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Relax—You Don’t
Have to Read
This Whole Book!

is is a big book, but you

don’t need to read it all.
I've organized it into easy-to-use
sections so you can browse just
the information you want. To get
started, simply scan the table of
contents, where you’ll find brief
explanations of the major sections
plus a list of the jobs described in
this book. Really, this book is easy
to use, and I hope it helps you.
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Who Should Use This

This is more than a book of job descriptions.
I've spent quite a bit of time thinking about
how to make its contents useful for a variety
of situations, including

* Exploring career options. The job descrip-
tions in Section One give a wealth of infor-
mation on many of the most desirable jobs
in the labor market.

* Considering more education or training.
The information helps you avoid costly
mistakes in choosing a career or deciding
on additional training or education—and
it increases your chances of planning a
bright future.

* Job seeking. This book helps you identify
new job targets, prepare for interviews, and
write targeted resumes. The career planning
and job search advice in Section Two has
been proven to cut job search time in half!

* Career planning. The job descriptions help
you explore your options, and Sections Two
and Three provide career planning advice
and other useful information.

The occupational descriptions in this book
come from the good people at the U.S. Depart-
ment of Labor, as published in the most recent
edition of the Occupational Outlook Handbook.
The OOH is the best source of career informa-
tion available, and the descriptions include the
latest data on earnings and other details. Other
sections also present solid information from
various sources at the U.S. Department of La-
bor. So, thank you to all the people at the Labor
Department who gather, compile, analyze, and
make sense of this information. It’s good stuff,
and I hope you can make good use of it.

ikt T

Mike Farr
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INTRODUCTION

his book is about improving your life, not just about selecting a job.
The career you choose will have an enormous impact on how you live
your life.

While a huge amount of information is available on occupations, most
people don’t know where to find accurate, reliable facts to help them make
good career decisions—or they don'’t take the time to look. Important
choices such as what to do with your career or whether to get additional
training or education deserve your time.

If you are considering more training or education—whether additional
coursework, a college degree, or an advanced degree—this book will help
with solid information. Training or education beyond high school is now
typically required to get better jobs, but many good jobs can be learned
through on-the-job experience and other informal or short-term training.
The education and training needed for the jobs described in America’s Top
Computer and Technical Jobs vary enormously. This book provides descrip-
tions for major jobs requiring computer and technical skills and gives you
the facts you need for exploring your options.

A certain type of work or workplace may interest you as much as a certain
type of job. If your interests and values are to work in healthcare, for ex-
ample, you can do this in a variety of work environments, in a variety of
industries, and in a variety of jobs. For this reason, I suggest you begin
exploring alternatives by following your interests and finding a career path
that allows you to use your talents doing something you enjoy.

Also, remember that money is not everything. The time you spend in
career planning can pay off in higher earnings, but being satisfied with
your work—and your life—is often more important than how much you
earn. This book can help you find the work that suits you best.
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Keep in Mind That Your
Situation Is Not ‘Average”

Earnings for Year-Round, Full-Time Workers Age 25 and
Over, by Educational Attainment

Projected employment growth and earnings trends are quite
positive for many occupations and industries. Keep in mind,
however, that the averages in this book will not be true for
many individuals. Within any field, some people earn more
and some less.

My point is this: Your situation is probably not average. Some
people do better than others, and some are willing to accept
less pay for a more desirable work environment. Earnings vary
enormously in different parts of the country, in different oc-
cupations, and in different industries. But this book’s solid
information is a great place to start. Good information will
give you a strong foundation for good decisions.

Four Iportt Labor |
Market Trends That Will
Affect Your Career

Our economy has changed in dramatic ways over the past 10
years, with profound effects on how we work and live. Sec-
tion Three of this book provides more information on labor
market trends but, in case you don’t read it, here are four
trends that you simply must consider.

I. Education and Earnings Are
Related

I'm sure you won’t be surprised to learn that people with
higher levels of education and training have higher average
earnings. The data that follows comes from the Department
of Labor’s Internet site. The site presents the median earnings
for people with various levels of education. (The median is
the point where half earn more and half earn less.) The site
also indicates the average percentage of people at that educa-
tional level who are unemployed. Based on this information,
I computed the earnings advantage of people at various edu-
cation levels compared to people with a high school degree.

Premium
Median Over Unem-
Level of Education Annual High ployment
Earnings School Rate
Grads
Professional degree $80,230 $51,423 (179%) 1.3%
Doctoral degree $70,476 $41,669 (145%) 1.4%
Master’s degree $55,302 $26,495 (92%) 1.6%
Bachelor’s degree $46,276 $17,469 (61%) 1.9%
Associate degree $35,389 $6,582 (23%) 2.5%
Some college, no degree $32,400 $3,593 (12%) 3.2%
High school graduate $28,807 —_— 4.0%
Less than a high school
diploma $21,400 $-7,407 (-25%) 7.1%

Source: Earnings—U.S. Census Bureau, Current Population Survey, PINC-3, up-
dated 12/2001; Unemployment rate—Bureau of Labor Statistics, 1998 data; Earn-
ings—Bureau of the Census, 1997 data.

The earnings gap between a college graduate and someone
with a high school education is growing wider and is now
$17,469 a year. That’s enough to buy a nice car, make a down
payment on a house, or even take a month’s vacation for two
to Europe. As you see, over a lifetime, these additional earn-
ings can make an enormous difference in the college graduate’s
lifestyle.

And there is more. Jobs that require a four-year college de-
gree are projected to grow about twice as fast as jobs that do
not. Research shows that people with higher educational lev-
els are less likely to be unemployed and that they remain
unemployed for shorter periods of time. Overall, the data on
earnings and other criteria indicate that people with more
education and training do better than those with less. There
are exceptions, of course, but for most people, more educa-
tion and training results in higher earnings and lower rates
of unemployment.

Many jobs can be obtained without a college degree, but most
better-paying jobs require either training beyond high school
or substantial work experience.

2. Knowledge of Computer and Other
Technologies Is Increasingly
Important

Jobs requiring computer and technical skills are projected to
be among the fastest growing jobs in America. As you look
over the list of jobs in the table of contents for America’s Top
Computer and Technical Jobs, you will notice the enormous
variety of technical jobs. The education and training require-
ments for these jobs range from on-the-job experience to a
four-year college degree and more. But even jobs that do not
appear to be technical often call for computer literacy or tech-
nical skills. Managers, for example, are often expected to
understand and use spreadsheet, word-processing, and data-
base software.
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In all fields, people without job-related technical and com-
puter skills will have a more difficult time finding good
opportunities than people who have these skills. Older work-
ers, by the way, often do not have the computer skills that
younger workers do. Employers tend to hire the skills they
need, and people without these abilities won't get the best
jobs. So consider upgrading your job-related computer and
technology skills if you need to—and plan to stay up-to-date
on your current and future jobs.

3. Ongoing Education and Training
Are Essential

School and work once were separate activities, and most
people did not go back to school after they began working.
But with rapid changes in technology, most people are now
required to learn throughout their work lives. Jobs are con-
stantly upgraded, and today’s jobs often cannot be handled
by people who have only the knowledge and skills that were
adequate for workers a few years ago. To remain competitive,
people without technical or computer skills must get them.
Those who do not will face increasingly limited job options.

What this means is that you should plan to upgrade your job
skills throughout your working life. This may include taking
formal courses, reading work-related magazines at home, sign-
ing up for on-the-job training, or participating in other forms
of education. Upgrading your work-related skills on an ongo-
ing basis is no longer optional for most jobs, and you ignore
doing so at your peril.

4. Good Career Planning Has
Increased in Importance

Most people spend more time watching TV in a week than
they spend on career planning during an entire year. Yet most
people will change their jobs many times and make major
career changes five to seven times.

While you probably picked up this book for its information
on jobs, it also provides a great deal of information on career
planning. For example, Section Two gives good career and
job search advice, and Section Three has useful information
on labor market trends. I urge you to read these and related
materials because career-planning and job-seeking skills are
the keys to surviving in this new economy.

Inforatin ohe Majo
Sections of This Book

I want this book to be easy to use. In the table of contents, I
provide brief comments on each section, and that may be all
you need. If not, here are some additional details you may
find useful in getting the most out of this book.

\
Introduction ’\>

‘Section One: Dscriptis
of 112 Top Computer and
Technical Jobs

Section One is the main part of this book and is probably the
reason you picked it up. It contains brief, well-written de-
scriptions for 112 major jobs that require computer and other
technical skills. The content for these job descriptions comes
from the U.S. Department of Labor and is considered by many
people to be the most accurate and up-to-date data available.
The jobs are presented in alphabetical order. The table of con-
tents provides a page number that shows where each
description begins.

Together, the jobs in Section One provide enormous variety
at all levels of earnings and training. One way to explore ca-
reer options is to go through the table of contents and identify
those jobs that seem interesting. If you are interested in medi-
cal jobs, for example, you can quickly spot those you want to
learn more about. You may also see other jobs that look inter-
esting, and you should consider those as well.

Next, read the descriptions for the jobs that interest you and,
based on what you learn, identify those that most interest
you. These are the jobs you should consider. Sections Two
and Three give you additional information on how best to
do so.

Each occupational description in this book follows a stan-
dard format, making it easier for you to compare jobs. The
following overview describes the kinds of information found
in each part of a description and offers tips on how to inter-
pret the information.

Job Title

This is the title used for the job in the Occupational Outlook
Handbook, published by the U.S. Department of Labor.

Numbers

The numbers following the job title refer to closely related
job titles from the Occupational Information Network
(O*NET). The O*NET was developed by the U.S. Department
of Labor to replace the older Dictionary of Occupational Titles
(DOT). Like the DOT in the past, the O*NET is used by state
employment service offices to classify applicants and job open-
ings, and by a variety of career information systems. You can
get additional information on the related O*NET titles on the
Internet at www.onetcenter.org or at www.careerOINK.com.
Reference books that provide O*NET descriptions include the
O*NET Dictionary of Occupational Titles and the Enhanced Oc-
cupational Outlook Handbook, both published by JIST
Publishing. Your librarian can help you find these books.
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Significant Points

The bullet points in this part of a description highlight key
characteristics for each job, such as recent trends or educa-
tion and training requirements.

Nature of the Work

This part of the description discusses what workers typically
do in a particular job. Individual job duties may vary by in-
dustry or employer. For instance, workers in larger firms tend
to be more specialized, whereas those in smaller firms often
have a wider variety of duties. Most occupations have several
levels of skills and responsibilities through which workers may
progress. Beginners may start as trainees performing routine
tasks under close supervision. Experienced workers usually
undertake more difficult tasks and are expected to perform
with less supervision.

In this part of a description, you will also find information
about the influence of technological advancements on the
way work is done. For example, because of the Internet, re-
porters are now able to submit stories from remote
locations—with just a click of the mouse.

This part also discusses emerging specialties. For instance,
webmasters—who are responsible for all the technical aspects
involved in operating a website—comprise a specialty within
systems analysts, computer scientists, and database adminis-
trators.

Working Conditions

This part of the description identifies the typical hours worked,
the workplace environment, physical activities, risk of injury,
special equipment, and the extent of travel required. For ex-
ample, stationary engineers and boiler operators are
susceptible to injury, while paralegals and legal assistants have
high job-related stress. Radiologic technologists and techni-
cians may wear protective clothing or equipment; machinists
do physically demanding work; and some engineers travel
frequently.

In many occupations, people work regular business hours—
40 hours a week, Monday through Friday. In other
occupations, they do not. For example, licensed practical
nurses often work evenings and weekends. The work setting
can range from a hospital, to a mall, to an off-shore oil rig.

Employment

This section reports the number of jobs the occupation re-
cently provided and the key industries where these jobs are
found. When significant, the geographic distribution of jobs
and the proportion of part-time (less than 35 hours a week)
and self-employed workers in the occupation are mentioned.
Self-employed workers account for nearly eight percent of the
work force but are concentrated in a small number of occupa-
tions, such as photographers and landscape architects.

Training, Other Qualifications, and
Advancement

After you know what a job is all about, you need to under-
stand how to train for it. This section describes the most
significant sources of training, including the training preferred
by employers, the typical length of training, and advance-
ment possibilities. Job skills are sometimes acquired through
high school, informal on-the-job training, formal training (in-
cluding apprenticeships), the armed forces, home study,
hobbies, or previous work experience. For example, experi-
ence is particularly important for prepress technicians and
workers. Many professional and technical jobs, on the other
hand, require formal postsecondary education—
postsecondary vocational or technical training, or college,
postgraduate, or professional education.

This section of the job description also mentions desirable
skills, aptitudes, and personal characteristics. For some entry-
level jobs, personal characteristics are more important
than formal training. Employers generally seek people who
communicate well, compute accurately, think logically,
learn quickly, get along with others, and demonstrate depend-
ability.

Some occupations require certification or licensing to enter
the field, to advance, or to practice independently. Certifica-
tion or licensing generally involves completing courses and
passing examinations. More and more occupations require
continuing education or skill improvement to keep up with
the changing economy or to improve advancement opportu-
nities.

Job Outlook

In planning for the future, you must consider potential job
opportunities. This section of a job description indicates what
factors will result in growth or decline in the number of jobs.
In some cases, the description mentions that an occupation
is likely to provide numerous job openings or relatively few
openings. Occupations which are large and have high turn-
over, such as data entry and information processing workers,
generally provide the most job openings, reflecting the need
to replace workers who transfer to other occupations or who
stop working.

Some statements discuss the relationship between the num-
ber of jobseekers and the number of job openings. In some
occupations, there is a rough balance between jobseekers and
openings, whereas other occupations are characterized by
shortages or surpluses. Limited training facilities, salary regu-
lations, or undesirable aspects of the work—as in the case of
heavy vehicle and mobile equipment service technicians—
can cause shortages of entrants. On the other hand, glamorous
or potentially high-paying occupations, such as aircraft pi-
lots, generally have surpluses of jobseekers. Variation in job
opportunities by industry, size of firm, or geographic loca-
tion also may be discussed. Even in crowded fields, job
openings do exist. Good students and well qualified individu-
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als should not be deterred from undertaking training or seek-
ing entry.

Susceptibility to layoffs due to imports, slowdowns in eco-
nomic activity, technological advancements, or budget cuts
are also addressed in this section. For example, employment
of tool and die makers is sensitive to technological advance-
ments, while employment of library technicians is affected
by various budget issues.

Key Phrases Used in the Descriptions

This box explains how to interpret the key phrases that de-
scribe projected changes in employment. It also explains the
terms for the relationship between the number of job open-
ings and the number of job seekers. The descriptions of this
relationship in a particular occupation reflect the knowledge
and judgment of economists in the Bureau’s Office of Occu-
pational Statistics and Employment Projections.

Changing Employment Between 2000 and 2010

If the statement reads: Employment is projected to:

Grow much faster than average Increase 36 percent or more
Grow faster than average Increase 21 to 35 percent
Grow about as fast as average Increase 10 to 20 percent
Grow more slowly than average Increase 3 to 9 percent
Little or no change Increase O to 2 percent

Decline Decrease 1 percent or more

Opportunities and Competition for Jobs

If the statement reads: Job openings compared to

job seekers may be:

Very good to excellent More numerous

opportunities

Good or favorable opportunities In rough balance

May face keen competition or Fewer

can expect keen competition

Earnings

This section discusses typical earnings and how workers are
compensated—annual salaries, hourly wages, commissions,
piece rates, tips, or bonuses. Within every occupation, earn-
ings vary by experience, responsibility, performance, tenure,
and geographic area. Earnings data from the Bureau of Labor
Statistics and, in some cases, from outside sources are included.
Data may cover the entire occupation or a specific group
within the occupation.

Benefits account for a significant portion of total compensa-
tion costs to employers. Benefits such as paid vacation, health
insurance, and sick leave may not be mentioned because they
are so widespread. Employers may offer other, less-traditional
benefits, such as flexible hours and profit-sharing plans to
attract and retain highly qualified workers. Less-common ben-
efits also include childcare, tuition for dependents, housing
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assistance, summers off, and free or discounted merchandise
or services.

Related Occupations

Occupations involving similar duties, skills, interests, educa-
tion, and training are listed here. This allows you to look up
these jobs, if they interest you.

Sources of Additional Information

No single publication can completely describe all aspects of
an occupation. Thus, this section lists mailing addresses for
associations, government agencies, unions, and other orga-
nizations that can provide occupational information. In some
cases, toll-free phone numbers and Internet addresses also are
listed. These are provided for your convenience and do not
constitute an endorsement. Free or relatively inexpensive
publications offering more information may be mentioned.
Some of these are available in libraries, school career centers,
guidance offices, or on the Internet.

Section Two: The Quick
Job Search-Seven Steps

to Getting a Good Job
in Less Time

For more than 20 years now, I've been interested in helping
people find better jobs in less time. If you have ever experi-
enced unemployment, you know it is not pleasant.
Unemployment is something most people want to get over
quickly—in fact, the quicker the better. Section Two will give
you some techniques to help.

I know that most of you who read this book want to improve
yourselves. You want to consider career and training options
that lead to a better job and life in whatever way you define
this—better pay, more flexibility, more-enjoyable or more-
meaningful work, proving to your mom that you really can
do anything you set your mind to, and so on. That is why I
include advice on career planning and job search in the first
part of Section Two. It's a short section, but it includes the
basics that are most important in planning your career and in
reducing the time it takes to get a job. I hope it will make you
think about what is important to you in the long run.

The second part of Section Two showcases professionally writ-
ten resumes for some of America’s top computer and technical
jobs. Use these as examples when creating your resume.

I know you will resist completing the activities in Section Two,
but consider this: It is often not the best person who gets the
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job, but the best job seeker. People who do their career plan-
ning and job search homework often get jobs over those with
better credentials, because they have these distinct advantages:

1. They get more interviews, including many for jobs that
will never be advertised.

2. They do better in interviews.

People who understand what they want and what they have
to offer employers present their skills more convincingly and
are much better at answering problem questions. And, be-
cause they have learned more about job search techniques,
they are likely to get more interviews with employers who
need the skills they have.

Doing better in interviews often makes the difference between
getting a job offer or sitting at home. And spending time plan-
ning your career can make an enormous difference to your
happiness and lifestyle over time. So please consider reading
Section Two and completing its activities. I suggest you sched-
ule a time right now to at least read Section Two. An hour or
so spent there can help you do just enough better in your
career planning, job seeking, and interviewing to make the
difference. Go ahead—get out your schedule book and get it
over with (nag, nag, nag).

One other thing: If you work through Section Two, and it
helps you in some significant way, I'd like to hear from you.
Please write or e-mail me via the publisher, whose contact
information appears elsewhere in this book.

A, T .7 %
Section Three: Important
Trends in Jobs and

Industries

This section is made up of two very good articles on labor
market trends. These articles come directly from U.S. Depart-
ment of Labor sources and are interesting, well written, and
short. One is on overall trends, with an emphasis on occupa-
tional groups; the other is on trends in major industry groups.
I know this sounds boring, but both articles are quick reads
and will give you a good idea of factors that will impact your
career in the years to come.

The first article is titled “Tomorrow’s Jobs.” It highlights many
important trends in employment and includes information
on the fastest growing jobs, jobs with high pay at various
levels of education, and other details.

The second article is titled “Employment Trends in Major In-
dustries.” I included this information because you may find
that you can use your skills or training in industries you have
not considered. The article provides a good review of major
trends with an emphasis on helping you make good employ-
ment decisions. This information can help you seek jobs in

industries that offer higher pay or that are more likely to in-
terest you. Many people overlook one important fact—the
industry you work in is as important as the occupation you
choose.

Tip on sing his Bo

This book is based on information from government sources
and includes the most up-to-date and accurate data available
anywhere. The entries are well written and pack a lot of in-
formation into short descriptions. America’s Top Computer and
Technical Jobs can be used in many ways. The following dis-
cussion provides tips on the four most-frequent uses:

® For people exploring career, education, or training al-
ternatives

® For job seekers
® For employers and business people

® For counselors, instructors, and other career specialists

Tips for People Exploring Career,
Education, or Training Alternatives

America’s Top Computer and Technical Jobs is an excellent re-
source for anyone exploring career, education, or training
alternatives. Many people take career interest tests to iden-
tify career options. This book can be used for the same
purpose.

Many people do not have a good idea of what they want to
do in their careers. They may be considering additional train-
ing or education but may not know what sort they should
get. If you are one of these people, America’s Top Computer
and Technical Jobs can help in several ways. Here are a few
pointers.

Review the list of jobs. Trust yourself. Research studies indi-
cate that most people have a good sense of their interests.
Your interests can be used to guide you to career options you
should consider in more detail.

Begin by looking over the occupations listed in the table of
contents. Look at all the jobs, because you may identify pre-
viously overlooked possibilities. If other people will be using
this book, please don’t mark in it. Instead, on a separate sheet
of paper, list the jobs that interest you. Or make a photocopy
of the table of contents and mark the jobs that interest you.

Next, carefully read the descriptions of the jobs that most
interest you. A quick review will often eliminate one or more
of these jobs based on pay, working conditions, education
required, or other considerations. After you have identified
the three or four jobs that seem most interesting, research
each one more thoroughly before making any important de-
cisions.
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Study the jobs and their training and education require-
ments. Too many people decide to obtain additional training
or education without knowing much about the jobs the train-
ing will lead to. Reviewing the descriptions in this book is
one way to learn more about an occupation before you enroll
in an education or training program. If you are currently a
student, the job descriptions in this book can also help you
decide on a major course of study or learn more about the
jobs for which your studies are preparing you.

Do not be too quick to eliminate a job that interests you. If a
job requires more education or training than you currently
have, you can obtain this training in many ways.

Don’t abandon your past experience and education too
quickly. If you have significant work experience, training, or
education, these should not be abandoned too quickly. Many
skills you have learned and used in previous jobs or other
settings can apply to related jobs. Many times, after people
carefully consider what they want to do, they change careers
and find that the skills they have can still be used.

America’s Top Computer and Technical Jobs can help you ex-
plore career options in several ways. First, carefully review
descriptions for jobs you have held in the past. On a separate
sheet of paper, list the skills needed in those jobs. Then do
the same for jobs that interest you now. By comparing the
lists, you will be able to identify skills you used in previous
jobs that you could also use in jobs that interest you for the
future. These “transferable” skills form the basis for moving
to a new career.

You can also identify skills you have developed or used in
nonwork activities, such as hobbies, family responsibilities,
volunteer work, school, military, and extracurricular interests.

The descriptions can be used even if you want to stay with
the same employer. For example, you may identify jobs within
your organization that offer more rewarding work, higher pay,
or other advantages over your present job. Read the descrip-
tions related to these jobs, and you may be able to transfer
into another job rather than leave the organization.

Tips for Job Seekers

You can use the descriptions in this book to give you an edge
in finding job openings and in getting job offers—even when
you are competing with people who have better credentials.
Here are some ways America’s Top Computer and Technical Jobs
can help you in the job search.

Identify related job targets. You may be limiting your job
search to a small number of jobs for which you feel qualified,
but by doing so you eliminate many jobs you could do and
enjoy. Your search for a new job should be broadened to in-
clude more possibilities.

\
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Go through the entire list of jobs in the table of contents and
check any that require skills similar to those you have. Look
at all the jobs, since doing so sometimes helps you identify
targets you would otherwise overlook.

Many people are not aware of the many specialized jobs re-
lated to their training or experience. The descriptions in
America’s Top Computer and Technical Jobs are for major job
titles, but a variety of more specialized jobs may require simi-
lar skills. Reference books that list more specialized job titles
include the Enhanced Occupational Outlook Handbook and the
O*NET Dictionary of Occupational Titles. Both are published
by JIST.

The descriptions can also point out jobs that interest you but
that have higher responsibility or compensation levels. While
you may not consider yourself qualified for such jobs now,
you should think about seeking jobs that are above your pre-
vious levels but within your ability to handle.

Prepare for interviews. This book’s job descriptions are an
essential source of information to help you prepare for inter-
views. If you carefully review the description of a job before
an interview, you will be much better prepared to emphasize
your key skills. You should also review descriptions for past
jobs and identify skills needed in the new job.

Negotiate pay. The job descriptions in this book will help
you know what pay range to expect. Note that local pay and
other details can differ substantially from the national aver-
ages in the descriptions.

Tips for Employers and Business
People

If you are an employer, a human resource professional, or
other business person, you can use this book’s information to
write job descriptions, study pay ranges, and set criteria for
new employees. The information can also help you conduct
more-effective interviews by providing a list of key skills
needed by new hires.

Tips for Counselors, Instructors, and
Other Career Specialists

Counselors, instructors, and other career specialists will find
suggestions in the previous tips for using this book to help
people explore career options or find jobs. My best sugges-
tion to professionals is to get this book off the shelf and into
the hands of the people who need it. Leave it on a table or
desk and show people how the information can help them.
Wear this book out—its real value is as a tool used often and
well.
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Additional Information About the Projections

Readers interested in more information about projections and details on the labor force, economic growth, industry and
occupational employment, or the methods and assumptions used in this book’s projections should consult the November
2001 edition of the Monthly Labor Review, published by the Bureau of Labor Statistics. It provides information on the limi-
tations inherent in economic and employment projections.

For more information about employment change, job openings, earnings, unemployment rates, and training requirements
by occupation, consult Occupational Projections and Training Data, published by the Bureau of Labor Statistics.

For occupational information from an industry perspective, including some occupations and career paths that America’s
Top Computer and Technical Jobs does not cover, consult another BLS publication, the Career Guide to Industries. This book is
also available from JIST, under the title Career Guide to America’s Top Industries.
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This is the book’s major section. It contains descriptions for 112 major occupa-
tions that require computer and technical skills. The jobs are arranged in
alphabetical order. Refer to the table of contents for a list of the jobs and the
page numbers where their descriptions begin.

The table of contents can also help you identify jobs you want to explore. If you
are interested in medical jobs, for example, you can go through the list and
quickly find those you want to learn more about. Also, you may spot other jobs
that might be interesting, and you should consider those as well. Read the de-
scriptions for any jobs that sound interesting.

While the descriptions in this section are easy to understand, the introduction
to this book provides additional information for interpreting them. When read-
ing the descriptions, keep in mind that they present information that is the
average for the country. Conditions in your area and with specific employers
may be quite different.

Also, you may come across jobs that sound interesting but require additional
training or education. Don’t eliminate them too soon. There are many ways to
obtain training and education, and most people change jobs and careers many
times. You probably have more skills than you realize that can transfer to new
jobs, so consider taking some chances. Get out of your rut. Do what it takes to
fulfill your dreams. Be creative. You often have more opportunities than barriers,
but you have to go out and find the opportunities.
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Ator, Proucers,
and Directors
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Significant Points

® Actors endure long periods of unemployment, intense com-
petition for roles, and frequent rejections in auditions.

® Formal training through a university or acting conserva-
tory is typical; however, many actors, producers, and di-
rectors find work based on experience and talent alone.

® Because earnings for actors are erratic, many supplement
their incomes by holding jobs in other fields.

Nature of the Work

Actors, producers, and directors express ideas and create images
in theater, film, radio, television, and other performing arts me-
dia. They interpret a writer’s script to entertain, inform, or in-
struct an audience. Although the most famous actors, producers,
and directors work in film, network television, or theater in New
York or Los Angeles, far more work in local or regional television
studios, theaters, or film production companies engaged in ad-
vertising, public relations, or independent, small-scale movie
productions.

Actors perform in stage, radio, television, video, or motion pic-
ture productions. They also work in cabarets, nightclubs, theme
parks, and commercials, and in “industrial” films produced for
training and educational purposes. Most actors struggle to find
steady work; only a few ever achieve recognition as stars. Some
well-known, experienced performers may be cast in supporting
roles. Others work as “extras,” with no lines to deliver, or make
brief, cameo appearances speaking only one or two lines. Some
actors also teach in high school or university drama departments,
acting conservatories, or public programs.

Producers are entrepreneurs, overseeing the business and finan-
cial decisions of a production. They select scripts and approve
development of script ideas, arrange financing, and determine
the size and cost of stage, radio, television, video, or motion
picture productions. Producers hire directors, principal cast mem-
bers, and key production staff members. They also negotiate con-
tracts with artistic and design personnel in accordance with
collective bargaining agreements and guarantee payment of sala-
ries, rent, and other expenses. Producers coordinate the activi-
ties of writers, directors, managers, and agents to ensure that
each project stays on schedule and within budget.

Directors are responsible for the creative decisions of a produc-
tion. They interpret scripts, express concepts to set and costume
designers, audition and select cast members, conduct rehearsals,
and direct the work of cast and crew. Directors approve the de-

sign elements of a production, including sets, costumes, chore-
ography, and music.

Working Conditions

Actors, producers, and directors work under constant pressure.
To succeed, they need patience and commitment to their craft.
Actors strive to deliver flawless performances, often while work-
ing in undesirable and unpleasant conditions. Producers and
directors experience stress from the need to adhere to budgets,
union work rules, and production schedules; organize rehears-
als; and meet with designers, financial backers, and production
executives.

Acting assignments typically are short term (ranging from 1 day
to a few months), which means that there often are long periods
of unemployment between jobs. The uncertain nature of the
work results in unpredictable earnings and intense competition
for even the lowest paid jobs. Often, actors, producers, and di-
rectors must hold other jobs to sustain a living.

When performing, actors typically work long, irregular hours.
For example, stage actors may perform one show at night while
rehearsing another during the day. They also might travel with a
show when it tours the country. Movie actors may work on loca-
tion, sometimes under adverse weather conditions, and may
spend considerable time in their trailers or dressing rooms wait-
ing to perform their scenes. Actors who perform in television
often appear on camera with little preparation time because
scripts tend to be revised frequently or written moments before
taping.

Evening and weekend work is a regular part of a stage actor’s life.
On weekends, more than one performance may be held per day.
Actors and directors working on movies or television programs,
especially those who shoot on location, may work in the early
morning or late evening hours to do nighttime filming or to
tape scenes inside public facilities outside of normal business
hours.

Actors should be in good physical condition and have the neces-
sary stamina and coordination to move about theater stages and
large movie and television studio lots. They also need to maneu-
ver about complex technical sets while staying in character and
projecting their voices audibly. Actors must be fit to endure heat
from stage or studio lights and the weight of heavy costumes.
Producers and directors should anticipate such hazards and en-
sure the safety of actors by conducting extra rehearsals on the
set so that actors can learn the layout of set pieces and props,
allowing time for warm-ups and stretching exercises to guard
against physical and vocal injuries, and providing adequate breaks
to prevent heat exhaustion and dehydration.

Employment

In 2000, actors, producers, and directors held about 158,000 jobs,
primarily in motion pictures, theater, television, and radio. Be-
cause many others were between jobs, the total number of ac-
tors, producers, and directors available for work was higher.
Employment in the theater is cyclical—higher in the fall and
spring seasons—and concentrated in New York and other major
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cities with large commercial houses for musicals and touring
productions. Also, many cities support established professional
regional theaters that operate on a seasonal or year-round basis.

In summer, stock companies in suburban and resort areas also
provide employment opportunities. Actors, producers, and di-
rectors may find work on cruise lines and in theme parks. Many
smaller nonprofit professional companies, such as repertory com-
panies, dinner theaters, and theaters affiliated with drama
schools, acting conservatories, and universities provide employ-
ment opportunities for local amateur talent and professional
entertainers. Auditions typically are held in New York for many
productions across the country and for shows that go on the
road.

Employment in motion pictures and films for television is cen-
tered in New York and in Hollywood. However, small studios are
located throughout the country. Many films are shot on loca-
tion and may employ local professional and nonprofessional
actors. In television, opportunities are concentrated in the net-
work centers of New York and Los Angeles, but cable television
services and local television stations around the country also
employ many actors, producers, and directors.

Training, Other Qualifications, and
Advancement

Persons who become actors, producers, and directors follow many
paths. Employers generally look for people with the creative in-
stincts, innate talent, and intellectual capacity to perform. Ac-
tors should possess a passion for performing and enjoy
entertaining others. Most aspiring actors participate in high
school and college plays, work in college radio stations, or per-
form with local community theater groups. Local and regional
theater experience and work in summer stock, on cruise lines, or
in theme parks help many young actors hone their skills and
earn qualifying credits towards membership in one of the ac-
tors’ unions. Union membership and work experience in smaller
communities may lead to work in larger cities, notably New York
or Los Angeles. In television and film, actors and directors typi-
cally start in smaller television markets or with independent
movie production companies, then work their way up to larger
media markets and major studio productions. Intense competi-
tion, however, ensures that only a few actors reach star billing.

Formal dramatic training, either through an acting conserva-
tory or a university program, generally is necessary; however,
some people successfully enter the field without it. Most people
studying for a bachelor’s degree take courses in radio and televi-
sion broadcasting, communications, film, theater, drama, or dra-
matic literature. Many continue their academic training and
receive a Master of Fine Arts (MFA) degree. Advanced curricu-
lums may include courses in stage speech and movement, di-
recting, playwriting, and design, as well as intensive acting
workshops.

Actors at all experience levels may pursue workshop training
through acting conservatories or by being mentored by a drama
coach. Actors also research roles so that they can grasp concepts
quickly during rehearsals and understand the story’s setting and
background. Sometimes actors learn a foreign language or train

with a dialect coach to develop an accent to make their charac-
ters more realistic.

Actors need talent, creative ability, and training that will enable
them to portray different characters. Because competition for
parts is fierce, versatility and a wide range of related performance
skills, such as singing, dancing, skating, juggling, and miming
are especially useful in lifting actors above the average and get-
ting them noticed by producers and directors. Actors must have
poise, stage presence, the capability to affect an audience, and
the ability to follow direction. Modeling experience also may be
helpful. Physical appearance often is a deciding factor in being
selected for particular roles.

Many professional actors rely on agents or managers to find work,
negotiate contracts, and plan their careers. Agents generally earn
a percentage of the pay specified in an actor’s contract. Other
actors rely solely on attending open auditions for parts. Trade
publications list the time, date, and location of these auditions.

To become a movie extra, one must usually be listed by a casting
agency, such as Central Casting, a no-fee agency that supplies
extras to the major movie studios in Hollywood. Applicants are
accepted only when the number of persons of a particular type
on the list—for example, athletic young women, old men, or
small children—falls below the foreseeable need. In recent years,
only a very small proportion of applicants has succeeded in be-
ing listed.

There are no specific training requirements for producers. They
come from many different backgrounds. Talent, experience, and
business acumen are very important determinants of success for
producers. Actors, writers, film editors, and business managers
commonly enter the field. Also, many people who start out as
actors move into directing, while some directors might try their
hand at acting. Producers often start in a theatrical management
office, working for a press agent, managing director, or business
manager. Some start in a performing arts union or service orga-
nization. Others work behind the scenes with successful direc-
tors, serve on boards of directors, or promote their own projects.
No formal training exists for producers; however, a growing num-
ber of colleges and universities now offer degree programs in
arts management and managing nonprofits.

As the reputations and box-office draw of actors, producers, and
directors grow, they might work on bigger budget productions,
on network or syndicated broadcasts, or in more prestigious the-
aters. Actors may advance to lead roles and receive star billing. A
few actors move into acting-related jobs, such as drama coaches
or directors of stage, television, radio, or motion picture produc-
tions. Some teach drama privately or in colleges and universi-
ties.

Job Outlook

Employment of actors, producers, and directors is expected to
grow faster than the average for all occupations through 2010.
Although a growing number of people will aspire to enter these
professions, many will leave the field early because the work,
when it is available, is hard, the hours are long, and the pay is
low. Despite faster-than-average employment growth, competi-
tion for jobs will be stiff, in part because of the large number of
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highly trained and talented actors auditioning for roles. Only
performers with the most stamina and talent will regularly find
employment.

Expanding cable and satellite television operations, increasing
production and distribution of major studio and independent
films, and continued growth and development of interactive
media, such as direct-for-web movies and videos, should increase
demand for actors, producers, and directors. A strong Broadway
and off-Broadway community and vibrant regional theater net-
work are expected to offer many job opportunities.

Earnings

Median annual earnings of actors were $25,920 in 2000. The
middle 50 percent earned between $16,950 and $59,769. The
lowest 10 percent earned less than $12,700, and the highest 10
percent earned more than $93,620. Median annual earnings in
the industries employing the largest numbers of actors were as
follows:

Motion picture production and services................. $54,440
Producers, orchestras, and entertainers .................... 28,310
Miscellaneous amusement and recreation

SEIVICES 1iieiiieeiieeeeeeeeeeeeeeeeeeeeee e aaearreaaaasaraeeeees 13,500

Minimum salaries, hours of work, and other conditions of em-
ployment are covered in collective bargaining agreements be-
tween show producers and the unions representing workers.
Actors’ Equity Association (Equity) represents stage actors; Screen
Actors Guild (SAG) covers actors in motion pictures, including
television, commercials, and films; and the American Federa-
tion of Television and Radio Artists (AFTRA) represents televi-
sion and radio studio performers. While these unions generally
determine minimum salaries, any actor or director may negoti-
ate for a salary higher than the minimum.

On July 1, 2001, the members of SAG and AFTRA negotiated a
new joint contract covering all unionized employment. Under
the contract, motion picture and television actors with speaking
parts earned a minimum daily rate of $636 or $2,206 for a 5-day
week. Actors also receive contributions to their health and pen-
sion plans and additional compensation for reruns and foreign
telecasts of the productions in which they appear.

According to Equity, the minimum weekly salary for actors in
Broadway productions as of June 25, 2001 was $1,252. Actors in
off-Broadway theaters received minimums ranging from $440
to $551 a week as of October 30, 2000, depending on the seating
capacity of the theater. Regional theaters that operate under an
Equity agreement pay actors $500 to $728 per week. For touring
productions, actors receive an additional $106 per day for living
expenses ($112 per day in larger, higher-cost cities). According
to Equity, fewer than 15 percent of its dues-paying members ac-
tually worked during any given week during 2000. Median earn-
ings for those able to find employment in 2000 were less than
$10,000.

Some well-known actors—stars—earn well above the minimum;
their salaries are many times the figures cited, creating the false
impression that all actors are highly paid. For example, of the

nearly 100,000 SAG members, only about 50 might be consid-
ered stars. The average income that SAG members earn from
acting, less than $5,000 a year, is low because employment is
erratic. Therefore, most actors must supplement their incomes
by holding jobs in other fields.

Many actors who work more than a set number of weeks per
year are covered by a union health, welfare, and pension fund,
which includes hospitalization insurance and to which employ-
ers contribute. Under some employment conditions, Equity and
AFTRA members receive paid vacations and sick leave.

Median annual earnings of producers and directors were $41,030
in 2000. The middle 50 percent earned between $29,000 and
$60,330. The lowest 10 percent earned less than $21,050, and
the highest 10 percent earned more than $87,770. Median an-
nual earnings in the industries employing the largest numbers
of producers and directors were as follows:

Motion picture production and services ................. $50,280
Producers, orchestras, and entertainers .................... 38,820
Radio and television broadcasting ..........ccccccceeuenueee 34,630

Many stage directors belong to the Society of Stage Directors
and Choreographers (SSDC), and film and television directors
belong to the Directors Guild of America (DGA). Earnings of stage
directors vary greatly. According to the SSDC, summer theaters
offer compensation, including “royalties” (based on the number
of performances), usually ranging from $2,500 to $8,000 for a 3-
to 4-week run. Directing a production at a dinner theater usually
will pay less than directing one at a summer theater, but has
more potential for income from royalties. Regional theaters may
hire directors for longer periods, increasing compensation ac-
cordingly. The highest paid directors work on Broadway and com-
monly earn $50,000 per show. However, they also receive
payment in the form of royalties—a negotiated percentage of
gross box office receipts—that can exceed their contract fee for
long-running box office successes.

Producers seldom get a set fee; instead, they get a percentage of
a show’s earnings or ticket sales.

Related Occupations

People who work in performing arts occupations that may re-
quire acting skills include announcers; dancers and choreogra-
phers; and musicians, singers, and related workers. Others
working in theater-related occupations are hairdressers, hairstyl-
ists, and cosmetologists; fashion designers; set and exhibit de-
signers; sound engineering technicians; and writers and authors.

Sources of Additional Information

For general information about theater arts and a list of accred-
ited college-level programs, contact:

® National Association of Schools of Theater, | 1250 Roger Bacon Dr.,
Suite 21, Reston, VA 20190. Internet: http://www.arts-accredit.org/
nast/default.htm

For general information on actors, producers, and directors, con-
tact:

12
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® Actors Equity Association, 165 West 46th St., New York, NY 10036.
Internet: http://www.actorsequity.org

® Screen Actors Guild, 5757 Wilshire Blvd., Los Angeles, CA 90036~
3600. Internet: http://www.sag.org

® American Federation of Television and Radio Artists—Screen Actors
Guild, 4340 East-West Hwy., Suite 204, Bethesda, MD 20814-441 |

Actuaris

O*NET 15-2011.00

Significant Points

® A strong background in mathematics is essential.

® About 7 out of 10 actuaries are employed in the insurance
industry.

® This small occupation generates relatively few job open-
ings; the fastest employment growth is expected in the com-
puter and data processing services, health services, and
management and actuarial consulting industries.

Nature of the Work

Actuaries are essential employees because they determine future
risk, make price decisions, and formulate investment strategies.
Some actuaries also design insurance, financial, and pension plans
and ensure that these plans are maintained on a sound financial
basis. Most actuaries specialize in life and health or property and
casualty insurance; others work primarily in finance or employee
benefits. Some use a broad knowledge of business and math-
ematics in investment, risk classification, or pension planning.

Regardless of specialty, actuaries assemble and analyze data to
estimate probabilities of an event taking place, such as death,
sickness, injury, disability, or property loss. They also address
financial questions, including those involving the level of pen-
sion contributions required to produce a certain retirement in-
come level or how a company should invest resources to
maximize return on investment in light of potential risk. More-
over, actuaries may help determine company policy and some-
times explain complex technical matters to company executives,
government officials, shareholders, policyholders, or the public
in general. They may testify before public agencies on proposed
legislation affecting their businesses or explain changes in con-
tract provisions to customers. They also may help companies
develop plans to enter new lines of business or new geographic
markets with existing lines of business by forecasting demand in
competitive settings.

Most actuaries are employed in the insurance industry, in which
they estimate the amount a company will pay in claims. For
example, property/casualty actuaries calculate the expected
amount of claims resulting from automobile accidents, which
varies depending on the insured person’s age, sex, driving his-

tory, type of car, and other factors. Actuaries ensure that the
price, or premium, charged for such insurance will enable the
company to cover claims and other expenses. This premium must
be profitable and yet competitive with other insurance compa-
nies.

Actuaries employed in other industries perform several different
functions. The small but growing group of actuaries in the fi-
nancial services industry, for example, manages credit and helps
price corporate security offerings. Because banks now offer their
customers investment products such as annuities and asset man-
agement services, actuaries increasingly help financial institu-
tions manage the substantial risks associated with these products.
Actuaries employed as pension actuaries enrolled under the pro-
visions of the Employee Retirement Income Security Act (ERISA)
of 1974 evaluate pension plans covered by that act and report
on their financial soundness to plan members, sponsors, and
federal regulators. Actuaries working in government help man-
age social programs such as Social Security and Medicare.

In addition to salaried actuaries, numerous consulting actuaries
provide advice to clients on a contract basis. Their clients in-
clude insurance companies, corporations, health maintenance
organizations, healthcare providers, government agencies, and
attorneys. The duties of most consulting actuaries are similar to
those of other actuaries. For example, some design pension plans
through calculating the future value of current deductions from
earnings and by determining the amount of employer contribu-
tions. Others provide advice to healthcare plans or financial set-
vices firms. Consultants sometimes testify in court regarding the
value of potential lifetime earnings of a person who is disabled
or killed in an accident, the current value of future pension ben-
efits in divorce cases, or other complex calculations. Many con-
sulting actuaries work in reinsurance, in which one insurance
company arranges to share a large prospective liability policy
with another insurance company in exchange for a percentage
of the premium.

Working Conditions

Actuaries have desk jobs, and their offices usually are comfort-
able and pleasant. They often work at least 40 hours a week.
Some actuaries, particularly consulting actuaries, may travel to
meet with clients. Consulting actuaries also may experience more
erratic employment and be expected to work more than 40 hours
per week.

Employment

Actuaries held about 14,000 jobs in 2000. Over seven-tenths of
the actuaries who were wage and salary workers were employed
in the insurance industry. Some had jobs in life and health in-
surance companies, while property and casualty insurance com-
panies, pension funds, or insurance agents and brokers employed
others. Most of the remaining actuaries worked for firms provid-
ing a variety of corporate services, especially management and
public relations, or for actuarial consulting services. A relatively
small number of actuaries was employed by security and com-
modity brokers or by government agencies. Some developed
computer software for actuarial calculations.
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Training, Other Qualifications, and
Advancement

As with many business positions, actuaries need a strong back-
ground in mathematics and general business. Applicants for be-
ginning actuarial jobs usually have a bachelor’s degree in
mathematics, actuarial science, statistics, or a business-related
discipline, such as economics, finance, or accounting. About 100
colleges and universities offer an actuarial science program, and
most colleges and universities offer a degree in mathematics or
statistics. Some companies hire applicants without specifying a
major, provided that the applicant has a working knowledge of
mathematics, including calculus, probability, and statistics, and
has demonstrated this ability by passing one or two actuarial
exams required for professional designation. Courses in econom-
ics, accounting, finance, and insurance also are useful. Compa-
nies increasingly prefer well-rounded individuals who, in addition
to a strong technical background, have some training in liberal
arts and business, and possess strong communication skills.

In addition to knowledge of mathematics, computer skills are
becoming increasingly important. Actuaries should be able to
develop and use spreadsheets and databases, as well as standard
statistical analysis software. Knowledge of computer program-
ming languages, such as Visual Basic, also is useful.

Two professional societies sponsor programs leading to full pro-
fessional status in their specialty. The first, the Society of Actuar-
ies (SOA), administers a series of actuarial examinations for the
life and health insurance, pension, and finance and investment
fields. The Casualty Actuarial Society (CAS), on the other hand,
gives a series of examinations for the property and casualty field,
which includes fire, accident, medical malpractice; workers com-
pensation; and personal injury liability.

The first four exams of the SOA and CAS examination series are
jointly sponsored by the two societies and cover the same mate-
rial. For this reason, students do not need to commit themselves
to a specialty until they have taken the initial examinations.
These test an individual’s competence in probability, calculus,
statistics, and other branches of mathematics. The first few ex-
aminations help students evaluate their potential as actuaries.
Many prospective actuaries begin taking the exams in college
with the help of self-study guides and courses. Those who pass
one or more examinations have better opportunities for employ-
ment at higher starting salaries than those who do not.

Actuaries are encouraged to complete the entire series of exami-
nations as soon as possible, advancing first to the associate level,
and then to the fellowship level. Advanced casualty topics in-
clude investment and assets, dynamic financial analysis, and
valuation of insurance topics. Candidates in the SOA examina-
tion series must choose a specialty—group and health benefits,
individual life and annuities, pensions, investments, or finance.
Examinations are given twice a year, in the spring and the fall.
Although many companies allot time to their employees for study,
extensive home study is required to pass the examinations, and
many actuaries study for months to prepare for each examina-
tion. It is likewise common for employers to pay the hundreds
of dollars for fees and study materials. Most reach the associate

level within 4 to 6 years and the fellowship level a few years
later.

Specific requirements apply for pension actuaries, who verify
the financial status of defined benefit pension plans to the fed-
eral government. These actuaries must be enrolled by the Joint
Board for the Enrollment of Actuaries. To qualify for enrollment,
applicants must meet certain experience and examination re-
quirements, as stipulated by the Joint Board.

To perform their duties effectively, actuaries must keep up with
current economic and social trends and legislation, as well as
with developments in health, business, finance, and economics
that could affect insurance or investment practices. Good com-
munication and interpersonal skills also are important, particu-
larly for prospective consulting actuaries.

Beginning actuaries often rotate among different jobs in an or-
ganization to learn various actuarial operations and phases of
insurance work, such as marketing, underwriting, and product
development. At first, they prepare data for actuarial projects or
perform other simple tasks. As they gain experience, actuaries
may supervise clerks, prepare correspondence, draft reports, and
conduct research. They may move from one company to an-
other early in their careers as they move up to higher positions.

Advancement depends largely on job performance and the num-
ber of actuarial examinations passed. Actuaries with a broad
knowledge of the insurance, pension, investment, or employee
benefits fields can advance to administrative and executive posi-
tions in their companies. Actuaries with supervisory ability may
advance to management positions in other areas, such as under-
writing, accounting, data processing, marketing, or advertising.
Some actuaries assume college and university faculty positions.

Job Outlook

This small occupation generates relatively few job openings from
employment growth and the need to replace those who leave
the occupation each year. The fastest employment growth is ex-
pected in the computer and data processing services, health ser-
vices, and management and actuarial consulting industries.
Employment of actuaries is expected to grow more slowly than
the average for all occupations through 2010, as projected job
growth in these industries is offset by a slowdown in actuarial
employment growth in insurance industries, which tradition-
ally employ the majority of actuaries.

New employment opportunities should become available in
health services, in medical and health insurance industries, and
in government—in healthcare and Social Security. Changes in
managed healthcare and the desire to contain healthcare costs
will continue to provide opportunities for actuaries. Some actu-
aries also are evaluating the risks associated with controversial
medical issues, such as genetic testing or the impact of diseases
such as AIDS. Others in this field are involved in drafting
healthcare legislation. As healthcare issues and Social Security
reform continue to receive growing attention, opportunities for
actuaries should increase.

Actuaries will continue to be needed to evaluate risks associated
with catastrophes, such as earthquakes, tornadoes, hurricanes,
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floods, and other natural disasters. Growing areas in property
and casualty insurance are environmental and international risk
management. Actuaries evaluate risks such as the likelihood of a
toxic waste spill, or the costs and benefits of implementing pol-
lution control equipment in a factory. As economic globaliza-
tion continues and companies expand their operations abroad,
they increasingly rely on actuaries to evaluate the risk of setting
up a new factory or acquiring a foreign subsidiary.

The banking and securities and commodities industries also
should provide additional jobs for actuaries. As financial services
continue to consolidate and insurance firms, banks, and securi-
ties firms enter one another’s markets, new opportunities will
emerge. Actuaries will be needed to analyze the risks associated
with entering a new market, such as launching a new service or
merging with an already established company.

At the same time, changes in consumer preferences for retire-
ment investment plans will adversely affect employment in the
life insurance and pension funds industries. The overall decline
in the life insurance industry, reflecting fewer life insurance poli-
cies sold in favor of investments earning higher returns, will
continue to affect the need for actuaries. Similarly, more people
are choosing to invest in defined contribution plans, which are
less complicated to analyze and, therefore, require fewer actuar-
ies than defined pension systems. Actuaries in the pension funds
industry are more likely to be involved in financial planning—
helping people manage their retirement money.

Layoffs in the insurance and financial industries due to
downsizing and mergers also affect employment. Many of the
actuaries released from insurance firms are choosing to establish
consulting practices. Jobs should be available for actuaries work-
ing in consulting as firms who do not employ their own actu-
arial staff continue to hire consulting actuaries to analyze various
risks.

Earnings

Median annual earnings of actuaries were $66,590 in 2000. The
middle 50 percent earned between $47,260 and $93,140. The
lowest 10 percent had earnings of less than $37,130, while the
top 10 percent earned over $127,360. The average salary for ac-
tuaries employed by the federal government was $78,120 in 2001.

According to the National Association of Colleges and Employ-
ers, annual starting salaries for bachelor’s degree graduates in
mathematics/actuarial science averaged $45,753 in 2001.

Insurance companies and consulting firms give merit increases
to actuaries as they gain experience and pass examinations. Some
companies also offer cash bonuses for each professional desig-
nation achieved. A 2001 salary survey of insurance and finan-
cial services companies, conducted by the Life Office
Management Association, Inc., indicated that the average base
salary for an entry-level actuary with the largest U.S. companies
was $44,546. Associate actuaries with the largest U.S. compa-
nies, who direct and provide leadership in the design, pricing,
and implementation of insurance products, received an average
salary of $91,544. Actuaries at the highest technical level with-
out managerial responsibilities in the same size companies earned
an average of $108,777.

Related Occupations

Actuaries need a strong background in mathematics, statistics,
and related fields. Other workers whose jobs involve related skills
include accountants and auditors, budget analysts, economists
and market and survey researchers, financial analysts and per-
sonal financial advisors, insurance underwriters, mathematicians,
and statisticians.

Sources of Additional Information

Career information on actuaries specializing in pensions is avail-
able from:

® American Society of Pension Actuaries, 4245 N. Fairfax Dr., Suite 750,
Arlington, VA 22203. Internet: http://www.aspa.org

For information about actuarial careers in life and health insur-
ance, employee benefits and pensions, and finance and invest-
ments, contact:

® Society of Actuaries (SOA), 475 N. Martingale Rd., Suite 800,
Schaumburg, IL 60173-2226. Internet: http://www.soa.org

For information about actuarial careers in property and casualty
insurance, contact:

® Casualty Actuarial Society (CAS), 1100 N. Glebe Rd., Suite 600,
Arlington, VA 22201. Internet: http://www.casact.org

The SOA and CAS jointly sponsor a Web site for those interested
in pursuing an actuarial career at:

® Internet: http://www.BeAnActuary.org

For general facts about actuarial careers, contact:

® American Academy of Actuaries, | 100 |7th St. N.W., 7th Floor,
Washington, DC 20036. Internet: http://www.actuary.org/index.htm

Aerospace Engineers

Significant Points

® Overall job opportunities in engineering are expected to
be good.

® A bachelor’s degree is required for most entry-level jobs.

@ Starting salaries are significantly higher than those of col-
lege graduates in other fields.

® Continuing education is critical to keep abreast of the lat-
est technology.

Nature of the Work

Aerospace engineers are responsible for developing extraordinary
machines, from airplanes that weigh over a half a million pounds
to spacecraft that travel over 17,000 miles an hour. They design,
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develop, and test aircraft, spacecraft, and missiles and supervise
the manufacturing of these products. Aerospace engineers who
work with aircraft are considered aeronautical engineers, and those
working specifically with spacecraft are considered astronautical
engineers.

Aerospace engineers develop new technologies for use in avia-
tion, defense systems, and space exploration, often specializing
in areas such as structural design, guidance, navigation and con-
trol, instrumentation and communication, or production meth-
ods. They often use Computer Aided Design (CAD), robotics,
and lasers and advanced electronic optics to assist them. They
also may specialize in a particular type of aerospace product,
such as commercial transports, military fighter jets, helicopters,
spacecraft, or missiles and rockets. Aerospace engineers may be
experts in aerodynamics, thermodynamics, celestial mechanics,
propulsion, acoustics, or guidance and control systems.

Aerospace engineers typically are employed within the aerospace
industry, although their skills are becoming increasingly valu-
able in other fields. For example, aerospace engineers in the motor
vehicles manufacturing industry design vehicles that have lower
air resistance, increasing the fuel efficiency of vehicles.

Working Conditions

Most engineers work in office buildings, laboratories, or indus-
trial plants. Others may spend time outdoors at construction
sites, mines, and oil and gas exploration and production sites,
where they monitor or direct operations or solve onsite prob-
lems. Some engineers travel extensively to plants or work sites.

Many engineers work a standard 40-hour week. At times, dead-
lines or design standards may bring extra pressure to a job. When
this happens, engineers may work longer hours and experience
considerable stress.

Employment

Aerospace engineers held about 50,000 jobs in 2000. Almost one-
half worked in the aircraft and parts and guided missile and space
vehicle manufacturing industries. Federal government agencies,
primarily the Department of Defense and the National Aeronau-
tics and Space Administration, provided almost 15 percent of
jobs. Engineering and architectural services, research and test-
ing services, and search and navigation equipment firms ac-
counted for most of the remaining jobs.

Training, Other Qualifications, and
Advancement

A bachelor’s degree in engineering is required for almost all en-
try-level engineering jobs. College graduates with a degree in a
physical science or mathematics occasionally may qualify for
some engineering jobs, especially in specialties in high demand.
Most engineering degrees are granted in electrical, electronics,
mechanical, or civil engineering. However, engineers trained in
one branch may work in related branches. For example, many
aerospace engineers have training in mechanical engineering.
This flexibility allows employers to meet staffing needs in new
technologies and specialties in which engineers are in short sup-

ply. It also allows engineers to shift to fields with better employ-
ment prospects or to those that more closely match their inter-
ests.

Most engineering programs involve a concentration of study in
an engineering specialty, along with courses in both mathemat-
ics and science. Most programs include a design course, some-
times accompanied by a computer or laboratory class or both.

In addition to the standard engineering degree, many colleges
offer 2- or 4-year degree programs in engineering technology.
These programs, which usually include various hands-on labo-
ratory classes that focus on current issues, prepare students for
practical design and production work, rather than for jobs which
require more theoretical and scientific knowledge. Graduates of
4-year technology programs may get jobs similar to those ob-
tained by graduates with a bachelor’s degree in engineering.
Engineering technology graduates, however, are not qualified to
register as professional engineers under the same terms as gradu-
ates with degrees in engineering. Some employers regard tech-
nology program graduates as having skills between those of a
technician and an engineer.

Graduate training is essential for engineering faculty positions
and many research and development programs, but is not re-
quired for the majority of entry-level engineering jobs. Many
engineers obtain graduate degrees in engineering or business
administration to learn new technology and broaden their edu-
cation. Many high-level executives in government and industry
began their careers as engineers.

About 330 colleges and universities offer bachelor’s degree pro-
grams in engineering that are accredited by the Accreditation
Board for Engineering and Technology (ABET), and about 250
colleges offer accredited bachelor’s degree programs in engineer-
ing technology. ABET accreditation is based on an examination
of an engineering program’s student achievement, program im-
provement, faculty, curricular content, facilities, and institutional
commitment. Although most institutions offer programs in the
major branches of engineering, only a few offer programs in the
smaller specialties. Also, programs of the same title may vary in
content. For example, some programs emphasize industrial prac-
tices, preparing students for a job in industry, whereas others are
more theoretical and are designed to prepare students for gradu-
ate work. Therefore, students should investigate curricula and
check accreditations carefully before selecting a college.

Admissions requirements for undergraduate engineering schools
include a solid background in mathematics (algebra, geometry,
trigonometry, and calculus) and sciences (biology, chemistry, and
physics), and courses in English, social studies, humanities, and
computers. Bachelor’s degree programs in engineering typically
are designed to last 4 years, but many students find that it takes
between 4 and 5 years to complete their studies. In a typical
4-year college curriculum, the first 2 years are spent studying
mathematics, basic sciences, introductory engineering, humani-
ties, and social sciences. In the last 2 years, most courses are in
engineering, usually with a concentration in one branch. Some
programs offer a general engineering curriculum; students then
specialize in graduate school or on the job.

Some engineering schools and 2-year colleges have agreements
whereby the 2-year college provides the initial engineering edu-
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cation, and the engineering school automatically admits students
for their last 2 years. In addition, a few engineering schools have
arrangements whereby a student spends 3 years in a liberal arts
college studying pre-engineering subjects and 2 years in an engi-
neering school studying core subjects, and then receives a
bachelor’s degree from each school. Some colleges and universi-
ties offer 5-year master’s degree programs. Some 5- or even
6-year cooperative plans combine classroom study and practical
work, permitting students to gain valuable experience and fi-
nance part of their education. All 50 states and the District of
Columbia usually require licensure for engineers who offer their
services directly to the public. Engineers who are licensed are
called Professional Engineers (PE). This licensure generally re-
quires a degree from an ABET-accredited engineering program, 4
years of relevant work experience, and successful completion of
a state examination. Recent graduates can start the licensing pro-
cess by taking the examination in two stages. The initial Funda-
mentals of Engineering (FE) examination can be taken upon
graduation. Engineers who pass this examination commonly are
called Engineers in Training (EIT) or Engineer Interns (EI). The
EIT certification usually is valid for 10 years. After acquiring suit-
able work experience, EITs can take the second examination, the
Principles and Practice of Engineering Exam. Several states have
imposed mandatory continuing education requirements for
relicensure. Most states recognize licensure from other states.

Engineers should be creative, inquisitive, analytical, and detail
oriented. They should be able to work as part of a team and to
communicate well, both orally and in writing. Communication
abilities are becoming more important because much of their
work is becoming more diversified, meaning that engineers in-
teract with specialists in a wide range of fields outside engineer-
ing.

Beginning engineering graduates usually work under the super-
vision of experienced engineers and, in large companies, also
may receive formal classroom or seminar-type training. As new
engineers gain knowledge and experience, they are assigned more
difficult projects with greater independence to develop designs,
solve problems, and make decisions. Engineers may advance to
become technical specialists or to supervise a staff or team of
engineers and technicians. Some may eventually become engi-
neering managers or enter other managerial or sales jobs.

