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Managers, research administrators, and policy makers need a greater
understanding of the factors that drive employment preferences of
foreign science, technology, engineering, and mathematics (STEM)
doctoral graduates of U.S. universities. To address this need, the authors
report the results of a large multischool conjoint survey of return-
migration preferences among U.S. STEM doctoral students from China.
The survey presents the respondents with potential job offers and yields
individual-level estimates of each respondent’s indirect utility of a job as
a function of location, job status, and salary. The authors use a delayed
follow-up choice task to demonstrate stability of the preference estimates
both over time and across response modalities. The estimated
preferences imply that Chinese doctoral graduates tend to remain in the
United States because of a large salary disparity between the two
countries rather than because of an inherent preference for locating in
the United States. Given these estimated preferences, the authors
conduct several policy-relevant, counterfactual simulations of return-
migration choice and outline effective targeting and positioning strategy
for attracting Chinese STEM talent.
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Hai gui (海归 ) means “returnees from overseas” in
Mandarin, but the term sounds a lot like the Mandarin
word for “sea turtle” (海龟). This provides a powerful
metaphor: sea turtles are born on land and spend most
of their lives at sea, but they return to land to lay eggs
and start a new generation.

Countries, regions, and cities have long been marketed as
investment and tourism destinations. Under the broad
umbrella of “place marketing” (Kotler, Haider, and Rein

1993), marketing researchers have taken a keen interest in
the issues idiosyncratic to such settings. In the United
States, federal and state government involvement in market-
ing has intensified in recent years.1 In this article, we argue
that increasing international competition for talent makes
place marketing important for attracting not only tourist and
investment dollars but also highly skilled foreign workers.
To inform marketing strategy development in the highly
skilled labor market, we study the potential of conjoint
analysis for estimating location-specific demand for jobs
among an important group of such highly skilled foreign
workers: Chinese doctoral students and postdoctoral
researchers in science, technology, engineering, and mathe-

1Most states run their own advertising campaigns. The Travel Promotion
Act of 2009 even created a corporation with a $200 million budget for the
sole purpose of advertising the United States as a tourism destination.
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matics (STEM) fields at American universities (hereinafter
referred to as Chinese STEM PhDs). Our results indicate
several elements of an effective marketing strategy for
attracting Chinese STEM PhDs: we find potential for tar-
geting certain Chinese STEM PhDs on the basis of demo-
graphic and psychographic observables and suggest which
aspects of the job effective positioning messages should
emphasize. Before outlining our methodology and results,
we briefly discuss the importance of Chinese STEM PhDs
within the broader set of all highly skilled foreign workers.
Educating and attracting STEM workers is an important

goal of U.S. science and technology policy, ultimately aimed
at “reaffirming America’s role as the world’s engine of sci-
entific discovery and technological innovation” (Obama
2010). This policy should particularly focus on foreign-born
graduates, who now comprise the majority of doctorates
awarded at U.S. universities in physical sciences and engi-
neering, contribute disproportionately to innovation and dis-
covery (Stephan and Levin 2001), and make up an increas-
ing percentage of the overall STEM workforce.2 Many
policy makers are alarmed about the potential loss of
American competitiveness due to return migration by these
graduates (National Research Council 2005; Paral and
Johnson 2004; Wadhwa et al. 2009). However, the alarm
about foreign STEM talent retention is not universal. For
example, Lowell and Salzman (2007) point out that the U.S.
STEM labor market does not seem to exhibit signs of a
shortage (e.g., rising researcher salaries).
Chinese students are particularly important because they

are the largest nationality among foreign-born STEM doc-
toral candidates in the United States, earning approximately
30% of doctorates granted to foreigners. Moreover, until
recently, they have been rather hesitant hai gui, with only
roughly one in ten returning to China after graduation and
the rest remaining to help drive scientific discovery and
technological innovation in the United States. However,
recent data suggest that Chinese STEM graduates from U.S.
universities are returning as hai gui in greater numbers. For
example, the 2008 Chinese Statistical Yearbook (National
Bureau of Statistics of China 2008) reports that the percent-
age of Chinese students returning has almost doubled in the
past 20 years. Anecdotal reports and surveys of current stu-
dents’ return intentions also hint at an ongoing increase in
return rates (Wadhwa et al. 2009).
To develop an effective place-marketing strategy, policy

makers and managers need to understand location-specific
employment preferences among highly skilled foreign
STEM students. Although secondary data on the numbers
and specializations of graduating Chinese STEM PhDs are
available (e.g., the National Science Foundation’s annual
Survey of Earned Doctorates), little beyond aggregate stay
rates is known about their behavior after graduation (Finn
2010), and almost nothing is known about their underlying
location-specific employment preferences at the individual
level. Only with an estimate of those preferences can policy
makers and managers answer the following questions: What

aspects of working in the United States should an advertis-
ing message emphasize to enhance retention? What demo-
graphic and attitudinal characteristics are correlated with a
stronger preference for staying in the United States? Why
are the potential hai gui so hesitant to return home, tending
to stay in the United States instead—do they actually prefer
living in the United States to living in China, or are they
staying for the higher salaries available in the United
States? If the latter is true, how many more graduates would
prefer to return to China if the wage disparity between the
two labor markets were to decrease? Another important pol-
icy question involves the impact of a potential shift in job
opportunities within the United States: whereas Chinese
immigrant communities and their associated social net-
works are primarily located in large U.S. coastal cities
(Keren, Guo, and Ping 2003), many new job opportunities
for STEM PhDs are located outside the West Coast and the
Northeast corridor, in areas such as North Carolina’s
Research Triangle Park. A question thus arises regarding
whether a student without a job offer in a U.S. coastal city
would rather return to China.
We employ and subsequently validate conjoint analysis

to measure the location preferences of Chinese STEM PhDs
and answer the aforementioned questions. Specifically, we
surveyed 312 Chinese STEM PhDs at three large research
universities in Illinois, California, and North Carolina in
late 2010 and early 2011. Each respondent made 25 hypo-
thetical employment decisions. The multiple responses per
person enable us to estimate each respondent’s preference
for a potential job as a function of the job attributes. Given
the preference estimates, we then conduct simulations to
answer the policy-relevant questions outlined in the previ-
ous paragraph. We find the apparent hesitation of potential
hai gui is primarily driven by the superior salaries Ameri-
can employers offer relative to their Chinese counterparts
and not by any inherent preference for staying in the United
States. In terms of targetable characteristics, we find that
single men are more likely (than women and married men)
to prefer returning to China. In terms of attitudes, we also
find that students with a higher degree of general national
pride are more willing to sacrifice income to return home.
Our results help reconcile Chinese STEM PhDs’ low

rates of return with results of simple return-attitude surveys
that suggest that a majority of the workers want to return to
China (e.g., Kellogg 2012; Zweig and Chen 1995). In con-
trast, our preference estimates indicate that a majority
(approximately 70%) of Chinese STEM PhDs prefer to
remain in the United States at the current salary levels. This
is consistent with Finn’s (2010) findings that approximately
90% of them actually stay.
To validate our preference estimates, we resurveyed our

initial respondents after more than a year (in the summer of
2012), asked about their current job, and presented them
with two simple follow-up choices between pairs of job
offers. The follow-up choice sets were two job pairs (in
each pair, one job was in China and the other in the United
States) that the initial survey identified as difficult to predict
at the individual level. Relatively few (31 people) had
changed jobs since the initial survey, limiting our ability to
assess the external validity of our conjoint analysis—
namely, the ability to predict actual locations. Despite the
small number of observations, we present evidence that

2In 2006, non-U.S. citizens without permanent resident status had earned
63% of PhDs in engineering, 53% of PhDs in physical sciences, and 34%
of PhDs in life sciences (Hoffer et al. 2007). The share of non-U.S. citizens
in the STEM workforce increased from 6% in 1994 to 12% in 2006
(Galama and Hosek 2008).



preferences alone cannot predict where our initial respon-
dents ultimately settle and work, because the supply side
plays a nontrivial role in the STEM labor market. Specifi-
cally, we find that the supply of jobs seems to be local, both
at the regional and national levels. Although our findings
regarding external validity are inconclusive and point to a
limitation of the usefulness of conjoint analysis in labor
market settings, our follow-up survey generates strong evi-
dence for internal validity: we present model-free evidence
that the individual-level preferences measured by the initial
survey are stable over time (on a time scale of years), and we
find that the estimated random utility model accurately pre-
dicts the follow-up choice. In addition, we test the follow-
up performance of three standard variants of the identifying
assumption that links survey response to the underlying util-
ity construct and find no systematic differences. Therefore,
we propose that our random utility model estimated using
the initial survey captures location-specific preferences that
are stable over time within a respondent, and the preference
estimates are not sensitive to scaling or linking issues.
We organize the article as follows: We first present a brief

discussion of relevant return-migration literature, especially
as it relates to Chinese students in the United States, and
then describe the conjoint survey design and provide the
methodological approach to our analysis. Next, we discuss
the random utility model of preferences and its estimation
and present four simulation studies that address our con-
crete policy questions. Finally, we conclude with a discus-
sion of the policy implications.

