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ABSTRACT 

 Foreign students receiving advanced degrees from U.S. institutions can either choose to stay 

in the United States and work or return to their country of origin. This study examines the factors 

which relate to this decision for foreign doctoral recipients at American science, technology, and 

engineering programs between 1988 and 2004.  

 This research is prompted by recent Congressional interest in attracting high-skilled labor 

through immigration reform. There is also an interest among academics who follow Michael 

Finn's Oakridge Institute research regarding a possible decline in so-called "doctoral stay rates" 

in science, technology and engineering.  

 The principal hypothesis examined in this study is that visa availability relates to stay rates. 

As members of Congress are considering raising visa caps on foreign-born graduates of 

American science, technology, and engineering programs, it would be useful to know whether 

this correlates to increased stay rates. Alternatively, some say the post 9/11 cultural environment 

in the United States has become less welcoming to foreigners and depressed stay rates. This 

hypothesis will also be considered. 

 The study uses Michael Finn's data regarding doctoral cohorts with 191 observations to 

quantitatively analyze relationships through country fixed effects regressions. Each observation 

represents the migration pattern of a geographic region's cohort after five years have passed since 

their graduation from an American science, technology, or engineering doctoral program. 
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Controls reflecting the existing literature regarding the labor economy were included in the 

models. 

 In summary, the results of the regressions indicate that visa shortages do not significantly 

relate to the stay rates of foreign born doctorate-level scientists and engineers graduating from 

American institutions. Employment, economic growth, and spending on research are all more 

likely to have relationships with the decision to remain in the domestic labor force after 

graduation. Policymakers might therefore prioritize action in the latter areas to keep newly 

educated doctors in America. 
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I.  INTRODUCTION  

 This thesis will study the key determinants of the rate at which foreign doctoral recipients in 

American Science, Technology, and Engineering (STE) programs choose to settle in the United 

States. Foreign-born engineers and scientists are a large component of the high skilled labor 

supply, especially in academia. Twenty-three percent of the STE doctorate level faculty positions 

in the United States are filled by the foreign-born, as are nearly half of STE post-doctoral 

research jobs (National Science Board, 2010).  Beyond their direct contributions, foreign-born, 

American-educated scientists and engineers are a weathervane for the desirability of an 

American career in a globalized labor market.  

 The changing supply of skilled scientists and engineers in the United States is therefore an 

issue of critical interest to economists and policymakers. In the 113th Congress, Senator Charles 

Schumer and Congressman Lamar Alexander introduced different bills that aimed to raise the 

cap for work visas available to graduating STE students, based on the premise that visa shortage 

is partially to blame for declining stay rates. On 30 November 2012, a version of the bill passed 

the U.S. House of Representatives (U.S House of Representatives 2012). The bill would have re-

appropriated 55,000 diversity lottery visas offering permanent legal status to foreign STE 

graduates. Attracting STE graduates to remain in the United States was also prominently featured 

in President Obama's 2013 inaugural address. 

 There is a prevailing sense in American politics that innovation, driven by bright scientists, 

technologists, and engineers, is the essential element to economic recovery. The true nature of 

the American economic engine is the subject of much debate, but the desirability of retaining 

STE talent is uncontroversial. Politicians on both sides of the aisle have taken hold of the issue 

because it makes intuitive sense. Citizens, shareholders, and businesses do not want the newly 
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minted PhD scientists and engineers to take their talent back overseas and compete with the 

American economy. These points of view will be investigated further in the following review of 

literature. 

 Despite the near-universal recognition of a problem in high skilled labor retention, the 

impediments to keeping a larger share of American-educated scientists are not well understood.  

Researchers have shown suggestive evidence that "stay rates" are mildly declining, but it is 

difficult to separate the myriad simultaneous effects causing the change (Finn 2012).  Some 

experts argue there is a shortage of qualified scientific, technical, and engineering (STE) labor 

rising through American schools, and some find alarm in a seeming lack of interest in technical 

careers. Still others have proposed there is no shortage of STE labor supply in the United States 

at all.  

 Lowell and Salzman (2007) implied that there may be inadequate market incentives to attract 

the type of qualified STE workers firms demand.  Even if this is indeed the case, one can 

reasonably assess that increased supply of STE labor could help revitalize a slow-growing 

American economy. At least, that is the perspective this analysis will take before analyzing 

factors which contribute to the scarcity of this labor supply in the United States.  

 One hypothesis is that the policies and attitudes relating to foreigners in the wake of 9/11 

negatively relate to stay rates thereafter. While there might not be anything policymakers can do 

to reset attitudes to the pre-9/11 status quo, understanding the effect of the phenomenon on 

doctoral stay rates is crucial in uncovering the presence of other forces. If the graduates’ 

incentives to stay were not inhibited by post 9/11 policies and attitudes, one must also consider 

the much-discussed hypothesis that inadequate visa policies are limiting their opportunity to stay. 

This study also considers the possibility that none of the leading explanations apply. The rise of 
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China and India for example, may be an exogenous factor that is not captured in the following 

analysis.  

  The implications of this study are informative to those who wonder whether policy action 

should be taken to attract and retain foreign STE talent. As there is only contradicting, qualitative 

evidence regarding the effects of the current visa cap, this study’s empirical, quantitative 

approach will lend new evidence to a very salient issue. 

