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 Physics bachelors who went on to earn physics masters
are most commonly employed either in software or in science or lab jobs. L essthan one-half of physicsbachelors
who earned master’ s degrees in engineering are employed in engineering (Figure 3).

» Those with master’s degrees in physics, engineering, and other sciences earn significantly higher salaries than
thosewith physicsbachelor’ sdegrees. Thiseffect appliesevenwhen controlling for field of employment, timein
a career-path job, sex, and several career activities (Table 2).

» Physics masters use more computer programming and physics on the job than physics bachelors, even when
working in the same field of employment for the same amount of time (Figure 5).

» Those with master’ s degrees are more positive about some aspects of their undergraduate education than those
with physics bachelor’ sdegrees(Figure 7). Thereisevidence that those from supportive undergraduate physics
programs are more likely to earn graduate degrees than those from less supportive undergraduate programs.

» Aswith physicsbachelors, amajority of masterswould get an undergraduate degreein physicsif they hadtodoit
all over again.
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physics bachelor’ s degree can be the gateway
Ato a wide variety of career and educational

opportunities. People with physics bachelor’s
degrees often go on to graduate school. The PhD is
stereotypically seen as the desired outcome of
graduate education for physics bachelors, but many
physics bachelors opt for master's degrees for a
variety of reasons. These master's degrees are
largely in science and engineering, especialy
physics. Master's degrees earned after a physics
bachelor's degree have real workplace value in
terms of job opportunities and in terms of salaries.
In addition, graduates from  supportive
undergraduate programs are more likely to go on to
complete master’ sdegrees, so quality undergraduate
education has lasting value for physics bachelors.

This is the second report based on data collected
from physics bachelors who earned their degrees
between 1990-93. In 1998-99, the Statistica
Research Center contacted all bachelor’s degree
recipients from a randomly selected sample of 150
physics departments. The departments supplied us
with the names of their physics bachelors, and we
are grateful to them for their assistance. We were
able to find potentialy good addresses for 2400 of
these graduates (that is, our mail to them was not
returned by the post office). Of these, about 1200
completed a sixteen-page questionnaire about their
career and educational histories. This study marks
the first time that AIP attempted to study physics
bachelors five to eight years after they earned their
degrees. Data collection was complete in the spring
of 1999, and was supported by a grant from the
Nationa Science Foundation.

Thisreport covers physics bachelorswho went on to
earn master’ s degrees and were employed at thetime
of the survey (that is, they were not primarily
students at the time of the survey). Other physics
bachelors who responded to the survey had not
earned any graduate degrees and were working at
the time of the survey. These physics bachelors
were discussed in our first report (Ivie and Stowe,
2002). Still other physics bachelors had earned
PhDs by the time of the survey (12% of our
respondents) or were primarily students at the time
of the survey (24%) and may have earned master’s

degrees en route to a PhD. However, this report
covers those respondents who earned physics
bachelors between 1990-93, earned a master’s
degree, and wereworking at thetimeof thesurvey in
1998-99.

Although the sample of physics bachelors that we
drew was arandom, representative sample, it should
be noted that these bachelors graduated during a
severe international recession and that this context
probably affected their career and educational
choices. Nevertheless, physics bachelors usually
have the skills they need to adapt to changing
economic and technological situations. We
surveyed these respondents at the boom time for the
IT industry, and many were able to obtain
employment in software-related jobs, with or
without master’s degrees.

Field of Master’s Degree

bout 25% of respondents had amaster’ s degree
A at thetime of the survey and were not primarily

students, although afew (21) were working on
PhDs while working full-time. Among master’s
degree holders, about 40% earned master’ s degrees
in physics, about 40% earned master’s degrees in
math, other sciences and engineering (most of these
were engineering), and about 20% earned master’s
degrees in non-science fields (Table 1). The
non-science fields include humanities, socid
science, business, education, and health-related
fields (other than MDs). The largest category
among non-science masters was business, but there
were only 19 people who earned MBAS.

