SecTIoN 2. STubY DESIGN

Phase | of this study examines whether the likeli-
hood of successfully achieving outcomesat specifictimes
along the academic career path is related to doctorate
recipients sex. Phase |1 is longitudinal and examines
whether doctoraterecipients’ sex isrelated to the amount
of timeit takesto achieve career milestones. Both phases
usedatafrom nationally representative samples of people
who earned doctoratesin S& E and who are employed in
academia. Both also use multivariate statistical methods
that control for factors other than sex that might affect
career Success.

Data

Datafor both phases of this study were taken from the
SDR. The SDR dataincludeonly thoseindividua swho have
earned S& E doctoratesin the United States. Consequently,
our analyses do not consider career outcomes of those em-
ployed in academiawho have not earned doctorates, those
who earned degreesin fields other than S& E, or thosewho
earned doctorates outside the United States.

Prase | Data

ThePhasel| dataincludeindividua swho reported work-
ing full time in academia and who appeared in the 1981
through 1997 wave of the SDR. When this study was un-
dertaken, SDR datawere availablefor odd-numbered years
1973 through 1997; however, the surveys conducted during
the 1970s do not provide sufficient detail on the ages and
numbers of children (dependents), so we excluded them
fromour analyses. Someof our analysesrequired congtraints
on the samples we used. We describe these sample restric-
tionslater in this section of the report.

Prase |l DATA

The Phase Il data include doctorate recipients who
reported full-time employment in academiain the 1997
SDR wave. Because this part of the analysistracksindi-
viduals from the time they earned their doctorates until
the time of the 1997 survey, Phase Il also uses some
data from earlier SDR waves. These data include infor-
mation required to construct work and family histories.

1The SDRislongitudinal in the sense that individual s reappear
in successive survey waves throughout their careers as long as they
remain in the sample frame. The SDR data are not maintained in a
longitudinal format, however, so constructing employment and fam-
ily historiesfor individual srequireslinking survey identification num-
bers across SDR waves.

As in Phase |, some of the Phase Il analyses
required that we exclude certain respondents from the
samples we used. These exclusions are described later
in this section of the report.

Prase | Stuby DEsIGN

Below, we describe the Phase | model s used to com-
pare female scientists and engineers to their male coun-
terparts. Specifically, we identify the career outcomes
of interest, describe the statistical methods employed, list
the control variables included in the analyses, and
describe sampl e restrictions and model specifications.

CAREER OQUTCOMES

Phase | focuses on three career outcomes for doc-
torate recipientsemployed in academia. Thefirst, tenure
track, iswhether the individual isemployed in atenure-
track position. The second, tenure, is whether the indi-
vidual has earned tenure. And the third, academic rank,
iswhether the individual is employed at the rank of full
professor, associate professor, or a junior rank (assist-
ant professor or other rank below associate or full
professor).

StaTisTICAL MODELS

In Phasel, we used multivariatelogit analysisasthe
primary statistical tool. Logit analysisallows estimation
of the probability of success(e.g., the probability of earn-
ing tenure) after controlling for differencesin individual
characteristicsamong doctorate recipientsincluded inthe
sample. Outcomesfor thetenure and tenure-track analy-
ses are discrete binomial occurrences in that only two
outcomes are possible—tenure or not tenured, and on
tenure track or not on tenure track. Outcomes for the
analysis of academic rank, however, are multinomial in
that several outcomes are possible—full professor, asso-
ciate professor, or junior rank.

CoNTROL VARIABLES

Table 2-1 lists the control variables included in the
Phase | analyses. These include human capital proxies,
personal characteristics, family characteristics, female
interactions, year of the survey wave, and selection vari-
ablesrelated to employment. In additionto thelisted con-
trols, each of the Phase | analyses includes a dichoto-
mous (dummy) variable distinguishing females from



males. The estimated coefficient on the “female” vari-
ableallowsusto compute gender differencesin the prob-
ability of a career success after accounting for the
effects of controls.

Human Capital

Other things being the same, individuals who have
accumulated more human capital are morelikely to have
earned tenure and to have been promoted to higher aca-
demicranks. Table 2-1 listshuman capital variables used
as controls in the Phase | analyses. We emphasize that
these variables are not direct measures of human capi-
tal; rather, they should be interpreted as proxies.

We included “years since earning the doctorate” as
ameasure of postdoctoral experience. We also included
a set of variables distinguishing between the kinds of
financial support that doctoral candidates receive in
graduate school. We interpret these variables as proxies
for differencesin experience and training and differences

TABLE 2-1. Phase | control variables by category

Human capital

Years since earning the doctorate

Kind of graduate support (fellowship, research assistantship, teaching
assistantship, traineeship, other)

Time-to-degree (years between bachelor's degree and doctorate)

Postdoctorate plans (planning postdoctorate appointment)

Field switching (between degrees)

Bachelor's degree earned at foreign institution

Doctorate earned at research institution

Doctorate earned at public institution

Academic field (usually 17 fields distinguished, but some fields
combined for rank models)

