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Ahstract

This paper provides quantitalive evidence thal the ‘pipeling’ model for increaginy
women's participation in physics is flawed. Using NSF data on Bachelor and PhD awagd
rates for men and women for the years 1973-1998, cohorts are simulated 1o allow for
comparison of male and female retention rates in physics and several comparable
disciplines. We find that although women now ¢nter and stay in physics at higher rates
than in the past, their relenlion rates consistently lag behind nen's. We see similar patterns
of retentiem w1 the physical sciences, mathemalics, and computer science  even as
retention lu the doctorate improves, it improves morce for men than it does for women. This
pallern means that gender parity will he unlikely buvause greater numbers of women than
men would need 1o recuive the Bachelor's depree, or more women than men would nead to
enter the pipeline [rom other disciplines in order o have equal numbers of women and men

recetve the PhD in physics.
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[ntroduction

Physics stands oul ameng the plivsical sciences for [ailing to attracl a substantial
proportion of women inty its academic ranks. Indeed, phyzics [ags behind most scientific
and professional ficlds in terms of participalion by women.

“[T.]Jarge numbers of women receive MDD g, law degrees, and cogineering deprocs.

These male-dominared liclds require (to varying degrees) familiarity with technical

cjuipment, comnitment w long hours, mathumalical and analyuical skills, just as

physics does. Yet, physics picked up only a handfil of women compared to these

fields” (Ivic and Slowe 2000 5-6).

Despite having requirements similar (o other fields, physics has not shown similarly large
increases in women's participation, cspecially at the top levels of Lhe profession. The [irst
International Conference an Wamen in Physics held in 2002 by the International Union of
Purc und Applied Physics ([UPAP) sought to address his issue and “to nndersland the
severe under-represcrtation of women worldwide and to develop stratgies to increase
their participation in physics,” (Hartline 2002). More than 300 physicists from 65
countrivs participated and produced eight resotutions for an urgamized effort 1o fully
ineluds women as equal partners in leadership roles and in policy making.

In this paper, we caplore the pipeline model lor increasing women’s representation
in physics. The pipeline model predicts that women will reach the highest levels of the
Physics prolession in due conrse, as their increased nunibers at the on Iry to the ‘pipeline” in
pramary schuol and secondary school proyress through the pratossion. TTowever, we will

show thar leaks in the pipeline affect outeomes.



The Pipeline Model

Many efforts have been dedicated 1o improving women’s employment in the
academy following changes in the civil rights laws in the early 1970s (Kellough t990),
lutervention programs have been desiyned hased on the Pipeline Modcl (Schiehinger
1999), which proposes to inercase the number of women interested i sgience by building a
steady supply of young women “Mowing™ into the pipeline. The cxpoclation is that lilling
the entrance of the pipeline will eventually mprove the overall number of women in the
acadenty as a substantial number of wemen “propagate” all the way up to the top cchelons
ol'the academic earcer,

Support dor the effectivencss of this reasonahly impurmeable pipeline comes from
the Stavistical Research Center of the American Tnstitute of Physics. Their study, “Women
in Physics, 20007 (Ivie and Stowe, 2060}, identifics many positive changes in women’s
participation in physics. Among these chanpes:

1. By 1997, almost half of all high schoo! physics students were female

2. 20 of the physics departments in the United States {excluding women’s collepes)
that responded to ATP surveys had more than 40% wamen amon g their bachelor's
degres recipients in the 1994-1998 period

3. Salary differences herween males and females at couivalent levels of physics are

largely non-existent (see, however, discussion in Valian 1948).
4. Most importantly, women’s participation i all levels of phyzics has increased

significantly since the early 19707,



Although the AIP study also finds ihiul women's proportional participalion decreascs at
cach inereasing level of academic rauk (see Tigure 1 and Table 1) and at each increasing
level of institution (sec Table 1), vic and Stowe argue that {ime must be taken inlo account
when measuring the achievement of professional status by women,
“Considering the number of women receivin g thur PhDs m the past, women arc
not underrepresented oun physics faculty. This conclusion is bascd on a 199%
survey of male and fomale members of ALR's Member Socictics, Tull profeszors
who identified thomselves as physicists received their PhDs an average of 29 years
before the survey date. At that lime, just 3% of PhDs in physics were awarded to
women. Therefore, women's representation amony full professors ul'physics is
ahout what we would cxpoct. When we laok al other ranks, women's
representation is better (han we might expeet,” (Ivie and Stowe 2000: 9).
Allowing sufficient time Jag for achieving the professional level sugreesis that there arc no
major leaks i the pipcline once students have eamed their undorgraduate degree, From
this pevspective, vllorts to improve fernale representation should be focused at the vlry
point. Little, i unything, more necds Lo be done at the universily level, the ficld ol physics
need ouly wail unti! the new influx of women has madc its way Lhrough the pipeling and
female represenlation will improve,
Figure | ahout here
Table 1 wbour hore
However, the rate of increase of women at the top echelons of the academic science