We looked at those who completed master’ s degrees
in physics or astronomy to ascertain whether they
had originally had a PhD or a master's degree as
their goal. Unfortunately, the questionnaire does not
havethis question onit, so for many master’ sdegree
recipients we do not know if a master’s degree was
their original goal. However, we did ask if any of
their career decisions had been influenced by family
considerations. We found fourteen peoplewho said
they had dropped out of physics PhD programs
because of family considerations, including needing



to work to support children and moving to adifferent
location to bewith asignificant other. Twelve out of
these fourteen were men. There was no other
dominant reason respondents dropped out.

Reasonsfor Attending Graduate
School

here are a variety of reasons for attending
Tgraduate school, ranging from lack of job

opportunities to wanting to learn more about a
specificfield. Weasked respondentstoindicateona
checklist which factors influenced them to attend
graduate school. Since people usualy have more
than one reason for attending graduate school,
respondents could check more than one. We asked
our respondents if attending graduate school was
related to job or career concerns. Almost 60% of the
master’'s degree recipients said that they attended
graduate school in order to get abetter job than they
could have with a bachelor’s degree aone (Figure
1). About two out of five said that they attended
graduate school because they were uncertain about

Figure 1. Factors that Influenced Physics
Bachelors Who Have Master’s Degrees to
Attend Graduate School
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AIP Statistical Research Center, 1998-99 Bachelors Plus
Five Study.

career plans. More than one fourth said they were
influenced to attend graduate school because of lack
of job opportunities. Altogether, three-fourths of
master’ s degree recipients said that there was at | east
one job-related reason that they attended graduate
school. Thisis not surprising, since the respondents
in this survey graduated during a severe
international recession. Master’s degree recipients
who perceived that they had few job opportunities
after their bachelor’ sdegreeswere morelikely to get
master’s degrees in engineering and other sciences
than in physics or in non-sciences. At least for this
group, master's degrees in engineering and other
scienceswere seen as more job-rel ated than master’s
degreesin physics and in non-sciences.

A little more than half of master’s degree recipients
said they attended graduate school because they
received financial support. Those who received
master’s degrees in physics were more likely than
thosein other fieldsto say that they went to graduate
school because they received financial support.

About 40% said that they went to graduate school to
learn more physics. This is about the same
percentage as those who actually earned physics
master’s degrees. Two out of five said that they
wanted to learn more about a field other than
physics.

Respondents who earned master's degrees in
sciences and engineering tended to start graduate
school within a short time after completing their
physics bachelor’'s degree. However, those who
earned master's degrees in non-sciences delayed
going to graduate school longer than those who
earned master’ sdegreesin physics, engineering, and
other sciences. Non-science masters had a median
of 2.2 years between earning a physics bachelor’'s
degree and starting graduate school, while science
and engineering masters had a median of four
months. Seventy percent of science and engineering
masters started graduate school within a year of
earning their physics bachelor’s degree. However,
just one out of five non-science masters started
graduate school within one year of completing their
physics bachelor’ s degree.
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Preparednessfor Graduate School

ndergraduate physics education generaly

gives people a solid foundation for graduate

school. Physics education emphasizes math
skills, problem-solving skills, and of course, physics
principles. We asked respondents to rate how well
physics undergraduate education prepared them for
graduate school in various areas. There are
differences in these ratings according to the field of
master’s degree (Figure 2). Respondents who
earned master’'s degrees in engineering and other
sciences were generaly more positive about their
undergraduate education in the areas of physics,
math, and problem solving than respondents who
earned master’s degrees in physics. About four out
of five of those who earned master’'s degrees in
engineering and scientific fields other than physics
rated their undergraduate preparation in terms of
physics principles, scientific problem solving, and
math skills as very good. People who got master’s

degrees in physics, though, were less enthusiastic
about their preparation in these areas. There are
similar differences for “knowledge of physics,”
where only alittle more than half of physics masters
rated their preparation as very good, but 70% of
other science and engineering graduates rated their
preparation as very good.