Personal characteristics
Age when doctorate was earned
Citizenship (naturalized, permanent resident, temporary resident, other)
Race/ethnicity (American Indian/Alaskan Native, Asian/Pacific Islander,
black, Hispanic, other)

Family characteristics
Marital status
Number of dependents younger than 6
Number of dependents age 6 to 18
Female interactions
Marital status at time of survey
Number of dependents younger than 6
Number of dependents age 6 to 18
Survey wave, 1981-1997
Employment selection
Primary work activity (research, teaching, other)
Carnegie classification of employer (doctoral, research, other)
Employed at private institution

in academic ability. For example, those who earned the
doctorate while supported by research assistantships are
likely to have experience and training different from that
of doctoral candidates who were supported by teaching
assistantships. And doctorate earners who were sup-
ported by fellowshipsarelikely to be more academically
able than those who received other kinds of support.

Some doctorate earners opt for additional training by
taking postdoctoral appointments before they enter the
full-time academic labor market. Our list of controls
includes a variable reflecting whether individuals were
planning postdoctoral appointments at the time they
received their doctorates. The potential effect of thisvari-
able is an empirical issue. Postdoctoral appointments
affordindividual s opportunitiesfor additional training that
might improve chancesfor successin academia, but they
delay entry into full-time faculty positions and thus can
delay tenure and promotionsto higher academic ranks.2

Field switching occurswhen individual s earn under-
graduate degrees, masters' degrees, or doctoratesin dif-
ferent academic fields. Expertise in two or more fields
could enhance chances for success in academic careers.
Alternatively, individualswho stay inasinglefield might
realize benefits from specialization that also affect
career outcomes.

We included three variables that distinguish charac-
teristics of the institutions at which individuals earned
degrees—earning a bachelor’s degree at aforeign insti-
tution, earning a doctorate at a research institution, and
earning adoctorate at apublicingtitution. Although these
variablesdistinguish possibledifferencesin accumul ated
human capital, we regard their effects on successin aca-
demic jobs asan empirical issue.

Chancesfor earning tenure and promotion arelikely
to vary considerably across different academic fields.
We included a set of control variables that distinguish
17 different fieldsin which individual s earned their doc-
torates. These fields are identified in table 2-2.3

2 Postdoctoral appointments could also reflect selection by abil-
ity. For example, the most able doctoral candidates might be more
likely to receivefaculty appointmentsimmediately after earning their
degrees.

Sldentifying the parameters of the logit models required us to
combineafew of thefieldsin table 2-2 for the academic rank analyses.
See Appendices C and D.



Personal Characteristics

Table 2-1 liststhree sets of control variables reflect-
ing the personal characteristics of doctorate recipients—
age at the time the doctorate was earned, citizenship,
and race/ethnicity. We included these variables as con-
trolsto capture variationsin backgrounds, opportunities,
and preferences that could affect chances for tenure and
promotion.

Family Characteristics

Weincluded aset of three“family” variables as con-
trols in the Phase | analyses. These are marital status
(married or unmarried), the number of dependent chil-
dren lessthan 6 years of age, and the number of children
between the ages of 6 and 18.

Family characteristics can reasonably be expected
to influence chances for tenure and promotion, but the
direction of their effectsis unclear. For example, being
married might enhance a doctorate recipient’s career if
the spouse provides support and motivation. Having chil-
dren might also provide motivation. Alternatively, the
burden of supporting a family might divert time and
energy from job responsibilities, thus reducing chances
for tenure and promotion.

The ages of a doctorate recipient’s dependent chil-
dren convey information for estimating the effects of
family composition on career success.* Three potentialy
important effects are (1) differences in child-rearing
requirements, (2) cumulative care-giving effects, and
(3) fertility timing. Children of different agesrequire dif-
ferent kinds and levels of care. Children of pre-school
age, for example, require very different kinds of care
than do children of high-school age. Also, older children
have required a period of parental care longer than that
required by younger children. For example, atwo-year-
old child has required care for only 20 percent of the
time that a 10-year-old child has. Ages of children also
convey information about thetiming of fertility decisions.
For example, anindividual with 10 yearsof postdoctoral
experience who is caring for a two-year-old child has
likely postponed starting afamily until after thetime aca-
demic institutions typically make tenure decisions. An

4 Qver the period 1981-1997, the SDR survey instruments have
solicited different information about dependents’ ages. The distinc-
tionswe make—children under age 6 and children between the ages of
6 and 18—reflect the most detail consistently available sincethe 1981
SDRwave.

TABLE 2-2. Doctoral fields included in tenure and rank analyses
Academic field

Specialty codes®

Agricultural science 0-99
Biological science 100-199
Health science 200-299

Chemical engineering 312

Electrical engineering 322-324

Other engineering 300-311, 313-321, 325-399
Computer and information sciences 400-410
Mathematics 420-499

Physics and astronomy 560-576, 500-505
Chemistry 520-539
Geosciences 510-519, 540-559, 585-595
Other physical sciences 580-599
Psychology 600-649
Economics 666-668

Palitical science 678

Sociology, anthropology, and demography 686, 662, 650

Other social sciences 652-658, 670-682, 690-699

! Codes match those used in Survey of Earned Doctorates.

individual with the same experience and a 10-year-old
child has probably been faced with child-rearing respon-
sibilities before receiving tenure. This discussion points
to the importance of measuring family composition at
comparable timesin the careers of doctorate recipients.
For example, atwo-year-oldinthefamily of anindividual
with six years of experience might have aquitedifferent
effect on career success than would a two-year-old under
the care of an individual with 10 years of experience.