carcer 1s still very slow, or almosl static, especially in physics {Valian 14438). Despite 30



years ot cllvelive carly intervenlion programs, there is still a tromendous disproporlion of
women to men in physics. In 1998, women held only 7% of assistant professor positions,
10% of assuciale professor positions, and 3% of fyll professor positions (Ivie and Stowe
1999). Figure 1 illustrates this continuous drop in Lhe number of women at almast CVeTy
level ol the ucademie |laddur in physies.

The research that we report herc shows that terhary education is still a major
lcakage point for wormen in the physics pipeline. The leakage becomes apparcil when
observing that retenlion of undergraduate physics majors inle graduate school has
improved mnore for men than it has for women, Current graduation rates al lhe bachelor's
and doctoral levels demonsirate that retention rates lor female Physiersts continue to lag
behind those of men, and behind retention rates of women in other scicnltific disciplines,

Our findings have important implications for collegiate and praduate physics
education, Prescrving the inerease in lomale participation achicved by efforts at carlicr
points in the progression toward a career in physics requires that universities act W slem
the low of women out of physics.

Methnds

This project cxumines the leaky pipeling thesis, which asserts that women leave the
field of physics at higher rates than man at several points along the professional path, ‘Lo
cxplore the validity of this claim, we analyze and comparc relenlion rates from the
bachelor’s to the doctoral leve] for men and women. Duty from the National Seicnce
Foundation’s (NSF) WebCASPAR dataset' provide the number of bachelor's and doctoral

degrecs piven in specific fields, including physics, for each vear. We yse these data to



comparg physics to other ficlds, particularly in tertus of the propertion ol women at cach
educational level. Of particular interest is the companson to other phyvsical science
disciplines, such as astronomy and chemistry, as well 45 the comparison to the fields of
mathemilics and computer science. Al of these [elds have hi storically had little formal
participation by woinen, and all of them have made deliberate clibrls in recent decades Lo
INCredse Women’s participation. Mathemalics is included hecausc it serves as a saluway
[or vlher scientific and lechnical disciplines—students with inaduguale mathematical
backgrounds arv not able 1o succeed in Physics. Com puter scrence is included because like
[Physics, il requires a strong math foundation, and like many dreas of physics, il involves
working wilh a machine. n faci, when computer scicnve was establishing itscllas 4
discipline, many professionals crossed over from physics inlo CS.

The data arc also used to study changes in Lhe retention rates of women over lime,
We eshimate relenlion rates by comparing a particular class of bachelor’s degree recipicuts
to the doctoral recipients seven years later. Seven years 13 the average time-to-desrec lor
doctoral students in physics”, so the proportion of women receiving a bachelor’s degree in
15973 15 compared to the proporiion receiving a PhD) in 1980, These data approximale
relenlion rates for each class, In the absence of trac cohorl informarion—data that follow a
specific group of students (through the bachelor’s and Joctoral levels—this cstimation is an
effective method for studying gendered retention in physics education. The retention rates
abtained [rom (hese snapshots can then be compared with snapshots from other years, to
identify and compare improvements in retention for men and wormen.

Kesults



We observed a number of findings aboul the discipline of physics in gencral, und
about wormen's participation in physics education specifically. I'hese findings are
discussed below, Major findings are listed in hold and explained using observations fiom
the data analysis.