RELATED LITERATURE
Related Literature on Migration and Return Migration of
Foreign STEM Workers
An extensive literature stream in labor economics

involves the impact of foreign STEM workers on U.S. sci-
entific discovery and technological innovation (e.g., Kerr
and Lincoln 2010; Stephan and Levin 2001), the employ-
ment prospects of U.S.-born STEM workers (e.g., Borjas et
al. 2011), and the technology and development in the
worker’s country of origin (e.g., Agrawal et al. 2011; Kerr
2008). Broadly speaking, this literature finds that foreign
STEM workers do not crowd out domestic innovation and
discovery, but they do lower salaries of domestic workers.
It is well known that their presence in the United States
hurts the development of their home country (the so-called
brain drain phenomenon of Grubel and Scott 1966 and
Huang 1988), but it also (and less obviously) helps home
country development because innovation diffuses along eth-
nic networks back to the country of origin (the so-called
brain bank phenomenon of Agrawal et al. 2011). The
National Research Council’s (2005) extensive report sum-
marizes the literature and draws policy implications. Con-
gress follows this literature closely to inform the ongoing
development of immigration reform (Wasem 2012).
This article does not directly contribute to the literature

about the various impacts of foreign STEM workers.
Instead, it challenges the debate’s tacit assumption that all
highly skilled foreign workers are eager to get into the
United States and studies the workers’ location-specific
employment preferences. The National Research Council
(2005) report highlights a clear increase in international
competition for STEM talent and calls for a greater under-

standing of the migration drivers among highly skilled
STEM workers. A joint report by the RAND Corporation
and the National Defense Research Institute seconds this
call (Galama and Hosek 2008). Our study provides part of
the answer by applying cutting-edge survey methodology to
measure preferences and demonstrates that managers and
policy makers should not take the brain drain for granted as
the salary gap between China and the United States nar-
rows. We also provide marketing strategy guidelines about
targeting and positioning that can effectively attract these
workers.
The literature on migration patterns of highly skilled

workers to the United States and back to their home coun-
tries is small. One exception is Borjas and Bratsberg (1996),
who document that wealthier home countries, as well as
those located closer to the United States, experience higher
rates of return migration. Constant and Massey (2002) dis-
cuss the various theories of return migration, and a recent
news article in Nature summarizes ongoing work in the area
of scientist migration (Van Noorden 2012). Theoretically,
explanations for return migration do not fit into simple
microeconomic theories of labor migration based exclu-
sively on income maximization (Harris and Todaro 1970;
Sjaastad 1962) because salary differentials are consistently
in favor of host countries. Instead, researchers agree that
return-migration decisions involve many additional factors
(Borjas and Bratsberg 1996; Glaser 1978; Hazen and
Alberts 2006; Iredale, Guo, and Rozario 2003). Because our
study focuses on Chinese nationals, we next consider the
specific factors shaping their decisions.
Related Literature on Chinese STEM PhDs
Before the 1989 Tiananmen Square protests, a majority

of Chinese students remained in the United States due to
political instability in the People’s Republic of China (PRC)
(Orleans 1988). After green cards became available to all
Chinese students attending U.S. universities during the
Tiananmen Square demonstrations (so-called June 4th
Green Cards), Chinese authorities have viewed emigration
more as an individual decision (Xiang 2003). Since the mid-
1990s, the return rates among Chinese STEM PhDs have
been the lowest among all nationalities, at approximately
10% of graduates (Finn 2010).
Studies of Chinese students in the United States in the

post-Tiananmen period have found three categories of fac-
tors driving return migration: career prospects, sociopoliti-
cal preferences, and family ties. These categories appear in
the literature under different labels, and Alberts and Hazen
(2005, p. 131) aptly summarize their impact on return
migration thusly: “Professional factors were generally cited
as encouraging the students to stay in the United States,
while societal and personal factors were more likely to draw
them back to their home countries.”
Professional development opportunities, prospective busi-

ness ventures, and salaries have been the most widely cited
career-related drivers of return migration to China. Iredale,
Guo, and Rozario (2003) report that Chinese returnees were
focused on finding positions in which they could play a sig-
nificant managerial role, a prospect many felt was restricted
in the United States. Although the importance of monetary
compensation was once a taboo subject among Chinese stu-
dents (Zweig and Chen 1995), recent surveys have shown
that higher salaries are indeed important in shaping migra-
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tory decisions (Keren, Guo, and Ping 2003). Sociopolitical
factors cover areas of gender, ethnonational networks, and
expressions of nationalism. Zweig and Chen (1995) find
that gender is the best predictor of who will return: women
express much greater intent to remain in the United States.
On issues of nationalism, Hazen and Alberts (2006) report
that Chinese students—more than any other nationality
attending the University of Minnesota—cited “giving back
to their homeland” as a reason for returning.
Family ties have a strong influence on the decision-making

process as well. Iredale, Guo, and Rozario (2003) report the
tendency of couples to choose to remain in the United States
because of concerns about their children’s transition to the
highly competitive Chinese school system. This concern
seems to be so prevalent that, among returnees, one spouse
typically returns alone while the rest of the family remains
abroad (Keren, Guo, and Ping 2003).
Related Literature on Conjoint Analysis
The literature stream on conjoint is extensive, but there is

little research that tests its internal or external validity. We
contribute to this literature by showing stability of the esti-
mated individual-level preferences over time (on a scale of
years) and across response modalities in a policy-relevant
setting. Before highlighting our contribution, we briefly
review the relevant work to date.
The literature on internal validity begins with studies of

test-retest reliability that present identical questions a few
days apart from each other and measure (within subject)
either the correlation of rank-order preferences or the mean
square difference between the estimated parameters. One of
the first test-retest reliability results is by McCullough and
Best (1979, p. 26), who find high reliability in the domains
of apartments and soft drinks and conclude that “conjoint
measurement appears to be very robust to perturbation and
reasonably stable over time.” Many of the published relia-
bility analyses agree with this positive conclusion (e.g.,
Malhotra 1982; Segal 1982), but there are also less encour-
aging studies; for example, Leigh, MacKay, and Summers
(1984) conducted the same survey in the domain of calcula-
tors two weeks apart and find low reliability for several
popular conjoint methods. We agree with Bryan et al. (2000,
p. 393) that “the reliability of a preference measurement
instrument such as conjoint analysis is not a fixed property,
but is dependent upon both the context and population stud-
ied,” a sentiment also echoed by Louviere (2013). Whether
conjoint analysis estimates are stable over time in a domain
of STEM job offers is thus an empirical question.
More recently, there has been renewed interest in test-

retest reliability of conjoint over longer time horizons, con-
ducted on large panels of actual consumers instead of small
groups of undergraduate students. This literature confirms
the pro-stability conclusions of McCullough and Best (1979)
but does not operate within subject. For example, Severin,
Louviere, and Finn (2001) study the parameters of a homo-
geneous multinomial logit model estimated on three sam-
ples of respondents in the same city, each sample collected
several years after the previous one. They conclude the esti-
mated population-level preferences are stable over time. In
a recent keynote address, Louviere (2013) reports on sev-
eral analogous results in domains ranging from consumer
products such as toothpaste and detergents to more unusual
“products,” such as different designs of the national emis-

sion trading scheme in Australia. Parsons and Stefanova
(2009) use the same approach in the domain of beach pref-
erences by Delaware residents. In all these settings, the
aggregate choice shares were remarkably stable over time,
suggesting strong internal reliability at the population level.
We contribute to the research on internal reliability by

demonstrating long-term reliability at the individual level
with a large relevant panel and modern Bayesian estimation.
Unlike the aforementioned recent large-scale studies that
focus on only aggregate market-level shares, we resurvey
the same people and use their own estimated preferences to
predict their individual-level retest behavior. In addition, we
use a state-of-the-art estimation approach that has not yet
been tested for individual-level reliability. We also perturb
the modality of the tasks between test and retest in a useful
way. Specifically, we explore whether the choice implied by
a strength-of-preference rating on the initial task predicts
the choice in the attribute-equivalent follow-up task better
than the estimated random utility model (it does not) and
whether the metric interpretation of the initial survey can be
rejected in favor of a seemingly more conservative “choice-
only” interpretation (it cannot).
Studies about external validity are rare, and their design

typically involves asking participants to answer a conjoint
survey and then asking about their actual choices in the
marketplace. An example is Wittink and Montgomery
(1979), who not only address external validity issues but
also focus on a similar job-market domain. They surveyed
MBA students about job preferences and later followed up
with the respondents about the offers they received and the
job they accepted. Despite the students’ averaging four job
offers each, Wittink and Montgomery’s hit rate was an
impressive 63%—far greater than chance. Their result
offers hope not only of high internal reliability in our con-
text (which we confirm) but also of our ability to measure
actual job preferences. Using a similar design of relating an
aggregate model calibrated on survey responses to actual
market shares, Wardmann (1988) shows external validity of
conjoint in the domain of transportation choice. Several
other articles share our broad domain of studying job-market
preferences, but none of them study internal or external
validity (Biesma et al. 2006; Montgomery and Ramus 2007;
Norwood and Henneberry 2006).

CONJOINT DESIGN AND DATA DESCRIPTION
A key advantage of conjoint analysis over secondary data

is that it can present the respondent with options not cur-
rently available in the real world, enabling counterfactuals
to be based on data rather than extrapolation. In the China–
United States migration setting we study, one such counter-
factual is the possibility of a narrowing salary gap between
the two countries. Another advantage of conjoint is that the
survey designer exogenously manipulates the explanatory
variables, thus avoiding the various endogeneity and selec-
tion problems that typically plague the analysis of second-
ary data.
Both these advantages come at a cost of only capturing

data on respondents who decide to take the survey, a selec-
tion problem that may result in biased inference. We tried to
combat such self-selection by offering a relatively large
reward for completing the survey (at least $20). From the
registrars’ estimates of the size of the target population
(STEM PhDs who are nationals of the PRC at the three uni-



versities we surveyed), we estimate that the response rate to
our initial survey was 45%. Such a large response rate alle-
viates (but does not fully eliminate) the potential for prob-
lematic self-selection into the study by respondents.
The challenge in using conjoint analysis to study return

migration is finding a critical decision on which to focus. For
our population, we focus on the job-selection process at the
time of graduation. Choosing a job after graduation is only
the first opportunity for a foreign student to migrate back to
his or her home country, so our analysis does not capture a
long-term preference to return to China. For example, we
do not capture the people who plan to begin their careers in
a U.S. job to gain experience before returning home.
Our survey isolates the impact of several important fac-

tors (also called “job attributes” in conjoint nomenclature)
by asking respondents to choose from 25 pairs of hypotheti-
cal job offers and to indicate how strongly they prefer the
chosen job to the other (for an example of the stimuli, see
Appendix A). Using choice to measure preferences is stan-
dard in the marketing and economics fields. We ask for the
strength of the preference to collect additional information
about the difference in utilities of the two job offers. This
additional information potentially enables us to better esti-
mate individual-level preferences, an issue we explore with
alternative models in the next section.
The job offers we use vary on six attributes, as Table 1