Family characteristics might also affect chances for
career successindirectly by affecting job choices. Doc-
torate recipients with spouses and children facelocation
constraints that unmarried doctorate recipients without
children do not. These constraints might cause individ-
uals to compromise job choices and, eventually, reduce
their chances for tenure and promotion.

We close this discussion with an important caveat
about thedifficulty in assigning causal linksbetween family
composition and career success. It could be that both
marital status and timing of fertility are influenced by
doctorate recipients’ expectations of chances for tenure
and promotion. Evidencefrom theliterature suggeststhat
women who perceive gender biasaremorelikely to marry
and to have children earlier than they might otherwise
(NSF 2003). To the extent that this occurs, observed
relationships between family variables and career suc-
cesswill partly reflect selective decisions by individuals
who believe their chances for tenure and promotion are
relatively low.



Female Interactions

Some of the models we estimated include three
female-interaction variables. These are interactions
between “female” and marital status, “female” and the
number of childrenyounger than 6, and “female”’ and the
number of children between ages 6 and 18. Weincluded
these variables to measure possible gender differences
in the effects of family composition on chances for ten-
ure and promotion.

There are several reasons to think that family com-
position might affect the academic careers of women
and men differently. Gender differencesin household and
child-rearing activities could give rise to differential
effects. If women, as a group, tend to undertake more
household and child-rearing responsibilitiesthan men do,
they will have less time and energy to devote to their
careers.

The constraint that marriage imposes on job choices
might also be expected to differ by sex. Because aca-
demicjob openingsarelimited, householdsinwhich both
spouses seek faculty jobs face especialy difficult loca-
tion decisions, which often require compromise. Men and
women both face thiscompromisein familieswhere both
spouses hold doctorates. But because fewer women than
men have doctoral degrees, men are less likely than
women to have their job choices constrained owing to
their spouse also holding adoctorate.®

rvey Wave

Changes in labor market conditions and promotion
regquirements over the 1981-1997 time period spanned
by our data are likely to affect success rates for aca-
demic careers. Accordingly, we controlled for the sur-
vey year in which individuals are observed in the data.

Employment Selection

Variablesfor employment selectionreflect either vol-
untary or involuntary selections made by doctorate
recipients about the kinds of activitiesthey undertake on

5 One might argue that dual-career families have financial
resources that enable them to sacrifice current income for positions
that offer better career opportunities. This possibility, however, poses
difficult modeling issues. Even if data on spouses education and
incomewere available, it would be unclear whether the selection of a
position with lower pay but better opportunities for career advance-
ment was permitted by the spouse’s income or whether it resulted
from alocation compromise.

thejob and the characteristics of theinstitutions at which
they are employed. Relationships between the selection
variables and career success rates should be interpreted
cautiously. Because the selection variables themselves
are career outcomes, they could be determined by the
same forces—gender biasand other gender-specific fac-
tors—that affect tenure and promotion decisions. For
example, if women as a group tend to emphasize teach-
ing as a primary work activity because there is gender
bias against women in research, controlling for primary
work activity in the tenure analysis might mask gender
differencesintenurerates. Because of thispotential prob-
lem, we adopted the convention of conducting each of
the Phase | analyses twice—with and without the selec-
tion variables as controls.

Prase | SAMPLE RESTRICTIONS AND
M ODEL SPECIFICATIONS

This discussion provides aframework for interpret-
ing the results of the Phase | analyses presented later in
thisreport. It includesrestrictionsimposed on the samples
used for estimating the tenure, tenure track, and aca-
demic rank models; specifications of the modelswe esti-
mate; and guidance for interpreting results.

SAMPLE RESTRICTIONS

Data for the Phase | analyses were from the 1981—
1997 SDR waves. All Phase | analyses were restricted
to those doctorate reci pients who reported full-time em-
ployment in academia; however, the samples we used
were further restricted. These sample-selection criteria
were years since earning the doctorate, outcome not
applicable, not on tenuretrack, and missing observations.

Years Snce Earning the Doctorate

Each of the Phase | analyses is based on a sample
of doctorate recipients selected by postdoctoral experi-
ence (the number of years elapsed since earning the doc-
torate). Both the tenure track and tenure analyses were
conducted using two different samples characterized by
years of experience: one samplerestricted toindividuals
with 8 or 9 years of postdoctoral experience, and a sec-
ond sample restricted to individuals with 14 or 15 years
of experience. The academic rank analysiswas also con-
ducted using two different samples. a first sample re-
stricted to individualswith 14 or 15 years of experience,
and a second sample restricted to individual s with 20 or
21 years of experience.



