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ABSTRACT In this paper, | employ a random-effect growth eunvodel on a
longitudinal data set of scientists/engineers talehthe earning differences by birth
nativity, citizenship and gender. Four waves of &% data were arranged into a
pooled-cross section time series so that repeagegunes of scientists/engineers for each
individual in a two-year interval could be used &mralysis. The results show that an
unobserved random effect explained nearly 30 péfahe variance on the overall
earning differences across individuals. We alsd tivat overall foreign-born scientists
are not necessarily at a disadvantage for bothathaarning and earning growth rate.
Citizenship status, however, plays a significafé on foreign-born scientists/engineers’
earning disadvantage, but not in the earning groatd, WWomen do experience
disadvantages in both overall earning and on egmpiawth rate, but the evidences of
foreign-born woman scientists are more disadvaitdgen their native counterparts just
exist in those foreign-born without citizenships.
I ntroduction
Due to the large proportion of immigrants and cons®n their adaptation to U.S., a
sizable literature has examined the integratiomafigrants into the U.S. society. How
immigrants perform in the U.S. labor market hashba®e of the central questions in
these studies (Borjas, 1994). Different answersHigrquestion underlie much of current
debate on cost and benefit for the host countrindJ€ensus data, the earliest influential
work by Chiswick (1978) indicates that relativereags of immigrants grow fast and
eventually overtake the earnings of native workBmjas (1985, 1989, 1994), however,
suggests that non-random emigration and qualifgmdihces across immigrant cohorts
would bias this across-section estimates. He findsthe assimilation rate measured in
cross-section studies partly due to a declineengimality of immigrants admitted to

United States since 1965, after the Immigration idaturalization Act eliminated

national origins quotas.



It is well known that the relative skilbf immigrant cohorts declined substantially
when the national origin mix shifted away from theditional European source countries
toward Asian and Latin countries due to the 196Bnignation Act. Those immigrants are
also characterized by being more likely enteringetanite with kin than on the basis of
their occupational skills (Duleep and Regets 1396¢e one key factor is that an
immigrant who becomes a U.S. citizen is allowedgonsor family members for
obtaining visas by this law change. As a conseqighe immigrants in the United
States are fairly heterogeneous with respect ta@ti, social class, and other
characteristics correlated with economic stratifara Using census data, previous
studies on immigrant earning has taken the immigpapulation as a whole or only
chosen the sub-sample of men to study the immidador market outcome. Less
attention has been paid to group differences agesder, social class etc. For example,
Gender gap has been paid much less attention wheyirsg immigrant earnings, and the
earning difference between immigrants and theivaatounterparts for low skilled labor
workers might be very different from the high edecbegroups. There is much work
which can be done to study the gender differentd#ferent immigrant groups. This
paper will only focus on the high educated groupadntists/engineers to examine the
gender difference on average earnings and earnavgtly using a longitudinal dataset of
repeated measures of individuals.

For many decades, highly skilled imraigs have pursued a higher premium on
their education and skill by coming to the Unitadt8s. Only recently well-educated
immigrants have been brought to the attention efghneral public and policy makers

(North 1995), partially because they have highllefg@roductivity in host country and



there are less public concerns on the costs ofdmastiry (Vernez 1997). The size
increased for the well-educated group dramatiagallQ90s; 13 percent of all college
graduates in the U.S. civilian labor force was ifgmeborn in 2000, and over one-third
arrived in the 1990s. However, the labor marketigh educated population became
tighter and tighter, and more economic concernsagpiehension arises among natives.
How does this group perform in U.S. labor markehpared with native born? Are there
any group differences in the labor market perforoeanf different race/ethnicity
background, gender groups? Answers to these gquaesiitl help increase the knowledge
about the costs and benefits of having this gradp.5. Previous research has already
shed some lights on this subject matter (Bojar®18&rth 1995; Tang 1993; Goyette
and Xie 1999; Xie and Shauman 2003). However, mobtte studies, except Goyette
and Xie (1999), focused on inequalities in laborkaetoutcomes by nativity or
generation but overlooked the role of gender.

According to Pedraza (1991), the exgraxé of immigration profoundly impacts
the both public and private lives of women. Comgaséth men, women are more likely
to accompany their husbands, or carry along childrkeen they migrate. As Houstoun
(1984:919) stressed, women generally migrate taterer reunite a family. Women’s
migration is more likely seen as the secondary mrés generated by the original
migration of economically motivated by males. Herdiéferent experience of
immigration might have different impacts on men amimen’s labor market choice and
outcome.

As far as immigrant scientists/engisesme concerned, with more autonomy and

higher self-esteem, one would expect that the attegender difference among the



higher educated immigrant group might be similanatives. Using 1990 census PUMS
data, Goyette and Xie (1999) examined this hypashaesd found that foreign-born
female scientists/engineers make about 4.7% lassttte combination of other
scientists/engineers after considering the imparhmigrant status. However, more
input is still needed in this area, especially gsongitudinal data. Women'’s roles in
public life and private life change over time, &ample, their family responsibilities
change over their life course. Using longitudinaiedwould catch the information of life
changes which could impact labor market outcomesperson’s life. Further more,
some unobserved factors may correlate with thecehai immigration to U.S.,
naturalization process, which might affect theirfpenance on the labor market. So a
longitudinal data set and more advanced researthoch@eed to be used to address
earning differences from average earning and eguchiange overtime for a person.