illustrates. Three of these attributes reflect various aspects of
location: nation, region, and city size. The region attribute
captures the difference between inland and coastal areas,
because prior literature has suggested that most job candi-
dates prefer coastal areas (Keren, Guo, and Ping 2003). The
city size attribute is either large or medium and, for China
only, includes the respondent’s hometown. City size helps
us explore the social network effects larger cities provide,
whereas the hometown choice helps us evaluate the impact
of family ties on the decision process. We combine country
with region and city size to acknowledge that no “medium”
cities with STEM jobs exist in China and no “hometown”
exists in the United States. For concreteness, we provide
varied examples of particular cities in the questionnaire,
rotating several examples of each location size and
employer level throughout the questionnaire (Appendix A
presents a sample task; for the complete set of tasks along
with the exact examples of each location size and employer
used, see the Web Appendix.
Capturing managerial status, the job titles vary on the

basis of the level of responsibility, from Research Scien-
tist/Engineer with no subordinates, to a Manager with up to
ten subordinates, to a Director with more than ten subordi-
nates. The employer ownership attribute measures the desir-

ability of public-sector versus private-sector positions. The
final element, salary, has five levels ranging from $20,000
per year to $120,000 per year. This range is based on avail-
able salary reports for STEM PhDs in the United States and
China; the Chinese job offers implicitly include the value of
housing allowance, a common perk for returnees (Keren,
Guo, and Ping 2003, p. 99). Given the attribute levels in
Table 1, we used Sawtooth survey software (an industry stan-
dard) to generate a 25-question optimal design (for design
details, see the Web Appendix).
The final section of the questionnaire consists of several

demographic and attitudinal questions. The Web Appendix
documents the exact questions as well as the order in which
they were asked. From the findings of previous studies of
this population, we focus our questions on the following
issues: family description, length of stay in the United
States, intention to return home following graduation, and
pride in one’s homeland. We used a scale introduced by
Smith and Kim (2006) to measure national pride (for our
exact questions, see Appendix B).
We distributed the online survey to STEM PhDs with

PRC citizenship at three large research universities (one
each in Illinois, California, and North Carolina) in 2010 and
early 2011. The incentive for filling out the survey was
between $20 (later batches) and $30 (earlier batches). Three
hundred forty-one respondents completed our survey (our
estimate of the response rate, discussed previously, is
approximately 45%). To filter out uninvolved respondents,
we excluded 29 responses that were filled out too quickly or
too slowly (faster than 10 minutes or slower than 24 hours
for the entire survey) and responses that did not demonstrate
enough variation on the scale (i.e., never deviated from
indifference beyond “somewhat prefer”). Our final sample
consists of 312 respondents. Appendix C summarizes the
respondents’ characteristics. The design matrix, as well as
the complete data set including all 341 respondents and all
demographic and attitudinal responses, is posted on the first
author’s website (http://www.anderson.ucla.edu/faculty/
robert. zeithammer).

MODEL, ESTIMATION, AND SIMULATION
METHODOLOGY

Our goal is to estimate a random utility model at the indi-
vidual level while capturing similarities in preferences
among respondents with similar demographic characteris-
tics. We use a standard Bayesian modeling approach with a
hierarchical prior (Lenk et al. 1996; Rossi, Allenby, and
McCulloch 2005).
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Table 1
ATTRIBUTES AND LEVELS FOR JOB OFFERS USED IN STUDY

Attribute Location and City Size Interaction Salary Job Title (Status) Employer Ownership
Level 1 China hometown $20,000 Researcher Private
Level 2 China large coastal city $45,000 Manager Public
Level 3 China large inland city $70,000 Director
Level 4 U.S. large coastal city $95,000
Level 5 U.S. medium coastal city $120,000
Level 6 U.S. large inland city
Level 7 U.S. medium inland city

http://dx.doi.org/10.1509/jmr.11.0394
http://dx.doi.org/10.1509/jmr.11.0394
http://dx.doi.org/10.1509/jmr.11.0394
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Individual-Level Random Utility Model
Consider a particular respondent j and let k = 1, 2, ..., 25

index the pairwise preference tasks. The kth pair of profiles
consists of the job on the right, R (i.e., “Job Offer #2” in
Appendix A), with attributes Xk,R and the job on the left, L
(i.e., “Job Offer #1” in Appendix A), with attributes Xk,L.
Let the respondent j’s utility of a job i Œ{L,R} in task k be
a linear combination of the attributes:
(1) Uk, j, i = j + Xk, ij + ek, j, i, where ~ N(0, s2j ).
Our A ¥ 1 row attribute vectors Xk,i contain dummy-coded

levels of the location/city, status, and employer attributes.
Although the private jobs we consider are comparable
across the two countries, the public sector jobs are not.
Therefore, we also make the publicly owned employer-type
marginal utility country specific. The salary attribute enters
utility linearly,3 and we make it country specific to control
for purchasing-power differences.4
To allow for unobserved heterogeneity of preferences, we

permit all individual parameters (j, j, sj) to vary across
respondents. To pool data across respondents, we allow
respondents with similar characteristics to have similar
preferences following a multivariate regression:
(2) ¢j = Zj + tj with tj ~ N(0, V),
where Zj is a row vector of M individual characteristics
(defined and analyzed in Appendix D), V is an A ¥ A
matrix, and  is an M ¥ A matrix of characteristic-on-
parameter effects. This multivariate regression implies a
standard hierarchical prior, drawing on Lenk et al. (1996).
For an overview of hierarchical linear models, see Rossi,
Allenby, and McCulloch (2005).
Three Candidate Assumptions About the Link Between
Survey Responses and Utility
We want to estimate {j, sj} for use in counterfactual

demand simulations and  for learning about the marginal
influence of demographics on preferences. Let Yk,j be the
strength of preference, shifted so that 0 corresponds to
“indifferent,” +5 corresponds to “strongly prefer right,” and
–5 corresponds to “strongly prefer left.” To estimate our
parameters of interest, we consider three possible relation-
ships between Yk,j and Uk,j,i:
1. “Metric conjoint”: The simplest assumption is that the rela-
tive strength of preference for the job offer on the right is a
direct measure of the difference in utilities: Uk, j,R – Uk, j,L =
Yk, j. This assumption facilitates estimation through a simple
linear regression of Y on the difference-in-attributes vector,
without an intercept:

(3a) Yk, j = (Xk,R – Xk,L)j + ek, j,

2. where ek, j ~ N(0, 2s2j ) as long as ek, j, R is independent from
ek, j,L.

2. “Metric conjoint with standardized range”: The previous met-
ric conjoint assumption assumes that all people agree about
the meaning of verbal labels (e.g., “strongly prefer right”).
Alternatively, each participant might use the scale differently,
and we should interpret the responses of each person relative
to the range of his or her responses across the entire question-
naire. For example, if Yk,A ranges from –3 to +3 and Yk,B
ranges from –4 to +4, A’s “+3” is as strong a preference for
the job on the right as B’s “+4.” To correct for this potential
scale-usage heterogeneity, we standardize each respondent’s
range to be 10 points before specifying the regression:

3. “Implied choice-based conjoint”: The literature has criticized
both of the previously stated metric assumptions for overin-
terpreting the strength-of-preference scale as a cardinal meas-
ure of the difference in utility between the two alternatives.
People may not have enough insight and experience to report
such details of their thought processes. Even if they did, they
might run out of room on the scale, and thus, some of the
extreme differences in utility may be censored at the
extremes of the scale.5 A more conservative assumption
immune to both criticisms is that we can only observe which
job the respondent would choose. Therefore, we can only
interpret the sign of Yk, j as Uk, j,R > Uk, j,L€ Yk, j > 0. Given
the same difference-in-attributes vector and the same random
error ek, j ~ N(0, 2s2j ) as in Equations 3a and 3b, this “choice-
based” assumption results in a binary probit model:

(3c) Yk,j > 0 € (Xk,R – Xk,L)j > –ek,j.
3. The statistical price of this seemingly weaker assumption is
that j and sj are no longer separately identified. We follow
the literature in fixing sj = 1 for all respondents j. Fixing sj
to the same quantity for all respondents introduces an addi-
tional subtle difference between the “choice only” conjoint
and the two metric assumptions in terms of the implied prior
on individual-level preferences: the implied choice-based
conjoint implies a multivariate normal prior for the individ-
ual level j/sj, whereas the two metric assumptions imply a
multivariate t-distribution with fatter tails. Therefore, the
metric assumptions “shrink” preferences less toward the mean.

We estimate the parameters of interest under all three
assumptions about the relationship between Yk, j and Uk, i, j.
Note that the regressions in Equations 3a–c do not have an
intercept. Adding one (with a j subscript) would control for
an individual tendency to “pull the slider” more to one side
than the other, irrespective of the alternatives. We have
explored such a specification and found that it did not make
any material difference in the estimates of the parameters of
interest.
To complete the model, we need to specify the priors for

, V, and {s2j }. Following previous literature (for a review,
see Rossi, Allenby, and McCulloch 2005), we let the vari-
ance of the random utility be idiosyncratic (i.e., independ-

( ) ( ) ( )
−

= − β + ε(3b) 10Y
max Y min Y

X X .k, j

k k, j k k, j
k,R k,L j k, j

3We also initially included country-specific salary-squared terms to
allow for diminishing marginal utility of salary. In general, we found mild
curvatures in the expected direction, but the squared terms were too poorly
empirically identified, so we decided to omit them in the final specifica-
tion. Details are available from the authors.
4The true value of a dollar earned depends on its relative purchasing

power in the local economy. For example, the International Monetary Fund
estimates that $1 in the United States buys as many goods and services as
$.65 would in China.

