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This article uses the mass migration wave to Israel in the 1990s to examine the impact of immigrant
concentration during elementary school on the long-term academic outcomes of native students in
high school. The results suggest that the overall presence of immigrants in a grade had an adverse
effect on the chances of passing the high school matriculation exam, which is necessary to attend
college. This result is robust to a variety of alternative specifications. We also perform a �placebo�
analysis which shows that the high school outcomes of natives are affected only by the immigrant
concentration in their own 5th grade class.

An increasingly important issue faced by Western countries at the turn of the 21st
century is the social tension created by growing numbers of immigrants from less
developed countries. The effect of immigration on the local labour market has received
considerable attention in the literature, but little is known about the impact of
immigration on the school system. This article examines the impact of immigrant
concentration during elementary school on the long-term academic outcomes of
native students in high school. The focus on the long-term outcomes of natives, seven
years after their exposure to the �treatment�, is one of the distinguishing features of our
work.

Our analysis exploits a unique opportunity to identify the effect of immigrant chil-
dren in the classroom using the mass migration wave from the former Soviet Union
(FSU) to Israel in the early 1990s. The sheer size of the immigration wave, nearly 20%
of the total population within a decade, produced large variation in the absorption
level of recent immigrants across schools throughout the country. The raw data show
that native students who attended a school with a high concentration of immigrants in
5th grade typically had lower achievements in high school. This correlation is not
surprising, given that immigrants tended to locate in poorer areas where housing costs
were lower. Therefore, identification of the causal effect of immigrants on their native
peers must account for the endogenous placement of immigrants into areas that are
more likely to be populated with lower-achieving native students, regardless of the local
level of immigrant concentration.
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To control for this possibility, our empirical strategy exploits random variation in the
number of immigrants across grades within the same school. For example, conditional
on the total number of immigrants in a given school in grades 4 to 6, the actual number
of immigrants in grade 5 can be considered as being determined solely by random
factors such as variation in the year of birth among the pool of immigrant children in
the school district. This natural experiment is best thought of as the random drawing of
balls from an urn in which one third of the balls are marked with the number �4�, one
third with the number �5�, and one third with the number �6�. Conditional on the total
number of balls drawn, the number of �5� balls is as good as randomly assigned. Con-
ditioning on the total number of immigrants in the advanced grades in elementary
school removes much of the heterogeneity across schools that may confound our
estimates: schools that absorbed the same number of immigrants are likely to be similar
among themselves, not only in their propensity to absorb immigrants but also in other
characteristics.

The analysis uses administrative panel data on school enrollment and test scores for
each 5th grade child from the 1993-4 school year until the 2000-1 school year, the year
this cohort was scheduled to graduate from high school. The fraction of immigrants in
5th grade is strongly negatively associated with dropout rates and high school matric-
ulation rates. However, when we control for the total number of immigrants in grades 4
to 6 and on the total number of children in grade 5, we find that 5th grade immigrant
concentration has a marginally significant negative effect on matriculation rates and a
small and statistically insignificant effect on dropout rates. Specifically, an increase of
10 percentage points in the immigrant concentration in the 5th grade raises a native
student’s dropout rate by (a statistically insignificant) 0.3–0.4 percentage points, rela-
tive to an average of 5.4% in our sample; it lowers a native student’s matriculation
rate by 1.5–1.8 percentage points, relative to an average of about 61% in our sample.
This is roughly equivalent to a third of the total gap in matriculation rates between
native and immigrant students. For comparison purposes, the magnitude of the effect
is similar to the estimated effect of reducing a father’s education by three quarters of a
year, or changing the school’s socioeconomic index by two-thirds of a standard devi-
ation.

A set of balancing tests indicate that the fraction of immigrants in 5th grade is not
systematically related to school and student background characteristics, once we con-
trol for the number of immigrants in grades 4 to 6 and the total number of children in
grade 5. Hence, we infer that the observed relationship between 5th grade immigrant
concentration and high school outcomes is not spurious.

To check further whether our results are picking up unobserved characteristics of
the school, we perform a set of �placebo� regressions where we regress the high school
outcomes of 5th graders in 1994 on the immigrant concentration in the first and
second grades in the same school in 1994. The results from this analysis show statisti-
cally insignificant effects for the placebo’s treatment effect. That is, the high school
achievements of children who were in 5th grade in 1994 are affected only by the
fraction of immigrants in 5th grade but not by the fraction of immigrants in first and
second grades. This �placebo� analysis strengthens the interpretation that our estimates
are indeed picking up the effect of immigrant concentration in the student’s grade,
and not the effect of other unobserved school characteristics.
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Furthermore, we find that the negative effect of immigrants on native outcomes is
larger for native students from a more disadvantaged socio-economic background, and
that the effects are generally non-linear – they are stronger at lower levels of immigrant
concentration (going from 0 to 10% of the class) than at higher levels of concentration
(going from 10% to 20% of the class). These results indicate that the negative impact of
immigrants is mitigated when their concentration is high, suggesting that the inte-
gration of immigrants is easier when they are present in sufficiently large numbers.

In addition, we address the possible endogenous placement of immigrant students
across grades with an IV analysis. In particular, we note that a high fraction of immi-
grants are enrolled in a grade that is different from what would have been expected
given their dates of birth. This raises the concern that administrators or parents may
endogenously place immigrants in a given grade, depending on the quality of the
existing native students. We therefore instrument for the actual fraction of immigrants
in 5th grade with the predicted fraction of immigrants. The predicted fraction of
immigrants in the 5th grade is based entirely on exogenous information (the date of
birth of each student), and therefore it is not subject to any endogenous placement
decisions across grades by administrators or parents. Our IV results point to a stronger
adverse effect of immigrant concentration on native outcomes, but the estimates are
not significantly different from the OLS coefficients.

The rest of the article is structured as follows: the next Section reviews the existing
literature that is most closely related to our work. Section 2 presents a brief background
of the immigration episode we are exploiting and of the institutional setting of Israeli
schools, and describes our data. Section 3 describes our empirical framework. Section 4
presents our main results, while Section 5 looks at additional specifications which
examine non-linear effects, differential effects across socio-economic groups, and the
placebo analysis. Section 6 presents our IV analysis. Section 7 examines the effect of
elementary school immigrant concentration on intermediate outcomes, and Section 8
concludes.

1. Literature Review

While there is a vast literature on the effects of immigration on native labour market
outcomes, the question of whether immigration affects natives� educational outcomes
has received relatively little attention. Exceptions include Betts (1998), who examines
whether immigration reduces the contemporaneous high school graduation rate of
natives, and Hoxby (1998) and Borjas (2007), who look at whether immigrants crowd-
out natives from slots in college and graduate programmes. Also, Betts and Fairlie
(2003) investigate whether immigration in California induced native flight from public
to private schools. These papers tend to find a small crowding-out effect of immigrants
on natives� educational outcomes, although the effect is sometimes limited to specific
ethnic groups.

Other studies that have looked directly at peer effects in an educational setting
include Boozer and Cacciola (2001), Hanushek et al. (2003), Lefgren (2004) and Burke
and Sass (2008). Sacerdote (2001) and Zimmermann (2003) study peer effects in a
university setting and find that academic and social outcomes of college students are
affected by the quality of randomly assigned roommates. In terms of identification
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strategy, the papers closest to our article are those of Hoxby (2000a) and Ammer-
mueller and Pischke (2006). Hoxby exploits idiosyncratic variation in gender and race
composition of adjacent cohorts in Texas public schools and, in a wide range of
specifications, she finds that children’s elementary school test scores are affected by
those of their peers, with intra-race peer effects appearing to be particularly strong.
Ammermueller and Pischke instead use variation in the peer composition across dif-
ferent classrooms of the same grade in six European countries, and find sizeable
estimates of peer effects. Hanushek et al. (2003) examine a similar type of peer effect
but use a different empirical strategy. In particular, they control for individual fixed-
effects and exploit variation in one’s peers which stems from individuals moving be-
tween classes or schools. This strategy has the advantage of completely controlling for
fixed factors such as unobserved ability and family characteristics but could be hin-
dered if individuals move for reasons correlated with unobserved shocks which also
affect school outcomes.

Closely related to our article is the literature on desegregation which examines the
effect of minority students on the achievements of the other students. Recent papers
have adopted three main approaches to address the endogenous sorting and selection
issues in this context: using experimental or quasi-experimental variation in exposure
(Angrist and Lang, 2004; Guryan, 2004); aggregating to a level at which sorting is
arguably reduced or eliminated (Evans et al., 1992; Cutler and Glaeser, 1997; Card and
Rothstein, 2006); and using within-school variation in minority exposure. This latter
approach includes Hoxby (2000a) and Hanushek et al. (2002), who exploit variation in
the racial and ethnic composition of each cohort within the same school. Similar to our
research design, these studies assume that while students may sort across schools on the
basis of long-run factors like the average racial composition, choices are unaffected by
cohort-specific variation in these factors. Both papers find very large exposure effects.1

There are similarities and differences between the desegregation literature and our
study. Both look at the effect of disadvantaged students on the outcomes of other
students, mostly from a more advantaged background. The immigrants in our study
actually tend to have relatively well-educated parents but, as we show later, they exhibit
other signs of economic distress (high unemployment, high incidence of single-par-
enthood and low rates of home ownership). The language barrier represents an
important difference between our study and the desegregation literature.