In this study, | will use repeated meas of the same individuals over different
survey years to examine the effect of immigrarnustavhich includes both birth nativity
and citizenship, on the earnings of scientist/eegjia by gender. To better solve the
problem of unobserved factors, | employ randomegffgowth curve models. Random
effect growth curve models will give not only thiéeets from time invariants and time-
varying covariates, but also unobserved randontefféence, | can determine not only if
there is an effect of nativity and citizenship bae scientists/engineers’ earning and if
there is difference between men and women, butrhaeh the effect and difference is, if

they exist.
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Prior to the 1965 Amendments to the Immigrants ldationality Act, immigrants to the
United States were regulated by numerical quotasdan the ethnic population of the
United State in 1920. This encouraged immigramsifEuropean countries and
restricted immigrants from Asia and Latin Ameriédter 1965, the Immigration Act
allows more individuals from third world countrigsenter the US (including Asians,
who have traditionally been hindered from entedmgerica); it also entails a separate
guota for refugees. Skill/Professions or the reésiof U.S. Citizens are issued visas to
come to U.S and countries of origin are no longgamiScant barriers for the immigrants.
As a result, the new flow of immigrants originatesstly in Asia and Latin America, and
they are more mixed on their race/ethnicity. Sioge of fundamental shifts of the
mechanism to accept immigrants whose skills are Wka. labor market demands or
who have kinships in the United States. As a resukrnal heterogeneity might be the
most significant characteristic in the current igrant population in the United States.
Migrant streams often alter the compaosibf places with respect to ethnicity,
social class, and other characteristics correlaiddeconomic stratification (Cobb-
Clark, 1993). Ethnicity often defines the boundafir social and cultural interaction.
Previous studies have concluded that it is no longeessary to provide ad hoc
explanation of why the U.S. earnings of immigrdndsn different countries tend to
exhibit so much variation. The economic theoryroimigration suggests that this
variance can be “explained” in terms of the ecoroamd political conditions that guided
the nonrandom sorting of persons across countrigedime of migration (Borjas,
1989). However, compare to this, earning differsrenx@ong other different immigrant

groups are far less clear.



The study on the immigration duration and earnimgs led to lots of debate in
the literature. The earliest work by Chiswick (19é@8ed the cross-section of census data
and found that the earnings of foreign born persmmsediately upon arrival are likely to
be lower than the earning of comparable nativegrtduwe, however, since immigrants
have lower earnings, they also have higher incestio invest human capital than
natives. Immigrants earning can be expected taelsgively fast as the returns to human
capital investments are realized. The “catch-uphiegs profiles reflect the
“assimilation” or adaptation of immigrants to theshcountry’s labor market (Chiswick,
1978, Becker, 1975). This implies that immigrantl be self-selected not only on the
basis of wage levels, but also on the basis of vgageth.

However, the conclusion that immigrants have reddyi high earnings growth
has been challenged on both empirical and theategrounds (Duleep and Regets 1997).
Borjas (1985) argues that cross-sectional framewsedd in Chiswick’s study might bias
the estimates because nonrandom emigration andgimnticohort quality changes over
time. He argues that if there has been a declieétiowe in the earnings ability of
immigrants, then the assimilation effect measunect@ss-sectional studies could be
spuriously inflated by declining immigrant earniragslity. In his other studies, Borjas
found that immigrants’ initial wages adjusting mtucation and age, have decline
overtime (Borjas 1992).

Studies using cross-sectional census data canfiimiently solve the problems
of bias due to the cohort quality changes and ati@r. In addition, an internal
assumption in these studies is that immigrantsratides approximately have similar

occupational composition in the United States. Hmwgit is well known that the current



immigrants in the U.S. are more likely to be inlblawer tail and upper tail of
occupational prestige distribution than being ia thiddle. Since the opportunities sets
faced by high educated immigrants are differentficiher group immigrants, it would
be more valuable to compare a particular immiggaaup with their native counterparts
on the earning patterns than comparing the uneifteated mass with all natives. An
examination from both average earning and earniagttp will fully capture the
immigrant earning pattern.

As an important part of scientific workforce in tbaited State, the immigrant
scientists/engineers are relatively less heteragenwith regard to their human capital
within group. Although a relatively small propomian the immigrant population, the
number of foreign-born scientists/engineers kediptkhig with each passing year, and a
higher percentage of the college-educated foreggn bolds post-graduate degrees than
the native born, with 43.6 % percent holding a e&st professional, and/or doctoral
degrees, compared to 35.2 % of the native-borimipertant impact on U.S. talent labor
market has led to heated discussion (Goyette aed29i99), and overall, the research has
drawn conclusion on immigrant scientists/enginéesther displacement (North, 1995)
or discriminations (Tang, 1993, 2000).

From the perspective of displacement tiN(t995) argues that there are two
groups of foreign-born scientists/engineers. Omelglis those who come in one at a
time, study at U.S. graduate schools, secure addamhegree and then, in large number,
stay in the U.S. The other group is those who eadteady holding a degree and
participate in U.S. labor market without U.S. edigra Because there are so many of

them obtain degrees from U.S. graduate school, grant scientists occupy positions



that might otherwise be taken by women and natose-iminorities. In other words, this
means that U.S. need not exert itself to expaneftioets to get Americans, particularly
women and minorities to enter science and enging@riaduate school. According to the
displacement perspective, immigrant scientistsfegyis take the downward pressure on
the payment structure of science and engineer. field
In contrast, the discrimination perdgpec(Tang, 1993, 2000) posits that

immigrant scientist face unfair treatments in th& lhbor market. In studies of Asian
scientists in U.S. labor market, Tang argues theretis ample evidence to show that
Asians, regardless of gender, continue to havevarltevel of income and career status
than Caucasians with comparable training and dqcatibns (Barringer, Takeuchi, and
Xenos 1990; Chu 1988; Hirschman and Wong 1984;dweleSanders 1985; U.S.
Commission on Civil Rights 1988). One reason cduddhat those minority
scientists/engineers are more likely to be confitweeimployment in the periphery of
profession (where opportunities are scarce) anaym suffer from significant income
loss and downward occupational mobility (Wu 1980n& 1976; Villones 1989).
Numerous studies have examined the adverse effectivity status on the earnings of
Asian immigrants (Hirschman and Kraly 1988; Hirseimand Wong 1981, 1984; Nee
and Sanders 1985; Poston and Jia 1989), and E=zsrch have paid attention to other
underrepresented immigrant groups.

Comparing these two perspectives, botlgasigthat immigrant scientists/engineers
as a whole are in disadvantaged compared withexsitivn scientists/engineers in the
labor market. However, in a further examinatiore aouldn’t see they are different on

what is the ultimate reason of disadvantages:utccbe due to either their citizenship



status, for example, they are foreign-born but imgid).S citizenships, or simply due to
their foreign-born status no matter if they hav8& \titizenship. Foreign-born who are
holding U.S. citizenship is naturalized U.S. citizén general they have lived in U.S. for
at least 5 years, and they have strong claim tdagion U.S. society. In theory they are
entitled to the same privileges as native-borizeits (Massey and Bartley 2005). Thus, if
it in the latter situation, foreign-born scientistsgineers would still be in the
disadvantaged after controlling for citizenshipalve not seen any previous research that
look into this point. In this paper, | test this @ymbining both birth nativity and
citizenship status to indicate immigrant statuexamine the earning pattern in my
model.