Each analysisincludes asample sel ected by an even-
numbered year and an adjacent odd-numbered year. We
used this selection procedure to exploit fully the sample
sizes available in the SDR. Given that the SDR is con-
ducted every other year, selecting by asingle year (say,
only even-numbered years) would yield only about one-
half the available sample.

Our principal motive for selecting samples by years
since the doctorate was earned was to ensure that the
time-dependent control variableswere observed at about
the same point in each individual’s postdoctoral career.
The most important of these are the family and female-
interaction variables. Selecting samples by years of
experience al so ensured that the selection variables char-
acterizing work activities and employers were also ob-
served at about the same time in postdoctoral careers.®

Ensuring that individuals appear in a given sample
only once was a second motive for selecting by years of
experience.” This avoided problems associated with
uneven weighting (doctorate reci pients with more expe-
rience appear in more SDR waves than those with less
experience) and correlated statistical errors across indi-
vidual observations.

Outcome Not Applicable

When asking individual sto report on tenure and rank
status, the SDR survey instruments permit “not appli-
cable” responses. Some of the analyses we conducted
use samples that exclude individuals who made “not
applicable” responses. This allowed us to determine the
extent to which “ not applicable” job assignments (which
might be involuntary) explain differences in tenure and
promotion rates.

Nontenure-Track Positions
The SDR survey instruments also allow respondents
to report that they are employed in “not on tenure track”

6 Selecting samples based on years of postdoctoral experience
does not resolve timing issues related to predoctoral careers. Before
earning their doctorates, someindividual s accumulate human capital
and credentials that might enhance their postdoctoral academic ca-
reers. The data we used provides no information about individuals
work histories before they earned doctorates; however, some of the
effects of predoctoral careersarelikely to be captured by controlsfor
age and academic field. Older doctorate recipients are more likely to
have accumulated predoctoral experience, and the extent to which
predoctoral credentials affect academic careers is likely to vary by
field. In our analyses, we controlled for both age and field.

7Onceindividualsare selected for the SDR, they arefollowed in
subsequent waves aslong asthey remain in the sampling frame. Asa
result, the sameindividual can appear in several SDR waves.

positions. Again, we conducted some tenure and rank
analyses excluding these individuals to determine the
extent to which assignmentsto nontenure-track positions
explain gender differences in career success rates.

Missing Observations

Some SDR respondents do not complete the ques-
tionnaire. We excluded from our analyses doctorate
recipientswho did not report on tenure and rank status.®

M ODEL SPECIFICATIONS

We estimated six models for each of the Phase |
tenure and academic rank analyses (table 2-3). Com-
parisons across these six models allowed us to deter-
mine whether selection variables (primary work activi-
ties and employer characteristics), assignments to job
positionsinwhich tenure or academic rank are not appli-
cable, and assignments to nontenure-track positions
affect estimates of gender differences in success rates.

TABLE 2-3. Phase | models and criteria included

Outcome not Not on tenure Selection
Model applicable track variables
1 Yes Yes No
2 Yes Yes Yes
3 No Yes No
4 No Yes Yes
5 No No No
6 No No Yes

Model 2, for example, differsfrom Model 1inthat it
includes selection variables as controls.® Thus, by com-
paring estimates of gender differences across these two
models we could determine whether work activities or
employer characteristics explain some of the observed
gender differences in career success rates. Models 3
and 4 and Models5 and 6 are paired in the same respect.

Models 1 through 4 differ only in the treatment of
“not applicable’ responses. Thus, by comparing estimates
of Models 1 and 2 with those of Models 3 and 4 we could
determine if “not applicable” job assignments affect
estimates of gender differences in outcomes.

Finally, Models 5 and 6 excludeindividualswho re-
ported being in nontenure-track positions. These two
models allowed us to determine the extent to which as-

8 We did not exclude individuals when the value of a control
variablewasmissing. Instead, we constructed dichotomous (dummy)
variablesfor missing control variables.

9All six modelsinclude the other controlslisted in table 2-1.



signments to nontenure-track positions affect estimates
of gender differences.’®

We estimated each of the models listed in table 2-3
twice, with and without the femal e-interaction variables.
By comparing the two sets of results we could deter-
mine how gender differencesinthe effectsof family char-
acteristics affect gender differences in tenure and pro-
motion rates.

Prase |l Stuby DEsIGN

Several aspects of the Phase Il analyses are dis-
tinctly different from the Phase | analyses. Below we
describe the Phase |1 study design.

CAREER OQUTCOMES

The Phase || analyses examine tenure and academic
rank for doctorate recipientswho reported full-time aca-
demic employment. Unlike Phase I, Phase Il does not
include a formal analysis of tenure-track status. The
Phase Il analyses ook at the time required for a clearly
defined transition from one state to another in a career
path (e.g., nontenured to tenured).

SrtaTisTIcAL MODELS

We used multivariate hazard analysis as the princi-
pal statistical tool in the Phase |l analyses.** Hazard
analysislooksat thetimerequired for atransitional event
to occur (e.g., time elapsed between earning the doctor-
ate and earning tenure). Estimates of hazard models pro-
vide information needed to compute the probability that
an individual will be tenured or promoted to senior aca
demic ranks at agiven pointintime.*2 Like Phase |, the
Phase |1 analyses are multivariate in the sense that we
compared career success across gender after controlling
for other factorsthat might affect tenure and promotion.