In contrast to all of these papers, our focus is on the effect of immigrants on natives
and we examine long-run effects rather than the contemporaneous effects of peers.
Our findings, in combination with recent findings regarding the benefits of placing

1 Angrist and Lang study the effects of Metco, a long-running desegregation programme that sends
minority children out of the Boston public school district to a large and affluent suburban district. Overall,
they find little evidence that the test scores of non-Metco students are affected by the presence of disad-
vantaged peers, although there seems to be some evidence of a negative effect on the test scores of non-Metco
minority students. Guryan conducts a quasi-experimental analysis of the effect of school segregation on black
dropout rates, using variation in the scope and timing of major court ordered desegregation plans in the
1970s and 1980s, and finds a modest but statistically significant effect of policies that reduced relative black
exposure to black schoolmates. Card and Rothstein find robust evidence that the black-white test score gap is
higher in more segregated cities. They report that neighbourhood segregation has a consistently negative
impact but that school segregation has no independent effect.
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immigrants in better schooling environments, allow for a fuller assessment of the
optimal policy regarding the placement of immigrants across schools.2

2. Background and Data

2.1. Immigration to Israel in the 1990s

The mass migration from the former Soviet Union to Israel since 1989 can be viewed as
a unique opportunity for studying a wide range of economic and social phenomena.
More than one million immigrants moved to Israel since 1989, increasing its popula-
tion by a remarkable 20% within a decade. The migration wave was also highly con-
centrated, with approximately 330,000 immigrants arriving in 1990 and 1991. The fall
of the Berlin wall in November 1989 was the trigger that started the whole process, as a
number of factors combined to induce migration. First, the Soviet Union lifted its
emigration restrictions. Second, the political instability and the uncertain economic
climate in the beginning of the 1990s greatly increased the incentives to migrate. Third,
Israel was one of the few viable options, as it imposed no entry restrictions and no
lengthy waiting periods. Along with the mass migration from the former Soviet Union,
the early 1990s also saw the exodus of 15,000 Ethiopian Jews in the context of Oper-
ation Solomon in May 1991 and increasing immigration rates from other countries,
mainly the US and Argentina.

Not surprisingly, there are large differences in the family background of immigrants
from different source countries and the overall immigrant population is quite different
from native Israelis in terms of family background. These differences are displayed in
Table 1, which shows the background characteristics of 5th grade students in 1994, by
immigrant status and by country of origin, based on the Ministry of Education
administrative data that is used throughout the article. We define as immigrants all
children who were born outside of Israel and immigrated after January 1st, 1989. The
Table reveals that immigrant children from the former Soviet Union generally have
parents who are more educated than the parents of native Israeli children (a little more
than one additional year of education for each parent), and come from smaller families
(1.11 siblings versus 2.41 for native Israelis). In contrast, Ethiopian immigrant children
come from much larger families (an average of 4.28 siblings) and have parents with
only one or two years of education. The vast majority of immigrants during this period
came from the former Soviet Union, so the characteristics of the overall immigrant
population are dominated by the characteristics of the Soviet immigrants.

While it appears that native Israeli children were exposed to a new immigrant pop-
ulation with more favourable family background characteristics, it is also true that the
new immigrant population displayed several signs of social and economic distress.
Table 1 presents characteristics of households with children between the ages of 8 and

2 Recent years have seen a flurry of research that uses exogenous variation created by true or natural
experiments to study the effects of peers and the environment at the neighbourhood level on a variety of
educational, health, and economic outcomes (Katz et al., 2001; Edin et al., 2003; Oreopoulos, 2003; Jacob,
2004; Weinberg et al., 2004, Goux and Maurin, 2007, Sanbonmatsu et al., 2006). In the Israeli context, Gould
et al., (2004a) found that Ethiopians who arrived during Operation Solomon generally benefited from
attending better schools.
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12 drawn from the 1995 Israeli Census.3 Compared to native Israeli children, Table 1
reveals that immigrant children came from poorer households which tend to rent
rather than own their own homes, and where the head of the household is much more
likely to be female and/or unemployed. Again, the Ethiopian immigrants display much
larger signs of distress compared to the Russians but both groups of immigrants are less
well-off compared to the native Israeli population. So, while it is true that the overall
immigration wave during this period flooded the country with immigrants who were
generally well-educated, the overall picture reveals that these immigrants displayed
several signs of socio-economic difficulties, which made them disadvantaged in many
respects relative to the native population.4 Therefore, despite the unique characteris-
tics of this mass migration episode, immigrants to Israel share characteristics that are
common to immigrants in all Western societies, making our results relevant beyond the
Israeli context.

Table 1

Background Characteristics of Immigrants and Natives

All
Immigrants

Immigrants from:

Native Israelis
Former

Soviet Union Ethiopia Other

(a) Ministry of Education data
Father’s years of schooling 11.45 13.04 1.80 14.21 12.03

(5.49) (3.62) (3.30) (4.46) (3.56)
Mother’s years of schooling 11.58 13.25 1.39 13.72 12.06

(5.31) (3.26) (2.90) (3.70) (3.41)
Number of siblings 1.54 1.11 4.28 1.98 2.41

(1.73) (1.16) (2.61) (1.35) (1.57)
Number of children 7,159 5,477 945 737 54,700

(b) Census 1995 data
Father’s years of schooling 12.69 13.51 2.57 13.50 11.67

(4.50) (3.20) (4.61) (4.32) (3.83)
Mother’s years of schooling 12.53 13.45 1.92 13.40 11.59

(4.52) (3.09) (4.20) (3.95) (3.98)
Female headed household 0.176 0.179 0.248 0.093 0.085

(0.381) (0.383) (0.432) (0.290) (0.278)
Home ownership 0.533 0.561 0.482 0.338 0.693

(0.499) (0.496) (0.500) (0.473) (0.461)
Household head unemployed 0.071 0.067 0.096 0.086 0.037

(0.256) (0.252) (0.295) (0.281) (0.189)
Household monthly income 3,895.85 4,258.76 751.01 3,497.91 5,899.36

(3,911.46) (3,738.91) (1,184.43) (5,371.44) (6,963.88)
Number of households 8,910 7,321 737 852 68,725

Notes. The Ministry of Education sample includes the universe of children enrolled in 5th grade during the
1993-4 school year. The Census data includes all households with at least one child between the ages of 8 and
12 in 1995.

3 The �long questionnaire� of the Israeli Census was administered to 20% of Israeli households.
4 For a more comprehensive analysis of the economic assimilation of the 1990s immigrants and their

impact on the Israeli labour market, see Eckstein and Weiss (2002; 2004) and Cohen-Goldner and Paserman
(2004; 2006).
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2.2. The Israeli School System

The Israeli school system is composed of three stages: elementary school (grades 1–6),
middle school (grades 7–9), and high school (grades 10–12). Within the Jewish sector,
there are two types of schools: secular and modern orthodox. The only private schools
in Israel belong to the ultra-orthodox sector and it is extremely unlikely that a non
ultra-orthodox child would attend such a school. Most Russian immigrants came with a
weak religious background and, therefore, attended secular schools. The Ethiopian
immigrants were mainly absorbed in the modern orthodox schools.

Students in Israel generally attend their local elementary school and are placed in
the same class from grades 1 to 6. There is very low mobility between schools during the
primary and middle school years and any such transfer requires special permission
from the local school authority. In contrast, the high school attended by each student is
determined by the preferences of students and schools, which in many cases are free to
accept and reject students. Some high schools provide a general academic education
while others may be devoted to music and the arts. Others may be vocationally-oriented
for trades and occupations including practical engineering, electronics etc. This setup
generally produces a large change in the peer environment of each student as he/she
begins high school. As a result, a native student’s exposure to immigrants from primary
school is not necessarily strongly correlated to his/her exposure in high school.

It should be noted that immigrants are enrolled in schools according to the same
rules as natives. They are placed in regular classes with native students but most receive
extra language training and additional instruction in subjects as needed for a few years
after arrival. In some cases, immigrants are taken out of the classroom for a brief period
of time during the day to receive individualised instruction. Schools are funded mostly
at the national level. School funding depends on a formula that takes into account the
number of immigrants and the number of disadvantaged students, so that these extra
costs were at least partially funded by the central government.

Zoning laws are quite strictly enforced in Israel, hence mobility between schools can
only occur if it is associated with residential mobility. We cannot entirely rule out the
possibility of natives moving out in response to a high concentration of immigrants in
their school. However, it is also true that many schools with significant levels of Russian
immigrants responded by developing special programmes in mathematics and science
and these programmes attracted attention from many native students with the same
interests.