In previous studies, one common probkethat the role of gender is often
omitted. According to Pedraza (1991), gender péagentral role in the decision to
migrate and the composition of the migration flowgh the consequences that
composition holds for the subsequent form of imgrincorporation. There are more
men than women among foreign-born, college-educatetlers in the scientific
workforce. In 2000, fifty-eight percent of foreidporn, college-educated workers are
men, and this percentage was even higher amonggee#iducated migrants who have
arrived since 1990. In comparison, men constit@teércent of the native-born, college-
educated workforce. However, women represented 2hly percent of the scientists and
engineers being admitted with permanent residatisin 1993. Women, as Pedraza
(1991) argued, are more likely to be secondary mares of males. So without
consideration of gender differences in the stuidg,dicture of immigrants/scientists

would be incomplete. As one needs a long term tnveist and engagement to pursue



high degree and work in scientific field, womeniwspecial role related to family might
make the impact of migration experience on laborketzoutcome different from the
male peers. Thus, inattention to gender differenag result in an inaccurate
characterization of the experiences of immigrardrdcsts and engineers. For example,
Goyette and Xie (1999) argue that married women wbik in scientific field may be
more likely to come to U.S. as secondary immigrahtheir husbands. Much more
women than men migrate to get unification with tisgiouses, so their choice on career is
greatly limited even if they might have similar edtion background on the time of
migration compared to their male counterparts. Wagd by this, Goyette and Xie, using
the 5 percent PUMS data from the 1990 U.S. ceffissistime systematically studied the
effect of immigrant status on labor force parti¢ipa, earnings and promotion of
immigrant scientists/engineers. Their regressisnlteshow that foreign born female
scientists/engineers earn about 5 percent lessathather group scientists/engineers.
They argue that family responsibilities mainly amebfor women earning disadvantages.
However, the measurement of earningage®e and Xie's study is the annual
earnings in 1989, and the results from cross-seatiBUMS data are static and as such
have no bearing on dynamic process such as thngarthange that could capture the a
full picture of gender differences of earning ipexson’s life course. In addition, cross-
sectional data might provide biased estimates ema#isociation of immigration status
and mean earnings. The potential bias is due taéfieknown problem that a single
cross-section regression cannot differentiate tleets between migration experiences
and individual characteristics. In this contextmigration status captures the difference

in earnings among a typical immigrant scientistiregr and a native scientist/engineer,
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while the individual effect captures the produdgivior ability), ambition difference
across different individuals. Since individual etfesuch as ability, ambition,
intelligences etc might be correlated with immigratstatus, using immigrant status as
predictor to study earnings outcomes in a crosBesedata might bias parameter
estimation. That is, in cross section analysisnrhigrant scientists/engineers have no
earning disadvantage compare to natives; it majuleeto their higher ability or higher
career ambition which compensates for the shodflmmigrants. To deal with the
problem, in this paper, | use a repeated individiagh set and a random-effect growth
curve model to control for unobserved variablehsag ability, ambition and intelligent
factors. The exact amount of unobserved individdf@ct is determined by factor of
personal characteristics, that is, the personabkcheristics that would not change over
time.

In sum, this paper will use repeatezhsures of individual from longitudinal
data to examine the effect of birth nativity antizeinship on both mean earnings and
earning growth. Gender difference is one of impdrtaission in this paper to fully

capture the women immigrant scientists/enginearsieg profiles relative to others.

M ethodol ogy

Data

| take the longitudinal part of Scientists and Ewegirs Statistical Data System (SESTAT)
integrated data as my analysis dataset. SESTATadabase of the employment,
education, and demographic characteristics of &#tiem's scientists and engineers. The

SESTAT integrated the survey data from three corapbsurveys, which includes the
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National Survey of College Graduates (NSCG), theddal Survey of Recent College
Graduate (NSRCG) and the Survey of Doctorate Rexipi(SDR). All of those surveys
have been sponsored every two years since 1998hydtional Science Foundation. In
this paper, | use the integrated databases for, 1985, 1997 and 1999. Although the
period from 1993-1999 is a relatively short peritta data collected earlier than 1993 is
not comparable with data collected in 1990s dudéanechanisms of data collection
changes. One also might notice that 1990s is agéor U.S. economic expansion, so |
assume the period effect for immigrant scientisigifeeers are same for immigrants vs.
natives and men vs. women.

The target population of SESTAT indsdesidents of the United States with at
least a bachelor’s degree and who, as of the symeegd (April 15 for each survey
year), was non-institutionalized, 75 years of agkess and either educated in a science
or engineering (S&E) field or working in an S&Elfle As a result, although some
scientists/engineers dropped out from the followsupreys and some fresh graduation
were recruited; the majority of the respondentktsdive been measured repeatedly over
each survey year, with more than 50,000 individsalveyed in all fours waves.

The response rates vary across survey componeshicapss survey years, range from
77 percent to 95 percent. Although this data setimegrated from different survey
components and years, more than 90 percent measot®are exactly same across
different surveys. It is valuable to arrange thagitudinal data into a pooled-cross
section time-series in which the unit of analysiam individual in a particular survey

year.
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Measures

Dependent variable:

The dependent variable for this study is the natagarithm of annual salary. This
variable was constructed from the salary of prilecjpb the individual holds in the
survey reference week (April 15 in the survey ydafpre deductions. Although it is
possible for a scientist/engineer to take secongérythe total earned income from all
jobs was not surveyed in year 1993. Values areta®d at 150,000 and rounded to the
nearest thousand. In addition, non-zero valuebatitem-coded, and values greater than
zero but less than 5000 are assigned the valu®"4%ince salary is a form of
recognition for professional contributions and aaswre of worth in the scientific
community (Long, 2001), it usually accumulates auae. In this study, each person

will have at least one and at most four measurewfegdrning.