Job Outlook

Employment of aerospace engineers is expected to grow about
as fast as the average for all occupations through 2010. The de-
cline in defense department expenditures for military aircraft,
missiles, and other aerospace systems has restricted defense-re-
lated employment opportunities in recent years. However, an
expected increase in defense spending in these areas may result
in increased employment of aerospace engineers in defense-re-
lated areas during the 2000-2010 period. Demand should in-
crease for aerospace engineers to design and produce civilian
aircraft, due to the need to accommodate increasing passenger
traffic and to replace much of the present fleet with quieter and
more fuel-efficient aircraft. Additional opportunities for aerospace
engineers will be created with aircraft manufacturers to search
for ways to use existing technology for new purposes. Some
employment opportunities also will occur in industries not typi-

cally associated with aerospace, such as motor vehicles. Most
job openings, however, will result from the need to replace aero-
space engineers who transfer to other occupations or leave the
labor force.

Earnings

Median annual earnings of aerospace engineers were $67,930
in 2000. The middle 50 percent earned between $56,410 and
$82,570. The lowest 10 percent earned less than $47,700, and
the highest 10 percent earned more than $94,310.
Median annual earnings in the industries employing the larg-
est numbers of aerospace engineers in 2000 were:

Federal government ..........cccoccoeiviiniiiiiniincnnnnnn, $74,170
Search and navigation equipment .............cccoceeee. 71,020
Aircraft and parts ..o, 68,230
Guided missiles, space vehicles, and parts ................ 65,830

According to a 2001 salary survey by the National Association of
Colleges and Employers, bachelor’s degree candidates in aero-
space engineering received starting offers averaging $46,918 a
year, master’s degree candidates were offered $59,955, and PhD
candidates were offered $64,167.

Related Occupations

Aerospace engineers apply the principles of physical science and
mathematics in their work. Other workers who use scientific and
mathematical principles include architects, except landscape and
naval; engineering and natural sciences managers; computer and
information systems managers; mathematicians; drafters; engi-
neering technicians; sales engineers; science technicians; and
physical and life scientists, including agricultural and food sci-
entists, biological and medical scientists, conservation scientists
and foresters, atmospheric scientists, chemists and materials sci-
entists, environmental scientists and geoscientists, and physi-
cists and astronomers.

Sources of Additional Information

For further information about aerospace engineers, contact:

® Aerospace Industries Association, 1250 Eye St. NW, Washington, DC
20005. Internet: http://www.aia-aerospace.org

® American Institute of Aeronautics and Astronautics, Inc., Suite 500,
1801 Alexander Bell Dr., Reston, VA 20191-4344. Internet: http://
www.aiaa.org

High school students interested in obtaining a full package of
guidance materials and information (product number SP-01) on
a variety of engineering disciplines should contact the Junior
Engineering Technical Society by sending $3.50 to:

® JETS-Guidance, 1420 King St., Suite 405, Alexandria, VA 22314-2794.
Internet: http://www.jets.org

High school students interested in obtaining information on
ABET-accredited engineering programs should contact:

® The Accreditation Board for Engineering and Technology, Inc.,
| 1| Market Place, Suite 1050, Baltimore, MD 21202-4012. Internet:
http://www.abet.org
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Non-licensed engineers and college students interested in ob-
taining information on Professional Engineer licensure should
contact:

® The National Society of Professional Engineers, 1420 King St.,
Alexandria, VA 22314-2794. Internet: http://www.nspe.org

® National Council of Examiners for Engineers and Surveying, PO. Box
1686, Clemson, SC 29633-1686. Internet: http://www.ncees.org

Information on general engineering education and career re-
sources is available from:

® American Society for Engineering Education, 1818 N St. N.W.,, Suite
600, Washington, DC 20036-2479. Internet: http://www.asee.org

Information on obtaining an engineering position with the fed-
eral government is available from the Office of Personnel Man-
agement (OPM) through a telephone-based system. Consult your
telephone directory under U.S. Government for a local number
or call (912) 757-3000; Federal Relay Service: (800) 877-8339.
The first number is not toll free, and charges may result. Infor-
mation also is available from the OPM Internet site: http://
www.usajobs.opm.gov

Non-high school students and those wanting more detailed in-
formation should contact societies representing the individual
branches of engineering. Each can provide information about
careers in the particular branch. The individual statements else-
where in this book also provide other information in detail on
agricultural; biomedical; chemical; civil; computer hardware;
electrical and electronics; environmental; industrial, including
health and safety; materials; mechanical; mining and geologi-
cal, including mining safety; nuclear; and petroleum engineer-
ing.

Agiculural and Food
Scientists

O*NET 19-1011.00, 19-1012.00, 19-1013.01, 19-1013.02

Significant Points

® A large proportion, about 41 percent, of salaried agricul-
tural and food scientists works for federal, state, and local
governments.

® A bachelor’s degree in agricultural science is sufficient for
some jobs in applied research; a master’s or doctoral de-
gree is required for basic research.

Nature of the Work

The work of agricultural and food scientists plays an important
part in maintaining the nation’s food supply by ensuring agri-
cultural productivity and the safety of the food supply. Agricul-
tural scientists study farm crops and animals, and develop ways
of improving their quantity and quality. They look for ways to

improve crop yield with less labor, control pests and weeds more
safely and effectively, and conserve soil and water. They research
methods of converting raw agricultural commodities into attrac-
tive and healthy food products for consumers.

Agricultural science is closely related to biological science, and
agricultural scientists use the principles of biology, chemistry,
physics, mathematics, and other sciences to solve problems in
agriculture. They often work with biological scientists on basic
biological research and on applying to agriculture the advances
in knowledge brought about by biotechnology.

Many agricultural scientists work in basic or applied research
and development. Others manage or administer research and
development programs, or manage marketing or production
operations in companies that produce food products or agricul-
tural chemicals, supplies, and machinery. Some agricultural sci-
entists are consultants to business firms, private clients, or
government.

Depending on the agricultural or food scientist’s area of special-
ization, the nature of the work performed varies.

Food science. Food scientists and technologists usually work in
the food processing industry, universities, or the federal govern-
ment, and help meet consumer demand for food products that
are healthful, safe, palatable, and convenient. To do this, they
use their knowledge of chemistry, microbiology, and other sci-
ences to develop new or better ways of preserving, processing,
packaging, storing, and delivering foods. Some food scientists
engage in basic research, discovering new food sources; analyz-
ing food content to determine levels of vitamins, fat, sugar, or
protein; or searching for substitutes for harmful or undesirable
additives, such as nitrites. They also develop ways to process,
preserve, package, or store food according to industry and gov-
ernment regulations. Others enforce government regulations,
inspecting food processing areas and ensuring that sanitation,
safety, quality, and waste management standards are met. Food
technologists generally work in product development, applying
the findings from food science research to the selection, preser-
vation, processing, packaging, distribution, and use of safe, nu-
tritious, and wholesome food.

Plant science. Agronomy, crop science, entomology, and plant
breeding are included in plant science. Scientists in these disci-
plines study plants and their growth in soils, helping producers
of food, feed, and fiber crops to continue to feed a growing popu-
lation while conserving natural resources and maintaining the
environment. Agronomists and crop scientists not only help in-
crease productivity, but also study ways to improve the nutri-
tional value of crops and the quality of seed. Some crop scientists
study the breeding, physiology, and management of crops and
use genetic engineering to develop crops resistant to pests and
drought. Entomologists conduct research to develop new tech-
nologies to control or eliminate pests in infested areas and to
prevent the spread of harmful pests to new areas, as well as tech-
nologies that are compatible with the environment. They also
conduct research or engage in oversight activities aimed at halt-
ing the spread of insect-borne disease.

Soil science. Soil scientists study the chemical, physical, bio-
logical, and mineralogical composition of soils as they relate to
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plant or crop growth. They also study the responses of various
soil types to fertilizers, tillage practices, and crop rotation. Many
soil scientists who work for the federal government conduct soil
surveys, classifying and mapping soils. They provide informa-
tion and recommendations to farmers and other landowners
regarding the best use of land, plant growth, and methods to
avoid or correct problems such as erosion. They may also con-
sult with engineers and other technical personnel working on
construction projects about the effects of, and solutions to, soil
problems. Because soil science is closely related to environmen-
tal science, persons trained in soil science also apply their knowl-
edge to ensure environmental quality and effective land use.

Animal science. Animal scientists work to develop better, more
efficient ways of producing and processing meat, poultry, eggs,
and milk. Dairy scientists, poultry scientists, animal breeders,
and other related scientists study the genetics, nutrition, repro-
duction, growth, and development of domestic farm animals.
Some animal scientists inspect and grade livestock food prod-
ucts, purchase livestock, or work in technical sales or marketing.
As extension agents or consultants, animal scientists advise agri-
cultural producers on how to upgrade animal housing facilities
properly, lower mortality rates, handle waste matter, or increase
production of animal products, such as milk or eggs.

Working Conditions

Agricultural scientists involved in management or basic research
tend to work regular hours in offices and laboratories. The work
environment for those engaged in applied research or product
development varies, depending on the discipline of agricultural
science and on the type of employer. For example, food scien-
tists in private industry may work in test kitchens while investi-
gating new processing techniques. Animal scientists working for
federal, state, or university research stations may spend part of
their time at dairies, farrowing houses, feedlots, or farm animal
facilities or outdoors conducting research associated with live-
stock. Soil and crop scientists also spend time outdoors conduct-
ing research on farms and agricultural research stations.
Entomologists work in laboratories, insectories, or agricultural
research stations, and may also spend time outdoors studying or
collecting insects in their natural habitat.

Employment

Agricultural and food scientists held about 17,000 jobs in 2000.
In addition, several thousand persons held agricultural science
faculty positions in colleges and universities.

About 41 percent of all nonfaculty salaried agricultural and food
scientists work for federal, state, or local governments. Nearly 2
out of 3 worked for the federal government in 2000, mostly in
the Department of Agriculture. In addition, large numbers worked
for state governments at state agricultural colleges or agricul-
tural research stations. Some worked for agricultural service com-
panies; others worked for commercial research and development
laboratories, seed companies, pharmaceutical companies, whole-
sale distributors, and food products companies. About 4,000 ag-
ricultural scientists were self-employed in 2000, mainly as
consultants.

Training, Other Qualifications, and
Advancement

Training requirements for agricultural scientists depend on their
specialty and on the type of work they perform. A bachelor’s
degree in agricultural science is sufficient for some jobs in ap-
plied research or for assisting in basic research, but a master’s or
doctoral degree is required for basic research. A PhD in agricul-
tural science usually is needed for college teaching and for ad-
vancement to administrative research positions. Degrees in
related sciences such as biology, chemistry, or physics or in re-
lated engineering specialties also may qualify persons for some
agricultural science jobs.

All states have a land-grant college that offers agricultural sci-
ence degrees. Many other colleges and universities also offer ag-
ricultural science degrees or some agricultural science courses.
However, not every school offers all specialties. A typical under-
graduate agricultural science curriculum includes communica-
tions, economics, business, and physical and life sciences courses,
in addition to a wide variety of technical agricultural science
courses. For prospective animal scientists, these technical agri-
cultural science courses might include animal breeding, repro-
ductive physiology, nutrition, and meats and muscle biology.

Students preparing as food scientists take courses such as food
chemistry, food analysis, food microbiology, food engineering,
and food processing operations. Those preparing as crop or soil
scientists take courses in plant pathology, soil chemistry, ento-
mology, plant physiology, and biochemistry, among others. Ad-
vanced degree programs include classroom and fieldwork,
laboratory research, and a thesis or dissertation based on inde-
pendent research.

Agricultural and food scientists should be able to work indepen-
dently or as part of a team and be able to communicate clearly
and concisely, both orally and in writing. Most of these scien-
tists also need an understanding of basic business principles, and
the ability to apply basic statistical techniques. Employers in-
creasingly prefer job applicants who are able to apply computer
skills to determine solutions to problems, to collect and analyze
data, and for the control of processes.

The American Society of Agronomy offers certification programs
in crops, agronomy, crop advising, soils, horticulture, plant pa-
thology, and weed science. To become certified, applicants must
pass designated examinations and meet certain standards with
respect to education and professional work experience.

Agricultural scientists who have advanced degrees usually begin
in research or teaching. With experience, they may advance to
jobs such as supervisors of research programs or managers of
other agriculture-related activities.

Job Outlook

Employment of agricultural scientists is expected to grow more
slowly than the average for all occupations through 2010. Addi-
tionally, the need to replace agricultural and food scientists who
retire or otherwise leave the occupation permanently will ac-
count for many more job openings than will projected growth,
particularly in academia.
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Past agricultural research has resulted in the development of
higher yielding crops, crops with better resistance to pests and
plant pathogens, and chemically based fertilizers and pesticides.
Further research is necessary as insects and diseases continue to
adapt to pesticides, and as soil fertility and water quality con-
tinue to need improvement. Agricultural scientists are using new
avenues of research in biotechnology to develop plants and food
crops that require less fertilizer, fewer pesticides and herbicides,
and even less water for growth. Agricultural scientists will be
needed to balance increased agricultural output with protection
and preservation of soil, water, and ecosystems. They will in-
creasingly encourage the practice of “sustainable agriculture” by
developing and implementing plans to manage pests, crops, soil
fertility and erosion, and animal waste in ways that reduce the
use of harmful chemicals and do little damage to the natural
environment. Also, an expanding population and an increasing
public focus on diet, health, and food safety will result in job
opportunities for food scientists and technologists.

Graduates with advanced degrees will be in the best position to
enter jobs as agricultural scientists. Bachelor’s degree holders can
work in some applied research and product development posi-
tions, but usually only in certain subfields, such as food science
and technology. Also, the federal government hires bachelor’s
degree holders to work as soil scientists. Despite the more lim-
ited opportunities for those with only a bachelor’s degree to ob-
tain jobs as agricultural scientists, a bachelor’s degree in
agricultural science is useful for managerial jobs in businesses
that deal with ranchers and farmers. These businesses include
feed, fertilizer, seed, and farm equipment manufacturers; retail-
ers or wholesalers; and farm credit institutions. Four-year de-
grees also may help persons enter occupations such as farmer, or
farm or ranch manager; cooperative extension service agent; ag-
ricultural products inspector; or purchasing or sales agent for
agricultural commodity or farm supply companies.

Earnings

Median annual earnings of agricultural and food scientists were
$52,160 in 2000. The middle 50 percent earned between $40,720
and $66,370. The lowest 10 percent earned less than $31,910,
and the highest 10 percent earned more than $83,740.

Average federal salaries for employees in nonsupervisory, su-
pervisory and managerial positions in certain agricultural sci-
ence specialties in 2001 were as follows:

Animal SCIeNCE .......veveviiiiiiiiiiiieeeeceee e $76,582
Entomology ......cccevvvviiviiiiiiiiiiiiii 70,133
Agronomy ....

Horticulture..
SOIL SCIEIICE .ottt

According to the National Association of Colleges and Employ-
ers, beginning salary offers in 2001 for graduates with a bachelor’s
degree in animal science averaged $28,031 a year.

Related Occupations

The work of agricultural scientists is closely related to that of
biologists and other natural scientists, such as chemists, conser-

vation scientists, and foresters. It is also related to managers of
agricultural production, such as farmers, ranchers, agricultural
managers. Certain specialties of agricultural science also are re-
lated to other occupations. For example, the work of animal sci-
entists is related to that of veterinarians and horticulturists
perform duties similar to those of landscape architects.

Sources of Additional Information

Information on careers in agricultural science is available from:

® American Society of Agronomy, Crop Science Society of America, Soil
Science Society of America, 677 S. Segoe Rd., Madison, WI 5371 | -
1086

® Food and Agricultural Careers for Tomorrow, Purdue University, | 140
Agricultural Administration Bldg., West Lafayette, IN 47907-1140

For information on careers in food technology, write to:

@ |nstitute of Food Technologists, Suite 300, 221 N. LaSalle St., Chicago
IL 60601-1291

Information on acquiring a job as an agricultural scientist with
the federal government is available from the Office of Personnel
Management through a telephone-based system. Consult your
telephone directory under U.S. Government for a local number
or call (912) 757-3000; Federal Relay Service: (800) 877-8339.
The first number is not toll free, and charges may result. Infor-
mation also is available from the Internet site: http://
www.usajobs.opm.gov

O*NET 17-2021.00

Significant Points

® Overall job opportunities in engineering are expected to
be good.

® A bachelor’s degree is required for most entry-level jobs.

@ Starting salaries are significantly higher than those of col-
lege graduates in other fields.

® Continuing education is critical to keep abreast of the lat-
est technology.

Nature of the Work

Agricultural engineers apply knowledge of engineering technol-
ogy and biological science to agriculture. They design agricul-
tural machinery and equipment and agricultural structures. They
develop ways to conserve soil and water and to improve the pro-
cessing of agricultural products. Agricultural engineers work in
research and development, production, sales, or management.
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Working Conditions

Most engineers work in office buildings, laboratories, or indus-
trial plants. Others may spend time outdoors at construction
sites, mines, and oil and gas exploration and production sites,
where they monitor or direct operations or solve onsite prob-
lems. Some engineers travel extensively to plants or work sites.

Many engineers work a standard 40-hour week. At times, dead-
lines or design standards may bring extra pressure to a job. When
this happens, engineers may work longer hours and experience
considerable stress.

Employment

More than one third of the 2,400 agricultural engineers employed
in 2000 worked for engineering and management services, sup-
plying consultant services to farmers and farm-related industries.
Others worked in a wide variety of industries, including crops
and livestock as well as manufacturing and government.

Training, Other Qualifications, and
Advancement

A bachelor’s degree in engineering is required for almost all en-
try-level engineering jobs. College graduates with a degree in a
physical science or mathematics occasionally may qualify for
some engineering jobs, especially in specialties in high demand.
Most engineering degrees are granted in electrical, electronics,
mechanical, or civil engineering. However, engineers trained in
one branch may work in related branches. This flexibility allows
employers to meet staffing needs in new technologies and spe-
cialties in which engineers are in short supply. It also allows en-
gineers to shift to fields with better employment prospects or to
those that more closely match their interests.

Most engineering programs involve a concentration of study in
an engineering specialty, along with courses in both mathemat-
ics and science. Most programs include a design course, some-
times accompanied by a computer or laboratory class or both.

In addition to the standard engineering degree, many colleges
offer 2- or 4-year degree programs in engineering technology.
These programs, which usually include various hands-on labo-
ratory classes that focus on current issues, prepare students for
practical design and production work, rather than for jobs which
require more theoretical and scientific knowledge. Graduates of
4-year technology programs may get jobs similar to those ob-
tained by graduates with a bachelor’s degree in engineering.
Engineering technology graduates, however, are not qualified to
register as professional engineers under the same terms as gradu-
ates with degrees in engineering. Some employers regard tech-
nology program graduates as having skills between those of a
technician and an engineer.

Graduate training is essential for engineering faculty positions
and many research and development programs, but is not re-
quired for the majority of entry-level engineering jobs. Many
engineers obtain graduate degrees in engineering or business
administration to learn new technology and broaden their edu-

cation. Many high-level executives in government and industry
began their careers as engineers.

About 330 colleges and universities offer bachelor’s degree pro-
grams in engineering that are accredited by the Accreditation
Board for Engineering and Technology (ABET), and about 250
colleges offer accredited bachelor’s degree programs in engineer-
ing technology. ABET accreditation is based on an examination
of an engineering program’s student achievement, program im-
provement, faculty, curricular content, facilities, and institutional
commitment. Although most institutions offer programs in the
major branches of engineering, only a few offer programs in the
smaller specialties. Also, programs of the same title may vary in
content. For example, some programs emphasize industrial prac-
tices, preparing students for a job in industry, whereas others are
more theoretical and are designed to prepare students for gradu-
ate work. Therefore, students should investigate curricula and
check accreditations carefully before selecting a college.

Admissions requirements for undergraduate engineering schools
include a solid background in mathematics (algebra, geometry,
trigonometry, and calculus) and sciences (biology, chemistry, and
physics), and courses in English, social studies, humanities, and
computers. Bachelor’s degree programs in engineering typically
are designed to last 4 years, but many students find that it takes
between 4 and 5 years to complete their studies. In a typical
4-year college curriculum, the first 2 years are spent studying
mathematics, basic sciences, introductory engineering, humani-
ties, and social sciences. In the last 2 years, most courses are in
engineering, usually with a concentration in one branch. Some
programs offer a general engineering curriculum; students then
specialize in graduate school or on the job.

Some engineering schools and 2-year colleges have agreements
whereby the 2-year college provides the initial engineering edu-
cation, and the engineering school automatically admits students
for their last 2 years. In addition, a few engineering schools have
arrangements whereby a student spends 3 years in a liberal arts
college studying pre-engineering subjects and 2 years in an engi-
neering school studying core subjects, and then receives a
bachelor’s degree from each school. Some colleges and universi-
ties offer S-year master’s degree programs. Some 5- or even
6-year cooperative plans combine classroom study and practical
work, permitting students to gain valuable experience and fi-
nance part of their education. All 50 states and the District of
Columbia usually require licensure for engineers who offer their
services directly to the public. Engineers who are licensed are
called Professional Engineers (PE). This licensure generally re-
quires a degree from an ABET-accredited engineering program, 4
years of relevant work experience, and successful completion of
a state examination. Recent graduates can start the licensing pro-
cess by taking the examination in two stages. The initial Funda-
mentals of Engineering (FE) examination can be taken upon
graduation. Engineers who pass this examination commonly are
called Engineers in Training (EIT) or Engineer Interns (EI). The
EIT certification usually is valid for 10 years. After acquiring suit-
able work experience, EITs can take the second examination, the
Principles and Practice of Engineering Exam. Several states have
imposed mandatory continuing education requirements for
relicensure. Most states recognize licensure from other states.
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Engineers should be creative, inquisitive, analytical, and detail
oriented. They should be able to work as part of a team and to
communicate well, both orally and in writing. Communication
abilities are becoming more important because much of their
work is becoming more diversified, meaning that engineers in-
teract with specialists in a wide range of fields outside engineer-
ing.

Beginning engineering graduates usually work under the super-
vision of experienced engineers and, in large companies, also
may receive formal classroom or seminar-type training. As new
engineers gain knowledge and experience, they are assigned more
difficult projects with greater independence to develop designs,
solve problems, and make decisions. Engineers may advance to
become technical specialists or to supervise a staff or team of
engineers and technicians. Some may eventually become engi-
neering managers or enter other managerial or sales jobs.

Job Outlook

Employment of agricultural engineers is expected to increase
about as fast as the average for all occupations through 2010.
Increasing demand for agricultural products, continued efforts
for more efficient agricultural production, and increasing em-
phasis on the conservation of resources should result in job op-
portunities for agricultural engineers. However, most openings
will be created by the need to replace agricultural engineers who
transfer to other occupations or leave the labor force.

Earnings

Median annual earnings of agricultural engineers were $55,850
in 2000. The middle 50 percent earned between $44,220 and
$71,460. The lowest 10 percent earned less than $33,660, and
the highest 10 percent earned more than $91,600.

According to a 2001 salary survey by the National Association of
Colleges and Employers, bachelor’s degree candidates in agricul-
tural engineering received starting offers averaging $46,065 a
year, and master’s degree candidates, on average, were offered
$49,808.

Related Occupations

Agricultural engineers apply the principles of physical science
and mathematics in their work. Other workers who use scien-
tific and mathematical principles include architects, except land-
scape and naval; engineering and natural sciences managers;
computer and information systems managers; mathematicians;
drafters; engineering technicians; sales engineers; science tech-
nicians; and physical and life scientists, including agricultural
and food scientists, biological and medical scientists, conserva-
tion scientists and foresters, atmospheric scientists, chemists and
materials scientists, environmental scientists and geoscientists,
and physicists and astronomers.

Sources of Additional Information

General information about agricultural engineers can be obtained
from:

® American Society of Agricultural Engineers, 2950 Niles Rd., St. Joseph,
MI 49085-9659. Internet: http://www.asae.org

High school students interested in obtaining a full package of
guidance materials and information (product number SP-01) on
a variety of engineering disciplines should contact the Junior
Engineering Technical Society by sending $3.50 to:

® JETS-Guidance, 1420 King St., Suite 405, Alexandria, VA 22314-2794.
Internet: http://www.jets.org

High school students interested in obtaining information on
ABET-accredited engineering programs should contact:

® The Accreditation Board for Engineering and Technology, Inc., 111
Market Place, Suite 1050, Baltimore, MD 21202-4012. Internet: http://
www.abet.org

Non-licensed engineers and college students interested in ob-
taining information on Professional Engineer licensure should
contact:

® The National Society of Professional Engineers, 1420 King St.,
Alexandria, VA 22314-2794. Internet: http://www.nspe.org

® National Council of Examiners for Engineers and Surveying, PO. Box
1686, Clemson, SC 29633-1686. Internet: http://www.ncees.org

Information on general engineering education and career re-
sources is available from:

® American Society for Engineering Education, 1818 N St. N.W.,, Suite
600, Washington, DC 20036-2479. Internet: http://www.asee.org

Information on obtaining an engineering position with the fed-
eral government is available from the Office of Personnel Man-
agement (OPM) through a telephone-based system. Consult your
telephone directory under U.S. Government for a local number
or call (912) 757-3000; Federal Relay Service: (800) 877-8339.
The first number is not toll free, and charges may result. Infor-
mation also is available from the OPM Internet site: http://
www.usajobs.opm.gov

Non-high school students and those wanting more detailed in-
formation should contact societies representing the individual
branches of engineering. Each can provide information about
careers in the particular branch. The individual statements else-
where in this book also provide other information in detail on
aerospace; biomedical; chemical; civil; computer hardware; elec-
trical and electronics; environmental; industrial, including health
and safety; materials; mechanical; mining and geological, includ-
ing mining safety; nuclear; and petroleum engineering.

Arraf and vionics
Equipment Mechanics and
Service Technicians

0*NET 49-2091.00, 49-3011.01, 49-3011.02, 49-3011.03
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Significant Points

® The majority of these workers learn their job in 1 of about
200 trade schools certified by the Federal Aviation Admin-
istration.

® Opportunities should be favorable, but keen competition
is likely for the best paying airline jobs.

Nature of the Work

To keep aircraft in peak operating condition, aircraft and avion-
ics equipment mechanics and service technicians perform sched-
uled maintenance, make repairs, and complete inspections
required by the Federal Aviation Administration (FAA).

Many aircraft mechanics, also called airframe, powerplant, and
avionics aviation maintenance technicians, specialize in preven-
tive maintenance. They inspect engines, landing gear, instru-
ments, pressurized sections, accessories—brakes, valves, pumps,
and air-conditioning systems, for example—and other parts of
the aircraft, and do the necessary maintenance and replacement
of parts. Inspections take place following a schedule based on
the number of hours the aircraft has flown, calendar days since
the last inspection, cycles of operation, or a combination of these
factors. Large, sophisticated planes are equipped with aircraft
monitoring systems, consisting of electronic boxes and consoles
that monitor the aircraft’s basic operations and provide valuable
diagnostic information to the mechanic. To examine an engine,
aircraft mechanics work through specially designed openings
while standing on ladders or scaffolds, or use hoists or lifts to
remove the entire engine from the craft. After taking an engine
apart, mechanics use precision instruments to measure parts for
wear and use X-ray and magnetic inspection equipment to check
for invisible cracks. Worn or defective parts are repaired or re-
placed. Mechanics may also repair sheet metal or composite sur-
faces, measure the tension of control cables, and check for
corrosion, distortion, and cracks in the fuselage, wings, and tail.
After completing all repairs, they must test the equipment to
ensure that it works properly.

Mechanics specializing in repairwork rely on the pilot’s descrip-
tion of a problem to find and fix faulty equipment. For example,
during a preflight check, a pilot may discover that the aircraft’s
fuel gauge does not work. To solve the problem, mechanics may
troubleshoot the electrical system, using electrical test equipment
to make sure that no wires are broken or shorted out, and re-
place any defective electrical or electronic components. Mechan-
ics work as fast as safety permits so that the aircraft can be put
back into service quickly.

Some mechanics work on one or many different types of air-
craft, such as jets, propeller-driven airplanes, and helicopters.
Others specialize in one section of a particular type of aircraft,
such as the engine, hydraulics, or electrical system. Powerplant
mechanics are authorized to work on engines and do limited work
on propellers. Airframe mechanics are authorized to work on any
part of the aircraft except the instruments, powerplants, and pro-
pellers. Combination airframe-and-powerplant mechanics—called
A & P mechanics—work on all parts of the plane, except instru-
ments. The majority of mechanics working on civilian aircraft
today are A & P mechanics. In small, independent repairshops,

mechanics usually inspect and repair many different types of
aircraft.

Avionics systems are now an integral part of aircraft design and
have vastly increased aircraft capability. Avionics technicians re-
pair and maintain components used for aircraft navigation and
radio communications, weather radar systems, and other instru-
ments and computers that control flight, engine, and other pri-
mary functions. These duties may require additional licenses,
such as a radiotelephone license issued by the U.S. Federal Com-
munications Commission (FCC). Because of technological ad-
vances, an increasing amount of time is spent repairing electronic
systems, such as computerized controls. Technicians also may
be required to analyze and develop solutions to complex elec-
tronic problems.

Working Conditions

Mechanics usually work in hangars or in other indoor areas, al-
though they can work outdoors—sometimes in unpleasant
weather—when hangars are full or when repairs must be made
quickly. Mechanics often work under time pressure to maintain
flight schedules or, in general aviation, to keep from inconve-
niencing customers. At the same time, mechanics have a tre-
mendous responsibility to maintain safety standards, and this
can cause the job to be stressful.

Frequently, mechanics must lift or pull objects weighing as much
as 70 pounds. They often stand, lie, or kneel in awkward posi-
tions and occasionally must work in precarious positions on scat-
folds or ladders. Noise and vibration are common when engines
are being tested, so ear protection is necessary. Aircraft mechan-
ics usually work 40 hours a week on 8-hour shifts around the
clock. Overtime work is frequent.

Employment

Aircraft mechanics and service technicians held about 173,000
jobs in 2000; fewer than 10 percent were avionic technicians.
About two-thirds of all salaried mechanics worked for airlines or
airports and flying fields, about 12 percent worked for the fed-
eral government, and about 9 percent worked for aircraft assem-
bly firms. Most of the rest were general aviation mechanics, the
majority of whom worked for independent repairshops or for
companies that operate their own planes to transport executives
and cargo. Few mechanics were self-employed.

Most airline mechanics work at major airports near large cities.
Civilian mechanics employed by the armed forces work at mili-
tary installations. Large proportions of mechanics who work for
aircraft assembly firms are located in California or in Washing-
ton state. Others work for the FAA, many at the facilities in Okla-
homa City, Atlantic City, Wichita, or Washington, DC. Mechanics
for independent repairshops work at airports in every part of the
country.

Training, Other Qualifications, and
Advancement

The majority of mechanics who work on civilian aircraft are
certified by the FAA as “airframe mechanic,” “powerplant
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mechanic,” or “avionics repair specialist.” Mechanics who also
have an inspector’s authorization can certify work completed by
other mechanics and perform required inspections. Uncertified
mechanics are supervised by those with certificates.

The FAA requires at least 18 months of work experience for an
airframe, powerplant, or avionics repairet’s certificate. For a com-
bined A & P certificate, at least 30 months of experience work-
ing with both engines and airframes is required. Completion of
a program at an FAA-certified mechanic school can substitute
for the work experience requirement. Applicants for all certifi-
cates also must pass written and oral tests and demonstrate that
they can do the work authorized by the certificate. To obtain an
inspector’s authorization, a mechanic must have held an A & P
certificate for at least 3 years. Most airlines require that mechan-
ics have a high school diploma and an A & P certificate.

Although a few people become mechanics through on-the-job
training, most learn their job in 1 of about 200 trade schools
certified by the FAA. About one-third of these schools award 2-
and 4-year degrees in avionics, aviation technology, or aviation
maintenance management.

FAA standards established by law require that certified mechanic
schools offer students a minimum of 1,900 actual class hours.
Courses in these trade schools normally last from 24 to 30 months
and provide training with the tools and equipment used on the
job. Aircraft trade schools are placing more emphasis on tech-
nologies such as turbine engines, composite materials—includ-
ing graphite, fiberglass, and boron—and aviation electronics,
which are increasingly being used in the construction of new
aircraft. Less emphasis is being placed on old technologies, such
as woodworking and welding. Additionally, employers prefer me-
chanics who can perform a variety of tasks.

Some aircraft mechanics in the armed forces acquire enough
general experience to satisfy the work experience requirements
for the FAA certificate. With additional study, they may pass the
certifying exam. In general, however, jobs in the military ser-
vices are too specialized to provide the broad experience required
by the FAA. Most armed forces mechanics have to complete the
entire training program at a trade school, although a few receive
some credit for the material they learned in the service. In any
case, military experience is a great advantage when seeking em-
ployment; employers consider trade school graduates who have
this experience to be the most desirable applicants.

Courses in mathematics, physics, chemistry, electronics, com-
puter science, and mechanical drawing are helpful, because they
demonstrate many of the principles involved in the operation
of aircraft, and knowledge of these principles is often necessary
to make repairs. Courses that develop writing skills also are im-
portant because mechanics often are required to submit reports.

FAA regulations require current experience to keep the A & P
certificate valid. Applicants must have at least 1,000 hours of
work experience in the previous 24 months or take a refresher
course. As new and more complex aircraft are designed, more
employers are requiring mechanics to take ongoing training to
update their skills. Recent technological advances in aircraft
maintenance necessitate a strong background in electronics—
both for acquiring and retaining jobs in this field. FAA certifica-
tion standards also make ongoing training mandatory. Every 24

months, mechanics are required to take at least 16 hours of train-
ing to keep their certificate. Many mechanics take courses of-
fered by manufacturers or employers, usually through outside
contractors.

Aircraft mechanics must do careful and thorough work that re-
quires a high degree of mechanical aptitude. Employers seek
applicants who are self-motivated, hard-working, enthusiastic,
and able to diagnose and solve complex mechanical problems.
Agility is important for the reaching and climbing necessary to
do the job. Because they may work on the tops of wings and
fuselages on large jet planes, aircraft mechanics must not be afraid
of heights.

As aircraft mechanics gain experience, they may advance to lead
mechanic (or crew chief), inspector, lead inspector, or shop su-
pervisor positions. Opportunities are best for those who have an
aircraft inspector’s authorization. In the airlines, where promo-
tion often is determined by examination, supervisors sometimes
advance to executive positions. Those with broad experience in
maintenance and overhaul might become inspectors with the
FAA. With additional business and management training, some
open their own aircraft maintenance facilities. Mechanics learn
many different skills in their training that can be applied to other
jobs, and some transfer to other skilled repairer occupations or
electronics technician jobs.

Job Outlook

The outlook for aircraft and avionics equipment mechanics and
service technicians should be favorable over the next 10 years.
The likelihood of fewer entrants from the military and a large
number of retirements, point to good employment conditions
for students just beginning training.

Job opportunities are likely to be the best at small commuter and
regional airlines, at FAA repair stations, and in general aviation.
Wages in these companies tend to be relatively low, so there are
fewer applicants for these jobs than for those with the major air-
lines. Also, some jobs will become available as experienced me-
chanics leave for higher paying jobs with airlines or transfer to
another occupation. At the same time, aircraft are becoming in-
creasingly sophisticated in general aviation and in regional carri-
ers, boosting the demand for qualified mechanics. Mechanics will
face competition for jobs with large airlines because the high wages
and travel benefits that these jobs offer attract more qualified ap-
plicants than there are openings. Prospects will be best for appli-
cants with significant experience. Mechanics who keep abreast of
technological advances in electronics, composite materials, and
other areas will be in greatest demand. The number of job open-
ings for aircraft mechanics in the federal government should de-
cline as the size of the U.S. Armed Forces is reduced.

Employment of aircraft mechanics is expected to increase about
as fast as the average for all occupations through the year 2010.
A growing population and rising incomes are expected to stimu-
late the demand for airline transportation, and the number of
aircraft is expected to grow. However, employment growth will
be somewhat restricted as consolidation within the air carrier
industry continues and as productivity increases due to greater
use of automated inventory control and modular systems, which
speeds repairs and parts replacement.
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Most job openings for aircraft mechanics through the year 2010
will stem from replacement needs. Each year, as mechanics trans-
fer to other occupations or retire, several thousand job openings
will arise. Aircraft mechanics have a comparatively strong at-
tachment to the occupation, reflecting their significant invest-
ment in training and a love for aviation. However, because aircraft
mechanics’ skills are transferable to other occupations, some
mechanics leave for work in related fields.

During recessions, declines in air travel force airlines to curtail
the number of flights, which results in less aircraft maintenance
and, consequently, layoffs for aircraft mechanics.

Earnings

Median hourly earnings of aircraft mechanics and service tech-
nicians were about $19.50 in 2000. The middle 50 percent
earned between $15.65 and $23.65. The lowest 10 percent
earned less than $12.06, and the highest 10 percent earned more
than $26.97. Median hourly earnings in the industries employ-
ing the largest numbers of aircraft mechanics and service tech-
nicians in 2000 are shown in the following table:

Air transportation, scheduled ........c.ccccceevveviiiineenen. $21.57
Aircraft and parts .........coceveiiieiinin 19.77
Air transportation, nonscheduled ..............c.ccccocone 19.16
Federal government ..........cccoccoeviiviiniininiiniiiciinnn, 19.11
Airports, flying fields, and services ..........c.ccceceeeuenneene. 16.26

Median hourly earnings of avionics technicians were about
$19.86 in 2000. The middle 50 percent earned between $16.31
and $24.01. The lowest 10 percent earned less than $13.22, and
the highest 10 percent earned more than $27.02.

Mechanics who work on jets for the major airlines generally earn
more than those working on other aircraft. Airline mechanics
and their immediate families receive reduced-fare transportation
on their own and most other airlines.

Almost one-half of all aircraft mechanics, including those em-
ployed by some major airlines, are covered by union agreements.
The principal unions are the International Association of Ma-
chinists and Aerospace Workers and the Transport Workers Union
of America. Some mechanics are represented by the International
Brotherhood of Teamsters.

Related Occupations

Workers in some other occupations that involve similar mechani-
cal and electrical work are electricians, electrical and electronics
installers and repairers, and elevator installers and repairers.

Sources of Additional Information

Information about jobs with a particular airline can be obtained
by writing to the personnel manager of the company.

For general information about aircraft and avionics equipment
mechanics and service technicians, write to:

® Professional Aviation Maintenance Association, | 707 H St. N.W., Suite
700, Washington, DC 20006

For information on jobs in a particular area, contact employers
at local airports or local offices of the state employment service.

Aircraft Pilots and Flit
Engineers

O0*NET 53-2011.00, 53-2012.00

Significant Points

® Strong competition is expected for jobs because aircraft pi-
lots have very high earnings, especially those employed by
national airlines.

® PDilots usually start with smaller commuter and regional
airlines to acquire the experience needed to qualify for
higher paying jobs with national airlines.

® Most pilots traditionally have learned to fly in the mili-
tary, but growing numbers have college degrees with flight
training from civilian flying schools that are certified by
the Federal Aviation Administration (FAA).

Nature of the Work

Pilots are highly trained professionals who fly airplanes and he-
licopters to carry out a wide variety of tasks. Four out of five are
airline pilots, copilots, and flight engineers who transport passen-
gers and cargo. Others are commercial pilots involved in more
unusual tasks, such as dusting crops, spreading seed for refores-
tation, testing aircraft, flying passengers and cargo to areas not
service by regular airlines, directing firefighting efforts, tracking
criminals, monitoring traffic, and rescuing and evacuating in-
jured persons.

Except on small aircraft, two pilots usually make up the cockpit
crew. Generally, the most experienced pilot, the captain, is in
command and supervises all other crew members. The pilot and
copilot share flying and other duties, such as communicating
with air traffic controllers and monitoring the instruments. Some
large aircraft have a third pilot—the flight engineer—who assists
the other pilots by monitoring and operating many of the in-
struments and systems, making minor in-flight repairs, and
watching for other aircraft. New technology can perform many
flight tasks, however, and virtually all-new aircraft now fly with
only two pilots, who rely more heavily on computerized con-
trols. As older, less technologically sophisticated aircraft continue
to be retired from airline fleets, the number of flight engineer
jobs will decrease.

Before departure, pilots plan their flights carefully. They thor-
oughly check their aircraft to make sure that the engines, con-
trols, instruments, and other systems are functioning properly.
They also make sure that baggage or cargo has been loaded cor-
rectly. They confer with flight dispatchers and aviation weather
forecasters to find out about weather conditions en route and at
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their destination. Based on this information, they choose a route,
altitude, and speed that will provide the fastest, safest, and
smoothest flight. When flying under instrument flight rules—
procedures governing the operation of the aircraft when there is
poor visibility—the pilot in command, or the company dis-
patcher, normally files an instrument flight plan with air traffic
control so that the flight can be coordinated with other air traf-
fic.

Takeoff and landing are the most difficult parts of the flight, and
require close coordination between the pilot and first officer. For
example, as the plane accelerates for takeoff, the pilot concen-
trates on the runway while the first officer scans the instrument
panel. To calculate the speed they must attain to become air-
borne, pilots consider the altitude of the airport, outside tem-
perature, weight of the plane, and speed and direction of the
wind. The moment the plane reaches takeoff speed, the first of-
ficer informs the pilot, who then pulls back on the controls to
raise the nose of the plane.

Unless the weather is bad, the actual flight is relatively easy. Air-
plane pilots, with the assistance of autopilot and the flight man-
agement computer, steer the plane along their planned route
and are monitored by the air traffic control stations they pass
along the way. They regularly scan the instrument panel to check
their fuel supply, the condition of their engines, and the air-
conditioning, hydraulic, and other systems. Pilots may request a
change in altitude or route if circumstances dictate. For example,
if the ride is rougher than expected, they may ask air traffic con-
trol if pilots flying at other altitudes have reported better condi-
tions. If so, they may request an altitude change. This procedure
also may be used to find a stronger tailwind or a weaker headwind
to save fuel and increase speed.

In contrast, helicopters are used for short trips at relatively low
altitude, so pilots must be constantly on the lookout for trees,
bridges, power lines, transmission towers, and other dangerous
obstacles. Regardless of the type of aircraft, all pilots must moni-
tor warning devices designed to help detect sudden shifts in wind
conditions that can cause crashes.

Pilots must rely completely on their instruments when visibility
is poor. On the basis of altimeter readings, they know how high
above ground they are and whether they can fly safely over
mountains and other obstacles. Special navigation radios give
pilots precise information that, with the help of special maps,
tells them their exact position. Other very sophisticated equip-
ment provides directions to a point just above the end of a run-
way and enables pilots to land completely “blind.” Once on the
ground, pilots must complete records on their flight for their
organization and the FAA report.

The number of nonflying duties that pilots have depends on the
employment setting. Airline pilots have the services of large sup-
port staffs, and consequently, perform few nonflying duties. Pi-
lots employed by other organizations such as charter operators
or businesses have many other duties. They may load the air-
craft, handle all passenger luggage to ensure a balanced load,
and supervise refueling; other nonflying responsibilities include
keeping records, scheduling flights, arranging for major mainte-
nance, and performing minor aircraft maintenance and
repairwork.

Some pilots are instructors. They teach their students the prin-
ciples of flight in ground-school classes and demonstrate how to
operate aircraft in dual-controlled planes and helicopters. A few
specially trained pilots are “examiners” or “check pilots.” They
periodically fly with other pilots or pilot’s license applicants to
make sure that they are proficient.

Working Conditions

By law, airline pilots cannot fly more than 100 hours a month or
more than 1,000 hours a year. Most airline pilots fly an average
of 75 hours a month and work an additional 75 hours a month
performing nonflying duties. About one-fourth of all pilots work
more than 40 hours a week. Most spend a considerable amount
of time away from home because the majority of flights involve
overnight layovers. When pilots are away from home, the air-
lines provide hotel accommodations, transportation between the
hotel and airport, and an allowance for meals and other expenses.
Airlines operate flights at all hours of the day and night, so work
schedules often are irregular. Flight assignments are based on
seniority.

Those pilots not employed by the airlines often have irregular
schedules as well; they may fly 30 hours one month and 90 hours
the next. Because these pilots frequently have many nonflying
responsibilities, they have much less free time than do airline
pilots. Except for business pilots, most do not remain away from
home overnight. They may work odd hours. Flight instructors
may have irregular and seasonal work schedules, depending on
their students’ available time and the weather. Instructors fre-
quently work at night or on weekends.

Airline pilots, especially those on international routes, often suf-
fer jet lag—fatigue caused by many hours of flying through dif-
ferent time zones. To guard against excessive pilot fatigue that
could result in unsafe flying conditions, the FAA requires air-
lines to allow pilots at least 8 hours of uninterrupted rest in the
24 hours before finishing their flight duty. The work of test pi-
lots, who check the flight performance of new and experimental
planes, may be dangerous. Pilots who are crop dusters may be
exposed to toxic chemicals and seldom have the benefit of a
regular landing strip. Helicopter pilots involved in police work
may be subject to personal injury.

Although flying does not involve much physical effort, the men-
tal stress of being responsible for a safe flight, no matter what
the weather, can be tiring. Pilots must be alert and quick to react
if something goes wrong, particularly during takeoff and land-
ing.

Employment

Civilian aircraft pilots and flight engineers commercial held about
117,000 jobs in 2000. About 84 percent worked as airline pilots,
copilots, and flight engineers. The remainder were commercial
pilots who worked as flight instructors at local airports or for
large businesses that fly company cargo and executives in their
own airplanes or helicopters. Some commercial pilots flew small
planes for air taxi companies, usually to or from lightly traveled
airports not served by major airlines. Others worked for a variety
of businesses, performing tasks such as crop dusting, inspecting
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pipelines, or conducting sightseeing trips. Federal, state, and lo-
cal governments also employed pilots. A few pilots were self-
employed.

The employment of airplane pilots is not distributed like the
population. Pilots are more concentrated in California, New York,
[llinois, Washington, Michigan, Georgia, New Jersey, Florida, the
District of Columbia, and Texas, which have a high amount of
flying activity relative to their population.

Training, Other Qualifications, and
Advancement

All pilots who are paid to transport passengers or cargo must
have a commercial pilot’s license with an instrument rating is-
sued by the FAA. Helicopter pilots must hold a commercial pilot’s
certificate with a helicopter rating. To qualify for these licenses,
applicants must be at least 18 years old and have at least 250
hours of flight experience. The experience required can be re-
duced through participation in certain flight school curricula
approved by the FAA. Applicants also must pass a strict physical
examination to make sure that they are in good health and have
20/20 vision with or without glasses, good hearing, and no physi-
cal handicaps that could impair their performance. They must
pass a written test that includes questions on the principles of
safe flight, navigation techniques, and FAA regulations and must
demonstrate their flying ability to FAA or designated examiners.

To fly in periods of low visibility, pilots must be rated by the FAA
to fly by instruments. Pilots may qualify for this rating by hav-
ing 105 hours of flight experience, including 40 hours of experi-
ence in flying by instruments; they also must pass a written
examination on procedures and FAA regulations covering instru-
ment flying and demonstrate to an examiner their ability to fly
by instruments.

Airline pilots must fulfill additional requirements. Pilots must
have an airline transport pilot’s license. Applicants for this li-
cense must be at least 23 years old and have a minimum of 1,500
hours of flying experience, including night and instrument fly-
ing, and must pass FAA written and flight examinations. Usu-
ally, they also have one or more advanced ratings, such as
multi-engine aircraft or aircraft type ratings dependent upon the
requirements of their particular flying jobs. Because pilots must
be able to make quick decisions and accurate judgments under
pressure, many airline companies reject applicants who do not
pass required psychological and aptitude tests. All licenses are
valid so long as a pilot can pass the periodic physical examina-
tions and tests of flying skills required by federal government
and company regulations. Depending on their physical condi-
tion, a pilot license may have a Class I, II, and III Medical certifi-
cate. A Class I Medical Certificate requires the highest standards
for vision, hearing, equilibrium, and general physical condition.
Requirements for a Class I Medical Certificate are less rigid, but
still require a high degree of physical health and an excellent
medical history. A Class II Medical Certificate has the least strin-
gent physical requirements. All three classes of medical certifi-
cates allow the pilot to wear glasses provided the correction is
within the prescribed limits of vision.

The armed forces have always been an important source of trained
pilots for civilian jobs. Military pilots gain valuable experience
on jet aircraft and helicopters, and persons with this experience
usually are preferred for civilian pilot jobs. This primarily re-
flects the extensive flying time military pilots receive. Persons
without armed forces training may become pilots by attending
flight schools. The FAA has certified about 600 civilian flying
schools, including some colleges and universities that offer de-
gree credit for pilot training. Over the projection period, federal
budget reductions are expected to reduce military pilot training.
As a result, FAA-certified schools will train a larger share of pilots
than in the past. Prospective pilots also may learn to fly by tak-
ing lessons from individual FAA-certified flight instructors.

Although some small airlines will hire high school graduates,
most airlines require at least 2 years of college and prefer to hire
college graduates. In fact, most entrants to this occupation have
a college degree. Because the number of college educated appli-
cants continues to increase, many employers are making a col-
lege degree an educational requirement.

Depending on the type of aircraft, new airline pilots start as first
officers or flight engineers. Although some airlines favor appli-
cants who already have a flight engineer’s license, they may pro-
vide flight engineer training for those who have only the
commercial license. Many pilots begin with smaller regional or
commuter airlines, where they obtain experience flying passen-
gers on scheduled flights into busy airports in all weather condi-
tions. These jobs often lead to higher paying jobs with bigger,
national airlines.

Initial training for airline pilots includes a week of company in-
doctrination, 3 to 6 weeks of ground school and simulator train-
ing, and 25 hours of initial operating experience, including a
check-ride with an FAA aviation safety inspector. Once trained
and “on the line,” pilots are required to attend recurrent train-
ing and simulator checks twice a year throughout their career.

Organizations other than airlines usually require less flying ex-
perience. However, a commercial pilot’s license is a minimum
requirement, and employers prefer applicants who have experi-
ence in the type of craft they will be flying. New employees usu-
ally start as first officers, or fly less sophisticated equipment. Test
pilots often are required to have an engineering degree.

Advancement for all pilots usually is limited to other flying jobs.
Many pilots start as flight instructors, building up their flying
hours while they earn money teaching. As they become more
experienced, these pilots occasionally fly charter planes or per-
haps get jobs with small air transportation firms, such as air taxi
companies. Some advance to business flying jobs. A small num-
ber get flight engineer jobs with the airlines.

In the airlines, advancement usually depends on seniority pro-
visions of union contracts. After 1 to S years, flight engineers
advance according to seniority to first officer and, after 5 to 15
years, to captain. Seniority also determines which pilots get the
more desirable routes. In a nonairline job, a first officer may
advance to pilot and, in large companies, to chief pilot or direc-
tor of aviation in charge of aircraft scheduling, maintenance,
and flight procedures.
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Job Outlook

Pilots are expected to face strong competition for jobs through
the year 2010. Many qualified persons seek jobs in this occupa-
tion because it offers very high earnings, glamour, prestige, and
free or low-cost travel benefits. As time passes, some pilots will
fail to maintain their qualifications, and the number of appli-
cants competing for each opening should decline. Factors af-
fecting demand, however, are not expected to ease that
competition.

Relatively few jobs will be created from rising demand for pilots,
even though employment is expected to increase about as fast as
the average for all occupations through 2010. Expected growth
in domestic and international airline passenger and cargo traffic
will create a need for more airliners, pilots, and flight instruc-
tors. However, computerized flight management systems on new
aircraft will continue to eliminate the need for flight engineers
on those planes, thus restricting the growth of pilot employ-
ment. In addition, the trend toward using larger planes in the
airline industry will increase pilot productivity. Future business
travel could also be adversely affected by the growing use of tele-
conferencing, facsimile mail, and electronic communications—
such as e-mail—as well as by the elimination of middle
management positions in corporate downsizing. Employment
of business pilots is expected to grow more slowly than in the
past as more businesses opt to fly with regional and smaller air-
lines serving their area rather than to buy and operate their own
aircraft. The number of job openings resulting from the need to
replace pilots who retire or leave the occupation traditionally
has been very low. Aircraft pilots usually have a strong attach-
ment to their occupation because it requires a substantial invest-
ment in specialized training that is not transferable to other fields,
and it commonly offers very high earnings. However, many of
the pilots who were hired in the late 1960s are approaching the
age for mandatory retirement and, thus, several thousand job
openings are expected to be generated each year.

Pilots who have logged the greatest number of flying hours in
the more sophisticated equipment typically have the best pros-
pects. For this reason, military pilots often have an advantage
over other applicants. Job seekers with the most FAA licenses
also will have a competitive advantage. Opportunities for pilots
in the regional commuter airlines and international service are
expected to be more favorable, as these segments are expected to
grow faster than other segments of the industry.

Employment of pilots is sensitive to cyclical swings in the
economy. During recessions, when a decline in the demand for
air travel forces airlines to curtail the number of flights, airlines
may temporarily furlough some pilots. Commercial and corpo-
rate flying, flight instruction, and testing of new aircraft also
decline during recessions, adversely affecting the employment
of pilots in those areas.

Earnings

Earnings of aircraft pilots and flight engineers vary greatly de-
pending whether they work as airline or commercial pilots. Earn-
ings of airline pilots are among the highest in the nation, and
depend on factors such as the type, size, and maximum speed of

the plane and the number of hours and miles flown. For ex-
ample, pilots who fly jet aircraft usually earn higher salaries than
do pilots who fly turboprops. Airline pilots and flight engineers
may earn extra pay for night and international flights. In 2000,
median annual earnings of airline pilots, copilots, and flight
engineers were $110,940. The lowest 10 percent earned less than
$36,110. Over 25 percent earned more than $145,000.

Median annual earnings of commercial pilots were $43,300 in
2000. The middle 50 percent earned between $31,500 and
$61,230. The lowest 10 percent earned less than $24,290, and
the highest 10 percent earned more than $92,000.

Airline pilots usually are eligible for life and health insurance
plans financed by the airlines. They also receive retirement ben-
efits and, if they fail the FAA physical examination at some point
in their careers, they get disability payments. In addition, pilots
receive an expense allowance, or “per diem,” for every hour they
are away from home. Per diem can represent up to $500 each
month in addition to their salary. Some airlines also provide al-
lowances to pilots for purchasing and cleaning their uniforms.
As an additional benefit, pilots and their immediate families usu-
ally are entitled to free or reduced fare transportation on their
own and other airlines.

More than one-half of all aircraft pilots are members of unions.
Most of the pilots who fly for the major airlines are members of
the Airline Pilots Association, International, but those employed
by one major airline are members of the Allied Pilots Associa-
tion. Some flight engineers are members of the Flight Engineers’
International Association.

Related Occupations

Although they are not in the cockpit, air traffic controllers and
airfield operation specialists also play an important role in mak-
ing sure flights are safe and on schedule, and participate in many
of the decisions that pilots must make.

Sources of Additional Information

Information about job opportunities, salaries for a particular air-
line, and qualifications required may be obtained by writing to
the personnel manager of the airline.

For information on airline pilots, contact:

® Airline Pilots Association, 1625 Massachusetts Ave. N.W.,
Washington, DC 20036

® Air Transport Association of America, Inc., 1301 Pennsylvania Ave.
N.W.,, Suite 1100, Washington, DC 20004

For information on helicopter pilots, contact:

® Helicopter Association International, 1619 Duke St., Alexandria, VA
22314

For a copy of the List of Certificated Pilot Schools, write to:

® Superintendent of Documents, U.S. Government Printing Office,
Washington, DC 20402. There is a charge for this publication.

For information about job opportunities in companies other than
airlines, consult the classified section of aviation trade maga-
zines and apply to companies that operate aircraft at local air-
ports.
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Air Traffic Controllers

Significant Points

® Nearly all air traffic controllers are employed and trained
by the federal government.

® Keen competition is expected for the few job openings in
this occupation.

® Aircraft controllers earn relatively high pay and have good
benefits.

Nature of the Work

The air traffic control system is a vast network of people and
equipment that ensures the safe operation of commercial and
private aircraft. Air traffic controllers coordinate the movement
of air traffic to make certain that planes stay a safe distance apart.
Their immediate concern is safety, but controllers also must di-
rect planes efficiently to minimize delays. Some regulate airport
traffic; others regulate flights between airports.

Although airport tower or terminal controllers watch over all planes
traveling through the airport’s airspace, their main responsibil-
ity is to organize the flow of aircraft in and out of the airport.
Relying on radar and visual observation, they closely monitor
each plane to ensure a safe distance between all aircraft and to
guide pilots between the hangar or ramp and the end of the
airport’s airspace. In addition, controllers keep pilots informed
about changes in weather conditions such as wind shear—a sud-
den change in the velocity or direction of the wind that can
cause the pilot to lose control of the aircraft.

During arrival or departure, several controllers direct each plane.
As a plane approaches an airport, the pilot radios ahead to in-
form the terminal of its presence. The controller in the radar
room, just beneath the control tower, has a copy of the plane’s
flight plan and already has observed the plane on radar. If the
path is clear, the controller directs the pilot to a runway; if the
airport is busy, the plane is fitted into a traffic pattern with other
aircraft waiting to land. As the plane nears the runway, the pilot
is asked to contact the tower. There, another controller, who
also is watching the plane on radar, monitors the aircraft the last
mile or so to the runway, delaying any departures that would
interfere with the plane’s landing. Once the plane has landed, a
ground controller in the tower directs it along the taxiways to its
assigned gate. The ground controller usually works entirely by
sight, but may use radar if visibility is very poor.

The procedure is reversed for departures. The ground controller
directs the plane to the proper runway. The local controller then
informs the pilot about conditions at the airport, such as weather,
speed and direction of wind, and visibility. The local controller
also issues runway clearance for the pilot to take off. Once in the
air, the plane is guided out of the airport’s airspace by the depar-
ture controller.

After each plane departs, airport tower controllers notify en route
controllers who will take charge next. There are 21 en route con-
trol centers located around the country, each employing 300 to
700 controllers, with more than 150 on duty during peak hours
at the busier facilities. Airplanes usually fly along designated
routes; each center is assigned a certain airspace containing many
different routes. En route controllers work in teams of up to three
members, depending on how heavy traffic is; each team is re-
sponsible for a section of the center’s airspace. A team, for ex-
ample, might be responsible for all planes that are between 30 to
100 miles north of an airport and flying at an altitude between
6,000 and 18,000 feet.

To prepare for planes about to enter the team’s airspace, the ra-
dar associate controller organizes flight plans coming off a printer.
If two planes are scheduled to enter the team's airspace at nearly
the same time, location, and altitude, this controller may ar-
range with the preceding control unit for one plane to change
its flight path. The previous unit may have been another team at
the same or an adjacent center, or a departure controller at a
neighboring terminal. As a plane approaches a team’s airspace,
the radar controller accepts responsibility for the plane from the
previous controlling unit. The controller also delegates respon-
sibility for the plane to the next controlling unit when the plane
leaves the team's airspace.

The radar controller, who is the senior team member, observes
the planes in the team’s airspace on radar and communicates
with the pilots when necessary. Radar controllers warn pilots
about nearby planes, bad weather conditions, and other poten-
tial hazards. Two planes on a collision course will be directed
around each other. If a pilot wants to change altitude in search
of better flying conditions, the controller will check to deter-
mine that no other planes will be along the proposed path. As
the flight progresses, the team responsible for the aircraft noti-
fies the next team in charge. Through team coordination, the
plane arrives safely at its destination.

Both airport tower and en route controllers usually control sev-
eral planes at a time; often, they have to make quick decisions
about completely different activities. For example, a controller
might direct a plane on its landing approach and at the same
time provide pilots entering the airport’s airspace with informa-
tion about conditions at the airport. While instructing these pi-
lots, the controller also would observe other planes in the vicinity,
such as those in a holding pattern waiting for permission to land,
to ensure that they remain well separated.

In addition to airport towers and en route centers, air traffic con-
trollers also work in flight service stations operated at more than
100 locations. These flight service specialists provide pilots with
information on the station’s particular area, including terrain,
preflight and in-flight weather information, suggested routes,
and other information important to the safety of a flight. Flight
service station specialists help pilots in emergency situations and
initiate and coordinate searches for missing or overdue aircraft.
However, they are not involved in actively managing air traffic.

Some air traffic controllers work at the Federal Aviation
Administration’s (FAA) Air Traffic Control Systems Command
Center in Herndon, Virginia, where they oversee the entire sys-
tem. They look for situations that will create bottlenecks or other

© 2003 © JIST Works ¢ Indianapolis, IN

A 29




* America’s Top Computer and Technical Jobs

problems in the system, then respond with a management plan
for traffic into and out of the troubled sector. The objective is to
keep traffic levels in the trouble spots manageable for the con-
trollers working at en route centers.

Currently, the FAA is in the midst of developing and implement-
ing a new automated air traffic control system that will allow
controllers to more efficiently deal with the demands of increased
air traffic. For example, some traditional air traffic controller
tasks—like determining how far apart planes should be kept—
will be done by computer. Present separation standards call for a
2,000-foot vertical spacing between two aircraft operating above
29,000 feet and flying the same ground track. With the aid of
new technologies, the FAA will be able to reduce this vertical
separation standard to 1,000 feet. Improved communication
between computers on airplanes and those on the ground also is
making the controller’s job a little easier.