 

II.  EXAMINING THE L ITERATURE  

a. Investigating the Disparity in Stay Rates 

 

 Foreign-born engineers and scientists are a unique and important component in the American 

economy. Between 1995 and 2005, a quarter of all engineering and technology startups had at 

least one foreign-born founder. In 2005, this class of firms contributed $52 billion to the 

American economy (Gereffi, Rissing, Saxenian and Wadhwa, 2007). There is, therefore, a 

compelling reason for the Federal Government to investigate the settlement patterns of foreign 

engineering students. Federal organizations like the National Science Foundation and the 

Oakridge Institute for Science and Education have tracked statistics on STE students for the past 

two decades using a variety of surveys and analytical methods. 

 Michael Finn, a researcher at Oakridge, publishes a semi-annual report on the stay rates of 

STE doctoral recipients which is the basis of the limited quantitative analysis on this subject. The 

data from his reports span back into the late 1980's and rely upon a population study of STE 

doctoral graduates called the Survey of Earned Doctorates, along with Internal Revenue Service 

data on domestic earnings. The survey is sponsored by the National Science Foundation. Recent 
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research by Finn (2012) demonstrates strong variation in stay rates among sending nations; a 

trend that persists over time. In particular, Chinese, Indian, and Iranian doctoral recipients have 

stay rates at or near 90 percent over the past decade. In contrast, Saudi, Thai, Brazilian, and 

Indonesian students stay less than half of the time, despite varying conditions in their home 

country.  

 

Table 1. Recent Stay Rates of Selected Countries 

The rate at which foreign doctoral recipients remain in America and earned at least $5,500 of 
annual income over the five year period after their graduation, in the 2004 cohort. (191 
observations included) 

 
2004 Cohort Stay Rates 

Country  Stay Rate 
   
China  0.89 
Iran  0.89 
India  0.79 
Russia  0.70 
Germany  0.54 
Canada  0.53 
Egypt  0.49 
S. Korea  0.42 
Turkey  0.40 
Indonesia  0.34 
Mexico  0.34 
Brazil  0.33 
Thailand  0.12 
Saudi Arabia  0.05 
   
Overall 
(nations) 

 0.50 

Overall 
(students) 

 0.65 

 
Note: Stay rate is calculated as the proportion of foreign-born STE PhD students from a particular graduating cohort (year) who 
filed taxes for at least $5,500 in income in the United States in the five years following graduation. 
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 The most recent Oakridge report concluded that visa difficulties were not a likely factor in 

declining stay rates. According to the analysis, only China and India were subject to the 

limitations on their H-1B (non-immigrant skilled worker visa) applications, because they both 

had the possibility to reach their allowed limit. Both of these nations still had very high stay 

rates. The following analysis closely examines Finn's assertion that H-1B visa supply did not 

shape the STE labor pool in America.  

 On the other side of the discussion were those like Vivek Wadhwa (2009), who raised the 

alarm at the possibility of a "reverse brain drain" in the United States. Wadhwa claims that 

conditions have sufficiently changed worldwide, such that the pendulum of innovation will soon 

swing back to countries like India and China. Wadhwa (2009) uses admittedly non-scientific 

survey data to expose what might be a shift of attitudes about long-term careers in the United 

States among foreign engineering students. Unlike Finn, Wadhwa (2009) believes that a lack of a 

supportive visa system inhibited foreign-born innovators, though Wadhwa is referring to more 

than doctoral recipients. Wadhwa's assertions are an important motivator for studying the 

relationship between 9/11, visas, and STE stay rates. 

 

b. Mechanics of the Migration Decision 

 

 Long before there was talk of a reverse brain drain in STE, scholars studied high-skilled 

labor migration to and from developing countries. Johnson and Regets (1998), using Finn's data, 

note the trend away from "brain drain", i.e. the exporting of doctoral candidates from the 

developing world to the United States, in the late 1990's. The new paradigm was the circulation 

of these highly skilled, American trained engineers back to their home countries on a part time 
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basis. Though Finn attempted to correct for the problematic shifting of residences that occurs 

over the years after graduation, the “circulation” phenomenon must be considered by anyone 

who interprets data on this subject. As Johnson and Regets (1998) suggested, there may be 

important trends in just how much time these foreign born engineers spend in the United States 

on a part-time basis and perhaps what they are doing overseas. An important question left 

unanswered by this research is whether the circulation trend in the late nineties ultimately led to 

an emigration pattern in the 2000's. However, it would be difficult to conclusively link these 

trends, given the dramatic paradigmatic shift of 2001. 

 Disambiguation of the factors surrounding 9/11 is difficult. Concurrent with stricter 

immigration procedures came an economic recession and a spike in American tuition costs 

(Khadka & Lowell, 2009). While Lowell and Khadka believe post 9/11 attitudes about foreigners 

are not the motivator for changing stay rates, the hypothesis deserves additional consideration 

due to the lack of concrete evidence to the contrary. 