Given these features of the school system, the fraction of immigrants in grade 5, the
key explanatory variable in our regressions, can be interpreted as a proxy for the total
exposure to immigrant children throughout the elementary school years. Using data
on the date of immigration, we calculate that by the end of 5th grade, native students
had been exposed to immigrants for an average of 31.7 school months (slightly more
than 3 school years).5 Interestingly, the average date of arrival of immigrants is nearly
completely uncorrelated with the fraction of immigrants in the school. It is not the case
that in schools with a high proportion of immigrants, native students also had been

5 Length of exposure for a given immigrant is simply calculated as the total number of school months (i.e.,
excluding July and August) from the month of immigration to September 1994. The underlying assumption
is that an immigrant always attended the same school from the moment they immigrated.
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exposed to immigrants for a longer period of time. This reinforces our assumption that
the immigrant concentration in 5th grade is simply capturing the total exposure to
immigrants in elementary school and is not confounded by other factors.

2.3. Data

To examine whether the influx of this immigration wave into elementary schools
influenced the high school outcomes of native Israeli children several years later, we
link detailed information on each child’s school environment in the 5th grade to his or
her achievements throughout high school. The data come from administrative records
collected by Israel’s Ministry of Education on the universe of Israeli elementary schools
in the 1993-4 school year, the first year a computerised file is available. The data are
based on reports from school authorities to the Ministry of Education at the beginning
of the school year. The file contains an individual identifier, a school and class iden-
tifier, and detailed demographic information on all immigrant pupils in grades 1 to 6,
and all pupils in grades 1, 2 and 5. Note that we do not have any data on native children
enrolled in grades 4 and 6 in 1993/4. This prevents us from using a traditional iden-
tification strategy based on multiple cohorts and school fixed-effects. In practice,
though, we show that our estimation strategy is similar to a fixed-effects estimator.

We are able to exactly identify pupils by their country of origin and date of immi-
gration (month and year), so we know precisely who is a native Israeli student and how
many immigrant children were present in the 5th grade class of each elementary
school. We focus our attention on the 5th grade cohort in 1993–4 for two reasons. First,
this is one cohort for which we have complete data on native Israeli pupils. Second, 5th
grade students in the 1993–4 school year had enough time within our sample period
(which ends with the 2000–1 school year) to finish high school if they progressed
through the system without repetition. The data set also contains the birth date of each
child, which is mapped into each child’s predicted grade level using the enrollment cut-
off dates for that cohort.6 The predicted grade level will be used in our instrumental
variable strategy.

We link the elementary school records to individual data on high school enrollment
and matriculation exam outcomes in the 1998–9, 1999–2000, and 2000–1 school years.
Therefore, we are able to follow each native Israeli student from 5th grade in 1993 all
the way through the advanced stages of high school. We study two important high
school outcomes: dropping out before completing 12th grade and passing the
matriculation exams. The latter outcome is particularly important in Israel since it is
required to attend college. Similar high school matriculation exams are found in many
countries and in some states in the US. Examples include the French Baccalaureate,
the German Certificate of Maturity (Abitur), the Italian Diploma di Maturit�a, the New
York State Regents examinations and the recently instituted Massachusetts Compre-
hensive Assessment System.

6 In Israel, children mostly enter first grade in September of the calendar year in which they turn six years
old, �mostly� because the relevant threshold dates are based on the Hebrew calendar. For example, the first
grade class of September 2007 was composed of children born between the 1st of Tevet 5761 (December 27th,
2000) and the 30th of Kislev 5762 (December 15th, 2001). For conversion between Hebrew dates and
Gregorian dates, see http://www.hebcal.com.
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Table 2 presents summary statistics for various measures of the 5th grade learning
environment faced by native Israeli students. We classify the learning environment
variables into two groups: �peer characteristics� and �school characteristics�. The �peer
characteristics� describe the family background of the native Israeli 5th grade students
in the school. The �school characteristics� contain additional aspects measured at the
school level: average scores for the 4th and 5th grade students on the 1991 standardised
mathematics and verbal tests7 and a 1991 socio-economic index of students in each
elementary school.8 All of the �school characteristics� are taken from the 1991 school
year, which is two years before the sample of native students used in Table 2 attended
5th grade.

Summary statistics are presented in four columns in Table 2, where the sample used
in each column is defined by the total number of immigrants absorbed into the ele-
mentary school in grades 4 to 6. For example, the first column presents summary
statistics for only the native Israeli 5th graders who attended an elementary school in
1993–4 where the total number of post-1989 immigrants in grades 4 to 6 was between 1
and 10. The next column uses a range of immigrants in the 4th to 6th grades between
11 and 20, and the next two columns use ranges of 21–30 and 31–40 respectively. The
last column shows the summary statistics for all schools that had between 1 and 40
immigrants in grades 4 to 6.

A close inspection of the numbers in Table 2 reveals why it is important to break
down the sample in this manner. When comparing the means across columns, a clear
pattern emerges: schools with larger numbers of total immigrants in grades 4 to 6 are
increasingly more disadvantaged in terms of the characteristics of the native Israeli
students. For example, as the number of immigrants in the school increases, the
parental education of native students falls, the percent of students with origins from
Asia and Africa (which is widely considered to be a disadvantaged ethnic group in
Israel) increases, the average mathematics and verbal scores of the elementary school
fall, and the socio-economic index of the school falls. In addition, immigrants repre-
sent only 5.39% of the 5th grade class when the total number of immigrants in 4th to
6th grades is between 1 and 10 but increases to 19.48% when there are 31–40 im-
migrants in the same three grades. Overall, larger numbers of immigrants in grades 4
to 6 are associated with larger concentrations of immigrants in 5th grade, more dis-
advantaged native Israeli students in terms of their family background and lower-per-
forming schools in terms of student test scores in previous years. This pattern is not very
surprising since new immigrants were not placed or directed to areas where the best
schools and most-educated parents are likely to be. Instead, immigrants typically started
out in areas with lower-cost housing and, therefore, native Israelis from disadvantaged

7 In June of 1991, near the end of the school year, all fourth and fifth grade students were given
achievement tests designed to measure mathematics and Hebrew reading skills. The scores used here consist
of the average score on some of the basic and all of the more advanced questions in the test, so that scores are
scaled from 1 to 100. The low average and the high variation of scores on this achievement test generated
considerable public controversy in Israel, leading to the abandonment of the national testing programme in
1992. This is the same data used in Angrist and Lavy (1999).

8 The socioeconomic index is based on a function of the pupils� fathers� education and continent of birth,
and of family size. The raw index is recorded as the percentage of students in the school who come from what
is defined to be a disadvantaged background. Our socioeconomic status index is obtained by standardising
this variable and multiplying it by –1, so that high socioeconomic status schools have a high value of the index.
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backgrounds and lower-performing schools were more likely to attend schools with a
higher concentration of immigrants.

Finally, the lower two panels of Table 2 present the high school outcomes of native
Israeli students and immigrants in 5th grade during the 1993–4 school year, according
to the number of immigrants in grades 4–6. Not surprisingly, the Table indicates that
native students who attended schools with a larger proportion of immigrants in 5th
grade also had lower outcomes in high school: they dropped out of high school more
often and were less likely to pass the matriculation exams. However, given the corre-
lations highlighted in the top part of the Table, this pattern clearly does not have any
causal interpretation.9

Table 2

Summary Statistics

Number of immigrants in grades 4 through
6 in 1995

1–10 11–20 21–30 31–40 All (1–40)

Number of schools 271 244 164 124 803
Total number of children in grade 5 12,593 13,175 9,573 7,005 42,346
Average number of children in grade 5 50.49 62.02 69.96 71.44 61.21
Average fraction immigrants in grade 5 0.0539 0.1022 0.1397 0.1948 0.1079

Peer characteristics in (non-immigrants)
Father’s years of schooling 12.62 12.24 11.97 11.91 12.24

(3.66) (3.53) (3.32) (3.34) (3.50)
Mother’s years of schooling 12.65 12.23 12.04 11.83 12.25

(3.47) (3.37) (3.13) (3.29) (3.35)
Number of siblings 2.43 2.45 2.37 2.31 2.40

(1.69) (1.54) (1.52) (1.42) (1.57)
Fraction with Parents from Asia-Africa 0.240 0.290 0.317 0.312 0.285

(0.427) (0.454) (0.465) (0.463) (0.451)
Class Size 30.08 31.09 32.49 33.04 31.43

(6.04) (5.74) (5.16) (5.36) (5.74)

School characteristics from 1991
Standardised Math Score in 1991 0.347 0.164 0.115 0.102 0.197

(0.772) (0.837) (0.802) (0.814) (0.813)
Standardised Verbal Score in 1991 0.410 0.144 0.023 0.011 0.174

(0.769) (0.799) (0.739) (0.808) (0.795)
Socioeconomic Index in 1991 0.397 0.194 0.155 0.129 0.235

(0.749) (0.817) (0.811) (0.814) (0.803)

Outcome Variables (non-immigrants)
Fraction dropping out before
completing 12th grade

0.047 0.055 0.059 0.058 0.054
(0.211) (0.229) (0.236) (0.233) (0.226)

Fraction eligible for high school
matriculation

0.642 0.611 0.605 0.584 0.614
(0.480) (0.488) (0.489) (0.493) (0.487)

Outcome Variables (immigrants)
Fraction dropping out before
completing 12th grade

0.068 0.069 0.074 0.094 0.078
(0.252) (0.254) (0.262) (0.292) (0.268)

Fraction eligible for high school
matriculation

0.615 0.586 0.556 0.523 0.561
(0.487) (0.493) (0.497) (0.500) (0.496)

Notes. Authors� calculations based on Ministry of Education data

9 Immigrants who attended schools with a high number of immigrants also tended to have lower outcomes.
Importantly, immigrant students have markedly lower academic outcomes: their dropout rate stands at 7.8%
(as opposed to 5.4% among natives), and their matriculation rate is 56.1% (61.4% among natives).