Estimating the hazard modelsfor the tenure analysis
required the following information: the time elapsed
between earning the doctorate and receiving tenure for
those individuals who have been tenured (at or before
the 1997 SDR wave); the time elapsed between earning

°Because Models 5 and 6 include only doctorate recipientsin
tenure-track positions, they could not be estimated for the analysis
that examines gender differencesin tenure-track placements.

1 Hazard analysis is sometimes referred to in the literature as
duration or survival analysis.

2 See Appendix A for a more detailed discussion of hazard
analysis.
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the doctorate and the 1997 SDR wave for those indi-
viduals who have not received tenure; and a censoring
indicator distinguishing those individuals who have
received tenure from those who have not.

Phase |1 analyses include doctorate recipients who
were employed full timein academiaas of the 1997 SDR
wave. We constructed a variable measuring time el apsed
between earning the doctorate and earning tenure by
searching previous SDR records (i.e., SDR waves
before 1997) for the first occurrence of reported ten-
ure.® Then, we took the date of the first reported occur-
rence as the date of tenure and counted years elapsed
since the year of the doctorate. If no SDR wave indi-
cated tenure, we assumed that the individual had never
been tenured and counted years elapsed between earn-
ing the doctorate and the 1997 survey wave.

The Phase Il academic rank analysis required the
same kind of information as the tenure analysis. Of
course, therank analysisrequired dataon thetime elapsed
between earning the doctorate and promotion to either
associate or full professor. We constructed these vari-
ables using the same method described above for the
tenure analysis.

The method we used to create measures of time
elapsed before tenure or promotion introduced a poten-
tial bias. Specifically, we overstate time required to
achieve tenure or promotion if those outcomes are not
reported in the survey that correspondsto the date of the
outcome. For example, suppose that an individual was
first tenured as of the date of the 1993 SDR but failed to
compl ete the section of the 1993 questionnaire on tenure
status. Suppose further that the sameindividual reported
being tenured on the 1995 survey. Our method will over-
state time required for tenure by two years for this
individua .14

We have compared missing responses to survey
items on tenure and rank status for men and women in
our sample. We found that women are about 3.5 percent
lesslikely than men to have missing observationsfor these
outcomes before they become tenured or promoted to

¥ Unfortunately, the SDR data report whether individuals are
tenured as of each survey but do not report the date of tenure. The
sameistruefor academic rank.

1 The SDR questionnaire simply asks whether an individual is
tenured as of the date of the questionnaire; it does not ask when tenure
wasreceived.



the rank of associate professor.’® This raises the pos-
sibility that we overstate time required for tenure and
promotion for men relative to women, or equivalently,
that we understate relative differencesin maleto female
success rates. Unfortunately, we cannot tell for certain
whether the biasexists, and if it does, the extent to which
it occurs.'

CoNTROL VARIABLES

Like Phase I, the Phase Il analyses are multivariate
in that we attempt to measure gender differencesin ca-
reer success rates after accounting for factors other than
sex that might affect tenure and promotions. All of the
Phase |1 analyses al so include the dichotomous variable
“female,” which distinguishesfemale from mal e doctor-
ate recipients. The estimated coefficient of the female
variable serves the same purpose in Phase Il as it does
in Phasel.

Table 2-4 liststhe control variablesused in the Phase
Il analyses. The human capital variables and personal
characteristics are the same as those used in Phase |
and are not discussed further here.

Family Characteristics

The family variables used in Phase ||l—marital sta-
tus, dependentsyounger than 6, and dependents between
ages 6 and 18—are the same as those used in Phase I.
When we measure them, however, is slightly different.
For Phase 1, we measured family variables three waves
(about 6 years) and six waves (about 12 years) after the
doctorate was earned for the tenure and the academic
rank analyses, respectively. For the academic rank analy-
sis, we measured family variables later in postdoctoral
careers to coincide more closely with the time at which
promotionto full professor might occur.

Female Interactions

The Phase |l analysesinclude thefull set of female-
interaction variables. Our reasons for including these as
controls are the same as those described earlier for the
Phase | analyses. We defined the femal e interactions so
that they are observed at the sametimein the postdoctoral
career as the family variables.

5 Gender differencesin missing outcomes before promotion to
the full professor rank are small and are statistically insignificant.

16 The bias occurs only if the individual fails to respond to
questions of tenure and rank status on the first survey wave after
either tenure or promation actually occurs.
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TABLE 2-4. Phase Il control variables by category

Human capital
Kind of graduate support (fellowship, research assistantship, teaching
assistantship, traineeship, other)
Time-to-degree (years between bachelor's degree and doctorate)
Postdoctorate plans (planning postdoctorate appointment)
Field switching (between degrees)
Bachelor's degree earned at foreign institution
Doctorate earned at research institution
Doctorate earned at public institution
Academic field (usually 17 fields distinguished, but some fields
combined for rank models)
Personal characteristics
Age when doctorate was earned
Citizenship (naturalized, permanent resident, temporary resident, other)
Race/ethnicity (American Indian/Alaskan Native, Asian/Pacific
Islander, black, Hispanic, other)
Family characteristics
Marital status
Number of dependents younger than 6
Number of dependents age 6 to 18
Female interactions
Marital status at time of survey
Number of dependents younger than 6
Number of dependents age 6 to 18
Decade of doctorate, 1970s-1990s
Selection®
Outcome status not applicable
Employment status
Not working full time in academia
Working at research institution
Working at doctoral institution
Primary work activity research
Primary work activity teaching

! Percentage of survey waves with listed response before tenure or
promotion achieved.

