
NEWS & COMMENT 

How Not to Pick a Physicist? 
Standardized tests are under attack again-this time from physicists who say their field's graduate- 

school exam overlooks real physics talent and worsens the field's gender disparity 

W h o  gets to do physics? Largely, those who ; 1000 

I 
k Science Foundation- 

begin their careers by winning admission to :: sponsored Women and 
graduate programs at top universities. Who 4 5 Science conference, for 
gets admitted? In the United States, for the a ' example, the issue of 
most part, undergraduates with solid grades eliminating standard- 
and warm recommendations who earn a 2 ized tests as a criterion 
spectacular score on an approximately 3- for graduate school 
hour, 100-question, multiple-choice test - entry came up repeat- 
called the Graduate Record Examination $ edly, according to 
(GRE) Subject Test in physics. While all Judy Franz, executive 
three factors carry weight, says Howard 400 officer for the APS, 
Georgi of Harvard University, reliance on who chaired a session. 
the GRE score is "very seductive for the ad- Still, says psychologist 
missions committee." So, who gets to do 200 

Gender Country of nesluertce Joshua Aronson of the 
physics can boil down to who blows away the 

Disparities. Mean scores on the physics GRE exam from 1992 to 
University of Texas 

physics GRE. 1995 (left) varied dramatically by country of residence and gender, (UT)7 Austin, 
But an group physi- perhaps contributing to the small representation of women in physics. "the problem is real in 

cists, including Georgi, is calling for what all the programs, the 
many an overwhelmed admissions officer that [the test] does more harm than good," people who are thinking about it most 
may find quixotic at best: either that the said Georgi during a meeting of the Ameri- closely are the physicists." 
test's rigid, multiple-choice format be modi- can Physical Society (APS) in Indianapolis The rejection of the GREs is still a minor- 
fied-an unlikely prospect in the near fu- last May, where a special session was devoted ity view. Without the GRE, says Halley, ad- 
ture--or that the physics GRE be dropped to concerns about the test. missions officers would have no objective 
entirely as a criterion. "I believe that the The complaints resonate among women measures. Declares Peter Meyers, director of 
[test] in its present form . . . should be aban- scientists and faculty at liberal arts colleges, graduate studies in physics at Princeton Uni- 
doned," says Neal Abraham of Bryn Mawr whose students don't do as well on the test versity, "I wouldn't want to drop [the exam] 
College, who has served on the committee of as do those from research universities. "Some at all." But the criticisms are having an ef- 
physicists that advises the Educational Test- of the most vocal complainers about this fect, both at ETS and on physics admissions 
ing Service (ETS), the Princeton, New Jer- test are faculty from the elite undergraduate committees. The makers and users of these 
sey, organization that develops and admin- institutions that don't have research pro- tests are trying hard to ensure that they are 
isters the physics GRE. grams," says J. Woods Halley, a physicist at used as recommended-as one data point 

Standardized tests are often under fire, the University of Minnesota. And while among many, not an absolute criterion. They 
but these critics say that in relying on the the discussion of these issues is loudest in are also trying to improve the tests them- 
GRE, physics admissions committees are physics at the moment, it also cuts across selves so that they measure something closer 
on especially shaky ground. They cite a disciplines. At last December's National to innate physics talent. 
correlation between a 
student's scores and fu- 5 Measuring the measure 
ture performance that is . * .  

- 'g The current physics GRE, says Thomas 
among the weakest for A - NO Ph.D. ' . ;aa 

f 2 Griffy, a physicist who is associate dean for 
any field in which the a *a* • I :amaaI graduate studies at UT Austin, "tests a 
GRE is given; the anom- . *.:. . warn f a  ' : • 5 student's ability to do simple problems . . at.**- alously high physics a 

a A- - . . . *a .am quicklyn-a key skill for a well-rounded . . GRE scores that are 8 . *1  *\88.0 . physicist, says Griffy. Even physicists who 
logged in some parts of 2 a* . : " . * . . . .a* 

defend the test concede that gauging cre- 
the world (see box); and 0 . * * a  . ativity must be left to other measures. "I 
the suspicion that an un- b a*- .a ..a 2. . . . . don't think that is the role of a bulk-deliv- 
due reliance on the exam $ . a .  a:. > 

ered and -graded test," says Meyers. But admis- 
could be partly to blame a a .  . a *  sions committees nonetheless accord the test 
for physics' vanishingly B - . a :  *. • • a heavy, sometimes overwhelming, weight. 
small numbers of women "When your admissions committee gets 
and minorities-both of in their little room and closes the door, they . 
whom score sharply I I I 1 I 