At present controllers sit at consoles with green-glowing screens
that display radar images generated by a computer. In the fu-
ture, controllers will work at a modern workstation computer
that depicts air routes in full-color on a 20- by 20-inch screen.
The controllers will select radio channels simply by touching
on-screen buttons instead of turning dials or switching switches.
The new technology will also enable controllers to zoom in on
selected corners of the air space that is their responsibility and
get better images of moving traffic than is possible with today’s
machines. The new automated air traffic control system is ex-
pected to become operational in several phases over the next 8
years.

The FAA is also considering implementing a system called “free
flight” which would give pilots much more freedom in operat-
ing their aircraft. The change will require new concepts of shared
responsibility between controllers and pilots. Air traffic control-
lers will still be central to the safe operation of the system, but
their responsibilities will eventually shift from controlling to
monitoring flights. At present, controllers assign routes, altitudes,
and speeds. Under the new system, airlines and pilots would
choose them. Controllers would intervene only to ensure that
aircraft remained at safe distances from one another, to prevent
congestion in terminal areas and entry into closed airspace, or
to otherwise ensure safety. Today’s practices often result in planes
zigzagging from point to point along corridors rather than fly-
ing from city to city in a straight line. This results in lost time
and fuel. However, it may be several years before a free flight
system is implemented, despite its potential advantages. For the
system to work, new equipment must be added for pilots and
controllers, and new procedures developed to accommodate both
the tightly controlled and flexible aspects of free flight. Budget
constraints within the federal government may delay or slow
implementation.

Working Conditions

Controllers work a basic 40-hour week; however, they may work
additional hours for which they receive overtime pay or equal
time off. Because most control towers and centers operate 24
hours a day, 7 days a week, controllers rotate night and weekend
shifts.

During busy times, controllers must work rapidly and efficiently.
This requires total concentration to keep track of several planes
at the same time and make certain all pilots receive correct in-
structions. The mental stress of being responsible for the safety
of several aircraft and their passengers can be exhausting for some
persons.

Employment

Air traffic controllers held about 27,000 jobs in 2000. They were
employed by the federal government at airports—in towers and
flight service stations—and in en route traffic control centers.
The overwhelming majority worked for the FAA. Some profes-
sional controllers conduct research at the FAA’s national experi-
mental center near Atlantic City, NJ. Others serve as instructors
at the FAA Academy in Oklahoma City, OK. A small number of
civilian controllers worked for the U.S. Department of Defense.
In addition to controllers employed by the federal government,
some worked for private air traffic control companies providing
service to non-FAA towers.

Training, Other Qualifications, and
Advancement

Air traffic controller trainees are selected through the competi-
tive federal Civil Service system. Applicants must pass a written
test that measures their ability to learn the controller’s duties.
Applicants with experience as a pilot, navigator, or military con-
troller can improve their rating by scoring well on the occupa-
tional knowledge portion of the examination. Abstract reasoning
and three-dimensional spatial visualization are among the apti-
tudes the exam measures. In addition, applicants usually must
have 3 years of general work experience or 4 years of college, or
a combination of both. Applicants also must survive a week of
screening at the FAA Academy in Oklahoma City, which includes
aptitude tests using computer simulators and physical and psy-
chological examinations. Successful applicants receive drug-
screening tests. For airport tower and en route center positions,
applicants must be less than 31 years old. Those 31 years old and
over are eligible for positions at flight service stations.

Controllers must be articulate, because pilots must be given di-
rections quickly and clearly. Intelligence and a good memory
also are important because controllers constantly receive infor-
mation that they must immediately grasp, interpret, and remem-
ber. Decisiveness also is required because controllers often have
to make quick decisions. The ability to concentrate is crucial
because controllers must make these decisions in the midst of
noise and other distractions.

Trainees learn their jobs through a combination of formal and
on-the-job training. They receive 7 months of intensive training
at the FAA academy, where they learn the fundamentals of the
airway system, FAA regulations, controller equipment, aircraft
performance characteristics, as well as more specialized tasks. To
receive a job offer, trainees must successfully complete the train-
ing and pass a series of examinations, including a controller skills
test that measures speed and accuracy in recognizing and cor-
rectly solving air traffic control problems. The test requires judg-
ments on spatial relationships and requires application of the
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rules and procedures contained in the Air Traffic Control Hand-
book. Based on aptitude and test scores, trainees are selected to
work at either an en route center or a tower.

After graduation, it takes several years of progressively more re-
sponsible work experience, interspersed with considerable class-
room instruction and independent study, to become a fully
qualified controller. This training includes instruction in the
operation of the new, more automated air traffic control sys-
tem—including the automated Microwave Landing System that
enables pilots to receive instructions over automated data links
that is being installed in control sites across the country.

Controllers who fail to complete either the academy or the on-
the-job portion of the training are usually dismissed. Control-
lers must pass a physical examination each year and a job
performance examination twice each year. Failure to become
certified in any position at a facility within a specified time also
may result in dismissal. Controllers also are subject to drug screen-
ing as a condition of continuing employment.

At airports, new controllers begin by supplying pilots with basic
tlight data and airport information. They then advance to ground
controller, then local controller, departure controller, and finally,
arrival controller. At an en route traffic control center, new con-
trollers first deliver printed flight plans to teams, gradually ad-
vancing to radar associate controller and then radar controller.

Controllers can transfer to jobs at different locations or advance
to supervisory positions, including management or staff jobs in
air traffic control and top administrative jobs in the FAA. How-
ever, there are only limited opportunities for a controller to switch
from a position in an en route center to a tower.

Job Outlook

Extremely keen competition is expected for air traffic controller
jobs because the occupation attracts many more qualified appli-
cants than the small number of job openings that result mostly
from replacement needs. Replacement needs are very low be-
cause of the relatively high pay, liberal retirement benefits, and
controllers’ very strong attachment to the occupation. A new
FAA hiring policy, allowing eligible retired military air traffic
controllers to apply for FAA positions, will make competition
even keener.

Employment of air traffic controllers is expected to grow more
slowly than average through the year 2010. Employment growth
is not expected to keep pace with growth in the number of air-
craft flying because of the implementation of a new air traffic
control system over the next several years. This computerized
system will assist the controller by automatically making many
of the routine decisions. Automation will allow controllers to
handle more traffic, thus increasing their productivity.

Air traffic controllers who continue to meet the proficiency and
medical requirements enjoy more job security than most work-
ers do. The demand for air travel and the workloads of air traffic
controllers decline during recessions, but controllers seldom are
laid off.

Earnings

Median annual earnings of air traffic controllers in 2000 were
$82,520. The middle 50 percent earned between $62,250 and
$101,570. The lowest 10 percent earned less than $44,760, and
the highest 10 percent earned more than $111,150.

The average annual salary, excluding overtime earnings, for air
traffic controllers in the federal government—which employs
89 percent of the total—in nonsupervisory, supervisory, and
managerial positions was $53,313 in 2001. Both the worker’s job
responsibilities and the complexity of the particular facility de-
termine a controller’s pay. For example, controllers who work at
the FAA's busiest air traffic control facilities earn higher pay.

Depending on length of service, air traffic controllers receive 13
to 26 days of paid vacation and 13 days of paid sick leave each
year, life insurance, and health benefits. In addition, controllers
can retire at an earlier age and with fewer years of service than
other federal employees can. Air traffic controllers are eligible to
retire at age 50 with 20 years of service as an active air traffic
controller or after 25 years of active service at any age. There is a
mandatory retirement age of 56 for controllers who manage air
traffic.

Related Occupations

Airfield operations specialists also are involved in the direction
and control of traffic in air transportation.

Sources of Additional Information

Information on acquiring a job as an air traffic controller with
the federal government may be obtained from the Office of Per-
sonnel Management through a telephone-based system. Con-
sult your telephone directory under U.S. Government for a local
number, or call (912) 757-3000; Federal Relay Service: (800)
877-8339. That number is not toll free and charges may result.
Information also is available on the Internet: http://
www.usajobs.opm.gov

Achitects, xcept
Landscape and Naval

O*NET 17-1011.00

Significant Points

® More than 28 percent were self-employed—about four times
the proportion for all professional and related occupations.

® Licensing requirements include a professional degree in ar-
chitecture, a period of practical training and the passing of
all divisions of the Architect Registration Examination.
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® Architecture graduates may face competition, especially for
jobs in the most prestigious firms; experience from work-
ing in a firm during school and knowledge of computer-
aided design and drafting technology are advantages.

Nature of the Work

People need places in which to live, work, play, learn, worship,
meet, govern, shop, and eat. These places may be private or pub-
lic; indoors or out; rooms, buildings, or complexes, and together
comprise neighborhoods, towns, suburbs and cities. Architects—
licensed professionals trained in the art and science of building
design—transform these needs into concepts and then develop
the concepts into building images and plans that can be con-
structed by others.

Architects design the overall aesthetic and functional look of
buildings and other structures. The design of a building involves
far more than its appearance. Buildings also must be functional,
safe, and economical, and must suit the needs of the people who
use them. Architects take all these things into consideration when
they design buildings and other structures.

Architects provide professional services to individuals and orga-
nizations planning a construction project. They may be involved
in all phases of development, from the initial discussion with
the client through the entire construction process. Their duties
require specific skills—designing, engineering, managing, super-
vising, and communicating with clients and builders.

The architect and client discuss the objectives, requirements, and
budget of a project. In some cases, architects provide various
predesign services—conducting feasibility and environmental
impact studies, selecting a site, or specifying the requirements
the design must meet. For example, they may determine space
requirements by researching the number and type of potential
users of a building. The architect then prepares drawings and a
report presenting ideas for the client to review.

After the initial proposals are discussed and accepted, architects
develop final construction plans. These plans show the building’s
appearance and details for its construction. Accompanying these
are drawings of the structural system; air-conditioning, heating,
and ventilating systems; electrical systems; plumbing; and pos-
sibly site and landscape plans. They also specify the building
materials and, in some cases, the interior furnishings. In devel-
oping designs, architects follow building codes, zoning laws, fire
regulations, and other ordinances, such as those requiring easy
access by disabled persons. Throughout the planning stage, they
make necessary changes. Although they have traditionally used
pencil and paper to produce design and construction drawings,
architects are increasingly turning to computer-aided design and
drafting (CADD) technology for these important tasks.

Architects may also assist the client in obtaining construction
bids, selecting a contractor, and negotiating the construction
contract. As construction proceeds, they may visit the building
site to ensure the contractor is following the design, adhering to
the schedule, using the specified materials, and meeting quality
work standards. The job is not complete until all construction is
finished, required tests are made, and construction costs are paid.
Sometimes, architects also provide postconstruction services, such

as facilities management. They advise on energy efficiency mea-
sures, evaluate how well the building design adapts to the needs
of occupants, and make necessary improvements.

Architects design a wide variety of buildings, such as office and
apartment buildings, schools, churches, factories, hospitals,
houses, and airport terminals. They also design complexes such
as urban centers, college campuses, industrial parks, and entire
communities. They also may advise on the selection of building
sites, prepare cost analysis and land-use studies, and do long-
range planning for land development.

Architects sometimes specialize in one phase of work. Some spe-
cialize in the design of one type of building—for example, hos-
pitals, schools, or housing. Others focus on planning and
predesign services or construction management, and do mini-
mal design work. They often work with engineers, urban plan-
ners, interior designers, landscape architects, and other
professionals. In fact, architects spend a great deal of their time
in coordinating information from, and the work of, others en-
gaged in the same project. Consequently, architects—particu-
larly at larger firms—are now using the Internet to update designs
and communicate changes for the sake of speed and cost sav-
ings.

During the required training period leading up to licensing as
architects, entry-level workers are called interns. This training
period, which generally lasts 3 years, gives them practical work
experience which aids interns in preparing for the Architect Reg-
istration Examination (ARE). Typical duties may include prepar-
ing construction drawings on CADD, building models, or assisting
in the design of one part of a project.

Working Conditions

Architects usually work in a comfortable environment. Most of
their time is spent in offices consulting with clients, developing
reports and drawings, and working with other architects and
engineers. However, they often visit construction sites to review
the progress of projects.

Architects may occasionally be under stress, working nights and
weekends to meet deadlines. In 2000, almost half of all archi-
tects worked more than 40 hours a week, in contrast to about 1
in 4 workers in all occupations combined.

Employment

Architects held about 102,000 jobs in 2000. The majority of jobs
were in architectural firms—most of which employ fewer than 5
workers. A few worked for general building contractors, and for
government agencies responsible for housing, planning, or com-
munity development, such as the U.S. Departments of Defense
and Interior, and the General Services Administration. Nearly 3
in 10 architects were self-employed.

Training, Other Qualifications, and
Advancement

All states and the District of Columbia require individuals to be
licensed (registered) before they may call themselves architects
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or contract to provide architectural services. Nevertheless, many
architecture school graduates work in the field while they are in
the process of becoming licensed. However, a licensed architect
is required to take legal responsibility for all work. Licensing re-
quirements include a professional degree in architecture, a pe-
riod of practical training or internship, and passage of all divisions
of the ARE.

In most states, the professional degree in architecture must be
from one of the 111 schools of architecture with degree pro-
grams accredited by the National Architectural Accrediting Board
(NAAB). However, state architectural registration boards set their
own standards, so graduation from a non-NAAB-accredited pro-
gram may meet the educational requirement for licensing in a
few states. Three types of professional degrees in architecture are
available through colleges and universities. The majority of all
architectural degrees are from S5-year Bachelor of Architecture
programs, intended for students entering from high school or
with no previous architectural training. In addition, a number
of schools offer a 2-year Master of Architecture program for stu-
dents with a preprofessional undergraduate degree in architec-
ture or a related area, or a 3- or 4-year Master of Architecture
program for students with a degree in another discipline.

The choice of degree type depends upon each individual’s pref-
erence and educational background. Prospective architecture stu-
dents should consider the available options before committing
to a program. For example, although the S-year Bachelor of Ar-
chitecture program offers the fastest route to the professional
degree, courses are specialized and, if the student does not com-
plete the program, transferring to a nonarchitectural program
may be difficult. A typical program includes courses in architec-
tural history and theory, building design, structures, technol-
ogy, construction methods, professional practice, math, physical
sciences, and liberal arts. Central to most architectural programs
is the design studio, where students put into practice the skills
and concepts learned in the classroom. During the final semes-
ter of many programs, students devote their studio time to cre-
ating an architectural project from beginning to end, culminating
in a 3-dimensional model of their design.

Many schools of architecture also offer post-professional degrees
for those who already have a bachelor’s or master’s degree in
architecture or other areas. Although graduate education beyond
the professional degree is not required for practicing architects,
it may be for research, teaching, and certain specialties.

Architects must be able to visually communicate their ideas to
clients. Artistic and drawing ability is very helpful in doing this,
but not essential. More important are a visual orientation and
the ability to conceptualize and understand spatial relationships.
Good communication skills, the ability to work independently
or as part of a team, and creativity are important qualities for
anyone interested in becoming an architect. Computer literacy
also is required as most firms use computers for writing specifi-
cations, 2- and 3-dimensional drafting, and financial manage-
ment. Knowledge of computer-aided design and drafting (CADD)
is helpful and will become essential as architectural firms con-
tinue to adopt this technology. Recently, the profession recog-
nized National CAD Standards (NCS); architecture students who
master NCS may have an advantage in the job market.

All state architectural registration boards require a training pe-
riod before candidates may sit for the ARE and become licensed.
Most states have adopted the training standards established by
the Intern Development Program, a program of the American
Institute of Architects and the National Council of Architectural
Registration Boards (NCARB). These standards stipulate broad
and diversified training under the supervision of a licensed ar-
chitect over a 3-year period. New graduates usually begin as in-
tern-architects in architectural firms, where they assist in
preparing architectural documents or drawings. They also may
do research on building codes and materials, or write specifica-
tions for building materials, installation criteria, the quality of
finishes, and other related details. Graduates with degrees in ar-
chitecture also enter related fields such as graphic, interior, or
industrial design; urban planning; real estate development; civil
engineering; or construction management. After completing the
on-the-job training period, interns are eligible to sit for the ARE.
The examination tests candidates for their knowledge, skills, and
ability to provide the various services required in the design and
construction of buildings. Candidates who pass the ARE and meet
all standards established by their state board are licensed to prac-
tice in that state.

After becoming licensed and gaining experience, architects take
on increasingly responsible duties, eventually managing entire
projects. In large firms, architects may advance to supervisory or
managerial positions. Some architects become partners in estab-
lished firms; others set up their own practice.

Several states require continuing education to maintain a license,
and many more states are expected to adopt mandatory con-
tinuing education. Requirements vary by state, but usually in-
volve the completion of a certain number of credits every year
or two through seminars, workshops, formal university classes,
conferences, self-study courses, or other sources. A growing num-
ber of architects voluntarily seek certification by NCARB, which
can facilitate their getting licensed to practice in additional states.
Certification is awarded after independent verification of the
applying architect’s educational transcripts, employment record,
and professional references. It is the primary requirement for
reciprocity of licensing among state boards that are NCARB mem-
bers.

Job Outlook

Prospective architects may face competition for entry-level posi-
tions, especially if the number of architectural degrees awarded
remains at current levels or increases. Employment of architects
is projected to grow about as fast as the average for all occupa-
tions through 2010 and additional job openings will stem from
the need to replace architects who retire or leave the labor force
for other reasons. However, many individuals are attracted to
this occupation, and the number of applicants often exceeds the
number of available jobs, especially in the most prestigious firms.
Prospective architects who gain career-related experience in
an architectural firm while in school and who know CADD
technology (especially that which conforms to the new national
standards) will have a distinct advantage in obtaining an intern-
architect position after graduation.
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Employment of architects is strongly tied to the level of local
construction, particularly nonresidential structures such as of-
fice buildings, shopping centers, schools, and healthcare facili-
ties. After a boom in nonresidential construction during the
1980s, building slowed significantly during the first half of the
1990s. This trend is expected to continue because of slower la-
bor force growth and increases in telecommuting and flexiplace
work. However, as the stock of buildings ages, demand for re-
modeling and repair work should grow considerably. The needed
renovation and rehabilitation of old buildings, particularly in
urban areas where space for new buildings is becoming limited,
is expected to provide many job opportunities for architects. In
addition, demographic trends and changes in healthcare deliv-
ery are influencing the demand for certain institutional struc-
tures, and should also provide more jobs for architects in the
future. For example, increases in the school-age population have
resulted in new school construction. Additions to existing schools
(especially colleges and universities), as well as overall modern-
ization, will continue to add to demand for architects through
2010. Growth is expected in the number of adult care centers,
assisted-living facilities, and community health clinics, all of
which are preferable, less costly alternatives to hospitals and
nursing homes.

Because construction—particularly office and retail—is sensitive
to cyclical changes in the economy, architects will face particu-
larly strong competition for jobs or clients during recessions,
and layoffs may occur. Those involved in the design of institu-
tional buildings such as schools, hospitals, nursing homes, and
correctional facilities will be less affected by fluctuations in the
economy.

Even in times of overall good job opportunities, however, there
may be areas of the country with poor opportunities. Architects
who are licensed to practice in one state must meet the licensing
requirements of other states before practicing elsewhere. Obtain-
ing licensure in other states, after initially receiving licensure in
one state, is known as “reciprocity”, and is much easier if an
architect has received certification from the National Council of
Architectural Registration Boards.

Earnings

Median annual earnings of architects were $52,510 in 2000. The
middle 50 percent earned between $41,060 and $67,720. The
lowest 10 percent earned less than $32,540 and the highest 10
percent earned more than $85,670.

Earnings of partners in established architectural firms may fluc-
tuate because of changing business conditions. Some architects
may have difficulty establishing their own practices and may go
through a period when their expenses are greater than their in-
come, requiring substantial financial resources.

Related Occupations

Architects design buildings and related structures. Construction
managers, like architects, are also engaged in the planning and
coordinating of activities concerned with the construction and
maintenance of buildings and facilities. Others who engage in
similar work are landscape architects, civil engineers, urban and

regional planners, and designers, including interior designers,
commercial and industrial designers, and graphic designers.

Sources of Additional Information

Information about education and careers in architecture can be
obtained from:

® Practice Management Professional Interest Area, The American
Institute of Architects, 1735 New York Ave. N.W., Washington, DC
20006

® |ntern Development Program, National Council of Architectural
Registration Boards, Suite | |00K, 1801 K Street N.W., Washington,
DC 20006-1310. Internet: http://www.ncarb.org

® Consortium for Design and Construction Careers, PO. Box 1515, Oak
Park, IL 60304-1515. Internet: http://www.archcareers.net

Arcivist, Curtors, ad
Museum Technicians

O*NET 25-4011.00, 25-4012.00, 25-4013.00

Significant Points

® Employment usually requires graduate education and
related work experience.

® Keen competition is expected because qualified applicants
outnumber the most desirable job openings.

Nature of the Work

Archivists, curators, and museum technicians search for, acquire,
appraise, analyze, describe, arrange, catalogue, restore, preserve,
exhibit, maintain, and store valuable items that can be used by
researchers or for exhibitions, publications, broadcasting, and
other educational programs. Depending on the occupation, these
items include historical documents, audiovisual materials, insti-
tutional records, works of art, coins, stamps, minerals, clothing,
maps, living and preserved plants and animals, buildings, com-
puter records, or historic sites.

Archivists and curators plan and oversee the arrangement, cata-
loguing, and exhibition of collections and, along with techni-
cians and conservators, maintain collections. Archivists and
curators may coordinate educational and public outreach pro-
grams, such as tours, workshops, lectures, and classes, and may
work with the boards of institutions to administer plans and
policies. They also may research topics or items relevant to their
collections. Although some duties of archivists and curators are
similar, the types of items they deal with differ. Curators usually
handle objects found in cultural, biological, or historical collec-
tions, such as sculptures, textiles, and paintings, while archivists
mainly handle valuable records, documents, or objects that are
retained because they originally accompanied and relate specifi-
cally to the document.
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Archivists determine what portion of the vast amount of records
maintained by various organizations, such as government agen-
cies, corporations, or educational institutions, or by families and
individuals, should be made part of permanent historical hold-
ings, and which of these records should be put on exhibit. They
maintain records in their original arrangement according to the
creator’s organizational scheme, and describe records to facili-
tate retrieval. Records may be saved on any medium, including
paper, film, videotape, audiotape, electronic disk, or computer.
They also may be copied onto some other format to protect the
original, and to make them more accessible to researchers who
use the records. As computers and various storage media evolve,
archivists must keep abreast of technological advances in elec-
tronic information storage.

Archives may be part of a library, museum, or historical society,
or may exist as a distinct unit within an organization or com-
pany. Archivists consider any medium containing recorded in-
formation as documents, including letters, books, and other paper
documents, photographs, blueprints, audiovisual materials, and
computer records. Any document that reflects organizational
transactions, hierarchy, or procedures can be considered a record.
Archivists often specialize in an area of history or technology so
they can better determine what records in that area qualify for
retention and should become part of the archives. Archivists also
may work with specialized forms of records, such as manuscripts,
electronic records, photographs, cartographic records, motion
pictures, and sound recordings.

Computers are increasingly used to generate and maintain ar-
chival records. Professional standards for use of computers in
handling archival records are still evolving. However, comput-
ers are expected to transform many aspects of archival collec-
tions as computer capabilities, including multimedia and
Worldwide-Web use, expand and allow more records to be stored
and exhibited electronically.

Curators oversee collections in museums, zoos, aquariums, bo-
tanical gardens, nature centers, and historic sites. They acquire
items through purchases, gifts, field exploration, intermuseum
exchanges, or, in the case of some plants and animals, reproduc-
tion. Curators also plan and prepare exhibits. In natural history
museums, curators collect and observe specimens in their natu-
ral habitat. Their work involves describing and classifying spe-
cies, while specially trained collection managers and technicians
provide hands-on care of natural history collections. Most cura-
tors use computer databases to catalogue and organize their col-
lections. Many also use the Internet to make information available
to other curators and the public. Increasingly, curators are ex-
pected to participate in grantwriting and fundraising to support
their projects.

Most curators specialize in a field, such as botany, art, paleontol-
ogy, or history. Those working in large institutions may be highly
specialized. A large natural history museum, for example, would
employ specialists in birds, fishes, insects, and mollusks. Some
curators maintain the collection, others do research, and others
perform administrative tasks. Registrars, for example, keep track
of and move objects in the collection. In small institutions, with
only one or a few curators, one curator may be responsible for
multiple tasks, from maintaining collections to directing the af-
fairs of museums.

Conservators manage, care for, preserve, treat, and document
works of art, artifacts, and specimens. This may require substan-
tial historical, scientific, and archaeological research. They use
X rays, chemical testing, microscopes, special lights, and other
laboratory equipment and techniques to examine objects and
determine their condition, the need for treatment or restora-
tion, and the appropriate method for preservation. They then
document their findings and treat items to minimize deteriora-
tion or restore items to their original state. Conservators usually
specialize in a particular material or group of objects, such
as documents and books, paintings, decorative arts, textiles,
metals, or architectural material.

Museum technicians assist curators by performing various prepa-
ratory and maintenance tasks on museum items. Some museum
technicians also may assist curators with research. Archives tech-
nicians help archivists organize, maintain, and provide access to
historical documentary materials.

Museum directors formulate policies, plan budgets, and raise funds
for their museums. They coordinate activities of their staff to
establish and maintain collections. As their role has evolved,
museum directors increasingly need business backgrounds in
addition to an understanding of the subject matter of their col-
lections.

Working Conditions

The working conditions of archivists and curators vary. Some
spend most of their time working with the public, providing
reference assistance and educational services. Others perform
research or process records, which often means working alone
or in offices with only a few people. Those who restore and in-
stall exhibits or work with bulky, heavy record containers may
climb, stretch, or lift. Those in zoos, botanical gardens, and other
outdoor museums or historic sites frequently walk great distances.

Curators who work in large institutions may travel extensively
to evaluate potential additions to the collection, organize exhi-
bitions, and conduct research in their area of expertise. How-
ever, travel is rare for curators employed in small institutions.

Employment

Archivists, curators, and museum technicians held about 21,000
jobs in 2000. About 34 percent were employed in museums, bo-
tanical gardens, and zoos, and 18 percent worked in educational
services, mainly in college and university libraries. Nearly one-
third worked in federal, state, and local government. Most fed-
eral archivists work for the National Archives and Records
Administration; others manage military archives in the U.S. De-
partment of Defense. Most federal government curators work at
the Smithsonian Institution, in the military museums of the
Department of Defense, and in archaeological and other muse-
ums managed by the U.S. Department of Interior. All state gov-
ernments have archival or historical records sections employing
archivists. State and local governments have numerous histori-
cal museums, parks, libraries, and zoos employing curators.

Some large corporations have archives or records centers, em-
ploying archivists to manage the growing volume of records cre-
ated or maintained as required by law or necessary to the firms'’
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operations. Religious and fraternal organizations, professional
associations, conservation organizations, major private collec-
tors, and research firms also employ archivists and curators.

Conservators may work under contract to treat particular items,
rather than as regular employees of a museum or other institu-
tion. These conservators may work on their own as private con-
tractors, or as an employee of a conservation laboratory or
regional conservation center that contracts their services to
museums.

Training, Other Qualifications, and
Advancement

Employment as an archivist, conservator, or curator usually re-
quires graduate education and related work experience. Many
archivists and curators work in archives or museums while com-
pleting their formal education, to gain the “hands-on” experi-
ence that many employers seek when hiring.

Employers usually look for archivists with undergraduate and
graduate degrees in history or library science, with courses in
archival science. Some positions may require knowledge of the
discipline related to the collection, such as business or medi-
cine. An increasing number of archivists have a double master’s
degree in history and library science. There are currently no pro-
grams offering bachelor’s or master’s degrees in archival science.
However, approximately 65 colleges and universities offer courses
or practical training in archival science as part of history, library
science, or another discipline. The Academy of Certified Archi-
vists offers voluntary certification for archivists. Certification re-
quires the applicant to have experience in the field and to pass
an examination offered by the academy.

Archivists need research and analytical ability to understand the
content of documents and the context in which they were cre-
ated, and to decipher deteriorated or poor quality printed mat-
ter, handwritten manuscripts, or photographs and films. A
background in preservation management is often required of
archivists because they are responsible for taking proper care of
their records. Archivists also must be able to organize large
amounts of information and write clear instructions for its re-
trieval and use. In addition, computer skills and the ability to
work with electronic records and databases are increasingly im-
portant.

Many archives are very small, including one-person shops, with
limited promotion opportunities. Archivists typically advance
by transferring to a larger unit with supervisory positions. A doc-
torate in history, library science, or a related field may be needed
for some advanced positions, such as director of a state archive.

For employment as a curator, most museums require a master’s
degree in an appropriate discipline of the museum’s specialty—
art, history, or archaeology—or museum studies. Many employ-
ers prefer a doctoral degree, particularly for curators in natural
history or science museums. Earning two graduate degrees—in
museum studies (museology) and a specialized subject—gives a
candidate a distinct advantage in this competitive job market.
In small museums, curatorial positions may be available to indi-
viduals with a bachelor’s degree. For some positions, an intern-

ship of full-time museum work supplemented by courses in mu-
seum practices is needed.

Curatorial positions often require knowledge in a number of
fields. For historic and artistic conservation, courses in chemis-
try, physics, and art are desirable. Since curators—particularly
those in small museums—may have administrative and mana-
gerial responsibilities, courses in business administration, public
relations, marketing, and fundraising also are recommended.
Similar to archivists, curators need computer skills and the abil-
ity to work with electronic databases. Curators also need to be
familiar with digital imaging, scanning technology, and copy-
right infringement, since many are responsible for posting in-
formation on the Internet.

Curators must be flexible because of their wide variety of duties.
They need to design and present exhibits and, in small muse-
ums, manual dexterity to build exhibits or restore objects. Lead-
ership ability and business skills are important for museum
directors, while marketing skills are valuable for increasing mu-
seum attendance and fundraising.

In large museums, curators may advance through several levels
of responsibility, eventually to museum director. Curators in
smaller museums often advance to larger ones. Individual re-
search and publications are important for advancement in larger
institutions.

When hiring conservators, employers look for a master’s degree
in conservation, or in a closely related field, and substantial ex-
perience. There are only a few graduate programs in museum
conservation techniques in the United States. Competition for
entry to these programs is keen; to qualify, a student must have
a background in chemistry, archaeology or studio art, and art
history, as well as work experience. For some programs, knowl-
edge of a foreign language is also helpful. Conservation appren-
ticeships or internships as an undergraduate can also enhance
one’s admission prospects. Graduate programs last 2 to 4 years;
the latter years include internship training. A few individuals
enter conservation through apprenticeships with museums, non-
profit organizations, and conservators in private practice. Ap-
prenticeships should be supplemented with courses in chemistry,
studio art, and history. Apprenticeship training, although ac-
cepted, usually is a more difficult route into the conservation
profession.

Museum technicians usually need a bachelor’s degree in an ap-
propriate discipline of the museum’s specialty, museum studies
training, or previous museum work experience, particularly in
exhibit design. Similarly, archives technicians usually need a
bachelor’s degree in library science or history, or relevant work
experience. Technician positions often serve as a stepping stone
for individuals interested in archival and curatorial work. With
the exception of small museums, a master’s degree is needed for
advancement.

Relatively few schools grant a bachelor’s degree in museum stud-
ies. More common are undergraduate minors or tracks of study
that are part of an undergraduate degree in a related field, such
as art history, history, or archaeology. Students interested in fur-
ther study may obtain a master’s degree in museum studies.
Colleges and universities throughout the country offer master’s
degrees in museum studies. However, many employers feel that,
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while museum studies are helpful, a thorough knowledge of the
museum’s specialty and museum work experience are more im-
portant.

Continuing education, which enables archivists, curators, and
museum technicians to keep up with developments in the field,
is available through meetings, conferences, and workshops spon-
sored by archival, historical, and museum associations. Some
larger organizations, such as the National Archives, offer such
training in-house.

Job Outlook

Competition for jobs as archivists, curators, and museum techni-
cians is expected to be keen as qualified applicants outnumber
job openings. Graduates with highly specialized training, such as
master’s degrees in both library science and history, with a con-
centration in archives or records management, and extensive com-
puter skills should have the best opportunities for jobs as archivists.
A curator job is attractive to many people, and many applicants
have the necessary training and subject knowledge; but there are
only a few openings. Consequently, candidates may have to work
part-time, as an intern, or even as a volunteer assistant curator or
research associate after completing their formal education. Sub-
stantial work experience in collection management, exhibit de-
sign, or restoration, as well as database management skills, will be
necessary for permanent status. Job opportunities for curators
should be best in art and history museums, since these are the
largest employers in the museum industry.

The job outlook for conservators may be more favorable, par-
ticularly for graduates of conservation programs. However, com-
petition is stiff for the limited number of openings in these
programs, and applicants need a technical background. Students
who qualify and successfully complete the program, have knowl-
edge of a foreign language, and are willing to relocate, will have
an advantage over less qualified candidates.

Employment of archivists, curators, and museum technicians is
expected to increase about as fast as the average for all occupa-
tions through 2010. Jobs are expected to grow as public and pri-
vate organizations emphasize establishing archives and
organizing records and information, and as public interest in
science, art, history, and technology increases. Although overall
museum attendance is increasing, public interest in smaller, spe-
cialized museums with unique collections is expected to increase
faster. However, museums and other cultural institutions are of-
ten subject to funding cuts during recessions or periods of bud-
get tightening, reducing demand for archivists and curators.
Although the rate of turnover among archivists and curators is
relatively low, the need to replace workers who leave the occu-
pation or stop working will create some additional job open-
ings.

Earnings

Median annual earnings of archivists, curators, and museum tech-
nicians in 2000 were $33,080. The middle 50 percent earned
between $24,740 and $45,490. The lowest 10 percent earned less
than $19,200, and the highest 10 percent earned more than
$61,490.

Median annual earnings of archivists, curators, and museum tech-
nicians in 2000 were $31,460 in museums and art galleries.

Earnings of archivists and curators vary considerably by type
and size of employer, and often by specialty. Average salaries in
the federal government, for example, are usually higher than
those in religious organizations. Salaries of curators in large, well-
funded museums can be several times higher than those in small
ones.

The average annual salary for archivists in the federal govern-
ment in nonsupervisory, supervisory, and managerial positions
was $63,299 in 2001; museum curators, $64,616; museum spe-
cialists and technicians, $44,711; and archives technicians,
$33,934.

Related Occupations

The skills that archivists, curators, and museum technicians use
in preserving, organizing, and displaying objects or information
of historical interest are shared by artists and related workers;
librarians; and anthropologists and archeologists, historians, and
other social scientists.

Sources of Additional Information

For information on archivists and on schools offering courses in
archival studies, contact:

® Society of American Archivists, 527 South Wells St., 5th floor,
Chicago, IL 60607-3922. Internet: http://www.archivists.org

For general information about careers as a curator and schools
offering courses in museum studies, contact:

©® American Association of Museums, |575 | St. NW, Suite 400,
Washington, DC 20005. Internet: http://www.aam-us.org

For information about conservation and preservation careers and
education programs, contact:

©® American Institute for Conservation of Historic and Artistic Works,
1717 K St. N.W,, Suite 301, Washington, DC 20006. Internet: http://
palimpsest.stanford.edu/aic

O0*NET 19-2021.00

Significant Points

® The federal government employs more than 4 out of 10
atmospheric scientists and is their largest employer.

® A bachelor’s degree in meteorology, or in a closely related
tield with courses in meteorology, is the minimum educa-
tional requirement; a master’s degree is necessary for some
positions, and a PhD is required for most research posi-
tions.
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® Applicants may face competition for jobs if the number of
degrees awarded in atmospheric science and meteorology
remain near current levels.

Nature of the Work

Atmospheric science is the study of the atmosphere—the blan-
ket of air covering the earth. Atmospheric scientists, commonly
called meteorologists, study the atmosphere’s physical character-
istics, motions, and processes, and the way it affects the rest of
our environment. The best known application of this knowl-
edge is in forecasting the weather. However, weather informa-
tion and meteorological research are also applied in air-pollution
control, agriculture, air and sea transportation, defense, and the
study of trends in earth’s climate such as global warming,
droughts, or ozone depletion.

Atmospheric scientists who forecast the weather, known profes-
sionally as operational meteorologists, form the largest group of
specialists. They study information on air pressure, temperature,
humidity, and wind velocity; and apply physical and mathemati-
cal relationships to make short- and long-range weather fore-
casts. Their data come from weather satellites, weather radars,
and sensors and observers in many parts of the world. Meteo-
rologists use sophisticated computer models of the world’s at-
mosphere to make long-term, short-term, and local-area forecasts.
These forecasts inform not only the general public, but also those
who need accurate weather information for both economic and
safety reasons, as in the shipping, air transportation, agriculture,
fishing, and utilities industries.

The use of weather balloons, launched a few times a day to mea-
sure wind, temperature, and humidity in the upper atmosphere,
is currently supplemented by sophisticated atmospheric moni-
toring equipment that transmits data as frequently as every few
minutes. Doppler radar, for example, can detect airflow patterns
in violent storm systems—allowing forecasters to better predict
tornadoes and other hazardous winds, as well as to monitor the
storm’s direction and intensity. Combined radar and satellite
observations allow meteorologists to predict flash floods.

Some atmospheric scientists work in research. Physical meteorolo-
gists, for example, study the atmosphere’s chemical and physical
properties; the transmission of light, sound, and radio waves;
and the transfer of energy in the atmosphere. They also study
factors affecting the formation of clouds, rain, snow, and other
weather phenomena, such as severe storms. Synoptic meteorolo-
gists develop new tools for weather forecasting using computers
and sophisticated mathematical models. Climatologists collect,
analyze, and interpret past records of wind, rainfall, sunshine,
and temperature in specific areas or regions. Their studies are
used to design buildings, plan heating and cooling systems, and
aid in effective land use and agricultural production. Other re-
search meteorologists examine the most effective ways to con-
trol or diminish air pollution.

Working Conditions

Most weather stations operate around the clock 7 days a week.
Jobs in such facilities usually involve night, weekend, and holi-

day work, often with rotating shifts. During weather emergen-
cies, such as hurricanes, operational meteorologists may work
overtime. Operational meteorologists are also often under pres-
sure to meet forecast deadlines. Weather stations are found all
over—at airports, in or near cities, and in isolated and remote
areas. Some atmospheric scientists also spend time observing
weather conditions and collecting data from aircraft. Weather
forecasters who work for radio or television stations broadcast
their reports from station studios, and may work evenings and
weekends. Meteorologists in smaller weather offices often work
alone; in larger ones, they work as part of a team. Meteorologists
not involved in forecasting tasks work regular hours, usually in
offices. Those who work for private consulting firms or for com-
panies analyzing and monitoring emissions to improve air qual-
ity usually work with other scientists or engineers.

Employment

Atmospheric scientists held about 6,900 jobs in 2000. The fed-
eral government is the largest single employer of civilian meteo-
rologists, employing about 3,000. The National Oceanic and
Atmospheric Administration (NOAA) employed most federal
meteorologists in the National Weather Service stations through-
out the nation; the remainder of NOAA’s meteorologists worked
mainly in research and development or management. The De-
partment of Defense employed several hundred civilian meteo-
rologists. Others worked for research and testing services, private
weather consulting services, radio and television broadcasting,
air carriers, and computer and data processing services.

Although several hundred people teach atmospheric science and
related courses in college and university departments of meteo-
rology or atmospheric science, physics, earth science, and geo-
physics, these individuals are classified as college or university
faculty, rather than atmospheric scientists.

In addition to civilian meteorologists, hundreds of armed forces
members are involved in forecasting and other meteorological
work.

Training, Other Qualifications, and
Advancement

A bachelor’s degree in meteorology or atmospheric science, or in
a closely related field with courses in meteorology, usually is the
minimum educational requirement for an entry-level position
as an atmospheric scientist.

The preferred educational requirement for entry-level meteorolo-
gists in the federal government is a bachelor’s degree, not neces-
sarily in meteorology. The degree should have at least 24 semester
hours of meteorology courses, including 6 hours in the analysis
and prediction of weather systems and 2 hours of remote sens-
ing of the atmosphere or instrumentation. Other required courses
include differential and integral calculus, differential equations,
6 hours of college physics, and at least 9 hours of courses appro-
priate for a physical science major—such as statistics, computer
science, chemistry, physical oceanography, or physical climatol-
ogy. Sometimes, a combination of experience and education may
be substituted for a degree.
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Although positions in operational meteorology are available for
those with only a bachelor’s degree, obtaining a mastet’s degree
enhances employment opportunities and advancement poten-
tial. A master’s degree usually is necessary for conducting ap-
plied research and development, and a PhD is required for most
basic research positions. Students planning on a career in re-
search and development need not necessarily major in atmo-
spheric science or meteorology as an undergraduate. In fact, a
bachelor’s degree in mathematics, physics, or engineering pro-
vides excellent preparation for graduate study in atmospheric
science.

Because atmospheric science is a small field, relatively few col-
leges and universities offer degrees in meteorology or atmospheric
science, although many departments of physics, earth science,
geography, and geophysics offer atmospheric science and related
courses. Prospective students should make certain that courses
required by the National Weather Service and other employers
are offered at the college they are considering. Computer sci-
ence courses, additional meteorology courses, a strong back-
ground in mathematics and physics, and good communication
skills are important to prospective employers. Many programs
combine the study of meteorology with another field, such as
agriculture, oceanography, engineering, or physics. For example,
hydrometeorology is the blending of hydrology (the science of
earth’s water) and meteorology, and is the field concerned with
the effect of precipitation on the hydrologic cycle and the envi-
ronment. Students who wish to become broadcast meteorolo-
gists for radio or television stations should develop excellent
communication skills through courses in speech, journalism, and
related fields. Those interested in air quality work should take
courses in chemistry and supplement their technical training
with coursework in policy or government affairs.

Beginning atmospheric scientists often do routine data collec-
tion, computation, or analysis, and some basic forecasting. En-
try-level operational meteorologists in the federal government
usually are placed in intern positions for training and experi-
ence. During this period, they learn about the weather service’s
forecasting equipment and procedures, and rotate to different
offices to learn about various weather systems. After completing
the training period, they are assigned a permanent duty station.
Experienced meteorologists may advance to supervisory or ad-
ministrative jobs, or may handle more complex forecasting jobs.
After several years of experience, some meteorologists establish
their own weather consulting services.

The American Meteorological Society offers professional certifi-
cation of consulting meteorologists, administered by a Board of
Certified Consulting Meteorologists. Applicants must meet for-
mal education requirements (although not necessarily have a
college degree), pass an examination to demonstrate thorough
meteorological knowledge, have a minimum of 5 years of expe-
rience or a combination of experience plus an advanced degree,
and provide character references from fellow professionals.

Job Outlook

Employment of atmospheric scientists is projected to increase
about as fast as the average for all occupations through 2010,

but prospective atmospheric scientists may face competition if
the number of degrees awarded in atmospheric science and me-
teorology remain near current levels. The National Weather Ser-
vice (NWS) has completed an extensive modernization of its
weather forecasting equipment and finished all hiring of meteo-
rologists needed to staff the upgraded stations. The NWS has no
plans to increase the number of weather stations or the number
of meteorologists in existing stations for many years. Employ-
ment of meteorologists in other federal agencies is expected to
decline slightly as efforts to reduce the federal government
workforce continue.

On the other hand, job opportunities for atmospheric scientists
in private industry are expected to be better than in the federal
government over the 2000-2010 period. As research leads to
continuing improvements in weather forecasting, demand should
grow for private weather consulting firms to provide more de-
tailed information than has formerly been available, especially
to weather-sensitive industries. Farmers, commodity investors,
radio and television stations, and utilities, transportation, and
construction firms can greatly benefit from additional weather
information more closely targeted to their needs than the gen-
eral information provided by the National Weather Service. Ad-
ditionally, research on seasonal and other long-range forecasting
is yielding positive results, which should spur demand for more
atmospheric scientists to interpret these forecasts and advise
weather-sensitive industries. However, because many customers
for private weather services are in industries sensitive to fluctua-
tions in the economy, the sales and growth of private weather
services depend on the health of the economy.

There will continue to be demand for atmospheric scientists to
analyze and monitor the dispersion of pollutants into the air to
ensure compliance with federal environmental regulations out-
lined in the Clean Air Act of 1990, but employment increases
are expected to be small.

Earnings

Median annual earnings of atmospheric scientists in 2000 were
$58,510. The middle 50 percent earned between $39,780 and
$72,740. The lowest 10 percent earned less than $29,880, and
the highest 10 percent earned more than $89,060.

The average salary for meteorologists in nonsupervisory, super-
visory, and managerial positions employed by the federal gov-
ernment was about $68,100 in 2001. Meteorologists in the federal
government with a bachelor’s degree and no experience received
a starting salary of $24,245 or $29,440, depending on their col-
lege grades. Those with a master’s degree could start at $29,440
or $36,606; those with the PhD, at $47,039 or $59,661. Begin-
ning salaries for all degree levels are slightly higher in selected
areas of the country where the prevailing local pay level is higher.

Related Occupations

Workers in other occupations concerned with the physical envi-
ronment include environmental scientists and geoscientists,
physicists and astronomers, mathematicians, and civil, chemi-
cal, and environmental engineers.
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Sources of Additional Information

Information about careers in meteorology is available from:

® American Meteorological Society, 45 Beacon St., Boston, MA 02108.
Internet: http://www.ametsoc.org/AMS

Information on obtaining a meteorologist position with the fed-
eral government is available from the Office of Personnel Man-
agement through a telephone-based system. Consult your
telephone directory under U.S. Government for a local number
or call (912) 757-3000; Federal Relay Service: (800) 877-8339.
The first number is not toll free, and charges may result. Infor-
mation also is available from the Internet site: http://
www.usajobs.opm.gov

Atootive ervice
Technicians and Mechanics

O0*NET 49-3023.01, 49-3023.02

Significant Points

® Formal automotive technician training is the best prepara-
tion for these challenging technology-based jobs.

® Opportunities should be very good for automotive service
technicians and mechanics with good diagnostic and prob-
lem-solving skills and knowledge of electronics and math-
ematics.

® Automotive service technicians and mechanics must con-
tinually adapt to changing technology and repair tech-
niques as vehicle components and systems become increas-
ingly sophisticated.

Nature of the Work

Anyone whose car or light truck has broken down knows the
importance of the jobs of automotive service technicians and
mechanics. The ability to diagnose the source of a problem
quickly and accurately—a most valuable skill—requires good
reasoning ability and a thorough knowledge of automobiles.
Many technicians consider diagnosing hard-to-find troubles one
of their most challenging and satisfying duties.

The work of automotive service technicians and mechanics has
evolved from simply mechanical to high technology. Today in-
tegrated electronic systems and complex computers run vehicles
and measure their performance while on the road. Automotive
service technicians have developed into diagnostic, high-tech
problem solvers. Technicians must have an increasingly broad
base of knowledge about how vehicles’ complex components
work and interact, as well as the ability to work with electronic
diagnostic equipment and computer-based technical reference
materials.

Automotive service technicians and mechanics use these high-
tech skills to inspect, maintain, and repair automobiles and light
trucks with gasoline engines. The increasing sophistication of
automotive technology now relies on workers who can use com-
puterized shop equipment and work with electronic components,
while maintaining their skills with traditional handtools. Because
of these changes in the occupation, workers are increasingly called
“automotive service technicians,” and the title “mechanic” is
being used less and less frequently. Diesel service technicians
and mechanics work on diesel-powered trucks, buses, and equip-
ment. Motorcycle mechanics repair and service motorcycles,
motor scooters, mopeds, and, occasionally, small all-terrain ve-
hicles.

When mechanical or electrical troubles occur, technicians first
get a description of the symptoms from the owner or, if they
work in a large shop, the repair service estimator who wrote the
repair order. To locate the problem, technicians use a diagnostic
approach. First, they test to see if components and systems are
proper and secure, and then isolate those components or sys-
tems that could not logically be the cause of the problem. For
example, if an air conditioner malfunctions, the technician’s
diagnostic approach can pinpoint a problem as simple as a low
coolant level or as complex as a bad drive-train connection that
has shorted out the air conditioner. Technicians may have to
test drive the vehicle or use a variety of testing equipment, such
as onboard and hand-held diagnostic computers or compression
gauges, to identify the source of the problem. These tests may
indicate whether a component is salvageable or if a new one is
required to get the vehicle back in working order.

During routine service inspections, technicians test and lubri-
cate engines and other major components. In some cases, the
technician may repair or replace worn parts before they cause
breakdowns that could damage critical components of the ve-
hicle. Technicians usually follow a checklist to ensure that they
examine every critical part. Belts, hoses, plugs, brake and fuel
systems, and other potentially troublesome items are among
those closely watched.

Service technicians use a variety of tools in their work. They use
power tools, such as pneumatic wrenches to remove bolts quickly,
machine tools like lathes and grinding machines to rebuild brakes,
welding and flame-cutting equipment to remove and repair ex-
haust systems, and jacks and hoists to lift cars and engines. They
also use common handtools like screwdrivers, pliers, and
wrenches to work on small parts and in hard-to-reach places.

In modern repair shops, service technicians compare the read-
outs from diagnostic testing devices to the benchmarked stan-
dards given by the manufacturer of the components being tested.
Deviations outside of acceptable levels are an indication to the
technician that further attention to an area is necessary. The
testing devices diagnose problems and make precision adjust-
ments with precise calculations downloaded from large comput-
erized databases. The computerized systems provide automatic
updates to technical manuals and unlimited access to manufac-
turers’ service information, technical service bulletins, and other
information databases, which allow technicians to keep current
on trouble spots and to learn new procedures.
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Automotive service technicians in large shops have increasingly
become specialized. For example, transmission technicians and
rebuilders work on gear trains, couplings, hydraulic pumps, and
other parts of transmissions. Extensive knowledge of computer
controls, diagnosis of electrical and hydraulic problems, and other
specialized skills are needed to work on these complex compo-
nents, which employ some of the most sophisticated technol-
ogy used in vehicles. Tune-up technicians adjust the ignition timing
and valves, and adjust or replace spark plugs and other parts to
ensure efficient engine performance. They often use electronic
test equipment to isolate and adjust malfunctions in fuel, igni-
tion, and emissions control systems.

Automotive air-conditioning repairers install and repair air condi-
tioners and service components, such as compressors, condens-
ers, and controls. These workers require special training in federal
and state regulations governing the handling and disposal of
refrigerants. Front-end mechanics align and balance wheels and
repair steering mechanisms and suspension systems. They fre-
quently use special alignment equipment and wheel-balancing
machines. Brake repairers adjust brakes, replace brake linings and
pads, and make other repairs on brake systems. Some techni-
cians and mechanics specialize in both brake and front-end work.

Working Conditions

Almost half of automotive service technicians work a standard
40-hour week, but over 30 percent work more than 40 hours a
week. Many of those working extended hours are self-employed
technicians. To satisfy customer service needs, some service shops
offer evening and weekend service. Generally, service technicians
work indoors in well-ventilated and lighted repair shops. How-
ever, some shops are drafty and noisy. Although they fix some
problems with simple computerized adjustments, technicians
frequently work with dirty and greasy parts, and in awkward
positions. They often lift heavy parts and tools. Minor cuts, burns,
and bruises are common, but technicians usually avoid serious
accidents when the shop is kept clean and orderly and safety
practices are observed.

Employment

Automotive service technicians and mechanics held about
840,000 jobs in 2000. The majority worked for retail and whole-
sale automotive dealers, independent automotive repair shops,
or automotive service facilities at department, automotive, and
home supply stores. Others found employment in gasoline set-
vice stations; taxicab and automobile leasing companies; fed-
eral, state, and local governments; and other organizations. About
18 percent of service technicians were self-employed.

Training, Other Qualifications, and
Advancement

Automotive technology is rapidly increasing in sophistication,
and most training authorities strongly recommend that persons
seeking automotive service technician and mechanic jobs com-
plete a formal training program in high school or in a
postsecondary vocational school. However, some service techni-

cians still learn the trade solely by assisting and learning from
experienced workers.

Many high schools, community colleges, and public and private
vocational and technical schools offer automotive service tech-
nician training programs. The traditional postsecondary programs
usually provide a thorough career preparation that expands upon
the student’s high school repair experience.

Postsecondary automotive technician training programs vary
greatly in format, but normally provide intensive career prepa-
ration through a combination of classroom instruction and
hands-on practice. Some trade and technical school programs
provide concentrated training for 6 months to a year, depend-
ing on how many hours the student attends each week. Com-
munity college programs normally spread the training over 2
years; supplement the automotive training with instruction in
English, basic mathematics, computers, and other subjects; and
award an associate degree or certificate. Some students earn re-
pair certificates and opt to leave the program to begin their ca-
reer before graduation. Recently, some programs have added to
their curriculums training on employability skills such as cus-
tomer service and stress management. Employers find that these
skills help technicians handle the additional responsibilities of
dealing with the customers and parts vendors.

High school programs, while an asset, vary greatly in quality.
The better programs, such as the Automotive Youth Education
Service (AYES), with 150 participating schools and more than
300 participating dealers, conclude with the students receiving
their technician’s certification and high school diploma. Other
programs offer only an introduction to automotive technology
and service for the future consumer or hobbyist. Still others aim
to equip graduates with enough skills to get a job as a mechanic’s
helper or trainee mechanic.

The various automobile manufacturers and their participating
dealers sponsor 2-year associate degree programs at postsecondary
schools across the nation. The Accrediting Commission of Ca-
reer Schools and Colleges of Technology (ACCSCT) currently
certifies a number of automotive and diesel technology schools.
Schools update their curriculums frequently to reflect changing
technology and equipment. Students in these programs typically
spend alternate 6- to 12-week periods attending classes full time
and working full time in the service departments of sponsoring
dealers. At these dealerships, students get practical experience
while assigned to an experienced worker who provides hands-
on instruction and time-saving tips.

The National Automotive Technicians Education Foundation
(NATEF), an affiliate of the National Institute for Automotive
Service Excellence (ASE), establishes the standards by which train-
ing facilities become certified. Once the training facility achieves
these minimal standards, NATEF recommends the facility to ASE
for certification. The ASE certification is a nationally recognized
standard for programs offered by high schools, postsecondary
trade schools, technical institutes, and community colleges that
train automobile service technicians, collision repair and refin-
ish technicians, engine machinists, and medium/heavy truck
technicians. Automotive manufacturers provide ASE certified in-
struction, service equipment, and current model cars on which
students practice new skills and learn the latest automotive tech-
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nology. While ASE certification is voluntary, it does signify that
the program meets uniform standards for instructional facilities,
equipment, staff credentials, and curriculum. To ensure that pro-
grams keep up with ever-changing technology, repair techniques,
and ASE standards, the certified programs are subjected to peri-
odic compliance reviews and mandatory recertification. NATEF
program experts also review and update program standards to
match the level of training and skill-level achievement neces-
sary for success in the occupation. In mid-2000, 1,491 high school
and postsecondary automotive service technician training pro-
grams had been certified by ASE. Of these, 1,200 trained auto-
mobile service technicians, 224 instructed collision specialists,
and 62 trained diesel and medium/heavy truck specialists.

For trainee automotive service technician jobs, employers look
for people with strong communication and analytical skills. Tech-
nicians need good reading, mathematics, and computer skills to
study technical manuals and to keep abreast of new technology
and learn new service and repair procedures and specifications.
Trainees also must possess mechanical aptitude and knowledge
of how automobiles work. Most employers regard the successful
completion of a vocational training program in automotive set-
vice technology as the best preparation for trainee positions.
Experience working on motor vehicles in the armed forces or as
a hobby also is valuable. Because of the complexity of new ve-
hicles, a growing number of employers require completion of
high school and additional postsecondary training. Courses in
automotive repair, electronics, physics, chemistry, English, com-
puters, and mathematics provide a good educational background
for a career as a service technician.

There are more computers aboard a car today than aboard the
first spacecraft. A new car has from 10 to 15 onboard computers,
operating everything from the engine to the radio. Some of the
more advanced vehicles have global positioning systems, Internet
access, and other high-tech features integrated into the func-
tions of the vehicle. Therefore, knowledge of electronics and
computers has grown increasingly important for service techni-
cians. Engine controls and dashboard instruments were among
the first components to use electronics, but now, everything from
brakes to transmissions and air-conditioning systems to steering
systems is run primarily by computers and electronic compo-
nents. In the past, a specialist usually handled any problems in-
volving electrical systems or electronics. Now that electronics
are so common, it is essential for service technicians to be famil-
iar with at least the basic principles of electronics. Electrical com-
ponents or a series of related components account for nearly all
malfunctions in modern vehicles.

In addition to electronics and computers, automotive service
technicians will have to learn and understand the science be-
hind the alternate fuel vehicles that have begun to enter the
market. The fuel for these vehicles will come from the
dehydrogenization of water, electric fuel cells, natural gas, solar
power, and other nonpetroleum-based sources. Some vehicles
will even capture the energy from brakes and use it as fuel. As
vehicles with these new technologies become more common,
technicians will need additional training to learn the science
and engineering that makes them possible.

Beginners usually start as trainee technicians, mechanics’ help-
ers, lubrication workers, or gasoline service station attendants,
and gradually acquire and practice their skills by working with
experienced mechanics and technicians. With a few months’
experience, beginners perform many routine service tasks and
make simple repairs. It usually takes 2 to 5 years of experience to
become a journey-level service technician, who is expected to
quickly perform the more difficult types of routine service and
repairs. However, some graduates of postsecondary automotive
training programs are often able to earn promotion to the jour-
ney level after only a few months on the job. An additional 1- to
2-years’ experience familiarizes mechanics and technicians with
all types of repairs. Difficult specialties, such as transmission re-
pair, require another year or two of training and experience. In
contrast, brake specialists may learn their jobs in considerably
less time because they do not need a complete knowledge of
automotive repair.

In the past, many persons became automotive service techni-
cians through 3- or 4-year formal apprenticeship programs. How-
ever, apprenticeships have become rare, as formal vocational
training programs in automotive service technology have be-
come more common.

At work, the most important possessions of technicians and me-
chanics are their handtools. Technicians and mechanics usually
provide their own tools, and many experienced workers have
thousands of dollars invested in them. Employers typically fur-
nish expensive power tools, engine analyzers, and other diag-
nostic equipment, but technicians accumulate handtools with
experience. Some formal training programs have alliances with
tool manufacturers that help entry-level technicians accumu-
late tools during their training period.

Employers increasingly send experienced automotive service
technicians to manufacturer training centers to learn to repair
new models or to receive special training in the repair of compo-
nents, such as electronic fuel injection or air-conditioners. Mo-
tor vehicle dealers also may send promising beginners to
manufacturer-sponsored mechanic training programs. Employ-
ers typically furnish this additional training to maintain or up-
grade employee skills and increase their value to the dealership.
Factory representatives also visit many shops to conduct short
training sessions.

Voluntary certification by Automotive Service Excellence (ASE)
has become a standard credential for automotive service techni-
cians. Certification is available in 1 or more of 8 different service
areas, such as electrical systems, engine repair, brake systems,
suspension and steering, and heating and air conditioning. For
certification in each area, technicians must have at least 2 years
of experience and pass a written examination. Completion of an
automotive training program in high school, vocational or trade
school, or community or junior college may be substituted for 1
year of experience. In some cases, graduates of ASE-certified pro-
grams achieve certification in up to three specialties. For certifi-
cation as a master automotive mechanic, technicians must be
certified in all eight areas. Mechanics and technicians must re-
take each examination at least every S years to maintain their
certifications.
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Experienced technicians who have leadership ability sometimes
advance to shop supervisor or service manager. Those who work
well with customers may become automotive repair service esti-
mators. Some with sufficient funds open independent repair
shops.

Job Outlook

Job opportunities in this occupation are expected to be very good
for persons who complete automotive training programs in high
school, vocational and technical schools, or community colleges.
Persons with good diagnostic and problem-solving skills, and
whose training includes basic electronics skills, should have the
best opportunities. For well-prepared people with a technical
background, automotive service technician careers offer an ex-
cellent opportunity for good pay and the satisfaction of highly
skilled work with vehicles incorporating the latest in high tech-
nology. However, persons without formal automotive training
are likely to face competition for entry-level jobs.

Employment of automotive service technicians and mechanics
is expected to increase about as fast as the average through the
year 2010. The growing complexity of automotive technology
necessitates service by skilled workers, contributing to the growth
in demand for highly trained mechanics and technicians. Em-
ployment growth will continue to be concentrated in motor ve-
hicle dealerships and independent automotive repair shops. Many
new jobs will also be created in small retail operations that offer
after-warranty repairs, such as oil changes, brake repair, air con-
ditioner service, and other minor repairs generally taking less
than 4 hours to complete. Fewer national department store chains
will provide auto repair services in large shops. Employment of
automotive service technicians and mechanics in gasoline ser-
vice stations will continue to decline, as fewer stations offer re-
pair services.