The numhber of students in the ficld of physics remaimed relatively constan
from 1973 through 1998. The field of physics hus not grown during the period of study,
at cither the undergraduale or graduate |evels. The number of students TECEIving
bachelor’s degrees in physies varicd irom just under 3500 to Jusl under 4300 (Fipure 2},
The number dropped in the late 70s, (then began 1o incrcase and reached a puak in the late
#0s that was comparable to its position in 1973, and then began another decline through
the 90s. Overall, the number of bachelor’s recipivnls averaged i the high 30005, This
slability 15 also truc [or the physical scicnves” generally, where the number of hacholor’s
degree recipicnis remained around 15,000 PET year,

Figure 2 abouwi here
Figure 3 ahout here

For recipients of the PhD, the pattem is similar, but wilh less promanmeed rises and
falls (Figure 3). Tn detail, the number of PhD recipients overal averaged i the low 1000s;
it declined in the late 705 und early 80s, reaching as low as 830 in 1980, and then rose as
high as 1465 in 1994, before becoming ruther stable at around 1400,

Figure 4 abour heve

Firure ¥ about here



The gender compasitivn of physics students is Increasingly female, Women
received omly 7.33% of hachelor's degrees in physics in 1973, That number rosc sleadily
10 19.28% in 1998 (see Figure 4). Al the doctoral lcvel, women’s representation prow
[rom only 3.81% of PhD recipicnts in 1973, 10 13.64% in 199% (scy Figure 5). Thisisa
growth of 163% at the bachelor's level and 25824 at the doctoral level. The itrcrease in the
proportion of women in physics is likely duc, gt least in part, 1 very deliberate efforts by
Ihe cducational system to increase the cxposure of young girls to the seiences, and
aduizonal efforts to Keep women interested in physics through high school and eollepe.
According to Neuschatz and McFarling (1999: sce ulso Ivie and Stawg 2000), the
proportion ol women among those enrolled in hish school physics increased fram 304 in
1987, 10 47% in 1997, This chunge at the high school level is imporlant becanse women's
patticipation in physics al laler stages is stguificantly influenced by their early cxposure to
the freld. According the American Institute of Physies report “Women Physicists Speak™
{Tvie et al. 2002} nearly a third ol the practicin g femalc physicists who wery inlerviewed
mdicated that their teachers encouraged and influenved their choice of physics as a carcer.

Fignie G ubout here
Figwre 7 about here

Women participate in physics education at lower rates than in compirahle
disciplines—including not only the other disciplines of the physical sciences
(chemistry, astronomy, ‘other physical selence’), bul also compuicr science and
mathemalics, Ilowever, participation in physics has grown at higher rates than in CS

or math. Afthough women make up a higher propertion of the ficld of physies than they

9



did in the past, their representation is signilicantly less in physics than in the ather
disciplines of the physival sciences {sec Fipures 6 and 7). The proportion of wornen
recciving the bachelor’s degree in physics in 1998 lagged behind that of astronomy by |5
percentage pomts, behind the category ‘other physical scicnces’ by nearly 20 percentage
points, and behind chemistry by over 25 percentage poanls, At the Phid lovel, women's
proportion ol duyree recipients in physics lags hehind that of astronony by nearly ten
percentage points, and behind both chemistry and *other physical sciences’ by neariy 20}
percentage points. The proportional diserepancy buiween physics and (he other disciplines
of the physical seiences, al bolh the bachelor's and the doctoral levels, actually increasce
duriny the vears of this analysis, even as womuns proportional representation has
increased in all of these disciplines.

Figure 8 ahout here

Fieure U ahout here

Comparing physics 1o fields outside of the physical sciences, such as compiter

seicnce and math, also roveals that physics lags in ils recruitment ol women in tertiary
cducation (see Figures 8 and 9). At the bachclor's level in 1998, women's proportional
representaiiom lagpd behind that of €S by nearly 8 percentage points, and behind that ol
math by ncarly 28 percentage points. The difference hetween women's representation in
matl ar] physics is consistent throughout the period of sludy (1973-1998), whilc the
dillercnue between CS and physics varies during the period due to a large 1luctustion in the
licid of C8S.

Table 2 ghout fere



Deypiie lagging belind €8 and marh in wrms of the proporlion of wonten”s
represcntation, physics has shown more groweh in women’s proportion of degree recipients
than either computer seience or math {see ‘I'able 2). Women constitutcd 13.64% ot the
doctoral phystes class in 1998—u growth of 2584 since 1973, In contrasl, the proportion
of women in computer scicnec grew by 113%, and in math by 170%. However, to put
thesc numbers in context, keep in mind that the proporlion of wonicn in physics in 1973
was much lower than in the other disciplines: just 3.81% in physics, compared to 7.65% in
computer scicnce amd 9.55% in math.