5Such censoring seems to have occurred in our study, because respon-
dents selected the extreme end of the scale (+5 or –5) in 26% of the
answers. However, the use of extremes also varies substantially across peo-
ple: 25% of the respondents never used an extreme, 56% used it rarely (five
times or fewer), and 8% always used it.



ent of other people’s parameters) whenever sj is actually
estimated rather than fixed for identification. We capture
this idiosyncrasy with standard conjugate mutually inde-
pendent priors: 

In contrast, we assume the deterministic component of
utility j is correlated across people and related to individual
characteristics, following the hierarchical prior described in
Equation 2. We use standard conjugate priors for V and ,
namely V ~ InverseWishart(0, S0) and vec()|V ~
N[vec(0), V ƒ Is2]. Although these priors enable us to
add a priori scale information in S0 and effect information
in 0, we try to let the data speak for itself and therefore use
proper but diffuse priors. Our specific settings are 0 = A +
3, S0 = I, 0 = 0, and s2 = 100.
Estimation and Demand-Simulation Methodology
We estimate the model in a standard Bayesian fashion by

generating draws from the posterior distribution of all
parameters using a Gibbs sampler. All the conditional pos-
terior draws are standard and follow Rossi, Allenby, and
McCulloch (2005). We ran the Gibbs sampler for 20,000
iterations, discarded the first 5,000 as burn-in iterations, and
used the remaining 15,000 draws to summarize the posterior
parameter estimates and conduct counterfactual exercises.
The Bayesian approach is ideal for simulating respondent

demand while accounting for all the estimation uncertainty.
Each simulation we conduct begins with a definition of the
job-market alternatives available to the job seekers. Given a
job market and a particular person, our goal is to compute
the expected choice probability for each alternative implied
by that person’s (j, sj) parameters. To account for estima-
tion error, we compute the probability separately for each of
the 15,000 post-burn-in posterior draws of (j, sj) and then
average the draws. To account for the random component of
utility given a particular (j, sj), we average more than 100
draws of the random utility e drawn independently and
identically distributed from normal(0,sj) for each alterna-
tive. Therefore, we join single-alternative utility functions
with a multinomial probit model (Hausman and Wise 1978)
with a diagonal covariance structure. One way to think
about our simulation strategy is to imagine that each person
generates 1.5 million pseudo people, each with his or her
own (j, ej) vector. Assume that each of the pseudo people
picks his or her utility-maximizing alternative, and the original

( )σ ν σ



 σ ν σ

χ
ν = σ =

−

ν
~ Gamma 2 , 2 , i.e., ~ , with 3, 1

3.j
2 1 0

0
2

j
2 0 0

2
2 0 0

2

0

“real-person” choice probability is the average choice
across these alter egos. In the statistical literature, this kind
of posterior predictive simulation is the standard approach
(Rossi, Allenby, and McCulloch 2005).

A FOLLOW-UP SURVEY: MODEL VALIDITY AND
SALARY EXPECTATIONS

In 2012, approximately two years after the initial survey,
we presented a follow-up survey to the 83% of the initial
respondents for whom we had an e-mail address as a by-
product of payment processing after the initial survey.
Specifically, we sent the follow-up survey to 259 initial
respondents. We did not have e-mail addresses for the
respondents in North Carolina, so the follow-up survey only
went out to respondents in California and Illinois. The goal
of the follow-up survey was to assess both external and
internal model validity as well as to collect country-specific
salary expectations from the original respondents. We
received 124 completed surveys, a response rate of approxi-
mately 52%. Overall, we have follow-up information on 40%
of the initial respondents. The follow-up survey data are
included in the data set posted on the first author’s website
(http://www.anderson.ucla.edu/faculty/robert.zeithammer).
Design of the Follow-Up Survey
The follow-up survey has three distinct parts. First, to

assess the external validity (i.e., to determine whether we
could predict future migration behavior of our respondents),
we asked respondents who had accepted a new job or aca-
demic position (in the time since they took the original sur-
vey) about the attributes of their new job and about other
offers they had received. Second, to assess the internal
validity (i.e., to determine whether the preferences we
measured are stable over time and across response modali-
ties), we presented all respondents with two job pairs from
the initial survey and asked them to indicate which they
would choose if these were the only job offers they had.
Table 2 presents the job pairs, which are the two U. S. ver-
sus China choices that were most difficult to predict at the
individual level in that the initial survey’s Yk,j was close to
zero on average and its standard deviation across respon-
dents was high.
The two follow-up hypothetical choices are similar to

standard retest reliability measures because the respondents
were unlikely to have remembered their initial responses for
almost two years. However, this is not a straightforward
test-retest reliability design because the follow-up task is a
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Table 2
FOLLOW-UP CHOICE QUESTIONS

Follow-Up Question 1 Follow-Up Question 2
Attribute Job Offer A Job Offer B Job Offer A Job Offer B
Location China inland U.S. inland China coastal U.S. coastal
Employer Private Public research lab Private Public research lab
Job title Director Scientist Manager Scientist
Salary $70,000 $95,000 $70,000 $120,000
In Initial Survey
Average Yk,j: strength of preference for B .59 .74
(scale ranges from –5 to +5)

Standard deviation of preference for B 3.04 3.01
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choice, whereas the initial survey involved a strength-of-
preference judgment. 
In the third part of the survey, we collected the respon-

dents’ beliefs about current market salaries. We asked them
to estimate the typical annual salary (including bonuses and
any standard housing support) a researcher with an Ameri-
can doctorate in their field could expect to earn, depending
on location (United States vs. China).
Results of the Follow-Up Survey: External Validity
Our investigation of actual migration behavior is limited

by a small number of observations because only 31 follow-
up respondents had changed jobs by the time of the follow-
up survey. Of the 31 respondents with new jobs, 28
remained in the United States, a finding that is broadly in
line with the stay rates reported in Finn (2010). Fifteen
(54%) of them settled in a “coastal” city, whereas the
remaining 13 (46%) settled in an “inland” city, according to
our attribute nomenclature. For these 28 people, we are not
able to accurately predict who settles where by using a
simulated job market with otherwise equivalent job offers
in all four possible U.S. locations.  Among the respondents
who settled inland, our average estimated probability of set-
tling there is only slightly greater than 50% and is not sig-
nificantly higher than the same probability among respon-
dents who did not settle there.6 Although this result is based
on a small number of respondents, it suggests that we can-
not unconditionally predict where Chinese STEM PhDs
locate. However, our seeming inability to predict outcomes
does not immediately invalidate our method from an exter-
nal validity standpoint. Instead, we propose that our model
is incomplete for making such a prediction. We only meas-
ured demand for jobs, and demand alone seems insufficient
to predict where Chinese STEM PhDs locate. To perform
this prediction, researchers would need a model of the sup-
ply side and a model of how demand interacts with supply
in a job search. Such a model is beyond the scope of this
article.
To illustrate the importance of the supply side, we note

that the school’s location predicts location better than our
demand simulations: among students who received their

doctorates from a Midwestern school (approximately half
the 28 respondents with new jobs in the United States), 60%
had accepted a new job in the Midwest as opposed to 31%
of students with a California “coastal” doctorate.
Another way to document the importance of the supply

side is to consider the extent to which the candidates actu-
ally choose between U.S. and Chinese job offers. In addi-
tion to the 31 respondents with new jobs, our survey also
collected offer data from 15 additional respondents who had
received but not yet accepted any offers. Of the 46 resulting
people with offers, 19 received only one offer (17 in the
United States, 2 in China), so it is difficult to discern
whether they were even searching in both countries. Of the
remaining 27 people with multiple offers, only four (15%)
had offers in both countries, and the majority (21 people;
78%) only had U.S. offers. It is not clear whether the lack
of job offers from China reflects a lower relative supply of
PhD STEM positions or whether the scope of the graduates’
job searches simply did not focus on Chinese opportunities.
Regardless of the underlying reason, our respondents had
more offers in the United States than in China—just as the
students from the Midwestern school seemed to have more
offers in the Midwest. We conclude that the supply of
STEM jobs is somewhat local.
Results of the Follow-Up Survey: Internal Validity
We propose that our model is internally valid because we

can predict the follow-up choice well. We begin by offering
model-free evidence of the predictive power of the initial
survey data and then show how the model captures this pre-
dictive power. Table 3 shows the model-free evidence:
respondents’ valence and strength of preference on the ini-
tial survey predicts their follow-up choice in that greater
preference for job B almost always implies a greater proba-
bility of choosing B in the follow-up survey.7 In other
words, a person’s strength of preference more than a year
ago is highly predictive of their choice in the follow-up task
in the present.
Note that the relationship between strength of preference

and follow-up choice in Table 3 does not depend on any

6No large differences are present between the three variants of our mod-
eling assumptions. Analogously, we could not have predicted which 3
respondents of the 31 would end up in China on the basis of demand esti-
mates alone.

7The only deviation from a monotonic relationship between strength of
preference and subsequent choice occurred among people who strongly
preferred job A in the second follow-up task: instead of choosing job A
with high probability (like people who only preferred A “somewhat”), they
seemed to be indifferent between A and B.

