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Introduction

In evaluations of individuals’ responses to 
behavioral interventions, randomized studies are 
considered the gold standard. Because they 
remove, in expectation, both unobserved and 
observed differences between treatment and con-
trol groups, randomized studies can eliminate con-
cerns about selection bias that otherwise thwart 
studies of interventions—medical, behavioral, 
educational, and so on—to which people have 
some control over their own exposure. Of course, 

many social science interventions are multifac-
eted. Although random assignment to multifac-
eted interventions may allow researchers to 
estimate their causal effects, additional work is 
needed to illuminate the mechanisms by which 
such effects may be produced. Understanding the 
effects of randomization on access to intervention 
components or contexts can shed light for policy-
makers on how programs are being implemented 
in the real world, and on the resources involved. 
Ideally, evaluations of randomized policies or 
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interventions should go beyond the question of 
whether they work into an exploration of why, and 
at what cost.

This article considers these questions in the 
context of a district-wide school choice option 
focused on delivering a bilingual educational 
experience. Specifically, dual-language immer-
sion (DLI) programs are programs in which stu-
dents receive general academic instruction in two 
languages from early grades onward. In our con-
text, they include both two-way programs, in 
which at least one third of students in a class-
room are native speakers of each of the two 
classroom languages (in the United States, typi-
cally English and a “partner” language), and one-
way programs, in which most students in the 
classroom are native speakers of English who are 
immersed in a non-English “partner” language. A 
key objective of both types of programs is to pro-
duce students who are bilingual and biliterate, 
regardless of their first language (Fortune, 2012).

Research on DLI Education

Once considered niche, DLI programs are 
becoming more widespread. In just a few years, 
the number of programs operated under the DLI 
rubric nationwide has likely reached at least 
2,000, as California, Delaware, Louisiana, 
Georgia, Minnesota, Ohio, Oregon, Texas, and 
Utah have implemented programs.1 In large cities 
such as Chicago, Los Angeles, and New York, 
DLI programs are steadily growing in number. 
The New York City Department of Education, for 
example, more than doubled the number of DLI 
programs it offers, from about 82 to 192, between 
the 2012–2013 and 2015–2016 school years 
(New York City Department of Education, 2015; 
Schneider, 2013). With more than 150,000 stu-
dents classified as English learners (ELs) in NYC 
(and 10% of those enrolled in immersion pro-
grams), and as many as 185 different languages 
spoken in students’ homes, these programs are a 
cornerstone of the plan to deliver access to quality 
education for all NYC students.

The swift expansion of DLI programs may be 
driven by a number of complementary factors, 
including economic, cognitive, and academic 
rationales. The economic rationale focuses on 
preparing students for an increasingly global 
economy by equipping them with multilingual 

skills. Rigorous estimates of the earning returns 
to bilingualism in North America range from 2% 
to 3% for non-English languages in the United 
States (Saiz & Zoido, 2005), to 4% to 6% for 
French in Anglophone Canada, to 7% to 8% for 
English in Francophone Quebec (Christofides & 
Swidinsky, 2010). In the United States, the 
demand for workers with bilingual skills in the 
health care, business, diplomacy, and national 
security arenas appears to be growing (Committee 
for Economic Development, 2006; Geisler, 2012; 
Zwerdling, 2012). Santibañez and Zárate (2014) 
found that Latino high school students who fre-
quently speak Spanish are more likely, on aver-
age, to enroll in a 4-year college than those who 
do not use Spanish frequently or are not profi-
cient in Spanish.

The cognitive rationale for DLI is grounded 
in laboratory evidence that bilinguals outperform 
monolinguals on numerous verbal and nonverbal 
tasks, including working memory and executive 
function tasks, where the latter include attention 
control and task switching (Bialystok & Craik, 
2010; Luk & Bialystok, 2014). Although these 
advantages tend to be small in magnitude, they 
could conceivably make modest contributions to 
students’ ability to control their attention and 
focus, and to succeed on academic tasks, particu-
larly those who require strong working memories 
(Gathercole, Alloway, Willis, & Adams, 2006). 
There is also evidence that familiarity with bilin-
gual environments improves young children’s 
social perceptive-taking skills (Fan, Liberman, 
Keysar, & Kinzler, 2016; Greenberg, Bellana, & 
Bialystok, 2013), which may help them work 
more effectively with teachers and peers. In addi-
tion, bilingualism appears to improve students’ 
metalinguistic skills, such as lexical and seman-
tic awareness (awareness of word meanings and 
sentence structures), and their ability to acquire 
additional languages (Cenoz, 2003; Keshavarz & 
Astaneh, 2004; Klein, 1995). This suggests that 
bilingual students may have advantages in under-
standing language structures and components in 
ways that make them better readers and writers in 
both languages.