1252 [ O C T O B E RT H E E C O N O M I C J O U R N A L

� The Author(s). Journal compilation � Royal Economic Society 2009



3. Identification Strategy

3.1. Theoretical Framework

In order to frame our empirical analysis, we now present a very stylised model of the
education production function. For simplicity, assume that educational output at the
end of high school (Y) depends on an input in elementary school (X1) and an input in
high school (X2). The education production function can be written as:

Y ¼ f ðX1;X2Þ þ e

In our case, the input at the time of elementary school is the fraction of immigrants
in 5th grade, which can be thought of as a proxy for the exposure of immigrants
throughout elementary school (as discussed above). The total derivative of high school
outcomes with respect to fraction of immigrants in 5th grade can be written as:

dY

dX1
¼ @f

@X1
þ @f

@X2

@X2

@X1
:

Our identification strategy, which relies on quasi-random variation in the fraction of
immigrants in 5th grade, allows us to obtain an unbiased estimate of this total effect.
We cannot, however, disentangle the direct effect of immigrant concentration in ele-
mentary school from the indirect effect that operates through inputs in high school
(even though we later provide some evidence on this). Similarly, even an ideal
randomised experiment would be unable to identify separately endogenous peer effects
from contextual effects in the terminology of Manski (1993). Nevertheless, the reduced
form parameter that we can estimate is an important causal parameter of interest, as it
is one that can be directly manipulated by policy.

3.2. Empirical Framework

In order to identify the causal link of the immigrant concentration on the outcomes of
natives, our strategy is to exploit the variation in the number of immigrants in 5th
grade conditional on the total number of immigrant students in grades 4 to 6. As
Table 2 clearly shows, immigrant concentration in 5th grade is not randomly assigned
with respect to background characteristics. Schools that absorbed large numbers of
immigrants are different in terms of student and school characteristics relative to
schools that absorbed fewer immigrants. However, conditional on the total number of
immigrants in grades 4 to 6, the fraction of immigrants in grade 5 is determined solely
by random variation in the grade distribution among the pool of immigrant children in
a school district, and can therefore be thought of as randomly assigned. This is our key
identifying assumption, which leads us to estimate the following equation:

ðHigh School OutcomeÞij ¼ bðFraction immigrants in 5th gradeÞj

þ f

ðno. of of immigrants in grades 4 to 6Þj ;
ðno. of of children in grade 5Þj ;
ðFamily BackgroundÞij

2
64

3
75

þ uij
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where i denotes individuals, j denotes schools, and f(Æ) is a flexible function of its
arguments.

There are several features worth noting in this equation. First, the key explanatory
variable is the fraction of immigrants at the grade level in the entire school and not
within the student’s actual class. It is possible that most of the peer effect is indeed
generated at the class level but, since students are probably not placed into classes at
random within a grade, using immigrant concentration at the class level may be subject
to bias.10 Using the class level treatment would add precision to the estimates but since
we do not have an instrument for student placement across classes, we have chosen to
sacrifice some precision in order to obtain a consistent estimate of the peer effect,
which is still obtainable even if most of the effect is produced at the class level.

Second, the key explanatory variable is the fraction of immigrants in grade 5: the
effect of one immigrant child in a class of 15 students may be different from the effect
of one immigrant in a class of 30. Therefore, even holding constant the number of
immigrants in grades 4 to 6, the fraction of immigrants varies across schools also because
of variation in school size. Hence, it will be important to control for the total number of
children in grade 5 as well as for the total number of immigrants in grades 4 to 6.

Third, given the crucial role played by our conditioning variables, we would like to
ensure that our results are not sensitive to the particular parametric form in which
these variables enter the regression equation.11 Ideally, we could obtain a fully non-
parametric estimate of the parameter of interest by calculating the effect of immigrant
concentration separately for every possible combination of our two key conditioning
variables (the number of immigrants in grades 4 to 6 and the total number of children
in grade 5) and then averaging over these estimates. In practice, this approach is not
feasible because the two key conditioning covariates are essentially continuous. Instead,
we adopt a number of different methods to control for these two variables. The sim-
plest approach is simply to include the number of immigrants in grades 4 to 6 and the
total number of children in grade 5 linearly in the regression equation. Alternatively,
one may also include higher order terms of the two key conditioning variables and
interactions between them. However, these relatively naı̈ve approaches may not be
effective in entirely removing all the correlation between school characteristics and the
fraction of immigrants in grade 5.

Therefore, we adopt a specification that includes elements of the non-parametric
approach, but allows us to obtain estimates using a standard linear regression. Spe-
cifically, we first divide the sample into eight different intervals defined by the number
of immigrants in grades 4 to 6 in a given school: the first interval includes schools with 1
to 5 immigrants in grades 4 to 6, the second interval includes schools with 6 to 10
immigrants in grades 4 to 6 and so on. We then include a separate dummy for each
one of these intervals and the interactions of these dummy variables with both the key

10 One possibility would be to instrument the class-level immigrant concentration with the grade level
immigrant concentration. However, it can be shown that if class size is constant within a school, this IV
estimate is numerically identical to the OLS estimate with grade-level immigrant concentration on the right
hand side. In practice, class size tends to have very little variation within a school, so we see little value added
in reporting this estimate.

11 What we describe is essentially a version of the control function approach for estimation in the presence of
selection on observables (Heckman and Robb, 1985).
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conditioning variables (as well as higher order terms and interactions in what turns out
to be our preferred specification) and with all of the family background characteristics.
This specification is equivalent to running separate regressions within each interval, but
constraining the coefficient on the treatment variable to be the same across intervals.

Formally, our preferred regression equation is represented by:

ðHigh School OutcomeÞij ¼ bðFraction immigrants in grade 5Þj þ
X8

m¼1

cm0 ðdjmZijÞ þ uij ;

djm ¼
1 if 5ðm � 1Þ þ 1OIMMIG46jO5m

0 otherwise

�
;

Zij ¼
1; IMMIG46j ;NKIDS5j ; IMMIG462

j ;NKIDS52
j ;

IMMIG46j � NKIDS5j ;Xij

 !0
;

where IMMIG46 represents the number of immigrants in grades 4 to 6, and NKIDS5 is
the total number of children in grade 5. Since the fraction of immigrants in 5th grade
does not vary at the individual level, the standard errors are adjusted for clustering at
the elementary school level. We refer to this specification as �OLS with stratification�,
because of the stratification of the sample on the number of immigrants in grades 4 to
6. We will later show that this specification is indeed effective at removing the
correlation between fraction of immigrants in grade 5 and school characteristics.12

4. OLS Results

4.1. Balancing Tests

To determine whether the data supports our identification strategy, we first examine
the relationship between the immigrant concentration in grade 5 and the observable
characteristics of native Israeli children in the same class. Each coefficient in Table 3
represents the estimate from a single regression for each of the various measures of the
native student’s background and elementary school environment on the fraction of
immigrants in 5th grade.13 The first column presents a naı̈ve specification where no
additional controls are added to each regression. The coefficients in the first column of
Table 3 are large and highly significant and show that a larger immigrant concentra-
tion in 5th grade is highly correlated with socio-economic factors (parental education,
number of siblings, etc.) which may also be affecting high school outcomes.

The second column of Table 3 shows that controlling for the total number of stu-
dents in grades 5 and also for the number of immigrants in grades 4 to 6 in the same

12 We emphasise again that we cannot carry out a conventional estimation with school fixed effects,
because we only have one full cohort of native students which we observe from 5th to 12th grade. There is
however a strong similarity between our estimation and the traditional within estimator in the regression of
ðyijt � �yj Þ on ðxijt � �xj Þ. The within point estimate is also the coefficient on xijt in the regression of yijt on xijt

and �xj . Hence, our estimator differs from the within estimator in that (a) we control for the number of
immigrants in grades 4 to 6 and the total number of children in grade 5 separately, rather than controlling for
the mean of the fraction of immigrants across all three grades (which we cannot observe); and (b) we allow
the control function to be a flexible polynomial, rather than a simple linear function.