In addition to job openings due to growth, a substantial number
of openings will be created by the need to replace experienced
technicians who transfer to other occupations, retire, or stop
working for other reasons. Most persons who enter the occupa-
tion can expect steady work, because changes in general eco-
nomic conditions and developments in other industries have
little effect on the automotive repair business.

Earnings

Median hourly earnings of automotive service technicians and
mechanics, including commission, were $13.70 in 2000. The
middle 50 percent earned between $9.86 and $18.67 an hour.
The lowest 10 percent earned less than $7.59, and the highest
10 percent earned more than $23.67 an hour. Median annual
earnings in the industries employing the largest numbers of
service technicians in 2000 were as follows:

Local government ..........ccecceeeiiiiniiiiininiicniiicieenne $16.90
New and used car dealers ...........cccceevvriiiniiiiinnnnnn, 16.87
Auto and home supply StOres ........cccceeeevvervenreevenenn 12.35

Automotive repair shops
Gasoline service stations

Many experienced technicians employed by automotive dealers
and independent repair shops receive a commission related to
the labor cost charged to the customer. Under this method, weekly
earnings depend on the amount of work completed. Employers
frequently guarantee commissioned mechanics and technicians
a minimum weekly salary. Many master technicians earn from
$70,000 to $100,000 annually.

Some automotive service technicians are members of labor unions
such as the International Association of Machinists and Aero-
space Workers; the International Union, United Automobile,
Aerospace and Agricultural Implement Workers of America; the
Sheet Metal Workers’ International Association; and the Inter-
national Brotherhood of Teamsters.

Related Occupations

Other workers who repair and service motor vehicles include
automotive body and related repairers, diesel service technicians
and mechanics, and small engine mechanics.

Sources of Additional Information

For more details about work opportunities, contact local auto-
motive dealers and repair shops or local offices of the state em-
ployment service. The state employment service also may have
information about training programs.

A list of certified automotive technician training programs can
be obtained from:

©® National Automotive Technicians Education Foundation, 101 Blue Seal
Dr. S.E., Suite 101, Leesburg, VA 20175. Internet: http://www.natef.org

For a directory of accredited private trade and technical schools
that offer programs in automotive technician training, contact:

® Accrediting Commission of Career Schools and Colleges of Technology,
2101 Wilson Blvd., Suite 302, Arlington, VA 22201 Internet: http://
www.accsct.org

For a list of public automotive technician training programs, con-
tact:

® SkillsUSA-VICA, PO. Box 3000, 1401 James Monroe Hwy., Leesburg,
VA 22075. Internet: http://www.skillsusa.org

Information on automobile manufacturer-sponsored programs
in automotive service technology can be obtained from:

® Automotive Youth Educational Systems (AYES), 2701 Troy Center Dr.,
Suite 450, Troy, MI 48084. Internet: http://www.ayes.org

Information on how to become a certified automotive service
technician is available from:

® ASE, 101 Blue Seal Dr. S.E., Suite 101, Leesburg, VA 20175. Internet:
http://www.asecert.org

For general information about the work of automotive service
technicians and mechanics, contact:

® National Automobile Dealers Association, 8400 Westpark Dr., McLean,
VA 22102. Internet: http://www.nada.org
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| Bilogicaand
Medical Scientists

O*NET 19-1021.01, 19-1021.02, 19-1022.00, 19-1023.00, 19-1029.99,
19-1041.00, 19-1042.00, 19-1099.99

Significant Points

® A PhD degree usually is required for independent research,
but a master’s degree is sufficient for some jobs in applied
research or product development; a bachelor’s degree is
adequate for some nonresearch jobs.

® Medical scientist jobs require a PhD degree in a biological
science, but some jobs need a medical degree.

® Doctoral degree holders face considerable competition for
independent research positions; holders of bachelor’s or
master’s degrees in biological science can expect better op-
portunities in nonresearch positions.

Nature of the Work

Biological and medical scientists study living organisms and their
relationship to their environment. They research problems deal-
ing with life processes. Most specialize in some area of biology
such as zoology (the study of animals) or microbiology (the study
of microscopic organisms).

Many biological scientists and virtually all medical scientists work
in research and development. Some conduct basic research to
advance knowledge of living organisms, including viruses, bac-
teria, and other infectious agents. Past research has resulted in
the development of vaccines, medicines, and treatments for can-
cer and other diseases. Basic biological and medical research con-
tinues to provide the building blocks necessary to develop
solutions to human health problems, and to preserve and repair
the natural environment. Biological and medical scientists mostly
work independently in private industry, university, or govern-
ment laboratories, often exploring new areas of research or ex-
panding on specialized research started in graduate school. Those
who are not wage and salary workers in private industry typi-
cally submit grant proposals to obtain funding for their projects.
Colleges and universities, private industry, and federal govern-
ment agencies, such as the National Institutes of Health and the
National Science Foundation, contribute to the support of scien-
tists whose research proposals are determined to be financially
feasible and have the potential to advance new ideas or pro-
cesses.

Biological and medical scientists who work in applied research
or product development use knowledge provided by basic re-
search to develop new drugs and medical treatments, increase
crop yields, and protect and clean up the environment. They
usually have less autonomy than basic researchers to choose the
emphasis of their research, relying instead on market-driven di-
rections based on the firm’s products and goals. Biological and

medical scientists doing applied research and product develop-
ment in private industry may be required to express their re-
search plans or results to nonscientists who are in a position to
veto or approve their ideas, and they must understand the busi-
ness impact of their work. Scientists increasingly are working as
part of teams, interacting with engineers, scientists of other dis-
ciplines, business managers, and technicians. Some biological
and medical scientists also work with customers or suppliers,
and manage budgets.

Those who conduct research usually work in laboratories and
use electron microscopes, computers, thermal cyclers, or a wide
variety of other equipment. Some conduct experiments using
laboratory animals or greenhouse plants. This is particularly true
of botanists, physiologists, and zoologists. For some biological
scientists, a good deal of research is performed outside of labora-
tories. For example, a botanist may do research in tropical rain
forests to see what plants grow there, or an ecologist may study
how a forest area recovers after a fire.

Some biological and medical scientists work in managerial or
administrative positions, usually after spending some time do-
ing research and learning about the firm, agency, or project. They
may plan and administer programs for testing foods and drugs,
for example, or direct activities at zoos or botanical gardens. Some
work as consultants to business firms or to government, while
others test and inspect foods, drugs, and other products.

In the 1980s, swift advances in basic biological knowledge re-
lated to genetics and molecules spurred growth in the field of
biotechnology. Biological and medical scientists using this tech-
nology manipulate the genetic material of animals or plants,
attempting to make organisms more productive or resistant to
disease. Research using biotechnology techniques, such as re-
combining DNA, has led to the discovery of important drugs,
including human insulin and growth hormone. Many other sub-
stances not previously available in large quantities are starting
to be produced by biotechnological means; some may be useful
in treating cancer and other diseases. Today, many of these sci-
entists are involved in biotechnology, including those who work
on the Human Genome project, isolating, identifying, and se-
quencing human genes and then determining their functional-
ity. This work continues to lead to the discovery of the genes
associated with specific diseases and inherited traits, such as cer-
tain types of cancer or obesity. These advances in biotechnology
have opened up research opportunities in almost all areas of bi-
ology, including commercial applications in agriculture, envi-
ronmental remediation, and the food and chemical industries.

Most biological scientists who come under the category of biolo-
gist are further classified by the type of organism they study or
by the specific activity they perform, although recent advances
in the understanding of basic life processes at the molecular and
cellular levels have blurred some traditional classifications.

Aquatic biologists study plants and animals living in water. Ma-
rine biologists study saltwater organisms, and limnologists study
fresh water organisms. Marine biologists are sometimes mistak-
enly called oceanographers, but oceanography is the study of
the physical characteristics of oceans and the ocean floor. Bio-
chemists study the chemical composition of living things. They
analyze the complex chemical combinations and reactions in-
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volved in metabolism, reproduction, growth, and heredity. Bio-
chemists and molecular biologists do most of their work in bio-
technology, which involves understanding the complex
chemistry of life.

Botanists study plants and their environment. Some study all
aspects of plant life; others specialize in areas such as identifica-
tion and classification of plants, the structure and function of
plant parts, the biochemistry of plant processes, the causes and
cures of plant diseases, and the geological record of plants.

Microbiologists investigate the growth and characteristics of mi-
croscopic organisms such as bacteria, algae, or fungi. Medical mi-
crobiologists study the relationship between organisms and
disease or the effect of antibiotics on microorganisms. Other
microbiologists specialize in environmental, food, agricultural,
or industrial microbiology, virology (the study of viruses), or
immunology (the study of mechanisms that fight infections).
Many microbiologists use biotechnology to advance knowledge
of cell reproduction and human disease.

Physiologists study life functions of plants and animals, both in
the whole organism and at the cellular or molecular level, under
normal and abnormal conditions. Physiologists often specialize
in functions such as growth, reproduction, photosynthesis, res-
piration, or movement, or in the physiology of a certain area or
system of the organism.

Biophysicists study the application of principles of physics, such
as electrical and mechanical energy and related phenomena, to
living cells and organisms.

Zoologists and wildlife biologists study animals and wildlife—their
origin, behavior, diseases, and life processes. Some experiment
with live animals in controlled or natural surroundings while
others dissect dead animals to study their structure. They may
also collect and analyze biological data to determine the envi-
ronmental effects of current and potential use of land and water
areas. Zoologists usually are identified by the animal group stud-
ied—ornithologists (birds), mammalogists (mammals), herpetolo-
gists (reptiles), and ichthyologists (fish).

Ecologists study the relationships among organisms and between
organisms and their environments and the effects of influences
such as population size, pollutants, rainfall, temperature, and
altitude. Utilizing knowledge of various scientific disciplines, they
may collect, study, and report data on air, food, soil, and water.

Soil scientists study soil characteristics, map soil types, and inves-
tigate responses of soil to determine its capabilities and produc-
tivity.

Biological scientists who do biomedical research are usually called
medical scientists. Medical scientists work on basic research into
normal biological systems to understand the causes of and to
discover treatment for disease and other health problems. Medi-
cal scientists try to identify changes in a cell, chromosome, or
even gene that signal the development of medical problems, such
as different types of cancer. After identifying structures of or
changes in organisms that provide clues to health problems,
medical scientists work on the treatment of problems. For ex-
ample, a medical scientist involved in cancer research may for-
mulate a combination of drugs that will lessen the effects of the

disease. Medical scientists with a medical degree can administer
these drugs to patients in clinical trials, monitor their reactions,
and observe the results. (Medical scientists without a medical
degree normally collaborate with a medical doctor who deals
directly with patients.) The medical scientist will return to the
laboratory to examine the results and, if necessary, adjust the
dosage levels to reduce negative side effects or to try to induce
even better results. In addition to using basic research to de-
velop treatments for health problems, medical scientists attempt
to discover ways to prevent health problems from developing,
such as affirming the link between smoking and increased risk
of lung cancer, or between alcoholism and liver disease.

Working Conditions

Biological and medical scientists usually work regular hours in
offices or laboratories and usually are not exposed to unsafe or
unhealthy conditions. Those who work with dangerous organ-
isms or toxic substances in the laboratory must follow strict safety
procedures to avoid contamination. Medical scientists also spend
time working in clinics and hospitals administering drugs and
treatments to patients in clinical trials. Many biological scien-
tists such as botanists, ecologists, and zoologists take field trips
that involve strenuous physical activity and primitive living con-
ditions.

Some biological and medical scientists depend on grant money
to support their research. They may be under pressure to meet
deadlines and to conform to rigid grant-writing specifications
when preparing proposals to seek new or extended funding.

Employment

Biological and medical scientists held about 138,000 jobs in 2000;
about half were biological scientists. Federal, state, and local gov-
ernments employ 4 in 10 biological scientists. Federal biological
scientists worked mainly in the U.S. Departments of Agriculture,
Interior, and Defense, and in the National Institutes of Health.
Most of the rest worked in the drug industry, which includes
pharmaceutical and biotechnology establishments, hospitals, or
research and testing laboratories. About 1 in 8 medical scientists
worked in government, with most of the remainder found in
research and testing laboratories, educational institutions, the
drug industry, and hospitals.

In addition, many biological and medical scientists held biology
faculty positions in colleges and universities.

Training, Other Qualifications, and
Advancement

For biological scientists, the PhD degree usually is necessary for
independent research and for advancement to administrative po-
sitions. A master’s degree is sufficient for some jobs in applied
research or product development and for jobs in management,
inspection, sales, and service. The bachelor’s degree is adequate
for some nonresearch jobs. For example, some graduates with a
bachelor’s degree start as biological scientists in testing and in-
spection, or get jobs related to biological science, such as techni-
cal sales or service representatives. In some cases, graduates with
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a bachelor’s degree are able to work in a laboratory environment
on their own projects, but this is unusual. Some may work as
research assistants. Others become biological technicians, medi-
cal laboratory technologists or, with courses in education, high
school biology teachers. Many with a bachelor’s degree in biol-
ogy enter medical, dental, veterinary, or other health profession
schools.

In addition to required courses in chemistry and biology, under-
graduate biological science majors usually study allied disciplines
such as mathematics, physics, and computer science. Computer
courses are essential, as employers increasingly prefer job appli-
cants who are able to apply computer skills to modeling and
simulation tasks and to operate computerized laboratory equip-
ment. Those interested in studying the environment also should
take courses in environmental studies and become familiar with
current legislation and regulations.

Most colleges and universities offer bachelor’s degrees in bio-
logical science and many offer advanced degrees. Curriculums
for advanced degrees often emphasize a subfield such as micro-
biology or botany, but not all universities offer all curriculums.
Advanced degree programs include classroom and fieldwork,
laboratory research, and a thesis or dissertation. Biological sci-
entists who have advanced degrees often take temporary
postdoctoral research positions that provide specialized research
experience. In private industry, some may become managers or
administrators within the field of biology; others leave biology
for nontechnical managerial, administrative, or sales jobs.

Biological scientists should be able to work independently or as
part of a team and be able to communicate clearly and con-
cisely, both orally and in writing. Those in private industry, es-
pecially those who aspire to management or administrative
positions, should possess strong business and communication
skills and be familiar with regulatory issues and marketing and
management techniques. Those doing field research in remote
areas must have physical stamina.

The PhD degree in a biological science is the minimum educa-
tion required for prospective medical scientists because the work
of medical scientists is almost entirely research oriented. A PhD
degree qualifies one to do research on basic life processes or on
particular medical problems or diseases, and to analyze and in-
terpret the results of experiments on patients. Medical scientists
who administer drug or gene therapy to human patients, or who
otherwise interact medically with patients—such as drawing
blood, excising tissue, or performing other invasive procedures—
must have a medical degree. It is particularly helpful for medical
scientists to earn both PhD and medical degrees.

In addition to formal education, medical scientists usually spend
several years in a postdoctoral position before they apply for
permanent jobs. Postdoctoral work provides valuable laboratory
experience, including experience in specific processes and tech-
niques, such as gene splicing, which are transferable to other
research projects. In some institutions, the postdoctoral posi-
tion can lead to a permanent position.

Job Outlook

Despite prospects of faster-than-average job growth for biologi-
cal and medical scientists over the 2000-2010 period, doctoral
degree holders can expect to face considerable competition for
basic research positions. The federal government funds much
basic research and development, including many areas of medi-
cal research. Recent budget tightening has led to smaller increases
in federal basic research and development expenditures, further
limiting the dollar amount of each grant, although the number
of grants awarded to researchers remains fairly constant. At the
same time, the number of newly trained scientists has contin-
ued to increase at a steady rate, so both new and established
scientists have experienced greater difficulty winning and renew-
ing research grants. If the number of advanced degrees awarded
continues to grow unabated, this competitive scenario is likely
to persist. Additionally, applied research positions in private in-
dustry may become more difficult to obtain if more scientists
seek jobs in private industry than have done so in the past due
to the competitive job market for college and university faculty.

Opportunities for those with a bachelor’s or master’s degree in
biological science are expected to be better. The number of sci-
ence-related jobs in sales, marketing, and research management,
for which non-PhDs usually qualify, are expected to be more
plentiful than independent research positions. Non-PhDs also
may fill positions as science or engineering technicians or health
technologists and technicians. Some become high school biol-
ogy teachers, while those with a doctorate in biological science
may become college and university faculty.

Biological and medical scientists enjoyed very rapid gains in em-
ployment between the mid-1980s and mid-1990s, in part reflect-
ing increased staffing requirements in new biotechnology
companies. Employment growth should slow somewhat as in-
creases in the number of new biotechnology firms slow and ex-
isting firms merge or are absorbed into larger ones. However,
much of the basic biological research done in recent years has
resulted in new knowledge, including the isolation and identifi-
cation of new genes. Biological and medical scientists will be
needed to take this knowledge to the next stage, which is the
understanding of how certain genes function within an entire
organism, so that gene therapies can be developed to treat dis-
eases. Even pharmaceutical and other firms not solely engaged
in biotechnology are expected to increasingly use biotechnol-
ogy techniques, spurring employment increases for biological
and medical scientists. In addition, efforts to discover new and
improved ways to clean up and preserve the environment will
continue to add to growth. More biological scientists will be
needed to determine the environmental impact of industry and
government actions and to prevent or correct environmental
problems. Expected expansion in research related to health is-
sues such as AIDS, cancer, and Alzheimer’s disease also should
result in employment growth.

Biological and medical scientists are less likely to lose their jobs
during recessions than are those in many other occupations be-
cause many are employed on long-term research projects. How-
ever, a recession could further influence the amount of money
allocated to new research and development efforts, particularly
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in areas of risky or innovative research. A recession could also
limit the possibility of extension or renewal of existing projects.

Earnings

Median annual earnings of biological scientists were $49,239 in
2000. Median annual earnings of medical scientists were $57,196
in 2000, with epidemiologists earning $48,390 and medical sci-
entists, except epidemiologists, earning $57,810. Median annual
earnings of medical scientists were $54,260 in research and test-
ing laboratories and $41,010 in hospitals in 1999.

According to the National Association of Colleges and Employ-
ers, beginning salary offers in 2000 averaged $29,235 a year for
bachelor’s degree recipients in biological science, $35,667 for
master’s degree recipients, and $42,744 for doctoral degree re-
cipients.

In the federal government in 2001, general biological scientists
in nonsupervisory, supervisory, and managerial positions earned
an average salary of $61,236; microbiologists, $67,835; ecolo-
gists, $61,936; physiologists, $78,366; and geneticists, $§72,510.

Related Occupations

Many other occupations deal with living organisms and require
a level of training similar to that of biological and medical scien-
tists. These include agricultural and food scientists, and conser-
vation scientists and foresters, as well as health occupations such
as physicians and surgeons, dentists, and veterinarians.

Sources of Additional Information

For information on careers in the biological sciences, contact:

® American Institute of Biological Sciences, Suite 200, 1444 | St. N.W.,,
Washington, DC 20005. Internet: http://www.aibs.org

For information on careers in physiology, contact:

® American Physiological Society, Education Office, 9650 Rockville Pike,
Bethesda, MD 20814. Internet: http://www.the-aps.org

For information on careers in biochemistry or biological sciences,
contact:

® Federation of American Societies for Experimental Biology, 9650
Rockville Pike, Bethesda, MD 20814. Internet: http://www.faseb.org

For a brochure entitled Is a Career in the Pharmaceutical Sciences
Right for Me? contact:

® American Association of Pharmaceutical Scientists (AAPS), 2107 Wilson
Blvd., Suite #700, Arlington, VA 22201. Internet: http://www.aaps.org/
sciaffairs/careerinps.htm

For information on careers in microbiology, contact:

® American Society for Microbiology, Office of Education and Training—
Career Information, 1325 Massachusetts Ave. NW, Washington, DC
20005. Internet: http://www.asmusa.org

Information on obtaining a biological or medical scientist posi-
tion with the federal government is available from the Office of
Personnel Management (OPM) through a telephone-based sys-
tem. Consult your telephone directory under U.S. Government

: Descriptions of 112 Top Computer and Technical Jobs %

for a local number or call (912) 757-3000; Federal Relay Service:
(800) 877-8339. The first number is not toll free, and charges
may result. Information also is available from the OPM Internet
site: http://www.usajobs.opm.gov

Biomedical Engineers
O*NET 17-2031.00

Significant Points

® Overall job opportunities in engineering are expected to
be good.

® A bachelor’s degree is required for most entry-level jobs.

® Starting salaries are significantly higher than those of col-
lege graduates in other fields.

® Continuing education is critical to keep abreast of the lat-
est technology.

Nature of the Work

By combining biology and medicine with engineering, biomedi-
cal engineers develop devices and procedures that solve medical
and health-related problems. Many do research, along with life
scientists, chemists, and medical scientists, on the engineering
aspects of the biological systems of humans and animals. Bio-
medical engineers also design devices used in various medical
procedures, such as the computers used to analyze blood or the
laser systems used in corrective eye surgery. They develop artifi-
cial organs, imaging systems such as ultrasound, and devices for
automating insulin injections or controlling body functions. Most
engineers in this specialty require a sound background in one of
the more basic engineering specialties, such as mechanical or
electronics engineering, in addition to specialized biomedical
training. Some specialties within biomedical engineering include
biomaterials, biomechanics, medical imaging, rehabilitation, and
orthopedic engineering.

Working Conditions

Most engineers work in office buildings, laboratories, or indus-
trial plants. Others may spend time outdoors at construction
sites, mines, and oil and gas exploration and production sites,
where they monitor or direct operations or solve onsite prob-
lems. Some engineers travel extensively to plants or work sites.

Many engineers work a standard 40-hour week. At times, dead-
lines or design standards may bring extra pressure to a job. When
this happens, engineers may work longer hours and experience
considerable stress.

Employment

This section reports the number of jobs the occupation provided
in 2000 and the key industries where these jobs are found. When
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significant, the geographic distribution of jobs and the propor-
tion of part-time (less than 35 hours a week) and self-employed
workers in the occupation are mentioned. Self-employed work-
ers accounted for nearly eight percent of the work force in 2000;
however, they were concentrated in a small number of occupa-
tions, such as farmers and ranchers, childcare workers, lawyers,
health practitioners, and the construction trades.

This section reports the number of jobs the occupation provided
in 2000 and the key industries where these jobs are found. When
significant, the geographic distribution of jobs and the propor-
tion of part-time (less than 35 hours a week) and self-employed
workers in the occupation are mentioned. Self-employed work-
ers accounted for nearly eight percent of the work force in 2000;
however, they were concentrated in a small number of occupa-
tions, such as farmers and ranchers, childcare workers, lawyers,
health practitioners, and the construction trades.

Training, Other Qualifications, and
Advancement

A bachelor’s degree in engineering is required for almost all en-
try-level engineering jobs. College graduates with a degree in a
physical science or mathematics occasionally may qualify for
some engineering jobs, especially in specialties in high demand.
Most engineering degrees are granted in electrical, electronics,
mechanical, or civil engineering. However, engineers trained in
one branch may work in related branches. For example, many
aerospace engineers have training in mechanical engineering.
This flexibility allows employers to meet staffing needs in new
technologies and specialties in which engineers are in short sup-
ply. It also allows engineers to shift to fields with better employ-
ment prospects or to those that more closely match their interests.

Most engineering programs involve a concentration of study in
an engineering specialty, along with courses in both mathemat-
ics and science. Most programs include a design course, some-
times accompanied by a computer or laboratory class or both.

In addition to the standard engineering degree, many colleges
offer 2- or 4-year degree programs in engineering technology.
These programs, which usually include various hands-on labo-
ratory classes that focus on current issues, prepare students for
practical design and production work, rather than for jobs which
require more theoretical and scientific knowledge. Graduates of
4-year technology programs may get jobs similar to those ob-
tained by graduates with a bachelor’s degree in engineering.
Engineering technology graduates, however, are not qualified to
register as professional engineers under the same terms as gradu-
ates with degrees in engineering. Some employers regard tech-
nology program graduates as having skills between those of a
technician and an engineer.

Graduate training is essential for engineering faculty positions
and many research and development programs, but is not re-
quired for the majority of entry-level engineering jobs. Many
engineers obtain graduate degrees in engineering or business
administration to learn new technology and broaden their edu-
cation. Many high-level executives in government and industry
began their careers as engineers.

About 330 colleges and universities offer bachelor’s degree pro-
grams in engineering that are accredited by the Accreditation
Board for Engineering and Technology (ABET), and about 250
colleges offer accredited bachelor’s degree programs in engineer-
ing technology. ABET accreditation is based on an examination
of an engineering program’s student achievement, program im-
provement, faculty, curricular content, facilities, and institutional
commitment. Although most institutions offer programs in the
major branches of engineering, only a few offer programs in the
smaller specialties. Also, programs of the same title may vary in
content. For example, some programs emphasize industrial prac-
tices, preparing students for a job in industry, whereas others are
more theoretical and are designed to prepare students for gradu-
ate work. Therefore, students should investigate curricula and
check accreditations carefully before selecting a college.

Admissions requirements for undergraduate engineering schools
include a solid background in mathematics (algebra, geometry,
trigonometry, and calculus) and sciences (biology, chemistry, and
physics), and courses in English, social studies, humanities, and
computers. Bachelor’s degree programs in engineering typically
are designed to last 4 years, but many students find that it takes
between 4 and 5 years to complete their studies. In a typical
4-year college curriculum, the first 2 years are spent studying
mathematics, basic sciences, introductory engineering, humani-
ties, and social sciences. In the last 2 years, most courses are in
engineering, usually with a concentration in one branch. Some
programs offer a general engineering curriculum; students then
specialize in graduate school or on the job.

Some engineering schools and 2-year colleges have agreements
whereby the 2-year college provides the initial engineering edu-
cation, and the engineering school automatically admits students
for their last 2 years. In addition, a few engineering schools have
arrangements whereby a student spends 3 years in a liberal arts
college studying pre-engineering subjects and 2 years in an engi-
neering school studying core subjects, and then receives a
bachelor’s degree from each school. Some colleges and universi-
ties offer 5-year master’s degree programs. Some 5- or even
6-year cooperative plans combine classroom study and practical
work, permitting students to gain valuable experience and fi-
nance part of their education. All 50 states and the District of
Columbia usually require licensure for engineers who offer their
services directly to the public. Engineers who are licensed are
called Professional Engineers (PE). This licensure generally re-
quires a degree from an ABET-accredited engineering program, 4
years of relevant work experience, and successful completion of
a state examination. Recent graduates can start the licensing pro-
cess by taking the examination in two stages. The initial Funda-
mentals of Engineering (FE) examination can be taken upon
graduation. Engineers who pass this examination commonly are
called Engineers in Training (EIT) or Engineer Interns (EI). The
EIT certification usually is valid for 10 years. After acquiring suit-
able work experience, EITs can take the second examination, the
Principles and Practice of Engineering Exam. Several states have
imposed mandatory continuing education requirements for
relicensure. Most states recognize licensure from other states.

Engineers should be creative, inquisitive, analytical, and detail
oriented. They should be able to work as part of a team and to
communicate well, both orally and in writing. Communication

48 ¥

© 2003 ° JIST Works ¢ Indianapolis, IN




Section One: Descriptions of 112 Top Computer and Technical Jobs %

abilities are becoming more important because much of their
work is becoming more diversified, meaning that engineers in-
teract with specialists in a wide range of fields outside engineer-
ing.

Beginning engineering graduates usually work under the super-
vision of experienced engineers and, in large companies, also
may receive formal classroom or seminar-type training. As new
engineers gain knowledge and experience, they are assigned more
difficult projects with greater independence to develop designs,
solve problems, and make decisions. Engineers may advance to
become technical specialists or to supervise a staff or team of
engineers and technicians. Some may eventually become engi-
neering managers or enter other managerial or sales jobs.

Job Outlook

Employment of biomedical engineers is expected to increase faster
than the average for all occupations through 2010. The aging
population and the focus on health issues will increase the de-
mand for better medical devices and systems designed by bio-
medical engineers. For example, computer-assisted surgery and
cellular and tissue engineering are being more heavily researched
and are developing rapidly. In addition, the rehabilitation and
orthopedic engineering specialties are growing quickly, increas-
ing the need for more biomedical engineers. Along with the de-
mand for more sophisticated medical equipment and procedures
is an increased concern for cost efficiency and effectiveness that
also will increase the need for biomedical engineers.

Earnings

Median annual earnings of biomedical engineers were $57,480
in 2000. The middle 50 percent earned between $45,760 and
$74,120. The lowest 10 percent earned less than $36,860 and
the highest 10 percent earned more than $90,530.

According to a 2001 salary survey by the National Association of
Colleges and Employers, bachelor’s degree candidates in biomedi-
cal engineering received starting offers averaging $47,850 a year
and master’s degree candidates, on average, were offered $62,600.

Related Occupations

Biomedical engineers apply the principles of physical science
and mathematics in their work. Other workers who use scien-
tific and mathematical principles include architects, except land-
scape and naval; engineering and natural sciences managers;
computer and information systems managers; mathematicians;
drafters; engineering technicians; sales engineers; science tech-
nicians; and physical and life scientists, including agricultural
and food scientists, biological and medical scientists, conserva-
tion scientists and foresters, atmospheric scientists, chemists and
materials scientists, environmental scientists and geoscientists,
and physicists and astronomers.

Sources of Additional Information

For further information about biomedical engineers, contact:

® Biomedical Engineering Society, 8401 Corporate Dr., Suite | 10,
Landover, MD 20785-2224. Internet: http://mecca.org/BME/BMES/
society/index.htm

High school students interested in obtaining a full package of
guidance materials and information (product number SP-01) on
a variety of engineering disciplines should contact the Junior
Engineering Technical Society by sending $3.50 to:

® JETS-Guidance, 1420 King St., Suite 405, Alexandria, VA 22314-2794.
Internet: http://www.jets.org

High school students interested in obtaining information on
ABET-accredited engineering programs should contact:

® The Accreditation Board for Engineering and Technology, Inc., 111
Market Place, Suite 1050, Baltimore, MD 21202-4012. Internet: http://
www.abet.org

Non-licensed engineers and college students interested in ob-
taining information on Professional Engineer licensure should
contact:

® The National Society of Professional Engineers, 1420 King St.,
Alexandria, VA 22314-2794. Internet: http://www.nspe.org

® National Council of Examiners for Engineers and Surveying, PO. Box
1686, Clemson, SC 29633-1686. Internet: http://www.ncees.org

Information on general engineering education and career re-
sources is available from:

® American Society for Engineering Education, 1818 N St. N.W.,, Suite
600, Washington, DC 20036-2479. Internet: http://www.asee.org

Information on obtaining an engineering position with the fed-
eral government is available from the Office of Personnel Man-
agement (OPM) through a telephone-based system. Consult your
telephone directory under U.S. Government for a local number
or call (912) 757-3000; Federal Relay Service: (800) 877-8339.
The first number is not toll free, and charges may result. Infor-
mation also is available from the OPM Internet site: http://
www.usajobs.opm.gov

Non-high school students and those wanting more detailed in-
formation should contact societies representing the individual
branches of engineering. Each can provide information about
careers in the particular branch. The individual statements else-
where in this book also provide other information in detail on
aerospace; agricultural; chemical; civil; computer hardware; elec-
trical and electronics; environmental; industrial, including health
and safety; materials; mechanical; mining and geological, includ-
ing mining safety; nuclear; and petroleum engineering.

Bradcst a Soun
Engineering Technicians
and Radio Operators

O*NET 27-4011.00, 27-4012.00, 27-4013.00, 27-4014.00
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Significant Points

® Job applicants will face strong competition for the better
paying jobs at radio and television stations serving large
cities.

® Television stations employ, on average, many more tech-
nicians than do radio stations.

® Evening, weekend, and holiday work is common.

Nature of the Work

Broadcast and sound engineering technicians install, test, repair,
set up, and operate the electronic equipment used to record and
transmit radio and television programs, cable programs, and
motion pictures. They work with television cameras, micro-
phones, tape recorders, lighting, sound effects, transmitters, an-
tennas, and other equipment. Some broadcast and sound
engineering technicians produce movie soundtracks in motion
picture production studios, control the sound of live events, such
as concerts, or record music in a recording studio.

In the control room of a radio or television-broadcasting studio,
these technicians operate equipment that regulates the signal
strength, clarity, and range of sounds and colors of recordings or
broadcasts. They also operate control panels to select the source
of the material. Technicians may switch from one camera or stu-
dio to another, from film to live programming, or from network
to local programming. By means of hand signals and, in televi-
sion, telephone headsets, they give technical directions to other
studio personnel.

Audio and video equipment operators operate specialized electronic
equipment to record stage productions, live programs or events,
and studio recordings. They edit and reproduce tapes for com-
pact discs, records and cassettes, for radio and television broad-
casting and for motion picture productions. The duties of audio
and video equipment operators can be divided into two catego-
ries: technical and production activities used in the production
of sound and picture images for film or videotape from set de-
sign to camera operation and post production activities where
raw images are transformed to a final print or tape.

Radio operators mainly receive and transmit communications
using a variety of tools. They are also responsible for repairing
equipment using such devices as electronic testing equipment,
hand tools, and power tools. These help to maintain communi-
cation systems in an operative condition.

Broadcast and sound engineering technicians and radio opera-
tors perform a variety of duties in small stations. In large sta-
tions and at the networks, technicians are more specialized,
although job assignments may change from day to day. The terms
“operator,” “engineer,” and “technician” often are used inter-
changeably to describe these jobs. Transmitter operators monitor
and log outgoing signals and operate transmitters. Maintenance
technicians set up, adjust, service, and repair electronic broad-
casting equipment. Audio control engineers regulate volume and
sound quality of television broadcasts, while video control engi-
neers regulate their fidelity, brightness, and contrast. Recording

engineers operate and maintain video and sound recording equip-
ment. They may operate equipment designed to produce special
effects, such as the illusions of a bolt of lightning or a police
siren. Sound mixers or re-recording mixers produce the sound track
of a movie, television, or radio program. After filming or record-
ing, they may use a process called dubbing to insert sounds. Field
technicians set up and operate broadcasting portable field trans-
mission equipment outside the studio. Television news coverage
requires so much electronic equipment, and the technology is
changing so rapidly, that many stations assign technicians ex-
clusively to news.

Chief engineers, transmission engineers, and broadcast field super-
visors supervise the technicians who operate and maintain broad-
casting equipment.

Working Conditions

Broadcast, sound engineering, audio and video equipment tech-
nicians, and radio operators generally work indoors in pleasant
surroundings. However, those who broadcast news and other
programs from locations outside the studio may work outdoors
in all types of weather. Technicians doing maintenance may climb
poles or antenna towers, while those setting up equipment do
heavy lifting.

Technicians in large stations and the networks usually work a
40-hour week under great pressure to meet broadcast deadlines,
but may occasionally work overtime. Technicians in small sta-
tions routinely work more than 40 hours a week. Evening, week-
end, and holiday work is usual, because most stations are on the
air 18 to 24 hours a day, 7 days a week.

Those who work on motion pictures may be on a tight schedule
to finish according to contract agreements.

Employment

Broadcast and sound engineering technicians and radio opera-
tors held about 87, 000 jobs in 2000. Their employment was
distributed among the following detailed occupations:

Audio and video equipment technicians.................. 37,000
Broadcast technicians ...........ccccoveveeviiiiiniieeniieeee, 36,000
Sound engineering technicians ........c..cccccecevevciennene 11,000
Radio OPeTators .....cceevevviiiiriiiiciceeecieeecee e 2,900

About 1 out of 3 worked in radio and television broadcasting.
Almost 15 percent worked in the motion picture industry. About
4 percent worked for cable and other pay-television services. A
few were self-employed. Television stations employ, on average,
many more technicians than do radio stations. Some techni-
cians are employed in other industries, producing employee com-
munications, sales, and training programs. Technician jobs in
television are located in virtually all cities, whereas jobs in radio
are also found in many small towns. The highest paying and
most specialized jobs are concentrated in New York City, Los
Angeles, Chicago, and Washington, DC—the originating cen-
ters for most network programs. Motion picture production jobs
are concentrated in Los Angeles and New York City.
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Training, Other Qualifications, and
Advancement

The best way to prepare for a broadcast and sound engineering
technician job is to obtain technical school, community college,
or college training in broadcast technology or in engineering or
electronics. This is particularly true for those who hope to ad-
vance to supervisory positions or jobs at large stations or the
networks. In the motion picture industry people are hired as
apprentice editorial assistants and work their way up to more
skilled jobs. Employers in the motion picture industry usually
hire experienced freelance technicians on a picture-by-picture
basis. Reputation and determination are important in getting
jobs.

Beginners learn skills on the job from experienced technicians
and supervisors. They often begin their careers in small stations
and, once experienced, move on to larger ones. Large stations
usually only hire technicians with experience. Many employers
pay tuition and expenses for courses or seminars to help techni-
cians keep abreast of developments in the field.

Audio and video equipment technicians generally need a high
school diploma. Many recent entrants have a community col-
lege degree or various other forms of post-secondary degrees,
although that is not always a requirement. They may substitute
on-the-job training for formal education requirements. Experi-
ence in a recording studio, as an assistant is a great way of get-
ting experience and knowledge simultaneously.

Radio operators do not usually require any formal training. This
is an entry-level position that is generally suited with on-the-job
training.

The Federal Communications Commission no longer requires
the licensing of broadcast technicians, as the Telecommunica-
tions Act of 1996 eliminated this licensing requirement. Certifi-
cation by the Society of Broadcast Engineers is a mark of
competence and experience. The certificate is issued to experi-
enced technicians who pass an examination. By offering the Radio
Operator and the Television Operator levels of certification, the
Society of Broadcast Engineers has filled the void left by the elimi-
nation of the FCC license.

Prospective technicians should take high school courses in math,
physics, and electronics. Building electronic equipment from
hobby kits and operating a “ham,” or amateur radio, are good
experience, as is work in college radio and television stations.

Broadcast and sound engineering technicians and radio opera-
tors must have manual dexterity and an aptitude for working
with electrical, electronic, and mechanical systems and equip-
ment.

Experienced technicians can become supervisory technicians or
chief engineers. A college degree in engineering is needed to be-
come chief engineer at a large TV station.

Job Outlook

People seeking entry-level jobs as technicians in the field of ra-
dio and television broadcasting are expected to face strong com-

petition in major metropolitan areas, where pay generally is
higher and the number of qualified job seekers exceed the num-
ber of openings. There, stations seek highly experienced person-
nel. Prospects for entry-level positions generally are better in small
cities and towns for beginners with appropriate training.

The overall employment of broadcast and sound engineering
technicians and radio operators is expected to grow about as fast
as the average for all occupations through the year 2010. An
increase in the number of programming hours should require
additional technicians. However, employment growth in radio
and television broadcasting may be tempered somewhat because
of slow growth in the number of new radio and television sta-
tions and laborsaving technical advances, such as computer-con-
trolled programming and remote control of transmitters.
Technicians who know how to install transmitters will be in de-
mand as television stations replace existing analog transmitters
with digital transmitters. Stations will begin broadcasting in both
analog and digital formats, eventually switching entirely to digi-
tal.

Employment of broadcast and sound engineering technicians is
expected to grow about as fast as average through 2010. The
advancements in technology will enhance the capabilities of tech-
nicians to help produce a higher quality of programming for
radio and television. Employment of audio and video equipment
technicians also is expected to grow about as fast as average
through 2010. Not only will these workers have to set up audio
and video equipment, but it will be necessary for them to main-
tain and repair this machinery. Employment of radio operators,
on the other hand, will grow more slowly than other areas in
this field of work. Automation will negatively impact these work-
ers as many stations now operate transmitters and control pro-
gramming remotely.

Employment of broadcast and sound engineering technicians
and radio operators in the cable industry should grow rapidly
because of new products coming to market. Such products in-
clude cable modems, which deliver high-speed Internet access
to personal computers, and digital set-top boxes, which trans-
mit better sound and pictures, allowing cable operators to offer
many more channels than in the past. These new products should
cause traditional cable subscribers to sign up for additional ser-
vices.

Employment in the motion picture industry also will grow fast.
However, job prospects are expected to remain competitive, be-
cause of the large number of people attracted to this relatively
small field.

Numerous job openings also will result from the need to replace
experienced technicians who leave the occupations. Many leave
these occupations for electronic jobs in other areas, such as com-
puter technology or commercial and industrial repair.

Earnings

Television stations usually pay higher salaries than radio stations;
commercial broadcasting usually pays more than public broad-
casting; and stations in large markets pay more than those in
small ones.
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firm or by elected officials in government, such as the state leg-
islative body.

Throughout the remainder of the year, analysts periodically moni-
tor the budget by reviewing reports and accounting records to
determine if allocated funds have been spent as specified. If de-
viations appear between the approved budget and actual perfor-
mance, budget analysts may write a report explaining the causes
of the variations along with recommendations for new or re-
vised budget procedures. In order to avoid or alleviate deficits,
they may recommend program cuts or reallocation of excess
funds. They also inform program managers and others within
their organization of the status and availability of funds in dif-
ferent budget accounts. Before any changes are made to an ex-
isting program or a new one is implemented, a budget analyst
assesses its efficiency and effectiveness. Analysts also may be in-
volved in long-range planning activities such as projecting fu-
ture budget needs.

The budget analyst’s role has broadened as limited funding has
led to downsizing and restructuring throughout private indus-
try and government. Not only do they develop guidelines and
policies governing the formulation and maintenance of the bud-
get, but they also measure organizational performance, assess
the effect of various programs and policies on the budget, and
help draft budget-related legislation. In addition, budget ana-
lysts sometimes conduct training sessions for company or gov-
ernment agency personnel regarding new budget procedures.

Working Conditions

Budget analysts usually work in a comfortable office setting. Long
hours are common among these workers, especially during the
initial development and mid-year and final reviews of budgets.
The pressure of deadlines and tight work schedules during these
periods can be extremely stressful, and analysts usually are re-
quired to work more than the routine 40-hour week.

Budget analysts spend the majority of their time working inde-
pendently, compiling and analyzing data, and preparing budget
proposals. Nevertheless, their schedule sometimes is interrupted
by special budget requests, meetings, and training sessions. Some
budget analysts travel to obtain budget details and explanations
of various programs from coworkers, or to personally observe
funding allocation.

Employment

Budget analysts held about 70,000 jobs throughout private in-
dustry and government in 2000. Federal, state, and local gov-
ernments are major employers, accounting for two-fifths of all
budget analyst jobs. The U.S. Department of Defense employed
7 of every 10 budget analysts working for the federal govern-
ment. Other major employers include schools, hospitals, and
banks.

Training, Other Qualifications, and
Advancement

Private firms and government agencies generally require candi-
dates for budget analyst positions to have at least a bachelor’s

degree. Within the federal government, a bachelor’s degree in
any field is sufficient for an entry-level budget analyst position.
State and local governments have varying requirements, but a
bachelor’s degree in one of many areas—accounting, finance,
business or public administration, economics, political science,
statistics, or a social science such as sociology—may qualify one
for entry into the occupation. Sometimes, a field closely related
to the employing industry or organization, such as engineering,
may be preferred. An increasing number of state governments
and other employers require a candidate to possess a master’s
degree to ensure adequate analytical and communication skills.
Some firms prefer candidates with backgrounds in business be-
cause business courses emphasize quantitative and analytical
skills. Occasionally, budget and financial experience can be sub-
stituted for formal education.

Because developing a budget involves manipulating numbers and
requires strong analytical skills, courses in statistics or account-
ing are helpful, regardless of the prospective budget analyst’s
major field of study. Financial analysis is automated in almost
every organization and, therefore, familiarity with word process-
ing and the financial software packages used in budget analysis
often is required. Software packages commonly used by budget
analysts include electronic spreadsheet, database, and graphics
software. Employers usually prefer job candidates who already
possess these computer skills.

In addition to analytical and computer skills, those seeking a
career as a budget analyst also must be able to work under strict
time constraints. Strong oral and written communication skills
are essential for analysts because they must prepare, present, and
defend budget proposals to decision-makers.

Entry-level budget analysts may receive some formal training
when they begin their jobs, but most employers feel that the
best training is obtained by working through one complete bud-
get cycle. During the cycle, which typically is one year, analysts
become familiar with the various steps involved in the budget-
ing process. The federal government, on the other hand, offers
extensive on-the-job and classroom training for entry-level train-
ees. In addition to on-the-job training, budget analysts are en-
couraged to participate in the various classes offered throughout
their careers.

Some budget analysts employed in the federal, state, or local
level may choose to receive the Certified Government Financial
Manager (CGFM) designation granted by the Association of Gov-
ernment Accountants. Other government financial officers also
may receive this designation. Candidates must have a minimum
of a bachelor’s degree, 24 hours of study in financial manage-
ment, and 2 years’ experience in government, plus pass a series
of 3 exams. The exams cover topics in governmental environ-
ment; governmental accounting, financial reporting, and bud-
geting; and financial management and control.

Budget analysts start their careers with limited responsibilities.
In the federal government, for example, beginning budget ana-
lysts compare projected costs with prior expenditures, consoli-
date and enter data prepared by others, and assist higher-grade
analysts by doing research. As analysts progress, they begin to
develop and formulate budget estimates and justification state-
ments, perform in-depth analyses of budget requests, write state-
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ments supporting funding requests, advise program managers
and others on the status and availability of funds in different
budget activities, and present and defend budget proposals to
senior managers.

Beginning analysts usually work under close supervision. Ca-
pable entry-level analysts can be promoted into intermediate-
level positions within 1 to 2 years, and then into senior positions
within a few more years. Progressing to a higher level means
added budgetary responsibility and can lead to a supervisory role.
Because of the importance and high visibility of their jobs, se-
nior budget analysts are prime candidates for promotion to man-
agement positions in various parts of the organization.

Job Outlook

Competition for budget analyst jobs should remain keen due to
the substantial number of qualified applicants. Candidates with
a master’s degree should have the best job opportunities. Famil-
iarity with computer financial software packages also should
enhance a job seeker’s employment prospects.

Employment of budget analysts is expected to grow about as fast
as the average for all occupations through 2010. Employment
growth will be driven by the continuing demand for sound fi-
nancial analysis in both public and private sector organizations.
In addition to employment growth, many job openings will re-
sult from the need to replace experienced budget analysts who
transfer to other occupations or leave the labor force.

The expanding use of computer applications in budget analysis
increases worker productivity by enabling analysts to process
more data in less time. However, because analysts now have a
greater supply of data available to them, their jobs are becoming
more complicated. In addition, as businesses become increas-
ingly complex and specialization within organizations becomes
more common, planning and financial control increasingly de-
mand attention. These factors should offset any adverse effects
of computer usage on employment of budget analysts.

In coming years, companies will continue to rely heavily on
budget analysts to examine, analyze, and develop budgets. Be-
cause the financial analysis performed by budget analysts is an
important function in every large organization, the employment
of budget analysts has remained relatively unaffected by
downsizing in the nation’s workplaces. Because financial and
budget reports must be completed during periods of economic
growth and slowdowns, budget analysts usually are less subject
to layoffs during economic downturns than many other work-
ers are.

Earnings

Salaries of budget analysts vary widely by experience, education,
and employer. Median annual earnings of budget analysts in 2000
were $48,370. The middle 50 percent earned between $38,400
and $61,030. The lowest 10 percent earned less than $31,260,
and the highest 10 percent earned more than $74,030.

According to a 2001 survey conducted by Robert Half Interna-
tional, a staffing services firm specializing in accounting and fi-
nance, starting salaries of budget and other financial analysts in
small firms ranged from $29,750 to $35,500; in large organiza-
tions compensation ranged from $33,250 to $40,000. In small
firms, analysts with 1 to 3 years of experience earned from
$34,500 to $42,750; in large companies they made from $40,250
to $51,000. Senior analysts in small firms earned from $37,750
to $55,750; in large firms they made from $51,500 to $64,000.
Earnings of managers in this field ranged from $40,500 to $62,750
a year in small firms, while managers in large organizations
earned between $63,500 and $81,250.

In the federal government, budget analysts usually started as
trainees earning $21,947 or $27,185 a year in 2001. Candidates
with a master’s degree might begin at $33,254. Beginning sala-
ries were slightly higher in selected areas where the prevailing
local pay level was higher. Budget analysts employed by the fed-
eral government in nonsupervisory, supervisory, and manage-
rial positions in 2001 received an average annual salary of
$56,710.

Related Occupations

Budget analysts review, analyze, and interpret financial data;
make recommendations for the future; and assist in the imple-
mentation of new ideas and financial strategies. Workers who
use these skills in other occupations include accountants and
auditors, cost estimators, economists and market and survey re-
searchers, financial analysts and personal financial advisors, fi-
nancial managers, and loan counselors and officers.

Sources of Additional Information

Information about career opportunities as a budget analyst may
be available from your state or local employment service.

Information on careers in government financial management
and the CGFM designation may be obtained from:

® Association of Government Accountants, 2208 Mount Vernon Ave.,
Alexandria, VA 22301. Internet: http://www.agacgfm.org

Information on careers in budget analysis at the state govern-
ment level can be obtained from:

® National Association of State Budget Officers, Hall of the States
Building, Suite 642, 444 North Capitol St. NW, Washington, DC 20001.
Internet: http://www.nasbo.org

Information on obtaining a budget analyst position with the
federal government is available from the Office of Personnel
Management (OPM) through a telephone-based system. Con-
sult your telephone directory under U.S. Government for a local
number or call (912) 757-3000; Federal Relay Service: (800) 877-
8339. The first number is not toll free, and charges may result.
Information also is available from the OPM Internet site: http://
www.usajobs.opm.gov
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Cariovaular
Technologists and
Technicians

O*NET 29-2031.00

Significant Points

® Employment will grow faster than the average, but the
number of job openings created will be low, because the
occupation is small.

® Job prospects will be good due to an aging population and
increased need for vascular technology and sonography as
an alternative for more costly and invasive heart surgery.

® About 7 out of 10 jobs are in hospitals, in both inpatient
and outpatient settings.

Nature of the Work

Cardiovascular technologists and technicians assist physicians
in diagnosing and treating cardiac (heart) and peripheral vascu-
lar (blood vessel) ailments. Cardiovascular technologists may
specialize in three areas of practice: Invasive cardiology,
echocardiography, and vascular technology. Cardiovascular tech-
nicians who specialize in electrocardiograms (EKGs), stress test-
ing, and Holter monitors are known as cardiographic or EKG
technicians.

Cardiovascular technologists specializing in invasive procedures
are called cardiology technologists. They assist physicians with car-
diac catheterization procedures in which a small tube, or cath-
eter, is wound through a patient’s blood vessel from a spot on
the patient’s leg into the heart. The procedure can determine if a
blockage exists in the blood vessels that supply the heart muscle
and help diagnose other problems. Part of the procedure may
involve balloon angioplasty, which can be used to treat block-
ages of blood vessels or heart valves, without the need for heart
surgery. Cardiology technologists assist physicians as they insert
a catheter with a balloon on the end to the point of the obstruc-
tion.

Technologists prepare patients for cardiac catheterization and
balloon angioplasty by first positioning them on an examining
table and then shaving, cleaning, and administering anesthesia
to the top of the patient’s leg near the groin. During the proce-
dures, they monitor patients’ blood pressure and heart rate us-
ing EKG equipment and notify the physician if something appears
wrong. Technologists also may prepare and monitor patients
during open-heart surgery and the implantation of pacemakers.

Cardiovascular technologists who specialize in echo-
cardiography or vascular technology often run noninvasive tests
using ultrasound instrumentation, such as doppler
ultrasound. Tests are called “noninvasive” if they do not require

the insertion of probes or other instruments into the patient’s
body. The ultrasound instrumentation transmits high frequency
sound waves into areas of the patient’s body and then processes
reflected echoes of the sound waves to form an image. Tech-
nologists view the ultrasound image on a screen that may be
recorded on videotape or photographed for interpretation and
diagnosis by a physician. While performing the scan, technolo-
gists check the image on the screen for subtle differences be-
tween healthy and diseased areas, decide which images to include,
and judge if the images are satisfactory for diagnostic purposes.
They also explain the procedure to patients, record additional
medical history, select appropriate equipment settings, and
change the patient’s position as necessary.

Those who assist physicians in the diagnosis of disorders affect-
ing circulation are known as vascular technologists or vascular
sonographers. They perform a medical history and evaluate pulses
by listening to the sounds of the arteries for abnormalities. Then
they perform a noninvasive procedure using ultrasound instru-
mentation to record vascular information, such as vascular blood
tflow, blood pressure, limb volume changes, oxygen saturation,
cerebral circulation, peripheral circulation, and abdominal cir-
culation. Many of these tests are performed during or immedi-
ately after surgery.

Technologists who use ultrasound to examine the heart cham-
bers, valves, and vessels are referred to as cardiac sonographers, or
echocardiographers. They use ultrasound instrumentation to cre-
ate images called echocardiograms. This may be done while the
patient is either resting or physically active. Technologists may
administer medication to a physically active patient to assess
their heart function. Cardiac sonographers may also assist phy-
sicians who perform transesophageal echocardiography, which
involves placing a tube in the patient’s esophagus to obtain ul-
trasound images.

Cardiovascular technicians who obtain EKGs are known as elec-
trocardiograph (or EKG) technicians. To take a basic EKG, which
traces electrical impulses transmitted by the heart, technicians
attach electrodes to the patient’s chest, arms, and legs, and then
manipulate switches on an EKG machine to obtain a reading.
The physician makes a printout for interpretation. This test is
done before most kinds of surgery and as part of a routine physi-
cal examination, especially for persons who have reached middle
age or have a history of cardiovascular problems.

EKG technicians with advanced training perform Holter moni-
tor and stress testing. For Holter monitoring, technicians place
electrodes on the patient’s chest and attach a portable EKG moni-
tor to the patient’s belt. Following 24 or more hours of normal
activity for the patient, the technician removes a tape from the
monitor and places it in a scanner. After checking the quality of
the recorded impulses on an electronic screen, the technician
usually prints the information from the tape so that a physician
can interpret it later. Physicians use the output from the scanner
to diagnose heart ailments, such as heart rhythm abnormalities
or problems with pacemakers.

For a treadmill stress test, EKG technicians document the patient’s
medical history, explain the procedure, connect the patient to
an EKG monitor, and obtain a baseline reading and resting blood
pressure. Next, they monitor the heart’s performance while the
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patient is walking on a treadmill, gradually increasing the
treadmill’s speed to observe the effect of increased exertion. Like
vascular technologists and cardiac sonographers, cardiographic
technicians who perform EKG, Holter monitor, and stress tests
are known as “noninvasive” technicians.

Some cardiovascular technologists and technicians schedule ap-
pointments, type doctor interpretations, maintain patient files,
and care for equipment.

Working Conditions

Technologists and technicians generally work a 5-day, 40-hour
week that may include weekends. Those in catheterization labs
tend to work longer hours and may work evenings. They also
may be on call during the night and on weekends.

Cardiovascular technologists and technicians spend a lot of time
walking and standing. Those who work in catheterization labs
may face stressful working conditions, because they are in close
contact with patients with serious heart ailments. Some patients,
for example, may encounter complications from time to time
that have life or death implications.

Employment

Cardiovascular technologists and technicians held about 39,000
jobs in 2000. Most worked in hospital cardiology departments,
whereas some worked in offices of cardiologists or other physi-
cians, cardiac rehabilitation centers, or ambulatory surgery cen-
ters.

Training, Other Qualifications, and
Advancement

Although a few cardiovascular technologists, vascular technolo-
gists, and cardiac sonographers are currently trained on the job,
most receive training in 2- to 4-year programs. Cardiovascular
technologists, vascular technologists, and cardiac sonographers
normally complete a 2-year junior or community college pro-
gram. One year is dedicated to core courses followed by a year of
specialized instruction in either invasive, noninvasive cardio-
vascular, or noninvasive vascular technology. Those who are
qualified in a related allied health profession only need to com-
plete the year of specialized instruction.

Graduates from the 23 programs accredited by the Joint Review
Committee on Education in Cardiovascular Technology are eli-
gible to obtain professional certification through Cardiovascu-
lar Credentialing International in cardiac catheterization,
echocardiography, vascular ultrasound, and cardiographic tech-
niques. Cardiac sonographers and vascular technologists may
also obtain certification with the American Registry of Diagnos-
tic Medical Sonographers.

For basic EKGs, Holter monitoring, and stress testing, 1-year cer-
tificate programs exist; but most EKG technicians are still trained
on the job by an EKG supervisor or a cardiologist. On-the-job
training usually lasts about 8 to 16 weeks. Most employers prefer
to train people already in the healthcare field—nursing aides,
for example. Some EKG technicians are students enrolled in

2-year programs to become technologists, working part-time to
gain experience and make contact with employers.

Cardiovascular technologists and technicians must be reliable,
have mechanical aptitude, and be able to follow detailed instruc-
tions. A pleasant, relaxed manner for putting patients at ease is
an asset.

Job Outlook

Employment of cardiovascular technologists and technicians is
expected to grow faster than the average for all occupations
through the year 2010. Growth will occur as the population ages,
because older people have a higher incidence of heart problems.
Employment of vascular technologists and echocardiographers will
grow as advances in vascular technology and sonography reduce
the need for more costly and invasive procedures. Employment
of EKG technicians is expected to decline, as hospitals train nurs-
ing aides and others to perform basic EKG procedures. Individu-
als trained in Holter monitoring and stress testing are expected
to have more favorable job prospects than those who can only
perform a basic EKG.

Some job openings for cardiovascular technologists and techni-
cians will arise from replacement needs, as individuals transfer
to other jobs or leave the labor force. Relatively few job open-
ings, due to both growth and replacement needs are expected,
however, because the occupation is small.

Earnings

Median annual earnings of cardiovascular technologists and tech-
nicians were $33,350 in 2000. The middle 50 percent earned
between $24,590 and $43,450. The lowest 10 percent earned less
than $19,540, and the highest 10 percent earned more than
$52,930. Median annual earnings of cardiovascular technolo-
gists and technicians in 2000 were $33,100 in offices and clinics
of medical doctors and $32,860 in hospitals.

Related Occupations

Cardiovascular technologists and technicians operate sophisti-
cated equipment that helps physicians and other health practi-
tioners diagnose and treat patients. So do diagnostic medical
sonographers, nuclear medicine technologists, radiation thera-
pists, radiologic technologists and technicians, and respiratory
therapists.

Sources of Additional Information

For general information about a career in cardiovascular tech-
nology, contact:

@ Alliance of Cardiovascular Professionals, 4456 Corporation Ln., Suite
165, Virginia Beach, VA 23462. Internet: http://www.acp-online.org/
index.html

For a list of accredited programs in cardiovascular technology,
contact:

® Joint Review Committee on Education in Cardiovascular Technology,
3525 Ellicott Mills Dr., Suite N, Ellicott City, MD 21043-4547
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For information on vascular technology, contact:

® The Society of Vascular Technology, 4601 Presidents Dr., Suite 260,
Lanham, MD 20706-4365. Internet: http://www.svtnet.org

For information on echocardiography, contact:

® American Society of Echocardiography, 4101 Lake Boone Trail, Suite
201, Raleigh, NC 27607. Internet: http://www.asecho.org

For information regarding registration and certification, contact:

® Cardiovascular Credentialing International, 4456 Corporation Ln., Suite
110, Virginia Beach, VA 23462. Internet: http://www.cci-online.org

® American Registry of Diagnostic Medical Sonographers, 600 Jefferson
Plaza, Suite 360, Rockville, MD 20852-1150. Internet: http://
www.ardms.org

° L]
Chemical Engineers
O*NET 17-2041.00

Significant Points

® Overall job opportunities in engineering are expected to
be good.

® A bachelor’s degree is required for most entry-level jobs.

® Starting salaries are significantly higher than those of col-
lege graduates in other fields.

® Continuing education is critical to keep abreast of the lat-
est technology.

Nature of the Work

Chemical engineers apply the principles of chemistry and engi-
neering to solve problems involving the production or use of
chemicals, building a bridge between science and manufactur-
ing. They design equipment and develop processes for large-scale
chemical manufacturing, plan and test methods of manufactur-
ing the products and treating the by-products, and supervise
production. Chemical engineers also work in a variety of manu-
facturing industries other than chemical manufacturing, such
as those producing electronics, photographic equipment, cloth-
ing, and pulp and paper. They also work in the healthcare, bio-
technology, and business services industries.

The knowledge and duties of chemical engineers overlap many
fields. Chemical engineers apply principles of chemistry, phys-
ics, mathematics, and mechanical and electrical engineering.
They frequently specialize in a particular operation such as oxi-
dation or polymerization. Others specialize in a particular area,
such as pollution control or the production of specific products
such as fertilizers and pesticides, automotive plastics, or chlo-
rine bleach. They must be aware of all aspects of chemicals manu-
facturing and how it affects the environment, the safety of
workers, and customers. Because chemical engineers use com-
puter technology to optimize all phases of research and produc-
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tion, they need to understand how to apply computer skills to
process analysis, automated control systems, and statistical qual-
ity control.

