Computer software engineers are projected to be the
apply to computer networking, data base management, and Internet fastest growing occupation over the 2000-10 period
application development. Obtaining vendor or language specific )

certification also can provide a competitive edge. Because de-® Very favorable opportunities are expected for college
mand fluctuates with employers’ needs, job seekers should keep  graduates with at least a bachelor’s degree in computer
up to date with the latest skills and technologies. Individuals who engineering or computer science and practical

want to become programmers can enhance their prospects by com-  experience working with computers.

bining the appropriate formal training with practical work
experience.

Computer software engineers must continually strive to
acquire new skills as computer technology changes

_ rapidly.

Earnings

Median annual earnings of computer programmers were $57’59é}{1ature of the Work

in 2000. The middle 50 percent earned between $44,850 an S . .
$74,500 a year. The lowest 10 percent earned less than $35,02 ’he exploswe_lmpact of computers and |nforma_t|on technology on
. . ur everyday lives has generated a need to design and develop nev
the highest 10 percent earned more than $93,210. Median annua . o
. ; . . . computer software systems and to incorporate new technologies in
earnings in the industries employing the largest numbers of com- . . L
) 4 a rapidly growing range of applications. The tasks performed by
puter programmers in 2000 were:

workers known as computer software engineers evolve rapidly, re-

Personnel SUPPIY SEIVICES ........c.ccieieeeeeeeeeeeeeeeeeeeeeses e $65,78dlecting new areas of specialization or changes in technology, as
Professional and commercial eqUIPMENt .............c..cocvvrvrvernenns 63,780nell as the preferences and practices of employers. Computer soft-
Computer and data processing SErViCes ..........cccooeevveveeeeeeeeennnns 61,01vare engineers apply the principles and techniques of computer
Commercial DANKS .......covoiiiiiiiiieie s 60,180science, engineering, and mathematical analysis to the design, de-
Management and public relations ..............ccccooviieiiiiniinns 57,120velopment, testing, and evaluation of the software and systems that

enable computers to perform their many applications. (A separate
According to the National Association of Colleges and Employ- statement on computer hardware engineers appears elsewhere ir
ers, starting salary offers for graduates with a bachelor’s degree ifjhe Handbook)
computer programming averaged $48,602 a year in 2001. Software engineers working in applications or systems develop-
According to Robert Half |nternati0nal, average annual Starting ment analyze users’ needs and design, create, and m0d|fy genera\
salaries in 2001 ranged from $58,500 to $90,000 for applicationscomputer applications software or systems. Software engineers can
deVelOpment programmers/developers, and from $54,000 to $77,75ge involved in the design and development of many ]_ypes of soft-
for software development programmers/analysts. Average startingyare including software for operating systems, network distribu-
salaries for Internet programmers/analysts ranged from $56,500 t@jon, and compilers, which convert programs for faster processing.

$84,000. In programming, or coding, software engineers instruct a computer,
line by line, how tgoerform a function. They also solve technical
Related Occupations problems that arise. Software engineers must possess strong pro-

Other professional workers who deal with data and detail include9ramming skills, but are more concerned with developing algorithms
computer software engineers; systems analysts, computer scientistéNd analyzing and solving programming problems than with actu-
and database administrators; statisticians; mathematicians; engia“y writing code. (A separate statement on computer programmers
neers; financial analysts and personal financial advisors; accoun@PpPears elsewhere in the Handbook).

tants and auditors; actuaries; and operations research analysts. Computer applications software engineanglyze users’ needs
and design, create, and modify general computer applications soft-

ware or specialized utility programs. Different programming lan-
Sources of Additional Information guages are used, depending on the purpose of the program. The
State employment service offices can provide information abOUtprogramming languages most often used are C, C++, and Java, with
job openings for computer programmers. Municipal chambers of Fortran and Cobol used less commonly. Some software engineers
commerce are other sources of information on an area’s larges§ievelop both packaged systems and systems software or create cus

employers. . o . ) tomized applications.