600 700 800 900 
can do whatever they want," says Jennifer 

lower, on average, than 
ORE Physics S a m  

10(M, Siders, a physicist at Los Alamos National 
other candidates. "As Laboratow who recentlv received her Ph.D. 
presently constituted, I Poor correlation? Average course grade versus GRE score for at U T   ist tin, where she served as a stu- 
think it's quite possible graduate students in the Harvard physics department. dent member of the admissions committee. 
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In China, an Enigma in Test Scores I 
I n  a field as obsessed with numbers as physics is, here are two they are at taking the GRE subject test." The GRE scores, says 
whose disparity can hardly be overlooked: 618 and 851. The Jack Mochel, professor and associate head of physics at the Uni- 
first is the mean score earned by U.S. residents between 1992 versity of Illinois at Urbana-Champaign, "are no indication of 
and 1995 on the Graduate Record Examination (GRE) subject how [PRC students] will do in graduate school." 
test for physics, a standardized test required for admission to Coaching for the test may explain part of the discrepanc 
most physics graduate programs in the United States. The says Neal Abraham, a physicist at Bryn Mawr College who h 
second is the mean score earned over the same period by also served on the physics GRE committee. And in a rece 
residents of the People's Republic of China (PRC), who ac- essay published on the Internet, he cited another factor: "Ch 
count for about 6% of Ph.D.s awarded in all fields by U.S. nese students repon that books of prior exams and exam que 
universities each year. On a test that has possible scores of tions are compiled by test takers and are available for study" 

else is incredibly dramatic." 

1 
between 200 and 990, says Howard Georgi, a physicist at Harvard testimony that one former student from the vicinity of Xian 
University, "the difference between the PRC and everybody province confirmed to Science. While American physics stu- 

dents also benefit from "practice" multiple-choice exams, the 
The disparity also underscores the caution with which GRE actual questions from old GREs are not made available. Since 

scores have to be approached, say faculty at physics graduate some questions are reused, extensive use of such materials coul 
programs (see main text). One factor in the high scores, they give test-takers an unfair advantage. 
say, has to be the huge pool of highly motivated, well-trained That practice peaked in October 1992, according to sourc 
students in the PRC. But physics faculty also say that Chinese including the Educational Testing Service ( E X )  in Princeto 
students' overwhelming advantage on the test doesn't seem to be New Jersey, which produce sthe exam. At the time, "we occasio 
reflected in other measures of physics ability. An educational ally reused [entire] test forms," says Jacqueline Briel, associa 
system focused on exam-taking and the existence of poorly regu- program director for the GRE, and it turned out that copies of 
lated "coaching" classes for the physics GRE may have inflated previous exam using the same form were circulating among s 

1992, when exam booklets were widely leaked to students in the caused real earthquakes at ETS." 
PRC before the physics exam was given. 

1 , the PRC scores, say some observers. And Science has learned of dents planning to take the test. The leak was discovered when a 
another factor that may have played some role in the past: student complained to ETS, Halley says. "He said this test wasn't 
widespread security breaches, which culminated in October fair because he hadn't seen it beforehand as his friends had. This 

In response, the testing service voided those test results and 
No one denies that dozens of top-notch physicists have halted physics GRE testing in the PRC for a year while it made 

emerged from the PRC in the 1990s. J. Woods Halley, a physicist changes to improve the test's security, says Briel. The test is 
at the University of Minnesota who has sewed on the physics now given in China only once a year with a fresh form each 
GRE advisory committee, suspects that the effort to identify time. She believes that uncaught security problems are now 
"unfair" advantages is driven in part by nationalistic bias-"a rare, noting that "aberrations" in the scores have not recurred. 
certain feeling that [PRC students] can't be that good." He Even so, she stresses that admissions committees should also 
points out that "these are very, very able students out of a huge rely heavily on other information about a candidate--course 
pool." Xueqiao Xu, a physicist at the Lawrence Livermore Na- grades, recommendations, and any knowledge of a candidate's 
tional Laboratory, suggests that the Chinese educational system personal motivations and English skills, for example. Xu agrees. 
may also foster strength in physics, since students in the PRC "First you want a high score," he says. "But if you have [enough] 
gain "a very strong mathematics and physics background" as time and manpower, interview these candidates." Only by going 
early as elementary school. beyond the numbers, Xu says, can admissions officers identify 

But while "there are a lot of good physics students in the PRC," which candidates are prepared to make the great cultural leap 
saysGeorgi, his experience with graduate admissions suggests that from Chinese academics to the research community in the 
those students "are certainly nowhere near as good at physics as United Statesaa*: ;- !, . -" . ----- -. . ., . - . "0- 

Siders, who spoke at the APS session, recalls 
that in her first year on the committee, a 
faculty member began the proceedings by 
saying, "Here are our candidates; I think we 
should do the same thing we did last year, and 
not look at anyone under a 600" on the phys- 
ics GRE--even though the cutoff was not a 
stated criterion for entry into the program. 

