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Introduction 

 

Research and development in the United States requires a constant supply of new 

university graduates holding doctorates.  These graduates may be regarded as being, in a 

sense, the “ fuel”  of the research and development establishment.  Every year, labs across 

the US hire a new crop of PhDs to conduct research - but from where does this fuel 

come?  Can it be relied on to be consistently available in the future? 

 If we look purely at domestic sources, then the newly-minted postgraduates hired 

every year may be seen as the product of a pipeline.  At one end children enter 

kindergarten; they then progress through elementary school, high school, college, and 

finally graduate school to obtain their advanced degrees.  The most obvious way to 

double the number of doctorates awarded in any given year is to double the number of 

students who entered kindergarten twenty years earlier.  As a practical matter, this is 

unfortunately quite impossible.  Further, people seem selfishly inclined to procreate on 

their own timetables with no thought for the consequent problems research labs may 

encounter two to three decades hence in hiring sufficient scientists and engineers. 

 Is there a problem supplying industry with advanced degree-holders from 

domestic sources?  It would appear so.  In fact, it looks as if the shortage has become so 

great that the US has been forced to turn to sources overseas. 
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The Role of Immigration 

The shortfall of graduate scientists and engineers needed by academe and industry has 

traditionally been offset by importing overseas students – typically in the form of 

undergraduates who visit the US on a student visa specifically in order to obtain 

advanced degrees – and most often in one of the physical sciences.  In fact, this happens 

to such a large extent that in many graduate departments, the majority of students are 

foreign-born.  In 2002, 53 percent of all doctorates awarded in the fields of engineering 

and the physical sciences were granted to non-US citizens (US Census Bureau 515).  

While some of these students return to their home countries upon completing their 

studies, over 50 percent find future prospects better in the US, and stay for at least a few 

years – and many who leave will later return (Finn 1).  Foreign-born students have been 

invaluable in alleviating the shortage of scientists and engineers. 

 Unfortunately, if a country comes to depend upon enrolling large numbers of 

foreign students to meet demand for graduates, when this supply is disrupted, research 

may suffer.  A large and recent disruption occurred in the US as a result of the adjustment 

in rules and regulations following the terrorist attacks of 2001.  Many rules governing the 

granting of student visas were tightened, more interviews were required, many students 

encountered significant delays in paperwork processing, and rejection rates increased. 

 If the US cannot supply enough graduates from domestic resources to meet the 

hiring demands of her research institutions, then she must actively encourage foreign 

student enrollment.  However tightened security and other factors can make attracting 

enough foreign students impossible, and if this happens then the ability of the US to 

conduct cutting-edge research and development may suffer.  Has this actually happened? 
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Impacts of Immigration Restrictions 

 

The Impact on Student Visa Applications 

One often noted impact of the restrictions on the number of student visas is a chilling 

effect on foreign students who would normally be submitting applications.  Some are 

daunted by the difficulties which they perceive, while others take the restrictions to mean 

they are no longer welcome – either way, they opt to study elsewhere. 

When we consult the data, we clearly see that just such events are becoming more 

frequent.  Foreign students require a student visa to enter the US to study, and between 

2001 and 2002 the number of student visas issued declined by 20.1 percent according to 

US State Department figures (see Table 1).  Preliminary figures for 2003 show a further 

decline over the 2002 figures. 

Of further concern, the overall reduction in the number of student visas granted 

results from two distinct causes.  First, the rejection rate climbed from 27.6 percent to 

35.2 percent between 2001 and 2003.  At the same time, the overall number of student 

visa applications fell by 18.5 percent (see Table 1). 

  Foreign Student  
(F-1) 

Exchange Visitor  
(J-1) 

Other High-Skill 
Related Visas 

Year Applications Percent 
refused 

Applications Percent 
refused 

Applications Percent 
refused 

2001 399,988 27.6 279,524 7.8 248,421 9.6 

2002 346,419 33.3 278,598 10.5 203,551 11.9 

2003 325,844 35.2 295,624 15.9 200,233 17.8 

Table 1: Visa Applications By Major  High-Skilled Categor ies:  FY 2001 – 2003 
(NSF 3-37). 
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In other words, not only are fewer foreign students interested in coming to the US to 

study; immigration officials are allowing into the country a smaller fraction of those still 

wishing to come. 

 

The Impact on Foreign Student Enrollment 

Although the application statistics seem to show a substantial and concrete decline in the 

number of applications, and an increase in the number of rejections, this trend may not be 

an accurate representation of the situation.  In particular, some people will apply more 

than once, so a decline in the number of applications does not necessarily represent a 

decline in the number of applicants. 