For information about certification as a computing professional, Computer systems software enginessrdinate the construc-
conta_ct: - _ ) tion and maintenance of a company’s computer systems, and plan
> Institute for Certification of Computing Professionals (ICCP), their future growth. Working with a company, they coordinate each

2350 East Devon Ave., Suite 115, Des Plaines, IL 60018. Internet:
http://www.iccp.org
Further information about computer careers is available from:

department’s computer needs—ordering, inventory, billing, and pay-
roll recordkeeping, for example—and make suggestions about its
> Association for Computing Machinery (ACM), 1515 Broadway, New technical dlrecyon. They also ”.”'g.ht setup thg company's Intranets,
York, NY 10036. Internethttp://www.acm.org networks that link computers within the organization and ease com-
> IEEE Computer Society, Headquarters Office, 1730 Massachusetts Ave Munication. _ _ _

NW., Washington, DC 20036-1992. Internieitp://www.computer.org Systems software engineers work for companies that configure,
> National Workforce Center for Emerging Technologies, 3000 Landerholm implement, and install complete computer systems. They may be
Circle SE., Bellevue, WA 98007. Internattp://www.nwcet.org members of the marketing or sales staff, where they serve as the
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primary technical resource for salesworkers and customers. The!
also may be involved in product sales and in providing their cus-
tomers with continuing technical support. .
Computer software engineers often work as part of a team tha
designs new hardware, software, and systems. A core team ma
comprise engineering, marketing, manufacturing, and design peoplt
who work together until the product is released.

Working Conditions
Computer software engineers normally work in well-lighted and
comfortable offices or computer laboratories in which computer
equipment is located. Most software engineers work at least 4C

work, they also may have to work evenings or weekends to mee
deadlines or solve unexpected technical problems. And like othe
workers who sit for hours at a computer typing on a keyboard, soft-
ware engineers are susceptible to eyestrain, back discomfort, ang
hand and wrist problems such as carpal tunnel syndrome.
Many computer software engineers interact with customers an
coworkers as they strive to improve software for users. Those em-
ployed by software vendors and consulting firms, for example, spendTraining, Other Qualifications, and Advancement
much of their time away from their offices, frequently traveling Most employers prefer to hire persons who have at least a bachelor’s
overnight, to meet with customers. They call on customers in busi-degree and broad knowledge and experience with computer sys-
nesses ranging from manufacturing plants to financial institutions.tems and technologies. Usual degree concentrations for applica-
As networks expand, software engineers may be able to use maions software engineers are computer science or software
dems, laptops, e-mail, and the Internet to provide more technicakengineering; for systems software engineers, usual concentrations
support and other services from their main office, connecting to aare computer science or computer information systems. Graduate
customer’s computer remotely to identify and correct developing degrees are preferred for some of the more complex jobs.

omputer software engineers design, develop, and test many types
0of software.

problems. Academic programs in software engineering emphasize software
and may be offered as a degree option or in conjunction with com-
Employment puter science degrees. Students seeking software engineering jobs