Decade of the Doctorate

The Phase Il analyses include a set of dichoto-
mous variables that identify the decade (1970s, 1980s,
1990s) in which individuals earned their doctorates. We
included these variablesto control for changes over time
in labor market conditions and tenure and promotion
requirements.’

Selection Variables

ThePhase Il analysesinclude two kinds of selection
controls—an outcome-status variable and several work-
history variables. We refer to these as selection vari-
ables because, as outcomes themselves, they are deter-
mined by either voluntary self-selection or involuntary
assignment.

1" Because the Phase | analyses control for year of the survey
wave and time since earning the doctorate, controlling for the year of
the doctorate as well would be redundant.



Although several of the Phase Il selection variables
listed in table 2-4 are similar to those used in Phase |,
their construction is quite different. The Phase | selec-
tion variables are a snapshot of theindividual’s status at
thetime of the survey wave. The Phase || selection vari-
ables are more informative because they reflect work
historiesthat track the individual’s status between when
the doctorate was earned and either tenure or promotion
(or time elapsed up to the 1997 SDR wave if the indi-
vidual has not been tenured or promoted).

We constructed the Phase Il selection variables
using a method similar to the procedure for computing
time el apsed between earning the doctorate and achiev-
ing either tenure or promotion. Specifically, we traced
each individual appearing inthe 1997 SDR wavethrough
earlier waves, counted the number of times before ten-
ure or promotion that the individual reported being in a
given status, and calculated the percentage of survey
waves for which that status was reported. For example,
if anindividual reported employment statusin four waves
before being tenured and in one case reported employ-
ment outside academia, the variablereflecting “ not work-
ing in academiafull time” takeson avalue of 25 percent
for the Phase Il tenure analysis.

The variable “outcome status not applicable” mea-
sures the percentage of survey waves before tenure or
promotion that an individual reports employment in a
position in which either tenure or academic rank is not
applicable. Other factors being the same, we would
expect thisvariableto be positively correlated with time
elapsed before tenure or promation (or negatively related
to the probability of being tenured or promoted at agiven
point intime).

The set of work-history variables includes a mea-
sure of the percentage of survey waves before either
tenure or promotion that an individual reports not being
employed full timein academia. In most cases, wewould
also expect this variable to be positively correlated with
time elapsed before tenure or promotion.*®

Theremaining four work-history variablesreflect the
characteristics of employers and primary work activi-
ties. These variables coincide with selection variables

8 Some individuals might acquire skills or experience in em-
ployment outside of academiathat enhance their chances for success
in academia, but we expect in most cases a history of full-time aca-
demic employment would allow individuals to acquire job-specific
human capital that would confer greater advantages in the academic
labor market.
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used in Phase |, except that they reflect employment his-
tories rather than current employment status.

Prase || SaMPLE RESTRICTIONS AND
M ODEL SPECIFICATIONS

SAMPLE RESTRICTIONS

The Phase Il analyses used a selected sample of the
doctorate recipients who reported full-time academic
employment in the 1997 SDR wave. The analyses for
tenure and promotion to associate-professor rank include
only individuals with 6 or more years of postdoctoral
experience; the analysis of promation to full professor
includes only individuals with 12 or more years of
postdoctoral experience. Doctorate recipients whose
years of postdoctoral experience fall below these limits
were excluded from the analyses.

These exclusions principally were made to allow us
to measure the variables for family and for female
interactionsfor each individual at acomparabletime, close
to when tenure and promotions occur in a typical aca-
demic career. Family variables are undefined (not yet
observed) for these less-experienced doctorate recipi-
ents because they have not yet reached the later career
points being measured.*®

Secondarily, the sample exclusions are motivated by
censoring effects. Observations for less-experienced
doctoraterecipientsare heavily censored in that very few
individual sreceivetenurein lessthan 6 yearsor are pro-
moted to full professor in less than 12 years. Although
hazard analysis is designed to deal with censoring
effects, including the less-experienced doctorate recipi-
entsin our sampleswould providelittleinformation about
career success rates.

M ODEL SPECIFICATIONS

Table 2-5 lists the Phase || model specifications.
These models allowed us to determine whether the
selection variables reflecting work histories affected
estimates of gender differences in career success rates.
For example, Models 1 and 2 differ in that the latter
includesvariablesfor work history. Comparing estimates
of these two models allowed us to determine whether

¥ For example, we do not observe family characteristics six
years after earning the doctorate for individuals reporting only two
years of postdoctoral experience in the 1997 survey.