The number of applications is easy to measure, but that figure is not really of 

primary concern.  People who merely apply to study in the US do nothing for research 

and development - only those students who actually come into the country and 

matriculate matter, and the picture is more mixed when we examine enrollment data.  If 

we look at temporary visa holders (that is, foreign students in the US who attend 

university), we see that enrollment in 2002 was at a record high – up almost 8 percent 

from 2001, and over 18 percent from 2000 (Thurgood 4). 

These numbers do not show any decline – but applications are down, and 

rejections are up.  How can we reconcile this?  The answer is that the wheels of 

bureaucracy turn slowly, and the bulk of students currently filling slots in graduate 

programs in 2002 would have been enrolled long before the attacks in 2001.  If we 

instead look at full-time, first-time enrollment among temporary visa holders, we see that 

the 2002 figures are down roughly 6 percent (see Figure 1). 
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Figure 1: Percent Change in Full-Time, First Time Graduate Student Enrollment of 

Temporary Visa Holders 2000-2001 and 2001-2002 (Thurgood 7). 
 

While any decline of this magnitude is worthy of attention, it is unclear if these changes 

are necessarily a threat to US research and development.  In particular, much depends on 

whether this represents a brief interlude or is in fact a long-term trend.  If the decline 

continues or strengthens, the situation could be troubling indeed. 
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The Importance of Foreign Enrollment 

 

Declining Foreign Admissions 

The Council of Graduate Schools surveyed 

126 institutions, including the leading private 

and public research universities in the US, in 

September 2004.  Their results showed a 17% 

drop in foreign student admissions in the 

previous twelve months in the physical and 

earth sciences.  China, India and South Korea, who provide the largest share of foreign 

graduate students to the US, were all down even more sharply (see Figure 2). China has 

historically been by far the largest source of foreign scientists, but Chinese admissions 

have fallen by 33 percent compared with 2003 figures (Brumfiel, “Security 

Restrictions” ). Part of the reason for China’s particularly steep decline is that her “one-

child”  policy, begun in the late 1970s, has caused the supply of college-age students to 

decline beginning at the end of the 1990s.  Today, most Chinese families have only one 

offspring and do not wish him to study far away from home (Yardley and Barboza A4) – 

particularly not in the US where he has historically tended to take up permanent 

residence.  This one-child policy is not expected to change in the near future. 

As total enrollment has increased at a rate roughly comparable to previous years, 

there is no clear evidence that, at this time, restrictions are having a notable impact on the 

total number of graduate students.  However, it is possible that there may be some impact 

on the quality of students. 

 

Figure 2: Dropping Admissions 
(Brumfiel, “ Secur ity Restr ictions” ). 
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Declining Student Quality 

To date, total enrollment in graduate science and engineering programs remains either 

steady or increasing, and certainly does not seem to be suffering – at least so far.  But it is 

at least plausible that this is so only because universities are making up decreased 

numbers of foreign students with less-qualified domestic students who would have 

otherwise been rejected. 

If this were to be the case, we would expect that the overall quality of graduates 

will soon begin to decline.  The data are not available at present to be analyzed and one 

might question how to even go about detecting a decline in student quality.  If such a 

decline has in fact begun, we would expect to see an impact on several different metrics.  

For example, in the short run we might expect to see fewer students who manage to 

graduate and perhaps might also find that students are taking a longer time, on average, to 

complete their degrees.  In the long run we might also see a decrease in the number of 

citations, as well as a decline in patents awarded to newer researchers and scientists.   

Of course, it is far too soon to see any such results.  If universities have lowered 

admittance standards post-2001 in order to keep programs full, it will be some years 

before those students begin to graduate.  Therefore, we will not expect to see data that 

could prove or disprove this for some time.  But there is speculation that this might, in 

fact, be the case. 

One such speculator is Keith Maskus, a University of Colorado economics 

professor, who says that strict enforcement of restrictions on student visas could wipe out 

innovative activity sparked by the 1980 congressional act which allows US universities to 
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commercialize research results. A ten percent increase in the number of foreign graduate 

students in the United States raises patent applications by 3.3 percent while patents 

granted to universities increase by 6 percent.  However, the study found that US-born 

graduate students have no detectable effect on patent applications.  Foreign graduate 

students and immigrants under technical visas are apparently vital when it comes to 

developing new technologies.  It is these new technologies which help fuel economic 

growth in the United States – for example, annual licensing revenue from US patents 

amounts to tens of billions of dollars (Maskus, Chellaraj, and Mattoo 23).  

In addition to the possibility that overall domestic student quality is declining, the 

total number of doctoral degrees awarded to American citizens has declined by 14 

percent since 1995 (Gurwitz 1H).  Thus, the United States has clearly become dependent 

on foreigners to fill the technological gap left by the decline in American-born students. 

It is far too early to detect most of the potential longer-term impacts from the 

incipient graduate student decline.  Because of this, no definitive conclusions can be 

drawn until more time has elapsed, however there are indications of what those 

conclusions may be. 