Computer software engineers held about 697,000 jobs in 2000enhance their employment opportunities by participating in intern-
About 380,000 were computer software engineers, applications, andhip or co-op programs offered through their schools. These expe-
about 317,000 were computer software engineers, systems softwareences provide students with broad knowledge and experience,
Although they are employed in most industries, the largest concenimaking them more attractive candidates to employers. Inexperi-
tration of computer software engineers, almost 46 percent, is in theenced college graduates may be hired by large computer and con-
computer and data processing services industry. This industry insulting firms that train new hires in intensive, company-based
cludes firms that develop and produce prepackaged software angrograms. In many firms, mentoring has become part of the evalu-
firms that provide contractual computer services such as computeation process for new employees.
programming, systems integration, and information retrieval, includ-  For systems software engineering jobs that require workers who
ing online databases and Internet services. Many computer softhave a college degree, a bachelor’s in computer science or com-
ware engineers also work for establishments in other industries, sucputer information systems is typical. For systems engineering jobs
as government agencies, manufacturers of computers and relatethat place less emphasis on workers having a computer-related de-
electronic equipment, and colleges and universities. gree, computer training programs are offered by systems software
Employers of computer software engineers range from startupvendors, including Microsoft, Novell, and Oracle. These training
companies to established industry leaders. The proliferation ofprograms usually last from 1 to 4 weeks but are not required in
Internet, e-mail, and other communications systems expands elecerder to sit for a certification exam; several study guides also are
tronics to engineering firms traditionally associated with unrelated available to help prepare for the exams. However, many training
disciplines. Engineering firms specializing in building bridges and authorities feel that program certification alone is not sufficient for
power plants, for example, hire computer software engineers tomost software engineering jobs.
design and develop new geographic data systems and automated Professional certification is offered by the Institute for Certifica-
drafting capabilities. Communications firms need computer soft- tion of Computing Professionals. This voluntary certification is avail-
ware engineers to tap into growth in the personal communicationsable to those who have a college degree and at least 2 years of
market. Major communications companies have many job open-experience. Candidates must pass an examination covering general
ings for both computer software applications and systems engineerknowledge and two specialty areas or one specialty area and two
A increasing number of computer software engineers are em-computer programming languages. In addition, the Institute of Elec-
ployed on a temporary or contract basis—many of whom are self-trical and Electronics Engineers Computer Society recently an-
employed, working independently as consultants. Some consultantaounced plans to certify software engineers who pass an examination.
work for firms that specialize in developing and maintaining client ~ Persons interested in jobs as computer software engineers must
companies’ websites and intranets. Consulting opportunities forhave strong problem-solving and analytical skills. They also must
software engineers should grow as businesses need help managingg able to communicate effectively with team members, other staff,
upgrading, and customizing increasingly complex computer sys-and the customers they meet. And because they often deal with a
tems. About 49,000 computer software engineers were self-emniumber of tasks simultaneously, they must be able to concentrate
ployed in 2000. and pay close attention to detail.
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As is the case with most occupations, advancement opportunities Median annual earnings of computer software engineers, sys-
for computer software engineers increase with experience. Entryiems software, who worked full time in 2000 were about $69,530.
level computer software engineers are likely to test and verify ongo-The middle 50 percent earned between $54,460 and $86,520. The
ing designs. As they become more experienced, computer softwar@west 10 percent earned less than $43,600, and the highest 10 per
engineers may be involved in designing and developing softwarecent earned more than $105,240. Median annual earnings in the

They eventually may advance to become a project manager, manndustries employing the largest numbers of computer systems soft-
ager of information systems, or chief information officer. Some com- yare engineers in 2000 were:

puter software engineers with several years of experience or expertise

find lucrative opportunities working as systems designers or inde-Computer and office equiPMEeNt ...........c.covviriierieinieneneseieas $74,600
pendent consultants or starting their own computer consulting firms.Computer and data processing Services ...........c.c.ccooeeiiiieennnen, 70,150
As technological advances in the computer field continue, employ-Telephone commUNICALION ... 68,930
ers demand new skills. Computer software engineers must ContinuEngineering and architectural Services ........ccccovveveeiiiieeeennnnenn. 68,030
ally strive to acquire new skills if they wish to remain in this extremely COMMErCIal DANKS ..o 65,620

dynamic field. To help them keep up with the changing technology, . . -
continuing education and professional development seminars are of- According to the National Association of Colleges and Employ-

fered by employers and software vendors, colleges and universitiess >’ starting salary offers for graduates with a bachelor's degree in

rivate training institutions, and professional computing societies. CcOMPULer engineering averaged $53,924 in 2001, and those with a
P g P puting master’s degree averaged $58,026. Starting salary offers for gradu-