TABLE 2-5. Phase Il models and criteria included

Model Outcome not applicable Employment-related variables
1 No No

No Yes

Yes No

Yes Yes

2
3
4

estimates of gender differencesin successrates are sen-
sitiveto employment-rel ated histories. Similarly, Models
3 and 4 differ from Models 1 and 2 in that the latter
include the variables reflecting time spent in outcome-
not-applicablejob positions.

CONTRIBUTIONS TO THE LITERATURE

We have reviewed several statistical studies of gen-
der differences in academic careers (NSF 2003). Some
of these studies are similar to oursin that they used mul-
tivariate analyses, used datafrom nationally representa-
tive samples, and included broad coverage of academic
fields. Our study design, however, offersthreeimportant
contributions to the literature. These are our treatment
of family characteristics, systematic control for selec-
tion variables, and thelongitudinal nature of our Phasel|
analyses.

FAMILY CHARACTERISTICS

Relatively few studies provide evidence on the
effects of family characteristics on women’s academic
careers. Farber (1977), McDowell and Smith (1992), and
Kahn (1993) provided suggestive evidence that family
responsihilities hinder women'’s careers in that women
appear to be disadvantaged at pointsin their careerswhen
they arelikely to have young children.

Two studies, Long (2001) and Olson (1999), included
direct controls for family characteristics in their analy-
ses of tenure and promotions. Both, however, estimated
separate models for men and women, and neither con-
ducted formal hypothesis testing of differential gender
effects. Moreover, both Long and Olson measured fam-
ily characteristics at different points in the careers of
doctorate recipients included in the data. As we have
argued, it is reasonable to expect that the timing of both
marital and fertility decisionsareimportant.

We have attempted to resolve both issues with our
study design. First, our specification of the female-
interaction variables permits straightforward hypothesis
tests for gender differences in the influence of family
characteristics on academic careers. Second, we have
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been careful to measure family characteristics at com-
mon points in postdoctoral careers in both our Phase |
and Phase |1 analyses.

SeLecTioN CONTROLS

Some of the studies we have reviewed include vari-
ables reflecting the characteristics of the employing
institution as controls (NSF 2003). This kind of model
specification is understandable, given that requirements
for tenure and promotion arelikely to vary across differ-
ent kinds of institutions. For example, it isreasonableto
expect that tenure and promotion requirements are usu-
ally more stringent at research universities than at most
four-year liberal arts colleges. Nonethel ess, we have con-
cerns about interpreting estimates of gender differences
in career success rates from models that control for
employer characteristics. The problem is that the char-
acteristics of the employer are themselves outcomes
resulting from a selection process that may be affected
by factorsrelated to career success, including individual
preferences, human capital, opportunities, and real or
perceived gender bias.

These same comments apply to primary work
activities. Decisions to engage in research or teaching,
which are likely to affect career success, result from a
selection process reflecting preferences, skills, and
opportunities. If women are disadvantaged with respect
to tenure and promotion, they may also belimited in their
choices of work activities.

Our study design does not completely resolve the
problems associated with using selection variables as con-
trols. However, the sequence of models we estimated
includes specifications both with and without employer
characteristicsand primary work activities. Aswe noted
earlier, this feature of our study design allowed us to
determine whether estimates of gender differences in
career success rates are sensitive to model specifica
tionsthat include selection variables as controls.

LoNGITubINAL CONTROLS

Many of the studies we have reviewed use multi-
variate analyses in that they attempt to estimate gender
differences in career success rates after accounting for
controls. However, because these studies measure con-
trolsfor eachindividua at only asinglepointintime, they
cannot account for the potential effects of career histo-
rieson outcomes. We have attempted to resolve this prob-
lem in our Phase Il analyses. Some of the models we
estimated include work-history variables as contrals.



Theseinclude variables measuring the percentage of time
beforetenure and promotionsthat individual s spent work-
ing outside of academia, working for employerswith vari-
ous characteristics, and engaging in different work
activities®

Sruby LIMITATIONS

Several important limitations of our study design
should be considered when interpreting the results of our
analyses, which are presented in later sections of this
report. In particular, our results do not prove the pres-
ence or absence of gender bias in academia; rather, the
study’sfindings should beinterpreted within the broader
context of the empirical literature on gender differences
in academic careers.

PoTENTIAL SELECTION BiAS

The potential for selection bias is perhaps the most
serious limitation of this study. Doctorate recipientsin-
cluded in our analyses were not randomly assigned to
the sampleswe used. Individualsincluded in the sample
were those who selected science or engineering as
afield of study and who completed requirements for a
doctorate. They also selected and obtained a full-time
position in academia rather than a part-time academic
position or employment in anonacademic job. The selec-
tion process itself, however, may be determined in part
by differencesinindividual preferences or by discrimi-
natory treatment that could be related both to sex and to
chances for career success. Although we attempted to
control for differences among individuals in our analy-
ses, we were limited to characteristics that are measur-
ableand availableinthe datawe used. Asistypically the
casein empirical work, we could not control for remain-
ing unobserved differencesamong individual sthat could
affect outcomes. These unobserved differences could
be related to sex and the selection process, thus raising
the possibility of selection bias.

