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Executive Summary: As the global scientific and engineering powerhouse, the United States has 
pioneered numerous inventions such as the telephone, alternating current, radio broadcasting, 
and controlled nuclear chain reactions. Some may be surprised to find that these were products 
of immigrants, who pushed the boundaries of science and technology. In the past years, however, 
the U.S. has been losing its competitive advantage in the global labor market. A key reason for 
this is that the U.S. is failing to attract and retain international graduate students in STEM fields. 
Historically, a large portion of these students stayed after graduation and drove innovations that 
fueled the nation’s trillion-dollar economy. That trend is changing, with many now opting to go 
elsewhere for their graduate education. Critical flaws in U.S. visa and immigration policy and a 
lack of federal funding mechanisms for international graduate students are exacerbating this 
trend. As a result, the U.S. is losing promising junior scientists to other countries with more 
aggressive foreign recruitment strategies. To counter this trend, we outline in detail the areas 
with room for growth and propose policy solutions to be implemented by the federal 
government. These solutions will help the U.S. excel in STEM research workforce diversity, 

equality, cultural competence, and ultimately, retain its global leadership.  
 
I. The United States is losing its scientific research 
and innovation edge 
According to the most recent reports by the National 
Center for Science and Engineering Statistics, there 
were 112,755 international students enrolled in 
doctoral science, engineering, and health at the 
United States (U.S.) institutions in the fall of 2019. 
Among the total STEM doctorate recipients in 2019, 
39.4% were international students with non-
immigrant visas (NCSES 2019). Despite the U.S. being 
the top destination country of international graduate 
students and the largest producer of non-citizen 
doctorate holders by number, the country has not 
kept up with recent trends. The number of 
international students seeking advanced degrees in 

countries other than the U.S. has grown rapidly since 
2010. Over the past two decades, the number of 
international graduate students enrolled in Canada 
and Australia has increased substantially, whereas 
the U.S. has maintained modest growth levels (Figure 
1). As other countries more actively recruited and 
invested in foreign students, the share of the world’s 
international students enrolled in the U.S. dropped 
from 25% in 2000 to just 19% in 2014 (NSB 2018), 
with the decline predicted to continue.  
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The U.S. share in research and development on the 
global stage has also shrunk from 37% in 2000 to 
25% in 2017 (NCSES 2020). Curiously, the federal 
research and development budget between fiscal 
years 2000 and 2017 more than doubled, from $75 
billion to $152 billion. Thus, improving research 
productivity in the U.S. requires a different strategy 
rather than a mere increase in funding. While 
increased federal research funding is a movement in 
the right direction, a long-term solution must 
strategically target specific groups of scientists and 
engineers. We propose that early career foreign 
scientists have untapped potential to boost STEM 
research performance in the U.S. Not only is targeting 
international graduate students a cost-effective 
option, but it is true to the American value of 
meritocracy.  
 
Reforming the immigration system is clearly at the 
forefront of American interests, as the Biden 
administration introduced its proposed legislative 
bill, the U.S. Citizenship Act of 2021. However, 
lawmakers are currently approaching the bill in a 
piecemeal fashion (Jaffe 2021), which means 
significant delays are expected as it is integrated into 
concrete policies. More importantly, the bill does not 
cover all factors that contribute to the downward 
trend in attracting and retaining international 
graduate students. Our goal is to discuss key issues 
that many international students are facing, namely 
limitations of current visa and immigration policies 

and the lack of U.S.-government-funded training 
opportunities. While we, as current international 
doctoral students, focus our proposal on doctoral 
international students, our recommendations can be 
broadly applied to all degree-level students.  
 
II. Barriers for international graduate students in 
the U.S. 

 
i. U.S. visa and immigration policy toward 
international students 
The lengthy, convoluted, and uncertain path to U.S. 
permanent residency is a key barrier that Congress 
can correct immediately to help increase and retain 
foreign talent. A host country’s visa and immigration 
policy critically influence the choice of study abroad 
destinations (Eder, Smith, and Pitts 2010; Chen 
2007). For instance, the strict visa and immigration 
policies in the U.S. were found to motivate East Asian 
international graduate students to choose Canada 
over their erstwhile top-choice country U.S. (Chen 
2007). Consistent with this observation, the ease of 
visa and immigration policy was reported to be a 
major factor for students determining a destination 
country for higher education (Yang 2007).  
 