Working Conditions

Most engineers work in office buildings, laboratories, or indus-
trial plants. Others may spend time outdoors at construction
sites, mines, and oil and gas exploration and production sites,
where they monitor or direct operations or solve onsite prob-
lems. Some engineers travel extensively to plants or work sites.

Many engineers work a standard 40-hour week. At times, dead-
lines or design standards may bring extra pressure to a job. When
this happens, engineers may work longer hours and experience
considerable stress.

Employment

Chemical engineers held about 33,000 jobs in 2000. Manufac-
turing industries employed 73 percent of all chemical engineers,
primarily in the chemicals, electronics, petroleum refining, pa-
per, and related industries. Most others worked for engineering
services, research and testing services, or consulting firms that
design chemical plants. Some also worked on a contract basis for
government agencies or as independent consultants.

Training, Other Qualifications, and
Advancement

A bachelor’s degree in engineering is required for almost all en-
try-level engineering jobs. College graduates with a degree in a
physical science or mathematics occasionally may qualify for
some engineering jobs, especially in specialties in high demand.
Most engineering degrees are granted in electrical, electronics,
mechanical, or civil engineering. However, engineers trained in
one branch may work in related branches. This flexibility allows
employers to meet staffing needs in new technologies and spe-
cialties in which engineers are in short supply. It also allows en-
gineers to shift to fields with better employment prospects or to
those that more closely match their interests.

Most engineering programs involve a concentration of study in
an engineering specialty, along with courses in both mathemat-
ics and science. Most programs include a design course, some-
times accompanied by a computer or laboratory class or both.

In addition to the standard engineering degree, many colleges
offer 2- or 4-year degree programs in engineering technology.
These programs, which usually include various hands-on labo-
ratory classes that focus on current issues, prepare students for
practical design and production work, rather than for jobs which
require more theoretical and scientific knowledge. Graduates of
4-year technology programs may get jobs similar to those ob-
tained by graduates with a bachelor’s degree in engineering.
Engineering technology graduates, however, are not qualified to
register as professional engineers under the same terms as gradu-
ates with degrees in engineering. Some employers regard tech-
nology program graduates as having skills between those of a
technician and an engineer.
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Graduate training is essential for engineering faculty positions
and many research and development programs, but is not re-
quired for the majority of entry-level engineering jobs. Many
engineers obtain graduate degrees in engineering or business
administration to learn new technology and broaden their edu-
cation. Many high-level executives in government and industry
began their careers as engineers.

About 330 colleges and universities offer bachelor’s degree pro-
grams in engineering that are accredited by the Accreditation
Board for Engineering and Technology (ABET), and about 250
colleges offer accredited bachelor’s degree programs in engineer-
ing technology. ABET accreditation is based on an examination
of an engineering program’s student achievement, program im-
provement, faculty, curricular content, facilities, and institutional
commitment. Although most institutions offer programs in the
major branches of engineering, only a few offer programs in the
smaller specialties. Also, programs of the same title may vary in
content. For example, some programs emphasize industrial prac-
tices, preparing students for a job in industry, whereas others are
more theoretical and are designed to prepare students for gradu-
ate work. Therefore, students should investigate curricula and
check accreditations carefully before selecting a college.

Admissions requirements for undergraduate engineering schools
include a solid background in mathematics (algebra, geometry,
trigonometry, and calculus) and sciences (biology, chemistry, and
physics), and courses in English, social studies, humanities, and
computers. Bachelor’s degree programs in engineering typically
are designed to last 4 years, but many students find that it takes
between 4 and 5 years to complete their studies. In a typical
4-year college curriculum, the first 2 years are spent studying
mathematics, basic sciences, introductory engineering, humani-
ties, and social sciences. In the last 2 years, most courses are in
engineering, usually with a concentration in one branch. Some
programs offer a general engineering curriculum; students then
specialize in graduate school or on the job.

Some engineering schools and 2-year colleges have agreements
whereby the 2-year college provides the initial engineering edu-
cation, and the engineering school automatically admits students
for their last 2 years. In addition, a few engineering schools have
arrangements whereby a student spends 3 years in a liberal arts
college studying pre-engineering subjects and 2 years in an engi-
neering school studying core subjects, and then receives a
bachelor’s degree from each school. Some colleges and universi-
ties offer 5-year master’s degree programs. Some 5- or even
6-year cooperative plans combine classroom study and practical
work, permitting students to gain valuable experience and fi-
nance part of their education. All 50 states and the District of
Columbia usually require licensure for engineers who offer their
services directly to the public. Engineers who are licensed are
called Professional Engineers (PE). This licensure generally re-
quires a degree from an ABET-accredited engineering program, 4
years of relevant work experience, and successful completion of
a state examination. Recent graduates can start the licensing pro-
cess by taking the examination in two stages. The initial Funda-
mentals of Engineering (FE) examination can be taken upon
graduation. Engineers who pass this examination commonly are
called Engineers in Training (EIT) or Engineer Interns (EI). The
EIT certification usually is valid for 10 years. After acquiring suit-

able work experience, EITs can take the second examination, the
Principles and Practice of Engineering Exam. Several states have
imposed mandatory continuing education requirements for
relicensure. Most states recognize licensure from other states.
Many chemical engineers are licensed as PEs.

Engineers should be creative, inquisitive, analytical, and detail
oriented. They should be able to work as part of a team and to
communicate well, both orally and in writing. Communication
abilities are becoming more important because much of their
work is becoming more diversified, meaning that engineers in-
teract with specialists in a wide range of fields outside engineer-
ing.

Beginning engineering graduates usually work under the super-
vision of experienced engineers and, in large companies, also
may receive formal classroom or seminar-type training. As new
engineers gain knowledge and experience, they are assigned more
difficult projects with greater independence to develop designs,
solve problems, and make decisions. Engineers may advance to
become technical specialists or to supervise a staff or team of
engineers and technicians. Some may eventually become engi-
neering managers or enter other managerial or sales jobs.

Job Outlook

Chemical engineering graduates may face competition for jobs
as the number of openings in traditional fields is projected to be
lower than the number of graduates. Employment of chemical
engineers is projected to grow more slowly than the average for
all occupations through 2010. Although overall employment in
the chemical manufacturing industry is expected to decline,
chemical companies will continue to research and develop new
chemicals and more efficient processes to increase output of ex-
isting chemicals, resulting in some new jobs for chemical engi-
neers. Among manufacturing industries, specialty chemicals,
plastics materials, pharmaceuticals, biotechnology, and electron-
ics may provide the best opportunities. Much of the projected
growth in employment of chemical engineers, however, will be
in nonmanufacturing industries, especially services industries
such as research and testing services.

Earnings

Median annual earnings of chemical engineers were $65,960 in
2000. The middle 50 percent earned between $53,440 and
$80,840. The lowest 10 percent earned less than $45,200, and
the highest 10 percent earned more than $93,430.

According to a 2001 salary survey by the National Association of
Colleges and Employers, bachelor’s degree candidates in chemi-
cal engineering received starting offers averaging $51,073 a year,
master’s degree candidates averaged $57,221, and PhD candi-
dates averaged $75,521.

Related Occupations

Chemical engineers apply the principles of physical science and
mathematics in their work. Other workers who use scientific and
mathematical principles include architects, except landscape and
naval; engineering and natural sciences managers; computer and
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information systems managers; mathematicians; drafters; engi-
neering technicians; sales engineers; science technicians; and
physical and life scientists, including agricultural and food sci-
entists, biological and medical scientists, conservation scientists
and foresters, atmospheric scientists, chemists and materials sci-
entists, environmental scientists and geoscientists, and physi-
cists and astronomers.

Sources of Additional Information

Further information about chemical engineers is available from:

® American Institute of Chemical Engineers, Three Park Ave., New York,
NY 10016-5901. Internet: http://www.aiche.org

® American Chemical Society, Department of Career Services, | 155 16th
St. N.W., Washington, DC 20036. Internet: http://www.acs.org

High school students interested in obtaining a full package of
guidance materials and information (product number SP-01) on
a variety of engineering disciplines should contact the Junior
Engineering Technical Society by sending $3.50 to:

® JETS-Guidance, 1420 King St., Suite 405, Alexandria, VA 22314-2794.
Internet: http://www.jets.org

High school students interested in obtaining information on
ABET-accredited engineering programs should contact:

® The Accreditation Board for Engineering and Technology, Inc., I 11
Market Place, Suite 1050, Baltimore, MD 21202-4012. Internet: http://
www.abet.org

Non-licensed engineers and college students interested in ob-
taining information on Professional Engineer licensure should
contact:

® The National Society of Professional Engineers, 1420 King St.,
Alexandria, VA 22314-2794. Internet: http://www.nspe.org

® National Council of Examiners for Engineers and Surveying, PO. Box
1686, Clemson, SC 29633-1686. Internet: http://www.ncees.org

Information on general engineering education and career re-
sources is available from:

® American Society for Engineering Education, 1818 N St. N.W.,, Suite
600, Washington, DC 20036-2479. Internet: http://www.asee.org

Information on obtaining an engineering position with the fed-
eral government is available from the Office of Personnel Man-
agement (OPM) through a telephone-based system. Consult your
telephone directory under U.S. Government for a local number
or call (912) 757-3000; Federal Relay Service: (800) 877-8339.
The first number is not toll free, and charges may result. Infor-
mation also is available from the OPM Internet site: http://
www.usajobs.opm.gov

Non-high school students and those wanting more detailed in-
formation should contact societies representing the individual
branches of engineering. Each can provide information about
careers in the particular branch. The individual statements else-
where in this book also provide other information in detail on
aerospace; agricultural; biomedical; civil; computer hardware;
electrical and electronics; environmental; industrial, including
health and safety; materials; mechanical; mining and geological,
including mining safety; nuclear; and petroleum engineering.

| Chmists nd
Materials Scientists

O*NET 19-2031.00, 19-2032.00

Significant Points

® A bachelor’s degree in chemistry or a related discipline is
the minimum educational requirement; however, many
research jobs require a PhD.

® Job growth will be concentrated in pharmaceutical com-
panies and in research and testing services firms.

® Strong demand will exist for those with a master’s or PhD
degree.

Nature of the Work

Everything in the environment, whether naturally occurring or
of human design, is composed of chemicals. Chemists and ma-
terials scientists search for and use new knowledge about chemi-
cals. Chemical research has led to the discovery and development
of new and improved synthetic fibers, paints, adhesives, drugs,
cosmetics, electronic components, lubricants, and thousands of
other products. Chemists and materials scientists also develop
processes that save energy and reduce pollution, such as improved
oil refining and petrochemical processing methods. Research on
the chemistry of living things spurs advances in medicine, agri-
culture, food processing, and other fields.

Materials scientists research and study the structures and chemi-
cal properties of various materials to develop new products or
enhance existing ones. They also determine ways to strengthen
or combine materials or develop new materials for use in a vari-
ety of products. Materials science encompasses the natural and
synthetic materials used in a wide range of products and struc-
tures, from airplanes, cars, and bridges to clothing and house-
hold goods. Companies whose products are made of metals,
ceramics, and rubber employ most material scientists. Other ap-
plications of this field include studies of superconducting mate-
rials, graphite materials, integrated-circuit chips, and fuel cells.
Materials scientists, applying chemistry and physics, study all
aspects of these materials. Chemistry plays an increasingly domi-
nant role in materials science, because it provides information
about the structure and composition of materials.

Many chemists and materials scientists work in research and de-
velopment (R&D). In basic research, they investigate properties,
composition, and structure of matter and the laws that govern
the combination of elements and reactions of substances. In
applied R&D, they create new products and processes or improve
existing ones, often using knowledge gained from basic research.
For example, synthetic rubber and plastics resulted from research
on small molecules uniting to form large ones, a process called
polymerization. R&D chemists and material scientists use com-
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puters and a wide variety of sophisticated laboratory instrumen-
tation for modeling and simulation in their work.

The use of computers to analyze complex data has had the dra-
matic impact of allowing chemists and materials scientists to
practice combinatorial chemistry. This technique makes and tests
large quantities of chemical compounds simultaneously in or-
der to find compounds with desired properties. As an integral
part of drug and materials discovery, combinatorial chemistry
speeds up material designing and research and development,
permitting useful compounds to be developed more quickly and
inexpensively than was formerly possible. Combinatorial chem-
istry has allowed chemists to produce thousands of compounds
each year and to assist in the completion of sequencing human
genes.

Chemists also work in production and quality control in chemi-
cal manufacturing plants. They prepare instructions for plant
workers that specify ingredients, mixing times, and temperatures
for each stage in the process. They also monitor automated pro-
cesses to ensure proper product yield, and test samples of raw
materials or finished products to ensure that they meet industry
and government standards, including the regulations governing
pollution. Chemists report and document test results and ana-
lyze those results in hopes of further improving existing theories
or developing new test methods.

Chemists often specialize in a subfield. Analytical chemists deter-
mine the structure, composition, and nature of substances by
examining and identifying the various elements or compounds
that make up a substance. They are absolutely crucial to the phar-
maceutical industry because pharmaceutical companies need to
know the identity of compounds that they hope to turn into
drugs. Furthermore, they study the relations and interactions of
the parts of compounds and develop analytical techniques. They
also identify the presence and concentration of chemical pollut-
ants in air, water, and soil. Organic chemists study the chemistry
of the vast number of carbon compounds that make up all living
things. Organic chemists who synthesize elements or simple
compounds to create new compounds or substances that have
different properties and applications have developed many com-
mercial products, such as drugs, plastics, and elastomers (elastic
substances similar to rubber). Inorganic chemists study compounds
consisting mainly of elements other than carbon, such as those
in electronic components. Physical and theoretical chemists study
the physical characteristics of atoms and molecules and the theo-
retical properties of matter, and investigate how chemical reac-
tions work. Their research may result in new and better energy
sources. Macromolecular chemists study the behavior of atoms and
molecules. Medicinal chemists study the structural properties of
compounds intended for applications to human medicine. Ma-
terials chemists study and develop new materials to improve ex-
isting products or make new ones. In fact, virtually all chemists
are involved in this quest in one way or another. Developments
in the field of chemistry that involve life sciences will expand,
resulting in more interaction between biologists and chemists.

Materials scientists also may specialize in specific areas such as
ceramics or metals.

Working Conditions

Chemists and materials scientists usually work regular hours in
offices and laboratories. Research and development chemists and
materials scientists spend much time in laboratories, but also
work in offices when they do theoretical research or plan, record,
and report on their lab research. Although some laboratories are
small, others are large enough to incorporate prototype chemi-
cal manufacturing facilities as well as advanced equipment for
chemists. In addition to working in a laboratory, materials sci-
entists also work with engineers and processing specialists in
industrial manufacturing facilities. After a material is sold, ma-
terials scientists often help customers tailor the material to suit
their needs. Chemists do some of their work in a chemical plant
or outdoors—while gathering water samples to test for pollut-
ants, for example. Some chemists are exposed to health or safety
hazards when handling certain chemicals, but there is little risk
if proper procedures are followed.

Employment

Chemists and materials scientists held about 92,000 jobs in 2000.
Over half of all chemists are employed in manufacturing firms—
mostly in the chemical manufacturing industry, which includes
firms that produce plastics and synthetic materials, drugs, soaps
and cleaners, paints, industrial organic chemicals, and other
miscellaneous chemical products. Chemists also work for state
and local governments and for federal agencies. The U.S. De-
partment of Health and Human Services (which includes the
Food and Drug Administration, the National Institutes of Health,
and the Center for Disease Control) is the major federal employer
of chemists. The Departments of Defense and Agriculture and
the Environmental Protection Agency also employ chemists.
Other chemists work for research, development, and testing ser-
vices. In addition, thousands of persons with a background in
chemistry and materials science hold teaching positions in high
schools and in colleges and universities.

Chemists and materials scientists are employed in all parts of
the country, but they are mainly concentrated in large industrial
areas.

Training, Other Qualifications, and
Advancement

A bachelor’s degree in chemistry or a related discipline is usually
the minimum educational requirement for entry-level chemist
jobs. However, many research jobs require a PhD. While some
materials scientists hold a degree in materials science, a bachelor’s
degree in chemistry, physics, or electric engineering also is ac-
cepted. For research and development jobs, a PhD in materials
science or a related science is often required.

Many colleges and universities offer a bachelor’s degree program
in chemistry; about 620 are approved by the American Chemi-
cal Society (ACS). The number of colleges that offer a degree
program in materials science is small, but gradually increasing.
Several hundred colleges and universities also offer advanced
degree programs in chemistry; around 320 master’s programs,
and about 190 doctoral programs are ACS-approved.
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Students planning careers as chemists and materials scientists
should take courses in science and mathematics, and should like
working with their hands building scientific apparatus and per-
forming laboratory experiments and computer modeling. Perse-
verance, curiosity, and the ability to concentrate on detail and
to work independently are essential. Interaction among special-
ists in this field is increasing, especially for chemists in drug de-
velopment. One type of chemist often relies on the findings of
another type of chemist. For example, an organic chemist must
understand findings on the identity of compounds prepared by
an analytical chemist.

In addition to required courses in analytical, inorganic, organic,
and physical chemistry, undergraduate chemistry majors usu-
ally study biological sciences, mathematics, and physics. Those
interested in the environmental field should also take courses in
environmental studies and become familiar with current legisla-
tion and regulations. Computer courses are essential, as employ-
ers increasingly prefer job applicants who are able to apply
computer skills to modeling and simulation tasks and operate
computerized laboratory equipment. This is increasingly impor-
tant as combinatorial chemistry techniques are more widely ap-
plied. Scientists with outdated skills or who are unfamiliar with
combinatorial chemistry are often retrained by companies in-
house.

Because research and development chemists and materials sci-
entists are increasingly expected to work on interdisciplinary
teams, some understanding of other disciplines, including busi-
ness and marketing or economics, is desirable, along with lead-
ership ability and good oral and written communication skills.
Experience, either in academic laboratories or through intern-
ships, fellowships, or co-op programs in industry, also is useful.
Some employers of research chemists, particularly in the phar-
maceutical industry, prefer to hire individuals with several years
of postdoctoral experience.

Graduate students typically specialize in a subfield of chemistry,
such as analytical chemistry or polymer chemistry, depending
on their interests and the kind of work they wish to do. For ex-
ample, those interested in doing drug research in the pharma-
ceutical industry usually develop a strong background in synthetic
organic chemistry. However, students normally need not spe-
cialize at the undergraduate level. In fact, undergraduates who
are broadly trained have more flexibility when job hunting or
changing jobs than if they narrowly define their interests. Most
employers provide new graduates additional training or educa-
tion.

In government or industry, beginning chemists with a bachelor’s
degree work in quality control, perform analytical testing, or assist
senior chemists in research and development laboratories. Many
employers prefer chemists and material scientists with a PhD or
at least a master’s degree to lead basic and applied research. None-
theless, relevant work experience is an asset. Chemists who hold
a PhD and have previous industrial experience may be particu-
larly attractive to employers because such people are more likely
to understand the complex regulations that apply to the phar-
maceutical industry. Within materials science, a broad back-
ground in various sciences is preferred. This broad base may be
obtained through degrees in physics, engineering, or chemistry.
While many companies prefer hiring PhDs, many materials sci-

entists have bachelor’s and master’s degrees. Additionally, both
chemists and materials scientists need the ability to apply basic
statistical techniques.

Job Outlook

Employment of chemists is expected to grow about as fast as the
average for all occupations through 2010. Job growth will be
concentrated in drug manufacturing and in research, develop-
ment, and testing services firms. The chemical industry, the major
employer of chemists, should face continued demand for goods
such as new and better pharmaceuticals and personal care prod-
ucts, as well as for more specialty chemicals designed to address
specific problems or applications. To meet these demands, chemi-
cal firms will continue to devote money to research and devel-
opment—through in-house teams or outside contractors—
spurring employment growth of chemists. Strong demand is
expected for chemists with a master’s or PhD degree.

Within the chemical industry, job opportunities are expected to
be most plentiful in pharmaceutical and biotechnology firms.
Biotechnological research, including studies of human genes,
continues to offer possibilities for the development of new drugs
and products to combat illnesses and diseases which have previ-
ously been unresponsive to treatments derived by traditional
chemical processes. Stronger competition among drug compa-
nies and an aging population are contributing to the need for
innovative and improved drugs discovered through scientific re-
search. Chemical firms that develop and manufacture personal
products such as toiletries and cosmetics must continually inno-
vate and develop new and better products to remain competi-
tive. Additionally, as the population grows and becomes better
informed, the demand for different or improved grooming prod-
ucts—including vegetable-based products, products with milder
formulas, treatments for aging skin, and products that have been
developed using more benign chemical processes than in the
past—will remain strong, spurring the need for chemists.

In most of the remaining segments of the chemical industry,
employment growth is expected to decline as companies
downsize and turn to outside contractors to provide specialized
services. As a result, research and testing firms will experience
healthy growth. To control costs, some chemical companies,
including drug manufacturers, are increasingly turning to these
firms to perform specialized research and other work formerly
done by in-house chemists. Despite downsizing, some job open-
ings will result from the need to replace chemists who retire or
otherwise leave the labor force. Quality control will continue to
be an important issue in the chemical and other industries that
use chemicals in their manufacturing processes. Chemists also
will be needed to develop and improve the technologies and
processes used to produce chemicals for all purposes, and to
monitor and measure air and water pollutants to ensure compli-
ance with local, state, and federal environmental regulations.

Environmental research will offer many new opportunities for
chemists and materials scientists. To satisfy public concerns and
to comply with government regulations, the chemical industry
will continue to invest billions of dollars each year for technol-
ogy that reduces pollution and cleans up existing waste sites.
Chemists also are needed to find ways to use less energy and to
discover new sources of energy.

© 2003 © JIST Works ¢ Indianapolis, IN

61




* America’s Top Computer and Technical Jobs

During periods of economic recession, layoffs of chemists may
occur—especially in the industrial chemicals industry. This in-
dustry provides many of the raw materials to the auto manufac-
turing and construction industries, both of which are vulnerable
to temporary slowdowns during recessions.

Earnings

Median annual earnings of chemists in 2000 were $50,080. The
middle 50 percent earned between $37,480 and $68,240. The
lowest 10 percent earned less than $29,620, and the highest 10
percent earned more than $88,030. Median annual earnings in
the industries employing the largest numbers of chemists in
2000 were:

Federal government ..........cccocoeiviiniiiiniinincnnnn, $65,950
DIUZS .o 50,820
Research and testing Services.........coceeveeveerveenvereennene 41,820

A survey by the American Chemical Society reports that the
median salary of all their members with a bachelor’s degree was
$55,000 a year in 2000; with a master’s degree, $65,000; and
with a PhD, $82,200. Median salaries were highest for those
working in private industry; those in academia earned the least.
According to an ACS survey of recent graduates, inexperienced
chemistry graduates with a bachelor’s degree earned a median
starting salary of $33,500 in 2000; with a master’s degree, $44,100;
and with a PhD, $64,500. Among bachelor’s degree graduates,
those who had completed internships or had other work experi-
ence while in school commanded the highest starting salaries.

In 2001, chemists in nonsupervisory, supervisory, and manage-
rial positions in the federal government averaged $70,435 a year.

Related Occupations

The research and analysis conducted by chemists and materials
scientists is closely related to work done by agricultural and food
scientists, biological and medical scientists, chemical engineers,
materials engineers, physicists, and science technicians.

Sources of Additional Information

General information on career opportunities and earnings for
chemists is available from:

® American Chemical Society, Education Division, 1155 16th St. N.W.,,
Washington, DC 20036. Internet: http://www.acs.org

Information on obtaining a position as a chemist with the fed-
eral government is available from the Office of Personnel Man-
agement (OPM) through a telephone-based system. Consult your
telephone directory under U.S. Government for a local number
or call (912) 757-3000; Federal Relay Service: (800) 877-8339.
The first number is not toll free, and charges may result. Infor-
mation also is available from the OPM Internet site: http://
www.usajobs.opm.gov

For general information on materials science, contact:

® Materials Research Society (MRS), 506 Keystone Dr., Warrendale, PA
15086-7573. Internet: http://www.mrs.org

L] L] (]
Civil Engineers
O*NET 17-2051.00

Significant Points

® Overall job opportunities in engineering are expected to
be good.

® A bachelor’s degree is required for most entry-level jobs.

® Starting salaries are significantly higher than those of col-
lege graduates in other fields.

® Continuing education is critical to keep abreast of the lat-
est technology.

Nature of the Work

Civil engineers design and supervise the construction of roads,
buildings, airports, tunnels, dams, bridges, and water supply and
sewage systems. Civil engineering, considered one of the oldest
engineering disciplines, encompasses many specialties. The ma-
jor specialties within civil engineering are structural, water re-
sources, environmental, construction, transportation, and
geotechnical engineering.

Many civil engineers hold supervisory or administrative positions,
from supervisor of a construction site to city engineer. Others
may work in design, construction, research, and teaching.

Working Conditions

Most engineers work in office buildings, laboratories, or indus-
trial plants. Others may spend time outdoors at construction
sites, mines, and oil and gas exploration and production sites,
where they monitor or direct operations or solve onsite prob-
lems. Some engineers travel extensively to plants or work sites.

Many engineers work a standard 40-hour week. At times, dead-
lines or design standards may bring extra pressure to a job. When
this happens, engineers may work longer hours and experience
considerable stress.

Employment

Civil engineers held about 232,000 jobs in 2000. A little over
half were employed by firms providing engineering consulting
services, primarily developing designs for new construction
projects. Almost one third of the jobs were in federal, state, and
local government agencies. The construction and manufactur-
ing industries accounted for most of the remaining employment.
About 12,000 civil engineers were self-employed, many as con-
sultants.

Civil engineers usually work near major industrial and commer-
cial centers, often at construction sites. Some projects are situ-
ated in remote areas or in foreign countries. In some jobs, civil
engineers move from place to place to work on different projects.

= -
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Training, Other Qualifications, and
Advancement

A bachelor’s degree in engineering is required for almost all en-
try-level engineering jobs. College graduates with a degree in a
physical science or mathematics occasionally may qualify for
some engineering jobs, especially in specialties in high demand.
Most engineering degrees are granted in electrical, electronics,
mechanical, or civil engineering. However, engineers trained in
one branch may work in related branches. This flexibility allows
employers to meet staffing needs in new technologies and spe-
cialties in which engineers are in short supply. It also allows en-
gineers to shift to fields with better employment prospects or to
those that more closely match their interests.

Most engineering programs involve a concentration of study in
an engineering specialty, along with courses in both mathemat-
ics and science. Most programs include a design course, some-
times accompanied by a computer or laboratory class or both.

In addition to the standard engineering degree, many colleges
offer 2- or 4-year degree programs in engineering technology.
These programs, which usually include various hands-on labo-
ratory classes that focus on current issues, prepare students for
practical design and production work, rather than for jobs which
require more theoretical and scientific knowledge. Graduates of
4-year technology programs may get jobs similar to those ob-
tained by graduates with a bachelor’s degree in engineering.
Engineering technology graduates, however, are not qualified to
register as professional engineers under the same terms as gradu-
ates with degrees in engineering. Some employers regard tech-
nology program graduates as having skills between those of a
technician and an engineer.

Graduate training is essential for engineering faculty positions
and many research and development programs, but is not re-
quired for the majority of entry-level engineering jobs. Many
engineers obtain graduate degrees in engineering or business
administration to learn new technology and broaden their edu-
cation. Many high-level executives in government and industry
began their careers as engineers.

About 330 colleges and universities offer bachelor’s degree pro-
grams in engineering that are accredited by the Accreditation
Board for Engineering and Technology (ABET), and about 250
colleges offer accredited bachelor’s degree programs in engineer-
ing technology. ABET accreditation is based on an examination
of an engineering program’s student achievement, program im-
provement, faculty, curricular content, facilities, and institutional
commitment. Although most institutions offer programs in the
major branches of engineering, only a few offer programs in the
smaller specialties. Also, programs of the same title may vary in
content. For example, some programs emphasize industrial prac-
tices, preparing students for a job in industry, whereas others are
more theoretical and are designed to prepare students for gradu-
ate work. Therefore, students should investigate curricula and
check accreditations carefully before selecting a college.

Admissions requirements for undergraduate engineering schools
include a solid background in mathematics (algebra, geometry,
trigonometry, and calculus) and sciences (biology, chemistry, and
physics), and courses in English, social studies, humanities, and

computers. Bachelor’s degree programs in engineering typically
are designed to last 4 years, but many students find that it takes
between 4 and 5 years to complete their studies. In a typical
4-year college curriculum, the first 2 years are spent studying
mathematics, basic sciences, introductory engineering, humani-
ties, and social sciences. In the last 2 years, most courses are in
engineering, usually with a concentration in one branch. Some
programs offer a general engineering curriculum; students then
specialize in graduate school or on the job.

Some engineering schools and 2-year colleges have agreements
whereby the 2-year college provides the initial engineering edu-
cation, and the engineering school automatically admits students
for their last 2 years. In addition, a few engineering schools have
arrangements whereby a student spends 3 years in a liberal arts
college studying pre-engineering subjects and 2 years in an engi-
neering school studying core subjects, and then receives a
bachelor’s degree from each school. Some colleges and universi-
ties offer 5-year master’s degree programs. Some 5- or even
6-year cooperative plans combine classroom study and practical
work, permitting students to gain valuable experience and fi-
nance part of their education. All 50 states and the District of
Columbia usually require licensure for engineers who offer their
services directly to the public. Engineers who are licensed are
called Professional Engineers (PE). This licensure generally re-
quires a degree from an ABET-accredited engineering program, 4
years of relevant work experience, and successful completion of
a state examination. Recent graduates can start the licensing pro-
cess by taking the examination in two stages. The initial Funda-
mentals of Engineering (FE) examination can be taken upon
graduation. Engineers who pass this examination commonly are
called Engineers in Training (EIT) or Engineer Interns (EI). The
EIT certification usually is valid for 10 years. After acquiring suit-
able work experience, EITs can take the second examination, the
Principles and Practice of Engineering Exam. Several states have
imposed mandatory continuing education requirements for
relicensure. Most states recognize licensure from other states.
Many civil engineers are licensed as PEs.

Engineers should be creative, inquisitive, analytical, and detail
oriented. They should be able to work as part of a team and to
communicate well, both orally and in writing. Communication
abilities are becoming more important because much of their
work is becoming more diversified, meaning that engineers in-
teract with specialists in a wide range of fields outside engineer-
ing.

Beginning engineering graduates usually work under the super-
vision of experienced engineers and, in large companies, also
may receive formal classroom or seminar-type training. As new
engineers gain knowledge and experience, they are assigned more
difficult projects with greater independence to develop designs,
solve problems, and make decisions. Engineers may advance to
become technical specialists or to supervise a staff or team of
engineers and technicians. Some may eventually become engi-
neering managers or enter other managerial or sales jobs.

Job Outlook

Employment of civil engineers is expected to increase about as
fast as the average for all occupations through 2010. Spurred by
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general population growth and an expanding economy, more
civil engineers will be needed to design and construct higher
capacity transportation, water supply, pollution control systems,
and large buildings and building complexes. They also will be
needed to repair or replace existing roads, bridges, and other
public structures. There may be additional opportunities within
noncivil engineering firms, such as management consulting or
computer services firms. In addition to job growth, openings
will result from the need to replace civil engineers that transfer
to other occupations or leave the labor force.

Because construction and related industries—including those pro-
viding design services—employ many civil engineers, employment
opportunities will vary by geographic area and may decrease dur-
ing economic slowdowns, when construction often is curtailed.

Earnings

Median annual earnings of civil engineers were $55,740 in 2000.
The middle 50 percent earned between $45,150 and $69,470.
The lowest 10 percent earned less than $37,430, and the high-
est 10 percent earned more than $86,000. Median annual earn-
ings in the industries employing the largest numbers of civil
engineers in 2000 were:

Federal government ..........cccoceeiviiniiiiniininnnnnnn, $63,530
Heavy construction, except highway ..............c.cc..... 62,010
Local gOVeINMEenNt ........coceevvevciinieninienenienecieneeneen 56,830
State government ........c.cocceeveiiiniiiiiiniiinie 54,630
Engineering and architectural services ...........c........ 54,550

According to a 2001 salary survey by the National Association of
Colleges and Employers, bachelor’s degree candidates in civil en-
gineering received starting offers averaging $40,616 a year,
master’s degree candidates received an average offer of $44,080,
and PhD candidates were offered $62,280 as an initial salary.

Related Occupations

Engineers apply the principles of physical science and mathemat-
ics in their work. Other workers who use scientific and math-
ematical principles include architects, except landscape and
naval; engineering and natural sciences managers; computer and
information systems managers; mathematicians; drafters; engi-
neering technicians; sales engineers; science technicians; and
physical and life scientists, including agricultural and food sci-
entists, biological and medical scientists, conservation scientists
and foresters, atmospheric scientists, chemists and materials sci-
entists, environmental scientists and geoscientists, and physi-
cists and astronomers.

Sources of Additional Information

Further information about civil engineers can be obtained from:

® American Society of Civil Engineers, 1801 Alexander Bell Dr., Reston,
VA 20191-4400. Internet: http://www.asce.org

High school students interested in obtaining a full package of
guidance materials and information (product number SP-01) on
a variety of engineering disciplines should contact the Junior
Engineering Technical Society by sending $3.50 to:

® JETS-Guidance, 1420 King St., Suite 405, Alexandria, VA 22314-2794.
Internet: http://www.jets.org

High school students interested in obtaining information on
ABET-accredited engineering programs should contact:

® The Accreditation Board for Engineering and Technology, Inc., 11|
Market Place, Suite 1050, Baltimore, MD 21202-4012. Internet: http://
www.abet.org

Non-licensed engineers and college students interested in ob-
taining information on Professional Engineer licensure should
contact:

® The National Society of Professional Engineers, 1420 King St.,
Alexandria, VA 22314-2794. Internet: http://www.nspe.org

® National Council of Examiners for Engineers and Surveying, PO. Box
1686, Clemson, SC 29633-1686. Internet: http://www.ncees.org

Information on general engineering education and career re-
sources is available from:

® American Society for Engineering Education, 1818 N St. N.W.,, Suite
600, Washington, DC 20036-2479. Internet: http://www.asee.org

Information on obtaining an engineering position with the fed-
eral government is available from the Office of Personnel Man-
agement (OPM) through a telephone-based system. Consult your
telephone directory under U.S. Government for a local number
or call (912) 757-3000; Federal Relay Service: (800) 877-8339.
The first number is not toll free, and charges may result. Infor-
mation also is available from the OPM Internet site: http://
www.usajobs.opm.gov

Non-high school students and those wanting more detailed in-
formation should contact societies representing the individual
branches of engineering. Each can provide information about
careers in the particular branch. The individual statements else-
where in this book also provide other information in detail on
aerospace; agricultural; biomedical; chemical; computer hard-
ware; electrical and electronics; environmental; industrial, in-
cluding health and safety; materials; mechanical; mining and
geological, including mining safety; nuclear; and petroleum en-
gineering.

Clinical Labratory
Technologists and
Technicians

0*NET 29-2011.00, 29-2012.00

Significant Points

® (linical laboratory technologists usually have a bachelor’s
degree with a major in medical technology or in one of the
life sciences; clinical laboratory technicians need either an
associate degree or a certificate.
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® Employment is expected to grow as fast as average as the
volume of laboratory tests increases with population growth
and the development of new types of tests.

Nature of the Work

Clinical laboratory testing plays a crucial role in the detection,
diagnosis, and treatment of disease. Clinical laboratory technolo-
gists, also referred to as clinical laboratory scientists or medical tech-
nologists, and clinical laboratory technicians, also known as
medical technicians or medical laboratory technicians, perform most
of these tests.

Clinical laboratory personnel examine and analyze body fluids,
tissues, and cells. They look for bacteria, parasites, and other
microorganisms; analyze the chemical content of fluids; match
blood for transtusions; and test for drug levels in the blood to
show how a patient is responding to treatment. These technolo-
gists also prepare specimens for examination, count cells, and
look for abnormal cells. They use automated equipment and in-
struments capable of performing a number of tests simulta-
neously, as well as microscopes, cell counters, and other
sophisticated laboratory equipment. Then, they analyze the re-
sults and relay them to physicians. With increasing automation
and the use of computer technology, the work of technologists
and technicians has become less hands-on and more analytical.

The complexity of tests performed, the level of judgment needed,
and the amount of responsibility workers assume depend largely
on the amount of education and experience they have.

Medical and clinical laboratory technologists generally have a
bachelor’s degree in medical technology or in one of the life
sciences, or they have a combination of formal training and work
experience. They perform complex chemical, biological, hema-
tological, immunologic, microscopic, and bacteriological tests.
Technologists microscopically examine blood, tissue, and other
body substances. They make cultures of body fluid and tissue
samples, to determine the presence of bacteria, fungi, parasites,
or other microorganisms. They analyze samples for chemical
content or reaction and determine blood glucose and choles-
terol levels. They also type and cross match blood samples for
transfusions.

Medical and clinical laboratory technologists evaluate test re-
sults, develop and modify procedures, and establish and moni-
tor programs, to ensure the accuracy of tests. Some medical and
clinical laboratory technologists supervise medical and clinical
laboratory technicians.

Technologists in small laboratories perform many types of tests,
whereas those in large laboratories generally specialize. Technolo-
gists who prepare specimens and analyze the chemical and hor-
monal contents of body fluids are clinical chemistry technologists.
Those who examine and identify bacteria and other microor-
ganisms are microbiology technologists. Blood bank technologists, or
immunohematology technologists, collect, type, and prepare blood
and its components for transfusions. Immunology technologists
examine elements and responses of the human immune system
to foreign bodies. Cytotechnologists prepare slides of body cells
and microscopically examine these cells for abnormalities that

may signal the beginning of a cancerous growth. Molecular biol-
ogy technologists perform complex genetic testing on cell samples.

Medical and clinical laboratory technicians perform less complex
tests and laboratory procedures than technologists. Technicians
may prepare specimens and operate automated analyzers, for
example, or they may perform manual tests following detailed
instructions. Like technologists, they may work in several areas
of the clinical laboratory or specialize in just one. Histology tech-
nicians cut and stain tissue specimens for microscopic examina-
tion by pathologists, and phlebotomists collect blood samples.
They usually work under the supervision of medical and clinical
laboratory technologists or laboratory managers.

Working Conditions

Hours and other working conditions of clinical laboratory tech-
nologists and technicians vary, according to the size and type of
employment setting. In large hospitals or in independent labo-
ratories that operate continuously, personnel usually work the
day, evening, or night shift and may work weekends and holi-
days. Laboratory personnel in small facilities may work on rotat-
ing shifts, rather than on a regular shift. In some facilities,
laboratory personnel are on call several nights a week or on week-
ends, in case of an emergency.

Clinical laboratory personnel are trained to work with infectious
specimens. When proper methods of infection control and ster-
ilization are followed, few hazards exist. Protective masks, gloves,
and goggles are often necessary to ensure the safety of labora-
tory personnel.

Laboratories usually are well lighted and clean; however, speci-
mens, solutions, and reagents used in the laboratory sometimes
produce fumes. Laboratory workers may spend a great deal of
time on their feet.

Employment

Clinical laboratory technologists and technicians held about
295,000 jobs in 2000. About half worked in hospitals. Most of
the remaining jobs were found in medical laboratories or offices
and clinics of physicians. A small number were in blood banks,
research and testing laboratories, and in the federal government
at U.S. Department of Veterans Affairs hospitals and U.S. Public
Health Service facilities.

Training, Other Qualifications, and
Advancement

The usual requirement for an entry-level position as a medical
or clinical laboratory technologist is a bachelor’s degree with a
major in medical technology or in one of the life sciences. Uni-
versities and hospitals offer medical technology programs. It also
is possible to qualify through a combination of education, on-
the-job, and specialized training.

Bachelor’s degree programs in medical technology include courses
in chemistry, biological sciences, microbiology, mathematics, sta-
tistics, and specialized courses devoted to knowledge and skills
used in the clinical laboratory. Many programs also offer or
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require courses in management, business, and computer appli-
cations. The Clinical Laboratory Improvement Act (CLIA) requires
technologists who perform certain highly complex tests to have
at least an associate degree.

Medical and clinical laboratory technicians generally have ei-
ther an associate degree from a community or junior college or a
certificate from a hospital, vocational or technical school, or from
one of the U.S. Armed Forces. A few technicians learn their skills
on the job.

The National Accrediting Agency for Clinical Laboratory Sciences
(NAACLS) fully accredits 503 programs for medical and clinical
laboratory technologists, medical and clinical laboratory tech-
nicians, histologic technologists and technicians, and patholo-
gists’ assistants. NAACLS also approves 70 programs in
phlebotomy, cytogenetic technology, molecular biology, and
clinical assisting. Other nationally recognized accrediting agen-
cies include the Commission on Accreditation of Allied Health
Education Programs (CAAHEP) and the Accrediting Bureau of
Health Education Schools (ABHES).

Some states require laboratory personnel to be licensed or regis-
tered. Information on licensure is available from state depart-
ments of health or boards of occupational licensing. Certification
is a voluntary process by which a nongovernmental organiza-
tion, such as a professional society or certifying agency, grants
recognition to an individual whose professional competence
meets prescribed standards. Widely accepted by employers in
the health industry, certification is a prerequisite for most jobs
and often is necessary for advancement. Agencies certifying medi-
cal and clinical laboratory technologists and technicians include
the Board of Registry of the American Society for Clinical Pa-
thology, the American Medical Technologists, the National
Credentialing Agency for Laboratory Personnel, and the Board
of Registry of the American Association of Bioanalysts. These
agencies have different requirements for certification and differ-
ent organizational sponsors.

Clinical laboratory personnel need good analytical judgment and
the ability to work under pressure. Close attention to detail is
essential, because small differences or changes in test substances
or numerical readouts can be crucial for patient care. Manual
dexterity and normal color vision are highly desirable. With the
widespread use of automated laboratory equipment, computer
skills are important. In addition, technologists in particular are
expected to be good at problem solving.

Technologists may advance to supervisory positions in labora-
tory work or become chief medical or clinical laboratory tech-
nologists or laboratory managers in hospitals. Manufacturers of
home diagnostic testing kits and laboratory equipment and sup-
plies seek experienced technologists to work in product devel-
opment, marketing, and sales. Graduate education in medical
technology, one of the biological sciences, chemistry, manage-
ment, or education usually speeds advancement. A doctorate is
needed to become a laboratory director. However, federal regu-
lation allows directors of moderate complexity laboratories to
have either a master’s degree or a bachelor’s degree combined
with the appropriate amount of training and experience. Tech-
nicians can become technologists through additional education
and experience.

Job Outlook

Employment of clinical laboratory workers is expected to grow
about as fast as the average for all occupations through the year
2010, as the volume of laboratory tests increases with popula-
tion growth and the development of new types of tests.

Technological advances will continue to have two opposing ef-
fects on employment through 2010. New, increasingly powerful
diagnostic tests will encourage additional testing and spur em-
ployment. On the other hand, research and development efforts
targeted at simplifying routine testing procedures may enhance
the ability of nonlaboratory personnel, physicians and patients,
in particular, to perform tests now done in laboratories.

Although significant, growth will not be the only source of op-
portunities. As in most occupations, many openings will result
from the need to replace workers who transfer to other occupa-
tions, retire, or stop working for some other reason.

Earnings

Median annual earnings of medical and clinical laboratory tech-
nologists were $40,510 in 2000. The middle 50 percent earned
between $34,220 and $47,460. The lowest 10 percent earned
less than $29,240, and the highest 10 percent earned more than
$55,560. Median annual earnings in the industries employing
the largest numbers of medical and clinical laboratory tech-
nologists in 2000 were as follows:

HOSPItalS c.eeeeieieeieeeeee e $40,840
Medical and dental laboratories ..................... 39,780
Offices and clinics of medical doctors

Median annual earnings of medical and clinical laboratory tech-
nicians were $27,540 in 2000. The middle 50 percent earned
between $22,260 and $34,320. The lowest 10 percent earned
less than $18,550, and the highest 10 percent earned more than
$42,370. Median annual earnings in the industries employing
the largest numbers of medical and clinical laboratory techni-
cians in 2000 were as follows:

HospitalS......ccooveveeienennnenne
Colleges and universities
Offices and clinics of medical doctors
Medical and dental laboratories ..........cccceeeeeecnnnnen..
Health and allied health services, not elsewhere

ClasSified .....cceevveeriieiieeie et 24,370

Related Occupations

Clinical laboratory technologists and technicians analyze body
fluids, tissue, and other substances using a variety of tests. Simi-
lar or related procedures are performed by chemists and material
scientists, science technicians, and veterinary technologists, tech-
nicians, and assistants.

Sources of Additional Information

For a list of accredited and approved educational programs for
clinical laboratory personnel, contact:
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® National Accrediting Agency for Clinical Laboratory Sciences, 8410 W.
Bryn Mawr Ave., Suite 670, Chicago, IL 6063 1. Internet: http://
www.naacls.org

Information on certification is available from:

® American Association of Bioanalysts, 917 Locust St., Suite | 100,
St. Louis, MO 63101. Internet: http://www.aab.org

® American Medical Technologists, 710 Higgins Rd., Park Ridge, IL 60068

® American Society for Clinical Pathology, Board of Registry, 2100 West
Harrison St., Chicago, IL 606 12. Internet: http://www.ascp.org/bor

® National Credentialing Agency for Laboratory Personnel, PO. Box
15945-289, Lenexa, KS 66285-5935. Internet: http://www.nca-info.org

Additional career information is available from:

©® American Association of Blood Banks, 8101 Glenbrook Rd., Bethesda,
MD 20814-2749. Internet: http://www.aabb.org

® American Society for Clinical Laboratory Science, 7910 Woodmont
Ave., Suite 530, Bethesda, MD 20814. Internet: http://www.ascls.org

® American Society for Clinical Pathology, 2100 West Harrison St.,
Chicago, IL 60612. Internet: http://www.ascp.org

Communications
Equipment Operators

O*NET 43-2011.00, 43-2021.01, 43-2021.02, 43-2099.99

Significant Points

® Switchboard operators constitute 3 out of 4 of these
workers.

® Workers train on the job.

® Employment is expected to decline due to new labor-sav-
ing communications technologies and consolidation of
jobs.

Nature of the Work

Most communications equipment operators work as switchboard
operators for a wide variety of businesses, such as hospitals, ho-
tels, and personnel-supply services. Switchboard operators oper-
ate private branch exchange (PBX) switchboards to relay
incoming, outgoing, and interoffice calls, usually for a single
organization. They also may handle other clerical duties, such
as supplying information, taking messages, and announcing visi-
tors. Technological improvements have automated many of the
tasks handled by switchboard operators. New systems automati-
cally connect outside calls to the correct destination, and voice
mail systems take messages without the assistance of an opera-
tor.

Some communications equipment operators work as telephone
operators, assisting customers in making telephone calls. Although

most calls are connected automatically, callers sometimes require
the assistance of an operator. Central office operators help cus-
tomers complete local and long-distance calls. Directory assistance
operators provide customers with information such as phone
numbers or area codes.

When callers dial “0,” they usually reach a central office opera-
tor, also known as a local, long distance, or call completion operator.
Most of these operators work for telephone companies, and many
of their responsibilities have been automated. For example, call-
ers can make international, collect, and credit card calls without
the assistance of a central office operator. Other tasks previously
handled by these operators, such as billing calls to third parties
or monitoring the cost of a call, also have been automated.

Callers still need a central office operator for a limited number
of tasks. These include placing person-to-person calls or inter-
rupting busy lines if an emergency warrants the disruption. When
natural disasters occur, such as storms or earthquakes, central
office operators provide callers with emergency phone contacts.
They also assist callers having difficulty with automated phone
systems. An operator monitoring an automated system for plac-
ing collect calls, for example, may intervene if a caller needs
assistance with the system.

Directory assistance operators provide callers with information
such as telephone numbers or area codes. Most directory assis-
tance operators work for telephone companies; increasingly, they
also work for companies that provide business services. Auto-
mated systems now handle many of the responsibilities once
performed by directory assistance operators. The systems prompt
callers for a listing, and may even connect the call after provid-
ing the phone number. However, directory assistance operators
monitor many of the calls received by automated systems. The
operators listen to recordings of the customer’s request, and then
key information into electronic directories to access the correct
phone numbers. Directory assistance operators also provide per-
sonal assistance to customers having difficulty using the auto-
mated system.

Other communications equipment operators include workers
who operate telegraphic typewriter, telegraph key, facsimile ma-
chine, and related equipment to transmit and receive signals and
messages. They prepare messages according to prescribed for-
mats, and verify and correct errors in messages. As part of their
job, they also may adjust equipment for proper operation.

Working Conditions

Most communications equipment operators work in pleasant,
well-lighted surroundings. Because telephone operators spend
much time seated at keyboards and video monitors, employers
often provide workstations designed to decrease glare and other
physical discomforts. Such improvements reduce the incidence
of eyestrain, back discomfort, and injury due to repetitive mo-
tion.

Switchboard operators generally work the same hours as other
clerical employees at their company. In most organizations, full-
time operators work regular business hours over a 5-day work-
week. Work schedules are more irregular in hotels, hospitals, and
other organizations that require round-the-clock operator
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services. In these companies, switchboard operators may work
in the evenings and on holidays and weekends.

Central office and directory assistance operators must be acces-
sible to customers 24 hours a day and, therefore, work a variety
of shifts. Some operators work split shifts; that is, they are on
duty during peak calling periods in the late morning and early
evening and off duty during the intervening hours. Telephone
companies normally assign shifts by seniority, allowing the most
experienced operators first choice of schedules. As a result, en-
try-level operators may have less desirable schedules, including
late evening, split-shift, and weekend work. Telephone company
operators may work overtime during emergencies.

Approximately 1 in 5 communications equipment operators
works part-time. Because of the irregular nature of telephone
operator schedules, many employers seek part-time workers for
those shifts that are difficult to fill.

An operator’s work may be quite repetitive and the pace hectic
during peak calling periods. To maintain operator efficiency, su-
pervisors at telephone companies often monitor operator per-
formance, including the amount of time spent on each call. The
rapid pace of the job and frequent monitoring may cause stress.
To reduce job-related stress, some workplaces attempt to create a
more stimulating and less rigid work environment.

Employment

Communications equipment operators held about 339,000 jobs
in 2000. About 3 out of 4 worked as switchboard operators.
Employment was distributed as follows:

Switchboard Operators .........ccccocevvevvieriencricneennene 259,000
Telephone Operators .........ccceceveevvirieneneeneneenneenne. 54,000
All other communications equipment

(0] 5133 k=1 £0) & 26,000

Most switchboard operators worked for services establishments,
such as personnel-supply services, hospitals, and hotels and
motels.

Training, Other Qualifications, and
Advancement

Communications equipment operators receive their training on
the job. At large telephone companies, entry-level central office
and directory assistance operators may receive both classroom
and on-the-job instruction that can last several weeks. At small
telephone companies, operators usually receive shorter, less for-
mal training. These operators may be paired with experienced
personnel who provide hands-on instruction. Switchboard op-
erators also may receive short-term, informal training, sometimes
provided by the manufacturer of their switchboard equipment.

New employees train in equipment operation and procedures
designed to maximize efficiency. They are familiarized with com-
pany policies, including the expected level of customer service.
Instructors monitor both the time and quality of trainees’ re-
sponses to customer requests. Supervisors may continue to closely

monitor new employees after their initial training session is com-
plete.

Employers generally require a high school diploma for operator
positions. Applicants should have strong reading, spelling, and
numerical skills; clear speech; and good hearing. Computer lit-
eracy and typing skills also are important, and familiarity with a
foreign language is helpful because of the increasing diversity of
the population. Most companies emphasize customer service
skills. They seek operators who will remain courteous to custom-
ers while working at a fast pace.

After 1 or 2 years on the job, communications equipment opera-
tors may advance to other positions within a company. Many
enter clerical occupations in which their operator experience is
valuable, such as customer service representatives, dispatchers,
and receptionists. Operators with a more technical background
may advance into positions installing and repairing equipment.
Promotion to supervisory positions also is possible.

Job Outlook

Employment of communications equipment operators is pro-
jected to decline through 2010, largely due to new laborsaving
communications technologies and to consolidation of telephone
operator jobs into fewer locations, often staffed by personnel-
supply services firms. Virtually all job openings will result from
the need to replace communications equipment operators who
transfer to other occupations or leave the labor force.

Developments in communications technologies, specifically the
ease and accessibility of voice recognition systems, will continue
to have a significant impact on the demand for communica-
tions equipment operators. The decline in employment will be
sharpest among directory assistance operators; smaller decreases
will occur for switchboard operators. Voice recognition technol-
ogy allows automated phone systems to recognize human speech.
Callers speak directly to the system, which interprets the speech
and then connects the call. Because voice recognition systems
do not require callers to input data on a telephone keypad, they
are easier to use than touch-tone systems. The systems also can
understand increasingly sophisticated vocabulary and grammati-
cal structures; however, many companies will continue to em-
ploy operators so that those callers having problems can access a
“live” employee, if desired.

Electronic communications through the Internet or e-mail, for
example, provides alternatives to telephone communications and
requires no operators. Internet directory assistance services are
reducing the need for directory assistance operators. Local phone
companies currently have the most reliable phone directory data;
however, Internet services provide information such as addresses
and maps, in addition to phone numbers. As telephones and
computers converge, the convenience of Internet directory as-
sistance is expected to attract many customers, reducing the need
for telephone operators to provide this service.

Consolidations among telephone companies also will reduce the
need for operators. As communications technologies improve
and long-distance prices fall, telephone companies will contract
out and consolidate telephone operator jobs. Operators will be
employed at fewer locations and will serve larger customer popu-
lations.
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Earnings

Significant Points

Median hourly earnings of switchboard operators, including
answering service, were $9.71 in 2000. The middle 50 percent
earned between $8.02 and $11.71. The lowest 10 percent earned
less than $6.87, and the highest 10 percent earned more than
$13.76. Median hourly earnings in the industries employing
the largest numbers of switchboard operators in 2000 are shown
in the following:

Offices and clinics of medical doctors .........ccceeuveeeenn. $9.74
HOSPItalS .. 9.54
Hotels and moOtels ........ccccvvvvevvvieiriiiiiiiiiieeeeeeeeeeeeeeeeeee, 9.16
Personnel sUpply SEIVICES .......ccceeveeruircvireenieneeieneenenne 9.02
Miscellaneous business SErvices .......c.ccccevvvvereeeeevvvenenen. 8.66

Median hourly earnings of telephone operators in 2000 were
$13.46. The middle 50 percent earned between $9.40 and $16.76.
The lowest 10 percent earned less than $7.23, and the highest 10
percent earned more than $19.57.

Some telephone operators working at telephone companies are
members of the Communications Workers of America (CWA) or
the International Brotherhood of Electrical Workers (IBEW). For
these operators, union contracts govern wage rates, wage in-
creases, and the time required to advance from one pay step to
the next. (It normally takes 4 years to rise from the lowest pay-
ing, nonsupervisory operator position to the highest.) Contracts
also call for extra pay for work beyond the normal 6% to 7%
hours a day or 5 days a week, for Sunday and holiday work, and
for a pay differential for nightwork and split shifts. Many con-
tracts provide for a 1-week vacation after 6 months of service;
2 weeks after 1 year; 3 weeks after 7 years; 4 weeks after 15 years;
and 5 weeks after 25 years. Holidays range from 9 to 11 days
a year.

Related Occupations

Other workers who provide information to the general public
include dispatchers; hotel, motel, and resort desk clerks; infor-
mation and record clerks; and reservation and transportation
ticket agents and travel clerks.

Sources of Additional Information

For more details about employment opportunities, contact a tele-
phone company, temporary-help agency, or write to:

©® Communications Workers of America, 501 3rd St. N.W.,
Washington, DC 20001. Internet: http://www.cwa-union.org

® |nternational Brotherhood of Electrical Workers, Telecommunications
Department, 1125 |15th St. N.W., Room 807, Washington, DC 20005

omputer and Information
Systems Managers

O*NET 11-3021.00

® Projected job growth stems primarily from rapid growth
among computer-related occupations.

® Employers prefer managers with advanced technical knowl-
edge acquired through computer-related work experience
and formal education.

® Job opportunities should be best for applicants with a
master’s degree in business administration with technol-
ogy as a core component.

Nature of the Work

The need for organizations to incorporate existing and future
technologies in order to remain competitive has become a more
pressing issue over the last several years. As electronic commerce
becomes more common, how and when companies use tech-
nology are critical issues. Computer and information systems
managers play a vital role in the technological direction of their
organizations. They do everything from constructing the busi-
ness plan to overseeing network and Internet operations.

Computer and information systems managers plan, coordinate,
and direct research and design the computer-related activities
of firms. They determine technical goals in consultation with
top management, and make detailed plans for the accomplish-
ment of these goals. For example, working with their staff, they
may develop the overall concepts of a new product or identify
computer-related problems standing in the way of project
completion.

Computer and information systems managers direct the work of
systems analysts, computer programmers, support specialists, and
other computer-related workers. These managers plan and coor-
dinate activities such as the installation and upgrading of hard-
ware and software, programming and systems design, the
development of computer networks, and the implementation of
Internet and intranet sites. They are increasingly involved with
the upkeep and maintenance of networks. They analyze the com-
puter and information needs of their organization and deter-
mine personnel and equipment requirements. They assign and
review the work of their subordinates, and stay abreast of the
latest technology in order to purchase necessary equipment.

The duties of computer and information systems managers vary
with their specific titles. Chief technology officers, for example,
evaluate the newest and most innovative technologies and de-
termine how these can help their organization. The chief tech-
nology officer, who often reports to the organization’s chief
information officer, manages and plans technical standards and
tends to the daily information technology issues of their firm.
Because of the rapid pace of technological change, chief tech-
nology officers must constantly be on the lookout for develop-
ments that could benefit their organization. They are responsible
for demonstrating to a company how information technology
can be used as a competitive weapon that not only cuts costs,
but also increases revenue.

Management of information systems (MIS) directors manage in-
formation systems and computing resources for entire organiza-
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tions. They also work under the chief information officer and
deal directly with lower-level information technology employ-
ees. These managers oversee a variety of user services such as an
organization'’s help desk, which employees can call with ques-
tions or problems. MIS directors may also make hardware and
software upgrade recommendations based on their experience
with an organization'’s technology.

Computer and information system managers need strong com-
munication skills. They coordinate the activities of their unit
with those of other units or organizations. They confer with top
executives; financial, production, marketing, and other manag-
ers; and contractors and equipment and materials suppliers.

Working Conditions

Computer and information systems managers spend most of their
time in an office. Most work at least 40 hours a week and may
have to work evenings and weekends to meet deadlines or solve
unexpected problems. Some computer and information systems
managers may experience considerable pressure in meeting tech-
nical goals within short timeframes or tight budgets. As networks
continue to expand and more work is done remotely, computer
and information system managers have to communicate with
and oversee offsite employees using modems, laptops, e-mail,
and the Internet.

Like other workers who sit continuously in front of a keyboard,
computer and information system managers are susceptible to
eyestrain, back discomfort, and hand and wrist problems such
as carpal tunnel syndrome.

Employment

Computer and information systems managers held about 313,000
jobs in 2000. About 2 in 5§ works in services industries, primarily
for firms providing computer and data processing services. Other
large employers include insurance and financial services firms,
government agencies, and manufacturers.

Training, Other Qualifications, and
Advancement

Strong technical knowledge is essential for computer and infor-
mation systems managers, who must understand and guide the
work of their subordinates, yet also explain the work in non-
technical terms to senior management and potential customers.
Therefore, these management positions usually require work
experience and formal education similar to that of other com-
puter occupations.

Many computer and information systems managers have expe-
rience as systems analysts; others may have experience as com-
puter support specialists, programmers, or other information
technology professionals. A bachelor’s degree is usually required
for management positions, although employers often prefer a
graduate degree, especially a master’s degree in business admin-
istration (MBA) with technology as a core component. This de-
gree differs from a traditional MBA in that there is a heavy
emphasis on information technology in addition to the stan-
dard business curriculum. This becomes important because more

computer and information systems managers make not only
important technology decisions but also important business de-
cisions for their organizations. A few computer and information
systems managers may have only an associate degree, provided
they have sufficient experience and were able to learn additional
skills on the job.

Computer and information systems managers need a broad range
of skills. In addition to technical skills, employers also seek man-
agers with strong business skills. Employers want managers who
have experience with the specific software or technology to be
used on the job, as well as a background in either consulting or
business management. The expansion of electronic commerce
has elevated the importance of business insight, because many
managers are called upon to make important business decisions.
Managers need a keen understanding of people, processes, and
customer’s needs.

Computer and information systems managers must possess
strong interpersonal, communication, and leadership skills be-
cause they are required to interact not only with their employ-
ees, but also with people inside and outside their organization.
They must also possess great team skills to work on group projects
and other collaborative efforts. Computer and information sys-
tems managers increasingly interact with persons outside their
organization, reflecting their emerging role as vital parts of their
firm’s executive team.

Computer and information systems managers may advance to
progressively higher leadership positions in their field. Some may
become managers in nontechnical areas such as marketing, hu-
man resources, or sales. In high technology firms, managers in
nontechnical areas often must possess the same specialized
knowledge as do managers in technical areas.