 The most substantive explanation in existing literature for the return of foreign STE 

doctorates overseas is the realignment of global economies. Procedural impediments or poor 

attitudes about America may have a relatively minor effect on migration choices in comparison 

to the perceived growth of the developing world. In agreement with this hypothesis, Lowell and 

Khadka (2009) suggested that global competition is to blame. Early work in this subject provides 

little evidence that students are solely motivated by salary when it comes to choosing between 

their home country and the United States (Myers, 1972). But, when considering the broader 

definition of incentives, economics can be interpreted as a powerful factor in migration 

decisions. For example, perceived relative growth, rare opportunities, and career advancement 

are all strong non-monetary considerations that can be explained by measurable economic 
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factors. There was also a critical level of development reached by countries like Taiwan in the 

late 1990's, which signaled their emergence into global competition for doctoral-level STE labor 

(Johnson, 2002). Even Myers in his 1972 book predicts development will eventually draw 

talented people back to their birth nations. 

 A key, but under emphasized, point argued in Johnson and Regets' (1998) paper is that, 

“more than 75 percent of the 10,000 foreign doctoral recipients at U.S. universities in 1996 

reported their universities as the primary source of support for their graduate training. Of those 

who did so, the majority reported that their primary support came in the form of research 

assistantships." The authors further articulated that American research funding is critically linked 

to the availability of those research assistantships.  

 Johnson and Regets (1998) did not hypothesize why foreign students aggregate in post-

doctoral research, but it is probably related to the visa system itself. Foreign students on an 

academic visa do not need to re-file in order to continue post-doctoral research at an academic 

institution or a non-profit organization. Any other type of work after graduation must be 

accompanied by an H-1B visa from a pool of 85,000 authorized applications (Public Law 106-

313, 2000). The annual allocation can be exhausted rather quickly and could cause a strategic 

bottleneck that is somewhat relieved by non-profit research positions, especially in high growth 

years. This paper builds on the qualitative research of Johnson and Regets by quantitatively 

exploring the criticality of the link between graduation, post-doctoral research availability, and 

permanently joining the American STE labor force.  

 There is a distinct gap in the literature regarding STE doctoral stay rates in the quantitative 

realm. The strength of existing datasets, especially Michael Finn's quantitative study of STE 

graduates, has not fully been applied. Specifically, there is little hypothesis-based statistical 



8 
 

analysis which is not surprising, as only recently has it been possible to generate a dataset large 

enough to make robust conclusions. This paper will build upon qualitative conclusions reached 

by previous researchers through regression analysis of visa shortages and post graduation stay 

rates. 

  

 III.  EMPIRICAL STRATEGY AND DATA DESCRIPTION  

A. Hypothesis 

 This study will test two hypotheses in order to assess which factors relate to foreign student 

stay rates in America. First, the study will test for an inverse relationship between the post 9/11 

environment and stay rates. The second hypothesis to be tested is that H-1B visa availability and 

American research spending are positively related to stay rates. In all of these examinations, it 

will be necessary to account for important economic factors such as differences in wealth and job 

opportunities between American and foreign-born students' countries of origin. These control 

factors represent the assumption that economics play an immutable role in a foreign student’s 

decision to stay or to return to his/her home nation after receiving a doctorate in STE. 

 The intuition in approaching the analysis is that 9/11 had an adverse impact on permanent 

immigration of foreign doctoral students. Previous researchers like Finn (2010) and Wadhwa 

(2009) approached the issue in an exchange of articles, but have not produced conclusive 

evidence to support or contradict the relationship. 

H-1B visa scarcity is measured here as the average number of days in a year for which no 

new visa applications were accepted, for the two years after graduation. One would expect that if 

the United States held the cap constant for the next several years, work visas would become a 

critical force preventing legal permanent immigration after completing a doctorate-level science, 
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technology, or engineering degree. Few would doubt that scarcity affects the calculus, so the 

main question is whether the shortage has become sufficiently critical to make an observable 

impact as of the early 2000’s. 

Finn (2010) discounted the visa scarcity hypothesis on the grounds that the most 

restricted sending nations of China and India still produce stay rates around 90 percent. These 

two countries face uncommon, additional restrictions in gaining permanent resident 

employment-based (EB) visas because the Immigration Act of 1990 forbids granting any more 

than seven percent of the whole EB visa allocation to any one nation’s citizens. Occasionally, 

China and India have their applications for permanent immigration visas curtailed to comply 

with this law. The number of affected persons is difficult to estimate because the U.S. State 

Department declines new applications in those years after a public announcement that the nation-

based cap was reached. While permanent immigration is not an essential criterion to being coded 

as "stay" in this study, it certainly is a factor in whether the graduating students are able to earn 

wages in the United States, the observable indicator of their presence in the country. Finn noted 

that despite a growing backlog of applications for EB permanent immigration visas for China 

and India (as much as five years back), it may be premature to make any firm conclusions about 

overall patterns from their example. Data from the 2007 cohort would shed a great deal of light 

into whether this phenomenon has materialized. 

There is an alternative explanation to why visa scarcity might not be a readily observable 

phenomenon in the period of Finn’s research. Until now, many foreign students have enjoyed a 

work-around in the American immigration system which permits them to stay in the United 

States after completing a doctorate, so long as they remain in academia or the non-profit sector. 

Limited continuing resources for non-profit and academic research after the 2008 recession 



10 
 

imply increased hardship in attempting to remain in America. This study will examine the 

relationship visa shortages, the per capita domestic spending on non-profit research, and stay 

rates. As Table 2 shows, visa scarcity did not affect every cohort of STE graduates; however stay 

rates and U.S. research and development spending have risen together.  