 

Declining Appeal 

An auxiliary impact of the drop in foreign students is that we might see more foreign 

students choosing to return to their home countries upon graduation, as they may find the 

work environment in the US too difficult, hostile, or non-rewarding.  Recent statistics 

indicate the rate at which graduate students from China become permanent residents is 96 

percent.   In fact, nearly all of the Chinese citizens who earned doctorates in 1996 were 
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still living in the United States five years later.  That same trend is in evidence among 

doctoral students from India, with 86 percent of those receiving doctorates in 1996 still 

residing in the United States five years later (Finn 8).  It is too early to identify negative 

changes in the stay rate after the attacks in 2001, but data will be available soon. 

In addition to the problem of the possible decline in the stay rate, students refused 

entry to the US are unlikely to give up their dreams of obtaining a PhD; rather, they will 

likely find some other institution, one located outside the US, which is willing to train 

them.  While very few institutions have been able or willing to rival the graduate and 

postgraduate educational system of the US, this could change – and, if given a free 

supply of students spurned by the US, it might well change speedily.  If Europe, China, 

Australia, or Canada were to react to an increased supply of graduate students by 

expanding and developing their education systems, students might then begin choosing 

them out of choice, rather than necessity, leading to a further decline in both number and 

quality of foreign students coming to the US. 

 While the US is still at the top of the education hierarchy, Howard Burton, a 

Canadian newspaper columnist, wrote that state support for universities in America was 

declining while federal budget increases for basic research were less than inflation.  He 

felt that new security measures made many prospective foreign grad students feel 

unwelcome.   

"For decades, the United States was the land of milk and honey for research 

excellence... It consistently boasted the vast majority of the world©s leading 

universities and research centres by combining an unabashed commitment to 

excellence with an open-door visa policy toward foreign overachievers.  

Today, you would be hard-pressed to find many noteworthy academics of 
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any discipline that have not spent at least some portion of their careers in the 

United States.  But that culture might finally be changing..."   

Burton felt Canada should capitalize on the opportunity to "pick up the ball the United 

States has dropped" (Burton D2).  By using her ethnic tolerance and liberal immigration 

policies, Canada could, he felt, assume a global leadership position in scientific research, 

making her a destination of scholarly excellence.  

A continued decline of foreign enrollment could have a significant negative 

impact on the US economy.  Because of this, the matter of foreign students flowing to 

other countries cannot be lightly dismissed.  It is therefore imperative that the US 

understand the scope and cause of the issues so as to be able to quickly formulate a 

response to the crisis as it seems that the US is unable to rely on purely domestic sources 

to maintain her leadership position in research and development. 
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Domestic Factors 

 

The Boom 

While a great deal of attention is currently focused on the recent security-related 

restrictions on student visas, insufficient numbers of graduate students to adequately 

supply future needs is not actually a new problem – and even if the new restrictions were 

completely eased, this issue would not simply and completely go away. 

In the 1960s, academe experienced a sudden and rapid enlargement.  Although 

there were several reasons for this (in particular, the shock of the Soviet Sputnik program, 

as well as the expansion necessary to absorb the “baby boom” generation), the net result 

was that during this period a large wave of new professors was hired – but the expansion 

stopped in the 1970s – and those “boomer”  professors are now fast approaching 

retirement age.  As Piper Fogg notes in his article “Advancing in Age” , “ In the 16-

campus University of North Carolina system, the proportion of tenured and tenure-track 

faculty members age 50 or older jumped from about a third in 1984 to more than half in 

2001.  In 1984 there were only two tenured faculty members over the age of 69.  By 2001 

the system had 90 such professors”  (Fogg 6).  Other colleges face a similar demographic 

shift.  At Wichita State University, 29 percent of the faculty was 55 or older a decade 

ago; 41 percent are that old now.  In the economics department at North Carolina State 

there are 22 professors; of those 20 are full professors over the age of 58 (Fogg 6).  Ten 

years have passed since Congress ended mandatory retirement.  As many professors hired 

during the great expansion of academe in the 1960s and early 70s are reaching their 

golden years, this is having several effects.  During the coming decade, the number of 
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retirees is expected to triple from the preceding decade.  But the “baby bust”  generation 

(see Figure 3) has choked the doctoral flow of American-born graduates to a trickle. 

 

Figure 3: Born in the USA, 1946 – 1999 (McClellan 12). 
 

The Reaction of Congress 

During recent House hearings on the issue, Congressman Phil Gingrey replied to 

scientific leaders expressing alarm at current policy that he was “not particularly 

concerned that there is a little bit more red tape,”  and that “our security is more important 

than your convenience.”  (Brumfiel, “Researchers Rage”  457)  The scientific leaders, of 

course, thought the topic was rather more serious than one of “convenience”  – yet this 

view is not universal. 