Independent variables:

Immigrant status: As argued in the literature parmigrant scientists/engineers may be
in earning disadvantages because of both “displanetheory” which argues immigrants
are more likely to accept low paid job and “disdriation theory” which explains
immigrants being in labor market disadvantages tseaf discrimination. Immigrant
status is the key predicator of this study, whimeasured using both birth nativity and
citizenship. Immigrants who own U.S. citizenshiwyéda much broader economy
opportunities than immigrants without citizenshifafg 1994). For example, they enjoy
lots of benefits on education and job choices. iBtesvstudies always use birth nativity to

indicate immigrant status. However, using foreigmrbversus native-born as a dummy
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variable to indicate immigrant status will lose somportant information. To
differentiate what is the ultimate reason of disatages, for example, foreign-born
status (not well assimilated into U.S. societygitizenship status (policy discrimination
toward non-citizen), | will use a categorical vateof three groups as foreign-born
without citizenship (FBWOC), foreign-born with aénship (FBWC) and native-born
(NB) to indicate the immigrant status. Since a oiizen immigrant might be naturalized

later on in his work life, so a citizenship will beime-varying variable in the model.

Demographic variablesge could be a factor contributed to earningedéhces
between foreign born and native born scientistsfeags. Age could also be a factor
contributed to earning differences between malesfamales since women enter into the
science and engineer is relatively new (Long, 2000 age composition of immigrant
scientists/engineers might be different from timative counterparts. Since almost one-
third immigrants worked in natural and social scerengineering, and computer-related
occupations arrived between 1990 and 2000, immig@iantists/engineers are generally
younger than natives. In the dataset, the eadasdrt was born before 1929 and the
latest was born later than 1970. | use the birtiods to present the age differences,
which makes the age group a time-invariant varidideouped them into five categories:
1965 or later, 1955-1964, 1945-1954, 1935-19441884 or earlier. Gender is measured
with a dummy variable of male and female. Raceieitynis another variable that might
be confounding with the earning differences betwieesign-born and natives. Race is
recoded into the broad categories including WHitean and Other. Other includes

Hispanic, African Americans, and other under regnésd minority.
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Human capital variable&lthough the sample in this study is relatively a

homogeneous group with all of them holding highcadiwn degrees, the post-graduate
education degrees holders are usually significahffgrent from those holding bachelor
degrees. Compare with native-born, foreign-bortegel graduates are more likely to
hold post-graduate degrees. Female college graxlaegdess likely to hold post-graduate
degree compared with males. In this study, | red@lseries of dummy variables to
indicate the education, which includes bachelostera professional, and other degrees
as well as doctoral degrees. It is well known thatrk experiences is an important
explaining variable in individual earning, but aedit measure of work experience in the
data set is not available, so | use age as a pAixhe same time, | use dummy variable
(full-time versus. part-time) to indicate employrhetatus, since women are more likely
to attend part-time job. All the human capital ehies might be changed over the life
course, for example, a person might hold a bacliglgree at 1993, but hold a master
degree in 1997.

Work field It is well known that the distributions of mendawomen within high
educated group are extremely uneven (Jacobs 196&)ross-national study of high
education group, Charles and Bradley (2002) comdubat female underrepresented in
engineering, math/computer science (and to a leleggee, natural science); female
overrepresented in education, humanities, andthéaltls; and approximate gender
parity in the social science. They argue thatighonsistent with the culture-centered
and human-capital accounts, since both of whicHiptét is characterized by functional
or symbolic proximity to traditional female roleBdcker 1991; Reskin 1993). Because of

segregation of fields by gender in high educatgqulfadion, it is necessary control work

15



field to net out this confounding factor. | grouqetscientists/engineers into five well-
established categories for scientists/engineerpat@an: computer and mathematical, life
and related science, physical and related scisoogl and related science as well as
engineering. Employment sector also is an impoffestor that impacts earning. Usually
industrial offers higher wage than academia or guwent (Peek, 1995, Goyette and Xie
1999). Employment sector includes four categorredustry, academia, government and
other. Work field variable may also be changedsfparticular over time.

Family responsibilitfwWomen in contemporary U.S. on average, get bgttates

in school, take math and science and science slas$lkee same rate, and earn roughly
the same number of bachelor’'s degree in scienceiagitieering as men. But in the
career path, because of childbirth, cultural noamd social expectation, they tend to
become scarcer in the highest ranks. Among thenabatth might be the most
significant factor which barrier women’s careerthAugh there is no evidence that
immigrant women scientists/engineers are havingenobildren, the effect of having
young children for those women might be bigger thative-born women due to their
less social and kinship network support. In thisgraa time-varying variable of number
of young children under a certain age will be ined for both male and female and to

see if it only impacts women’s earning.

Statistical Approach
Since individuals were repeatedly surveyed acresssy and the motivation of this study
is to examine both amount of earnings and slomaofing growth over the survey years,

random-effect growth curve model is used. Randdetefegression models with a
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random intercept account for the individual diffeces in initial earning difference (1993
in this study) when the survey started, and randtiect coefficient models account for
the individual differences on the slope of earrgngwth. This paper will analyze the
effects of gender, immigration status (includinghooativity and citizenship) on earnings
over time taking into account the change in empleytithanges, education changes, and
citizenship status changes, changes of the fieddeamployment sector as well as family
responsibility.

Most of previous studies on earningalhise longitudinal data choose the fixed
effect models (England et al, 1988, 1996) to cdnlr® unobserved effects. The fixed
effects models based on longitudinal data allowousontrol for unmeasured effects that
are constant across repeated measures over tinoeaf@eHipp, 2003). For example,
England et al (1996), studied the effect of germdenposition on starting wages in an
organization, pooled across all job spells for eaorker to control for such unmeasured
and unchanging personal characteristics as inteltig, preferences resulting from early
socialization, life cycle plans, and unmeasured dnucapital. Compared with fixed
effect model, random effect could give an evaluatibvariation of outcome based on
both individual and measurement levels in a lordjital data. In addition, random effect
growth curve model can give the parameter estin@ftéme-invariant covariate effects,
while in fixed effect model; those variables wi#t bwept out from the model since fixed
effect model controls the constant effect in thadetoln this study, gender and birth
cohorts are seen time invariant variable, and #rarpeter estimates for them will be

important to know to answer the research questiottss paper. In a random effect
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model, the effects of unobserved variables arenastid side by side with the effects of
observed variables.