Table 3
ACTUAL PROBABILITY OF CHOOSING JOB B AS A FUNCTION OF INITIAL PREFERENCE STRENGTH

Strength of Preference Reported on Initial Survey
Strongly Prefer A Somewhat Prefer A Indifferent Somewhat Prefer B Strongly Prefer B

Yk,j Œ {–5, –4} Yk,j Œ {–3, –2} Yk,j Œ {–1, 0, 1} Yk,j Œ {2, 3} Yk,j Œ {4, 5}
Task 1
Percentage choosing B 11% 30% 50% 76% 95%
Number of people 18 23 20 41 22

Task 2
Percentage choosing B 53% 36% 62% 84% 81%
Number of people 15 25 26 32 26

Average over tasks 30% 33% 57% 79% 87%
Notes: We estimate “actual probability of choosing B” by the percentage of respondents with a given initial preference who subsequently choose B in the

follow-up task. The average over follow-up tasks in the last row is weighted by the number of respondents.



modeling assumptions. Instead, it is evidence of preference
stability over time and across response modalities. To sum-
marize the follow-up predictive power of the initial survey
data, we can also calculate choice hit rates using a natural
choice “model” that only considers the valence of the
strength of preference: positive Yk, j predicts that j chooses
B, negative Yk, j predicts j chooses A, and zero Yk,j random-
izes (note that we do not have to resort to randomization
very often: of the 124 respondents, 5 and 6 submitted Yk, j =
0 in the initial survey for follow-up questions 1 and 2,
respectively). The hit rates of such a model are 76% for the
first follow-up task and 69% for the second. Both hit rates
are not only substantially higher than the 50% random
choice would generate but also higher than the simpler pre-
diction that all respondents would choose the more popular
alternative (see Table 4).
We next turn to the ability of our random utility model to

predict the follow-up choice. To assess the predictive per-
formance of the models, we perform counterfactual simula-
tions for each follow-up task and each variant of the model
assumptions. Figure 1 and Table 4 present the results of this
exercise. We draw two conclusions: First, the differences
between the three variants of the modeling assumptions are
not large, and no dominant specification emerges. Second,
the random utility model predicts the choices almost as well
as the person’s strength of preference reported in the initial
survey.
Figure 1 presents information analogous to that in Table

3—namely, the relationship between predictions and reality.
The models’ predictions take the form of posterior predic-
tive probability distributed continuously between 0 and 1,
so we used a kernel smoother and a plot instead of a table to
map out the relationship. In a perfect world, the actual
probabilities would equal the predicted probabilities and the
plots would coincide with the diagonal. Although our results
are not that perfect, we propose that the actual probability
curves are, for the most part, increasing and close enough to
the diagonal. Analogous with the results in Table 3, we
again find one major deviation in the second follow-up task
for low probability of choosing job B (see footnote 7).
Importantly for our research, the three alternative

assumptions about the relationship between utility and the
strength-of-preference rating produce similar results. Here-
inafter, we thus use what we consider the simplest assump-
tion, namely, metric conjoint’s interpretation of Yk, j as a dif-
ference in utility. The three assumptions are also similar to
one another in terms of follow-up hit rate (see Table 4).
Surprisingly, the parametric model also predicts nearly as

well as the nonparametric model-free strength of prefer-
ence, with an average hit rate of approximately 72%. Note
that the individual strength of preference is task specific,
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Table 4
FOLLOW-UP HIT RATES

Prediction Method Type Specific Assumptions Made in Prediction Modeling Follow-Up Task 1 Follow-Up Task 2 Average over Tasks
Model-free methods Individual strength of preference 76% 69% 73%

All choose more popular (B in both) 57% 65% 61%
Random utility models (1) Metric conjoint 74% 69% 72%

(2) Metric conjoint, standard range 74% 69% 71%
(3) Implied choice only 77% 68% 72%
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Figure 1
ACTUAL PROBABILITY OF CHOOSING JOB B IN A FOLLOW-UP
TASK AS A FUNCTION OF PROBABILITY PREDICTED BY THE

RANDOM UTILITY MODEL

A: Follow-Up Choice Task 1

B: Follow-Up Choice Task 2

Notes: The three lines correspond to the three assumptions 3a–3c about
the link between observed response and underlying utility. The histograms
capture the percentage of respondents with given predicted probability. Pre-
dicted probability is based on model estimates using the initial survey, under
the three alternative assumptions (1–3). Actual probability is based on
choices in the follow-up survey. The smoother uses a normal kernel with a
standard deviation of .05.
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whereas the random utility model can be used to predict any
choice captured by the attribute space in Table 1. It is there-
fore surprising that the model predicts as well as the meas-
urement tailored to the task. An explanation is that although
it is model free, the task-specific strength of preference rat-
ing involves random or context-specific mistakes that the
random utility model averages by considering all 25 tasks.
However, a deeper analysis of the relative merits of the two
prediction approaches is beyond the scope of this article.
Whether we investigate hit rates or the more detailed

ability to predict choice probabilities, we conclude that our
proposed model accurately predicts delayed follow-up
choice. The model’s accuracy is almost the same as the
accuracy of within-person, task-specific preference data,
suggesting that the random utility model captures hetero-
geneity in individual preferences. Assuming the stated
choice in the follow-up survey is a clean measure of what
respondents would choose in real life, we can predict where
Chinese STEM PhDs would locate conditional on a specific
set of available job offers.
Results of the Follow-Up Survey: Salary Expectations
For later simulation purposes, we also estimate the aver-

age salary in each location using both secondary sources
and our follow-up survey. The 2011 National Science Foun-
dation Survey of Doctorate Recipients estimates that
median basic annual salary for STEM doctorate recipients
with definite postgraduation plans for employment in the
United States is between approximately $60,000 in acade-
mia and $100,000 in the private sector. Our follow-up sur-
vey broadly corroborates this estimate in that the median
respondent expects to earn between $80,000 and $100,000
when working in the United States (for details, see Appen-
dix E). Among the 28 respondents who had just accepted a
job offer, the distribution of reported salaries was broadly
consistent with these expectations, with a mean of approxi-
mately $75,000.
In contrast to the United States, it is difficult to obtain

salary and overall compensation data for positions in China.
One rough average salary estimate for China is available
from Derkach (2009), who reports a 2008 survey by the
global human resources consulting firm, Hewitt Associates,
of compensation packages between $26,000 and $50,000
for Chinese “professional returnees.” In our follow-up sur-
vey, we find that the Chinese median salary our specific
respondents expect is between $40,000 and $60,000. Our
counterfactual exercises depend mostly on the difference
between U.S. and Chinese salaries. Regarding this differ-
ence, our follow-up survey implies a median within-person
salary difference of $40,000.

ESTIMATION RESULTS: PARAMETERS
The previous section shows that the three alternative

assumptions about the relationship between our strength-of-
preference measurement and the underlying utility produce
nearly identical follow-up results. In Appendix D, we docu-
ment that they also result in similar population-level esti-
mates of the marginal impact each attribute has on utility.
Finally, we find that the qualitative results of our counter-
factual simulations also do not depend on which assumption
we make (results available from authors). Therefore, we work
under the simplest metric conjoint assumption hereinafter.

Table 5 presents the population average of the estimated
parameters () and shows how individual characteristics ()
affect them. Following the basic metric conjoint assumption
in Equation 3a, we interpret the  parameters as marginal
utilities associated with differences in attribute levels. We
measure differences in utility on the ten-point (–5 to +5)
strength-of-preference scale. Not reported in Table 5 is our
estimate of the standard deviation s of the random compo-
nent of utility (e); it varies across respondents with a mean
and median of approximately 1.3. 
Each marginal utility of the first three attributes is

expressed relative to a baseline attribute level [China home,
private firm, researcher status], which we assume to have a
utility fixed to zero. For example, the negative sign of the
population average of US_BASE indicates that our respon-
dents dislike locating in a large U.S. coastal city compared
with locating in their hometown. 
The magnitude of the estimate of –.94 “utiles” means 

that our respondents slide the strength-of-preference slider
approximately .94 points (on the –5 to +5 strength-of-
preference scale) toward their home city if the other job is
in a large U.S. coastal city, ceteris paribus, for a job in a pri-
vate sector.8 Another way to interpret the .94 magnitude is
that the random shock to utility e associated with a U.S. job
would have to be approximately .72 ª .94/1.3 standard devi-
ations (sj) above the random shock associated with a Chi-
nese job in one’s hometown. The salary attribute is an
exception to the dummy coding, because it enters the utility
linearly and is measured in $10,000s. The average country-
specific SALARY parameters indicate that respondents value
a $10,000 raise .45 utiles in China and slightly less in the
United States. One way to interpret this magnitude in terms
of the marginal utility of the other attributes is that a job in
a large U.S. coastal city would have to pay (.94/.45) ¥
$10,000 ª $20,000 more for the average respondent to be
indifferent between it and an otherwise equivalent job in his
or her home city in China. Because salaries tend to vary by
more than $20,000 between U.S. and Chinese job offers
(indeed, our follow-up survey estimates the average differ-
ence to be $40,000), we conclude the average respondent
cares a great deal about salary compared with other attributes.
Table 5 also implies that the average Chinese STEM PhD

prefers working in the U.S. public sector to the private or
the Chinese public sectors and prefers a “higher-status”
managerial position. In terms of geographical preference,
the respondents’ average favorite location is either their
hometown in China or a coastal Chinese city, followed by a
large coastal city in the United States. Conversely, any-
where in the United States is better than the inland
provinces of China. Note that our analysis of dollar-based
salaries with country-specific salary parameters enables us
to control for the perceived purchasing-power differences,
so we identify a preference for China as a place separately
from a preference for China as a place to spend dollars.

8The fact that our salary parameters are country specific complicates this
interpretation: when both jobs offer salary $X ¥ 10,000, our respondents
actually slide the strength-of-preference slider approximately US_BASE –
(SALARY_CHINA – SALARY_US)X = .94 + (.46 – .44)X = .94 + .02X points
toward their home city. The additional term is negligible. For the same rea-
son, care should be taken when comparing public sector jobs.
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Although the average preferences tell an interesting story,
the averaging masks a great deal of heterogeneity across the
population. Figure 2 illustrates the heterogeneity in U.S.
baseline preference by computing a Chinese salary that
would make each person indifferent between two otherwise
identical jobs, with the U.S. job paying $90,000.
The median respondent has a preference toward China

and is willing to accept $64,000 to be indifferent to $90,000
in the United States, but 20% of the population is willing to
accept a salary reduction to stay in the United States. Who
are those people, and can U.S. employers target them using
their observable characteristics? We detect several system-
atic relationships between preferences and personal charac-
teristics: Table 2 shows the posterior mean of  that cap-
tures marginal effects of the characteristics on the 
parameters (see Equation 2). We next discuss these findings.
Analogous to the attributes themselves, the interaction

between gender and marital status is also coded relative to a
baseline attribute level [single male] subsumed in the con-
stant. All other characteristics are also dummy variables,
except the national pride measure, which is continuous and
scaled between 0 and 1 (for summary statistics of the char-
acteristics data, see Appendix C). We can meaningfully
compare the magnitudes of the individual elements of the
“dummy-on-dummy” part of  with one another. The demo-
graphic effects on location preferences within China are as
we expected: hailing from an inland Chinese province
reduces (but does not fully eliminate) the reluctance to
locate there. The demographic effects on location prefer-
ences within the United States are more surprising given