Figure 10 ahaut here

Retention of physics students throngh sraduate school has increased.
Retention in physics iz delined as continuation lrom the bachelor’s degree through the
FoD. The data sct usud for this report docs nol permit trackimg the same cohort. Instead,
we simulate a cohort by comparing snapshots of graduation numbers al two points in time,
lagged te allow for the normal progression [rom one degree w anvther. Becanse anly a
small minority of' American citizens attends yraduate school, retention rates are low in all
fields (sce Lovills 2000). Figure 10 shows the retentiom rarcs lor physics, asranomy,
chemistry, and “other physical scicnces' for the period 1973-1998. The retention rale [or
physics rose steadily during this period, although it Naltened out in the late 1990s.

Figure {1 about here

temnale retention still lags behind male retention. Fisurc 11 cumpares male and

female retunlion rates to the overall rale for the discipline. At the start of the period —for

the cohort receiving a bachelor’s degrec in 1973 und a PhD in 19%0—malc and fermale
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relention rates were rourhly equal. But the retlention rates diverged thereafter, as celention
improved more for men than for women. Adftcr the gap of nearly 5 pereentage points was
altained for the 1981 PhD cohort, the gap fluctuaicd but showed no overall increas: ng or
decreasing trend. This divergence is striking when one considers that during this period
many educational policy makers werc epucifically focusing on improving women's
representation in ucademic disciplines. For the cohort recciving (heir PhIYs in 1998,
women'’s relenlion lagged behind mens by just aver S purcentage points.

The difference may seem small, but it has important comsequences for the gender
composition of the [icld of physics. Because the retention of women lags behind the
relention of men, the already small proportion of women preparing for carcers in physics
decreases hetween the bachelor’s and doctoral levels. An insufficient retention rate for
women in physics leads to a large, pursistent gap between the numbers of men and women
Ph.[3. recipients.

Figura 12 abowi here
Figure 13 gbout hore

As long as retention rates remain higher for men than for women, lhe physics
pipeling has 4 gendered leak. That is, women leave physics after the bachelor's degree at
hphur rates than men. When we [urmulate the ratio of female relention in physics to male
relention in physics, and then compare this ratio ta those ol the other disciplines in the
physival sciences (Figure 12), (wo patiemns emerge. First, we (ind that in chemistry, like
physics, the ratio actnally went down near the start of the poriod of analysis and has since

shown no consistent trend owards improvement. Second, we [ind that astronom y and
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‘uther physical scicnees’ have erratic pattorns, where the ratio surpasses 100% at some
times, and drops below 40%; ul others, with no cunsistent trend whatsoever.

Tuming from the physical sciences to compare physics to mathematics and
computer sctence—auyain using the vatio of female retention to male retention—we find
that phiysies consistenily retains more ol its female students than vither of these ather
disciplines (Figure 13). The pattern over time [or CS is, however, similar to that for
physics. Asin physics, (he ratio for CS drupped swiftly from a rather high percentapc al
the siart of the period (over 0%, as compared to over 100% fir physics), and then never
showed sipns of increasing again. In conirast, the ratio tor math began quite low {just over
21%) and has shown only a slipght upward trend, approaching 30% by the end ol the
period,

Discussion

We lind that while the number of students has remained rclulively constant during
the period of analysis, the fermale proportion of these studonts has increased stpailicant]y.
However, In comparison to the olher fields of the physical sciences. and to conpuler
scivnce and mathematies, women participate at lower ratcs. The growth rate of women's
proportion in physics is large and, if held eonstant, may cvenlually make physics
comparablc to these other flelds. But cquity in physics will he difficult to achieve so lon g
as the relention of women fiom the bachelor's to the PhDY lags behind that of men.

Great strides have been made to increase women'’s participation in physics. The
consquence of these efforts is thal women received 13.64% of PhDs in 1998, as compared

to only 3.81% in 1973, That is a significant improvement that reflecls efforts to increase

13



women's access 1o physics educarion al the earliest levels, The data suggest that women’s
parlicipation at the cducational and professional levels will continue to rise in the curning
Vears.

Despite this finding, Lhe research presented here suggests thal, based on the current
wurkigs of the physics pipeline, women’s proportion of hachelor’s dogree recipments
would have to excced that of men in arder for their proportion of PHD recipients 1o be
equal. The pipuline leaks for men and women, but for women more than men, 1f the:
pipeling in physics had no disproportionate leak for womnen, then there would be no
discrepancy between male and [emaie retentiom ratcs, regardless of each pender's
proportion of the field. The proportion of bachclor’s recipients is an issuc ol Tecruitment
into the pipeline, whercas the proportion of PhD recipients is an issuc of retention through
the pipeline. Ifthe leaky pipeline was under repair-that is, if the attrition of women was
decreasing-then the discrepancy in retention would decrease ever time. [nstead, the
diserepancy is consistent for all cohorts linishing a PhD in 1981 or later. So long as the
retention of women lags behind that of men, female representation will not he equitable
because [tmale bachelor’s rectpicnts in physics will always be less likely than theiv male
volleagues to continuc on for the PhD.