Random-effect growth curve model camdpresented through a two-level
hierarchical model. At level 1, each person’s eagns represented by an individual
growth curve trajectory that depends on a uniquiefsgarameters. These individual
growth parameters become the outcome variablesewe&2 model, where they may
depend on some person-level characteristics (Rhudérand Bryk, 2002). In my
analysis, each individual is measured at leastiom=and at most four times, and a

random-effect growth curve model may be expressddlmws:

. 5 Level 1 (1)
Y= 1801 +1811t| me; +;lgkj X T €
B, = Bt Level 2 ()
1811 - 1810+ UL Level 2 3)

Combined (1) & (4)

2)
Combined (1), (5

P
Y= Bt Bytime + 2B, Xt st @

Yii = ﬁoo+ﬁloti IfTei +Zﬁij Xiik+u0j -'-uljti rTEj +ej
(2) &(3)

i=0,1,2,3; j=1,2,3,4,5,6...

Equation (4) is a random-intercediyonodel, and equation (5) includes both

random intercept and random coefficient. In thisdmoy__ is the annualized salary for
ij
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individual j at time , IBOOis the intercept (here it represents the annuabadaty at time

O(that is in 1993 survey timepjj is the individual-specific random effect, a@JI is the

measure-specific random effect or the OLS-like reteom. The standard assumptions are

that u, and g are mutually independent N @;i) and N (002) random variables,

where gj and Uj are between-individual variance and within-indivadl variances,
respectively. P is the number of covariates, ;{j\kgis the coefficient of covariate k. In

addition to what is captured by the observed véggmfcovariates), this model assumes

that each measure is subject to two effects. Oogigue in each measurej() and the

other (U,- ) is same for all measures of an individual, béfeds by individual. The

quantities ofgj and 0—2 are these two effects’ variances, respectiveliarge-between

individual variance indicates large differencegamnings across the individual. The

addition of the individual-specific random effqqt is the only difference between this

kind of model and typical OLS model. The assumpisottnat controlling for the

individual-specific random effep_]j , the multiple measures of the individual will be

independent.

Result

Table 1 presents the means or percentages of lewiap survey year and table 2
displays the means or percentages of variablegbgleg and by survey year. Gender,
race and birth cohorts are time-invariant variabldge immigrant status, employment

status, recent degree and field, work sector angbeu of children are all time-varying
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variables across years. For example, it is possibla person who is a Bachelor degree
holder in 1993 to become a Master degree hold&99Y. By using time-varying
covariates, one can better capture the covariafet on the labor market outcome.
According to table 1 and table 2, overall the ahsataries for all scientists/engineers are
growing over time. There are about 20 percent fprdiorn scientists/engineers in the
sample. About 12 % scientists/engineers are Asiahgh is a largest proportion of
minority in the high educated labor market. In saenple, | exclude those people who
were out of labor force, and more than 90 % inrdst of respondents are full-time labor
force participators. Women are more likely to be+iane workers than men. Women are
more likely to have bachelor degree than men, aewl ane more likely to hold doctorate
degrees. The proportion of people in engineer anmogig is higher than the proportion of
people in engineer among women, and reverse ige¢hend science field. The

proportion of having young children under age 1Righer for male than for female
scientists.

Table 3 shows the correlation matrixtfor earning across the survey year. Since
salary is a form of recognition for professionahtrdoutions and a measure of worth in
the scientific community (Long, 2001), it usuallscamulates over time. In other words,
measures close to each other tend to be simikadh other. So there is a possibility of
autoregressive structure over time (Guo and Hipp32 This is specially the case for the
earnings growth. In addition, due to the attriteord missing, measurements for some
individuals in some particular years are not alélaso data is not balanced; to solve
this problem, a covariance structure that accoiantthe first-order autoregressive

process (Littell et al, 1996) is used to estimhtegarameters.
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The model (not shown) indicates thatehs about 28% variances are explained
by unobserved random effect (individual characties} after controlling for the
observed covariates. In table 3, time has a peséffect on the earning, which indicates
that the overall earning is growing over time. Waonseientists/engineers are in
disadvantages compared with men since women eaut 46% less than men. As |
expected, citizenship plays an important role omigrant scientists/engineers earnings.
The results show that foreign-born without citizapss really in disadvantages
compared with native-born, but those foreign-bortin\w.S. citizenship are not. This
case holds for both male and female. However, ferfmakign-born without citizenship
earn much less comparing with other group femdlkesy earn 13% less than native
women, but males just learn 8% less than native Mieose findings suggest that the
disadvantages are mainly resulted from the nomeri8hip status, that is, the policy
discrimination to the foreign-born people withotitzenship in the labor market. In
addition, women are particularly in disadvantages.

Asian men earn less than their white tenarts, but this pattern does not exist for
women. The birth cohorts for 1935-1944 and 194541&% higher than birth cohort of
1934 or earlier, the less earning of older scigigagineers might be due to their skill
differences. This indicates that it is not necabstre older, the more on earnings for
scientists/engineers. It is not surprising thattiohe jobs can earn much more than part-
time jobs. Also it is expected that all post-gradudegrees can make people earn much
more money than bachelor degrees, this holds fitr imen and women. Comparing with

social sciences, all other field can make peoplkenmaore money. The only exception is
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the life science for women. As other argued befpe®ple work in academia and
government earn less than in industry.