Most international graduate students studying in the 
U.S. do so through temporary nonimmigrant visas, 
such as F-class visas. One of the main criteria for 
obtaining an F-class visa is the applicant’s proof of 
intent to return to their home country after 

Figure 1: The U.S. is losing its competitive edge with its international enrollment in STEM. Left, percent change from 
2001 in the number of international students enrolled in Ph.D. and master’s programs in the STEM fields.  Right, 
percentage change from 2001 in the percent of international students as a share of total students enrolled in Ph.D. and 
master’s programs in the STEM fields. Data were retrieved from the sources shown in appendix. 
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graduation, in accordance with Section 214(b) in the 
Immigration and Nationality Act (National Research 
Council 2005). However, it can be difficult to prove 
that the applicants have no intention to immigrate, 
especially if they have relatives living in the U.S. 
(National Research Council 2005). Without 
standardized practices for determining 
nonimmigrant intent, consular officers have 
discretion over the decision (National Research 
Council 2005). To make matters worse, most young 
graduate students at the early stages of their careers 
are unable to provide proof of financial ties to their 
home countries, such as investments or property, as 
they are advised to submit supporting documents. 
Consideration of financial resources as proof of 
nonimmigrant intent disproportionately affects low-
income foreign students who have achieved 
acceptance to a U.S. institution through academic 
merit, hindering the expansion of socioeconomic 
diversity in the STEM fields.  
 
An inherent disparity also exists in the length of visa 
application processing times and validation periods 
based on the applicant’s country of origin. For 
example, those from the Middle East and Muslim-
majority countries, such as Iran, tend to have a longer 
delay in processing (six months or longer) and a 
shorter validation period, which ranges from single-
entry to 12 months. In contrast, students from most 
other countries are allowed sixty months of legal 
entry (U.S. Department of State). Along the same 
lines, Ewers and Lewis (2008) found that the post-
9/11 climate in the U.S. resulted in international 
students being treated as a national security risk 
based on ethnicity, race, nationality, and religion. 
Unsurprisingly, many are now opting to study in 
other more welcoming countries like Australia and 
Canada (Urais and Yeakey 2008). These outdated, 
discriminatory policies cost little to nothing to change 
and can have a tremendous impact on how the U.S. is 
perceived by aspiring students and workers from 
abroad.  
 
Given the extent of resources invested into training 
these students, the U.S. should incentivize such highly 
skilled graduates to stay in the country and join the 
STEM workforce through efficient work 
authorization and permanent residency pathways. 
Besides a myriad of difficulties associated with 
student visa applications at the start of graduate 
education, additional challenges greet international 

STEM students as they integrate into the U.S. 
workforce after degree completion. There is 
currently no direct pathway to permanent residency 
post-graduation. The only way recent graduates of 
foreign status can work legally in the U.S. right now is 
through the Optional Practical Training (OPT) 
program. Authorized by the U.S. Citizenship and 
Immigration Services, the OPT program allows STEM 
graduates to work for up to three years after 
graduation. For longer-term stay and a work permit 
in the U.S., permanent residency is required. Recent 
graduates typically elect to take the intermediate step 
of obtaining a temporary work visa such as the H1-B 
before transitioning to permanent residency. Options 
for obtaining permanent residency without the 
interim H1-B exist but they are deemed risky because 
there are no clear merit-based approval criteria. The 
average wait time of permanent residency 
applications is five to nine months (USCIS 2021) but 
can be as long as ten years for students from 
countries like India and China, which send large 
numbers of migrants to the U.S. (Roach and Skrentny 
2021; Kandel 2020). Despite demands for H1-B visas, 
it is not easy to obtain one. Many U.S.-based 
employers are discouraged from hiring a non-U.S. 
citizen employee because of the hefty visa 
sponsorship fee of $6,470 or more. Difficulty 
obtaining an H1-B visa is further exacerbated by 
annual caps imposed on high-skilled workers in the 
private sector. Non-profit organizations such as 
universities and colleges are exempt from the H1-B 
cap, and this discrepancy in the H1-B cap/exemption 
system also creates a divide in the STEM workforce. 
Furthermore, there is a critical need for STEM 
professionals in all sectors, given the estimated 3.5 
million STEM jobs to be filled by 2025 (Lazio and Ford 
Jr., 2019).    
 