In other areas, there were no differences between
physics masters and masters in other sciences and
engineering. Only about one-fourth of respondents
rated their programming preparation as very good,
and they were similarly disappointed with their
preparation in scientific software.  When we
examined the areas in which respondents wished
they had better preparation, many mentioned
computer programming, but most did not say what
sort of programming experience that they wish they
had obtained.
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Figure 3. Field of Employment 5 to 8 Years After Receiving Physics Bachelor’'s Degree
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In areas such as lab skills, research experience,
writing skills, oral communication skills, and
teamwork skills, about 40-50% of respondentsrated
thelr undergraduate preparation as very good.
However, amost one-third of respondents rated
their undergraduate research experience as poor.

In summary, respondentswereleast happy with their
programming and scientific software experience and
were happier with the other aspects of ther
undergraduate preparation. However, those who
earned master’'s degrees in engineering and other
sciences were more pleased with their physics,
math, and problem solving preparation than were
those who earned master’ s degrees in physics.

Field of Employment

ysics bachelorswork in avariety of fields, and
Pr—lnany use their physics training in those fields
(Ivieand Stowe, 2002). But how doesearning a
master’s degree affect the job prospects of physics
bachelors? For masters, field of employment varies
by field of master’s degree (Figure 3). More than
one-fourth of physics masters are employed in
software jobs, and another one-fourth are employed
inscience or lab jobs. The third most common field

of employment for physics masters is engineering.
Having a physics master's degree rather than a
bachelor’s degree changes job prospects for these
respondents. For example, less than ten percent of
physics bachelors work in science or lab jobs, but
these jobs are much more common for physics
masters. Compared to physics masters, a higher



percentage of physics bachelors work in
management. Thisisprobably dueto thefact that, at
the time of the survey, bachelors had more work
experience than masters.

People with master’s degrees in other sciences and
engineering are most commonly employed in
engineering jobs. However, less than half of
engineering masters are employed in engineering.

Somewhat less than one-fifth of other science and
engineering masters are employed in software, but
most of these are not computer science masters.
Although amost twenty percent of respondentswith
master’ s degrees work in software jobs, only eleven
respondents have master’'s degrees in computer
science. These respondents received bachelor's
degrees at the beginning of the Internet boom and
were able to use their flexible physics backgrounds
to obtain jobsin thisfast-paced industry without the
formal credentials of a master’s degree in computer
science.  The third most common field of
employment for other science and engineering
masters is management.

For people who earned master's degrees in
non-sciences, almost one-third work in management
(most of these have MBAS), almost one-fifth work
in education (most of these have master’ s degreesin
education), and about one-fifth work in service and
professional jobs. These jobs include ministers,
librarians, and a journalist.

Salary

hose with physics backgrounds typically earn

good sdaries. In 1999, the middle 50% of

physics bachel orswith master’ s degrees earned
between $37,500 and $60,000. Salary isinfluenced
by many factors, including time on the job. One
major difference between physics bachelors and
those who earned master’ s degreesis that bachelors
had been employed in career-path jobs dightly
longer (about 14 months) than the masters. We
defined a career-path job as*“ajob that will help you
inyour future career or ajobinthefield in whichyou
want to make your career” and asked respondents
when they started their first career-path job. As of

April 1, 1999, masters had been in career-path jobs
an average of 4.6 years, and bachelors had been in
career-path jobs an average of 5.8 years. In spite of
thisdifferencein experience, those respondents with
master’'s degrees in physics, other sciences, and
engineering had higher salaries than those with only
physics bachelor’ s degrees.