13 The regressions are at the individual student level, with standard errors adjusted for clustering at the
school level.
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school reduces the size and significance of most of these correlations but does not
entirely remove it. When second order terms and interactions for these controls are
entered into the specification (column 3), the correlations are reduced virtually to
zero. The last two columns of Table 3 include dummy variables for each interval of
students in grades 4 to 6 interacted with the key conditioning variables ( just linearly in
column 4, and with higher order terms in column 5). Remarkably, these columns show
that the correlation between immigrant concentration in 5th grade and the student’s
characteristics is virtually wiped out if we control for the total number of immigrants in
grades 4 to 6 in a very flexible, non-linear manner.14

Therefore, the results in Table 3 justify the identification strategy outlined above.
Once the analysis is flexibly conditioned on a tight interval of total immigrant students
in grades 4 to 6, the number of immigrant students that happen to be in grade five can

Table 3

Balancing Tests for the Actual Fraction of Immigrants

(1) (2) (3) (4) (5)

Dependent variable:
Mother’s years of schooling �5.257*** �0.581 �0.178 �0.283 0. 071

(0.675) (1.084) (1.135) (1.070) (1.136)
Father’s years of schooling �5.402*** �1.253 �0.517 �0.700 �0.255

(0.691) (1.095) (1.182) (1.118) (1.183)
Number of Siblings 1.252*** 1.100* 0.542 1.288** 0.588

(0.415) (0.621) (0.685) (0.630) (0.678)
Fraction Asia-Africa 0.530*** 0.144 �0.018 0.052 �0.063

(0.069) (0.107) (0.122) (0.112) (0.121)
Standardised maths score in 1991 �3.170*** �1.669*** �0.810 �1.334** �0.698

(0.400) (0.611) (0.658) (0.609) (0.654)
Standardised verbal score in 1991 �3.477*** �1.593*** �0.692 �1.077* �0.341

(0.385) (0.590) (0.641) (0.598) (0.631)
Socioeconomic index in 1991 �3.789*** �2.306*** �0.966 �1.903*** �0.642

(0.374) (0.592) (0.648) (0.619) (0.644)
Class size in 1994 �6.570** 0.545 6.343* �4.744 4.092

(2.648) (3.638) (3.570) (3.623) (3.600)
Controls for number of
immigrants in grades
4 to 6 and number of
children in grade 5

No Linear Second order
terms and
interaction

Linear
within

each cell

Second order
terms and
interaction

within each cell
Stratification No No No Yes Yes
Number of observations 42,346 42,346 42,346 42,346 42,346
Number of schools 803 803 803 803 803

Note. Entries in the Table represent the coefficients from separate regressions of the relevant dependent
variable on the fraction immigrants in 5th grade.
In the regressions with stratification, the whole sample was stratified into eight cells based on the total
number of immigrants in grades 4 to 6 (1 to 5, 6 to 10, 11 to 15 etc.) and the regression includes cell dummies
interacted with a constant and the full set of control variables. See text for details.
Robust standard errors (adjusted for clustering at the school level) are in parentheses. One, two and three
stars indicate statistical significance at the 10%, 5% and 1% level respectively.

14 Appendix Table 2 (available online as supporting information) shows the balancing tests within each
interval. Out of the 64 coefficients, only six are significant at the 10% significance level or lower. The other 58
coefficients point to no systematic relationship between observable characteristics and the fraction of
immigrants in 5th grade. Furthermore, the six coefficients which do turn out to be statistically significant do
not tell a consistent story about whether students are positively or negatively selected into schools with larger
fractions of immigrants in the 5th grade.
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be considered random in the sense of being uncorrelated with the other characteristics
of the native 5th grade students. That is, the �treatment� is balanced after we condition
the sample in this manner. This type of balancing test does not necessarily provide a
proof of random assignment, as the assumption requires there to be no correlation
between the fraction of immigrants in 5th grade and both observable and unobservable
background characteristics. However, the lack of a significant relationship between the
fraction of immigrants in 5th grade and observable characteristics suggests that
unobservable characteristics are also unlikely to be correlated with the fraction of
immigrants in 5th grade. Overall, the stark contrast between the �naı̈ve� coefficients in
the first column of Table 3 versus those in column 5 illustrates the extent to which our
identification strategy can reduce any potential bias stemming from the non-random
selection of immigrants across schools.15

4.2. Main OLS results

Our main results are presented in Table 4. The first column simply regresses each
outcome variable on the fraction of immigrant students in each native child’s 5th grade
class, without any additional controls. For both outcomes, the coefficient on the pro-
portion of immigrants in 5th grade is large and highly significant. A 10 percentage
point increase in the immigrant share is associated with a 1.3 percentage point increase
in the dropout rate and a 5.7 percentage point decrease in the matriculation rate. The
coefficients are reduced dramatically in size and significance in the second column,
which controls for the individual and school characteristics described in Table 1.

Adding a linear control for the number of immigrants in the school from grades 4 to
6 in column (3) has little effect on the size of the coefficient on the high school
matriculation rate but it lowers somewhat the coefficient on the dropout rate, which
becomes insignificant. The coefficient on the matriculation rate is essentially unaf-
fected when we include the square terms of the number of immigrants in grades 4 to 6
and the total number of children in grade 5 and their interaction (column 4), while the
coefficient on the dropout rate becomes even smaller.

The last two columns in Table 4 employ our preferred identification strategy (which
we call the �stratified� model) by controlling for the narrowly defined intervals of
immigrant students in grades 4 to 6. The specifications in these two columns differ only
in that column 5 controls linearly for the key conditioning variables within each
interval, while column 6 also includes squared terms and interactions. The latter
specification, which is the most flexible, will be used throughout the rest of the arti-
cle.16 The results in these two columns tell a very similar story, and point in the
direction of an adverse effect of immigrants on the rate of matriculation but no effect
on dropout rates. The point estimates imply that an increase of 10 percentage points in

15 The balancing tests also address the concern that our results may be driven by endogenous mobility of
native students (and in particular high socio-economic status ones) in response to a large concentration of
immigrants in their grade. If this were the case, we would have observed a negative correlation between
immigrant concentration and native characteristics.

16 An alternative approach would be to estimate a separate treatment effect within each interval (1–5
immigrants in grades 4 to 6, 6 to immigrants etc.) and then average across intervals. The results of this
approach are presented in Appendix Table 1 (available online as supporting information).
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the immigrant concentration in the 5th grade raises a native student’s dropout rate by
(a statistically insignificant) 0.3-0.4 percentage points, relative to an average of 5.4% in
our sample; and lowers a native student’s matriculation rate by 1.5-1.8 percentage
points, relative to an average of about 61% in our sample.17 This is roughly equivalent
to a third of the total gap in matriculation rates between native and immigrant students
(5.3 percentage points, see Table 2). For comparison purposes, one additional year of
father’s education is associated with a 1.9 percentage points increase in matriculation
rates; a one standard deviation change in the elementary school’s socio-economic in-
dex is associated with a 2.4 percentage points increase in matriculation rates; and a one
standard deviation change in 1991 verbal test scores is associated with a 3.9 percentage
points increase in matriculation rates.18

Overall, comparing the results across the columns of Table 4 reveals that most of the
observed correlation between immigrant exposure in 5th grade and future outcomes in

Table 4

OLS Estimates of the Effect of Immigration on Natives� Long-term Educational Outcomes

(1) (2) (3) (4) (5) (6)

High School Outcome:
Dropped out before
completing 12th grade

0.133*** 0.037* 0.029 0.011 0.040 0.027
[0.022] [0.022] [0.031] [0.034] [0.032] [0.035]

Passed HS matriculation
exam

�0.566*** �0.134*** �0.145** �0.155** �0.177*** �0.148*
[0.065] [0.050] [0.071] [0.078] [0.072] [0.079]

Controls for individual and
school characteristics

No Yes Yes Yes Yes Yes

Controls for number of
immigrants in grades
4 to 6 and number of
children in grade 5

No No Linear Second
order

terms and
interaction

Linear
within

each cell

Second
order

terms and
interaction

within
each cell

Stratification on
number of immigrants
in grades 4 to 6.

No No No No Yes Yes

Number of observations 42,346 42,346 42,346 42,346 42,346 42,346
Number of schools 803 803 803 803 803 803

Note. Entries in the Table represent the coefficients from separate regressions of the relevant dependent
variable on the fraction immigrants in 5th grade. Individual controls: mother’s years of schooling, father’s
years of schooling, dummy indicators for whether parents� schooling is missing, number of siblings, a dummy
for whether the number of siblings is missing, age in 1994, a gender dummy. School controls: a dummy for
whether the elementary school is religious, class size in 1994, mathematics scores in 1991, verbal scores in
1991 and school socioeconomic index in 1991. In the regressions with stratification, the whole sample was
stratified into eight cells based on the total number of immigrants in grades 4 to 6 (1 to 5, 6 to 10, 11 to 15
etc.) and the regression includes cell dummies interacted with a constant and the full set of control variables.
See text for details. Robust standard errors (adjusted for clustering at the school level) are in parentheses.
One, two and three stars indicate statistical significance at the 10%, 5% and 1% level respectively.