After jumping through hoops to obtain legal 
employment authorization, foreign workers are 
challenged to fit in the American work culture that 
questions their fit. For example, in recent years, even 
the existence of the short-term OPT program has 
been threatened with several lawsuits claiming that 
the program harms American workers by creating 
“unfair competition” with foreign labor. We 
underscore the report that the National Foundation 
for American Policy has found no evidence for this 
argument (Zavodny 2019). In fact, new findings 
suggest that immigrants to the U.S. increase the 
demand for labor in many sectors of the economy, by 
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creating new jobs (Azoulay et al. 2020). In addition, 
immigrants have launched over 50% of new U.S.-
based start-ups valued at over $1 billion (Anderson 
2018). Therefore, international graduate students 
must be considered not only as future workers but 
also as future entrepreneurs and innovators with a 
positive ripple effect on the U.S. economy and 
employment rate. 
 
ii. Lack of government funding for international 
graduate students in the U.S. 
Despite paying the same federal and state income 
taxes as domestic students, international graduate 
students in the U.S. are ineligible for all government 
fellowship opportunities available to U.S. citizens and 
permanent residents. International students are also 
barred from prestigious awards and conference 
travel grants by professional societies and private 
organizations if the funding comes from a federal 
source (e.g., The Ford Foundation Fellowship or the 
Society for Neuroscience’s Neuroscience Scholars 
Program). Apart from the obvious monetary 
disadvantage, the non-monetary impact of this 
inequality is significant because missed opportunities 
for professional development make it difficult for a 
competitive job application. It is also antithetical to 
the value of fostering a meritocracy in higher 
education institutions.  
 
There is room for improvement in the funding 
mechanisms for graduate students in the United 
States. Former U.S. President Donald Trump 
proposed approximately $142.2 billion for research 
and development for the fiscal year 2021. The 
National Institutes of Health and the National Science 
Foundation together made up 31.1% of the funding, 
the second largest after the Department of Defense. 
This federal funding covers over half a million 
doctoral STEM students in total. Therefore, the scope 
of these expenditures is directly related to 
government policy. Although rarer, some 
international graduate students manage to secure 
overseas funding for their education. In some cases, 
this can create a legal obligation for degree recipients 
to return to and work in the country providing the 
funds. Because international graduate students are 
more likely to leave the U.S. upon graduation if 
funded by foreign sources (Bretschneider and Dai 
2017), expanded U.S. government funding 
opportunities can directly counter the trending loss 
of international talent. 

These factors form a network of obstacles and 
imbalances that weigh heavily against recruitment 
and retention of foreign talent and diversity, creating 
long-lasting effects. Studies suggest that junior 
scientists who secure funding at an early stage of 
their careers are more likely to receive future funding 
as established scientists (Heggeness et al. 2018). This 
ultimately translates to greater research productivity 
that benefits society. Hence, even if and when an 
international doctoral student decides to stay in the 
U.S. after graduation, the funding inequalities 
accumulate from an early career stage, and 
exacerbate the other inequalities. International 
students will thus select graduate programs with 
funding and training opportunities without 
citizenship requirements. Consequently, 
international students will cluster at a small number 
of well-funded universities that dominate the 
recruitment of new international talent. Qualified 
foreign nationals are also deterred from working in 
smaller U.S. cities that may need their talents more 
than large ones. 
 