prior findings that immigrants generally prefer to live close
to ethnic community centers: attending school in a medium-
sized, centrally located city turns the relative preference
toward such cities and away from large coastal cities. We
interpret this correlation as respondents’ desire to stay in a
familiar environment.
The location preference most important to the return

migration decision is the preference for the United States
versus China hometown. By far, the largest effect we find
on this preference is our national pride measure: the results
in Table 5 imply that people who scored the highest on our
national pride index (score: .92) moved the slider approxi-
mately 2 points [ª2.73 ¥ (.92 – .2)] more toward a Chinese
job offer than people who scored lowest on the index (.2).
In terms of demographics, we find that single men and peo-
ple aged 30 years and older prefer to locate in China.
Notably, we do not find a positive correlation between
spending time in the United States and preferring to locate
there—an effect we expected to be strong. Another pre-
dicted correlation we do not find is a relationship between
having children and a preference for locating in the United
States.
The effects of demographics on the salary coefficients are

not directly comparable in magnitude with the effects on the
coefficients for attributes coded as dummy variables. Two
relationships stand out: (1) single women are less sensitive
to the magnitude of Chinese salaries and (2) spending time
in the United States makes people more sensitive to the
magnitude of U.S. salaries.
Although the marginal effects () are notable in their

ability to suggest particular personal characteristics as
sources of heterogeneity in return migration, simulations of
every respondent’s decision best answer the research ques-
tions we asked, because all the individual characteristics are
mutually correlated (e.g., age, marital status). For example,
because single men tend to be young, it is necessary to per-
form a counterfactual simulation to determine whether a
policy targeting younger people or a policy targeting mar-
ried people and women would be more effective in attract-
ing Chinese STEM PhDs to remain in the United States.
The important takeaway from the estimation results is that
the estimation flexibly accounted for both population
heterogeneity in  and for correlations of  over individual
respondents and demographic groups. All the information
needed for predicting individual behavior is included in the
posterior distributions of each j and sj, which we use in
our simulations in the following section.

SIMULATIONS TO PREDICT COUNTERFACTUAL
PREFERENCES

As we discussed in the “Model, Estimation, and Simulation
Methodology” section, the Bayesian approach we use is ideal
for simulating respondents’ choices from counterfactual sets
of employment opportunities. Instead of operating in the util-
ity space by discussing parameter estimates, the simulations
enable us to predict demand for jobs in terms of share in a
hypothetical market constructed from the attributes in Table 1.
In addition to making clearly interpretable predictions in terms
of shares, the counterfactual simulations also enable us to
assess potential effectiveness of targeting talent-retention
policies by observable demographics.

Figure 2
WILLINGNESS TO ACCEPT A SALARY REDUCTION TO STAY IN

THE UNITED STATES
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Our market simulations combine single-alternative utility
functions into a multinomial probit model (Hausman and
Wise 1978) with a diagonal covariance structure of the ran-
dom components of utility. The diagonality of our covari-
ance implies that our simulations suffer from a problem akin
to the independence of irrelevant alternatives at the individ-
ual level (McFadden, Tye, and Train 1976). To guard
against erroneous results that might seep in due to the diag-
onality, we first ensure that the choice set always includes
the same number of China- and U.S.-based alternatives,
thereby not stacking the random utility deck for either coun-
try. Second, we vary the size of sj from the estimated value
(whereby the random utility e is interpreted as utility due to
attributes that influence eventual choice but are unobserved
by the analyst) down to zero (whereby the random utility e
is interpreted as error in our measurement of the true util-
ity). All of our results report a band of choice probabilities
arising from these different assumptions about e, and the
reader can thus observe which results are driven by e and
which are robust to its inclusion in the utility.
All the counterfactuals we compute are conditional on the

population we study (i.e., Chinese STEM PhDs studying in
the United States). Our methodology does not model poten-
tial changes to the size and composition (and, thus, the dis-
tribution of preferences) of future student populations in
response to changes in the independent variables. For exam-
ple, we can estimate how the preference for returning to
China would change in response to an increase in Chinese
salaries, but we cannot estimate how many and what type of
Chinese students would choose to study in the United States
in the future after Chinese salaries increased. In this sense,
our counterfactuals are more useful for the medium run than
the long run.
Simulation 1
Our estimation results illustrated in Figure 1 indicate that

a majority of Chinese STEM PhDs would prefer to locate in
China over the United States if nominal annual salaries were
similar enough between the two countries. However, current
American STEM jobs pay approximately $40,000 more, and
our results also indicate that nearly all Chinese STEM PhDs
are sensitive to salary when considering a job offer. Assuming
that graduates have offers in both countries that differ only in
terms of salary, can the salary difference explain the current
low return rates? How much would the demand for jobs in
China (i.e., demand for return migration) increase if the cur-
rent wage disparity between the two labor markets decreased?
To answer these questions, we consider research posi-

tions located in large cities in the following regions: China
coastal, China inland, U.S. coastal, and U.S. inland. Figure
3 displays the simulation results split by gender. The
reported return shares can be considered statistically accu-
rate within a few percentage points (on the basis of the pos-
terior standard deviation of shares, which we do not report
in detail). Note that these shares in our hypothetical market
are a way to express demand for jobs; they do not take into
account supply of jobs, so they are not unbiased predictions
of migration outcomes.
Figure 3 contains both main findings of this research:

First, the current salary disparity partly explains the current
low return rates because the demand for returning to China
is elastic in Chinese salaries. For example, assuming a U.S.

salary of $90,000 and a Chinese salary rising from $50,000
(reflecting the current salary gap), the elasticity of demand
for locating in China is between 1.5 (associated with sj = 0)
and 1.1 (associated with estimated sj). Figure 3 illustrates
that the demand is steep near the present level of the salary
gap: only approximately 33% of graduates9 prefer to locate
in China when the United States–China salary gap is
$40,000, approximately 50% would do so if the gap nar-
rowed to half that, and approximately 70% would do so at
salary parity. However, not all Chinese STEM PhDs are the
same, as we discuss next.
Note that although 33% (our estimate of the return pref-

erence under current salary conditions) is a low number, the
actual return rates have recently been even lower—at
approximately 10% in 2005 (Finn 2010). Assuming that we
capture preferences well, it must be that our hypothetical
market does not capture the opportunities available in the
real world, and graduates actually get relatively more job
offers in the United States than in China. Our analysis of
received offers in the follow-up survey broadly confirms
this explanation of the discrepancy.
Our second main finding is that single men prefer to

return more than women and married men. Given the cur-
rent salary gap and the simulation with sj estimated, 39% of

13 JOURNAL OF MARKETING RESEARCH, Ahead of Print

Figure 3
IMPACT OF SALARY DIFFERENCE ON PREFERENCE FOR

RETURN TO CHINA
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Notes: This figure presents the results of a simulation with four alterna-
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ward-sloping curves represent the proportion of respondents predicted to
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9By “33% of graduates,” we mean 30% of the 1.5 million simulated
pseudo people, each with his or her own (j, ej) vector drawn from the pos-
terior. For details, see the “Estimation and Demand Simulation Methodol-
ogy” subsection.
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single men prefer China compared with 29% of others.
Potential increases in Chinese salaries widen this difference
in preferences: should the gap narrow to half the present
level, approximately 56% of single men would return to
China compared with approximately 45% of other graduates.
We can only speculate what underlies the difference

between single men and other people. A more detailed
analysis reveals that women have a lower preference for
China than men of the same marital status. The difference is
greater among singles, and married men have a lower pref-
erence for China than single men. The finding that married
women have similar location preferences to single women
suggests that women prefer to stay in the United States
because of career considerations rather than because of mar-
riage prospects. Further research is needed to validate and
explain the complex gender–marital status interaction we find.
To begin answering the question of location choice within

the United States, we also computed the relative job-market
share of U.S. inland locations (i.e., regions outside the West
Coast and Northeast) within all of the United States. We
found that a sizeable proportion of our respondents prefer
the centrally located cities in this simulation: between 30%
(with sj = 0) and 44% (with estimated sj) of all who stay in
the United States. The reason for the large impact of random
utility is that the average Chinese STEM PhD prefers a
coastal location in the United States, but only slightly (see
Table 5). In the next simulation, we examine the question of
location within the United States in more detail.
Simulation 2
As we discussed previously, many new STEM jobs are

outside the West Coast and Northeastern regions of the
United States, in areas that are not traditionally home to
large ethnic Chinese communities. We assess the impact of
this potential shift in job opportunities by asking how many
more Chinese STEM PhDs would prefer to return to China
if U.S. coastal jobs were no longer available. To answer this
question, we simulate choices from the following locations:
China coastal, China inland, U.S. inland large city, and U.S.
inland medium city. We again focus on researcher jobs in
the private sector (as in Simulation 1).
We do not provide a separate figure for the results of the

present simulation because we find little difference from
Figure 3. When we compute the additional predicted returns
as a function of the salary difference between the United
States and China, compared with Figure 3, we find the num-
ber to be solidly below 3% for all salary-gap levels. In other
words, no more than an additional 3% of Chinese STEM
PhDs would prefer to return to China if U.S. coastal jobs
became unavailable. One countermeasure that firms might
consider is to offer a salary premium for jobs located out-
side the major urban hubs on the U.S. coasts. To assess the
impact of such a measure, we conduct another simulation,
this time focused solely on location choice within the
United States.
Simulation 3
How many more Chinese STEM PhDs would prefer to

locate in the inland portion of the United States if they
received a financial incentive? This question is especially
relevant to managers of inland firms and research institutions.
To answer it, we simulate choices from the following loca-

tions: U.S. coastal large city, U.S. coastal medium city, U.S.
inland large city, and U.S. inland medium city. Again, we
focus on researcher jobs in the private sector (as in Simula-
tions 1 and 2) to make the results comparable. Figure 4 shows
the impact of inland firms that pay more than coastal firms,
focusing on the simulations with a random utility component
(without it, all the curves become steeper). This simulation
may also be interpreted as a scenario of a Chinese STEM
PhD who wants to stay in the United States and receives job
offers from all four U.S. regions mentioned in our study.
The overall result is that the dislike for inland locations is

not as strong as might be expected. Preferences for locating
inland increase strongly with a salary premium (approxi-
mately 1% increase in the proportion of people who prefer
inland per each $1,000 increase in salary), and students
graduating from inland universities are approximately 10%
more likely to prefer inland U.S. locations at all salary lev-
els. Note that many such students exist because the top
seven universities in terms of number of PhDs granted to
foreigners are located outside the West Coast and Northeast-
ern corridor (the top seven are University of Illinois, Ohio
State University, Pennsylvania State University, Texas
A&M University, Purdue University, University of Min-
nesota, and University of Michigan; Hoffer et al. 2007).