 Other legislators questioned whether restrictions on foreign students were even a 

problem.  During the same hearings, Congressman Ralph Hall noted that “America’s 

dependence on foreign students bothered him almost as much as the country’s 
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dependence on foreign oil.”   Congressman Dana Rohrabacher echoed this view when he 

said that “when the Chinese start building rockets efficiently enough to hit any American 

city, we can start blaming this open exchange that we’ve had between scientists and our 

universities.”  

 Congress, it seems, is not completely persuaded that the benefits of cheap foreign 

researchers outweigh security concerns.  This may be somewhat short-sighted. 

 

Labor Costs and Immigration 

We have assumed that the US has imported foreign-born graduate students and trained 

them to be researchers in her technology programs because she has been unable to 

produce enough domestically.  This is backed up by the atrocious state of primary 

education in the US, but this is purely a circumstantial argument.  The US seems to have 

no trouble educating lawyers – and, as much as it might gall a physicist to admit it, is 

obtaining a law degree really that much easier than a doctorate of physics?  Further, it 

might be illuminating to ask a simple question: 

Is a newly-minted lawyer really worth three to four times what a researcher 

with a PhD is? 

When phrased in that way, the idea seems absurd.  The prosperity of the US in the post-

World War II period has largely been founded on the back of the US’s superb research 

and development – yet a new lawyer can look forward to a salary of around $125,000 per 

year, soon rising to $150,000.  A new postdoctoral professor in academia can look 

forward to the princely sum of $35,000 per year, rising (if he is lucky) to around $45,000 

per year with a few years experience (Greenberg 68).  In 2001 the overall median for full-
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time doctoral faculty was $63,000; however the median was a mere $46,500 for those 

doctorates earned fewer than 10 years ago (see Table 2).  Of course, part time workers 

earned less – and no benefits. 

Table 2: Median Annual Salar ies, Full-time Employed S& E Doctorates,  
by Sector  and Years Since Doctorate: 1995 and 2001 (Hoffer  3). 

 

If we examine the disparity present between the salaries of legal and S&E doctorate 

holders, it becomes clear that there is a problem.  While foreign doctorate-holders 

provide a cheap source of labor for research, foreigners’  willingness to work for less is 

also the cause for the salary dichotomy.  Research indicates that “a 10 percent 

immigration-induced increase in the supply of doctorates lowers the wage of competing 

workers by about 3 percent”  (Borjas 1).  This is hardly a surprise – university 

administrators and the managers of industrial research labs are rational and will pay what 

they must to obtain the researchers they need - but it does allow us to make a firm 

argument as to the potential costs of decreased high-skills immigration. 

If the US can no longer obtain immigrant researchers for the low wages to which 

she has previously become accustomed, then wages will rise.  While this ought to do 

much to alleviate the shortage, funding is another matter.  If wage costs rise, the US may 

have to work harder to maintain her lead over her competitors in Europe and Asia. 

   Education Government Industry 

  
All  

holders 

Doctorate 
received 
<10 years 

ago 

Doctorate 
received 

10 or 
more 

years ago 
All  

holders 

Doctorate 
received 
<10 years 

ago 

Doctorate 
received 

10 or 
more 

years ago 
All 

holders 

Doctorate 
received 
<10 years 

ago 

Doctorate 
received 

10 or 
more 

years ago 
1995 60,400 46,500 69,700 70,900 58,100 80,200 83,800 70,900  93,000 
2001 63,000 46,500 74,400 78,000 63,000 85,000 92,000 80,000 100,000 
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Conclusion 

 

Two primary issues seem relevant.  First, security concerns immediately following the 

2001 attacks have resulted in a tightening of the rules governing the granting of student 

visas, as well as the perception (to some extent entirely justified) overseas that foreign 

students are no longer as welcome in the US as they have been in the past.  This may, 

however, be a temporary problem that has begun to ease.  In April 2005, Ivor Emmanuel 

(UC Berkeley’s director of services for international students and scholars) said that 

“…visa issues have improved considerably over the last six months.”  (Lochhead A3)  But 

is the improvement enough or is it a case of “ too little, too late”?  Alas, it is too soon to 

know. 

Unfortunately, even if the actions which have been taken to ease visa restrictions 

are working, they only address one of the problems – and sadly it would appear to be the 

easier problem to tackle.  The larger issue of long term dependence on foreign 

researchers is more complex. 

The US has long relied on an ample supply of cheap, willing, foreign researchers.  

But for a variety of reasons, there are now fewer of them around.  Security restrictions are 

just one of the causes – and by no means the only one of importance.  It has been obvious 

to many in academe that serious problems must be faced at whatever point universities 

can no longer rely upon getting enough students with the requisite attributes to fill their 

graduate and doctoral programs.  That point may be at hand. 
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