ETS discourages such cutoffs, but "num- 
bers are easier to hang your hat on than some- 
thing that is more qualitative, like a letter of 
recommendation," admits J.D. Garcia of the 
University of Arizona, who chaired the GRE 
physics committee for 4 years, until last June. 
And several sources confirm that a number of 
physics departments use such cutoffs, al- 
though directors of graduate programs often 

become evasive when asked directly about 
the practice. Adds Pamela Zappardino, ex- 
ecutive director of the National Center for 
Fair and Open Testing in Cambridge, Mas- 
sachusetts, who also spoke at the APS meet- 
ing: "Asking someone to use test scores with 
caution is in many ways like asking a jury to 
disregard something they've heard. It's very 
hard to get it out of your head." 

Yet, Georgi, Abraham, and other critics 
of the test say that the scores mean little. 
Says Georgi, "You just can't hope to use 
these tests, or any tests of this kind, to rank 
top candidates." ETS's own figures bear out 
the weak link between GRE scores and first- 
year grades in graduate school: The correla- 
tion is the lowest of any field for which ETS 

provides statistics, with the exception of ge- 
ology. The numerical correlation is 0.27, 
which means that iust 7% of the variance in 
those grades could be ~redicted by scores on 
the physics GRE. 

And David Morin, a recent physics Ph.D. 
at Harvard. uncovered other dimensions of 
the problem in an independent study on 
groups of graduate students who entered his 
own program in the 1980s and 1990s. As he 
reported at the APS session, Morin looked 
for correlations between GRE scores and sev- 
eral measures of later performance, including 
course grades in graduate school, how long it 
took the students to complete the program, 
and ~rofessors' assessments of the students' 
later performance as physicists. The only link 
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Morin uncovered was with grad& al- 
though, at 0.48, it was much stronger than 
nS 's  own figure, Morin still ~~ it 
weak. "For the d e n t s  who did come here, 
the GRE physics [test] didn't mean too 
much," he concludes. 

ETS suggests that the currelation with 
graduate school grades is weak because stu- 
dents who score very low on the test never 
make it to graduate school-where, pre- 
sumably, their low grades would have bol- 
stered the correlation. But Georgi argues 
that the test sharply underpredicts or 
overpredicts the physics performanoe of 
particular groups of students. On the one 
hand, he said at the APS session, the very 
highest scores on the test often go EO what 
he calls "idiot savants": students who are 
good at manipulating symbols but have 
little understanding of physics. 

On the other hand, Georgi n q d  that 
some of his most brilliant womw d e n t s  
have bombed on the physics ~~- 
dotal support for a gender d-ry that 
shows up as a nearly 100-point &tial 
between male and kmaIe test-taltefs be- 
tween 1992 and 1W5. & a rmk,  m y  
women, inelding Sidm and Zqpadb ,  
see the test as a "gatekeeper"  con^^ m 
the dismal gender disparity m phpsps&, dse 
largest such gap of any major scieafic Md. 
In an indepeadent study in the gmdmte 
physics program at UT Austin, Sides fcnud 

that the m b e r  of women admitted fell pre- 
cipitously-from an average of about 10 to 
just one or none-when cut& based on 
physics GREs went into e k t .  

No one claims to understand why 
women score lower than men. "Women get 
lower scores on this t a t  even when they are 
equally good by any other measure," says 
John Scharan, a physicist at Cdtech. Pos- 
sible reasons, he says, range h a different 
test-taking style to a dislike of time pressure. 
Bat when Georgi queried one talented 
wonan about her low score, he said at the 
APS meeting, "She toM me that tire physics 
GRE was simply too nerdy to be taken seri- 
ously by an intelligent woman." Geoqi 
drew laughter when he paused and said, 
"I'm not sure what that says about the men." 

Handle with care 
ETS isn't laughing abut  these disparities. 
Individuai C;RE questions receive close 
monitoring fot sensitivity and bias toward or 
against any dmwgmphiic group, and mwt 
pass muster with women and minority mem- 
bers of the GRE faculty commirtee. "I would 
not tolerate it if1 saw any question which had 
a taint of bias against women or minorities," 
says Garcia, of the GRE faculty commietee. 
But he a l h  that the test "does have warts. 
It does have Aaws." 