 

Table 2. Visa Scarcity from 1992 to 2008 

Since the inception of the H-1B work visa in 1990, the statutory cap has changed only a few 
times, but the rate at which that cap is met varied greatly. This information is compiled from 
USDOJ (2000) and Lester (2003) (191 observations included). 

 

  Visa Scarcity and U.S. Research 
Spending by Year 

 

 H-1B Cap U.S. R&D 
Spending 
(millions) 

Days to  
Reach Cap  

 (if met) 

Stay Rate 
(avg. all 
regions) 

Year     
1992 65,000 $18,821 - 40.6% 
1995 65,000 22,179 - 44.1% 
1996 65,000 23,055 - 46.1% 
1997 65,000 24,380 *365 - 
1998 65,000 25,867 222 47.8% 
1999 **115,000 27,544 203 - 
2000 115,000 30,084 168 50.8% 
2001 195,000 32,824 - - 
2002 195,000 36,405 - 50.9% 
2003 195,000 40,100 - - 
2004 65,000 43,258 - 49.5% 
2005 85,000 45,799  313 - 
2006 85,000 47,751 237 - 
2007 85,000 - 184 - 
2008 85,000 - 189  

 
  *Excess visa petitions were carried forward to the next fiscal year 
  **The actual number of issued visas exceeded statutory authority by 21,888 

Note: Stay rate is calculated as the proportion of foreign-born STE PhD students from a particular graduating cohort (year) who 
filed taxes for at least $5,500 in income in the United States in the five years following graduation. 
Note: Some years have missing stay rates because Finn only examined every other graduating cohort (most recent years do not 
have data available yet). 
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B. Data 

The data for this analysis were compiled from several sources, but primarily come from the 

work of researcher Michael Finn of the Oakridge Institute. Most importantly, Finn’s data were 

not a sample. They represented a comprehensive examination of all graduating foreign students 

with doctorates in science, technology, and engineering. Finn used Internal Revenue Service 

restricted information to confirm whether the students remained in America for a substantial 

period over a variety of intervals. This paper uses his five year interval except for the 1988 

cohort which only offers a four year interval. In order to protect the privacy of individual 

students, Finn's dataset grouped them with other students from their region, in region-cohorts. 

For example, Eastern Europe was treated as a single entity because if only one or two students 

originated from Latvia in a given cohort, the dataset would identify them. Some sub-regional 

variation may have been masked from this practice. Another challenge in the data is that not 

every year is covered in the range of cohorts from 1988 to 2005. Finn regularly reported results 

every two years after 1995. Over 55,000 foreign doctoral recipients are included in Finn’s 

research between 1995 and 2004. There were originally 220 region-cohort observations, but only 

191 were kept in the regression analysis due to inconsistent grouping of countries across the 

years. The result is a slight bias away from the characteristics of very small nations. 

The variation of stay rates was quite wide. They ranged from as low as four percent in Saudi 

Arabia’s year 2000 cohort up to 96 percent in China’s 1996 cohort. Even within a single nation 

over time, the stay rate waxed and waned through a curious dynamic. Table 3 below illustrates 

the case of India, a nation with a typically high stay rate alongside Japan, a nation with a lower 

stay rate. Stay rates were inching up for Japan, but slipping for India. 
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Table 3. Stay Rates From 1988 to 2004 

The rate at which foreign doctoral recipients remain in America and earned at least $5,500 of 
annual income over the five year period after their graduation, comparing two sending 
nationalities. (191 observations included) 

 
 Stay Rate of Cohorts 

 Japan India 
Cohort   
1988 0.17 0.72 
1992 0.21 0.83 
1995 0.27 0.87 
1996 0.24 0.86 
1998 0.37 0.86 
2000 0.39 0.85 
2002 0.33 0.81 
2004 0.40 0.79 

 
Note: Stay rate is calculated as the proportion of foreign-born STE PhD students from a particular graduating cohort (year) who 
filed taxes for at least $5,500 in income in the United States in the five years following graduation. 

 

Lowell and Khadka (2009) concluded that economic opportunities are still primary 

among factors which affect the migration decisions of skilled labor. Using World Bank Data, 

Table 4 is informative, but raises questions about the lowest stay rate cohorts. One possibility is 

that those nations in the 0 to 33 percent stay rate range only send their wealthiest class to 

America for study. As a member of a privileged class, they would be very likely to return home 

after graduation. 
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Table 4. Average GDP Per Capita of Region-Cohorts, Price Purchasing Power, by Stay Rate  

(International Dollars 2012 – Source: World Bank) 

The average GDP Per Capita Price Purchasing Power across low, medium, and high stay rate 
sending nations, by cohort. (191 observations included) 

 
 

  Stay Rate of Cohorts, Categorized 
 Low 

(0 to 0.33) 
Medium 

(0.34 to 0.67) 
High 

(0.68 to 1.00) 
 
Av GDP PPP 

   

Overall 10, 309 15, 524 5, 286 
1988 13, 594 6, 706 757 
1992 10, 641 13, 604 982 
1995 9, 011 13, 908 1, 267 
1996 10, 707 14, 153 2, 919 
1998 4, 706 16, 632 4, 732 
2000 14, 398 14, 945 3, 517 
2002 11, 337 17, 301 7, 852 
2004 9, 411 18, 681 9, 631 

 
Note: Stay rate is calculated as the proportion of foreign-born STE PhD students from a particular graduating cohort (year) who 
filed taxes for at least $5,500 in income in the United States in the five years following graduation. 