Figure 4
IMPACT OF SALARY ON LOCATION CHOICE WITHIN THE

UNITED STATES
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Notes: This figure presents the results of a simulation with four alterna-
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working at a coastal university. All curves are based on expected utility
plus a random component with variance estimated from variations in ques-
tionnaire responses.



Even more encouraging for firms and research centers in
Raleigh-Durham, N.C.; Austin, Tex.; and other such loca-
tions, a sizeable proportion of Chinese STEM PhDs even
prefer a medium inland city to a large one. We conclude that
although the loss of coastal opportunities outright could
somewhat increase return migration (Simulation 2), Chinese
STEM PhDs’ sensitivity to salary means that companies and
universities located in the Midwest and Southeast can keep
these graduates in the United States and attract them with
modest salary premiums (relative to coastal jobs).
Simulation 4
In addition to segmenting the respondents on the basis of

demographics, we also consider segmenting them by
national pride. For this simulation, we split our respondents
into quartiles based on pride and essentially reran Simula-
tion 1. To measure national pride, we use the “general
national pride” scale introduced by Smith and Kim (2006)
(for details, see Appendix B). Notably, differences in a
respondent’s general national pride are not correlated with
demographics: all correlations are less than .1 in absolute
value. Therefore, the split on pride is different from other
splits considered thus far.
The posterior mean of  in Table 5 indicates that national

pride should have a large positive effect on the preference
to return to China. Table 6 quantifies the size of the effect in
terms of the proportion of people who prefer China, and the
effect is indeed large: at current salaries, increasing the
national pride from the bottom quartile to the top increases
the preference for China from approximately 26% to
approximately 40%—a jump of almost two-thirds. In terms
of the difference in the proportion of people who prefer
China, the effect of increased national pride persists at
smaller salary gaps.
We propose that the national pride in China is likely to

rise as the salary gap narrows, because both are conse-
quences of growth and progress (Liew and Smith 2012).
Therefore, this simulation suggests that halving the salary
gap may actually increase the preference for return migra-
tion more than Simulation 1 suggests by simultaneously
raising the level of pride.
The managerial and policy implications of this simulation

are obvious: it is much easier to attract low-pride Chinese
STEM PhDs to stay in the United States than their high-
pride compatriots. The practical problem is how to observe
someone’s national pride without administering the ques-
tionnaire. We do not find any strong variations with observ-
ables, but Smith and Kim (2006) document a positive rela-
tionship with a dominant cultural group (e.g., Han Chinese
in the case of China) and opposition to globalization and
internationalism. Conversely, the Chinese government,

which is interested in attracting returnees, should be able to
do so by increasing national pride among the Chinese
STEM PhDs. Our results suggest that a marketing commu-
nication related to the positive items of the nationalism
scale targeted specifically at Chinese STEM PhDs should
substantially increase the interest in returning.
Simulation 5
Our next simulation addresses the question of status.

Iredale, Guo, and Rozario (2003) report that Chinese STEM
PhDs would like to be managers, but they perceive a “glass
ceiling” keeping them out of management in the U.S. job
market. We confirm that the average Chinese STEM PhD
would prefer to be a manager or even a director instead of a
“mere” researcher. The glass ceiling based on race that Chi-
nese STEM PhDs experience in the United States does not
exist for them in China, so we wanted to know how many
more graduates would want to return if all Chinese job
opportunities offered more managerial roles. To answer this
question, we simulate the same job market as in Simulation
1, but we vary status instead of salary. All U.S. alternatives
involve a researcher (low-status) position. In line with the
status quo, we assume all U.S. jobs pay $40,000 more than
Chinese jobs.
We find that a preference for locating in China increases

substantially when the Chinese job has a higher status: com-
pared with the 33% preference when both Chinese and U.S.
jobs are researcher positions, the preference for China
increases to 42% when the Chinese job is a “Manager” and
45% when the Chinese job is a “Director.” These results do
not necessarily contradict Stern’s (2004) conclusion that
“scientists pay to be scientists”: Stern finds that biology
PhDs received lower salary offers from firms that allowed
or even encouraged individual scientific work and publica-
tion than from firms that did not. Unlike in Stern’s work,
our managerial positions are specified in terms of the num-
ber of subordinates at the same firms as researcher posi-
tions, so a management position does not imply working for
a firm with less scientific focus. If anything, the preference
for managerial positions we find may stem from the same
desire to “do science” that Stern documents: lab directors
may be more able to fulfill their scientific ambitions than
the researchers working under them.
The policy implications for both American and Chinese

employers are again evident: offering managerial responsi-
bility enhances the ability to retain a talented worker. The
largest gains in preference are between researcher and
manager job titles, defined as having up to ten subordinates.
Therefore, even a few subordinates can have a significant
impact. For American employers, overcoming the percep-
tion of a glass ceiling is also important.
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Table 6
PROPORTION OF PEOPLE WHO PREFER CHINA AS A FUNCTION OF THEIR NATIONAL PRIDE

Salary Gap (United States–China); s Set to Zero Salary Gap (United States–China); s as Estimated
National Pride $0 $20,000 $40,000 $0 $20,000 $40,000
Top quartile 83% 63% 42% 72% 55% 39%
Third quartile 74% 55% 33% 65% 49% 34%
Second quartile 76% 54% 28% 66% 48% 31%
Bottom quartile 66% 43% 26% 57% 40% 26%
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COMPARISON WITH A SIMPLE RETURN-ATTITUDE
SURVEY

At the end of our online survey, we asked each respondent,
“What is your current attitude about returning to China?”
They entered their responses on a scale from “Definitely will
go back and have made arrangements to do so” to “Defi-
nitely will not go back.” Using our simulations, we can relate
these intentions to actual location preferences. If a monoto-
nic relationship exists between a positive attitude toward
return and a preference to return as measured by conjoint
analysis, this exercise can effectively calibrate the scale.
Table 7 maps out the relationship for three levels of the

salary gap between the United States and China (current,
half of current, and none) in a market setting identical to
Simulation 1: private-sector jobs in large cities. It is evident
that responses to intention questions are informative about
the underlying preference but are dramatically biased
upward. For example, “I will definitely return” does not
mean “I prefer to return with 100% probability” but rather
“the chance I prefer to return is approximately 62%.” Even
more strikingly, when we bestow personhood on all the
simulated pseudo people, only one of three people who say
“I will probably return” actually prefers to return. Another
notable calibration we can deduce is that “Can’t really say
now” is a polite way of saying “Probably not.”
These results also tie our study back to direct attitude sur-

veys: if we interpret the top three most positive responses as
an intention to go back to China, we find that approximately
half our respondents say that they intend to go back, in line
with prior surveys (e.g., Huang 1988; Orleans 1988; Zweig
and Chen 1995). Table 7 thus helps us reconcile our results
with these prior surveys by suggesting that they were all
systematically biased upward (toward return), whereas our
survey is closer to reality. In other words, our analysis
explains the discrepancy between stated intentions and
behavior as a miscalibration of the respondents regarding
their own sensitivity to salary. This miscalibration is likely
a result of a focusing illusion (Schkade and Kahneman
1998) whereby respondents overestimate the importance of
a focal attribute (i.e., location) in a question and forget that
they also derive utility from several other attributes that
vary between locations (e.g., salary, status).
The direct return-attitude response is biased upward when

we compare the stated intentions with actual behavior or
preferences measured by conjoint. However, we might still

consider an appropriately calibrated attitude question to
measure preferences. We can assess this possibility by
measuring whether the response to the attitude question is
predictive of choice in our delayed follow-up tasks (for details
of the tasks, see the section “A Follow-Up Survey: Model
Validity and Salary Expectations”). Because each of the two
follow-up tasks involves a choice between a U.S. job and a
Chinese job, we can determine whether answering, “Proba-
bly will go back and have kept up strong ties with China” or
“Definitely will go back…” is predictive of choosing the
Chinese job in follow-up survey. It is not: the hit rate of such
a prediction is 62% in each task—10% less than our model
of preferences. In addition, we found that the attitudes are
not reliable within a respondent over time: the correlation
between the response at the time of the first survey and the
response to the same question at the end of the follow-up
survey is only .30, and no discernible trend exists. Note that
we computed this correlation only among the 102 people
who did not answer “Can’t really say now” at either time.