As | mentioned before, random interaaptlel captures the growth of earning
overtime, for example, at time 0 (1993), the inggtarepresents the logged earning at
time 0. For the logged earning at time 1(1995) gaming would be the intercept plus
the parameter estimate multiplying by 1, and mbyling by 2 and 3 in time 2 and 3 for a
typical person, respectively. Although this careefthe overall earning differences, the
earning growth rate cannot be represented in arandtercept only model. Fortunately,
a random coefficient model can be used to detectjtbwth rate or slope. Table 5 gives
the results for this model. By comparing the par@mestimations for predicting
intercept and predicting slope, | found that fentege both intercept earning
disadvantages and slope disadvantages, which rtiesnsomen are in the
disadvantages not only on the amount of earningsalso in their earning growth pace.
Foreign-born scientists/engineers without citizépslare in disadvantages on the amount
of earning (intercept), but they have a faster gmgwpace relative to their native
counterparts for males. Still, foreign-born wittizénship have no differences compared
with natives. For the control variables, Asiansiardisadvantages regard to intercept,
but not in grow pace. Still, birth cohorts are noear on intercept compared with the
oldest cohorts, but the earning growth is fasteemtiey are younger. Doctorate degree
holders have advantages in both intercept and slopgared with Bachelor for women,
but the slope change is negative for men. Althcaggdemia and governments jobs have
disadvantages regard to the amount of earningg hidnee faster growth rate compared

with industry jobs.
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According to the statistical results described @&)ovomen are indeed in earning
disadvantage for both intercept and slopes, arago+born women without citizenship
are particularly in disadvantages. What would lgedbgree of disadvantages for foreign-
born women scientists/engineers relative to forddgm men? Table 6 presents the
results for random growth curve models of immigrserple only. From the table 6, one
can find that foreign-born women make 14.5% leas floreign-born men. And the
growth rate is 2 % less than men. Foreign-bormssis/engineers without citizenship
earn 11.3% less than those naturalized foreign;tmrinthey have 1.8% higher growth
rate.

Conclusion

Are the immigrant scientists/engineers in the ewyniisadvantage? What is the
difference between males and females? Are femadatsis/engineers are particularly in
disadvantages? In this article, | use the repeat=ures of scientists/engineers to
advance the previous study by conducting randoeetffrowth curve model. This
model allows one to control the unobserved randffectesuch as ability, early
socialization, intelligences, and personality fqraaticular individual. The results show
that unobserved random effect explained near 3€epéwrariance on the earning
differences. | found that not all foreign-born stists/engineers are necessarily in
earning disadvantages, but the citizenship stati$yrplays a negative role on the
amount of earnings. Foreign-born scientists/engseg&hout citizenship earn less than
both natives and naturalized foreign-born. Howewdren the models allow the slope to

change across the individuals, the earning grouatih of foreign-born scientists/engineers
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without citizenship became positive, although they still in earning disadvantages
regard to the amount of earnings.

About the gender differences, | foungttivomen scientists/engineers are in
disadvantage in both the amount of earning and troate. Foreign-born women are in

disadvantages comparing with both native womenfaredgn-born men.
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Tablel: Mean or Percentage of Variablesby Survey Year, SESTAT

Variable 1993 1995 1997 1999
Annua Saary 52636.58 55900.15 62250.95 68358.33
Annual Salary(logged) 10.749 10.661 10.860 10.894
Femae 0.262 0.276 0.279 0.277
Asain 0.122 0.121 0.113 0.112
Other under represented minority 0.117 0.112 0.111 0.114
Foreign-born without citizenship 0.072 0.064 0.045 0.042
Foreign-born with citizenship 0.122 0.128 0.133 0.133
Native-born 0.805 0.808 0.821 0.824
Birth Y ear (1965 or later) 12.230 8.020 8.620 7.150
Birth Y ear (1955-1964) 32.760 31.740 31.480 31.850
Birth Y ear (1945-1954) 31.290 33.760 34.750 36.410
Birth Y ear (1935-1944) 17.390 19.270 19.250 19.650
Birth Year (1934 or earlier) 6.330 7.210 5.900 4.940
Full-time job 0.999 0.924 0.914 0.908
Bachelor 0.409 0.343 0.344 0.317
Master 0.215 0.213 0.222 0.219
Doctorate 0.333 0.393 0.372 0.397
Professiona 0.043 0.045 0.049 0.050
Other Degree 0.000 0.007 0.013 0.017
Computer & math Science 0.095 0.089 0.089 0.089
Life & related Science 0.178 0.193 0.188 0.167
Physical & related Science 0.115 0.118 0.117 0.126
Social & related Science 0.181 0.195 0.194 0.211
Engineering 0.272 0.245 0.238 0.229
Non-S& E Degree 0.160 0.160 0.175 0.178
Academia 0.262 0.285 0.273 0.274
Government 0.150 0.131 0.131 0.125
Industry 0.588 0.585 0.597 0.601
Having children under 12 0.338 0.373 0.352 0.338

Number of Individuals 97689 71975 63626 47757




Table2: Mean or Percentage of Variables by Survey Year and Gender, SESTAT

Variable 1993 1995 1997 1999

Male Female Male Female Male Female Male Female
Annual Salary 56008.81 43146.49 60692.62 43338.1 67396.87 48934.36 74062.99 53495.47
Annual Salary(logged) 10.818 10.556 10.787 10.333 10.969 10.577 11.017 10.573
Asain 0.121 0.126 0.122 0.119 0.113 0.114 0.111 0.115
Other under represented minority 0.097 0.172 0.094 0.157 0.095 0.155 0.097 0.160
Foreign-born without citizenship 0.075 0.065 0.068 0.055 0.047 0.041 0.044 0.037
Foreign-born with citizenship 0.122 0.121 0.129 0.124 0.135 0.130 0.134 0.132
Native-born 0.802 0.814 0.803 0.821 0.818 0.829 0.822 0.830
Birth Year (1965 or later) 10.810 16.240 6.760 11.340 7.400 11.770 6.090 9.900
Birth Y ear (1955-1964) 31.800 35.460 30.370 35.320 30.070 35.140 30.230 36.060
Birth Y ear (1945-1954) 31.410 30.970 33.550 34.330 34.540 35.310 36.340 36.610
Birth Y ear (1935-1944) 18.710 13.670 20.960 14.840 21.110 14.420 21.650 14.430
Birth Year (1934 or earlier) 7.280 3.660 8.360 4.170 6.880 3.360 5.680 3.000
Full-time job 0.999 0.997 0.952 0.851 0.943 0.838 0.942 0.821
Bachelor 0.405 0.420 0.336 0.360 0.341 0.352 0.314 0.326
Master 0.205 0.245 0.201 0.246 0.209 0.256 0.206 0.253
Doctorate 0.345 0.299 0.412 0.343 0.391 0.323 0.419 0.342
Professional 0.045 0.035 0.046 0.039 0.049 0.046 0.050 0.050
Other Degree 0.000 0.000 0.005 0.012 0.009 0.023 0.012 0.029
Computer & math Science 0.091 0.108 0.086 0.096 0.086 0.095 0.087 0.094
Life & related Science 0.160 0.227 0.178 0.232 0.174 0.225 0.152 0.205
Physical & related Science 0.128 0.078 0.135 0.074 0.134 0.072 0.145 0.076
Socia & related Science 0.136 0.307 0.145 0.327 0.144 0.322 0.163 0.336
Engineering 0.331 0.105 0.305 0.090 0.298 0.083 0.286 0.079
Non-S& E Degree 0.154 0.177 0.151 0.182 0.164 0.203 0.166 0.210
Academia 0.235 0.339 0.256 0.361 0.242 0.353 0.244 0.351
Government 0.149 0.154 0.130 0.131 0.131 0.130 0.124 0.128
Industry 0.616 0.507 0.614 0.508 0.628 0.517 0.631 0.521
Having children under 12 0.621 0.406 0.598 0.491 0.624 0.538 0.582 0.519