In an effort to minimize them, says 
Jacqueline Briel, associate program director 

for the GRE, ETS has tentatively scheduled 
a so-called FAME conference-for fairness, 
access, multiculturalism, and equity-for 
the winter of 1997 to explore possible rea- 
sons for the demographic disparities. The 
testing service is also looking at ways to 
base bulk-graded exams on something other 
than multiple-choice questions-say, by 
wing computers to grade a student's ap- 
proach to a problem, rather than just the 
final answer. But Minnesota's Halley notes 
that "it's daunting to teach a machine to 
measure that," and any solution is still 
probably far off. 

In the meantime, Briel stresses, the tests 
should be applied cautiously: They are "one 
some of infarrnation to be used in coniunc- 
tion with other criterian-grades, &om- 
mendatiom, esap, and any record of other 
activities, such as published research. Adds 
James Stith, a physicist at Ohio State Uni- 
versity: What we have to do is convince 
our colleagues on these committees that 
this is not a good single indicator. For those 
who use it as a data pointn among many 
others, says Stith, "I don't see that it does 
any harm." 

Georgi, however, insists, "We should ei- 
ther fix it or seriously consider getting rid of 
it." As the ongoing, and sometimes agoniz- 
ing, discussion shows, nekher side in the de- 
bate is likely to let the issue rest. 

-James Gbnz 

PLANETARY SCIENCE 

The Moon Looms Largz in J 
KYOTO-Moon vim ism tn%un~nn d i -  af dre ehree internatid missions now 
tion in Japan in which &end6 gather to gaze scheduled to land on or orbit the moon 
at the hmmt moon while penning poetry in the next several years. 
and sipping sake. The HI- is a h  getring a T h  first of these missions, the 
lot of attention from Japan's specescientists: LUNAR-A mission, lifts &next summer. - 
Last week, at a major intemationd meeting An ISAS projea, the satehe d at& 
here, Japanese researchers and ofkials pro- the moon and release tbx peawmpn 
vided fresh details of an ambitious lunar ex- that will slam into the moon's sdbe Thf~ 
ploration effort that holds a hi& priority in penemton, traveling at 250 to X;k) ~taetprs 

the nation's space program. per -4 designed to burrow 2 ~ e w d i g . . J a p a n ' s L U N A R - A ~ a t e I h w i f l ~  
Japan is pressing ahead with its lunar pro- meters into the ground in dx first attempt peneb.ators to burrow into the moon's surface. 

gram at a time when most other nations are to drop such pemmmn from an orbiting 
focusing their space efforts elsewhe- fact spaam& Two of the 9Ocm-rOngpenetram its Lunar Pmpector mission, a 223-kg pack- 
that drew some envy from the 150 research- each h k i g  a seismometer and a heat probe, age of remote-sensing instruments placed into 
ers in fields ranging from astrophysics to willbeplaced~thenearsideofthemomand hmar orbit. Re 1-year mission hopes to plot 
civil engineering who gathered here for me will be p W  on the & side. They will the distribution of elements such as uranium, 
the Second International Lunar Workshop, transmit seismic and heat-fiow data to dre or- iron, and silicon; search for ice at the lunar 
held simultaneously with the f h t  Inrema- biterbitpsssesa\Fertsead,aboutanceevexy poles; and snidy the moon's magnetic and 
tional Lunar Exploration Working Group. 15 days fjor a yew. The orbiter will then relay near-side grayimtional characte&tics. The 
"I wish we had done this years ago," says the data to EaA, helping scientists to better data will add greatly to knowledge of the 
Michael Duke of the Lunar and Planetary u d e r s d  aome geological forces &at are composition ofthemoon and identifypoten- 
Institute in Houston. Hitoehi Mizutani, a easierto&toronthemoonthanonits~ tladly valuable resources. 
planetary scientist at the Institute for Space sisEer. Yt willapture a part a f theEah-m The w t  ambitious of che three missions 
and Astronautical Science (ISAS) and chair history &is hddngcm ~ ~ n 9 a p  Carte is Japan's SeknOtogicaI and Engineering Ex- 

' of the workshop session, acknowledged that Pieters, a pk.Ietqw%m& at Brown Univer- plorer (SELW),  plzwwd for launch in 2003. 
"Japan has taken on a leading role in lunar sity in Prodkn~,  Rbde Island. k joint mission with Japan's N a t i d  Spce 
activities." In particular, Japan is badung two . A kw months later, NASA will hunch Development Agency (NASDA) that is 
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