III. Solutions to counter the negative trends 
 
i. Non-monetary approaches to improving 
international student recruitment, retention, and 
satisfaction 
The loss of international Ph.D. students upon 
completion of their degree programs represents a 
missed opportunity for the U.S. to realize a return on 
its investment. To counter this loss, we recommend 
restructuring the current visa and immigration policy 
(Figure 2). A new visa category for international 
graduate students with an exemption of Section 
214(b), the intent to return, is an important first step 
toward this change. The Biden administration has 
proposed to permit dual intent for full-time 
postsecondary F-1 students. The dual intent proposal 
would allow the visa holders the intention to 
immigrate to the U.S. in the future while legally 
maintaining a nonimmigrant status presently. We 
fully support this initiative and commitment to a 
more welcoming atmosphere. In addition, the validity 
period of F-1 visas must be matched to the duration 
of graduate study. This recommendation will lessen 
the financial and emotional burden for international 
students who must leave the country for renewal but 
have no guaranteed re-entrance. Another way to 
lessen the stress is to extend OPT authorization for up 
to six years, the maximum duration of stay in H-1B 
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status. This would eliminate the need for additional 
visa applications and work authorization before 
obtaining permanent residency. 
 
For a more transparent pathway to permanent 
residency, we recommend adopting a well-defined 
point-based metric system, as is used by countries 
like Canada, Australia, and the U.K. These countries 
use this system to evaluate education, work 
experience, language fluency, existing job offers, and 
adaptability of the applicants (CIC News 2015; van 
Onselen 2019; Australian Government Department of 
Home Affairs n.d.). For instance, an immigrant 
moving to Australia needs at least sixty points to be 
approved. They can check this online without the 
need for lawyers or additional bureaucracy. Having a 
doctorate and a high English proficiency (based on 
standardized test scores) already add up to forty 
points. Age, employment, and other qualifications 
account for the rest. Some may fear that such a system 
will lead to an unequal immigration system that 
excludes based on class and education. We 
recommend that this system apply primarily to 
employment-based immigrants (e.g., those seeking a 
transition to permanent residency from an F-1 or H-

1b visa). In contrast to the plan introduced by the 
Trump administration, it should not apply to family-
based petitioners, refugees, and asylees, or 
immigrants of other classes. Although it did not pass 
as an actual bill, the proposed “Build America Visa'' 
plan would have repealed all family-sponsored 
immigration. It would have replaced all the 
employment-based permanent-residency categories 
for a point-based system, alongside proof of financial 
self-sufficiency, English proficiency, and a civics 
examination. While this plan had different aims than 
the ones we describe here, the idea could be used to 
support more international students. Using a similar 
system could reduce bias, uncertainty, and costs 
associated with current pathways toward U.S. 
citizenship. It will also reward international students 
who have invested time and financial resources into 
U.S. academic institutions and developed ties with 
their communities.  
 
ii. Training grants and other forms of financing 

Opening existing funding applications to non-U.S. 
citizens will help improve the recruitment and 
retention of international students who are 
otherwise unlikely to secure external funding. This 

Figure 2: Summary of the proposed recommendations to strategically recruit and 
retain STEM international doctoral students. 
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initiative can eventually be expanded to developing 
new fellowships that specifically aim to increase 
cultural and geographic diversity. Richer cultural and 
geographic diversity correlates with higher rates of 
innovation, creativity, problem-solving, and 
entrepreneurship (Nathan and Lee 2013; Lorenzo et 
al. 2017). Supported by this evidence, we postulate 
that expanding federal funding opportunities to 
international doctoral students will increase 
academic productivity by cultivating more diverse 
working groups.   
 
Without a significant increase in funding agencies’ 
budget, however, allowing international Ph.D. 
students to apply for the same funding opportunities 
as domestic students will merely increase 
competition. The optimal solution will thus combine 
expanded access to international students with 
strictly increased funding for these opportunities and 
outcome measures for consistent evaluation. The 
implementation of this general policy would be highly 
specific to each funding agency and funding 
mechanism. We, therefore, recommend preliminary 
studies to estimate the number of new international 
students followed by concomitant increases to the 
number of opportunities. This increase in funding 
opportunities will not only provide international 
students with a new venue of funding but will also 
count as an investment towards decades of future 
American STEM research outputs. Additional 
resources may come from an internal reorganization 
that would increase budget share dedicated to 
training, or from the increased overall budget of each 
funding agency.  
 