17 The standard deviation of the fraction of immigrants in grade 5 in our sample is 0.0903. We often report
coefficient magnitudes in terms of a 10 point increase in the fraction of immigrants, which we think is more
intuitive. To convert this into the effect of a one-standard deviation increase in the fraction of immigrants,
simply multiply by 0.9.

18 We note that schools may mitigate the adverse impact of immigration by reallocating resources towards
weaker students. However, from a policy perspective, the parameter of interest is the overall effect of
immigrant concentration, since it is unlikely that any school would not react at all to an influx of immigrants.
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high school is due to unobserved characteristics of the student and the school. This
pattern shows that the strong correlation between native outcomes and immigrant
concentration is mostly spurious, and highlights the value-added of our strategy for
identifying the causal effect. Moreover, the similarity of the results between columns 3
and 6 suggests that controlling for the individual and school characteristics appears to
be sufficient to identify the causal effect.

5. Robustness Checks

5.1. Placebo Regressions

One may still be concerned that the estimates from our OLS analysis may be picking up
a spurious correlation between unobserved school characteristics and the fraction of
immigrants. Therefore, to test our identification strategy, we run a series of �placebo�
regressions: instead of using the actual fraction of immigrants in grade 5, we use as the
treatment variable the fraction of immigrants in grades 1 and 2 in the 1993/4 school
year. If the results in Table 4 were due to unobserved school characteristics that are
correlated with the immigrant concentration at the school level, even after our flexible
conditioning strategy, we would expect that the long-term outcomes of fifth graders
would also be affected by the fraction of immigrants in the earlier grades. This scenario
is clearly not supported by the placebo regressions in Table 5, which compares our
previous results with those obtained using the immigrant concentration in grades 1 and
2 as a placebo treatment. The results are presented for the simplest non-stratified
specification (analogous to column 3 in Table 4) and for the most flexible stratified
specification (analogous to column 6 in Table 4). Both specifications control for the
total number of immigrants in grades 4 to 6 and the total number of students in grade
5. In both cases, the coefficient on the placebo is always small and insignificant. In
other words, the high school achievements of children who were in 5th grade in 1994
are affected only by the fraction of immigrants in 5th grade and are uncorrelated with
the fraction of immigrants in first and second grades. In addition, although the coef-
ficients on the dropout rate in Table 4 were not significant, they are still much larger in
magnitude than the placebo estimates. Overall, the stark contrast between our main
analysis and placebo results provides strong evidence that our results are not spuriously
driven by unobserved school characteristics.

5.2. Non-Linear Effects

This Section examines whether the treatment effect of the immigrant concentration is
linear or non-linear. Table 6 presents results from the Stratified-OLS specification
(analogous to column 6 in Table 4) after adding the square of the immigrant con-
centration as an additional treatment variable. Similar to Table 4, there is no signifi-
cant linear or non-linear effect of immigrants on the dropout rate. However, the effect
of immigrants on the matriculation rate of natives appears to be non-linear – the
coefficient on the linear term is negative while the coefficient on the quadratic term is
positive. Furthermore, the non-linearity of the effect is quite severe – increasing the
immigrant concentration from 0 to 10% lowers a native student’s chances of passing
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the matriculation rate by 4.2 percentage points, while going from a concentration of
10% immigrants to 20% reduces the matriculation rate by a further 1.9 percentage
points. Thus, the results indicate that the adverse effect of immigrants on the matric-
ulation rate of natives is higher at lower levels of immigrant concentration.

There are several possible explanations for this pattern of results. One possibility is
that there are returns to scale in the ability of schools to absorb immigrants and to
adapt to their needs. For example, if the immigrant concentration is sufficiently large,
it may be cost-effective to hire additional language teachers and set up extra classes
specifically for immigrants. The immigrants themselves may find it easier to integrate
and may require fewer resources if there is a sufficient number of peers with a similar
background. Or, with a higher concentration of immigrants, there may be scope to
redirect resources towards those classes with greater need (e.g., allocating the better
teachers to classes or grades with a high fraction of immigrants). Finally, this pattern
could result from heterogeneity in the types of immigrants and natives found in schools
with different immigrant concentrations.19

Table 5

Placebo Regressions

No Stratification
Controls for number of

immigrants in grades 4 to 6 and
number of children in

grade 5: linear

Stratification
Controls for number of immigrants in

grades 4 to 6 and number of children in
grade 5: second order polynomial and

interaction within each cell

Treatment variable: Treatment variable:

Actual
treatment:

fraction
immigrants
in 5th grade

�Placebo�:
fraction

immigrants
in 1st grade

Placebo:
fraction

immigrants
in 2nd grade

Actual
treatment:

fraction
immigrants
in 5th grade

�Placebo�:
fraction

immigrants
in 1st grade

Placebo:
fraction

immigrants
in 2nd grade

Dropped out before
completing 12th grade

0.029 �0.001 �0.003 0.027 �0.001 �0.004
(0.031) (0.005) (0.005) (0.035) (0.005) (0.005)

Passed HS matriculation
exam

�0.145** 0.001 0.013 �0.148* 0.004 0.012
(0.071) (0.014) (0.014) (0.079) (0.014) (0.013)

Number of observations 42,346 40,535 41,171 42,346 40,535 41,171
Number of schools 803 771 781 803 771 781

Notes. Entries in the Table represent the coefficients on the treatment variable. The treatment variable is the
fraction of immigrants in either 5th, 1st, or 2nd grade, depending on the column. Individual controls:
mother’s years of schooling, father’s years of schooling, dummy indicators for whether parents� schooling is
missing, number of siblings, a dummy for whether the number of siblings is missing, age in 1994, a gender
dummy. School controls: a dummy for whether the elementary school is religious, class size in 1994, math-
ematics scores in 1991, verbal scores in 1991 and school socioeconomic index in 1991.
In the regressions with stratification, the whole sample was stratified into eight cells based on the total
number of immigrants in grades 4 to 6 (1 to 5, 6 to 10, 11 to 15 etc.) and the regression includes cell dummies
interacted with a constant and the full set of control variables. See text for details.
Robust standard errors (adjusted for clustering at the school level) are in parentheses. One, two and three
stars indicate statistical significance at the 10%, 5% and 1% level respectively.

19 In Appendix Table 3 (available online as supporting information), we explore the robustness of our
results to alternative specifications: using a finer stratification or a two-dimensional stratification and using
the number of immigrants in grade 5 as the explanatory variable, rather than the fraction of immigrants.
Overall, the results are generally robust in size and significance across these alternative specifications.
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5.3. Heterogeneous Effects

Up to now, we have only attempted to estimate the effect of immigrants on the overall
population of natives. However, the effect of immigrants on the outcomes of natives
may vary with the background characteristics of the native student. We now examine
the effect of immigrants on disadvantaged native students who are possibly more likely
to be affected by the presence of immigrants in the classroom.20 We use two measures
to identify disadvantaged native students. The first is based on parental schooling, while
the second is based on ethnic background. Native students are defined as coming from
a low socio-economic status if their parents have fewer than 10 years of schooling, or
come from an Africa-Asian ethnicity. The regressions are run separately for �low� and
�high� status natives in Table 7.

The results in Table 7 once again show that there is no effect of immigrants on
dropout rates and this is now shown to be true for native students from either a high or
low socioeconomic background. However, the significant results found in Table 4 for
the matriculation rate are now shown to be exclusively due to the strong adverse effect
of immigrants on natives from a low socio-economic background. The coefficients for

Table 6

Nonlinear Effects

No Stratification
Controls for number of

immigrants in grades 4 to 6
and number of children

in grade 5: linear

Stratification
Controls for number of

immigrants in grades 4 to 6
and number of children in

grade 5: second order
polynomial and

interaction within each cell

Dropped out
before
completing
12th grade

Fraction immigrants in 5th
grade

0.064 0.100
(0.061) (0.069)

Fraction immigrants in 5th
grade squared (‚ 100)

�0.101 �0.219
(0.140) (0.168)

Change in outcome when going
from 0% to 10% immigrants

0.0054 0.0078
(0.0049) (0.0055)

Change in outcome when going
from 10% to 20% immigrants

0.0034 0.0034
(0.0032) (0.0036)

Passed HS
matriculation
exam

Fraction immigrants in 5th
grade

�0.387*** �0.532***
(0.145) (0.161)

Fraction immigrants in 5th
grade squared (‚ 100)

0.703** 1.145***
(0.311) (0.375)

Change in outcome when going
from 0% to 10% immigrants

�0.0318*** �0.0418***
(0.0118) (0.0128)

Change in outcome when going
from 10% to 20% immigrants

�0.0177** �0.0188**
(0.0075) (0.0079)

No. of obs. 42,346 42,346
No. of schools 803 803

Notes. Entries in the first two rows represent the coefficients on the fraction of immigrants in 5th grade and its
square from a single regression model. For the list of controls and the definition of �stratification,� see Table 4.
Robust standard errors (adjusted for clustering at the school level) are in parentheses. One, two and three
stars indicate statistical significance at the 10%, 5% and 1% level respectively.