There are al so selection issuesrelated to the samples
we have chosen to use, which exclude doctorate recipi-
ents employed part time in academia. A selection issue
arisesif, other factors being the same, women are more
likely than men to work part time. Also, because we
limited our samples to doctorate recipients employed in

2 Note that the work-history variables can be viewed as selec-
tion variables in the sense that they result from a selection process
that could be affected by the same factors that influence tenure and
promotion.
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academia, we did not account for attrition from the aca-
demic workforce. The selection issue here is whether
women are more likely than men to remain in academia
if they fail to land tenure-track positions, receive tenure,
or earn promotions.

Statistical methods for adjusting for selection bias
have been developed. The data required to adjust for
some of the potential sources of bias described above,
however, are unavailable in the samples we used. For
example, adjusting for selection into science and engi-
neering fieldsrequiresinformation onindividualswho have
sel ected fields other than science and engineering. Simi-
larly, adjusting for selection into the sample of doctorate
recipients requires data on individuals who have not
earned doctorates. This information is not available in
the data we used.

In theory, the data required to adjust for selection
into full-time academic positionsare avail able, given that
the SDR datainclude some doctorate reci pientswho hold
nonacademic jobs and somewho are employed part time.
However, estimating model sthat adjust for selection bias
requires a priori identification restrictions on factors
affecting job choices and tenure and promotions. Given
the choices of variables available in the data we used,
appropriate identification restrictions were not obvious
to us.?

LimiTED CONTROLS

Although the multivariate analyses we conducted
account for a relatively large set of factors other than
gender that might affect career success, the controls we
could use were necessarily limited by the data available
to us. For example, the variables for human capital we
included in our models are proxies, not direct measures
of skills and abilities that might enhance doctorates
chancesfor tenure and promotion. Also, our analysesdid
not control for variations in measures of productivity,
which include scholarly output, quality of teaching, and
service to the academic community.? Finally, we had
limited information about individuals' predoctoral careers.

2 See, for example, Heckman (1974, 1976).

2 The identifications restrictions require that different sets of
factorsinfluence job choices and tenure or promotion outcomes.

2 The 1995 SDR isthe only wave that provides information on
scholarly output (the number of articles published and papers pre-
sented). However, the sample size for the 1995 wave aone is too
small to estimate the models we specify. None of the SDR waves
provides data on teaching quality or service to the academic commu-
nity (e.g., committee assignments).



Someinformation about predoctoral education wasavail-
able, but we had no information about predoctoral work
experience.

PoTENTIAL REPORTING BIAS

We may systematically overstate the relative time
required for male tenure and promotionsin our Phase |
analyses because of missing responses in the SDR data
(see“Phase Il Control Variables,” above). We have evi-
dence that women are more consi stent than men in com-
pleting the SDR questionnaires. Women are about
3.5 percent lesslikely than men to have omitted informa-
tion on their rank before they achieved tenure and pro-
motion to associate professor, and they are about 3.0 per-
cent less likely to have omitted this information before
they achieved promotion to full professor.?* This raises
the possibility that the Phase |l analysis overstates the
relativetime required for men to achieve promotions. To
the extent that this occurs, our estimates of female dis-
advantages in the Phase || analyses will be understated.

FuTurRE RESEARCH

This study focuses on gender differences for alim-
ited set of career outcomes, but the available data are
suited to address severa other important questions about
the academic careers of femal e scientists and engineers.
These include such questions as whether among scien-
tists and engineers women are more or less likely than
men to take academic jobs, take part-time employment
in academia, or remain in academia, especially after fail-
ing to receivetenure and promotions, and whether women

% The gender difference in response rates for the associate-
professor analysisis statistically significant. Even though the differ-
ence for the full-professor analysis is not statistically significant,
thereis till potential for bias in the measure of time to promotion.
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face greater mobility constraints than men when select-
ing jobs, especially when they must find new employ-
ment after failing to receive tenure.

Several of our recommendations for future research
address some of the previously noted limitations of this
study. For example, we noted that gender differencesin
preferencesfor academic versus nonacademic jobsraises
the potential for selection bias. A study of gender differ-
encesin job choices—especially thefirst job after earn-
ing the doctorate—would help us assess the potential for
selection bias. Studies of gender differencesin full-time
versus part-time employment and in attrition rateswould
also address selection issues.

A job-mobility study might shed light on whether im-
mobility compromises the academic careers of female
scientists and engineers. We are particularly interested
in whether gender differences in mobility exist among
doctorate recipients who fail to receive tenure in their
first academic job. Many doctorate recipients who take
first jobs at prestigious research ingtitutions fail to earn
tenure. Their ability to earn tenure at a subsequent posi-
tion is likely to depend on the freedom they have to
choose jobs that are well suited to their experience and
kills.

Thisstudy provides evidencethat gender differences
in the influence of family variables—marital status and
family size—are related to women'’s chances for career
success. Accordingly, we recommend that future studies
be designed to control for potential gender differencesin
the influence of family characteristics.
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