What docs the comparison to other disviphines show us? First, we mus| examine
the particularly inconsistent patterns found in both astronomy and ‘other physical
sciences”. These erratic patterns are likely cxplained the relatively low number of students
in these disciplines. Astronomy awarded only 97 PhIY’s in 1973 and just 117 in 1998,

‘Orther physical sciences’ awarded 209 PhD's in 1973 and a mere 46 in 1908, By
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comparison, the numbers in physics arc much higher. Physics awarded 1338 PhD's i
1973 and 1393 in 1998, The numbers in chemistry and math are similar to those lor
physics. Tn compuler science, the numbcers were low at the starl of the period—196 PhD's
awarded 1n 1973—but comparablc to physics at the end of the period 858 PhDY s awarded
in 1998,

Unee we eliminate the disciplines with consistenily low nambers of students from
the: unalysis, an important pallern emerges. Generally, the 2ap between male and female
relention does not improve, When ihe gap dous change, it Usually prows. In other words,
wher retention improves, it improves more for men than for women. So we have a pattern
across at least four disciplines  physics, chemistry, mathematies, and computer science—
in which the retention gap either prows or stays level in a periad thul saw much attention
given 1o the under-representation ol women. As a result, we have Lo recognize that cilorts
to lmprove women’s participalion in these disciplines have [ocused too heavily on
recruitment, and nol paid enough attention to the issue of retainin g women [tom the
bacheior’s to the PhD. Meanwhile, cfforts to improve retention in physics overall have
had preater success with men than with women,

Alternative Recruiument Models

To demonstrate whether allemative models could speed up the process towards o
more equitable representation ol men and women in physics, we have envisaged a few
sConarios where women’s retenition ks improved. These scenarios arc summarized in
Iigures 14 and 15, Figure 14 considers a female retentiom lovel ol 100% between the

bachelor’s and doctoral levels, This assumes that the total retention rute is fixed by a



number of cxtemnal factors. 'T'he percentage of PhDs that would be awarded to women is
then determind by the ratio of the pereentage of bachelor's deprecs wwarded to women in
a given year over Lhe retention rate ol those women to tite PhD seven yedrs later. With a
retention rale ol 100%, the percentage ol [tmale PhD recipients clear v improves
dramatically (iriangles in Figure 14a) and il ulmost reaches equity in 1998, Tigure 14 also
shows a more realistic model in which both male and female retention rates are kept equal
fo the lolal values shown. In this case, the number of female PhD recipients (open cirelos
in Figure 14) is equivalent to the lotal retention rate, Figure 14 also shows two distinet
possible ways of obtaining the PhD percentages corrcsponding 1o Lhe 160% female
retenhiom ate in Figure Ida: 1) we caleulate the ineroase in the total retention rate which is
necessary W0 make space for an enlarged number of women, keeping the mun's retention
rale fixed; 2) we calcnlate the decrvase in the men's retention rare, keepin ¢ the lotal rate
fixed.
Figure {4 about here
Figure 13 about here

The two projections cotrespond to the dashed and dot-dashed curves, respectively,
mt Figure 14b. Tn order to obtain an cquivalent improvement towards equity, as showrn by
the triangles in Figure 14a, by [ullowing the pipeline model and maintaining the same
retention rates for women as we found in the existing data, one would have had to increase
the pumber of [emale bachelor's degrees by a factor of 5 in 1973, and by a factor of 3.5 in
1951, Simlarly, following the projections in Figure 154, onc would obtain an increase by

a factor of 3.5 11 1973 and by a factor of 2.5 in 1991
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We also considered a smaller retention rate value of 70%. This is shown in F 1pure
13, which should be read following the same guidelings as [or Figure 14. Based on this
analysis, a realistic plan can be constructed where hoth factors—increase in overall
retention and decreasc in (he retenlion of men  are proparly weiphted according 1o
external variahles.