Number of Individuals 72077 25612 52099 19876 45892 17734 34511 13246




Table3: Correlation Matrix for Earnings Across Different Survey Years

Salary93 Sdary95 Salary97 Salary99

Salary93 1.000

Salary95 0.755 1.000

Salary97 0.713 0.799 1.000

Salary99 0.654 0.736 0.825 1.000




Tabled: Coefficients and Standard Errors of Logged Earnings Measured at a Two-year Intervals by Gender from the SESTAT

Model1 Model2 Model3

Variance Structure Mae Female All

Coeff. Std. Err Coeff. Std. Err Coeff. Std. Err
Intercept 9.39 ** 0.014 8.993 ** 0.027 9.333 ** 0.012
t 0.08 ** 0.002 0.074 ** 0.003 0.079 ** 0.002
Female -0.159 ** 0.004
White(omitted)
Asain -0.076 ** 0.008 0.008 0.015 -0.053 ** 0.007
Other under represented minority -0.097 ** 0.007 -0.038 ** 0.011 -0.077 0.006
Native-born(omitted)
Foreign-born without citizenship -0.084 ** 0.009 -0.13 ** 0.019 -0.1 ** 0.009
Foreign-born with citizenship 0.009 0.007 0.004 0.013 0.005 0.006
Birth Y ear (1934 or earlier)(omitted)
Birth Year (1965 or later) -0.29 ** 0.011 -0.087 ** 0.025 -0.241 ** 0.01
Birth Y ear (1955-1964) -0.039 ** 0.009 0.114 ** 0.023 -0.008 0.008
Birth Y ear (1945-1954) 0.1054 ** 0.009 0.196 ** 0.022 0.118 ** 0.008
Birth Y ear (1935-1944) 0.1641 ** 0.009 0.198 ** 0.024 0.165 ** 0.009
Full-time 0.232 ** 0.01 1.209 ** 0.013 1.229 ** 0.008
Bachelor(omitted)
Master 0.11 ** 0.006 0.178 ** 0.011 0.127 ** 0.005
Doctorate 0.394 ** 0.006 0.526 ** 0.011 0.429 ** 0.005
Professional 0.549 ** 0.012 0.585 ** 0.023 0.562 ** 0.011
Other Degree 0.084 * 0.027 0.181 ** 0.034 0.116 ** 0.021
Social & related Science(omitted)
Computer & math Science 0.179 ** 0.008 0.245 ** 0.015 0.201 ** 0.008
Life & related Science 0.033 ** 0.007 0.016 0.011 0.032 ** 0.006
Physical & related Science 0.085 ** 0.008 0.098 ** 0.016 0.093 ** 0.007
Engineering 0.22 ** 0.007 0.332 ** 0.016 0.243 ** 0.006
Non-S& E Degree 0.128 ** 0.008 0.138 ** 0.014 0.137 ** 0.007
Industry(Omitted)
Academia -0.23 ** 0.005 -0.218 ** 0.009 -0.23 ** 0.005
Government -0.093 ** 0.006 -0.013 ** 0.012 -0.071 ** 0.005
Having 2 more children under age 12
Having no children under age 12 -0.092 ** 0.005 -0.044 ** 0.012 -0.081 ** 0.005
Having one child under age 12 -0.041 ** 0.006 0.005 0.013 0.03 ** 0.006
pAR(1) 0.2405 0.003 0.205 0.005 0.231 0.002
c2e 0.6361 0.002 0.989 0.005 0.734 0.002
-2LL 480975.3 214395.2 701720
AIC 480979.3 214399.2 701724
BIC 480997.8 214399.2 701743
Number of Subjects 78280 30736 109016
Number of Observations 204579 76468 281047

**P<0.001 *P<0.05



Table5: Coefficients and Standard Errors from Random-Effects Growth Curve Models of logged Earnings
Measured at Two-year Intervals from SESTAT