Job Outlook

Employment of computer and information systems managers is
expected to increase much faster than the average for all occu-
pations through the year 2010. Technological advancements will
increase the employment of computer-related workers; as a re-
sult, the demand for managers to direct these workers also will
increase. In addition, job openings will result from the need to
replace managers who retire or move into other occupations.
Opportunities for obtaining a management position will be best
for workers possessing an MBA with technology as a core com-
ponent, advanced technical knowledge, and strong communi-
cation and administrative skills.

Rapid growth in employment can be attributed to the explosion
in information technology and the fast-paced expansion of the
computer and data processing services industry. In order to re-
main competitive, firms will continue to install sophisticated
computer networks and set up more complex Internet and
intranet sites. Keeping a computer network running smoothly is
essential to almost every organization. Firms will be more will-
ing to hire managers who can accomplish that.

The security of computer networks will continue to increase in
importance as more business is conducted over the Internet. Or-
ganizations need to understand how their systems are vulner-
able and how to protect their infrastructure and Internet sites
from hackers, viruses, and other acts of cyber-terrorism. As a
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result, there will be a high demand for managers proficient in
computer security issues.

Due to the explosive growth of electronic commerce and the
ability of the Internet to create new relationships with custom-
ers, the role of computer and information systems managers will
continue to evolve in the future. They will continue to become
more vital to their companies and the environments in which
they work. The expansion of e-commerce will spur the need for
computer and information systems managers with both busi-
ness savvy and technical proficiency.

Opportunities for those who wish to become computer and in-
formation systems managers should be closely related to the
growth of the occupations they supervise and the industries in
which they are found.

Earnings

Earnings for computer and information systems managers vary
by specialty and level of responsibility. Median annual earnings
of these managers in 2000 were $78,830. The middle 50 percent
earned between $59,640 and $100,820. The lowest 10 percent
earned less than $44,090, and the highest 10 percent earned more
than $127,460.

According to Robert Half International Consulting, average start-
ing salaries in 2001 for information technology managers ranged
from $92,250 to $152,500, depending on the area of specializa-
tion. According to a 2001 survey by the National Association of
Colleges and Employers, starting salary offers for those with an
MBA and a technical undergraduate degree averaged $61,196;
for those with a master’s degree in management information
systems/business data processing, $57,225.

In addition, computer and information systems managers, espe-
cially those at higher levels, often receive more benefits—such
as expense accounts, stock option plans, and bonuses—than do
nonmanagerial workers in their organizations.

Related Occupations

The work of computer and information systems managers is
closely related to that of computer programmers, computer soft-
ware engineers; systems analysts, computer scientists, and data-
base administrators; and computer support specialists and systems
administrators. Computer and information systems managers
also have some high-level responsibilities similar to those of top
executives.

Sources of Additional Information

For information about certification as a computing professional,
contact:

® Institute for Certification of Computing Professionals (ICCP), 2350 East
Devon Ave., Suite 115, Des Plaines, IL 60018. Internet: http://
www.iccp.org

Further information about computer careers is available from:

® Association for Computing Machinery (ACM), 1515 Broadway,
New York, NY 10036. Internet: http://www.acm.org

® |EEE Computer Society, Headquarters Office, 1730 Massachusetts
Ave. N.W.,, Washington, DC 20036-1992. Internet: http://
www.computer.org

® National Workforce Center for Emerging Technologies, 3000
Landerholm Circle S.E., Bellevue, WA 98007. Internet: http://
www.nwcet.org

® |EEE Computer Society, 1730 Massachusetts Ave. N.W.,
Washington, DC 20036-1992. Internet: http://www.computer.org

Copuer, Auomate |
Teller, and Office Machine
Repairers

O*NET 49-2011.01, 49-2011.02, 49-2011.03

Significant Points

® Workers receive training in electronics from associate de-
gree programs, the military, vocational schools, equipment
manufacturers, or employers.

® Job growth reflects the increasing dependence of business
and residential customers on computers and other sophis-
ticated office machines.

® Job prospects will be best for applicants with knowledge of
electronics, as well as repair experience; opportunities for
computer repairers should be excellent, as employers re-
port difficulty finding qualified applicants.

Nature of the Work

Computer repairers, also known as data processing equipment repair-
ers, service mainframe, server, and personal computers; printers;
and disc drives. These repairers primarily perform hands-on re-
pair, maintenance, and installation of computers and related
equipment. Workers who provide technical assistance, in per-
son or by telephone, to computer system users are known as
computer support specialists.

Automated teller machines (ATMs) allow customers to carry out
bank transactions without the assistance of a teller. ATMs now
provide a growing variety of other services, including stamp,
phone card, and ticket sales. Automated teller machine servicers
repair and service these machines.

Office machine and cash register servicers work on photocopiers,
cash registers, mail processing equipment, and fax machines.
Newer models of office machinery increasingly include comput-
erized components that allow them to function more effectively
than earlier models.

To install large equipment, such as mainframe computers and
ATMs, repairers connect the equipment to power sources and
communication lines. These lines allow the transmission of in-
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formation over computer networks. For example, when an ATM
dispenses cash, it also transmits the withdrawal information to
the customer’s bank. Workers also may install operating soft-
ware and peripheral equipment, checking that all components
are configured to correctly function together. The installation of
personal computers and other small office machines is less com-
plex and may be handled by the purchaser.

When equipment breaks down, many repairers travel to custom-
ers’ workplaces or other locations to make the necessary repairs.
These workers, known as field technicians, often have assigned
areas in which they perform preventive maintenance on a regu-
lar basis. Bench technicians work in repair shops located in stores,
factories, or service centers. In small companies, repairers may
work in both repair shops and at customer locations.

Computer repairers usually replace defective components instead
of repairing them. Replacement is common because components
are inexpensive and businesses are reluctant to shut down their
computers for time-consuming repairs. Components commonly
replaced by computer repairers include video cards, which trans-
mit signals from the computer to the monitor; hard drives, which
store data; and network cards, which allow communication over
the network. Defective components may be given to bench tech-
nicians, who use software programs to diagnose the problem
and who may repair the components, if possible.

When ATMs malfunction, computer networks recognize the prob-
lem and alert repairers. Common problems include worn mag-
netic heads on card readers, which prevent the equipment from
recognizing customer bankcards; and “pick failures,” which pre-
vent the equipment from dispensing the correct amount of cash.
Field technicians travel to the locations of ATMs and usually
repair equipment by removing and replacing defective compo-
nents. Broken components are brought to a repair shop where
bench technicians perform the necessary repairs. Field techni-
cians perform routine maintenance on a regular basis, replacing
worn parts and running diagnostic tests to ensure that the equip-
ment functions properly.

Office machine repairers usually work on machinery at the
customer’s workplace; customers also may bring small equip-
ment to a repair shop for maintenance. Common malfunctions
include paper misfeeds due to worn or dirty parts, and poor copy
quality due to problems with lamps, lenses, or mirrors. These
malfunctions usually can be resolved simply by cleaning com-
ponents. Breakdowns also may result from failure of commonly
used parts. For example, heavy usage of a photocopier may wear
down the printhead, which applies ink to the final copy. In such
cases, the repairer usually replaces the part, instead of repairing
it.

Workers use a variety of tools for diagnostic tests and repair. To
diagnose malfunctions, they use multimeters to measure volt-
age, current, resistance, and other electrical properties; signal
generators to provide test signals; and oscilloscopes to monitor
equipment signals. When diagnosing computerized equipment,
repairers also use software programs. To repair or adjust equip-
ment, workers use handtools, such as pliers, screwdrivers, sol-
dering irons, and wrenches.

Working Conditions

Repairers usually work in clean, well-lighted surroundings. Be-
cause computers and office machines are sensitive to extreme
temperatures and to humidity, repair shops usually are air-con-
ditioned and well-ventilated. Field repairers must travel frequently
to various locations to install, maintain, or repair customer equip-
ment. ATM repairers may have to perform their jobs in small,
confined spaces that house the equipment.

Because computers and ATMs are critical for many organizations
to function efficiently, data processing equipment repairers and
ATM field technicians often work around the clock. Their sched-
ules may include evening, weekend, and holiday shifts; shifts
may be assigned on the basis of seniority. Office machine and
cash register servicers usually work regular business hours be-
cause the equipment they repair is not as critical.

Although their job is not strenuous, repairers must lift equip-
ment and work in a variety of postures. Repairers of computer
monitors need to discharge voltage from the equipment to avoid
electrocution. Workers may have to wear protective goggles.

Employment

Computer, automated teller, and office machine repairers held
about 172,000 jobs in 2000. Wholesale trade establishments
employed slightly less than one-half of the workers in this occu-
pation; most of these establishments were wholesalers of profes-
sional and commercial equipment. Many workers were employed
in computer and data processing services, as well as in appli-
ance, radio, TV, and music stores. More than 1 in 7 computer,
automated teller, and office machine repairers was self-employed.

Training, Other Qualifications, and
Advancement

Knowledge of electronics is necessary for employment as a com-
puter, automated teller, or office machine repairer. Employers
prefer workers who are certified as repairers or who have train-
ing in electronics from associate degree programs, the military,
vocational schools, or equipment manufacturers. Employers gen-
erally provide some training to new repairers on specific equip-
ment; however, workers are expected to arrive on the job with a
basic understanding of equipment repair. Employers may send
experienced workers to training sessions to keep up with changes
in technology and service procedures.

Most office machine and ATM repairer positions require an asso-
ciate degree in electronics. A basic understanding of mechanical
equipment also is important, as many of the parts that fail in
office machines and ATMs are mechanical, such as paper load-
ers. Entry-level employees at large companies normally receive
on-the-job training lasting several months. This may include a
week of classroom instruction followed by a period of 2 weeks to
several months assisting an experienced repairer.

Field technicians work closely with customers and must have
good communications skills and a neat appearance. Employers
normally require that field technicians have a driver’s license.
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Several organizations administer certification programs for elec-
tronic or computer equipment repairers. Numerous certifications,
including A+, Net+, and Server+, are available through the Com-
puting Technology Industry Association (CompTIA). To receive
the certifications, candidates must pass several tests that assess
computer repair skills. The International Society of Certified Elec-
tronics Technicians (ISCET) and the Electronics Technicians As-
sociation (ETA) also administer certification programs. Repairers
may specialize in computer repair or a variety of other skills. To
receive certification, repairers must pass qualifying exams corre-
sponding to their level of training and experience. Both pro-
grams offer associate certifications to entry-level repairers.

Newly hired computer repairers may work on personal comput-
ers or peripheral equipment. With experience, they can advance
to positions maintaining more sophisticated systems, such as
networking equipment and servers. Field repairers of ATMs may
advance to bench-technician positions responsible for more com-
plex repairs. Experienced workers may become specialists who
help other repairers diagnose difficult problems or work with
engineers in designing equipment and developing maintenance
procedures. Experienced workers also may move into manage-
ment positions responsible for supervising other repairers.

Because of their familiarity with equipment, experienced repair-
ers also may move into customer service or sales positions. Some
experienced workers open their own repair shops or become
wholesalers or retailers of electronic equipment.

Job Outlook

Employment of computer, automated teller, and office machine
repairers is expected to grow about as fast as the average for all
occupations through 2010. Job growth will be driven by the in-
creasing dependence of business and residential customers on
computers and other sophisticated office machines. The need to
maintain this equipment in working order will create new jobs
for repairers. In addition, openings will result from the need to
replace repairers who retire or move into new occupations.

Job prospects will be best for applicants with knowledge of elec-
tronics as well as repair experience; opportunities for computer
repairers should be excellent, as employers report difficulty find-
ing qualified applicants and as reliance on computers continues
to increase. Although computer equipment continues to become
less expensive and more reliable, malfunctions still occur and
can cause severe problems for users, most of whom lack the
knowledge to make repairs. Computers are critical to most busi-
nesses today and will become even more so to companies that
do business on the Internet and to households that make pur-
chases online.

People also are becoming increasingly reliant on ATMs.
Besides bank and retail transactions, ATMs provide an increas-
ing number of other services, such as employee information pro-
cessing and distribution of government payments. ATM design
improvements have increased reliability and simplified repair
tasks, reducing the number and extent of repairs. Opportunities
for ATM repairers should be available, primarily arising from the
need to replace workers who leave the specialty, rather than from
employment growth.

Conventional office machines, such as calculators, are inexpen-
sive, and often are replaced instead of repaired. However, digital
copiers and other newer office machines are more costly and
complex. This equipment often is computerized, designed to work
on a network, and able to perform multiple functions. The grow-
ing need for repairers to service such sophisticated equipment
should result in job opportunities for office machine repairers.

Earnings

Median hourly earnings of computer, automated teller, and
office machine repairers were $15.08 in 2000. The middle 50
percent earned between $11.80 and $19.20. The lowest 10 per-
cent earned less than $§9.50, and the highest 10 percent earned
more than $23.42. Median hourly earnings in the industries
employing the largest numbers of computer, automated teller,
and office machine repairers in 2000 are shown in the follow-
ing table:

Professional and commercial equipment.................. $15.28
Computer and data processing Services ...................... 15.05
Radio, television, and computer stores ...........c.cco...... 13.16

Related Occupations

Workers in other occupations who repair and maintain electronic
equipment include broadcast and sound engineering technicians
and radio operators; electronic home entertainment equipment
installers and repairers; electrical and electronics installers and
repairers; industrial machinery installation, repair, and mainte-
nance workers; and radio and telecommunications equipment
installers and repairers.

Sources of Additional Information

For information on certification programs, contact:

©® Computing Technology Industry Association, 450 East 22nd St., Suite
230, Lombard, IL 60148-6158. Internet: http://www.comptia.org

@ International Society of Certified Electronics Technicians, 3608
Pershing Ave., Fort Worth, TX 76107. Internet: http://www.iscet.org

® Electronics Technicians Association, 502 North Jackson, Greencastle,
IN 46135

Cmpter—ntrol
Programmers and
Operators

O*NET 51-4011.01, 51-4012.00
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Significant Points

® Workers learn in apprenticeship programs, informally on
the job, and in secondary, vocational, or post-
secondary schools; many entrants have previously worked
as machinists or machine setters, operators, and tenders.

® Job opportunities will be excellent, as employers are ex-
pected to continue to have difficulty finding qualified work-
ers.

Nature of the Work

Computer-control programmers and operators use computer nu-
merically controlled (CNC) machines to cut and shape precision
products, such as automobile parts, machine parts, and com-
pressors. CNC machines include metal-machining tools such as
lathes, multi-axis spindles, and milling machines, but the func-
tions formerly performed by human operators are performed by
a computer-control module. CNC machines cut away material
from a solid block of metal, plastic, or glass—known as a
workpiece—to form a finished part. Computer-control program-
mers and operators normally produce large quantities of one
part, although they may produce small batches or one-of-a-kind
items. They use their knowledge of the working properties of
metals and their skill with CNC programming to design and carry
out the operations needed to make machined products that meet
precise specifications.

Before CNC programmers—also referred to as numerical tool and
process control programmers—machine a part, they must care-
tully plan and prepare the operation. First, these workers review
three-dimensional computerized engineering diagrams (blue-
prints) of the part. Next, they calculate where to cut or bore into
the workpiece, how fast to feed the metal into the machine, and
how much metal to remove. They then select tools and materi-
als for the job and plan the sequence of cutting and finishing
operations.

Next, computer-control programmers turn the planned machin-
ing operations into a set of instructions. These instructions are
translated into a computer program containing a set of com-
mands for the machine to follow. The program is then saved
onto a computer, which functions as a server. Computer-control
programmers and operators check new programs to ensure that
the machinery will function properly and that the output will
meet specifications. Because a problem with the program could
damage costly machinery and cutting tools, computer simula-
tions may be used to check the program instead of a trial run. If
errors are found, the program must be changed and retested until
the problem is resolved. In addition, growing connectivity be-
tween computer-aided design (CAD) software and CNC machine
tools is raising productivity by automatically translating designs
into instructions for the computer controller on the machine
tool. These new computer-automated manufacturing (CAM) tech-
nologies enable programs to be easily modified for use on other
jobs with similar specifications, thereby reducing time and ef-
fort.

After the programming work is completed, computer-controlled
machine tool operators, metal and plastic (CNC operators), per-

form the necessary machining operations. The CNC operators
transfer the commands from the server to the CNC control mod-
ule using a computer network link. Many advanced control
modules are conversational, meaning they ask the operator a
series of questions about the nature of the task. Computer-con-
trol operators position the metal stock on the CNC machine
tool—spindle, lathe, milling machine, or other—set the controls,
and let the computer make the cuts. Heavier objects may be
loaded with the assistance of other workers, a crane, or a forklift.
During the machining process, computer-control operators con-
stantly monitor the readouts from the CNC control module,
checking to see if any problems exist. Machine tools have unique
characteristics, which can be problematic. During a machining
operation, the operator modifies the cutting program to account
for any problems encountered. Unique, modified CNC programs
are saved for every different machine that performs a task.

CNC operators detect some problems by listening for specific
sounds—for example, a dull cutting tool or excessive vibration.
Dull cutting tools are removed and replaced. Machine tools ro-
tate at high speeds, which can create problems with harmonic
vibrations in the workpiece. Vibrations cause the machine tools
to make minor cutting errors, hurting the quality of the prod-
uct. Computer-control operators listen for vibrations and then
adjust the cutting speed to compensate. In older, slower machine
tools, the cutting speed would be reduced to eliminate the vibra-
tions, but the amount of time needed to finish the product would
increase as a result. In newer, high-speed CNC machines, in-
creasing the cutting speed normally eliminates the vibrations
and reduces production time. CNC operators also ensure that
the workpiece is being properly lubricated and cooled, because
the machining of metal products generates a significant amount
of heat.

Working Conditions

Most machine shops are clean, well lit, and ventilated. Many
computer-controlled machines are totally enclosed, minimizing
the exposure of workers to noise, dust, and the lubricants used
to cool workpieces during machining. Nevertheless, working
around high-speed machine tools presents certain dangers, and
workers must follow safety precautions. Computer-controlled
machine tool operators, metal and plastic, wear protective equip-
ment such as safety glasses to shield against bits of flying metal
and earplugs to dampen machinery noise. They also must exer-
cise caution when handling hazardous coolants and lubricants.
The job requires stamina because operators stand most of the
day and, at times, may need to lift moderately heavy workpieces.

Numerical tool and process control programmers work in of-
fices that typically are near, but separate from, the shop floor.
These work areas usually are clean, well lit, and free of machine
noise. Numerical tool and process control programmers occa-
sionally need to enter the shop floor to monitor CNC machin-
ing operations. On the shop floor, CNC programmers encounter
the same hazards and exercise the same safety precautions as
CNC operators.

Most computer-control programmers and operators work a 40-
hour week. CNC operators increasingly work evening and week-
end shifts as companies justify investments in more expensive
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machinery by extending hours of operation. Overtime is com-
mon during peak production periods.

Employment

Computer-control programmers and operators held about
186,000 jobs in 2000, mostly working in small machining shops
or in manufacturing firms that produce durable goods, such as
metalworking and industrial machinery, aircraft, or motor ve-
hicles. Although computer-control programmers and operators
work in all parts of the country, jobs are most plentiful in the
northeast, midwest, and west, where manufacturing is concen-
trated.

Training, Other Qualifications, and
Advancement

Computer-control programmers and operators train in various
ways—in apprenticeship programs, informally on the job, and
in secondary, vocational, or postsecondary schools. Due to a
shortage of qualified applicants, many employers teach intro-
ductory courses, which provide a basic understanding of metal-
working machines, safety, and blueprint reading. A basic
knowledge of computers and electronics also is helpful. Experi-
ence with machine tools is extremely important. In fact, many
entrants to these occupations have previously worked as ma-
chinists or machine setters, operators, and tenders. Persons in-
terested in becoming computer-control programmers or operators
should be mechanically inclined and able to work independently
and do highly accurate work.

High school or vocational school courses in mathematics, blue-
print reading, computer programming, metalworking, and draft-
ing are recommended. Apprenticeship programs consist of shop
training and related classroom instruction. In shop training,
apprentices learn filing, handtapping, and dowel fitting, as well
as the operation of various machine tools. Classroom instruc-
tion includes math, physics, programming, blueprint reading,
CAD software, safety, and shop practices. Skilled computer-con-
trol programmers and operators need an understanding of the
machining process, including the complex physics that occur at
the cutting point. Thus, most training programs teach CNC op-
erators and programmers to perform operations on manual ma-
chines prior to operating CNC machines. A growing number of
computer-control programmers and operators receive most of
their formal training from community or technical colleges. Less
skilled CNC operators may have only 12 weeks of classroom train-
ing prior to working on the shop floor.

To boost the skill level of all metalworkers and to create a more
uniform standard of competency, a number of training facilities
and colleges have recently begun implementing curriculums in-
corporating national skills standards developed by the National
Institute of Metalworking Skills (NIMS). After completing such a
curriculum and passing a performance requirement and written
exam, a NIMS credential is granted to trainees, providing formal
recognition of competency in a metalworking field. Completion
of a formal certification program provides expanded career op-
portunities.

Qualifications for computer-control programmers vary widely
depending upon the complexity of the job. Employers often pre-
fer skilled machinists or those with technical school training.
For some specialized types of programming, such as that needed
to produce complex parts for the aerospace or shipbuilding in-
dustries, employers may prefer individuals with a degree in en-
gineering.

For those entering CNC programming directly, a basic knowl-
edge of computers and electronics is necessary, and experience
with machine tools is extremely helpful. Classroom training in-
cludes an introduction to computer numerical control, the ba-
sics of programming, and more complex topics, such as
computer-aided manufacturing. Trainees start writing simple
programs under the direction of an experienced programmer.
Although machinery manufacturers are trying to standardize pro-
gramming languages, there are numerous languages in use. Be-
cause of this, computer-control programmers and operators
should be able to learn new programming languages.

As new automation is introduced, computer-control program-
mers and operators normally receive additional training to up-
date their skills. This training usually is provided by a
representative of the equipment manufacturer or a local techni-
cal school. Many employers offer tuition reimbursement for job-
related courses.

Computer-control programmers and operators can advance in
several ways. Experienced CNC operators may become CNC pro-
grammers, and some are promoted to supervisory or administra-
tive positions in their firms. A few open their own shops.

Job Outlook

Computer-control programmers and operators should have ex-
cellent job opportunities. Due to the limited number of people
entering training programs, employers are expected to continue
to have difficulty finding workers with the necessary skills and
knowledge. Employment of computer-control programmers and
operators is projected to grow about as fast as the average for all
occupations through 2010. Job growth will be driven by the in-
creasing use of CNC machine tools, but advances in CNC ma-
chine tool technology will further simplify minor adjustments,
enabling machinists and tool and die makers to perform tasks
that previously required computer-control operators. In addi-
tion, the demand for computer-control programmers will be
negatively affected by the increasing use of software that auto-
matically translates part and product designs into CNC machine
tool instructions.

Employment levels of computer-control programmers and op-
erators are influenced by economic cycles—as the demand for
machined goods falls, programmers and operators involved in
production may be laid off or forced to work fewer hours.

Earnings

Median hourly earnings of computer-controlled machine tool
operators, metal and plastic, were about $13.17 in 2000. The
middle 50 percent earned between $10.48 and $16.55. The low-
est 10 percent earned less than $8.80, whereas the top 10 per-
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cent earned more than $20.25. Median hourly earnings in the
manufacturing industries employing the largest number of com-
puter-controlled machine tool operators, metal and plastic, in
2000 were as follows:

Metalworking machinery .......c.ceccecevveverenencnennennes $15.20
General industrial machinery ........cccccoecvviniininnnn 15.06
Industrial machinery, not elsewhere classified ........... 13.05
Motor vehicles and equipment ..........cccoceviiiiniinins 12.05
Miscellaneous plastics products, not elsewhere

classified ......coooeieiiiii 11.35

Median hourly earnings of numerical tool and process control
programmers were $17.70 in 2000. The middle 50 percent earned
between $13.81 and $21.74. The lowest 10 percent earned less
than $10.39, while the top 10 percent earned more than $26.66.

Related Occupations

Occupations most closely related to computer-control program-
mers and operators are other metal worker occupations. These
include machinists; tool and die makers; machine setters, opera-
tors, and tenders—metal and plastic; and welding, soldering, and
brazing workers.

Numerical tool and process control programmers apply their
knowledge of machining operations, metals, blueprints, and
machine programming to write programs that run machine tools.
Computer programmers also write detailed programs to meet
precise specifications.

Sources of Additional Information

For general information about computer-control programmers
and operators, contact:

® Precision Machine Products Association, 6700 West Snowville Rd.,
Brecksville, OH 44141-3292. Internet: http://www.pmpa.org

For a list of training centers and apprenticeship programs, con-
tact:

® National Tooling and Metalworking Association, 9300 Livingston Rd.,
Fort Washington, MD 20744. Internet: http://www.ntma.org

For general occupational information, including a list of train-
ing programs, contact:

® PMA Educational Foundation, 6363 Oak Tree Blvd., Independence, OH
44131-2500. Internet: http://www.pmaef.org

Copter Hardware
Engineers

O*NET 17-2061.00

Significant Points

® Overall job opportunities in engineering are expected to
be good.

® A bachelor’s degree is required for most entry-level jobs.

@ Starting salaries are significantly higher than those of col-
lege graduates in other fields.

® Continuing education is critical to keep abreast of the lat-
est technology.

Nature of the Work

Computer hardware engineers research, design, develop, and test
computer hardware and supervise its manufacture and installa-
tion. Hardware refers to computer chips, circuit boards, com-
puter systems, and related equipment such as keyboards,
modems, and printers. (Computer software engineers—often sim-
ply called computer engineers—design and develop the software
systems that control computers.) The work of computer hard-
ware engineers is very similar to that of electronics engineers,
but unlike electronics engineers, computer hardware engineers
work with computers and computer-related equipment exclu-
sively. In addition to design and development, computer hard-
ware engineers may supervise the manufacturing and installation
of computers and computer-related equipment. The rapid ad-
vances in computer technology are largely a result of the research,
development, and design efforts of computer hardware engineers.
To keep up with technology change, these engineers must con-
tinually update their knowledge.

Working Conditions

Most engineers work in office buildings, laboratories, or indus-
trial plants. Others may spend time outdoors at construction
sites, mines, and oil and gas exploration and production sites,
where they monitor or direct operations or solve onsite prob-
lems. Some engineers travel extensively to plants or work sites.

Many engineers work a standard 40-hour week. At times, dead-
lines or design standards may bring extra pressure to a job. When
this happens, engineers may work longer hours and experience
considerable stress.

Employment

The number of computer hardware engineers is relatively small
as compared with the number of other computer-related work-
ers who work with software or computer applications. Computer
hardware engineers held about 60,000 jobs in 2000. About 25
percent were employed in computer and data processing ser-
vices. About 1 out of 10 worked in computer and office equip-
ment manufacturing, but many also are employed in
communications industries and engineering consulting firms.
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Training, Other Qualifications, and
Advancement

A bachelor’s degree in engineering is required for almost all en-
try-level engineering jobs. College graduates with a degree in a
physical science or mathematics occasionally may qualify for
some engineering jobs, especially in specialties in high demand.
Most engineering degrees are granted in electrical, electronics,
mechanical, or civil engineering. However, engineers trained in
one branch may work in related branches. This flexibility allows
employers to meet staffing needs in new technologies and spe-
cialties in which engineers are in short supply. It also allows en-
gineers to shift to fields with better employment prospects or to
those that more closely match their interests.

Most engineering programs involve a concentration of study in
an engineering specialty, along with courses in both mathemat-
ics and science. Most programs include a design course, some-
times accompanied by a computer or laboratory class or both.

In addition to the standard engineering degree, many colleges
offer 2- or 4-year degree programs in engineering technology.
These programs, which usually include various hands-on labo-
ratory classes that focus on current issues, prepare students for
practical design and production work, rather than for jobs which
require more theoretical and scientific knowledge. Graduates of
4-year technology programs may get jobs similar to those ob-
tained by graduates with a bachelor’s degree in engineering.
Engineering technology graduates, however, are not qualified to
register as professional engineers under the same terms as gradu-
ates with degrees in engineering. Some employers regard tech-
nology program graduates as having skills between those of a
technician and an engineer.

Graduate training is essential for engineering faculty positions
and many research and development programs, but is not re-
quired for the majority of entry-level engineering jobs. Many
engineers obtain graduate degrees in engineering or business
administration to learn new technology and broaden their edu-
cation. Many high-level executives in government and industry
began their careers as engineers.

About 330 colleges and universities offer bachelor’s degree pro-
grams in engineering that are accredited by the Accreditation
Board for Engineering and Technology (ABET), and about 250
colleges offer accredited bachelor’s degree programs in engineer-
ing technology. ABET accreditation is based on an examination
of an engineering program’s student achievement, program im-
provement, faculty, curricular content, facilities, and institutional
commitment. Although most institutions offer programs in the
major branches of engineering, only a few offer programs in the
smaller specialties. Also, programs of the same title may vary in
content. For example, some programs emphasize industrial prac-
tices, preparing students for a job in industry, whereas others are
more theoretical and are designed to prepare students for gradu-
ate work. Therefore, students should investigate curricula and
check accreditations carefully before selecting a college.

Admissions requirements for undergraduate engineering schools
include a solid background in mathematics (algebra, geometry,
trigonometry, and calculus) and sciences (biology, chemistry, and

physics), and courses in English, social studies, humanities, and
computers. Bachelor’s degree programs in engineering typically
are designed to last 4 years, but many students find that it takes
between 4 and 5 years to complete their studies. In a typical
4-year college curriculum, the first 2 years are spent studying
mathematics, basic sciences, introductory engineering, humani-
ties, and social sciences. In the last 2 years, most courses are in
engineering, usually with a concentration in one branch. Some
programs offer a general engineering curriculum; students then
specialize in graduate school or on the job.

Some engineering schools and 2-year colleges have agreements
whereby the 2-year college provides the initial engineering edu-
cation, and the engineering school automatically admits students
for their last 2 years. In addition, a few engineering schools have
arrangements whereby a student spends 3 years in a liberal arts
college studying pre-engineering subjects and 2 years in an engi-
neering school studying core subjects, and then receives a
bachelor’s degree from each school. Some colleges and universi-
ties offer 5-year master’s degree programs. Some 5- or even
6-year cooperative plans combine classroom study and practical
work, permitting students to gain valuable experience and fi-
nance part of their education. All 50 states and the District of
Columbia usually require licensure for engineers who offer their
services directly to the public. Engineers who are licensed are
called Professional Engineers (PE). This licensure generally re-
quires a degree from an ABET-accredited engineering program, 4
years of relevant work experience, and successful completion of
a state examination. Recent graduates can start the licensing pro-
cess by taking the examination in two stages. The initial Funda-
mentals of Engineering (FE) examination can be taken upon
graduation. Engineers who pass this examination commonly are
called Engineers in Training (EIT) or Engineer Interns (EI). The
EIT certification usually is valid for 10 years. After acquiring suit-
able work experience, EITs can take the second examination, the
Principles and Practice of Engineering Exam. Several states have
imposed mandatory continuing education requirements for
relicensure. Most states recognize licensure from other states.

Engineers should be creative, inquisitive, analytical, and detail
oriented. They should be able to work as part of a team and to
communicate well, both orally and in writing. Communication
abilities are becoming more important because much of their
work is becoming more diversified, meaning that engineers in-
teract with specialists in a wide range of fields outside engineer-
ing.

Beginning engineering graduates usually work under the super-
vision of experienced engineers and, in large companies, also
may receive formal classroom or seminar-type training. As new
engineers gain knowledge and experience, they are assigned more
difficult projects with greater independence to develop designs,
solve problems, and make decisions. Engineers may advance to
become technical specialists or to supervise a staff or team of
engineers and technicians. Some may eventually become engi-
neering managers or enter other managerial or sales jobs.

Job Outlook

Computer hardware engineers are expected to have favorable
job opportunities. Employment of computer hardware engineers
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is projected to increase faster than the average for all occupa-
tions through 2010, reflecting rapid employment growth in the
computer and office equipment industry, which employs the
greatest number of computer engineers. Consulting opportuni-
ties for computer hardware engineers should grow as businesses
need help managing, upgrading, and customizing increasingly
complex systems. Growth in embedded systems, a technology
that uses computers to control other devices such as appliances
or cell phones, also will increase the demand for computer hard-
ware engineers. In addition to job openings arising from em-
ployment growth, other vacancies will result from the need to
replace workers who move into managerial positions, transfer to
other occupations, or leave the labor force.

Earnings

Median annual earnings of computer hardware engineers were
$67,300 in 2000. The middle 50 percent earned between $52,960
and $86,280. The lowest 10 percent earned less than $42,620,
and the highest 10 percent earned more than $107,360. Me-
dian annual earnings in the industries employing the largest
numbers of computer hardware engineers in 2000 were:

Computer and office equipment ..........ccccceeecvennenn. $75,730
Computer and data processing services ..........c........ 69,490
Electronic components and accessories ..........c......... 67,800
Telephone communication .........ccccoovvvviviincnienn. 59,160

Starting salaries for computer engineers with a bachelor’s degree
can be significantly higher than salaries of bachelor’s degree
graduates in many other fields. According to the National Asso-
ciation of Colleges and Employers, starting salary offers in 2001
for bachelor’s degree candidates in computer engineering aver-
aged $53,924 a year; master’s degree candidates averaged $58,026;
and PhD candidates averaged $70,140.

Related Occupations

Computer hardware engineers apply the principles of physical
science and mathematics in their work. Other workers who use
scientific and mathematical principles include architects, except
landscape and naval; engineering and natural sciences manag-
ers; computer and information systems managers; mathemati-
cians; drafters; engineering technicians; sales engineers; science
technicians; and physical and life scientists, including agricul-
tural and food scientists, biological and medical scientists, con-
servation scientists and foresters, atmospheric scientists, chemists
and materials scientists, environmental scientists and geoscien-
tists, and physicists and astronomers.

Sources of Additional Information

a variety of engineering disciplines should contact the Junior
Engineering Technical Society by sending $3.50 to:

® JETS-Guidance, 1420 King St., Suite 405, Alexandria, VA 22314-2794.
Internet: http://www.jets.org

High school students interested in obtaining information on
ABET-accredited engineering programs should contact:

® The Accreditation Board for Engineering and Technology, Inc., 111
Market Place, Suite 1050, Baltimore, MD 21202-4012. Internet: http://
www.abet.org

Non-licensed engineers and college students interested in ob-
taining information on Professional Engineer licensure should
contact:

® The National Society of Professional Engineers, 1420 King St.,
Alexandria, VA 22314-2794. Internet: http://www.nspe.org

® National Council of Examiners for Engineers and Surveying, PO. Box
1686, Clemson, SC 29633-1686. Internet: http://www.ncees.org

Information on general engineering education and career re-
sources is available from:

® American Society for Engineering Education, 1818 N St. NW, Suite
600, Washington, DC 20036-2479. Internet: http://www.asee.org

Information on obtaining an engineering position with the fed-
eral government is available from the Office of Personnel Man-
agement (OPM) through a telephone-based system. Consult your
telephone directory under U.S. Government for a local number
or call (912) 757-3000; Federal Relay Service: (800) 877-8339.
The first number is not toll free, and charges may result. Infor-
mation also is available from the OPM Internet site: http://
www.usajobs.opm.gov

Non-high school students and those wanting more detailed in-
formation should contact societies representing the individual
branches of engineering. Each can provide information about
careers in the particular branch. The individual statements else-
where in this book also provide other information in detail on
aerospace; agricultural; biomedical; chemical; civil; electrical and
electronics; environmental; industrial, including health and
safety; materials; mechanical; mining and geological, including
mining safety; nuclear; and petroleum engineering.

Cputer Orators

Significant Points

For further information about computer hardware engineers, con-
tact:

® |EEE Computer Society, | 730 Massachusetts Ave. N.W., Washington,
DC 20036-1992. Internet: http://www.computer.org

High school students interested in obtaining a full package of
guidance materials and information (product number SP-01) on

® Employment is expected to decline sharply due to advances
in technology.

® Opportunities will be best for operators who have formal
computer-related education, are familiar with a variety of
operating systems, and keep up-to-date with the latest tech-
nology.
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Nature of the Work

Computer operators oversee the operation of computer hard-
ware systems, ensuring that these machines are used as efficiently
as possible. They may work with mainframes, minicomputers,
or networks of personal computers. Computer operators must
anticipate problems and take preventive action, as well as solve
problems that occur during operations.

The duties of computer operators vary with the size of the instal-
lation, the type of equipment used, and the policies of the em-
ployer. Generally, operators control the console of either a
mainframe digital computer or a group of minicomputers. Work-
ing from operating instructions prepared by programmers, us-
ers, or operations managers, computer operators set controls on
the computer and on peripheral devices required to run a par-
ticular job.

Computer operators load equipment with tapes, disks, and pa-
per, as needed. While the computer is running—which may be
24 hours a day for large computers—computer operators moni-
tor the control console and respond to operating and computer
messages. Messages indicate the individual specifications of each
job being run. If an error message occurs, operators must locate
and solve the problem or terminate the program. Operators also
maintain logbooks or operating records, listing each job that is
run and events, such as machine malfunctions, that occur dur-
ing their shift. In addition, computer operators may help pro-
grammers and systems analysts test and debug new programs.

As the trend toward networking computers accelerates, a grow-
ing number of computer operators are working on personal com-
puters (PCs) and minicomputers. In many offices, factories, and
other work settings, PCs and minicomputers are connected in
networks, often referred to as local area networks (LANs) or multi-
user systems. Whereas users in the area operate some of these
computers, many require the services of full-time operators. The
tasks performed on PCs and minicomputers are very similar to
those performed on large computers.

As organizations continue to look for opportunities to increase
productivity, automation is expanding into additional areas of
computer operations. Sophisticated software, coupled with ro-
botics, enables a computer to perform many routine tasks for-
merly done by computer operators. Scheduling, loading and
downloading programs, mounting tapes, rerouting messages, and
running periodic reports can be done without the intervention
of an operator. Consequently, these improvements will change
what computer operators do in the future. As technology ad-
vances, the responsibilities of many computer operators are shift-
ing to areas such as network operations, user support, and
database maintenance.

Working Conditions

Computer operators generally work in well-lighted, well-venti-
lated, comfortable rooms. Because many organizations use their
computers 24 hours a day, 7 days a week, computer operators
may be required to work evening or night shifts and weekends.
Shift assignments usually are made based on seniority. However,
increasingly automated operations will lessen the need for shift

work, because many companies let the computer take over op-
erations during less desirable working hours. In addition, ad-
vances in telecommuting technologies—such as faxes, modems,
and e-mail—and data center automation—such as automated
tape libraries—enable some operators to monitor batch processes,
check systems performance, and record problems for the next
shift.

Because computer operators generally spend a lot of time in front
of a computer monitor, as well as performing repetitive tasks
such as loading and unloading printers, they may be susceptible
to eyestrain, back discomfort, and hand and wrist problems.

Employment

Computer operators held about 194,000 jobs in 2000. Most jobs
are found in organizations such as wholesale trade establish-
ments, manufacturing companies, business services firms, finan-
cial institutions, and government agencies that have
data-processing needs requiring large computer installations. A
large number of computer operators are employed by service
firms in the computer and data-processing services industry, as
more companies contract out the operation of their data-pro-
cessing centers.

Training, Other Qualifications, and
Advancement

Computer operators usually receive on-the-job training in order
to become acquainted with their employer’s equipment and rou-
tines. The length of training varies with the job and the experi-
ence of the worker. However, previous work experience is the
key to obtaining an operator job in many large establishments.
Employers generally look for specific, hands-on experience with
the type of equipment and related operating systems they use.
Additionally, formal computer-related training, perhaps through
a community college or technical school, is recommended. Re-
lated training also can be obtained through the armed forces
and from some computer manufacturers. As computer technol-
ogy changes and data processing centers become more auto-
mated, employers will increasingly require candidates to have
formal training and experience for operator jobs. And although
not required, a bachelor’s degree in a computer-related field can
be helpful when one is seeking employment as a computer op-
erator.

Because computer technology changes so rapidly, operators must
be adaptable and willing to learn. Analytical and technical ex-
pertise also are needed, particularly by operators who work in
automated data centers, to deal with unique or high-level prob-
lems that a computer is not programmed to handle. Operators
must be able to communicate well, and to work effectively with
programmers, users, and other operators. Computer operators
also must be able to work independently because they may have
little or no direct supervision.

A few computer operators may advance to supervisory jobs, al-
though most management positions within data-processing or
computer-operations centers require advanced formal education,
such as a bachelor’s or higher degree. Through on-the-job expe-
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rience and additional formal education, some computer opera-
tors may advance to jobs in areas such as network operations or
support. As they gain experience in programming, some opera-
tors may advance to jobs as programmers or analysts. A move
into these types of jobs is becoming much more difficult, as
employers increasingly require candidates for more-skilled com-
puter jobs to possess at least a bachelor’s degree.

Job Outlook

Employment of computer operators is expected to decline sharply
through the year 2010. Experienced operators are expected to
compete for the small number of openings that will arise each
year to replace workers who transfer to other occupations or leave
the labor force. Opportunities will be best for operators who have
formal computer-related education, are familiar with a variety
of operating systems, and keep up-to-date with the latest tech-
nology.

Advances in technology have reduced both the size and cost of
computer equipment, while increasing the capacity for data stor-
age and processing automation. Sophisticated computer hard-
ware and software are now used in practically every industry, in
such areas as factory and office automation, telecommunications,
medicine, education, and administration. The expanding use of
software that automates computer operations gives companies
the option of making systems user-friendly, greatly reducing the
need for operators. Such improvements require operators to
monitor a greater number of operations at the same time and be
capable of solving a broader range of problems that may arise.
The result is that fewer operators will be needed to perform more
highly skilled work.

Computer operators who are displaced by automation may be
reassigned to support staffs that maintain personal computer
networks or assist other members of the organization. Operators
who keep up with changing technology, by updating their skills
and enhancing their training, should have the best prospects of
moving into other areas such as network administration and tech-
nical support. Others may be retrained to perform different job
duties, such as supervising an operations center, maintaining
automation packages, or analyzing computer operations to rec-
ommend ways to increase productivity. In the future, operators
who wish to work in the computer field will need to know more
about programming, automation software, graphics interface,
client/server environments, and open systems, in order to take
advantage of changing opportunities.

Earnings

Median annual earnings of computer operators were $27,670
in 2000. The middle 50 percent earned between about $21,280
and $35,320 a year. The top 10 percent earned more than
$43,950, and the bottom 10 percent earned less than $17,350.
Median annual earnings in the industries employing the larg-
est numbers of computer operators in 2000 are shown in the
following:

Computer and data processing Services ................. $28,530
HOSPItalS ..o, 26,550
Commercial banks ..........ccccovviiiiniiiinniieiiceieeee 22,840

Personnel supply SEIVICES ......ccccevirvenerienercieniennenne 22,130
Miscellaneous business Services ...........ccceeeveeeriuveennnee 21,980

The average salary for computer operators employed by the fed-
eral government was $37,574 in early 2001.

According to Robert Half International, the average starting sala-
ries for console operators ranged from $28,250 to $40,500 in
2001. Salaries generally are higher in large organizations than in
small ones.

Related Occupations

Other occupations involving work with computers include com-
puter software engineers; computer programmers; computer sup-
port specialists and systems administrators; and systems analysts,
computer scientists, and database administrators. Other occupa-
tions in which workers operate electronic office equipment in-
clude data entry and information-processing workers, as well as
secretaries and administrative assistants.

Sources of Additional Information

For information about work opportunities in computer opera-
tions, contact establishments with large computer centers, such
as banks, manufacturing and insurance firms, colleges and uni-
versities, and data processing service organizations. The local
office of the state employment service can supply information
about employment and training opportunities.

O*NET 15-1021.00

Significant Points

® Employment growth will be considerably slower than that
of other computer specialists, due to the spread of pre-pack-
aged software solutions. Three out of 5 computer program-
mers held at least a bachelor’s degree in 2000.

® Prospects should be best for college graduates with knowl-
edge of a variety of programming languages and tools; those
with less formal education or its equivalent in work expe-
rience should face strong competition for programming
jobs.

Nature of the Work

Computer programmers write, test, and maintain the detailed
instructions, called programs, that computers must follow to
perform their functions. They also conceive, design, and test logi-
cal structures for solving problems by computer. Many technical
innovations in programming—advanced computing technolo-
gies and sophisticated new languages and programming tools—
have redefined the role of a programmer and elevated much of
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the programming work done today. Job titles and descriptions
may vary, depending on the organization. In this occupational
statement, computer programmer refers to individuals whose main
job function is programming; this group has a wide range of
responsibilities and educational backgrounds.

Computer programs tell the computer what to do, such as which
information to identify and access, how to process it, and what
equipment to use. Programs vary widely depending upon the
type of information to be accessed or generated. For example,
the instructions involved in updating financial records are very
different from those required to duplicate conditions on board
an aircraft for pilots training in a flight simulator. Although simple
programs can be written in a few hours, programs that use com-
plex mathematical formulas, whose solutions can only be ap-
proximated, or that draw data from many existing systems, may
require more than a year of work. In most cases, several pro-
grammers work together as a team under a senior programmer’s
supervision.

Programmers write programs according to the specifications de-
termined primarily by computer software engineers and system
analysts. After the design process is complete, it is the job of the
programmer to convert that design into a logical series of in-
structions that the computer can follow. They then code these
instructions in a conventional programming language, such as
COBOL; an artificial intelligence language, such as Prolog; or
one of the most advanced object-oriented languages such as Java,
C++, or Smalltalk. Different programming languages are used
depending on the purpose of the program. COBOL, for example,
is commonly used for business applications, whereas Fortran
(short for “formula translation”) is used in science and engineer-
ing. C++ is widely used for both scientific and business applica-
tions. Programmers generally know more than one programming
language; and since many languages are similar, they often can
learn new languages relatively easily. In practice, programmers
often are referred to by the language they know, such as Java
programmers, or the type of function they perform or environ-
ment in which they work, such as database programmers, main-
frame programmers, or Internet programmers.

Many programmers update, repair, modify, and expand existing
programs. When making changes to a section of code, called a
routine, programmers need to make other users aware of the task
the routine is to perform. They do this by inserting comments in
the coded instructions, so others can understand the program.
Many programmers use computer-assisted software engineering
(CASE) tools to automate much of the coding process. These tools
enable a programmer to concentrate on writing the unique parts
of the program, because the tools automate various pieces of the
program being built. CASE tools generate whole sections of code
automatically, rather than line by line. This also yields more reli-
able and consistent programs and increases programmers’ pro-
ductivity by eliminating some routine steps.

Programmers test a program by running it, to ensure the instruc-
tions are correct and it produces the desired information. If er-
rors do occur, the programmer must make the appropriate change
and recheck the program until it produces the correct results.
This process is called debugging. Programmers may continue to
fix these problems throughout the life of a program. Program-

mers working in a mainframe environment may prepare instruc-
tions for a computer operator who will run the program. They
also may contribute to a manual for users.

Programmers often are grouped into two broad types—applica-
tions programmers and systems programmers. Applications pro-
grammers write programs to handle a specific job, such as a
program to track inventory, within an organization. They may
also revise existing packaged software. Systems programmers, on
the other hand, write programs to maintain and control com-
puter systems software, such as operating systems, networked
systems, and database systems. These workers make changes in
the sets of instructions that determine how the network, work-
stations, and central processing unit of the system handle the
various jobs they have been given and how they communicate
with peripheral equipment, such as terminals, printers, and disk
drives. Because of their knowledge of the entire computer sys-
tem, systems programmers often help applications programmers
determine the source of problems that may occur with their pro-
grams.

Programmers in software development companies may work di-
rectly with experts from various fields to create software—either
programs designed for specific clients or packaged software for
general use—ranging from games and educational software to
programs for desktop publishing, financial planning, and spread-
sheets. Much of this type of programming is in the preparation
of packaged software, which comprises one of the most rapidly
growing segments of the computer services industry.

In some organizations, particularly small ones, workers com-
monly known as programmer-analysts are responsible for both
the systems analysis and the actual programming work. Advanced
programming languages and new object-oriented programming
capabilities are increasing the efficiency and productivity of both
programmers and users. The transition from a mainframe envi-
ronment to one that is primarily personal computer (PC) based
has blurred the once rigid distinction between the programmer
and the user. Increasingly, adept end-users are taking over many
of the tasks previously performed by programmers. For example,
the growing use of packaged software, like spreadsheet and data-
base management software packages, allows users to write simple
programs to access data and perform calculations.

Working Conditions

Programmers generally work in offices in comfortable surround-
ings. Many programmers may work long hours or weekends, to
meet deadlines or fix critical problems that occur during off hours.
Given the technology available, telecommuting is becoming
common for a wide range of computer professionals—including
computer programmers. As computer networks expand, more
programmers are able to connect to a customer’s computer sys-
tem remotely to make corrections or fix problems, using mo-
dems, e-mail, and the Internet.

Like other workers who spend long periods of time in front of a
computer terminal typing at a keyboard, programmers are sus-
ceptible to eyestrain, back discomfort, and hand and wrist prob-
lems, such as carpal tunnel syndrome.
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Employment

Computer programmers held about 585,000 jobs in 2000. Pro-
grammers are employed in almost every industry, but the largest
concentration is in the computer and data processing services
industry, which includes firms that write and sell software. Large
numbers of programmers can also be found working for firms
that provide engineering and management services, telecommu-
nications companies, manufacturers of computer and office
equipment, financial institutions, insurance carriers, educational
institutions, and government agencies.

A large number of computer programmers are employed on a
temporary or contract basis or work as independent consultants,
as companies demand expertise with new programming lan-
guages or specialized areas of application. Rather than hiring
programmers as permanent employees and then laying them off
after a job is completed, employers can contract with temporary
help agencies, consulting firms, or directly with programmers
themselves. A marketing firm, for example, may only require
the services of several programmers to write and debug the soft-
ware necessary to get a new customer resource management sys-
tem running. This practice also enables companies to bring in
people with a specific set of skills—usually in one of the latest
technologies—as it applies to their business needs. Bringing in
an independent contractor or consultant with a certain level of
experience in a new or advanced programming language, for
example, enables an establishment to complete a particular job
without having to retrain existing workers. Such jobs may last
anywhere from several weeks to a year or longer. There were
22,000 self-employed computer programmers in 2000.

Training, Other Qualifications, and
Advancement

While there are many training paths available for programmers,
mainly because employers’ needs are so varied, the level of edu-
cation and experience employers seek has been rising, due to
the growing number of qualified applicants and the specializa-
tion involved with most programming tasks. Bachelor’s degrees
are commonly required, although some programmers may
qualify for certain jobs with 2-year degrees or certificates. Em-
ployers are primarily interested in programming knowledge, and
computer programmers are able to get certified in a language
such as C++ or Java. College graduates who are interested in
changing careers or developing an area of expertise also may
return to a 2-year community college or technical school for
additional training. In the absence of a degree, substantial spe-
cialized experience or expertise may be needed. Even with a de-
gree, employers appear to be placing more emphasis on previous
experience, for all types of programmers.

About 3 out of 5 computer programmers had a bachelor’s degree
or higher in 2000 (Table 1). Of these, some hold a degree in
computer science, mathematics, or information systems, whereas
others have taken special courses in computer programming to
supplement their study in fields such as accounting, inventory
control, or other areas of business. As the level of education and
training required by employers continues to rise, this propor-
tion should increase in the future.

TasLE 1

Highest level of school completed or degree received,
computer programmers, 2000

Level Percent
High school graduate or equivalent or less.............. 11.8
Some college, N0 deZree ........cccuveevvvuveeerninereennnneen. 17.2
Associate degree..........ccovviiiiiiiiiiiiiii 11.0
Bachelor’s degree .........ccccceeiviiiiiiiiiiiiiniiii, 47.4
Graduate degree .......cccoeceeeeireiiieiiiiiieeenieee e 12.8

Required skills vary from job to job, but the demand for various
skills generally is driven by changes in technology. Employers
using computers for scientific or engineering applications usu-
ally prefer college graduates who have degrees in computer or
information science, mathematics, engineering, or the physical
sciences. Graduate degrees in related fields are required for some
jobs. Employers who use computers for business applications
prefer to hire people who have had college courses in manage-
ment information systems (MIS) and business and who possess
strong programming skills. Although knowledge of traditional
languages still is important, increasing emphasis is placed on
newer, object-oriented programming languages and tools, such
as C++ and Java. Additionally, employers are seeking persons
familiar with fourth and fifth generation languages that involve
graphic user interface (GUI) and systems programming. Employ-
ers also prefer applicants who have general business skills and
experience related to the operations of the firm. Students can
improve their employment prospects by participating in a col-
lege work-study program or by undertaking an internship.

Most systems programmers hold a 4-year degree in computer
science. Extensive knowledge of a variety of operating systems is
essential. This includes being able to configure an operating sys-
tem to work with different types of hardware and adapting the
operating system to best meet the needs of a particular organiza-
tion. Systems programmers also must be able to work with data-
base systems, such as DB2, Oracle, or Sybase, for example.

When hiring programmers, employers look for people with the
necessary programming skills who can think logically and pay
close attention to detail. The job calls for patience, persistence,
and the ability to work on exacting analytical work, especially
under pressure. Ingenuity and imagination also are particularly
important, when programmers design solutions and test their
work for potential failures. The ability to work with abstract con-
cepts and to do technical analysis is especially important for sys-
tems programmers, because they work with the software that
controls the computer’s operation. Because programmers are
expected to work in teams and interact directly with users, em-
ployers want programmers who are able to communicate with
nontechnical personnel.

Entry-level or junior programmers may work alone on simple
assignments after some initial instruction or on a team with more
experienced programmers. Either way, beginning programmers
generally must work under close supervision. Because technol-
ogy changes so rapidly, programmers must continuously update
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their training by taking courses sponsored by their employer or
software vendors.

For skilled workers who keep up to date with the latest technol-
ogy, the prospects for advancement are good. In large organiza-
tions, programmers may be promoted to lead programmer and
be given supervisory responsibilities. Some applications program-
mers may move into systems programming after they gain expe-
rience and take courses in systems software. With general business
experience, programmers may become programmer analysts or
systems analysts or be promoted to a managerial position. Other
programmers, with specialized knowledge and experience with
a language or operating system, may work in research and devel-
opment areas, such as multimedia or Internet technology. As
employers increasingly contract out programming jobs, more
opportunities should arise for experienced programmers with
expertise in a specific area to work as consultants.

Technical or professional certification is a way to demonstrate a
level of competency or quality. In addition to language-specific
certificates that a programmer can obtain, product vendors or
software firms also offer certification and may require profes-
sionals who work with their products to be certified. Voluntary
certification also is available through other organizations. Pro-
fessional certification may provide a job seeker a competitive
advantage.

Job Outlook

Employment of programmers is expected to grow about as fast
as the average for all occupations through 2010. Jobs for both
systems and applications programmers should be most plentiful
in data processing service firms, software houses, and computer
consulting businesses. These types of establishments are part of
computer and data processing services, which is projected to be
the fastest growing industry in the economy over the 2000-2010
period. As organizations attempt to control costs and keep up
with changing technology, they will need programmers to assist
in conversions to new computer languages and systems. In addi-
tion, numerous job openings will result from the need to replace
programmers who leave the labor force or transfer to other oc-
cupations such as manager or systems analyst.

Employment of programmers, however, is expected to grow much
slower than that of other computer specialists. With the rapid
gains in technology, sophisticated computer software now has
the capability to write basic code, eliminating the need for more
programmers to do this routine work. The consolidation and
centralization of systems and applications, developments in pack-
aged software, advanced programming languages and tools, and
the growing ability of users to design, write, and implement more
of their own programs means more of the programming func-
tions can be transferred to other types of workers. As the level of
technological innovation and sophistication increases, program-
mers should continue to face increasing competition from pro-
gramming businesses overseas where much routine work can be
contracted out at a lower cost.

Nevertheless, employers will continue to need programmers who
have strong technical skills and who understand an employer’s
business and its programming needs. This will mean that pro-

grammers will need to keep up with changing programming lan-
guages and techniques. Given the importance of networking and
the expansion of client/server environments and web-based en-
vironments, organizations will look for programmers who can
support data communications and help implement electronic
commerce and intranet strategies. Demand for programmers with
strong object-oriented programming capabilities and technical
specialization in areas such as client/server programming, mul-
timedia technology, and graphic user interface (GUI), should arise
from the expansion of intranets, extranets, and Internet appli-
cations. Programmers also will be needed to create and maintain
expert systems and embed these technologies in more and more
products.

As programming tasks become increasingly sophisticated and
an additional level of skill and experience is demanded by em-
ployers, graduates of 2-year programs and people with less than
a 2-year degree or its equivalent in work experience should face
strong competition for programming jobs. Competition for en-
try-level positions, however, also can affect applicants with a
bachelor’s degree. Prospects should be best for college graduates
with knowledge of, and experience working with, a variety of
programming languages and tools—including C++ and other
object-oriented languages like Java, as well as newer, domain-
specific languages that apply to computer networking, data base
management, and Internet application development. Obtaining
vendor or language specific certification also can provide a com-
petitive edge. Because demand fluctuates with employers’ needs,
job seekers should keep up to date with the latest skills and tech-
nologies. Individuals who want to become programmers can
enhance their prospects by combining the appropriate formal
training with practical work experience.

Earnings

Median annual earnings of computer programmers were
$57,590in 2000. The middle 50 percent earned between $44,850
and $74,500 a year. The lowest 10 percent earned less than
$35,020; the highest 10 percent earned more than $93,210.
Median annual earnings in the industries employing the larg-
est numbers of computer programmers in 2000 were:

Personnel supply SEIVICeS .......ccccevvvevuerienercucneennenne $65,780
Professional and commercial equipment.................. 63,780
Computer and data processing Services ..........c........ 61,010
Commercial banks ........cccccveeiieiiiiiieiiieiieee e, 60,180
Management and public relations .............ccceceeuenen. 57,120

According to the National Association of Colleges and Employ-
ers, starting salary offers for graduates with a bachelor’s degree
in computer programming averaged $48,602 a year in 2001.

According to Robert Half International, average annual starting
salaries in 2001 ranged from $58,500 to $90,000 for applications
development programmers/developers, and from $54,000 to
$77,750 for software development programmers/analysts. Aver-
age starting salaries for Internet programmers/analysts ranged
from $56,500 to $84,000.
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Related Occupations

Other professional workers who deal with data and detail in-
clude computer software engineers; systems analysts, computer
scientists, and database administrators; statisticians; mathema-
ticians; engineers; financial analysts and personal financial ad-
visors; accountants and auditors; actuaries; and operations
research analysts.

Sources of Additional Information

State employment service offices can provide information about
job openings for computer programmers. Municipal chambers
of commerce are other sources of additional information on an
area’s largest employers.

For information about certification as a computing professional,
contact:

@ Institute for Certification of Computing Professionals (ICCP), 2350 East
Devon Ave., Suite | 15, Des Plaines, IL 60018. Internet: http://
www.iccp.org

Further information about computer careers is available from:

® Association for Computing Machinery (ACM), 1515 Broadway,
New York, NY 10036. Internet: http://www.acm.org

® |EEE Computer Society, Headquarters Office, 1730 Massachusetts Ave.
N.W.,, Washington, DC 20036-1992. Internet: http://
www.computer.org

® National Workforce Center for Emerging Technologies, 3000
Landerholm Circle S.E., Bellevue, WA 98007. Internet: http://
www.nwcet.org

Cmpter Software
Engineers

O*NET 15-1031.00, 15-1032.00

Significant Points

® Computer software engineers are projected to be the fast-
est growing occupation over the 2000-2010 period.

® Very favorable opportunities are expected for college gradu-
ates with at least a bachelor’s degree in computer engineer-
ing or computer science and practical experience working
with computers.

® Computer software engineers must continually strive to
acquire new skills as computer technology changes rap-
idly.

Nature of the Work

The explosive impact of computers and information technology
on our everyday lives has generated a need to design and develop

new computer software systems and to incorporate new technolo-
gies in a rapidly growing range of applications. The tasks performed
by workers known as computer software engineers evolve rapidly,
reflecting new areas of specialization or changes in technology, as
well as the preferences and practices of employers. Computer soft-
ware engineers apply the principles and techniques of computer
science, engineering, and mathematical analysis to the design,
development, testing, and evaluation of the software and systems
that enable computers to perform their many applications.

Software engineers working in applications or systems develop-
ment analyze users’ needs and design, create, and modify gen-
eral computer applications software or systems. Software
engineers can be involved in the design and development of
many types of software including software for operating systems,
network distribution, and compilers, which convert programs
for faster processing. In programming, or coding, software engi-
neers instruct a computer, line by line, how to perform a func-
tion. They also solve technical problems that arise. Software
engineers must possess strong programming skills, but are more
concerned with developing algorithms and analyzing and solv-
ing programming problems than with actually writing code.