Importantly, increases in government funding for 
international students should not raise concerns 
about sponsoring foreigners with taxpayer money. As 
residents for tax purposes, international graduate 
students pay the same income taxes as domestic 
students. Indeed, the Internal Revenue Service 
requires universities to withhold 14% in taxes from 
stipends paid to international graduate students as 
“non-resident aliens” unless exempted under a tax 
treaty. We estimate that international students 
enrolled in Ph.D. programs alone contribute over 
$200 million per year to the U.S. federal tax revenue, 
after subtracting tax returns. Overall, the aggregate 
economic impact of international students is 
significant. The most recent analysis by the National 
Association of Foreign Student Advisers (NAFSA) 

suggests that international graduate and 
undergraduate students collectively contributed 
approximately $38.7 billion to the U.S. economy and 
supported 415,996 jobs for the 2019-2020 academic 
year (NAFSA 2020). With the proposed opportunities 
to fund international students, we envision a more 
diverse, stronger, and more open research climate for 
the U.S. Ultimately, this amounts to an investment in 
the nation’s own future success. 
 
The U.S. could emulate other countries that have 
prioritized international recruitment by offering 
government fellowships open to international 
graduate students. Since 2008, the government of 
Canada has issued Vanier Canada Graduate 
Scholarships for all doctoral students to study in 
Canada. The program includes no citizenship 
requirements. This scholarship initiative was created 
to attract top talent from the globe, without limiting 
eligibility solely based on one’s place of birth—a key 
criterion over which students have no control. The 
government of Australia similarly announced in 2019 
the “Destination Australia” scholarship without 
citizenship requirements for students to study in 
parts of Australia (Australian Government 
Department of Education). We believe these 
government-directed initiatives have contributed to 
the increase of international student enrollment in 
these countries. Such an initiative could even be used 
to ensure top academic talent is more evenly spread 
throughout the U.S. 
 
IV. Conclusion 
For a country as large as the United States to continue 
accelerated economic growth, it needs to invest in the 
best talent the world can offer. We believe that 
investing in early career scientists, engineers, and 
entrepreneurs from abroad is the most cost-effective 
and efficient way to achieve that. We reiterate that 
international graduate students must be considered 
not only as future workers but also as future 
entrepreneurs and innovators, creating a positive 
ripple effect on the U.S. economy and employment 
rate. Here, we propose non-monetary and monetary 
solutions to help lower the entry barrier for new 
students and to retain graduates of STEM Ph.D. 
programs (Figure 2). Easier and more transparent 
pathways toward permanent residency and 
expanded federal funding opportunities will 
incentivize international doctoral students to 
contribute their best to STEM innovations in the U.S. 
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We envision applying similar approaches to 
recruiting international students at all levels of 
graduate and professional study in the future. These 
concrete solutions directed at Congress and funding 

agencies will ensure the U.S. remains a competitive 
scientific beacon for the rest of the twenty-first 
century and beyond.

Appendix:  Sources for Figure 1  
United States (red square): National Center for Science and Engineering Statistics, Survey of Graduate Students and 
Postdoctorates in Science and Engineering: Fall 2018 (Table 1-3a). 
Canada (brown triangle): Statistics Canada. Table 37-10-0018-01 Postsecondary enrollments, by registration status, 
institution type, status of student in Canada and gender. Includes data for the following disciplines: Physical and Life 
Sciences and Technologies, Mathematics, Computer and Information Sciences, Architecture, Engineering and related 
technologies, Agriculture, Natural Resources and Conservation, and Health and related fields. 
Australia (blue circle): Australia Government Department of Education, Skills and Employment - Higher Education 
Statistics Data Cube (uCube). Includes data for the following disciplines: Natural and Physical Sciences, Information 
Technology, Engineering and related technologies, Agriculture Environmental and related studies, and Health. 
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