DISCUSSION AND IMPLICATIONS FOR PLACE
MARKETING STRATEGY

In this article, we develop and test conjoint analysis as a
measurement tool of return-migration preferences among
foreign scientists and engineers educated at U.S. universi-
ties. Our testing is based on a delayed follow-up choice task
that is attribute-equivalent to a strength-of-preference task
on the initial survey, and we find that conjoint analysis pro-
duces individual-level return-migration preference esti-
mates that are stable over time on a scale of years and across
response modalities (i.e., an initial strength of preference
modality accurately predicts follow-up simple choice). In
contrast, a direct return-migration attitude survey is not reli-
able over time, does not predict the follow-up choice task,
and dramatically overpredicts actual returns. We also cau-
tion against using the demand estimates alone to predict
market outcomes in contexts in which the supply side and
search play important roles (e.g., the labor market).
Conjoint’s ability to measure return-migration prefer-

ences makes it a useful approach in developing governmen-
tal and firm place-marketing strategies for attracting and
retaining foreign doctoral graduates in STEM fields. Retain-
ing these graduates is critical for future competitiveness of
the U.S. economy because foreign-born students account
for a large proportion—in some fields, almost two-thirds—
of doctoral degrees granted. At the same time, secondary

Table 7
RELATIONSHIP BETWEEN ESTIMATED PREFERENCES AND REPORTED ATTITUDES

Reported Attitude: Answer to Salary Gap (United States–China); Salary Gap (United States–China);
“What Is Your Current Attitude Number of σ Set to Zero σ as Estimated
About Returning to China?” People $0 $20K $40K $0 $20K $40K
Definitely will go back and have made 12 97% 92% 78% 82% 74% 62%
arrangements to do so

Definitely will go back, but don’t know when 63 82% 59% 40% 71% 55% 39%
Probably will go back and have kept up strong 84 86% 68% 43% 74% 58% 41%
ties with China

Probably will go back but have not kept up ties 72 76% 54% 30% 66% 48% 31%
Not very likely to go back, but might go if things 50 45% 20% 8% 42% 24% 13%
changed in China greatly (pooled with two
“Definitely will not go back” responses)

Can’t really say now 31 68% 45% 23% 61% 41% 25%



data about employment preferences among foreign STEM
PhDs are severely lacking, and a survey approach such as
conjoint can fill the gap in our knowledge. We focus our
study on Chinese doctoral students and postdoctoral
researchers in STEM fields at American universities
because Chinese nationals are the largest group in terms of
the number of doctorates earned in the United States. Until
now, they have been rather hesitant hai gui, with only
approximately one in ten returning to China. Our analysis
explains the hesitation not as an inherent preference for the
United States but as an issue of money. We find that if
salaries were the same everywhere, most Chinese STEM
PhDs (approximately 70%) would prefer to return because
they strongly prefer locating in their hometowns or in a
large coastal Chinese city to locating anywhere in the
United States. Overall, we find that Chinese STEM PhDs,
at least in the medium run (five to ten years postgraduation),
prefer to remain in the United States due to a combination
of more abundant local job offers and their strong prefer-
ence for higher salaries.
Our results indicate several possible actions U.S. policy

makers can take to attract and retain Chinese STEM PhDs.
First and most obviously, policy makers could widen the
wage gap by increasing the starting U.S. salaries of newly
minted PhD engineers and scientists, perhaps through a tar-
geted tax break. Even without a boost in salaries, our results
indicate that increased retention could be achieved through
advertising that focuses on the salary attribute and deem-

phasizes location. For example, advertising messages
should emphasize the current salary disparity. In contrast,
messages about the benefits of U.S. locations would hurt
retention by focusing on an attribute that influences work-
ers to return home. Another fruitful direction advertising
might take is to attempt to reduce Chinese national pride, a
presumably malleable individual characteristic we found to
be strongly positively correlated with return preferences.
Second, we find that it might be beneficial to target

demographic groups that are more likely to stay (e.g.,
women, younger people). Our simulations not only suggest
which demographic groups are more likely to stay but also
estimate the effects of different policies. Surprisingly, we do
not find that staying in the United States longer or having
children has any effect on location preferences. Therefore,
messages about educational and other opportunities for chil-
dren are also unlikely to help attract or retain talent.
In answering our question about preferences for intra-

U.S. migration, we find that a shift of STEM job opportuni-
ties from the West Coast and Northeast to the other regions
of the United States does not present a great threat to retain-
ing Chinese talent given the current wage differential
between the two nations. In addition, we find that managers
in less desirable regions, such as the Midwest, can attract
talent by hiring graduates of local universities (local gradu-
ates are approximately 10% more likely to prefer staying
there than coastal graduates) and by providing relatively
modest salary incentives.
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Appendix A
EXAMPLE OF A PAIRWISE PREFERENCE QUESTION

You have two job offers and you need to choose between them. Please rate how likely you are to accept one of them rather
than the other.

Job Offer #1

Location: China (Hometown)

Employer: Private Sector (e.g., GE, IBM)

Job Title: Research Scientist/Engineer

Annual Salary: $45,000

Job Offer #2

Location: China (Wuhan or Hefei)

Employer: Public Sector (e.g., Huazhong University
of Science and Technology)

Job Title: R&D Manager (1–10 subordinates)

Annual Salary: $20,000

Which job offer do
you prefer?

Strongly
Prefer Left

Somewhat
Prefer Left Indifferent

Somewhat
Prefer Right

Strongly
Prefer Right

0 1 2 3 4 5 6 7 8 9 10
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APPENDIX B: NATIONALISM SCALE (ADAPTED FROM
SMITH AND KIM 2006)

Question: How much do you agree or disagree with the
following statements?
1. I would rather be a citizen of China than of any other coun-
try in the world.

2. There are some things about China today that make me
ashamed of China.

3. The world would be a better place if people from other coun-
tries were more like the Chinese.

4. Generally, speaking China is a better country than most other
countries.

5. People should support their country even if the country is in
the wrong.

Original scale: add up the following points across the five
questions (Question 2 is reverse-coded):
•Strongly Agree = 5 points
•Agree = 4 points
•Neither Agree nor Disagree = 3 points
•Disagree = 2 points
•Strongly Disagree = 1 point
Our modification: divide the result by 25 to obtain a

measure between 0 and 1.

Appendix C
SUMMARY STATISTICS OF PERSONAL CHARACTERISTICS (Z)

Correlation
Three to More Than

Aged 30 Five Years Five Years China
Married Married Years in United in United Has Home Not in

Variable Average Female Male and Older States States Children Inland CA Now Engineer China Pride
Single female .240 –.20 –.38 –.25 –.10 –.16 –.21 .01 –.02 –.06 .04
Married female .109 –.23 .23 –.04 .13 .06 .03 –.01 –.13 .08
Married male .311 .34 .07 .22 .43 –.09 –.08 .09 .02
Aged 30 Years or over .164 –.12 .39 .55 –.04 –.17 –.01 .06
Three to five years in .465 –.50 –.03 .05 .33 .08 .00
United States

More than five years .224 .29 –.08 .06 –.13 .01
in United States

Has children .122 –.05 –.15 .05 .02
China home inland .455 .01 –.03 .08
Not in CA now .542 –.02 –.07
Engineer .359 –.05
Notes: There were 312 respondents. All variables are binary except China pride (mean = .63, median = .64, SD = .12, range = .20 to .92), which we took

from Smith and Kim (2006) and rescaled to be between 0 and 1 (for details, see Appendix D). “Not in CA now” combines respondents in Illinois and North
Carolina. “Engineer” is a dummy for any field that includes “engineering” in its name.

Appendix D
COMPARISON OF THE THREE MODELING ASSUMPTIONS

Posterior Average of Individual-Level Scale-Normalized Parameters ~j ∫ j/sj
Population Average Population Standard Deviation
(Effects on Average) (Heterogeneity)

(1) (2) (3) (1) (2) (3)
Metric Metric Conjoint, Implied Metric Metric Conjoint, Implied

Attribute Attribute Level Conjoint Standard Range Choice Only Conjoint Standard Range Choice Only
Location China coast versus China home –.020 –.027 .291 .469 .458 .381

China inland versus China home –1.133 –1.148 –.829 .781 .750 .689
U.S. baseline versus China home –.808 –.813 –.719 1.075 1.067 .568
US coastal medium city versus U.S. baseline –.206 –.207 –.392 .389 .392 .430
U.S. inland large city versus U.S. baseline –.276 –.290 –.358 .310 .308 .281
U.S. inland medium city versus U.S. baseline –.175 –.186 –.380 .661 .662 .448

Job type U.S. public firm versus U.S. private firm .540 .540 .484 .294 .297 .370
China public firm versus private firm –.506 –.510 –.715 .454 .455 .354

Status Manager versus scientist .422 .427 .539 .341 .331 .335
Director versus scientist .619 .625 .576 .371 .361 .283

Pay Salary United States (in $10K) .379 .382 .457 .160 .156 .175
Salary China (in $10K) .399 .401 .480 .186 .183 .234

Notes: Because of the well-known scale normalization problem (e.g., Swait and Louviere 1993), we cannot meaningfully compare the raw  parameters
across our three model specifications. Because we are ultimately interested in simulating job choice at the individual level as a measure of preferences, we
only care about “scale-normalized parameters,” which are a sufficient statistic for building a choice-based simulator. The population standard deviations
show that substantial unobserved heterogeneity in preferences persists under all three assumptions. Because the population standard deviations of the esti-
mated individual levels are similar under (1) and (2), we conclude that scale-usage heterogeneity does not artificially inflate our estimate of preference
heterogeneity under the baseline model (1). Because the population standard deviations of the estimated individual level are also similar in magnitude under
(1) and (3), we conclude that heterogeneity in the scale of the random utility (see, e.g., Fiebig et al. 2010) does not artificially inflate our estimate of prefer-
ence heterogeneity under the baseline model (1).



APPENDIX E: SURVEY OF SALARY BELIEFS
In the follow-up survey (after asking about current status

but before presenting the hypothetical choices), we asked
two multiple-choice questions that differed only in the loca-
tion of the job (indicated by [...]). The questions asked,

What is the typical annual salary (including bonus and
any standard housing support) a researcher with an
American PhD in your field can expect to earn in the
private sector [in China/in the United States]? Please
give your best guess if you are unsure.

•USD 20,000–40,000
•USD 40,000–60,000
•USD 60,000–80,000
•USD 80,000–100,000
•Over USD 100,000
From 133 responses, the median U.S. salary was

$80,000–$100,000, whereas the median Chinese salary was
$40,000–$60,000. The median within-person difference
between U.S. and Chinese salaries was $40,000. For the
population distribution of the reported salaries, see Appen-
dix F.
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Appendix F
BELIEFS ABOUT SALARIES OF U.S.-TRAINED PHDS BY JOB
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