Computer applications software engineers analyze users’ needs and
design, create, and modify general computer applications soft-
ware or specialized utility programs. Different programming lan-
guages are used, depending on the purpose of the program. The
programming languages most often used are C, C++, and Java,
with Fortran and COBOL used less commonly. Some software
engineers develop both packaged systems and systems software
or create customized applications.

Computer systems software engineers coordinate the construction
and mainten ance of a company’s computer systems, and plan
their future growth. Working with a company, they coordinate
each department’s computer needs—ordering, inventory, bill-
ing, and payroll recordkeeping, for example—and make sugges-
tions about its technical direction. They also might set up the
company’s intranets, networks that link computers within the
organization and ease communication.

Systems software engineers work for companies that configure,
implement, and install complete computer systems. They may
be members of the marketing or sales staff, where they serve as
the primary technical resource for salesworkers and customers.
They also may be involved in product sales and in providing
their customers with continuing technical support.

Computer software engineers often work as part of a team that
designs new hardware, software, and systems. A core team may
comprise engineering, marketing, manufacturing, and design
people 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 40
hours a week; however, due to the project-oriented nature of the
work, they also may have to work evenings or weekends to meet
deadlines or solve unexpected technical problems. And like other
workers who sit for hours at a computer typing on a keyboard,
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software engineers are susceptible to eyestrain, back discomfort,
and hand and wrist problems such as carpal tunnel syndrome.

Many computer software engineers interact with customers and
coworkers as they strive to improve software for users. Those
employed by software vendors and consulting firms, for example,
spend much of their time away from their offices, frequently
traveling overnight, to meet with customers. They call on cus-
tomers in businesses ranging from manufacturing plants to fi-
nancial institutions.

As networks expand, software engineers may be able to use mo-
dems, laptops, e-mail, and the Internet to provide more techni-
cal support and other services from their main office, connecting
to a customer’s computer remotely to identify and correct devel-
oping problems.

Employment

Computer software engineers held about 697,000 jobs in 2000.
About 380,000 were computer software engineers, applications,
and about 317,000 were computer software engineers, systems
software. Although they are employed in most industries, the larg-
est concentration of computer software engineers, almost 46 pet-
cent, is in the computer and data processing services industry.
This industry includes firms that develop and produce prepack-
aged software and firms that provide contractual computer ser-
vices such as computer programming, systems integration, and
information retrieval, including online databases and Internet set-
vices. Many computer software engineers also work in other in-
dustries, such as government agencies, manufacturers of computers
and related electronic equipment, and colleges and universities.

Employers of computer software engineers range from startup
companies to established industry leaders. The proliferation of
Internet, e-mail, and other communications systems expands
electronics to engineering firms traditionally associated with
unrelated disciplines. Engineering firms specializing in building
bridges and power plants, for example, hire computer software
engineers to design and develop new geographic data systems
and automated drafting capabilities. Communications firms need
computer software engineers to tap into growth in the personal
communications market. Major communications companies
have many job openings for both computer software applica-
tions and systems engineers.

A increasing number of computer software engineers are em-
ployed on a temporary or contract basis—many of whom are
self-employed, working independently as consultants. Some con-
sultants work for firms that specialize in developing and main-
taining client companies’ Web sites and intranets. Consulting
opportunities for software engineers should grow as businesses
need help managing, upgrading, and customizing increasingly
complex computer systems. About 49,000 computer software
engineers were self-employed in 2000.

Training, Other Qualifications, and
Advancement

Most employers prefer to hire persons who have at least a
bachelor’s degree and broad knowledge and experience with

computer systems and technologies. Usual degree concentrations
for applications software engineers are computer science or soft-
ware engineering; for systems software engineers, usual concen-
trations are computer science or computer information systems.
Graduate degrees are preferred for some of the more complex
jobs.

Academic programs in software engineering emphasize software
and may be offered as a degree option or in conjunction with
computer science degrees. Students seeking software engineer-
ing jobs enhance their employment opportunities by participat-
ing in internship or co-op programs offered through their schools.
These experiences provide students with broad knowledge and
experience, making them more attractive candidates to employ-
ers. Inexperienced college graduates may be hired by large com-
puter and consulting firms that train new hires in intensive,
company-based programs. In many firms, mentoring has become
part of the evaluation process for new employees.

For systems software engineering jobs that require workers who
have a college degree, a bachelor’s in computer science or com-
puter information systems is typical. For systems engineering
jobs that place less emphasis on workers having a computer-
related degree, computer training programs are offered by sys-
tems software vendors, including Microsoft, Novell, and Oracle.
These training programs usually last from 1 to 4 weeks but are
not required in order to sit for a certification exam; several study
guides also are available to help prepare for the exams. However,
many training authorities feel that program certification alone
is not sufficient for most software engineering jobs.

Professional certification is offered by the Institute for Certifica-
tion of Computing Professionals. This voluntary certification is
available to those who have a college degree and at least 2 years
of experience. Candidates must pass an examination covering
general knowledge and two specialty areas or one specialty area
and two computer programming languages. In addition, the In-
stitute of Electrical and Electronics Engineers Computer Society
recently announced plans to certify software engineers who pass
an examination.

Persons interested in jobs as computer software engineers must
have strong problem-solving and analytical skills. They also must
be able to communicate effectively with team members, other
staff, and the customers they meet. And because they often deal
with a number of tasks simultaneously, they must be able to
concentrate and pay close attention to detail.

As is the case with most occupations, advancement opportuni-
ties for computer software engineers increase with experience.
Entry-level computer software engineers are likely to test and
verify ongoing designs. As they become more experienced, com-
puter software engineers may be involved in designing and de-
veloping software. They eventually may advance to become a
project manager, manager of information systems, or chief in-
formation officer. Some computer software engineers with sev-
eral years of experience or expertise find lucrative opportunities
working as systems designers or independent consultants or start-
ing their own computer consulting firms.

As technological advances in the computer field continue, em-
ployers demand new skills. Computer software engineers must
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continually strive to acquire new skills if they wish to remain in
this extremely dynamic field. To help them keep up with the
changing technology, continuing education and professional
development seminars are offered by employers and software
vendors, colleges and universities, private training institutions,
and professional computing societies.

Job Outlook

Computer software engineers are projected to be the fastest grow-
ing occupation from 2000 to 2010. Very rapid employment
growth in the computer and data processing services industry,
which employs the greatest numbers of computer software engi-
neers, should result in very favorable opportunities for those
college graduates with at least a bachelor’s degree in computer
engineering or computer science and practical experience work-
ing with computers. Employers will continue to seek computer
professionals with strong programming, systems analysis, inter-
personal, and business skills.

Employment of computer software engineers is expected to in-
crease much faster than the average for all occupations as busi-
nesses and other organizations continue to adopt and integrate
new technologies and seek to maximize the efficiency of their
computer systems. Competition among businesses will continue
to create an incentive for increasingly sophisticated technologi-
cal innovations, and organizations will need more computer
software engineers to implement these new technological
changes. In addition to employment growth, many job open-
ings will result annually from the need to replace workers who
move into managerial positions, transfer to other occupations,
or who leave the labor force.

Demand for computer software engineers will increase as com-
puter networking continues to grow. For example, the expand-
ing integration of Internet technologies and the explosive growth
in electronic commerce—doing business on the Internet—have
resulted in rising demand for computer software engineers who
can develop Internet, intranet, and other Web applications. Like-
wise, expanding electronic data processing systems in business,
telecommunications, government, and other settings continue
to become more sophisticated and complex. Growing numbers
of systems software engineers will be needed to implement, safe-
guard, and update systems and resolve problems. Consulting op-
portunities for computer software engineers also should continue
to grow as businesses increasingly need help to manage, upgrade,
and customize their increasingly complex computer systems.

Earnings

Median annual earnings of computer software engineers, ap-
plications, who worked full time in 2000 were about $67,670.
The middle 50 percent earned between $53,390 and $85,490.
The lowest 10 percent earned less than $42,710, and the high-
est 10 percent earned more than $106,680. Median annual earn-
ings in the industries employing the largest numbers of
computer applications software engineers in 2000 were:

Professional and commercial equipment.................. 64,920
Management and public relations .............cccoceeueee. 62,660

Median annual earnings of computer software engineers, sys-
tems software, who worked full time in 2000 were about
$69,530. The middle 50 percent earned between $54,460 and
$86,520. The lowest 10 percent earned less than $43,600, and
the highest 10 percent earned more than $105,240. Median
annual earnings in the industries employing the largest num-
bers of computer systems software engineers in 2000 were:

Computer and office equipment.............cccccueueneeee. $74,600
Computer and data processing Services .................... 70,150
Telephone communication ...........ccceceeinieninnn. ... 68,930
Engineering and architectural services ... 68,030
Commercial banks ......ccccceeeevvviiiiieieiiiieeee e 65,620

According to the National Association of Colleges and Employ-
ers, starting salary offers for graduates with a bachelor’s degree
in computer engineering averaged $53,924 in 2001, and those
with a master’s degree averaged $58,026.

According to Robert Half International, starting salaries for soft-
ware engineers in software development ranged from $62,800
to $92,000 in 2001.

In addition to typical benefits, computer software engineers may
be provided with profit sharing, stock options, and a company
car with a mileage allowance.

Related Occupations

Other workers who extensively use mathematics and logic in-
clude systems analysts, computer scientists, and database admin-
istrators; computer programmers; financial analysts and personal
financial advisors; computer hardware engineers; statisticians;
mathematicians; management analysts; actuaries; and operations
research analysts.

Sources of Additional Information

Additional information on a career in computer software engi-
neering is available from:

® Association for Computing Machinery (ACM), 1515 Broadway,
New York, NY 10036. Internet: http://www.acm.org

® |EEE Computer Society, Headquarters Office, 1730 Massachusetts Ave.
N.W., Washington, DC 20036-1992. Internet: http://
www.computer.org

® National Workforce Center for Emerging Technologies, 3000
Landerholm Circle S.E., Bellevue, WA 98007. Internet: http://
www.nwcet.org

Further information about the Certified Computing Professional
designation is available from:

® |nstitute for Certification of Computing Professionals (ICCP), 2350
East Devon Ave., Suite | 15, Des Plaines, IL 60018. Internet: http://
www.iccp.org

Computer and office equipment............ccccceeeuenene. $74,300
Computer and data processing Services .................... 69,520
Engineering and architectural services ..................... 68,790
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Cmpter ppo
Specialists and Systems
Administrators

O*NET 15-1041.00, 15-1071.00

Significant Points

® Computer support specialists and systems administrators
are projected to be among the fastest growing occupations
over the 2000-2010 period.

® Job prospects should best for college graduates who are up
to date with the latest skills and technologies; certifications
and practical experience are essential for persons without
degrees.

Nature of the Work

In the last decade, computers have become an integral part of
everyday life, used for a variety of reasons at home, in the work-
place, and at schools. And almost every computer user encoun-
ters a problem occasionally, whether it is the disaster of a crashing
hard drive or the annoyance of a forgotten password. The explo-
sion of computer use has created a high demand for specialists
to provide advice to users, as well as day-to-day administration,
maintenance, and support of computer systems and networks.

Computer support specialists provide technical assistance, support,
and advice to customers and other users. This group includes
technical support specialists and help-desk technicians. These trouble-
shooters interpret problems and provide technical support for
hardware, software, and systems. They answer phone calls, ana-
lyze problems using automated diagnostic programs, and resolve
recurrent difficulties. Support specialists may work either within
a company that uses computer systems or directly for a com-
puter hardware or software vendor. Increasingly, these special-
ists work for help-desk or support services firms, where they
provide computer support on a contract basis to clients.

Technical support specialists are troubleshooters, providing valu-
able assistance to their organization’s computer users. Because
many nontechnical employees are not computer experts, they
often run into computer problems they cannot resolve on their
own. Technical support specialists install, modify, clean, and re-
pair computer hardware and software. They also may work on
monitors, keyboards, printers, and mice.

Technical support specialists answer phone calls from their or-
ganizations’ computer users and may run automatic diagnostics
programs to resolve problems. They also may write training
manuals and train computer users how to properly use the new
computer hardware and software. In addition, technical support
specialists oversee the daily performance of their company’s com-
puter systems and evaluate software programs for usefulness.

Help-desk technicians assist computer users with the inevitable
hardware and software questions not addressed in a product’s
instruction manual. Help-desk technicians field telephone calls
and e-mail messages from customers seeking guidance on tech-
nical problems. In responding to these requests for guidance,
help-desk technicians must listen carefully to the customer, ask
questions to diagnose the nature of the problem, and then pa-
tiently walk the customer through the problem-solving steps.

Help-desk technicians deal directly with customer issues, and
companies value them as a source of feedback on their products.
These technicians are consulted for information about what gives
customers the most trouble as well as their concerns. Most com-
puter support specialists start out at the help desk.

Network or computer systems administrators design, install, and sup-
port an organization’s LAN, WAN, network segment, Internet,
or Intranet system. They provide day-to-day onsite administra-
tive support for software users in a variety of work environments,
including professional offices, small businesses, government, and
large corporations. They maintain network hardware and soft-
ware, analyze problems, and monitor the network to ensure avail-
ability to system users. These workers gather data to identify
customer needs and then use that information to identity, inter-
pret, and evaluate system and network requirements. Adminis-
trators also may plan, coordinate, and implement network
security measures.

Systems administrators are the information technology employ-
ees responsible for the efficient use of networks by organizations.
They ensure that the design of an organization’s computer site
allows all the components, including computers, the network,
and software, to fit together and work properly. Furthermore,
they monitor and adjust performance of existing networks and
continually survey the cutrent computer site to determine fu-
ture network needs. Administrators also troubleshoot problems
as reported by users and automated network monitoring sys-
tems and make recommendations for enhancements in the con-
struction of future servers and networks.

In some organizations, computer security specialists may plan, co-
ordinate, and implement the organization’s information secu-
rity. These and other growing specialty occupations reflect the
increasing emphasis on client-server applications, the expansion
of Internet and Intranet applications, and the demand for more
end-user support.

Working Conditions

Computer support specialists and systems administrators nor-
mally work in well lit, comfortable offices or computer laborato-
ries. They usually work about 40 hours a week, but that may
include evening or weekend work if the employer requires com-
puter support over extended hours. Overtime may be necessary
when unexpected technical problems arise. Like other workers
who type on a keyboard for long periods, computer support spe-
cialists and systems administrators are susceptible to eyestrain,
back discomfort, and hand and wrist problems such as carpal
tunnel syndrome.

Due to the heavy emphasis on helping all types of computer
users, computer support specialists and systems administrators
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constantly interact with customers and fellow employees as they
answer questions and give valuable advice. Those who work as
consultants are away from their offices much of the time, some-
times spending months working in a client’s office.

As computer networks expand, more computer support special-
ists and systems administrators may be able to connect to a
customer’s computer remotely using modems, laptops, e-mail,
and the Internet to provide technical support to computer users.
This capability would reduce or eliminate travel to the customer’s
workplace. Systems administrators also can administer and con-
figure networks and servers remotely, although it not as com-
mon as with computer support specialists.

Employment

Computer support specialists and systems administrators held
about 734,000 jobs in 2000. Of these, about 506,000 were com-
puter support specialists and about 229,000 were network and
computer systems administrators. Although they worked in a
wide range of industries, about one-third of all computer sup-
port specialists and systems administrators were employed in
business services industries, principally computer and data pro-
cessing services. Other industries that employed substantial num-
bers of these workers include banks, government agencies,
insurance companies, educational institutions, and wholesale and
retail vendors of computers, office equipment, appliances, and
home electronic equipment. Many computer support specialists
also worked for manufacturers of computers and other office
equipment and for firms making electronic components and
other accessories.

Employers of computer support specialists and systems adminis-
trators range from start-up companies to established industry
leaders. With the continued development of the Internet, tele-
communications, and e-mail, industries not typically associated
with computers—such as construction—increasingly need com-
puter-related workers. Small and large firms across all industries
are expanding or developing computer systems, creating an im-
mediate need for computer support specialists and systems ad-
ministrators.

Training, Other Qualifications, and
Advancement

Due to the wide range of skills required, there are a multitude of
ways workers can become a computer support specialist or a sys-
tems administrator. While there is no universally accepted way
to prepare for a job as a computer support specialist, many em-
ployers prefer to hire persons with some formal college educa-
tion. A bachelor’s degree in computer science or information
systems is a prerequisite for some jobs; however, other jobs may
require only a computer-related associate degree. For systems
administrators, many employers seek applicants with bachelor’s
degrees, although not necessarily in a computer-related field.

Many companies are becoming more flexible about requiring a
college degree for support positions because of the explosive
demand for specialists. However, certification and practical ex-
perience demonstrating these skills will be essential for appli-
cants without a degree. Completion of a certification training

program, offered by a variety of vendors and product makers,
may help some people to qualify for entry-level positions. Rel-
evant computer experience may substitute for formal education.

Beginning computer support specialist start out at an organiza-
tion dealing directly with customers or in-house users. Then,
they may advance into more responsible positions in which they
use what they learn from customers to improve the design and
efficiency of future products. Job promotions usually depend
more on performance than on formal education. Eventually, some
computer support specialists become programmers, designing
products rather than assisting users. Computer support special-
ists at hardware and software companies often enjoy great up-
ward mobility; advancement sometimes comes within months
of initial employment.

Entry-level network and computer systems administrators are
involved in routine maintenance and monitoring of computer
systems, typically working behind the scenes in an organization.
After gaining experience and expertise, they often are able to
advance into more senior-level positions in which they take on
more responsibilities. For example, senior network and computer
systems administrators may present recommendations to man-
agement on matters related to a company’s network. They also
may translate the needs of an organization into a set of techni-
cal requirements, based on the available technology. As with
support specialists, administrators may become software engi-
neers, actually involved in the designing of the system or net-
work, not just the day-to-day administration.

Persons interested in becoming a computer support specialist or
systems administrator must have strong problem-solving, ana-
Iytical, and communication skills because troubleshooting and
helping others are a vital part of the job. The constant interac-
tion with other computer personnel, customers, and employees
require computer support specialists and systems administrators
to communicate effectively on paper, via e-mail, or in person.
Strong writing skills are useful when preparing manuals for em-
ployees and customers.

As technology continues to improve, computer support special-
ists and systems administrators must keep their skills current
and acquire new ones. Many employers, hardware and software
vendors, colleges and universities, and private training institu-
tions offer continuing education programs. Professional devel-
opment seminars offered by computing services firms also can
enhance one’s skills.

Job Outlook

Computer support specialists and systems administrators are pro-
jected to be among the fastest growing occupations over the
2000-2010 period. Employment is expected to increase much
faster than the average for all occupations as organizations con-
tinue to adopt and integrate increasingly sophisticated technol-
ogy. Job growth will continue to be driven by rapid gains in
computer and data processing services, which is projected to be
the fastest growing industry in the U.S. economy.

The falling prices of computer hardware and software should
help businesses expand their computing applications and inte-
grate new technology into their operations. To maintain a com-
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petitive edge and operate more efficiently, firms will continue to
demand computer specialists who are knowledgeable about the
latest technologies and able to apply them to meet the needs of
the organization.

Demand for computer support specialists is expected to increase
because of the rapid pace of improved technology. As computers
and software become more complex, support specialists will be
needed to provide technical assistance to customers and other
users. Consulting opportunities for computer support specialists
also should continue to grow as businesses increasingly need
help managing, upgrading, and customizing more complex com-
puter systems.

Demand for systems administrators will grow as a result of the
upsurge in electronic commerce and as computer applications
continue to expand. Companies are looking for workers knowl-
edgeable in the function and administration of networks. Such
employees have become increasingly hard to find as systems
administration has moved from being a separate function within
corporations to one which forms a crucial element of business
in an increasingly high-technology economy.

The growth of electronic commerce means more establishments
use the Internet to conduct their business online. This translates
into a need for information technology specialists who can help
organizations use technology to communicate with employees,
clients, and consumers. Explosive growth in these areas also is
expected to fuel demand for specialists knowledgeable about
network, data, and communications security.

Job prospects should be best for college graduates who are up to
date with the latest skills and technologies, particularly if they
have supplemented their formal education with some relevant
work experience. Employers will continue to seek computer spe-
cialists who possess a strong background in fundamental com-
puter skills combined with good interpersonal and
communication skills. Due to the rapid growth in demand for
computer support specialists and systems administrators, those
who have strong computer skills but do not have a bachelor’s
degree should continue to qualify for some entry-level positions.
However, certifications and practical experience are essential for
persons without degrees.

Earnings

Median annual earnings of computer support specialists were
$36,460 in 2000. The middle 50 percent earned between $27,680
and $48,440. The lowest 10 percent earned less than $21,260,
and the highest 10 percent earned more than $63,480. Median
annual earnings in the industries employing the largest num-
bers of computer support specialists in 2000 were:

Professional and commercial equipment................ $42,970
Computer and data processing Services .................... 37,860
Personnel supply SeIvices ..........cccovveviiiieviiicninnnne

Colleges and universities ...........
Miscellaneous business services

Median annual earnings of network and computer systems ad-
ministrators were $51,280 in 2000. The middle 50 percent
earned between $40,450 and $65,140. The lowest 10 percent

earned less than $32,450, and the highest 10 percent earned
more than $81,150. Median annual earnings in the industries
employing the largest number of network and computer sys-
tems administrators in 2000 were:

Computer and data processing services .................. $54,400
Telephone communication ........cc..coceeveveevieneecnennen. 52,620
Management and public relations ........c..ccccceceennennee. 51,340
Elementary and secondary schools ..........c..ccccceeuennin. 45,450
Colleges and universities ..........cccooevevviiviiiinnennnnn. 44,010

According to Robert Half International, starting salaries in 2001
ranged from $30,500 to $56,000 for help-desk support staff, and
from $48,000 to $61,000 for more senior computer support spe-
cialists. For systems administrators, starting salaries in 2001
ranged from $50,250 to $70,750.

Related Occupations

Other computer-related occupations include computer program-
mers; computer software engineers; systems analysts, computer
scientists, and database administrators; and operations research
analysts.

Sources of Additional Information

For additional information about a career as a computer support
specialist, contact:

® Association of Computer Support Specialists, 218 Huntington Rd.,
Bridgeport, CT 06608. Internet: http://www.acss.org

® Association of Support Professionals, 66 Mt. Auburn St., Watertown,
MA 02472

For additional information about a career as a systems adminis-
trator, contact:

® System Administrators Guild, 2560 9th St., Suite 215, Berkeley, CA
94710. Internet: http://www.sage.org

Further information about computer careers is available from:

® National Workforce Center for Emerging Technologies, 3000
Landerholm Circle S.E., Bellevue, WA 98007. Internet: http://
www.nwcet.org

and Foresters

O*NET 19-1031.01, 19-1031.02, 19-1031.03, 19-1032.00

Significant Points

® Nearly 3 out of 4 work for federal, state, or local govern-
ments.

® A bachelor’s degree in forestry, range management, or a
related field is the minimum educational requirement.
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® Projected average employment growth will stem from con-
tinuing emphasis on environmental protection and respon-
sible land management.

Nature of the Work

Forests and range lands supply wood products, livestock forage,
minerals, and water; serve as sites for recreational activities; and
provide habitats for wildlife. Conservation scientists and forest-
ers manage, develop, use, and help to protect these and other
natural resources.

Foresters manage forested lands for a variety of purposes. Those
working in private industry may manage company forestland or
procure timber from private landowners. Company forests are
usually managed to produce a sustainable supply or wood for
company mills. Procurement foresters contact local forest own-
ers and gain permission to take inventory of the type, amount,
and location of all standing timber on the property, a process
known as timber cruising. Foresters then appraise the timber’s
worth, negotiate its purchase, and draw up a contract for pro-
curement. Next, they subcontract with loggers or pulpwood cut-
ters for tree removal, aid in road layout, and maintain close
contact with the subcontractor’s workers and the landowner to
ensure that the work meets the landowner’s requirements, as
well as federal, state, and local environmental specifications. For-
estry consultants often act as agents for the forest owner, per-
forming these duties and negotiating timber sales with industrial
procurement foresters.

Throughout the forest management and procurement processes,
foresters consider the economics as well as the environmental
impact on natural resources. To do this, they determine how
best to conserve wildlife habitats, creek beds, water quality, and
soil stability and how best to comply with environmental regu-
lations. Foresters must balance the desire to conserve forested
ecosystems for future generations with the need to use forest
resources for recreational or economic purposes.

Through a process called regeneration, foresters also supervise
the planting and growing of new trees. They choose and prepare
the site, using controlled burning, bulldozers, or herbicides to
clear weeds, brush, and logging debris. They advise on the type,
number, and placement of trees to be planted. Foresters then
monitor the seedlings to ensure healthy growth and to deter-
mine the best time for harvesting. If they detect signs of disease
or harmful insects, they consult with forest pest management
specialists to decide on the best course of treatment. Foresters
who work for federal and state governments manage public for-
ests and parks and work with private landowners to protect and
manage forest land outside of the public domain. They may also
design campgrounds and recreation areas.

Foresters use a number of tools to perform their jobs. Clinom-
eters measure the height, diameter tapes measure the diameter,
and increment borers and bark gauges measure the growth of
trees so that timber volumes can be computed and growth rates
estimated. Photogrammetry and remote sensing (aerial photo-
graphs and other imagery taken from airplanes and satellites)
often are used for mapping large forest areas and for detecting
widespread trends of forest and land use. Computers are used
extensively, both in the office and in the field, for the storage,

retrieval, and analysis of information required to manage the
forest land and its resources.

Range managers, also called range conservationists, range ecologists,
or range scientists, study, manage, improve, and protect range
lands to maximize their use without damaging the environment.
Range lands cover about 1 billion acres of the United States,
mostly in western states and Alaska. They contain many natural
resources, including grass and shrubs for animal grazing, wild-
life habitats, water from vast watersheds, recreation facilities, and
valuable mineral and energy resources. Range managers help
ranchers attain optimum livestock production by determining
the number and kind of animals to graze, the grazing system to
use, and the best season for grazing. At the same time, however,
they maintain soil stability and vegetation for other uses such as
wildlife habitats and outdoor recreation. They also plan and
implement revegetation of disturbed sites.

Soil conservationists provide technical assistance to farmers, ranch-
ers, forest managers, state and local agencies, and others con-
cerned with the conservation of soil, water, and related natural
resources. They develop programs designed to make the most
productive use of land without damaging it. Soil conservation-
ists visit areas with erosion problems, find the source of the prob-
lem, and help landowners and managers develop management
practices to combat it.

Foresters and conservation scientists often specialize in one area,
such as forest resource management, urban forestry, wood tech-
nology, or forest economics.

Working Conditions

Working conditions vary considerably. Although some of the
work is solitary, foresters and conservation scientists also deal
regularly with landowners, loggers, forestry technicians and aides,
farmers, ranchers, government officials, special interest groups,
and the public in general. Some foresters and conservation sci-
entists work regular hours in offices or labs. Others may split
their time between field work and office work, while indepen-
dent consultants and especially new, less experienced workers
spend the majority of their time outdoors overseeing or partici-
pating in hands-on work.

The work can be physically demanding. Some foresters and con-
servation scientists work outdoors in all types of weather, some-
times in isolated areas. Other foresters may need to walk long
distances through densely wooded land to carry out their work.
Foresters also may work long hours fighting fires. Conservation
scientists often are called in to prevent erosion after a forest fire,
and they provide emergency help after floods, mudslides, and
tropical storms.

Employment

Conservation scientists and foresters held about 29,000 jobs in
2000. The federal government employed nearly 4 out of 10 work-
ers, many in the U.S. Department of Agriculture (USDA). Forest-
ers were concentrated in the USDA’s Forest Service; soil
conservationists in the USDA’s Natural Resource Conservation
Service. Most range managers worked in the Department of the
Interior’s Bureau of Land Management, the USDA'’s Natural Re-
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source Conservation Service or Forest Service. About 1 out of 4
conservation scientists and foresters worked for state govern-
ments, and nearly 1 out of 10 worked for local governments.
The remainder worked in private industry, mainly in research
and testing services, the forestry industry, and logging and lum-
ber companies and sawmills. Some were self-employed as con-
sultants for private landowners, federal and state governments,
and forestry-related businesses.

Although conservation scientists and foresters work in every state,
employment of foresters is concentrated in the western and south-
eastern states, where many national and private forests and parks,
and most of the lumber and pulpwood-producing forests, are
located. Range managers work almost entirely in the western
states, where most of the rangeland is located. Soil conserva-
tionists, on the other hand, are employed in almost every county
in the country.

Training, Other Qualifications, and
Advancement

A bachelor’s degree in forestry is the minimum educational re-
quirement for professional careers in forestry. In the federal gov-
ernment, a combination of experience and appropriate education
occasionally may substitute for a 4-year forestry degree, but job
competition makes this difficult.

Sixteen states have mandatory licensing or voluntary registra-
tion requirements that a forester must meet in order to acquire
the title “professional forester” and practice forestry in the state.
Licensing or registration requirements vary by state, but usually
entail completing a 4-year degree in forestry and a minimum
period of training, and passing an exam.

Foresters who wish to perform specialized research or teach should
have an advanced degree, preferably a PhD.

Most land-grant colleges and universities offer bachelor’s or
higher degrees in forestry; about 100 of these programs are ac-
credited by the Society of American Foresters. Curriculums stress
science, mathematics, communications skills, and computer sci-
ence, as well as technical forestry subjects. Courses in forest eco-
nomics and business administration supplement the student’s
scientific and technical knowledge. Forestry curriculums increas-
ingly include courses on best management practices, wetland
analysis, water and soil quality, and wildlife conservation, in re-
sponse to the growing focus on protecting forested lands during
timber harvesting operations. Prospective foresters should have
a strong grasp of policy issues and of increasingly numerous and
complex environmental regulations, which affect many forestry-
related activities. Many colleges require students to complete a
field session either in a camp operated by the college or in a
cooperative work-study program with a federal or state agency
or private industry. All schools encourage students to take sum-
mer jobs that provide experience in forestry or conservation work.

A bachelor’s degree in range management or range science is the
usual minimum educational requirement for range managers;
graduate degrees usually are required for teaching and research
positions. In 2000, about 40 colleges and universities offered
degrees in range management or range science or in a closely

related discipline with a range management or range science
option. A number of other schools offered some courses in range
management or range science. Specialized range management
courses combine plant, animal, and soil sciences with principles
of ecology and resource management. Desirable electives include
economics, forestry, hydrology, agronomy, wildlife, animal hus-
bandry, computer science, and recreation.

Very few colleges and universities offer degrees in soil conserva-
tion. Most soil conservationists have degrees in environmental
studies, agronomy, general agriculture, hydrology, or crop or soil
science; a few have degrees in related fields such as wildlife biol-
ogy, forestry, and range management. Programs of study usually
include 30 semester hours in natural resources or agriculture,
including at least 3 hours in soil science.

In addition to meeting the demands of forestry and conserva-
tion research and analysis, foresters and conservation scientists
generally must enjoy working outdoors, be physically hardy, and
be willing to move to where the jobs are. They also must work
well with people and have good communications skills.

Recent forestry and range management graduates usually work
under the supervision of experienced foresters or range manag-
ers. After gaining experience, they may advance to more respon-
sible positions. In the federal government, most entry-level
foresters work in forest resource management. An experienced
federal forester may supervise a ranger district, and may advance
to forest supervisor, to regional forester, or to a top administra-
tive position in the national headquarters. In private industry,
foresters start by learning the practical and administrative as-
pects of the business and acquiring comprehensive technical
training. They are then introduced to contract writing, timber
harvesting, and decision-making. Some foresters work their way
up to top managerial positions within their companies. Forest-
ers in management usually leave the fieldwork behind, spend-
ing more of their time in an office, working with teams to develop
management plans and supervising others. After gaining several
years of experience, some foresters may become consulting for-
esters, working alone or with one or several partners. They con-
tract with state or local governments, private landowners, private
industry, or other forestry consulting groups.

Soil conservationists usually begin working within one county
or conservation district and, with experience, may advance to
the area, state, regional, or national level. Also, soil conserva-
tionists can transfer to related occupations such as farm or ranch
management advisor or land appraiser.

Job Outlook

Employment of conservation scientists and foresters is expected
to grow more slowly than the average for all occupations through
2010. Growth should be strongest in state and local governments
and in research and testing services, where demand will be spurred
by a continuing emphasis on environmental protection and re-
sponsible land management. Job opportunities are expected to
be best for soil conservationists and other conservation scien-
tists as government regulations, such as those regarding the
management of stormwater and coastlines, have created demand
for persons knowledgeable about runoff and erosion on farms
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and in cities and suburbs. Soil and water quality experts also will
be needed as states attempt to improve water quality by prevent-
ing pollution by agricultural producers and industrial plants.

Fewer opportunities for conservation scientists and foresters are
expected in the federal government, partly due to budgetary con-
straints. Also, federal land management agencies, such as the
Forest Service, have de-emphasized their timber programs and
increasingly focused on wildlife, recreation, and sustaining eco-
systems, thereby increasing demand for other life and social sci-
entists relative to foresters. However, a large number of foresters
are expected to retire or leave the government for other reasons,
resulting in many job openings between 2000 and 2010. In ad-
dition, a small number of new jobs will result from the need for
range and soil conservationists to provide technical assistance
to owners of grazing land through the Natural Resource Conser-
vation Service.

Reductions in timber harvesting on public lands, most of which
are located in the northwest and California, also will dampen
job growth for private industry foresters in these regions. Op-
portunities will be better for foresters in the southeast, where
much forested land is privately owned. Rising demand for tim-
ber on private lands will increase the need for forest manage-
ment plans that maximize production while sustaining the
ecosystem for future growth. Salaried foresters working for pri-
vate industry—such as paper companies, sawmills, and pulp wood
mills—and consulting foresters will be needed to provide tech-
nical assistance and management plans to landowners.

Research and testing firms have increased their hiring of conser-
vation scientists and foresters in recent years. The firms need
professionals to prepare environmental impact statements and
erosion and sediment control plans, monitor water quality near
logging sites, and advise on tree harvesting practices required by
federal, state, or local regulations. Hiring in these firms should
continue during the 2000-2010 period, although at a slower rate
than over the last 10 years.

Earnings

Median annual earnings of conservation scientists in 2000 were
$47,140. The middle 50 percent earned between $37,610 and
$56,040. The lowest 10 percent earned less than $30,240, and
the highest 10 percent earned more than $68,300.

Median annual earnings of foresters in 2000 were $43,640. The
middle 50 percent earned between $34,760 and $53,740. The
lowest 10 percent earned less than $27,330, and the highest 10
percent earned more than $65,960.

In 2001, most bachelor’s degree graduates entering the federal
government as foresters, range managers, or soil conservation-
ists started at $23,776 or $30,035, depending on academic
achievement. Those with a master’s degree could start at $30,035
or $42,783. Holders of doctorates could start at $52,162 or, in
research positions, at $61,451. Beginning salaries were slightly
higher in selected areas where the prevailing local pay level was
higher. In 2001, the average federal salary for foresters in
nonsupervisory, supervisory, and managerial positions was
$55,006; for soil conservationists, $53,591; for rangeland man-
agers, $50,715, and for forest products technologists, $71,572.

According to the National Association of Colleges and Employ-
ers, graduates with a bachelor’s degree in conservation and re-
newable natural resources received an average starting salary offer
of $28,571 in 2001.

In private industry, starting salaries for students with a bachelor’s
degree were comparable with starting salaries in the federal gov-
ernment, but starting salaries in state and local governments were
usually lower.

Conservation scientists and foresters who work for federal, state,
and local governments and large private firms generally receive
more generous benefits than do those working for smaller firms.

Related Occupations

Conservation scientists and foresters manage, develop, and pro-
tect natural resources. Other workers with similar responsibili-
ties include agricultural engineers; environmental engineers;
agricultural and food scientists; biological scientists; environmen-
tal scientists and geoscientists; and farmers, ranchers, and agri-
cultural managers.

Sources of Additional Information

For information about the forestry profession and lists of schools
offering education in forestry, send a self-addressed, stamped busi-
ness envelope to:

® Society of American Foresters, 5400 Grosvenor Lane, Bethesda, MD
20814. Internet: http://www.safnet.org

For information about career opportunities in forestry in the fed-
eral government, contact:

® Chief, U.S. Forest Service, U.S. Department of Agriculture, PO. Box
96090, Washington, DC 20090-6090. Internet: http://www.fs.fed.us

Information about a career as a range manager, as well as a list of
schools offering training, is available from:

® Society for Range Management, 445 Union Blvd., Suite 230, Lakewood,
CO 80228-1259. Internet: http://srm.org

Court Reporters

Significant Points

® Court reporters usually need a 2- or 4-year postsecondary
school degree.

® Demand for realtime and broadcast captioning and trans-
lating will result in employment growth of court reporters.

® Job opportunities should be best for those with certifica-
tion from the National Court Reporters Association.
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© 2003 ° JIST Works ¢ Indianapolis, IN




Section One: Descriptions of 112 Top Computer and Technical Jobs %

Nature of the Work

Court reporters typically take verbatim reports of speeches, con-
versations, legal proceedings, meetings, and other events when
written accounts of spoken words are necessary for correspon-
dence, records, or legal proof. Court reporters not only play a
critical role in judicial proceedings, but every meeting where the
spoken word must be preserved as a written transcript. They are
responsible for ensuring a complete, accurate, and secure legal
record. In addition to preparing and protecting the legal record,
many court reporters assist judges and trial attorneys in a variety
of ways, such as organizing and searching for information in the
official record or making suggestions to judges and attorneys
regarding courtroom administration and procedure. Increasingly,
court reporters are providing closed-captioning and realtime
translating services to the deaf and hard-of-hearing community.

Court reporters document all statements made in official pro-
ceedings using a stenotype machine, which allows them to press
multiple keys at a time to record combinations of letters repre-
senting sounds, words, or phrases. These symbols are then re-
corded on computer disks or CD-ROM, which are then translated
and displayed as text in a process called computer-aided tran-
scription (CAT). In all cases, accuracy is crucial because there is
only one person creating an official transcript. In a judicial set-
ting, for example, appeals often depend on the court reporter’s
transcript.

Stenotype machines used for realtime captioning are linked di-
rectly to the computer. As the reporter keys in the symbols, they
instantly appear as text on the screen. This process, called Com-
munications Access Realtime Translation (CART), is used in
courts, classrooms, meetings, and for closed captioning for the
hearing-impaired on television.

Court reporters are responsible for a number of duties both be-
fore and after transcribing events. First, they must create and
maintain the computer dictionary that they use to translate steno-
graphic strokes into written text. They may customize the dic-
tionary with word parts, words, or terminology specific to the
proceeding, program, or event—such as a religious service—they
plan to transcribe. After documenting proceedings, court reporters
must edit their CART translation for correct grammar, accurate
identification of proper names and places, and to ensure the
record or testimony is distinguishable. They usually prepare writ-
ten transcripts, make copies, and provide transcript information
to court, counsel, parties, and the public upon request. They
also develop procedures for easy storage and retrieval of all steno-
graphic notes and files in paper or digital format.

Although many court reporters record official proceedings in the
courtroom, the majority of them work outside the courtroom.
Freelance reporters, for example, take depositions for attorneys
in offices and document proceedings of meetings, conventions,
and other private activities. Others capture the proceedings in
government agencies of all levels, from the U.S. Congress to state
and local governing bodies. Court reporters who specialize in
captioning live television programming for people with hearing
loss are commonly known as stenocaptioners. They work for tele-
vision networks or cable stations captioning news, emergency
broadcasts, sporting events, and other programming. With CART

and broadcast captioning, the level of understanding gained by
a person with hearing loss depends entirely on the skill of the
stenocaptioner. In an emergency situation, such as a tornado or
hurricane, peoples’ safety may depend entirely on the informa-
tion provided in the form of captioning.

Medical transcriptionists, have similar duties, but with a differ-
ent focus. They translate and edit recorded dictation by physi-
cians and other healthcare providers regarding patient assessment
and treatment.

Working Conditions

The majority of court reporters work in comfortable settings,
such as in offices of attorneys, courtrooms, legislatures, and con-
ventions. An increasing number of court reporters work from
home-based offices as independent contractors.

Work in this occupation presents few hazards, although sitting
in the same position for long periods can be tiring, and workers
can suffer wrist, back, neck, or eye problems due to strain and
risk repetitive motion injuries such as carpal tunnel syndrome.
Also, the pressure to be accurate and fast also can be stressful.

Many official court reporters work a standard 40-hour week. Self-
employed court reporters usually work flexible hours—includ-
ing part-time, evenings, weekends, or on an on-call basis.

Employment

Court reporters held about 18,000 jobs in 2000. Of those who
worked for a wage or salary, about 11,000 worked for state and
local governments, a reflection of the large number of court re-
porters working in courts, legislatures, and various agencies. Most
of the rest worked as independent contractors or employees of
court reporting agencies. About 13 percent were self-employed.

Training, Other Qualifications, and
Advancement

Court reporters usually complete a 2- or 4-year training program,
offered by about 160 postsecondary vocational and technical
schools and colleges. Currently, the National Court Reporters
Association (NCRA) has approved about 86 programs, all of which
offer courses in computer-aided transcription and real-time re-
porting. NCRA-approved programs require students to capture a
minimum of 225 words per minute. Court reporters in the fed-
eral government must capture at least 225 words a minute.

Some states require court reporters to be notary publics or to be
a Certified Court Reporter (CCR); reporters must pass a state cet-
tification test administered by a board of examiners to earn this
designation. The National Court Reporters Association confers
the entry-level designation, Registered Professional Reporter
(RPR), upon those who pass a four-part examination and partici-
pate in mandatory continuing education programs. Although
voluntary, the RPR designation is recognized as a mark of dis-
tinction in this field. A reporter may obtain additional certifica-
tions that demonstrate higher levels of competency. The NCRA
also offers a designation called Certified Realtime Reporter (CRR).
This designation promotes and recognizes competence in the
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specialized skill of converting the spoken word into the written
word instantaneously. Reporters, working as stenocaptioners or
CART providers, use realtime skills to produce captions for the
deaf and hard-of-hearing viewers.

Court reporters must have excellent listening skills, as well as
good English grammar and punctuation skills. They must also
be aware of business practices and current events, especially the
correct spelling of names of people, places, and events that may
be mentioned in a broadcast or in court proceedings. For those
who work in courtrooms, an expert knowledge of legal termi-
nology and criminal and appellate procedure is essential. Be-
cause stenographic capturing of proceedings requires a
computerized stenography machine, court reporters must be
knowledgeable about computer hardware and software applica-
tions.

With experience and education, court reporters can advance to
administrative and management positions, consulting, or teach-
ing.

Job Outlook

Employment of court reporters is projected to grow about as fast
as the average for all occupations through 2010. Demand for
court reporter services will be spurred by the continuing need
for accurate transcription of proceedings in courts and in pre-
trial depositions, and by the growing need to create captions of
live or prerecorded television and provide other realtime trans-
lating services for the deaf and hard-of-hearing community.

Federal legislation mandates that a by 2006, all new television
programming must be captioned for the deaf and hard-of-hear-
ing. Additionally, the American with Disabilities Act gives deaf
and hard-of-hearing students in colleges and universities the right
to request access to realtime translation in their classes. Both of
these factors are expected to increase demand for trained steno-
graphic court reporters to provide realtime captioning and Com-
munications Access Realtime Translation (CART) services.
Although these services are transcript-free and differ from tradi-
tional court reporting, which uses computer-aided transcription
to turn spoken words into permanent text, they require the same
skills that court reporters learn in their training.

Despite increasing numbers of civil and criminal cases, budget
constraints are expected to limit the ability of federal, state, and
local courts to expand, also limiting the demand for traditional
court reporting services in courtrooms and other legal venues.
Also, in efforts to keep costs down, many courtrooms have in-
stalled tape recorders to maintain records of proceedings. De-
spite the use of audiotape and videotape technology, court
reporters can quickly turn spoken words into readable, search-
able, permanent text so they will continue to be needed to pro-
duce written legal transcripts and proceedings for publication.

The Internet is expected to affect how reporting services are pro-
vided as online video technology improves and more meetings,
college classes, and even depositions take place on the Internet.
Court reporters will be in demand online to provide instanta-
neous text of those meetings in a searchable, easy-to-access me-
dium.

Job opportunities should be best for those with certification from
the National court Reporters Association.

Earnings

Court reporters had median annual earnings of $39,660 in 2000.
The middle 50 percent earned between $28,630 and $51,740.
The lowest paid 10 percent earned less than $18,750, and the
highest paid 10 percent earned over $69,060. Median annual
earnings in 2000 were $37,640 for court reporters working in
local government.

Compensation methods for court reporters vary, depending on
the type of reporting jobs, the experience of the individual re-
porter, the level of certification achieved and the region. Official
court reporters earn a salary and a per-page fee for transcripts.
Many salaried court reporters supplement their income by do-
ing additional freelance work. Freelance court reporters are paid
per job and receive a per-page fee for transcripts. Communica-
tion access realtime translation providers are paid hourly.
Stenocaptioners are paid a salary and benefits if they work as
employees of a captioning company; stenocaptioners working
as independent contractors are paid hourly.

According to a National Court Reporters Association survey of
its members, average annual earnings for court reporters were
$61,830 in 1999.

Related Occupations

A number of other workers type, record information, and pro-
cess paperwork. Among these are secretaries and administrative
assistants, medical transcriptionists, receptionists and informa-
tion clerks, and human resources assistants, except payroll and
timekeeping. Other workers who provide legal support include
paralegals and legal assistants.

Sources of Additional Information

State employment service offices can provide information about
job openings for court reporters. For information about careers,
training, and certification in court reporting, contact:

© National Court Reporters Association, 8224 Old Courthouse Rd.,
Vienna, VA 22182. Internet: http://www.ncraonline.org and http://
www.bestfuture.com

® United States Court Reporters Association, 1904 Marvel Lane,
Liberty, MO 64068. Internet: http://www.uscra.org

at Ent and
Information Processing
Workers
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Significant Points

® Workers can acquire their skills through high schools, com-
munity colleges, business schools, or self-teaching aids such
as books, tapes, or Internet tutorial applications.

® Overall employment is projected to decline due to the pro-
liferation of personal computers and other technologies;
however, the need to replace workers who leave this large
occupation each year should produce many job openings.

® Those with expertise in appropriate computer software ap-
plications should have the best job prospects.

Nature of the Work

Organizations need to process a rapidly growing amount of in-
formation. Data entry and information processing workers help
ensure this work is handled smoothly and efficiently. By typing
texts, entering data into a computer, operating a variety of office
machines, and performing other clerical duties, these workers
help organizations keep up with the rapid changes of the “Infor-
mation Age.”

Word processors and typists usually set up and prepare reports,
letters, mailing labels, and other text material. Typists make neat,
typed copies of materials written by other clerical, professional,
or managerial workers. They may begin as entry-level workers
by typing headings on form letters, addressing envelopes, or pre-
paring standard forms on typewriters or computers. As they gain
experience, they often are assigned tasks requiring a higher de-
gree of accuracy and independent judgment. Senior typists may
work with highly technical material, plan and type complicated
statistical tables, combine and rearrange materials from differ-
ent sources, or prepare master copies.

Most keyboarding is now done on word processing equipment—
usually a personal computer or part of a larger computer sys-
tem—which normally includes a keyboard, video display
terminal, and printer, and may have “add-on” capabilities such
as optical character recognition readers. Word processors use this
equipment to record, edit, store, and revise letters, memos, re-
ports, statistical tables, forms, and other printed materials. Al-
though it is becoming less common, some word processing
workers are employed in centralized word processing teams that
handle the transcription and typing for several departments.

In addition to the duties mentioned above, word processors and
typists often perform other office tasks, such as answering tele-
phones, filing, and operating copiers or other office machines.
Job titles of these workers often vary to reflect these duties. Clerk
typists, for example, combine typing with filing, sorting mail,
answering telephones, and other general office work. Notereaders
transcribe stenotyped notes of court proceedings into standard
formats.

Data entry keyers usually input lists of items, numbers, or other
data into computers or complete forms that appear on a com-
puter screen. They may also manipulate existing data, edit cur-
rent information, or proofread new entries to a database for
accuracy. Some examples of data sources include customers’ per-

sonal information, medical records, and membership lists. Usu-
ally this information is used internally by a company and may
be reformatted before use by other departments or by custom-
ers.

Keyers use various types of equipment to enter data. Many keyers
use a machine that converts the information they type to mag-
netic impulses on tapes or disks for entry into a computer sys-
tem. Others prepare materials for printing or publication by using
data entry composing machines. Some keyers operate online ter-
minals or personal computers. Data entry keyers increasingly
also work with non-keyboard forms of data entry such as scan-
ners and electronically transmitted files. When using these new
character recognition systems, data entry keyers often enter only
those data that cannot be recognized by machines. In some of-
fices, keyers also operate computer peripheral equipment such
as printers and tape readers, act as tape librarians, and perform
other clerical duties.

Working Conditions

Data entry and information processing workers usually work a
standard 40-hour week in clean offices. They sit for long periods
and sometimes must contend with high noise levels caused by
various office machines. These workers are susceptible to repeti-
tive strain injuries, such as carpal tunnel syndrome and neck,
back, and eyestrain. To help prevent these from occurring, many
offices have scheduled exercise breaks, ergonomically designed
keyboards, and workstations that allow workers to stand or sit as
they wish.

Employment

Data entry and information processing workers held about
806,000 jobs in 2000 and were employed in every sector of the
economy; 509,000 were data entry keyers, and 297,000 were word
processors and typists. Some workers telecommute by working
from their homes on personal computers linked by telephone
lines to those in the main office. This enables them to type ma-
terial at home while still being able to produce printed copy in
their offices.

About 1 out of 3 data entry and information processing workers
held jobs in firms providing business services, including tempo-
rary help, word processing, and computer and data processing.
Nearly 1 out of 5 worked in federal, state, and local government
agencies.

Training, Other Qualifications, and
Advancement

Employers generally hire high school graduates who meet their
requirements for keyboarding speed. Increasingly, employers also
expect applicants to have word processing or data entry training
or experience. Spelling, punctuation, and grammar skills are im-
portant, as is familiarity with standard office equipment and
procedures.

Students acquire skills in keyboarding and in the use of word
processing, spreadsheet, and database management computer
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software packages through high schools, community colleges,
business schools, temporary help agencies, or self-teaching aids
such as books, tapes, or Internet tutorials applications.

For many people, a job as a data entry and information-process-
ing worker is their first job after graduating from high school or
after a period of full-time family responsibilities. This work fre-
quently serves as a steppingstone to higher paying jobs with in-
creased responsibilities. Large companies and government
agencies usually have training programs to help administrative
employees upgrade their skills and advance to other positions. It
is common for data entry and information processing workers
to transfer to other administrative jobs, such as secretary, ad-
ministrative assistant, statistical clerk, or to be promoted to a
supervisory job in a word processing or data entry center.

Job Outlook

Overall employment of data entry and information processing
workers is projected to decline through 2010. Nevertheless, the
need to replace those who transfer to other occupations or leave
this large occupation for other reasons will produce numerous
job openings each year. Job prospects will be most favorable for
those with the best technical skills—in particular, expertise in
appropriate computer software applications. Data entry and in-
formation processing workers must be willing to continuously
upgrade their skills to remain marketable.

Although data entry and information processing workers are all
affected by productivity gains stemming from organizational re-
structuring and the implementation of new technologies, pro-
jected growth differs among these workers. Employment of word
processors and typists is expected to decline due to the prolifera-
tion of personal computers which allows other workers to per-
form duties formerly assigned to word processors and typists.
Most professionals and managers, for example, now use desktop
personal computers to do their own word processing. Because
technologies affecting data entry keyers tend to be costlier to
implement, however, these workers will be less affected by tech-
nology and should experience slower-than-average growth.

Employment growth of data entry keyers will still be dampened
by productivity gains, as various data capturing technologies,
such as bar code scanners, voice recognition technologies, and
sophisticated character recognition readers, become more preva-
lent. These technologies can be applied to a variety of business
transactions, such as inventory tracking, invoicing, and order
placement. Moreover, as telecommunications technology im-
proves, many organizations will increasingly take advantage of
computer networks that allow data to be transmitted electroni-
cally, thereby avoiding the reentry of data. These technologies
will allow more data to be entered automatically into comput-
ers, reducing the demand for data entry keyers.

In addition to technology, employment of data entry and infor-
mation processing workers will be adversely affected as businesses
increasingly contract out their work. Many organizations have
reduced or even eliminated permanent in-house staff, for ex-
ample, in favor of temporary-help and staffing services firms.
Some large data entry and information processing firms increas-
ingly employ workers in nations with low wages to enter data.

As international trade barriers continue to fall and telecommu-
nications technology improves, this transfer will mean reduced
demand for data entry keyers in the United States.

Earnings

Median annual earnings of word processors and typists in 2000
were $24,710. The middle 50 percent earned between $20,070
and $29,500. The lowest 10 percent earned less than $16,410,
while the highest 10 percent earned more than $35,410. The
salaries of these workers vary by industry and by region. In
2000, median annual earnings in the industries employing the
largest numbers of word processors and typists were:

Local government .........cccoceevvviiniiiiniiniiniicncnee,
State government .........cccoceeeiiiiniiniiniinii,
Federal government ...........cccoooviviiiiiiiiiinnnns
Elementary and secondary schools
Personnel supply SEIVICES ......cccccvirvererienercueneennenne

Median annual earnings of data entry keyers in 2000 were
$21,300. The middle 50 percent earned between $17,850 and
$25,820. The lowest 10 percent earned less than $15,140, and
the highest 10 percent earned more than $30,910. In 2000,
median annual earnings in the industries employing the larg-
est numbers of data entry keyers were:

Federal government ........c.ccoccevvevieneenicnieennene
Accounting, auditing, and bookkeeping
Computer and data processing Services .........c..c......
Commercial banks ........ccccceeeeerviiniiriiinienicrieeenn
Personnel supply SEIViCes .........ccccoovevviiiiniiiiiiinnine

In the federal government, clerk-typists and data entry keyers
without work experience started at $16,015 a year in 2001. Be-
ginning salaries were slightly higher in selected areas where the
prevailing local pay level was higher. The average annual salary
for all clerk-typists in the federal government was $24,934 in
2001.

Related Occupations

Data entry and information processing workers must transcribe
information quickly. Other workers who deliver information in
a timely manner are dispatchers and communications equipment
operators. Data entry and information processing workers also
must be comfortable working with office automation, and in
this regard they are similar to court reporters, medical records
and health information technicians, secretaries and administra-
tive assistants, and computer operators.

Sources of Additional Information

For information about job opportunities for data entry and in-
formation processing workers, contact the nearest office of the
state employment service.

© 2003 ° JIST Works ¢ Indianapolis, IN




Section One: Descriptions of 112 Top Computer and Technical Jobs %

Dental Assistants
O*NET 31-9091.00

Significant Points

® Rapid employment growth and substantial replacement
needs should result in good job opportunities.

® Dentists are expected to hire more assistants to perform
routine tasks so that they may devote their own time to
more profitable procedures.

® Infection control is a crucial responsibility of dental assis-
tants. Proper infection control protects patients and mem-
bers of the dental health team.

Nature of the Work

Dental assistants perform a variety of patient care, office, and
laboratory duties. They work chairside as dentists examine and
treat patients. They make patients as comfortable as possible in
the dental chair, prepare them for treatment, and obtain dental
records. Assistants hand instruments and materials to dentists,
and keep patients’ mouths dry and clear by using suction or other
devices. Assistants also sterilize and disinfect instruments and
equipment, prepare tray setups for dental procedures, and in-
struct patients on postoperative and general oral healthcare.

Some dental assistants prepare materials for making impressions
and restorations, expose radiographs, and process dental X-ray
film as directed by a dentist. They also may remove sutures, ap-
ply anesthetics to gums or cavity-preventive agents to teeth, re-
move excess cement used in the filling process, and place rubber
dams on the teeth to isolate them for individual treatment.

Those with laboratory duties make casts of the teeth and mouth
from impressions taken by dentists, clean and polish removable
appliances, and make temporary crowns. Dental assistants with
office duties schedule and confirm appointments, receive pa-
tients, keep treatment records, send bills, receive payments, and
order dental supplies and materials.

Dental assistants should not be confused with dental hygienists,
who are licensed to perform different clinical tasks.

Working Conditions

Dental assistants work in a well-lighted, clean environment. Their
work area usually is near the dental chair so that they can ar-
range instruments, materials, and medication and hand them to
the dentist when needed. Dental assistants wear gloves, masks,
eyewear, and protective clothing to protect themselves and their
patients from infectious diseases. Following safety procedures
also minimizes the risks associated with the use of radiographic
equipment.

Almost half of dental assistants have a 35- to 40-hour workweek,
which may include work on Saturdays or evenings.

Employment

Dental assistants held about 247,000 jobs in 2000. Almost 2 out
of 5 worked part-time, sometimes in more than one dental of-
fice.

Virtually all dental assistants work in a private dental office. A
small number work in dental schools, private and government
hospitals, state and local public health departments, or clinics.

Training, Other Qualifications, and
Advancement

Most assistants learn their skills on the job, although some are
trained in dental assisting programs offered by community and
junior colleges, trade schools, technical institutes, or the armed
forces. Assistants must be a dentist’s “third hand”; therefore,
dentists look for people who are reliable, can work well with
others, and have good manual dexterity. High school students
interested in a career as a dental assistant should take courses in
biology, chemistry, health, and office practices.

The American Dental Association’s Commission on Dental Ac-
creditation approved 248 dental assisting training programs in
2000. Programs include classroom, laboratory, and preclinical
instruction in dental assisting skills and related theory. In addi-
tion, students gain practical experience in dental schools, clin-
ics, or dental offices. Most programs take 1 year or less to complete
and lead to a certificate or diploma. Two-year programs offered
in community and junior colleges lead to an associate degree.
All programs require a high school diploma or its equivalent,
and some require a typing or science course for admission. Some
private vocational schools offer 4- to 6-month courses in dental
assisting, but the Commission on Dental Accreditation does not
accredit these.

Some states regulate the duties dental assistants may complete
through licensure or registration. Licensure or registration may
require passing a written or practical examination. States offer-
ing licensure or registration have a variety of schools offering
courses—approximately 10 to 12 months in length—that meet
their state’s requirements. Some states require continuing edu-
cation to maintain licensure or registration. A few states allow
dental assistants to perform any function delegated to them by
the dentist.

Individual states have adopted different standards for dental as-
sistants who perform certain medical duties, such as radiological
procedures. Completion of the Radiation Health and Safety ex-
amination offered by the Dental Assisting National Board, Inc.
(DANB) meets those standards in 31 states. Some states require
the completion of a state-approved course in radiology as well.

Certification is available through DANB and is recognized or re-
quired in 20 states. Other organizations offer registration, most
often at the state level. Certification is an acknowledgment of an
assistant’s qualifications and professional competence, and may
be an asset when seeking employment. Candidates may qualify
to take the DANB certification examination by graduating from
an accredited training program or by having 2 years of full-time,
or 4 years of part-time, experience as a dental assistant. In addi-
tion, applicants must have current certification in cardiopulmo-
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nary resuscitation. Recertification is offered annually for appli-
cants who have earned continuing education credits.

Without further education, advancement opportunities are lim-
ited. Some dental assistants become office managers, dental as-
sisting instructors, or dental product sales representatives. Others
go back to school to become dental hygienists. For many, this
entry-level occupation provides basic training and experience
and serves as a steppingstone to more highly skilled and higher
paying jobs.

Job Outlook

Job prospects for dental assistants should be good. Employment
is expected to grow much faster than the average for all occupa-
tions through the year 2010. In addition, numerous job open-
ings will occur due to the need to replace assistants who transfer
to other occupations, retire, or leave the labor force for other
reasons. Many opportunities are for entry-level positions offer-
ing on-the-job training.

Population growth and greater retention of natural teeth by
middle-aged and older people will fuel demand for dental ser-
vices. Older dentists, who are less likely to employ assistants,
will leave and be replaced by recent graduates, who are more
likely to use one, or even two. In addition, as dentists’ workloads
increase, they are expected to hire more assistants to perform
routine tasks, so that they may devote their own time to more
profitable procedures.

Earnings

Median hourly earnings of dental assistants were $12.49 in 2000.
The middle 50 percent earned between $9.99 and $15.51 an hour.
The lowest 10 percent earned less than $8.26, and the highest 10
percent earned more than $18.57 an hour.

Benefits vary substantially by practice setting and may be con-
tingent upon full-time employment. According to the American
Dental Association’s 1999 Workforce Needs Assessment Survey,
almost all full-time dental assistants employed by private practi-
tioners received paid vacation. The survey also found that 9 out
of 10 full- and part-time dental assistants received dental cover-
age.

Related Occupations

Workers in other occupations supporting health practitioners
include medical assistants, occupational therapist assistants and
aides, pharmacy aides, pharmacy technicians, physical therapist
assistants and aides, and veterinary technologists, technicians,
and assistants.