20 A number of papers have shown that the outcomes of disadvantaged students are more responsive to
changes in school resources (Angrist and Lavy, 1999; Krueger, 1999; Hoxby, 2000b; Jepsen and Rivkin, 2009).
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disadvantaged students are roughly double the size of the coefficients found in Table 4
for the full sample. Therefore, the estimated effect for the general population is rather
muted by mixing a large adverse effect on disadvantaged students with no effect on the
rest of the native population.

6. IV Results

Our analysis so far is based on the assumption that the endogenous placement of
immigrants in the 5th grade across schools is eliminated once we control for the total
number of immigrants in the school from grade 4 to 6. This assumption is supported by
the balancing tests in Table 3. However, given that a school has a particular number of
immigrants in grades 4 to 6, it is possible that the placement of immigrants across
grades within the same school may not be entirely random. This concern is based on
the high rate of holding immigrant students back a grade. For example, among the
immigrant children who should have attended 5th grade based on their date of birth
and the enrollment rules in place for that cohort, 55% were in fact enrolled in grade 5,
while 38% were in grade 4. If a school tends to hold immigrant students back so that
more of them are placed in the grade with better or worse native students compared to
the adjacent grade, then our previous results could be biased.21 Measurement error in
the grade enrollment information of immigrants could also bias the results in the
previous Section towards zero.22

To account for this possibility, we adapt our identification strategy by predicting how
many immigrants are supposed to be in grade 5 within a school based on their date of
birth and use the predicted fraction of immigrants in grade 5 as an instrument for the
actual immigrant concentration in grade 5 within a school.23

Since the predicted fraction of immigrants in the 5th grade is based entirely on
exogenous information (the date of birth of each student), it should not be subject to
any endogenous placement decisions across grades by administrators or parents. The
key identifying assumption for the IV strategy is that, conditional on the actual number
of immigrants in grades 4 to 6 and the total number of children in grade 5, the predicted
fraction of immigrants does not affect outcomes. This assumption could be violated if a
school with a higher predicted number of immigrants in 5th grade, conditioning on the
actual number of immigrants in 5th grade, pursues different policies than a school with a

21 The decision on which grade to put an immigrant child in would typically be made by the school
counsellor or psychologist, subject to the parents� consent.

22 Even with the best administrative data, some students� grades may be recorded incorrectly, or there may
be movements across grades in the middle of the school year. If measurement error is of the classical type, this
would lead to attenuation bias. Moreover, attenuation bias could be exacerbated by controlling for variables
such as the number of immigrants in grades 4 to 6, since the standard deviation in this latter variable is
probably larger than the standard deviation in the number of grade 5 immigrants; hence, much of the true
signal in the explanatory variable would be swept away by the control variable, leaving mostly noise.

23 Since we do not have data on native children who attend grades 4 and 6, the predicted fraction of
immigrants is calculated as:

z ¼ 100 � Predicted number of immigrants in grade 5

Predicted no. of immigrants in grade 5 þ Actual no. of natives in grade 5
:

Similarly, the predicted number of children in grade 5 is calculated as the sum of the predicted number of
immigrants plus the actual number of natives in grade 5.
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lower predicted number of immigrants, such as diverting more resources to the 4th
grade. The second key condition is that the instrument (predicted fraction of immi-
grants) is correlated with the endogenous regressor (the actual fraction of immigrants),
and this should be satisfied almost trivially (this is confirmed by the results of the first
stage regressions). Appendix Table 4 (available online as supporting information)
presents balancing tests for our instrument, and shows that the predicted fraction of
immigrants is uncorrelated with the personal and school characteristics of natives, after
conditioning on the same control function used in the OLS analysis. Since we have one
instrument for one endogenous variable, the regressions are exactly identified.

Table 8 reports the IV results in a manner similar to Table 4 for the OLS analysis. We
focus first on the third row in the Table, which presents the key statistics from the first
stage regressions. Not surprisingly, there is a very strong first stage relationship between
the predicted and the actual fraction of immigrants in grade 5, and there is no reason
to fear a weak instrument problem. Shea’s R2 shows that our instrument explains about
70% of the variation in the actual immigrant concentration with limited controls (the
first two columns), and around 30% of the variation with the extended set of controls
in the remaining columns. The F-statistic from the first stage is always highly significant
(always above 180). Therefore, the predicted immigrant concentration is a strong
instrument for the actual immigrant concentration.

Going from the first to the last column of Table 8, the results show once again that
there is a high correlation between the immigrant concentration in 5th grade and high
school outcomes but most of this correlation is explained by controlling for hetero-
geneity across schools. In general, the IV results are larger and more significant than
the OLS coefficients in Table 4. This pattern is true for both high school outcomes. For
example, the last column indicates that a 10 percentage point increase in the fraction
of immigrants in 5th grade raises the dropout rate of native students by 0.8 percentage
points and lowers the individual matriculation rate by 2.8 percentage points.

These findings may indicate that the OLS estimates are biased towards zero because
of the endogenous holding-back of immigrants within a school. However, the results
might be stronger with IV due to measurement error in the treatment variable. In any
case, the IV coefficients are generally not significantly different from the OLS coeffi-
cients (they are very similar to the magnitudes obtained for natives from a lower socio-
economic background in Table 7). Therefore, the overall conclusion from the IV
analysis is that our main OLS results are robust to the potential endogenous placement
of children across schools and measurement error.

7. Intermediate Outcomes

We now try to shed light on the mechanism that may drive the relationship between the
5th grade immigrant concentration and high school outcomes. It is possible that the
acquisition of basic learning skills is hindered by the presence of a high concentration
of immigrants in elementary school; on the other hand, it is also possible that exposure
to immigrants in elementary school increases the exposure to immigrants in later
grades – which may be driving the estimated effect on high school outcomes.

To address these issues, we estimate the effect of immigrant concentration in ele-
mentary school on two intermediate outcomes: the quality of the high school attended
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(measured by the average matriculation rate in the high school between 1996 and
1998, which is at least two years before the cohort under analysis reached 10th grade);
and the fraction of immigrants in 10th grade.

The results are presented in Table 9. The first column controls linearly for the
number of immigrants in grades 4 to 6 and the number of children in grade 5, while
the second column adopts the most flexible stratified specification (analogous to col-
umn 6 in Table 4). We find that immigrant concentration in 5th grade is positively
correlated with immigrant concentration in 10th grade and negatively correlated with
high school quality, although this result is sensitive to the specification used. A 10 point
increase in the fraction of immigrants in 5th grade leads to a 1.65 point increase in the
fraction of immigrants in 10th grade and a 1.28 point drop in the average matriculation
rate of the high school attended.

The coefficient in a regression of the high school matriculation rate on high school
quality is 0.744. If we assume that this can be taken as a causal effect, this implies that
high school quality can account for about 63% of the total effect of immigrant con-
centration in the 5th grade on the high school matriculation rate.24 Similarly, we
calculate that the fraction of immigrants in 10th grade can account for about 31% of
the total effect. Of course, these back of the envelope estimates should be taken with
caution, since we do not have an estimate of the causal relationship between the
intermediate and final outcomes. However, they suggest that immigrant concentration

Table 9

The Effect of Fraction Immigrants in 5th Grade on Intermediate Outcomes

No stratification Stratification

High School Quality (high school
matriculation rate in 1996-8)

�0.033 �0.128**
(0.055) (0.056)

Number of observations, number of schools 37,808, 802 37,808, 802

Fraction immigrants in 10th grade 0.192*** 0.165***
(0.046) (0.049)

Number of observations, number of schools 41,683, 803 41,683, 803

Controls for individual and school characteristics Yes Yes
Controls for number of immigrants
in grades 4 to 6 and number of
children in grade 5

Linear Second order terms and
interaction within each cell

Stratification on number of immigrants
in grades 4 to 6.

No Yes

Note. Entries in the Table represent the coefficients from separate regressions of the relevant dependent
variable on the fraction immigrants in 5th grade. Individual controls: mother’s years of schooling, father’s
years of schooling, dummy indicators for whether parents� schooling is missing, number of siblings, a dummy
for whether the number of siblings is missing, age in 1994, a gender dummy. School controls: a dummy for
whether the elementary school is religious, class size in 1994, mathematics scores in 1991, verbal scores in
1991 and school socioeconomic index in 1991. In the regressions with stratification, the whole sample was
stratified into eight cells based on the total number of immigrants in grades 4 to 6 (1 to 5, 6 to 10, 11 to 15
etc.) and the regression includes cell dummies interacted with a constant and the full set of control variables.
See text for details. Robust standard errors (adjusted for clustering at the school level) in parentheses. One,
two and three stars indicate statistical significance at the 10%, 5% and 1% level respectively.