Cnee men and women are earning PhT)’s at comparable rates, parity in the field of
physics will still be difficult to achieve at the professional level due to factors that produce
“demoyraphic inertia” amongst academic depariments. Using data from sociolopy
depariments, Lowell Hargens and J. Scott Long (2002) offer an excellent model [or
analyzng the faculty portion of the academic pipeline. Their model accounts ior such
important effects as the age-scx composition of the department, chanpes in the sive of the
department, the sex composilion of PhD recipients, as well as attrition patterns from the
ficld. As a conscquency of Lhese factors, moderare changes in the pender composition of
PhIY recipicnts have almost no effect on the gender composition of acudemic departmenis.
This poinl highlights the need to move swiftly towards gender parily al the PhD lavel,
Future Work

More mformation is ieeded In order to understand and repair this leaky pipeling in
physics. Why arc women less likely than men to continue on to the PhLY! Possible
answirs melwde overt and covert sexism, institutional disenmination, job market
conzlrainls, or some combination therenf. Tt is possible that the culture of undersradusle
physics education is, in a variety of ways, discouraging of women’s continued

parlicipation, To invesligate these possibilities, it is important to investipate this
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underpraduale culture through interviews and ethnography. Additiomally, the issue of
prestige noeds 1o be taken into account. For instance, many undergraduate physics
departments offer both the bachelor of ari and the bachelor of scivnce degrees, but the
bachelor of science is mare likely (o prepare a student for graduate cducation. Tf women
arc disproportionately enrolling in the bachelor of art programs, this may explain why their
allrition levels are hipher than men's.

Tt1s also imporlant to ask more questions ol praclicing female physicisis abouwt their
experience in physics cducation and the professional practice of physics. Murther, women
who have iett the [ild of physics at all levels—undergraduate, graduate, and
postpraduatc—should be interviewed to discover Lheir reasons for leaving, and the
putspeclives of practicing male physicists should he considered to deturmine how their
perceptions of the ficld compare (o their female colleagucs. Finally, Lhe pipeline
investigation needs 1o be extended to the professional level, This should hegin with an
application oi’ Hargens and Long’s model (discussed above) to the field of physics,
Caonclusiva

This research concludes that a morc cureful intervention plan for retention of
women in physics can substantially improve the present gender disparity in physics and
contribute te a future of continucd movement towards equity. An gnormious investment of
resources has increased women's participation at the earliest stages of the pipoling,
However, many ol the women recruited into the discipline of physics are lost at later stages

due W the leaky character of the pipeline. Improving the relention of women in physics

[k



would allonw those efforts 1o have u greater impact on women's participation at the highest

levels by repairing the current wastclul process.
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Notes

I. WebCASPAR is availabte online at Nl edsparnsf povy,

2. The seven-year interval was sclocled aller reviewing WehCASPAR duta on time-to-
degrec. The average lime-to-degree varies by diseipling, and changes over time for all
disciplines, but seven years is roughly the average for physics, and is comparable (o olher
disviplines cited in this paper, Ivie and Stowe prefer a live-vear interval, based on daly
collected by the American Institute of Physics. The authors have analyzed the patlemns
using hoth interval sizes and find them comparable.

3. The broad category ‘physical scicnees” includes physics, chemustry, astronomy, and
“other physical sciences’. The dala does not specify which rescarch areas are Hsted under

‘ulher physical sciences’,
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Figure 1: Percentage of men and women in the US academy. Data source for all figures
is the NSF WebCASPAR database.
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Figure 2: Number of bachelor recipients in physics, 1973-1998.
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Figure 3: Number of PhD recipients in physics, 1973-1998.



40

35{

0 -

5

200

15 -

10 -

Proportion of Female Recipients (%)

7374 7576 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98
Year

Figure 4: Proportion of women receiving the bachelor’s degree in physics.
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Figure 5: Proportion of women receiving the PhD in physics.
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Figure 6: Proportion of women receiving the bachelor’s degree in physical science disci-
plines.
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Figure 7: Proportion of women receiving the PhD in physical science disciplines.
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Figure 8: Proportion of women receiving the bachelor’s degree in physics, mathematics
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Figure 10: Retention of students in physical science disciplines.
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Figure 11: Retention of physics students.
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Figure 12: The ratio of female retention to male retention in physical science disciplines.
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Figure 14: (a) Percentage of female PhD’s in physics compared with the projections
obtained by assuming a 100% female retention rate, and equal male and female retention
rates; (b) Actual values of the total retention rate in physics compared with the total
retention rate and with the male retention rate in physics resulting from a 100% female
retention rate.
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