To determine which other factors have effects on
salary, we used models with multiple variables in
them. We controlled for field of master’s degree,
field of employment, length of time in a career-path
job, sex, and whether they have hired bachelor’'s
level employees, work in a professionaly
challenging job, or used their physics bachelor's
degree to obtain a career-path job. Table 2 shows
how much each factor affects salary, even when the

Table 2. Factors That Influence Salary for
Physics Bachelors 5 to 8 Years After
Graduation (1999)

Amount of

Increase

Working in a software job* $8900
Job responsibilities include hiring $5200
bachelors level employees
Having a master’s degree in $4300
engineering or other sciences?
Having a master’s degree in $3900
physics?
Working in a job that is $3800
professionally challenging
Being male $2600
Physics bachelors was helpful in $2100
getting a first career-path job
Each year of experience $800
1Compared to mean salary of all respondents with
bachelor's and master’s degrees.
“Compared to having a bachelor's degree in physics.
AIP Statistical Research Center, 1998-99 Bachelors Plus
Five Study.




other factors are taken into consideration. Again,
having a master's degree in engineering, other
sciences, or physics has an effect on saary.
Specificaly, those with master’ s degrees in physics
earned $3900 more on average than those with
bachelor's degrees in physics.  Those with
engineering and other science masters earned $4300
more on average than those with bachelor’ s degrees
in physics. However, engineering and other science
masters do not make significantly more than physics
masters. These effects apply regardless of timein a
career-path job, field of employment, sex, and
whether they have hired bachelor’ slevel employees,
work in a professionally challenging job, or used
their physics bachelor’ s degree to find a career-path
job. In addition, having a master's degree in a
non-science field does not significantly increase
salary over having only a bachelor's degree in
physics.

Length of time in a career-path job has a positive
effect on salary, with those employed longer earning
$800 more per year of experience, even controlling

for the other factors in the model. On average,
people working in software make $8900 more than
the mean salary of all respondents. Again, this
difference appliesindependent of the other variables
in the model.

When all the variables in the model are taken into
account, having hired bachelors level employees
also has an effect on saary, with those who have
done so making $5200 more on average than those
who have not. People who say that their jobs are
professionally challenging make $3800 more on
average than those who say their jobs are less
professionally challenging, even controlling for
degree, field of employment, and the other variables
in the model. People who say that having a physics
bachelor’ s degree helped them in their search for a
career-path job also make $2100 more on average
than those who say it hindered them, independent of
the other variables in the model. Thisis perhaps a
reflection of the extent to which their career-path
jobs are physics-related. In addition, males make
$2600 more on average than femaes, even

Figure 4. Importance of Knowledge and Skills for Physics Bachelors Who Have
Master’s Degrees and Work in Science & Engineering Jobs*
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AIP Statistical Research Center, 1998-99 Bachelors Plus Five Study.




Figure 5. Importance of Knowledge and
Skills Used on the Job for Physics Masters
and Bachelors
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Physics masters are significantly different from physics
bachelors when controlling for field of employment and
time in career-path job.

AIP Statistical Research Center, 1998-99 Bachelors Plus
Five Study.

controlling for al the other factors such as field of
employment and degree.

Knowledge and Skills Used on the Job

Even after earning a master's degree, physics
bachelors are able to take aspects of their
undergraduate education and use them on the job.

We asked respondentsto rate how important various
items are for their principal jobs. Thislist of items
was intended to represent skills that are directly
related to physics education, such as math,
problem-solving, and programming skills. As for
physics bachelors (Ivie and Stowe, 2002), field of
employment makesadifferencein what respondents
say isimportant. Figure4 shows the percentages of
masters who work in science and engineering (but
not software) who rated each item asvery important.
Among the respondents in this group, amost all
indicated that scientific problem solving is
important in their jobs. Synthesizing information,
using physics principles, engaging in modeling or

simulation, and using mathematical and scientific
software skills also rated highly. This group does
not do much software development, although a
sizeable minority indicated that computer
programming isimportant in their jobs.

Our analysis shows that even controlling for
experience and field of employment, physics
masters rate three items higher than physics
bachelors (Figure5). These are physics principles,
knowledge of physics, and computer programming.
That is, eveninthe samefield and having worked for
the same amount of time, those with physics
master’ s degrees say that physicsis more important
than those with physics bachelor’ s degrees. Physics
masters use computer programming more than
physics bachelors, and this is true even when
working in the same field of employment for the
same amount of time.