Job Outlook ates with a bachelor’s degree in computer science averaged $52,723.
Computer software engineers are projected to be the fastest grow- According to Robert Half International, starting salaries for soft-
ing occupation from 2000 to 2010. Very rapid employment growth ware engineers in software development ranged from $62,750 to
in the computer and data processing services industry, which em$92 000 in 2001.
ploys the greatest numbers of computer software engineers, should |n addition to typical benefits, computer software engineers may
result in very favorable opportunities for those college graduatespe provided with profit sharing, stock options, and a company car
with at least a bachelor’s degree in computer engineering or comyyith a mileage allowance.
puter science and practical experience working with computers.
Employers will continue to seek computer professionals with strong
programming, systems analysis, interpersonal, and business skillsRelated Occupations

Employment of computer software engineers is expected to in-Other workers who extensively use mathematics and logic include
crease much faster than the average for all occupations as busbystems analysts, computer scientists, and database administrators
nesses and other organizations continue to adopt and integrate ne@omputer programmers; financial analysts and personal financial
technologies and seek to maximize the efficiency of their computeradvisors; computer hardware engineers; statisticians; mathe-
systems. Competition among businesses will continue to create amaticians; management analysts; actuaries; and operations researcl
incentive for increasingly sophisticated technological innovations, analysts.
and organizations will need more computer software engineers to
implement these new technological changes. In addition to em- . .
ployment growth, many job openings will result annually from the S°urces of Additional Information _
need to replace workers who move into managerial positions, transfef\dditional information on a career in computer software engineer-
to other occupations, or who leave the labor force. ing is available from: _

Demand for computer software engineers will increase as com-;0 ”A(ST\IO\?'i‘ggggorlrigmz;tt't”pgﬂ'\"aCh';‘g;z’ é’%CM)' 1515 Broadway, New
puter networking continues to grow. For example, the expanding ' : rehip-liwww.acm.org
integration of Internet technologies and the explosive growth in elec->. 'FEE Cr?.mp“ter Society, Headquartersr%f‘f;csl, 1730 Massachusetts Ave.
tronic commerce—doing business on the Internet—have resulte W., Washington, DC 20036-1992. Interreltp:/www.computer.org

in rising d df ¢ fw. - h d | National Workforce Center for Emerging Technologies, 3000 Landerholm
In riSing demand for computer software éngineers who can develoRy; o SE., Bellevue, WA 98007. Internéttp://www.nwcet.org

Internet, intranet, and other web applications. Likewise, expanding £\, ther information about the Certified Computing Professional
electronic data processing systems in business, telecommunication

overnment, and other settings continue to become more so h.st.%_l’esignation is available from:
gov ! Ing inu PRISUs. ) stitute for Certification of Computing Professionals (ICCP), 2350 East

cated ar_ld complex. Gr_owing numbers of systems software €NYlpevon Ave., Suite 115, Des Plaines, IL 60018. Intehtiggt//www.iccp.org
neers will be needed to implement, safeguard, and update systems

and resolve problems. Consulting opportunities for computer soft-
ware engineers also should continue to grow as businesses increas-
ingly need help to manage, upgrade, and customize their increasingl

complex computer systems. Computer Support Specialists and

Earnings Systems Administrators
Median annual earnings of computer software engineers, applica=
tions, who worked full time in 2000 were about $67,670. The middle (O*NET 15-1041.00, 15-1071.00)
50 percent earned between $53,390 and $85,490. The lowest 10 o ]
percent earned less than $42,710, and the highest 10 percent earned Significant Points

more than $106,680. Median annual earnings in the industriese Computer support specialists and systems

employing the largest numbers of computer applications software  5dministrators are projected to be among the fastest

engineers in 2000 were: growing occupations over the 2000-10 period.
ggmgzg 223 Sg'tiepfgé’éigﬁgts'é&iéég -------------------------------- $7§§35?205 Job prospects should best for college graduates who
Engineering and architectural Services .............cccocoviiniinicnins 68,790 are 'u_p tq date with the,lateSt Skll!S and teChnOIOQ!eS;
Professional and commercial equipMent ..............cccocoveveeeevenen. 64,920  certifications and practical experience are essential for

Management and public relations ..............ccccevevevevevevinieneieiennns 62,660  persons without degrees.