Variance Structure Male Female All

Coeff. Std. Err Coeff. Std. Err Coeff. Std. Err
Intercept 9.183 ** 0.024 8.946 ** 0.035 9.239 =+ 0.019
t 0.106 ** 0.013 0.025 0.021 0.067 ** 0.011
Predicting | ntercept
Female -0.14 = 0.005
White(omitted)
Asain -0.074 == 0.009 0.005 0.017 -0.052 ** 0.008
Other under represented minority -0.087 »* 0.008 -0.022 0.013 -0.065 ** 0.007
Native-born(omitted)
Foreign-born without citizenship -0.1 *+ 0.01 -0.133 == 0.021 -0.113 == 0.009
Foreign-born with citizenship 0.003 0.008 -0.005 0.016 -0.002 0.007
Birth Year (1934 or earlier)(omitted)
Birth Year (1965 or later) -0.529 ** 0.011 -0.337 ** 0.027 -0.484 == 0.011
Birth Year (1955-1964) 0.223 ** 0.01 -0.067 0.025 -0.194 == 0.009
Birth Year (1945-1954) -0.04 = 0.01 0.061 ** 0.025 -0.024 ~ 0.009
Birth Year (1935-1944) 0.061 ** 0.01 0.105 ** 0.027 0.065 ** 0.009
Full-time 1.513 #* 0.023 1.14 #* 0.026 1.462 ** 0.016
Bachelor(omitted)
Master 0.104 == 0.006 0.149 == 0.013 0.115 ** 0.006
Doctorate 0.402 ** 0.006 0.486 ** 0.013 0.424 == 0.006
Professional 0.556 ** 0.013 0.551 ** 0.028 0.56 ** 0.012
Other Degree 0.075 0.061 0.053 0.077 0.058 0.047
Social & related Science(omitted)
Computer & math Science 0.18 == 0.01 0.221 == 0.016 0.194 == 0.008
Life & related Science 0.028 ** 0.008 0.004 0.013 0.024 0.007
Physical & related Science 0.075 ** 0.009 0.079 == 0.018 0.081 ** 0.008
Engineering 0.218 ** 0.007 0.316 ** 0.017 0.234 == 0.007
Non-S& E Degree 0.126 ** 0.009 0.121 == 0.015 0.129 == 0.008
Industry(Omitted)
Academia -0.259 ** 0.006 -0.23 =+ 0.011 -0.254 == 0.005
Government -0.098 ** 0.006 -0.039 ~ 0.013 -0.083 ** 0.006
Having children under 12 0.053 ** 0.005 0.033 * 0.011 -0.049 == 0.005
Predciting Slope
Female -0.027 == 0.003
White(omitted)
Asain -0.005 0.006 0.005 0.011 -0.002 0.005
Other under represented minority -0.009 0.005 -0.011 0.009 -0.009 * 0.004
Native-born(omitted)
Foreign-born without citizenship 0.021 + 0.008 0.007 0.016 0.017 * 0.007
Foreign-born with citizenship 0.003 0.005 0.002 0.01 0.002 0.004
Birth Year (1934 or earlier)(omitted)
Birth Year (1965 or later) 0.27 ** 0.009 0.252 ** 0.02 0.267 ** 0.008
Birth Year (1955-1964) 0.217 ** 0.007 0.184 == 0.019 0.209 ** 0.007
Birth Year (1945-1954) 0.175 ** 0.007 0.147 == 0.018 0.168 ** 0.007
Birth Year (1935-1944) 0.13 ** 0.007 0.105 ** 0.019 0.123 ** 0.007
Full-time -0.22 =+ 0.011 -0.159 ** 0.013 -0.187 ** 0.004
Bachelor(Omitted)
Master -0.001 0.004 0.022 * 0.009 0.006 0.004
Doctorate -0.004 0.004 0.03 ** 0.009 0.006 0.008
Professional -0.006 0.009 0.018 0.017 -0.001 0.008
Other Degree 0.025 0.026 0.066 * 0.034 0.041 + 0.02
Social & related Science(omitted)
Computer & math Science 0.001 0.006 0.026 * 0.011 0.009 0.006
Life & related Science 0.008 0.005 0.015 0.009 0.011 + 0.004
Physical & related Science 0.01 0.006 0.022 0.012 0.013 0.005
Engineering 0.006 0.005 0.018 0.012 0.011 + 0.004
Non-S& E Degree 0.001 0.006 0.011 0.01 0.006 0.005
Industry(Omitted)
Academia 0.029 == 0.004 0.018 * 0.007 0.026 ** 0.004
Government 0.016 ** 0.005 0.029 * 0.009 0.021 ** 0.004
Having children under 12 -0.002 0.004 -0.009 0.005 0.003
-2LL 464526.5 208195.9 678908.2
AlC 464620.5 208289.9 679006.2
BIC 465056.1 208681.6 679476.6
Number of Subjects 78280 30736 109016
Number of Observations 204579 76468 281047

**P<0.001 *P<0.05



Table6: Coefficients and Standard Errors from Random-Effects Growth Curve Models of logged
Earnings of Immigrants Scientists’Engineers Measured at Two-year Intervals from SESTAT

Variance Structure Male

Coeff. Std. Err
Intercept 9.397 ** 0.045
t 0.099 ** 0.026
Predicting I ntercept
Female -0.145 =+ 0.011
White(omitted)
Asain -0.096 ** 0.01
Other under represented minority -0.091 «* 0.015
Foreign-born with citizenship(omitted)
Foreign-born without citizenship -0.113 #* 0.01

Birth Y ear (1934 or earlier)(omitted)

Birth Y ear (1965 or later) -0.48 «* 0.026
Birth Y ear (1955-1964) -0.208 ** 0.021
Birth Y ear (1945-1954) -0.061 ** 0.021
Birth Y ear (1935-1944) -0.002 0.021
Full-time 1.371 = 0.039
Bachelor(omitted)

Master 0.12 =+ 0.013
Doctorate 0.441 == 0.013
Professional 0.586 ** 0.029
Other Degree 0.036 0.111
Socid & related Science(omitted)

Computer & math Science 0.191 #* 0.019
Life & related Science 0.043 * 0.018
Physical & related Science 0.053 = 0.019
Engineering 0.164 == 0.016
Non-S& E Degree 0.13 * 0.02
Industry(Omitted)

Academia -0.288 ** 0.011
Government -0.118 == 0.015
Having children under 12 -0.032 «* 0.01
Predciting Slope

Female -0.021 « 0.008
White(omitted)

Asain -0.007 0.007
Other under represented minority -0.001 0.01
Foreign-born with citizenship(omitted)

Foreign-born without citizenship 0.018 = 0.008
Birth Y ear (1934 or earlier)(omitted)

Birth Year (1965 or later) 0.208 ** 0.02
Birth Y ear (1955-1964) 0.159 ** 0.016
Birth Y ear (1945-1954) 0.104 ** 0.015
Birth Y ear (1935-1944) 0.074 = 0.016
Full-time -0.188 ** 0.02
Bachelor(Omitted)

Master 0.017 0.009
Doctorate 0.018 + 0.009
Professional 0.005 0.021
Other Degree 0.053 0.048
Socia & related Science(omitted)

Computer & math Science 0.008 0.013
Life & related Science -0.003 0.012
Physical & related Science 0.014 0.013
Engineering 0.008 0.011
Non-S& E Degree 0.01 0.014
Industry(Omitted)

Academia 0.021 « 0.008
Government 0.022 + 0.01
Having children under 12 0.016 * 0.007
-2LL 125738.4

AlC 125832.5

BIC 126206.7

Number of Subjects 21237

Number of Observations 52613

**P<0.001 *P<0.05