 

  It may very well be too early to determine the impact of 9/11 on stay rates because Finn's 

data only contains two cohorts after the 2001 tragedy. The cross-tabulation in Table 5 still leaves 

the question of whether the slight decline has more to do with public sentiment, additional 

restrictions, or the narrowing gap in prosperity between America and the developing world. 

 

Table 5. Stay Rates and 9/11 

9/11 and Stay Rates (191 observations) 
Graduation Before 9/11 After 9/11 
   
Stay Rate 0.51 0.47 

 
Note: Stay rate is calculated as the proportion of foreign-born STE PhD students from a particular graduating cohort (year) who 
filed taxes for at least $5,500 in income in the United States in the five years following graduation. 
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C. Methodology 

 

 This study tested four models corresponding to the two hypotheses listed above. The 

approach involves fixed effects regression with appropriate control variables. The dependent 

variable for all models is stay rate. The regression was conducted with unweighted values to 

ensure error values are properly interpreted. As a result, one must be careful not to interpret the 

models as applicable to the "typical doctoral student." Instead, the models represent the typical 

sending nation's cohort. The bases for the models are largely theoretical. There have been no 

prior published regression analyses of the stay rates from Michael Finn's research.  

 The models have been constructed in consultation with proposed qualitative effects. Lowell 

and Khadka (2009) suggested social class, earning potential, and subsidies could have a more 

dramatic impact on labor migration than pure sentiment or visa availability. For this reason, the 

GDP per capita price purchasing power and U.S. research spending (some of which is public 

subsidy) are used as controls. The research also acknowledges Johnson and Regets (1998) who 

hypothesized similar qualitative effects. The models for the relationship with 9/11 and with 

immigration opportunity contrast the viewpoints represented by Finn (2010) and Wadhwa 

(2009). The specifications for all four models are listed below. 
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Exhibit 1. Model Specification 

Model 1 (Effects of 9/11 on stay rates) 

Y = β0 + β1X1 + β2X2 + γiZi  + µ 

Where Y = the stay rate 
X1 = 1 if the observation occurs after 9/11 
X2 = Foreign GDP per capita price purchasing power 
Zi = Array of region dummy variables (region fixed effects) 
β0 = Y-intercept 
µ = error term 

 

Model 2 (H-1B visa availability) 

Y = β0 + β2X2 + β3X3 + γiZi + µ 

 Where X3 = The average numbers of days in the year spent without available H1-B visa 
applications (over quota), over the two years following graduation. 
  
Model 3 (H-1B visa availability, with U.S. research spending) 

Y = β0 + β2X2 + β3X3 + β4X4 + γiZi + µ 

 Where X4 = U.S. public/private research spending in millions of dollars 

Model 4 (H-1B visa availability, U.S. research spending, and employment population  ratio) 
 

Y = β0 + β2X2 + β3X3 + β4X4 + β5X5 + γiZi + µ 

 Where X5 = U.S. employment population ratio according to World Bank 
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 The following table lists the predicted relationships of the previously listed dependent and 

independent variables.  

Exhibit 2.  Hypothesized Relationships 

 Variable Description Prediction Rationale/Previous Studies 
Y StayRate5 Ratio (0 to 1) N/A N/A 
X1 Before9/11 Dummy Positive Wadhwa (2009), Finn (2010)  
X2 Foreign GDP Per 

Capita PPP  
Continuous Negative Lowell & Kadhka (2009) 

X3 Days H1-B Shortage Continuous Negative Lowell & Khadka (2009) 
X4 U.S. R&D Spending Continuous Positive Johnson & Regets (1988) 
X5 U.S. Employment 

Population Raio 
Continuous Positive Lowell & Salzman (2007) 

Zi Array of Region 
Dummies (Fixed 
Effect) 

Dummy N/A N/A 

     
     
     
     

IV. ANALYSIS 
 

 Several regression models produced varying results between the likelihood of students 

staying in the United States and the factors that may or may not keep them here. The quantitative 

analysis indicated no significant relationship between 9/11 and post-doctoral stay rates of foreign 

STE PhD students. H1-B visa scarcity also did not correlate to diminished stay rates as initially 

expected. While the first model regarding 9/11 and stay rates is straightforward, models (2) 

through (4) showed the transformation from a naïve analysis to a sophisticated model in which 

visa scarcity becomes almost insignificant.  Models (2) and (3) from Table 6 suggested H1-B 

visa shortage, which lawmakers believe is a hindrance to post-graduate immigration, actually 

corresponds to increased stay rates. Visa scarcity may indeed increase the perceived value of 

immigration, but there is likely more to the story. Model (4) demonstrates the sensitivity of that 
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conclusion to another explanation; the state of U.S. employment. When this factor was included 

in the quantitative model, visa scarcity was no longer related to stay rates. 