Figure 6. Time Spent on Job Activities by
Physics Bachelors Who Have Master’s
Degrees and Work in Science & Engineering
Jobs*
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Five Study.




Communication and People Skills

n addition to using math, physics, and
I problem-solving skillson the job, physics-trained

masters aso use communication and people
skills. We asked respondentsto rate how much time
they spent using various communication and people
skillsat work. Aswith physicsbachelors, the degree
to which masters use these skills on the job varies
with their field of employment (Ivie and Stowe,
2002). Figure 6 shows the percentage of masters
who work in science and engineering jobs (but not in
software) who said they spend agood deal of timeon
each activity. This group makes extensive use of
their interpersonal skills, with 70% reporting they
spend agreat deal of time working with co-workers.
Almost half the respondents in this group indicated
they spend agreat deal of time providing servicesto
clients. Most do not spend much time supervising
people, training others, or marketing products.

Evaluation of Undergraduate
Education

e have seen so far that physics-trained

masters use many of the skillsthey learned as

undergraduates while on the job. Do these
masters see the value of physics education for their
careers? The answer isyes. Infact, physics-trained
masters were more positive about some aspects of
their undergraduate education than bachelors. Those
with master’s degrees were more likely to say that
they were satisfied with the advising, supportiveness
of physics professors, and working relationships
with physics professors and other physics students
than people who only had bachelor's degrees in
physics (Figure 7). It is possible that those with
master's degrees thought undergraduate school
looked better after attending graduate school, but
thisisunlikely. Thosewith only bachelor’ s degrees
who had attended graduate school had similar
evaluations of undergraduate education as those
bachelors who had never attended graduate school.
And both groups of bachelorswereless positivethan
the masters, who had similar evaluations as people
who had received PhDs by the time of the study. So
it is possible that those with more favorable

undergraduate experiences are more likely to
complete a graduate degree.

Although master’'s degree recipients see some
aspects of their undergraduate education more
positively than bachelors, masters who work in
science and engineering rate their physics
preparation less favorably than bachelors who work
in science and engineering. A larger percentage of
physics bachelors than masters working in science
and engineering said that their undergraduate
knowledge of physicswas very good preparation for
a career (73% for physics bachelors, 54% for
masters).

When asked if they would get another
undergraduate degree in physics if they could do it
all over again, amost two-thirds of al master's
degree recipients said that they almost certainly
would. This percentage is similar to the percentage

Figure 7. Evaluation of Undergraduate
Program by Physics Bachelors and Physics
Bachelors Who Have a Masters
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who would mgjor in physics again among physics
bachelors (lvie and Stowe, 2002). And the
percentage is just as high regardless of the field of
master’ s degree. In other words, those who earned
masters in any field, even non-sciences, are very
likely to say they would major in physics al over
again.

Conclusion

ysics bachelors who went on to earn master’s
degrees generaly felt well prepared for
graduate school, especially those who earned
master’s degrees in sciences (other than physics)
and engineering. One of the main reasons physics
bachelors who earned master’s degrees attended
graduate school is to obtain a better job than they
could with abachelor’s degree alone. For the most
part, especially when measured by salary, those who
obtained master's degrees in any science or
engineering (including physics) did obtain better
jobs than physics bachelors.

A higher proportion of physics masters than physics
bachelors obtained jobs in science, but significant

10

proportions of both groups were working in
software jobs at the time of the survey. On the job,
master’s degree holders who work in science and
engineering reported that they made extensive use of
scientific problem-solving skills, the ability to
synthesize information, and physics principles.

Furthermore, there is evidence that those with
master’s degrees (and PhDs) earned them because
they had more positive experiences as physics
undergraduates than those who did not earn graduate
degrees. This perhaps best illustrates the role that a
supportive undergraduate physics education can
have for these graduates. Quality physics
undergraduate education can increase the likelihood
of earning a graduate degree, which makes a
significant difference in job opportunities.
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