24 A 10 point increase in the fraction of immigrants in 5th grade leads to a 0.0128 drop in high school
quality: 0.744 � 0.0128 ¼ 0.0095, which is about 63% of 0.015, the estimated effect of a 10 point increase in
5th grade fraction of immigrants on the matriculation rate (Table 4, column 6).
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in 5th grade affects high school outcomes both through a direct effect and through its
effect on intermediate outcomes.

8. Conclusion

This article represents one of the first attempts to study the consequences of natives
and immigrants interacting in the same social and learning environment, while paying
particular attention to issues of identification and causality. In addition, this article
breaks from the existing literature on peer effects within schools by looking at the long-
term effects on natives in high school, rather than focusing on contemporaneous
effects. After accounting for the endogenous placement of immigrants, both across
schools and between grades within schools, we find that the fraction of immigrants in
5th grade has a substantial adverse effect on the passing rate for native students on
their matriculation exams. Passing the matriculation exam is needed in order to attend
college, so this is an important outcome in the Israeli context. Since students are
typically kept in the same classes throughout elementary school, it is important to note
that the immigrant concentration in 5th grade in Israel is a good proxy for the total
exposure throughout elementary school.

These results stand in contrast with some of the recent estimates in the US literature
on desegregation, which found little or no impact of desegregation programmes on the
outcomes of white students (Angrist and Lang, 2004; Guryan, 2004). One possible
explanation for the larger estimated effects in our study is that the average number of
immigrant children in each class in our sample is particularly large. Also, given that the
average class size in Israel is also relatively high, it is possible that the migration wave
crowded out school resources that were already strained.

In many respects, these findings can be of general interest beyond the local Israeli
context, even though we must keep in mind the differences between this particular
migration wave and other similar events (migration waves in other western countries, or
desegregation in US schools). The empirical episode studied here examines how
immigrants from a relatively educated and skilled background from the former Soviet
Union affect the human capital outcomes of natives. Despite the high levels of parental
education, our analysis shows that the parents of these immigrants exhibit many trou-
bling socio-economic patterns which could lead to a crowding out of school resources or
generate other forms of negative peer effects on the outcomes of natives. The lessons
learned from this analysis are becoming increasingly relevant to Western countries that
are expected to absorb growing numbers of immigrants from Central and Eastern
Europe (especially following the enlargement of the European Union), and others who
are debating whether to move toward a more skill-biased immigration policy.

Our findings may also have implications for income inequality. The most important
dividing line in schooling in the US is high school completion. In Israel and in many
European countries, the crucial threshold is passing the matriculation exams, which
opens the door to a college education. Angrist and Lavy (forthcoming) estimated the
returns to a year of schooling in Israel at about 8.3%, while holders of the Israeli
matriculation certificate earn a further 24%. The effect of immigrants on the matric-
ulation outcomes of natives may therefore have severe implications for the income of
disadvantaged natives as well as for income inequality. This is especially true in light of
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our finding that disadvantaged students are more likely to be adversely affected by the
presence of immigrants in the classroom.

Technical Appendix

Additional supporting information may be found in the online version of this article
and on the RES website:
Appendix Table 1: Stratified OLS Regressions for the Outcomes of Native Israelis –
Detailed Results
Appendix Table 2: Balancing Tests for the Actual Fraction of Immigrants
Appendix Table 3: Robustness Tests
Appendix Table 4: Balancing Tests for the Predicted Fraction of Immigrants
Appendix Table 5: Stratified IV Regressions for Outcomes for Native Israelis – Detailed
Results
Please note: Wiley-Blackwell are not responsible for the content or functionality of any
supporting materials supplied by the authors. Any queries (other than missing mate-
rial) should be directed to the corresponding author for the article.
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Edin, P-A., Fredriksson, P. and Åslund, O. (2003). �Ethnic enclaves and the economic success of immigrants –
evidence from a natural experiment�, Quarterly Journal of Economics, vol. 118, pp. 329–57.

Evans, W.N., Oates, W.E. and Schwab, R.M. (1992). �Measuring peer group effects: a study of teenage
behavior�, Journal of Political Economy, vol. 100(5), pp. 966–91.

Gould, E.D., Lavy, V. and Paserman, M.D. (2004a). �Immigrating to opportunity: estimating the effects of
school quality using a natural experiment on Ethiopians in Israel�, Quarterly Journal of Economics, vol. 119
(2), pp. 489–526.

Gould, E.D. Lavy, V. and Paserman, M.D. (2004b). �Does immigration affect the long-term educational out-
comes of natives? Quasi-experimental evidence�, NBER Working Paper 10844, October.

Goux, D. and Maurin, E. (2007). �Close neighbours matter: neighbourhood effects on early performance at
school�, Economic Journal, vol. 117(523), (October), pp. 1193–215.

Guryan, J. (2004). �Desegregation and black dropout rates�, American Economic Review, vol. 94(4) (September),
pp. 919–43.

Hanushek, E.A., Kain, J.F. and Rivkin, S.G. (2002). �New evidence about Brown v. Board of Education: the
complex effects of school racial composition on achievement�, National Bureau of Economic Research:
Working Paper no. 8741.

Hanushek, E.A Kain, J.F., Markman, J.M. and Rivkin, S.G. (2003). �Does peer ability affect student achieve-
ment?�, Journal of Applied Econometrics, vol. 18(5), (September/October), pp. 527–44.

Heckman, J.J. and Robb, R. Jr. (1985). �Alternative methods for evaluating the impact of interventions: an
overview�, in (J.J. Heckman and B. Singer, eds.), Longitudinal Analysis of Labor Market Data., pp. 156–245,
Cambridge: Cambridge University Press.

Hoxby, C.M. (1998). �Do immigrants crowd disadvantaged American natives out of higher education?�, in
(D.S. Hamermesh and F.D. Bean, eds.), Help or Hindrance? The Economic Implications of Immigration for
African Americans, pp. ?, New York: Russell Sage Foundation,.

Hoxby, C.M. (2000a). �Peer effects in the classroom: learning from gender and race variation�, NBER Working
Paper No. 7867, August.

Hoxby, C.M. (2000b). �The effects of class size on student achievement: new evidence from population
variation�, Quarterly Journal of Economics, vol. 115(4) (November), pp. 1239–85.

Jacob, B.A. (2004). �Public housing, housing vouchers and student achievement: evidence from public
housing demolitions in Chicago�, American Economic Review, vol. 94(1) (March), pp. 233–58.

Jepsen, C. and Rivkin, S. (2009). �Class size reduction and student achievement: the potential tradeoff
between teacher quality and class size�, Journal of Human Resources, vol. 44(1), (Winter), pp. 223–50.

Katz, L.F., Kling, J.R. and Liebman, J.B. (2001). �Moving to opportunity in Boston: early results from a
randomized mobility experiment�, Quarterly Journal of Economics, vol. 116, pp. 607–54.

Krueger, A.B. (1999). �Experimental estimates of education production functions�, Quarterly Journal of
Economics, vol. 114, pp. 497–532.

Lefgren, L. (2004). �Educational peer effects and the Chicago public schools�, Journal of Urban Economics,
vol. 56(2) (September), pp. 169–91.

Manski, C.F. (1993). �Identification of endogenous social effects: the reflection problem�, Review of Economic
Studies, vol. 60(3), (July), pp. 531–42.

Oreopoulos, P. (2003). �The long-run consequences of living in a poor neighborhood�, Quarterly Journal of
Economics, vol. 118, pp. 1533–75.

Sacerdote, B. (2001). �Peer effects with random assignment: results for Dartmouth roommates�, Quarterly
Journal of Economics, vol. 116, pp. 681–704.

Sanbonmatsu, L., Kling, J., Duncan G. and Brooks-Gunn, J. (2006). �Neighborhoods and academic achieve-
ment: results from the Moving to Opportunity experiment�, Journal of Human Resources, vol. 41(4), (Fall),
pp. 649–91.

Vigdor, J. and Nechyba, T. (2004). �Peer effects in elementary school: learning from ��apparent�� random
assignment�, mimeo., Duke University, October.

Weinberg, B.A., Reagan, P.B. and Yankow, J.J. (2004). �Do neighborhoods affect hours worked: evidence from
longitudinal data�, Journal of Labor Economics, vol. 22 (4), pp. 891–924.

Zimmerman, D.J. (2003). �Peer effects in academic outcomes: evidence from a natural experiment�, Review of
Economics and Statistics, vol. 85, pp. 9–23.

2009] 1269Q U A S I – E X P E R I M E N T A L E V I D E N C E

� The Author(s). Journal compilation � Royal Economic Society 2009