 
 

Table 6. Regression Results, Stay Rate as Dependent Variable 
  (1) (2) (3) (4) 
VARIABLES Mean Stay Rate Stay Rate Stay Rate Stay Rate 
      
Before 9/11 0.32 1.456    
  (0.691)    
Foreign GDP Per Cap 32,100.11 0.000750** 0.000786*** -0.000393 -0.000518 
  (2.283) (3.053) (-0.857) (-1.161) 
Days H1-B Shortage 51.58  0.0244*** 0.0293*** -0.00822 
   (3.007) (3.545) (-0.906) 
U.S. R&D Spending 29,068.37   0.000488*** 0.000542*** 
    (2.872) (3.273) 
U.S. Emp. Pop. Ratio 94,631.15    4.004*** 
     (5.746) 
Constant  36.81*** 35.57*** 36.59*** -214.0*** 
  (9.476) (10.79) (13.07) (-4.882) 
      
Observations  191 191 191 191 
R-squared  
(w/o Fixed Effect) 

 0.102 0.157 0.264 0.315 

Number of Regions  32 32 32 32 
F test model  6.735 11.69 10.52 13.13 
P-value  0.0143 0.00178 0.000326 0.00001 

t-statistics in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 
 Before assessing the policy implications of the study, there are four substantive research 

findings worth exploring in depth. First, the fixed effects regression model successfully 

described Michael Finn's empirical data on foreign STE PhD students' migration decisions. Prior 

to this analysis, there had been few attempts to examine Finn's data with regression techniques, 

so the effectiveness of the methodology will be explained in detail. The second finding is that the 

study contradicted claims by Wadhwa (2009) that post 9/11 immigration policies are to blame for 

depressed stay rates. A third finding is that the overall analysis supported previous conclusions 
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from Lowell and Salzman (2007) regarding the importance of macroeconomic forces in the 

migration of high skilled labor. Finally, the counterintuitive nature of the visa scarcity findings 

may motivate future research agendas. 

 For reference, the initial hypotheses and their results are as follows: 

 - H0: No difference between pre and post 9/11 stay rates 
 - H1: The post 9/11 era relates to lower stay rates 
 - Result: H0 cannot be rejected.  
 
 - H0:  H1-B visas availability and U.S. research spending have no relationship to stay rates 
 - H1: H1-B visa availability and U.S research spending relate to higher stay rates 
 - Result: H0 cannot be rejected. (but U.S. research spending relates to stay rates)  
 

A. Fixed Effect Model Performance 

 

A.i. Overall Characteristics 

 The fixed effects model separated the time invariate effects of regions from the variables 

of interest in the regression. Time fixed effects variables were not practical for the analysis for 

two reasons. First, the unit of analysis was not specified in years, it was region-cohorts which 

spanned five year windows. Secondly, the 191 observations did not provide sufficient degrees of 

freedom for the more complex regression.  

 Table 1 demonstrated that the independent variables explained as much as 31 percent of 

the variation in the data without the fixed effects variables. If the fixed effects variables for the 

regions were included in model (3), it would explain approximately 90 percent of the variation in 

the data. All but the least developed model had over a 99 percent likelihood of statistical 

significance. The findings suggested the country of origin mattered a great deal in whether the 

STE graduates stayed or left, even when accounting for differences in wealth between nations. 
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 Initial attempts to identify the common thread between the nations with similar stay rates 

suggested regime, relations, and common language may all play a role. For example, 

authoritarian regimes send students with high stay rates, but English speakers are not among the 

most likely to remain after graduation. Any of these aspects might be worthy of a separate study 

which disaggregates the fixed effects of the regions.  

 

A.ii. Diagnostic Tests 

 This analysis also conducted diagnostics for the four models to help put the findings into 

proper context. The major avenues of investigation were for omitted variables, model mis-

specification, multicollinearity, sensitivity analysis, serial correlation and the potential for 

heteroscedasticity—when the error from the fitted plot is not evenly spread across the range of 

the regression. In summary, the models passed most of the tests, but sensitivity severely limited 

the meaning of the visa scarcity findings from Model (3) and multicollinearity reduced the 

reliability of Model (4). 

 The Link Test and Ramsey Reset Test indicated no model specification or omitted 

variable problems in any of the four models. The tests for serial correlation indicated a potential 

problem, but the diagnostic is primarily designed for simple time series data predictable intervals 

between observations. The dataset used in this analysis has between one and four years between 

observations, and those observations are actually reflective of a five year time period themselves; 

the serial correlation test may not be a suitable diagnostic here. Multicollinearity was a major 

concern throughout the analysis and the model specifications were adapted to handle the 

problem. Several control variables had to be reconsidered, dropped, or measured in a different 

way to ensure the model would properly estimate coefficients. Many variables of interest had 
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Pearson R correlation coefficients in excess of 0.8 with the visa scarcity variable. Unemployment 

and GDP seemed like essential controls for labor migration analysis, but they could not be 

separated from the effects of visa scarcity in the model. The primary reason for this occurrence 

was the small number of years with visa scarcity. Most of the cohorts with scarce H1-B visa 

years occurred during the mid 1990's when unemployment was at record lows and U.S. wealth 

was soaring. The problematic lack of independent variation between employment and visa 

scarcity is also a potential explanation for the high stay rates during that time. They may have 

been joint indicators of a strong economy, leading to higher stay rates. The appendix includes a 

pairwise correlation matrix between all variables in the visa scarcity models to document the 

effect of mulitcollinearity on this analysis. 

 Model (3) from Table 1 demonstrates how an analysis which avoided the 

multicollinearity problem produced unexpected results when compared with the more intuitive 

Model (4). Model (4) has a variable for U.S. employment, implied in previous work by Lowell 

and Salzmann (2007). This type of sensitivity analysis, in which alternative variables were added 

to and dropped from the regression, indicated that the reported relationship in Model (3) between 

visa scarcity and stay rates cannot be trusted. Instead, the most robust finding is the positive 

relationship between U.S. research spending and stay rates. The relationship was significant and 

positive no matter which variables were introduced. 