Sources of Additional Information

Information about career opportunities and accredited dental
assistant programs is available from:

® Commission on Dental Accreditation, American Dental Association,
211 E. Chicago Ave., Suite 1814, Chicago, IL 6061 1. Internet: http://
www.ada.org

For information on becoming a Certified Dental Assistant and a
list of state boards of dentistry, contact:

® Dental Assisting National Board, Inc., 676 North Saint Clair, Suite
1880, Chicago, IL 6061 1. Internet: http://www.danb.org

For general information about continuing education for dental
assistants, contact:

©® American Dental Assistants Association, 203 North LaSalle St., Suite
1320, Chicago, IL 60601. Internet: http://www.dentalassistant.org

Dental Hygienists
O*NET 29-2021.00

Significant Points

® Dental hygienists are projected to be one of the 30 fastest
growing occupations.

® DPopulation growth and greater retention of natural teeth
will stimulate demand for dental hygienists.

® Opportunities for part-time work and flexible schedules are
common.

Nature of the Work

Dental hygienists remove soft and hard deposits from teeth, teach
patients how to practice good oral hygiene, and provide other
preventive dental care. Hygienists examine patients’ teeth and
gums, recording the presence of diseases or abnormalities. They
remove calculus, stains, and plaque from teeth; take and develop
dental X rays; and apply cavity-preventive agents such as fluo-
rides and pit and fissure sealants. In some states, hygienists ad-
minister anesthetics; place and carve filling materials, temporary
fillings, and periodontal dressings; remove sutures; perform root-
planing as a periodontal therapy; and smooth and polish metal
restorations. Although hygienists may not diagnose diseases, they
can prepare clinical and laboratory diagnostic tests for the den-
tist to interpret. Hygienists sometimes work chairside with the
dentist during treatment.

Dental hygienists also help patients develop and maintain good
oral health. For example, they may explain the relationship be-
tween diet and oral health, or even the link between oral health
and such serious conditions as heart disease and stroke. They
also inform patients how to select toothbrushes and show them
how to brush and floss their teeth.

Dental hygienists use hand and rotary instruments and ultra-
sonics to clean and polish teeth, X-ray machines to take dental
pictures, syringes with needles to administer local anesthetics,
and models of teeth to explain oral hygiene.

Working Conditions

Flexible scheduling is a distinctive feature of this job. Full-time,
part-time, evening, and weekend schedules are widely available.
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Dentists frequently hire hygienists to work only 2 or 3 days a
week, so hygienists may hold jobs in more than one dental of-
fice.

Dental hygienists work in clean, well-lighted offices. Important
health safeguards include strict adherence to proper radiological
procedures, and use of appropriate protective devices when ad-
ministering anesthetic gas. Dental hygienists also wear safety
glasses, surgical masks, and gloves to protect themselves from
infectious diseases.

Employment

Dental hygienists held about 147,000 jobs in 2000. Because mul-
tiple jobholding is common in this field, the number of jobs
exceeds the number of hygienists. More than half of all dental
hygienists worked part-time—Iless than 35 hours a week.

Almost all dental hygienists work in private dental offices. Some
work in public health agencies, hospitals, and clinics.

Training, Other Qualifications, and
Advancement

Dental hygienists must be licensed by the state in which they
practice. To qualify for licensure, a candidate must graduate from
an accredited dental hygiene school and pass both a written and
clinical examination. The American Dental Association Joint
Commission on National Dental Examinations administers the
written examination accepted by all states and the District of
Columbia. State or regional testing agencies administer the clini-
cal examination. In addition, most states require an examina-
tion on legal aspects of dental hygiene practice. Alabama allows
candidates to take its examinations if they have been trained
through a state-regulated on-the-job program in a dentist’s of-
fice.

In 2000, the Commission on Dental Accreditation accredited
about 256 programs in dental hygiene. Although some programs
lead to a bachelor’s degree, most grant an associate degree. A
dozen universities offer master’s degree programs in dental hy-
giene or a related area.

An associate degree is sufficient for practice in a private dental
office. A bachelor’s or master’s degree usually is required for re-
search, teaching, or clinical practice in public or school health
programs.

About half of the dental hygiene programs prefer applicants who
have completed at least 1 year of college. However, requirements
vary from one school to another. Schools offer laboratory, clini-
cal, and classroom instruction in subjects such as anatomy, physi-
ology, chemistry, microbiology, pharmacology, nutrition,
radiography, histology (the study of tissue structure), periodon-
tology (the study of gum diseases), pathology, dental materials,
clinical dental hygiene, and social and behavioral sciences.

Dental hygienists should work well with others and must have
good manual dexterity because they use dental instruments
within a patient’s mouth, with little room for error. High school
students interested in becoming a dental hygienist should take
courses in biology, chemistry, and mathematics.

Job Outlook

Employment of dental hygienists is expected to grow much faster
than the average for all occupations through 2010, in response
to increasing demand for dental care and the greater substitu-
tion of the services of hygienists for those previously performed
by dentists. Job prospects are expected to remain very good un-
less the number of dental hygienist program graduates grows
much faster than during the last decade, and results in a much
larger pool of qualified applicants.

Population growth and greater retention of natural teeth will
stimulate demand for dental hygienists. Older dentists, who are
less likely to employ dental hygienists, will leave and be replaced
by recent graduates, who are more likely to do so. In addition, as
dentists’ workloads increase, they are expected to hire more hy-
gienists to perform preventive dental care such as cleaning, so
that they may devote their own time to more profitable proce-
dures.

Earnings

Median hourly earnings of dental hygienists were $24.68 in 2000.
The middle 50 percent earned between $20.46 and $29.72 an
hour. The lowest 10 percent earned less than $15.53, and the
highest 10 percent earned more than $35.39 an hour.

Earnings vary by geographic location, employment setting, and
years of experience. Dental hygienists who work in private den-
tal offices may be paid on an hourly, daily, salary, or commission
basis.

Benefits vary substantially by practice setting, and may be con-
tingent upon full-time employment. According to the American
Dental Association’s 1999 Workforce Needs Assessment Survey,
almost all full-time dental hygienists employed by private prac-
titioners received paid vacation. The survey also found that 9
out of 10 full- and part-time dental hygienists received dental
coverage. Dental hygienists who work for school systems, public
health agencies, the federal government, or state agencies usu-
ally have substantial benefits.

Related Occupations

Workers in other occupations supporting health practitioners in
an office setting include dental assistants, medical assistants, oc-
cupational therapist assistants and aides, physical therapist as-
sistants and aides, physician assistants, and registered nurses.

Sources of Additional Information

For information on a career in dental hygiene and the educa-
tional requirements to enter this occupation, contact:

® Division of Professional Development, American Dental Hygienists’
Association, 444 N. Michigan Ave., Suite 3400, Chicago, IL 6061 I.
Internet: http://www.adha.org

For information about accredited programs and educational re-
quirements, contact:

©® Commission on Dental Accreditation, American Dental Association,
211 E. Chicago Ave., Suite 1814, Chicago, IL 6061 |. Internet: http://
www.ada.org
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The State Board of Dental Examiners in each state can supply
information on licensing requirements.

ntI Labatory
Technicians

O*NET 51-9081.00

Significant Points

® Employment should increase slowly, as the public’s improv-
ing dental health requires fewer dentures but more bridges
and crowns.

® Dental laboratory technicians need artistic aptitude for de-
tailed and precise work, a high degree of manual dexterity,
and good vision.

Nature of the Work

Dental laboratory technicians fill prescriptions from dentists for
crowns, bridges, dentures, and other dental prosthetics. First,
dentists send a specification of the item to be fabricated, along
with an impression (mold) of the patient’s mouth or teeth. Then,
dental laboratory technicians, also called dental technicians, cre-
ate a model of the patient’s mouth by pouring plaster into the
impression and allowing it to set. Next, they place the model on
an apparatus that mimics the bite and movement of the patient’s
jaw. The model serves as the basis of the prosthetic device. Tech-
nicians examine the model, noting the size and shape of the
adjacent teeth, as well as gaps within the gumline. Based upon
these observations and the dentist’s specifications, technicians
build and shape a wax tooth or teeth model, using small hand
instruments called wax spatulas and wax carvers. They use this
wax model to cast the metal framework for the prosthetic de-
vice.

After the wax tooth has been formed, dental technicians pour
the cast and form the metal and, using small hand-held tools,
prepare the surface to allow the metal and porcelain to bond.
They then apply porcelain in layers, to arrive at the precise shape
and color of a tooth. Technicians place the tooth in a porcelain
furnace to bake the porcelain onto the metal framework, and
then adjust the shape and color, with subsequent grinding and
addition of porcelain to achieve a sealed finish. The final prod-
uct is nearly an exact replica of the lost tooth or teeth.

In some laboratories, technicians perform all stages of the work,
whereas in other labs, each technician does only a few. Dental
laboratory technicians can specialize in one of five areas: orth-
odontic appliances, crowns and bridges, complete dentures, par-
tial dentures, or ceramics. Job titles can reflect specialization in
these areas. For example, technicians who make porcelain and
acrylic restorations are called dental ceramists.

Working Conditions

Dental laboratory technicians generally work in clean, well-
lighted, and well-ventilated areas. Technicians usually have their
own workbenches, which can be equipped with Bunsen burn-
ers, grinding and polishing equipment, and hand instruments,
such as wax spatulas and wax carvers.

The work is extremely delicate and time consuming. Salaried
technicians usually work 40 hours a week, but self-employed
technicians frequently work longer hours.

Employment

Dental laboratory technicians held about 43,000 jobs in 2000.
Most jobs were in commercial dental laboratories, which usually
are small, privately owned businesses with fewer than five em-
ployees. However, some laboratories are large; a few employ more
than 50 technicians.

Some dental laboratory technicians work in dentists’ offices.
Others work for hospitals providing dental services, including
U.S. Department of Veterans Affairs’ hospitals. Some technicians
work in dental laboratories in their homes, in addition to their
regular job.

Training, Other Qualifications, and
Advancement

Most dental laboratory technicians learn their craft on the job.
They begin with simple tasks, such as pouring plaster into an
impression, and progress to more complex procedures, such as
making porcelain crowns and bridges. Becoming a fully trained
technician requires an average of 3 to 4 years, depending upon
the individual’s aptitude and ambition, but it may take a few
years more to become an accomplished technician.

Training in dental laboratory technology also is available
through community and junior colleges, vocational-technical
institutes, and the armed forces. Formal training programs vary
greatly both in length and in the level of skill they impart.

In 2000, 30 programs in dental laboratory technology were ac-
credited by the Commission on Dental Accreditation in con-
junction with the American Dental Association (ADA). These
programs provide classroom instruction in dental materials sci-
ence, oral anatomy, fabrication procedures, ethics, and related
subjects. In addition, each student is given supervised practical
experience in a school or an associated dental laboratory. Ac-
credited programs normally take 2 years to complete and lead to
an associate degree.

Graduates of 2-year training programs need additional hands-
on experience to become fully qualified. Each dental laboratory
owner operates in a different way, and classroom instruction does
not necessarily expose students to techniques and procedures
favored by individual laboratory owners. Students who have
taken enough courses to learn the basics of the craft usually are
considered good candidates for training, regardless of whether
they have completed a formal program. Many employers will
train someone without any classroom experience.
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The National Board for Certification, an independent board es-
tablished by the National Association of Dental Laboratories,
offers certification in dental laboratory technology. Certification,
which is voluntary, can be obtained in five specialty areas: crowns
and bridges, ceramics, partial dentures, complete dentures, and
orthodontic appliances.

In large dental laboratories, technicians may become supervi-
sors or managers. Experienced technicians may teach or may
take jobs with dental suppliers in such areas as product develop-
ment, marketing, and sales. Still, for most technicians, opening
one’s own laboratory is the way toward advancement and higher
earnings.

A high degree of manual dexterity, good vision, and the ability to
recognize very fine color shadings and variations in shape are
necessary. An artistic aptitude for detailed and precise work also is
important. High school students interested in becoming dental
laboratory technicians should take courses in art, metal and wood
shop, drafting, and sciences. Courses in management and busi-
ness may help those wishing to operate their own laboratories.

Job Outlook

Job opportunities for dental laboratory technicians should be
favorable, despite very slow growth in the occupation. Employ-
ers have difficulty filling trainee positions, probably because
entry-level salaries are relatively low and because the public is
not familiar with the occupation.

Although job opportunities are favorable, slower-than-average
growth in the employment of dental laboratory technicians is
expected through the year 2010, due to changes in dental care.
The overall dental health of the population has improved be-
cause of fluoridation of drinking water, which has reduced the
incidence of dental cavities, and greater emphasis on preventive
dental care since the early 1960s. As a result, full dentures will be
less common, as most people will need only a bridge or crown.
However, during the last few years, demand has arisen from an
aging public that is growing increasingly interested in cosmetic
prostheses. For example, many dental laboratories are filling or-
ders for composite fillings that are the same shade of white as
natural teeth to replace older, less attractive fillings.

Earnings

Median hourly earnings of dental laboratory technicians were
$12.94 in 2000. The middle 50 percent earned between $9.83
and $16.82 an hour. The lowest 10 percent earned less than $7.78,
and the highest 10 percent earned more than $21.47 an hour.
Median hourly earnings of dental laboratory technicians in 2000
were $12.88 in offices and clinics of dentists and $12.87 in medi-
cal and dental laboratories.

Technicians in large laboratories tend to specialize in a few pro-
cedures, and, therefore, tend to be paid a lower wage than those
employed in small laboratories that perform a variety of tasks.

Related Occupations

Dental laboratory technicians fabricate artificial teeth, crowns
and bridges, and orthodontic appliances, following specifications

and instructions provided by dentists. Other workers who make
and repair medical devices include dispensing opticians, oph-
thalmic laboratory technicians, orthotists and prosthetists, and
precision instrument and equipment repairers.

Sources of Additional Information

For a list of accredited programs in dental laboratory technol-
ogy, contact:

©® Commission on Dental Accreditation, American Dental Association,
211 E. Chicago Ave., Chicago, IL 6061 |. Internet: http://www.ada.org

For information on requirements for certification, contact:

® National Board for Certification in Dental Technology, 1530 Metropoli-
tan Blvd., Tallahassee, FL 32308. Internet: http://www.nadl.org/html/
certification.html

For information on career opportunities in commercial labora-
tories, contact:

® National Association of Dental Laboratories, 1530 Metropolitan Blvd.,
Tallahassee, FL 32308. Internet: http://www.nadl.org

General information on grants and scholarships is available from
dental technology schools.

Designers

O*NET 27-1021.00, 27-1022.00, 27-1023.00, 27-1024.00, 27-1025.00,
27-1026.00, 27-1027.01, 27-1027.02

Significant Points

® Three out of 10 designers are self-employed—almost 5 times
the proportion for all professional and related occupations.

® Creativity is crucial in all design occupations; most design-
ers need a bachelor’s degree, and candidates with a master’s
degree hold an advantage.

® Keen competition is expected for most jobs, despite pro-
jected faster-than-average employment growth, because
many talented individuals are attracted to careers as de-
signers.

Nature of the Work

Designers are people with a desire to create. They combine prac-
tical knowledge with artistic ability to turn abstract ideas into
formal designs for the merchandise we buy, the clothes we wear,
the publications we read, and the living and office space we in-
habit. Designers usually specialize in a particular area of design,
such as automobiles, industrial or medical equipment, or home
appliances; clothing and textiles; floral arrangements; publica-
tions, logos, signage, or movie or TV credits; interiors of homes
or office buildings; merchandise displays; or movie, television,
and theater sets.
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The first step in developing a new design or altering an existing
one is to determine the needs of the client, the ultimate func-
tion for which the design is intended, and its appeal to custom-
ers. When creating a design, designers often begin by researching
the desired design characteristics, such as size, shape, weight,
color, materials used, cost, ease of use, fit, and safety.

Designers then prepare sketches, by hand or with the aid of a
computer, to illustrate the vision for the design. After consulting
with the client, an art or design director, or a product develop-
ment team, designers create detailed designs using drawings, a
structural model, computer simulations, or a full-scale prototype.
Many designers increasingly are using computer-aided design
(CAD) tools to create and better visualize the final product. Com-
puter models allow greater ease and flexibility in exploring a
greater number of design alternatives, thus reducing design costs
and cutting the time it takes to deliver a product to market. In-
dustrial designers use computer-aided industrial design (CAID)
tools to create designs and machine-readable instructions that
communicate with automated production tools.

Designers sometimes supervise assistants who carry out their cre-
ations. Designers who run their own businesses also may devote
a considerable amount of time to developing new business con-
tacts, reviewing equipment and space needs, and performing ad-
ministrative tasks, such as reviewing catalogues and ordering
samples. Design encompasses a number of different fields. Many
designers specialize in a particular area of design, whereas others
work in more than one area.

Commercial and industrial designers, including designers of com-
mercial products and equipment, develop countless manufac-
tured products, including airplanes; cars; children’s toys;
computer equipment; furniture; home appliances; and medical,
office, and recreational equipment. They combine artistic talent
with research on product use, customer needs, marketing, mate-
rials, and production methods to create the most functional and
appealing design that will be competitive with others in the
marketplace. Industrial designers typically concentrate in an area
of sub-specialization such as kitchen appliances, auto interiors,
or plastic-molding machinery.

Fashion designers design clothing and accessories. Some high-fash-
ion designers are self-employed and design for individual cli-
ents. Other high-fashion designers cater to specialty stores or
high-fashion department stores. These designers create original
garments, as well as those that follow established fashion trends.
Most fashion designers, however, work for apparel manufactur-
ers, creating designs of men’s, women’s, and children’s fashions
for the mass market.

Floral designers cut and arrange live, dried, or artificial flowers
and foliage into designs, according to the customer’s order. They
trim flowers and arrange bouquets, sprays, wreaths, dish gar-
dens, and terrariums. They usually work from a written order
indicating the occasion, customer preference for color and type
of flower, price, the time at which the floral arrangement or plant
is to be ready, and the place to which it is to be delivered. The
variety of duties performed by floral designers depends on the
size of the shop and the number of designers employed. In a
small operation, floral designers may own their shops and do

almost everything, from growing and purchasing flowers to keep-
ing financial records.

Graphic designers use a variety of print, electronic, and film me-
dia to create designs that meet clients’ commercial needs. Using
computer software, they develop the overall layout and design
of magazines, newspapers, journals, corporate reports, and other
publications. They also may produce promotional displays and
marketing brochures for products and services, design distinc-
tive company logos for products and businesses, and develop
signs and signage systems—called environmental graphics—for
business and government. An increasing number of graphic de-
signers develop material to appear on Internet home pages.
Graphic designers also produce the credits that appear before
and after television programs and movies.

Interior designers plan the space and furnish the interiors of pri-
vate homes, public buildings, and business or institutional fa-
cilities, such as offices, restaurants, retail establishments,
hospitals, hotels, and theaters. They also plan the interiors when
existing structures are renovated or expanded. Most interior de-
signers specialize. For example, some may concentrate in resi-
dential design, and others may further specialize by focusing on
particular rooms, such as kitchens or baths. With a client’s tastes,
needs, and budget in mind, interior designers prepare drawings
and specifications for non-load bearing interior construction,
furnishings, lighting, and finishes. Increasingly, designers use
computers to plan layouts, which can easily be changed to in-
clude ideas received from the client. Interior designers also de-
sign lighting and architectural details—such as crown molding,
built-in bookshelves, or cabinets—coordinate colors, and select
furniture, floor coverings, and window treatments. Interior de-
signers must design space to conform to federal, state, and local
laws, including building codes. Designs for public areas also must
meet accessibility standards for the disabled and elderly.

Merchandise displayers and window dressers, or visual merchandis-
ers, plan and erect commercial displays, such as those in win-
dows and interiors of retail stores or at trade exhibitions. Those
who work on building exteriors erect major store decorations,
including building and window displays, and spot lighting. Those
who design store interiors outfit store departments, arrange table
displays, and dress mannequins. In large retail chains, store lay-
outs typically are designed corporately, through a central design
department. To retain the chain’s visual identity and ensure that
a particular image or theme is promoted in each store, designs
are distributed to individual stores by e-mail, downloaded to
computers equipped with the appropriate design software, and
adapted to meet individual store size and dimension require-
ments.

Set and exhibit designers create sets for movie, television, and the-
ater productions and design special exhibition displays. Set de-
signers study scripts, confer with directors and other designers,
and conduct research to determine the appropriate historical
period, fashion, and architectural styles. They then produce
sketches or scale models to guide in the construction of the ac-
tual sets or exhibit spaces. Exhibit designers work with curators,
art and museum directors, and trade show sponsors to deter-
mine the most effective use of available space.
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Working Conditions

Working conditions and places of employment vary. Designers
employed by manufacturing establishments, large corporations,
or design firms generally work regular hours in well-lighted and
comfortable settings. Self-employed designers tend to work longer
hours.

Designers who work on a contract, or job, basis frequently ad-
just their workday to suit their clients’ schedules, meeting with
them during evening or weekend hours when necessary. Design-
ers may transact business in their own offices or studios or in
clients’ homes or offices, or they may travel to other locations,
such as showrooms, design centers, clients’ exhibit sites, and
manufacturing facilities. Designers who are paid by the assign-
ment are under pressure to please clients and to find new ones
to maintain a constant income. All designers face frustration at
times when their designs are rejected or when they cannot be as
creative as they wish. With the increased use of computers in
the workplace and the advent of Internet Web sites, more de-
signers conduct business, research design alternatives, and pur-
chase supplies electronically than ever before.

Occasionally, industrial designers may work additional hours to
meet deadlines. Similarly, graphic designers usually work regu-
lar hours, but may work evenings or weekends to meet produc-
tion schedules. In contrast, set and exhibit designers work long
and irregular hours; often, they are under pressure to make rapid
changes. Merchandise displayers and window trimmers who
spend most of their time designing space typically work in of-
fice-type settings; however, those who also construct and install
displays spend much of their time doing physical labor, such as
those tasks performed by a carpenter or someone constructing
and moving stage scenery. Fashion designers may work long hours
to meet production deadlines or prepare for fashion shows. In
addition, fashion designers may be required to travel to produc-
tion sites across the United States and overseas. Interior design-
ers generally work under deadlines and may work extra hours to
finish a job. Also, they regularly carry heavy, bulky sample books
to meetings with clients. Floral designers usually work regular
hours in a pleasant work environment, but holiday, wedding,
and funeral orders often require overtime.

Employment

Designers held about 492,000 jobs in 2000. About one-third
were self-employed. Employment was distributed as follows:

Graphic designers ..........cccocecivviiiiiiiniiiiniinicne 190,000
Floral designers ..........cccocevivviiiiiniiniiniiniiiniiicne, 102,000
Merchandise displayers and window trimmers ........ 76,000
Commercial and industrial designers ..........c..c........ 50,000
Interior deSigners .........coceeevveenienienieneniienecieneenes 46,000
Fashion designers.........cccecvvevieninieneniicneenicneennns 16,000
Set and exhibit designers ...........ccccooeviiviniiiininnn. 12,000

Designers work in a number of different industries, depending
on their design specialty. Most industrial designers, for example,
work for engineering or architectural consulting firms or for large
corporations. Most salaried interior designers work for furniture

and home furnishings stores, interior designing services, and
architectural firms. Others are self-employed and do freelance
work—full time or part-time—in addition to a salaried job in
another occupation.

Set and exhibit designers work for theater companies; film and
television production companies; and museums, art galleries, and
convention and conference centers. Fashion designers generally
work for textile, apparel, and pattern manufacturers; wholesale
distributors of clothing, furnishings, and accessories; or for fash-
ion salons, high-fashion department stores, and specialty shops.
Most floral designers work for retail flower shops or in floral
departments located inside grocery and department stores.

Training, Other Qualifications, and
Advancement

Creativity is crucial in all design occupations. People in this field
must have a strong sense of the esthetic—an eye for color and
detail, a sense of balance and proportion, and an appreciation
for beauty. Despite the advancement of computer-aided design,
sketching ability remains an important advantage in most types
of design, especially fashion design. A good portfolio—a collec-
tion of examples of a person’s best work—often is the deciding
factor in getting a job.

A bachelor’s degree is required for most entry-level design posi-
tions, except for floral design and visual merchandising. Esthetic
ability is important for floral design and visual merchandising,
but formal preparation typically is not necessary. Many candi-
dates in industrial design pursue a master’s degree to better com-
pete for open positions.

Interior design is the only design field subject to government
regulation. According to the American Society for Interior De-
signers, 19 states and the District of Columbia require interior
designers to be licensed or registered. Passing the National Coun-
cil for Interior Design qualification examination is required for
licensure. To take the exam, one must complete at least 2 years
of postsecondary education in design, at least 2 years of practi-
cal work experience in the field, plus additional related educa-
tion or experience to total at least 6 years of combined education
and experience in design. Because licensing is not mandatory in
all states, membership in a professional association is an indica-
tion of an interior designer’s qualifications and professional stand-
ing and can aid in obtaining clients.

In fashion design, employers seek individuals with a 2- or 4-year
degree who are knowledgeable in the areas of textiles, fabrics,
and ornamentation, as well as trends in the fashion world. Set
and exhibit designers typically have college degrees in design. A
Master of Fine Arts (MFA) degree from an accredited university
program further establishes one’s design credentials. Member-
ship in the United Scenic Artists, Local 829, is a nationally rec-
ognized standard of achievement for scenic designers.

Most floral designers learn their skills on the job. When employ-
ers hire trainees, they generally look for high school graduates
who have a flair for arranging and a desire to learn. Completion
of formal training, however, is an asset for floral designers, par-
ticularly for advancement to the chief floral designer level. Vo-
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cational and technical schools offer programs in floral design,
usually lasting less than a year, while 2- and 4-year programs in
floriculture, horticulture, floral design, or ornamental horticul-
ture are offered by community and junior colleges, and colleges
and universities.

Formal training for some design professions also is available in
2- and 3-year professional schools that award certificates or as-
sociate degrees in design. Graduates of 2-year programs normally
qualify as assistants to designers. The bachelor of fine arts degree
is granted at 4-year colleges and universities. The curriculum in
these schools includes art and art history, principles of design,
designing and sketching, and specialized studies for each of the
individual design disciplines, such as garment construction, tex-
tiles, mechanical and architectural drawing, computerized de-
sign, sculpture, architecture, and basic engineering. A liberal arts
education, with courses in merchandising, business administra-
tion, marketing, and psychology, along with training in art, is
recommended for designers who want to freelance. Addition-
ally, persons with training or experience in architecture qualify
for some design occupations, particularly interior design.

Because computer-aided design is increasingly common, many
employers expect new designers to be familiar with its use as a
design tool. For example, industrial designers extensively use
computers in the aerospace, automotive, and electronics indus-
tries. Interior designers use computers to create numerous ver-
sions of interior space designs—images can be inserted, edited,
and replaced easily and without added cost—making it possible
for a client to see and choose among several designs.

The National Association of Schools of Art and Design currently
accredits about 200 postsecondary institutions with programs in
art and design; most of these schools award a degree in art. Some
award degrees in industrial, interior, textile, graphic, or fashion
design. Many schools do not allow formal entry into a bachelor’s
degree program until a student has successfully finished a year
of basic art and design courses. Applicants may be required to
submit sketches and other examples of their artistic ability.

The Foundation for Interior Design Education Research also ac-
credits interior design programs and schools. Currently, there
are more than 120 accredited professional programs in the United
States and Canada, primarily located in schools of art, architec-
ture, and home economics.

Individuals in the design field must be creative, imaginative, per-
sistent, and able to communicate their ideas in writing, visually,
and verbally. Because tastes in style and fashion can change
quickly, designers need to be well-read, open to new ideas and
influences, and quick to react to changing trends. Problem-solv-
ing skills and the ability to work independently and under pres-
sure are important traits. People in this field need self-discipline
to start projects on their own, to budget their time, and to meet
deadlines and production schedules. Good business sense and
sales ability also are important, especially for those who freelance
or run their own business.

Beginning designers usually receive on-the-job training, and nor-
mally need 1 to 3 years of training before they can advance to
higher-level positions. Experienced designers in large firms may
advance to chief designer, design department head, or other su-

pervisory positions. Some designers become teachers in design
schools and colleges and universities. Many faculty members
continue to consult privately or operate small design studios to
complement their classroom activities. Some experienced design-
ers open their own firms.

Job Outlook

Despite projected faster-than-average employment growth, de-
signers in most fields—with the exception of floral design—are
expected to face keen competition for available positions. Many
talented individuals are attracted to careers as designers. Indi-
viduals with little or no formal education in design, as well as
those who lack creativity and perseverance, will find it very dif-
ficult to establish and maintain a career in design. Floral design
should be the least competitive of all design fields because of the
relatively low pay and limited opportunities for advancement,
as well as the relatively high job turnover of floral designers in
retail flower shops.

Overall, the employment of designers is expected to grow faster
than the average for all occupations through the year 2010. In
addition to those that result from employment growth, many
job openings will arise from the need to replace designers who
leave the field. Increased demand for industrial designers will
stem from the continued emphasis on product quality and safety;
the demand for new products that are easy and comfortable to
use; the development of high-technology products in medicine,
transportation, and other fields; and growing global competi-
tion among businesses. Demand for graphic designers should
increase because of the rapidly increasing demand for Web-based
graphics and the expansion of the video entertainment market,
including television, movies, videotape, and made-for-Internet
outlets. Rising demand for professional design of private homes,
offices, restaurants and other retail establishments, and institu-
tions that care for the rapidly growing elderly population should
spur employment growth of interior designers. Demand for fash-
ion designers should remain strong, because many consumers
continue to demand new fashions and apparel styles.

Earnings

Median annual earnings for commercial and industrial design-
ers were $48,780 in 2000. The middle 50 percent earned between
$36,460 and $64,120. The lowest 10 percent earned less than
$27,290, and the highest 10 percent earned more than $77,790.

Median annual earnings for fashion designers were $48,530 in
2000. The middle 50 percent earned between $34,800 and
$73,780. The lowest 10 percent earned less than $24,710, and
the highest 10 percent earned more than $103,970. Median an-
nual earnings were $52,860 in apparel, piece goods, and notions—
the industry employing the largest numbers of fashion designers.

Median annual earnings for floral designers were $18,360 in 2000.
The middle 50 percent earned between $14,900 and $22,110.
The lowest 10 percent earned less than $12,570, and the highest
10 percent earned more than $27,860. Median annual earnings
were $20,160 in grocery stores and $17,760 in miscellaneous
retail stores, including florists.
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Median annual earnings for graphic designers were $34,570 in
2000. The middle 50 percent earned between $26,560 and
$45,130. The lowest 10 percent earned less than $20,480, and
the highest 10 percent earned more than $58,400. Median an-
nual earnings in the industries employing the largest numbers
of graphic designers were as follows:

Management and public relations .........c..ccccceeenee. $37,570
AdVETtiSING ..ovveviiiiiiiiiii 37,080
Mailing, reproduction, and stenographic

SEIVICES tuiiiieeeeeeeiiiitteeeeeibteeeeeeesinrteeeesesabaeeeeeeeans 36,130
Commercial printing .......cccccevveenirvenenncneencneennn. 29,730
NEWSPAPETS ..eovvviiiiiiiieiiiiiieiiiere e 28,170

Median annual earnings for interior designers were $36,540 in
2000. The middle 50 percent earned between $26,800 and
$51,140. The lowest 10 percent earned less than $19,840, and
the highest 10 percent earned more than $66,470. Median an-
nual earnings were $40,710 in engineering and architectural ser-
vices and $34,890 in furniture and home furnishings stores.

Median annual earnings of merchandise displayers and window
dressers were $20,930 in 2000. The middle 50 percent earned
between $16,770 and $26,840. The lowest 10 percent earned less
than $13,790, and the highest 10 percent earned more than
$31,130. Median annual earnings were $22,210 in groceries and
related products and $18,820 in department stores.

Median annual earnings for set and exhibit designers were
$31,440 in 2000. The middle 50 percent earned between $21,460
and $42,800. The lowest 10 percent earned less
than $13,820, and the highest 10 percent earned more than
$57,400.

According to the Industrial Designers Society of America, the
median base salary, excluding deferred compensation, bonuses,
royalties, and commissions, for an industrial designer with 1 to
2 years of experience was about $36,500 in 2000. Staff designers
with 5 years of experience earned $45,000, whereas senior de-
signers with 8 years of experience earned $64,000. Industrial
designers in managerial, executive, or ownership positions earned
substantially more—up to $600,000 annually; however, the
$80,000 to $180,000 range was more representative.

The American Institute of Graphic Arts (AIGA) reported 1999
median earnings for graphic designers with increasing levels of
responsibility. Staff-level graphic designers earned $36,000, while
senior designers, who may supervise junior staff or have some
decision-making authority that reflects their knowledge of
graphic design, earned $50,000. Solo designers, who freelance
or work independently of a company, reported median earnings
of $50,000. Design directors, the creative heads of design firms
or in-house corporate design departments, earned $80,000.
Graphic designers with business responsibilities for the opera-
tion of a firm as owners, partners, or principals earned $90,000.

Related Occupations

Workers in other occupations who design or arrange objects, ma-
terials, or interiors to enhance their appearance and function
include artists and related workers; architects, except landscape

and naval; engineers, landscape architects, and photographers.
Some computer-related occupations require design skills, includ-
ing computer software engineers and desktop publishers.

Sources of Additional Information

For general information about art and design and a list of ac-
credited college-level programs, contact:

® National Association of Schools of Art and Design,
11250 Roger Bacon Dr., Suite 21, Reston, VA 20190. Internet:
http://www.arts-accredit.org/nasad/default.htm

For information on industrial design careers and a list of aca-
demic programs in industrial design, write to:

® Industrial Designers Society of America, | 142 Walker Rd., Great Falls,
VA 22066. Internet: http://www.idsa.org

For information about graphic design careers, contact:

® American Institute of Graphic Arts, 164 Fifth Ave., New York, NY
10010. Internet: http://www.aiga.org

For information on degree, continuing education, and licensure
programs in interior design and interior design research, con-
tact:

® American Society for Interior Designers, 608 Massachusetts Ave. NE,
Washington, DC 20002-6006. Internet: http://www.asid.org

For information on degree, continuing education, and licensure
programs, and general information on the interior design pro-
fession, contact:

® International Interior Design Association, 997 Merchandise Mart,
Chicago, IL 60654. Internet: http://www.iida.org

For a list of schools with accredited programs in interior design,
contact:

® Foundation for Interior Design Education Research, 146 Monroe
Center N.W,, Suite 1318, Grand Rapids, M| 49503. Internet: http://
www.fider.org

For information about careers in floral design, contact:

® Society of American Florists, 1601 Duke St., Alexandria, VA 22314

Desktop Publishers

Significant Points

® Desktop publishers rank among the 10 fastest growing oc-
cupations.

® Most jobs are in firms that handle commercial or business
printing, and in newspaper plants.

® Although formal training is not always required, those with
certification or degrees will have the best job opportuni-
ties.
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Nature of the Work

Using computer software, desktop publishers format and com-
bine text, numerical data, photographs, charts, and other visual
graphic elements to produce publication-ready material. Depend-
ing on the nature of a particular project, desktop publishers may
write and edit text, create graphics to accompany text, convert
photographs and drawings into digital images and then manipu-
late those images. They also design page layouts, create propos-
als, develop presentations and advertising campaigns, typeset
and do color separation, and translate electronic information
onto film or other traditional forms. Materials produced by desk-
top publishers include books, business cards, calendars, maga-
zines, newsletters and newspapers, packaging, slides, and tickets.
As companies have brought the production of marketing, pro-
motional, and other kinds of materials in-house, they increas-
ingly have employed people who can produce such materials.

Desktop publishers use a keyboard to enter and select format-
ting specifics such as size and style of type, column width, and
spacing, and store them in the computer. The computer then
displays and arranges columns of type on a video display termi-
nal or computer monitor. An entire newspaper, catalog, or book
page, complete with artwork and graphics, can be created on the
screen exactly as it will appear in print. Operators transmit the
pages for production either into film and then into printing
plates, or directly into plates.

Desktop publishing is a rapidly changing field that encompasses
a number of different kinds of jobs. Personal computers enable
desktop publishers to perform publishing tasks that would oth-
erwise require complicated equipment and human effort. Ad-
vances in computer software and printing technology continue
to change and enhance desktop publishing work. Instead of
receiving simple typed text from customers, desktop publish-
ers get the material on a computer disk. Other innovations in
desktop publishing work include digital color page makeup sys-
tems, electronic page layout systems, and off-press color proof-
ing systems. And because most materials today often are
published on the Internet, desktop publishers may need to know
electronic publishing technologies, such as Hypertext Markup
Language (HTML), and may be responsible for converting text
and graphics to an Internet-ready format.

Typesetting and page layout have been affected by the techno-
logical changes shaping desktop publishing. Increasingly, desk-
top publishers use computers to do much of the typesetting and
page layout work formerly done by prepress workers, posing new
challenges for the printing industry. The old “hot type” method
of text composition—which used molten lead to create individual
letters, paragraphs, and full pages of text—is nearly extinct. To-
day, composition work is primarily done with computers. Im-
provements in desktop publishing software also allow customers
to do much more of their own typesetting.

Desktop publishers use scanners to capture photographs, images
or art as digital data that can be incorporated directly into elec-
tronic page layouts or further manipulated using computer soft-
ware. The desktop publisher then can correct for mistakes or
compensate for deficiencies in the original color print or trans-
parency. Digital files are used to produce printing plates. Like

photographers and multimedia artists and animators, desktop
publishers also can create special effects or other visual images
using film, video, computers, or other electronic media.

Depending on the establishment employing these workers, desk-
top publishers also may be referred to as publications specialists,
electronic publishers, DTP operators, desktop publishing editors,
electronic prepress technicians, electronic publishing specialists,
image designers, typographers, compositors, layout artists, and
Web publications designers.

Working Conditions

Desktop publishers usually work in clean, air-conditioned office
areas with little noise. Desktop publishers usually work an
8-hour day, 5 days a week. Some workers—particularly those self-
employed—work night shifts, weekends, and holidays.

Desktop publishers often are subject to stress and the pressures
of short deadlines and tight work schedules. Like other workers
who spend long hours working in front of a computer monitor,
they may be susceptible to eyestrain, back discomfort, and hand
and wrist problems.

Employment

Desktop publishers held about 38,000 jobs in 2000. Nearly all
worked in the printing and publishing industries. About 1,000
desktop publishers were self-employed.

Most desktop publishing jobs were found in firms that handle
commercial or corporate printing, and in newspaper plants.
Commercial printing firms print a wide range of products (news-
paper inserts, catalogs, pamphlets, and advertisements); business
form establishments print material such as sales receipts. A large
number of desktop publishers also were found in printing trade
services firms. Establishments in printing trade services typically
perform custom compositing, platemaking, and related prepress
services. Others work printing or publishing materials “in-house”
or “in-plant” for business services firms, government agencies,
hospitals, or universities, typically in a reproduction or publica-
tions department that operates within the organization.

The printing and publishing industry is one of the most geo-
graphically dispersed in the United States, and desktop publish-
ing jobs are found throughout the country. However, job
prospects may be best in large metropolitan cities.

Training, Other Qualifications, and
Advancement

Most workers qualify for jobs as desktop publishers by taking
classes or completing certificate programs at vocational schools,
universities and colleges, or via the Internet. Programs range in
length, but the average nondegree certification training program
takes approximately 1 year. However, some desktop publishers
train on the job to develop the necessary skills. The length of
training on the job varies by company. An internship or part-
time desktop publishing assignment is another way to gain ex-
perience as a desktop publisher.
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Students interested in pursuing a career in desktop publishing
also may obtain an associate degree in applied science or a
bachelor’s degree in graphic arts, graphic communications or
graphic design. Graphic arts programs are a good way to learn
about desktop publishing software used to format pages, assign
type characteristics, and import text and graphics into electronic
page layouts to produce printed materials such as advertisements,
brochures, newsletters, and forms. Applying this knowledge of
graphic arts techniques and computerized typesetting usually
are intended for students who may eventually move into man-
agement positions, while 2-year associate degree programs are
designed to train skilled workers. Students also develop finely
tuned skills in typography, print mediums, packaging, branding
and identity, Web design and motion graphics. These programs
teach print and graphic design fundamentals and provide an
extensive background in imaging, prepress, print reproduction,
and emerging media. Courses in other aspects of printing also
are available at vocational-technical institutes, industry-spon-
sored update and retraining programs, and private trade and tech-
nical schools.

Although formal training is not always required, those with cer-
tification or degrees will have the best job opportunities. Most
employers prefer to hire people who have at least a high school
diploma, possess good communication skills, basic computer
skills, and a strong work ethic. Desktop publishers should be
able to deal courteously with people because in small shops they
may have to take customer orders. They also may add, subtract,
multiply, divide, and compute ratios to estimate job costs. Per-
sons interested in working for firms using advanced printing tech-
nology need to know the basics of electronics and computers.

Desktop publishers need good manual dexterity, and they must
be able to pay attention to detail and work independently. Good
eyesight, including visual acuity, depth perception, field of view,
color vision, and the ability to focus quickly, also are assets. Ar-
tistic ability often is a plus. Employers also seek persons who are
even-tempered and adaptable—important qualities for workers
who often must meet deadlines and learn how to operate new
equipment.

Workers with limited training and experience may start as help-
ers. They begin with instruction from an experienced desktop
publisher and advance based on their demonstrated mastery of
skills at each level. All workers should expect to be retrained
from time to time to handle new, improved software and equip-
ment. As workers gain experience, they advance to positions with
greater responsibility. Some move into supervisory or manage-
ment positions. Other desktop publishers may start their own
company or work as an independent consultant, while those
with more artistic talent and further education may find oppor-
tunities in graphic design or commercial art.

Job Outlook

increasing production speeds. Many new jobs for desktop pub-
lishers are expected to emerge in commercial printing and pub-
lishing establishments. However, more companies also are
turning to in-house desktop publishers, as computers with elabo-
rate text and graphics capabilities have become common, and
desktop publishing software has become cheaper and easier to
use. In addition to employment growth, many job openings for
desktop publishers also will result from the need to replace work-
ers who move into managerial positions, transfer to other occu-
pations, or who leave the labor force.

Printing and publishing costs represent a significant portion of a
corporation’s expenses, no matter the industry, and corporations
are finding it more profitable to print their own newsletters and
other reports than to send them out to trade shops. Desktop
publishing reduces the time needed to complete a printing job,
and allows commercial printers to make inroads into new mar-
kets that require fast turnaround.

Most employers prefer to hire experienced desktop publishers.
As more people gain desktop publishing experience, however,
competition for jobs may increase. Among persons without ex-
perience, opportunities should be best for those with computer
backgrounds who are certified or who have completed
postsecondary programs in desktop publishing or graphic de-
sign. Many employers prefer graduates of these programs be-
cause the comprehensive training they receive helps them learn
the page layout process and adapt more rapidly to new software
and techniques.

Earnings

Earnings for desktop publishers vary according to level of ex-
perience, training, location, and size of firm. Median annual
earnings of desktop publishers were $30,600 in 2000. The middle
50 percent earned between $22,890 and $40,210. The lowest
10 percent earned less than $17,800, and the highest 10 per-
cent earned more than $50,920 a year. Median annual earnings
in the industries employing the largest numbers of these work-
ers in 2000 are shown in the following:

Commercial printing .........cccccoevviiiiniinniiiiinnns $30,940
NEWSPAPETS ..eovvviiiiiiiiiiiiiiiceicciec s 24,520

Related Occupations

Desktop publishers use artistic and editorial skills in their work.
These skills also are essential for artists and related workers; de-
signers; news analysts, reporters, and correspondents; public re-
lations specialists; writers and editors; and prepress technicians
and workers.

Sources of Additional Information

Employment of desktop publishers is expected to grow much
faster than the average for all occupations through 2010, as more
page layout and design work is performed in-house using com-
puters and sophisticated publishing software. Desktop publish-
ing is replacing much of the prepress work done by compositors
and typesetters, enabling organizations to reduce costs while

Details about apprenticeship and other training programs may
be obtained from local employers such as newspapers and print-
ing shops, or from local offices of the state employment service.

For information on careers and training in printing, desktop pub-
lishing, and graphic arts, write to:
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® Graphic Communications Council, 1899 Preston White Dr., Reston, VA
20191. Internet: http://www.npes.org

® Graphic Arts Technical Foundation, 200 Deer Run Rd., Sewickley, PA
15143. Internet: http://www.gatf.org

For information on benefits and compensation in desktop pub-
lishing, write to:

® Printing Industries of America, Inc., 100 Daingerfield Rd., Alexandria,
VA 22314. Internet: http://www.gain.org

Dagnstic edicl
Sonographers
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Significant Points

® Sonographers should experience favorable job opportuni-
ties as ultrasound becomes an increasingly attractive alter-
native to radiologic procedures.

® More than half of all sonographers are employed by hospi-
tals, and most of the remainder work in physicians’ offices
and clinics, including diagnostic imaging centers.

® Beginning in 2005, an associate or higher degree from an
accredited program will be required for registration.

Nature of the Work

Diagnostic imaging embraces several procedures that aid in di-
agnosing ailments, the most familiar being the X ray. Another
increasingly common diagnostic imaging method, called mag-
netic resonance imaging (MRI), uses giant magnets and radio
waves rather than radiation to create an image. Not all imaging
technologies use ionizing radiation or radio waves, however.
Sonography, or ultrasonography, is the use of sound waves to
generate an image used for assessment and diagnosis of various
medical conditions. Many people associate sonography with
obstetrics and the viewing of the fetus in the womb. But this
technology has many other applications in the diagnosis and
treatment of medical conditions.

Diagnostic medical sonographers, also known as ultrasonographers,
use special equipment to direct nonionizing, high frequency
sound waves into areas of the patient’s body. Sonographers op-
erate the equipment, which collects reflected echoes and forms
an image that may be videotaped, transmitted, or photographed
for interpretation and diagnosis by a physician.

Sonographers begin by explaining the procedure to the patient
and recording any additional medical history that may be rel-
evant to the condition being viewed. They then select appropri-
ate equipment settings and direct the patient to move into
positions that will provide the best view. To perform the exam,
sonographers use a transducer, which transmits sound waves in

a cone- or rectangle-shaped beam. Although techniques vary
based on the area being examined, sonographers usually spread
a special gel on the skin to aid the transmission of sound waves.

Viewing the screen during the scan, sonographers look for subtle
visual cues that contrast healthy areas from unhealthy ones. They
decide whether the images are satisfactory for diagnostic pur-
poses and select which ones to show to the physician.

Diagnostic medical sonographers may specialize in obstetric and
gynecologic sonography (the female reproductive system), ab-
dominal sonography (the liver, kidneys, gallbladder, spleen, and
pancreas), neurosonography (the brain), or ophthalmologic
sonography (the eyes). In addition, sonographers also may spe-
cialize in vascular technology or echocardiography.

Obstetric and gynecologic sonographers specialize in the study of
the female reproductive system. This includes one of the more
well known uses of sonography: examining the fetus of a preg-
nant woman to track its growth and health.

Abdominal sonographers inspect a patient’s abdominal cavity to
help diagnose and treat conditions involving primarily the gall-
bladder, bile ducts, kidneys, liver, pancreas, and spleen. Abdomi-
nal sonographers also are able to scan parts of the heart, although
diagnosis of the heart using ultrasound usually is done by
echocardiographers.

Neurosonographers use ultrasound technology to focus on the ner-
vous system, including the brain. In neonatal care,
neurosonographers study and diagnose neurological and ner-
vous system disorders in premature infants. They also may scan
blood vessels to check for abnormalities indicating a stroke in
infants diagnosed with sickle cell anemia. Like other
sonographers, neurosonographers operate transducers to perform
the ultrasound, but use different frequencies and beam shapes
than obstetric and abdominal sonographers.

Ophthalmologic sonographers use ultrasound to study the eyes. Ul-
trasound aids in the insertion of prosthetic lenses by allowing
accurate measurement of the eyes. Ophthalmologic ultrasound
also helps diagnose and track tumors, blood supply conditions,
separated retinas, and other ailments of the eye and the sur-
rounding tissue. Ophthalmologic sonographers use high fre-
quency transducers made exclusively to study the eyes, which
are much smaller than those used in other specialties.

In addition to working directly with patients, diagnostic medi-
cal sonographers keep patient records and adjust and maintain
equipment. They also may prepare work schedules, evaluate
equipment purchases, or manage a sonography or diagnostic
imaging department.

Working Conditions

Most full-time sonographers work about 40 hours a week; they
may have evening weekend hours and times when they are on
call and must be ready to report to work on short notice.

Sonographers typically work in healthcare facilities that are clean
and well lit. Some travel to patients in large vans equipped with
sophisticated diagnostic equipment. Sonographers are on their
feet for long periods and may have to lift or turn disabled pa-
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tients. They work at diagnostic imaging machines but may also
do some procedures at patients’ bedsides.

Employment

Diagnostic medical sonographers held about 33,000 jobs in 2000.
More than half of all sonographer jobs are in hospitals. Most of
the rest are in physicians’ offices and clinics, primarily in offices
specializing in obstetrics and in diagnostic imaging centers. Ac-
cording to the 2000 Sonography Benchmark Survey conducted
by the Society of Diagnostic Medical Sonographers (SDMS), about
three out of four sonographers worked in urban areas.

Training, Other Qualifications, and
Advancement

There are several avenues for entry into the field of diagnostic
medical sonography. Sonographers may train in hospitals, voca-
tional-technical institutions, colleges and universities, and the
armed forces. Some training programs prefer applicants with a
background in science or experience in other health professions,
but also will consider high school graduates with courses in math
and science, as well as applicants with liberal arts backgrounds.

Colleges and universities offer formal training in both 2- and
4-year programs, culminating in an associate or bachelor’s de-
gree. Two-year programs are most prevalent. Course work includes
classes in anatomy, physiology, instrumentation, basic physics,
patient care, and medical ethics. The Joint Review Committee
on Education for Diagnostic Medical Sonography accredits most
formal training programs (76 programs in 1999).

Some health workers, such as obstetric nurses and radiologic tech-
nologists, seek to increase their marketability by cross-training
in fields such as sonography. Many take 1-year programs result-
ing in a certificate. Additionally, sonographers specializing in
one discipline often seek competency in others; for example,
obstetric sonographers might seek training in and exposure to
abdominal sonography to broaden their opportunities.

While no state requires licensure in diagnostic medical
sonography, the American Registry of Diagnostic Medical
Sonographers (ARDMS) certifies the competency of sonographers
through registration. Because registration provides an indepen-
dent, objective measure of an individual’s professional standing,
many employers prefer to hire registered sonographers. Regis-
tration with ARDMS requires passing a general physics and
instrumentation examination, in addition to passing an exam
in a specialty such as obstetrics/gynecology, abdominal, or
neurosonography.

While formal education is not necessary to take the exams, an
associate or bachelor’s degree from an accredited program is pre-
ferred. Beginning in 2005, ARDMS will consider for registration
only those holding an associate or higher degree. To keep their
registration current, sonographers must complete 30 hours of
continuing education every 3 years to stay abreast of advances
in the occupation and in technology.

Sonographers need good communication and interpersonal skills
because they must be able to explain technical procedures and
results to their patients, some of whom may be nervous about
the exam or the problems it may reveal. They also should have
some background in math and science, especially when they
must perform mathematical and scientific calculations in analy-
ses for diagnosis.

Job Outlook

Employment of diagnostic medical sonographers is expected to
grow faster than the average for all occupations through 2010 as
the population grows and ages, increasing the demand for diag-
nostic imaging and therapeutic technology. Some job openings
also will arise from the need to replace sonographers who leave
the occupation.

Ultrasound is becoming an increasingly attractive alternative to
radiologic procedures as patients seek safer treatment methods.
Because ultrasound—unlike most diagnostic imaging methods—
does not involve radiation, harmful side effects and complica-
tions from repeated use are rarer for both the patient and the
sonographer. Sonographic technology is expected to evolve rap-
idly and to spawn many new ultrasound procedures, such as 3D-
ultrasonography for use in obstetric and ophthalmologic
diagnosis. However, high costs may limit the rate at which some
promising new technologies are adopted.

Hospitals will remain the principal employer of diagnostic medi-
cal sonographers. However, employment is expected to grow
more rapidly in offices and clinics of physicians, including diag-
nostic imaging centers. Health facilities such as these are expected
to grow very rapidly through 2010 due to the strong shift to-
ward outpatient care, encouraged by third-party payers and made
possible by technological advances that permit more procedures
to be performed outside the hospital.

Earnings

Median annual earnings of diagnostic medical sonographers were
$44,820 in 2000. The middle 50 percent earned between $38,390
and $52,750 a year. The lowest 10 percent earned less than
$32,470, and the highest 10 percent earned more than $59,310.
Median annual earnings of diagnostic medical sonographers in
2000 were $43,950 in hospitals and $46,190 in offices and clin-
ics of medical doctors.

Related Occupations

Diagnostic medical sonographers operate sophisticated equip-
ment to help physicians and other health practitioners diagnose
and treat patients. Workers in related occupations include car-
diovascular technologists and technicians, clinical laboratory
technologists and technicians, nuclear medicine technologists,
radiologic technologists and technicians, and respiratory thera-
pists.

Sources of Additional Information

For more information on a career as a diagnostic medical
sonographer, contact:
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® Society of Diagnostic Medical Sonographers, 12770 Coit Rd., Suite 708,
Dallas, TX 75251. Internet: http://www.sdms.org

® The American Registry of Diagnostic Medical Sonographers, 600
Jefferson Plaza, Suite 360, Rockville, MD 20852-1150. Internet: http://
www.ardms.org

For a current list of accredited education programs in diagnostic
medical sonography, write to:

® The Joint Review Committee on Education in Diagnostic Medical
Sonography, 1248 Harwood Rd., Bedford, TX 76021-4244. Internet:
http://www.caahep.org

Diesel Service Technicians
and Mechanics

O*NET 49-3031.00

Significant Points

® A career as a diesel service technician or mechanic offers
relatively high wages and the challenge of skilled repair
work.

® Opportunities are expected to be good for persons who com-
plete formal training programs.

® National certification is the recognized standard of achieve-
ment for diesel service technicians and mechanics.

Nature of the Work

The diesel engine is the workhorse powering the nation’s trucks
and buses, because it delivers more power and is more durable
than its gasoline-burning counterpart. Diesel-powered engines
also are becoming more prevalent in light vehicles, including
pickups and other work trucks.

Diesel service technicians and mechanics, also known as bus and
truck mechanics and diesel engine specialists, repair and maintain
the diesel engines that power transportation equipment such as
heavy trucks, buses, and locomotives. Some diesel technicians
and mechanics also work on heavy vehicles and mobile equip-
ment such as bulldozers, cranes, road graders, farm tractors, and
combines. A small number of technicians repair diesel-powered
passenger automobiles, light trucks, or boats.

Technicians who work for organizations that maintain their own
vehicles spend most of their time doing preventive maintenance,
to ensure that equipment will operate safely. These workers also
eliminate unnecessary wear on and damage to parts that could
result in costly breakdowns. During a routine maintenance check
on a vehicle, technicians follow a checklist that includes inspec-
tion of brake systems, steering mechanisms, wheel bearings, and
other important parts. Following inspection, technicians repair
or adjust parts that do not work properly or remove and replace
parts that cannot be fixed.

Increasingly, technicians must be flexible, in order to adapt to
customer needs and new technologies. It is common for techni-
cians to handle all kinds of repairs, from working on a vehicle’s
electrical system one day, to doing major engine repairs the next.
Diesel maintenance is becoming increasingly complex, as more
electronic components are used to control engine operation. For
example, microprocessors regulate and manage fuel timing, in-
creasing engine efficiency. In modern shops, diesel service tech-
nicians use hand-held computers to diagnose problems and adjust
engine functions. Technicians must continually learn about new
techniques and advanced materials.

Diesel service technicians use a variety of tools in their work,
including power tools, such as pneumatic wrenches, to remove
bolts quickly; machine tools, such as lathes and grinding ma-
chines, to rebuild brakes; welding and flame-cutting equipment
to remove and repair exhaust systems; and jacks and hoists to
lift and move large parts. Common handtools—screwdrivers,
pliers, and wrenches—are used to work on small parts and get at
hard-to-reach places. Diesel service technicians and mechanics
also use a variety of computerized testing equipment to pinpoint
and analyze malfunctions in electrical systems and engines.

In large shops, technicians generally receive their assignments
from shop supervisors or service managers. Most supervisors and
managers are experienced technicians who also assist in diag-
nosing problems and maintaining quality standards. Technicians
may work as a team or be assisted by an apprentice or helper
when doing heavy work, such as removing engines and trans-
missions.

Working Conditions

Diesel technicians usually work indoors, although they occasion-
ally make repairs to vehicles on the road. Diesel technicians may
liftt heavy parts and tools, handle greasy and dirty parts, and
stand or lie in awkward positions to repair vehicles and equip-
ment. Minor cuts, burns, and bruises are common, although se-
rious accidents can usually be avoided if the shop is kept clean
and orderly and safety procedures are followed. Technicians nor-
mally work in well-lighted, heated, and ventilated areas; how-
ever, some shops are drafty and noisy. Many employers provide
lockers and shower facilities.

Employment

Diesel service technicians and mechanics held about 285,000
jobs in 2000. About 25 percent serviced buses, trucks, and other
diesel-powered equipment for customers of vehicle and equip-
ment dealers, automotive rental and leasing agencies, or inde-
pendent automotive repair shops. About 20 percent worked for
local and long-distance trucking companies, and another 19
percent maintained the buses, trucks, and other equipment of
buslines, public transit companies, school systems, or federal,
state, and local governments. The remaining technicians main-
tained vehicles and other equipment for manufacturing, con-
struction, or other companies. A relatively small number were
self-employed. Nearly every section of the country employs die-
sel service technicians and mechanics, although most work in
towns and cities where trucking companies, buslines, and other
fleet owners have large operations.
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Training, Other Qualifications, and
Advancement

Although many persons qualify for diesel service technician and
mechanic jobs through years of on-the-job training, authorities
recommend completion of a formal diesel engine training pro-
gram. Employers prefer to hire graduates of formal training pro-
grams because these workers often have a head start in training
and are able to quickly advance to the journey level.

Many community colleges and trade and vocational schools of-
fer programs in diesel repair. These programs, lasting 6 months
to 2 years, lead to a certificate of completion or an associate
degree. Programs vary in the degree of hands-on training they
provide on equipment. Some offer about 30 hours per week on
equipment, whereas others offer more lab or classroom instruc-
tion. Training provides a foundation in the latest diesel technol-
ogy and instruction in the service and repair of the vehicles and
equipment that technicians will encounter on the job. Training
programs also improve the skills needed to interpret technical
manuals and to communicate with coworkers and customers. In
addition to the hands-on aspects of the training, many institu-
tions teach communication skills, customer service, basic un-
derstanding of physics, and logical thought. Increasingly,
employers work closely with representatives of training programs,
providing instructors with the latest equipment, techniques, and
tools and offering jobs to graduates.

Whereas most employers prefer to hire persons who have com-
pleted formal training programs, some technicians and mechan-
ics continue to learn their skills on the job. Unskilled beginners
usually are assigned tasks such as cleaning parts, fueling and lu-
bricating vehicles, and driving vehicles into and out of the shop.
Beginners usually are promoted to trainee positions, as they gain
experience and as vacancies become available. In some shops,
beginners with experience in automobile service start as trainee
technicians.

Most trainees perform routine service tasks and make minor re-
pairs after a few months’ experience. These workers advance to
increasingly difficult jobs as they prove their ability and compe-
tence. After technicians master the repair and service of diesel
engines, they learn to work on related components, such as
brakes, transmissions, and electrical systems. Generally, techni-
cians with at least 3 to 4 years of on-the-job experience will qualify
as journey-level diesel technicians. Completion of a formal train-
ing program speeds advancement to the journey level.

For unskilled entry-level jobs, employers usually look for appli-
cants who have mechanical aptitude and strong problem-solv-
ing skills, and who are at least 18 years of age and in good physical
condition. Nearly all employers require completion of high
school. Courses in automotive repair, electronics, English, math-
ematics, and physics provide a strong educational background
for a career as a diesel service technician or mechanic. Techni-
cians need a state commercial driver’s license to test-drive trucks
or buses on public roads. Practical experience in automobile re-
pair at a gasoline service station, in the armed forces, or as a
hobby is also valuable.

Employers often send experienced technicians and mechanics
to special training classes conducted by manufacturers and ven-
dors, in which workers learn the latest technology and repair
techniques. Technicians constantly receive updated technical
manuals and service procedures outlining changes in techniques
and standards for repair. It is essential for technicians to read,
interpret, and comprehend service manuals, in order to keep
abreast of engineering changes.

Voluntary certification by the National Institute for Automotive
Service Excellence (ASE) is recognized as the standard of achieve-
ment for diesel service technicians and mechanics. Technicians
may be certified as Master Heavy-Duty Truck Technicians or in
specific areas of heavy-duty truck repair, such as gasoline en-
gines, drive trains, brakes, suspension and steering, electrical and
electronic systems, or preventive maintenance and inspection.