 While the Wald Test for heteroskedasticity failed for all of the models, a plot of the error 

terms against the dependent variable yielded no such indication. As a precaution, all the fixed 

effects model results are presented with "robust" standard error calculations. The correction 

lessened the chance of erroneously reporting significant findings. Precise diagnostic results are 

included in the appendix for Model (3) because it is the most important model in the body of this 
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discussion. Model (3) was important because it demonstrated that visa scarcity was not related to 

stay rates and passed the most critical diagnostic tests. While Model (4) is even more convincing 

superficially, it suffers from mulitcollinearity between visa scarcity and employment. However, 

the t-value on the employment measure is robust, indicating the likely importance of the extent 

of the job market to stay rates. 

 

A.iii. Missing Data and Biases 

 The unit of analysis for this study is a "region-cohort." Unfortunately, the data coding for 

the regions changed from cohort to cohort in order to preserve the privacy of the individual 

doctoral students. Small countries who contributed only a few students to the cohort were 

combined to prevent individual identification through Michael Finn's restricted IRS data. As time 

progressed in the dataset from 1988 to 2004, more students came to study in the United States 

and consequently, more countries could be disaggregated from the regional grouping. When 

smaller nations or regions could not be reasonably linked over multiple years in the dataset, the 

observations were dropped. The result is likely a bias in the coefficients toward representing 

larger nations. 

 Countervailing the previous concern is the bias introduced by treating all sending nations 

as equals in the analysis. While it is possible to weight the results, this analysis treated France the 

same as China in the model, despite China's much larger contribution to U.S. STE doctoral study. 

The bias from this method is in favor of smaller nations. It is therefore possible that the two 

previously described biases (in favor of large nations and of small nations) offset one another. 
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A.iv. Linear versus Non-linear Models 

 One final note for the regression results is the limitation of the linear interpretation 

provided. The coefficients and constants in models (1) through (4) sometimes indicated an 

individual effect with an absolute value greater than one which makes little sense because the 

dependent variable is only defined between 0 and 1.0. A nonlinear model based on logit or probit 

functions would correct the problem, but it is unlikely to change the basic relationships 

discovered in this analysis. 

   

B. No Relationship with 9/11 

 

 Model (1) detected no statistical difference between the pre 9/11 and post 9/11 group of 

cohorts in the model, other than economic conditions. This finding tends to support Michael 

Finn's 2009 assertion that there was no major reversal in stay rates, but this is only true when 

considering changes in global wealth. Empirical analysis showed an average of a four percentage 

point drop in STE doctoral cohorts' stay rates after 9/11. So it is not accurate to say that stay rates 

remained the same, but it would be more precise to say they did not reflect any additional loss 

beyond what would be expected given the economic conditions. 

 The results also contradict the assertions of Wadhwa (2009) that public sentiments 

depressed the immigration of talented workers. It is important to note that this study does not 

extend to the general immigration pool, but it does demonstrate among STE doctorates, the 

overall post 9/11 environment was more characterized by poor economic growth than any other 

factors. 
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C. Power of Macroeconomic Factors 

 

 Models (2) through (4) progressed from a naïve understanding to a model which more 

closely reflected theory and existing literature. Inclusion of U.S. research spending doubling as a 

proxy for the overall American economy, corrected the relationship between foreign GDP and 

stay rates to insignificance. After all, one would expect increased foreign wealth to drive down 

stay rates, and increased American research spending to increase them. The regression, in this 

case, showed that foreign wealth was not a driving factor of stay rates alone, but it likely 

combined with U.S. economic factors which had powerful significance in Models (3) and (4). 

There is over a 99 percent chance that U.S. research spending relates to higher stay rates based 

on the models.  

 As mentioned in the discussion of the fixed effects model, the U.S. employment 

population ratio seems significantly related to stay rates, indicating that employment statistics are 

an important theoretical component in examining STE PhD stay rates. Even after controlling for 

the potential effect of research spending, STE graduates probably consider the employment 

prospects of their family members when deciding to immigrate or leave after their coursework. 

 Lowell and Salzman (2007) hypothesized that labor markets were related to migration 

decisions. The regression results extend these assertions a bit further by showing how research 

spending in the PhD labor market positively relates to stay rates. Since a significant portion of 

U.S. research spending comes from public investment, there may be policy implications in this 

result. If the relationship between visa allocations and immigration is ambiguous, the relationship 

between jobs and stay rates is not. More jobs and more research spending likely correspond to 

increased stay rates. 



24 
 

  

D. The Relationship Between Visa Scarcity and Stay Rates 

 

 The relationship between H1-B visa scarcity and stay rates is difficult to extract due to 

the previously explained mulitcollinearity with other explanatory factors in the observed data. 

On one hand, human psychology dictates that scarcity increases perceived value. It is possible 

that H1-B visa shortages contributed to a feeling of unique opportunity in being a visa holder. On 

the other hand, critical visa shortages could severely undermine immigration with the rapidly 

growing population foreign-born studying in American institutions. Visa scarcity may be 

teetering on the tipping point between these two effects, which are what produced the ambiguous 

result of the preceding regression.  

 Even in consideration of the possible visa dynamics, the regression analysis draws into 

question the importance of visas in explaining stay rates at all. Labor opportunity has a more 

robust relationship to stay rates, after all, and visa shortages occurred during a period of very low 

unemployment. In order to more definitively investigate the relationship between H1-B visa 

allocations and stay rates, additional data collection are needed. In particular, the model needs 

observations with high unemployment and high visa scarcity, or low research spending with high 

visa scarcity. This combination of factors is largely absent in existing data which is what makes 

the individual effect of visa scarcity difficult to analyze. 
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IV. POLICY IMPLICATIONS AND CONCLUSION   

 

 The preceding study shows some evidence that visa scarcity is not the only factor relating 

to the stay rates of foreign born engineers who graduate from American doctoral programs. 

According to the quantitative data, it may not be a factor at all. Finn doubted that H1-B visa 

scarcity was the real source of a slight dip in overall stay rates between the 2002 and the 2004 

cohorts. The models in this study tend to support Finn's viewpoint. Still, visa allocations must 

have some significance. After all, if there were only a few hundred visas available, there would 

be insufficient legal means to immigrate. The United States has simply not seen this type of 

shortage to assess the potential impact. 

  Other more important factors may include the condition of the American employment 

market, spending on research, or characteristics of the sending nation. While this study was not 

designed to investigate causality, the results tend to confirm that all of the previous factors must 

be considered in any policy development regarding high skilled labor immigration. 

  Lawmakers can apply the results of the analysis in one of several ways. If one wanted to 

keep more foreign born engineers in the United States after completing a doctoral program, 

raising visa caps might be insufficient in itself. The unfortunate reality may be that newly minted 

doctoral level engineers and scientists are more likely to respond to economic incentives. 

Research funding is far more costly than raising visa allowances, but it may be necessary to 

sustain the immigration pathway for new graduates. The analysis also shows that the 

employment population ratio is an important indicator of high stay rates, but employment is a 

priority for policymakers for a variety of other reasons. It is also one of the most difficult 

economic factors to directly influence. 
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 Alternatively, policymakers may choose to emphasize the number of students who stay 

rather than the simple rate. While stay rates generally drifted downward between 2000 and 2004, 

over 20 percent more doctoral engineering students chose to immigrate in the most recently 

studied cohort. Deciding which factor matters more, rate or number, is a question of values. 

Some may think it is unfair for the foreign born to take the newly acquired knowledge overseas 

and compete with America. In this case, rate seems very important. If maintaining American 

competitiveness is more valued, stay rates may not matter as much as the overall numbers. 

 Another option suggested by this study is to approach high skilled labor immigration on a 

country by country basis. The fixed effects models all indicated unique, statistically significant 

effects associated with the different sending countries. There are a number of explanations for 

the relationship including language, culture, distance, and quite importantly, those countries' 

domestic policies regarding study abroad. As an example, in 2012, India began requiring bonds 

for all prospective medical students headed to the United States as a way to guarantee their return 

(Rana 2012). Many similar compulsory service laws exist for both state sponsored and 

unsponsored study abroad, but they are far less prevalent in the doctoral engineering realm. The 

reason may be that unlike medicine, the primary market for academic STE careers lies in the 

United States. Still, bonds and legal restrictions regarding study in the United States are an 

unbalanced disturbance to the labor market which current U.S. policy does not fully counteract. 

 The next important direction indicated by this study is to extend the research to the 

undergraduate and masters level in science, technology, and engineering. A firm understanding of 

the non-doctoral level labor dynamics may have policy implication for the academic (F-series) 

visa policy regime and for other economic decisions. The undergraduate and masters level of 

education, which are considered more practical in nature, may also relate directly to the issues of 



27 
 

innovation and competition. Academic leadership in STE is still an important, perhaps leading 

indicator of where innovations centers may emerge. Policymakers should therefore remain 

interested in the motivations of foreign born graduates of American doctoral programs. 
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APPENDIX 
 
 

Appendix 1. Tests for Multicollinearity 

R-value listed. 
 

  Pairwise Correlation 
Matrix 

  

 For. 
GDP 
PPP 

Visa 
Scarce 

RD 
Spend 

Employ 
Pop 
Ratio 

Stay 
Rate 

      
For. GDP 
PPP 

1.0     

Visa Scarce 0.0527 1.0    
RD Spend 0.1969 -0.0005 1.0   
Employ Pop 
Ratio 

0.0405 0.8626 -0.0763 1.0  

Stay Rate -0.1138 -0.0683 0.1247 0.0742 1.0 
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Appendix 2. Overall Diagnostic Results 

 
  Pairwise Correlation 

Matrix 
   

 Xttest3 
Hetero-

scedasticity 

Hetero-
scedasticity 

plot 

Multi-
collin. 

Linktest Ramsey 
Reset  

Serial 
Correl. 

Model       
(1) Fail (0.000) Pass Pass Pass Pass Fail (0.002) 
(2) Fail (0.000) Pass Pass Pass Pass Fail (0.000) 
(3) Fail (0.000) Pass Pass Pass Pass Fail (0.000) 
(4) Fail (0.000) Pass Fail Pass Pass Fail (0.000) 
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Appendix 3. Plot of Residuals versus Stay Rate 
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Appendix 4. Plot of Residuals versus Foreign GDP Per Capita PPP 
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