The academic rationale follows logically from 
the cognitive rationale, based on the notion that 
instruction in two languages from early grades  
produces higher academic achievement in core  
academic content (e.g., language arts, mathematics, 
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and science) tested in English. In the absence of 
evidence about the cognitive rationale, this notion 
might seem counterintuitive. Conventional wisdom 
suggests that there may be efficiency losses when 
the language of instruction and of academic testing 
are not well-aligned. On the contrary, the academic 
rationale has empirical backing. Studies of French 
immersion programs serving native English speak-
ers in Canada have shown that immersion students 
perform as well as or better than their peers in 
English-tested content by about fifth grade (Barik 
& Swain, 1978; Caldas & Boudreaux, 1999; 
Marian, Shook, & Schroeder, 2013; Turnbull, Hart, 
& Lapkin, 2003), and some of these studies have 
used reasonably convincing longitudinal designs 
with matching on baseline attributes (Lambert, 
Tucker, & d’Anglejan, 1973). More recently, a 
study of one-way and two-way immersion pro-
grams in Utah used propensity score matching to 
find greater math gains from third to fourth grade 
for immersion students as compared with nonim-
mersion students, but students were matched on 
posttreatment performance, meaning that cumula-
tive immersion effects between first and third grade 
were not captured (Watzinger-Tharp, Swenson, & 
Mayne, 2016). In another recent study, Bibler 
(2017) used randomized lottery data from North 
Carolina to estimate causal effects of cumulative 
DLI dosage; he found benefits for native English 
speakers of 0.09 of a standard deviation (SD) per 
year in math, and 0.05 of an SD per year in English 
language arts (ELA), with benefits of 0.06 of an SD 
per year in math and ELA for ELs.

In the United States, most existing studies of 
academic outcomes among DLI students have 
focused on ELs enrolled in two-way programs. 
Numerous studies of ELs exposed to two-way 
immersion have shown them eventually outper-
forming peers exposed to monolingual English 
programs or to traditional bilingual education 
programs on language arts and math tests in 
English (Collier & Thomas, 2004; Lindholm-
Leary & Block, 2010; Marian et al., 2013; Thomas 
& Collier, 2014). Although such studies have not 
historically used designs that adjust for students’ 
selection into the programs, a few recent studies 
have taken steps to mitigate selection bias.

For instance, Umansky and Reardon (2014) 
employed a longitudinal analysis with extensive 
statistical controls, finding that Latino ELs 
placed in Spanish immersion classrooms were 

reclassified from EL to English-proficient status 
more slowly in elementary school but at higher 
rates by high school. And Valentino and Reardon 
(2015), using baseline controls and adjusting for 
parental preferences, found that ELs placed in 
DLI in kindergarten initially performed lower in 
ELA than those placed in short-term or long-term 
bilingual education or in monolingual English 
classrooms, but they showed much stronger 
growth in ELA performance between second and 
seventh grade than those placed in the other pro-
gram types. The authors found lower growth 
over time in math for students in long-term bilin-
gual education, but no statistically significant 
differences in math growth between the other 
three program types.

These studies implicitly raise the question of 
how immersion promotes positive outcomes. For 
instance, in the Valentino and Reardon (2015) 
study, if DLI yields steeper growth in ELA than 
other bilingual education programs, this may 
imply that the peer group or program attributes 
may be partly responsible, as the native and 
classroom languages are aligned in all except the 
monolingual English programs. Yet, we have 
found very little research that empirically illumi-
nates pathways through which immersion may 
influence achievement. Descriptive studies that 
have compared unadjusted achievement of ele-
mentary students immersed in the partner lan-
guage for 50% versus 90% of the school day 
(50:50 vs. 90:10 programs) have found similar 
outcomes in terms of English and math tested in 
English (Collier & Thomas, 2004), with 90:10 
programs showing similar or better performance 
in terms of partner-language proficiency 
(Christian, Montone, Lindholm, & Carranza, 
1997; Lindholm-Leary, 2001). In addition, 
Lindholm-Leary (2005) synthesized best-prac-
tices research to offer advice to immersion pro-
gram directors on such features as curriculum 
alignment and school leader support, but the 
analysis reviewed best-practice literature and did 
not include an empirical comparison of programs 
with different attributes. Our study contributes to 
what is known about immersion mechanisms 
through descriptive analyses of classroom fea-
tures that have potential to mediate program 
effects. Put another way, it comments on how 
well various immersion program attributes 
empirically account for the covariance between 
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an immersion lottery win and subsequent aca-
demic performance.

If DLI is to be understood as a scalable reform 
model that promotes educational equity, then it is 
also important to understand whether benefits 
hold across racial/ethnic groups. In fact, dual-
language education researchers have documented 
the need for research to examine differential 
demographic effects (Parkes, Ruth, Anberg-
Espinoza, & de Jong, 2009). However, while 
numerous studies have focused on immersion’s 
effects on ELs, and others have documented 
effects on native English speakers, we know of 
only two studies that have examined differential 
effects by race/ethnicity. Focusing on achieve-
ment trends for ELs between second and seventh 
grade in a large, urban district, Valentino and 
Reardon (2015) found that the long-term benefits 
of DLI relative to English-only education in ELA 
and math were statistically significant for Latino 
ELs but not for Chinese ELs, though modest 
long-term ELA benefits were observable for 
Chinese ELs in the sample. Their study used 
extensive statistical controls but focused only on 
ELs and thus did not address racial/ethnic differ-
ences for native English speakers. Thomas and 
Collier (2014) examined test scores in six North 
Carolina districts for students who were and were 
not enrolled in two-way DLI programs, disaggre-
gating outcomes for native English speakers by 
students’ race/ethnicity. African American native 
English speakers in two-way immersion outper-
formed their nonimmersion peers by 0.36 to 1.12 
SD in ELA and by 0.54 to 1.17 SD in math; the 
corresponding relative performance among 
White native English speakers were −0.11 to 
0.55 in ELA and 0.10 to 0.68 in math. The limita-
tion of these estimates is that they are observa-
tional and unadjusted for baseline differences, 
making them vulnerable to selection bias, and 
they are cross-sectional, making it difficult to 
precisely estimate effects over time. Still, because 
they suggest that African American students 
whose families choose immersion outperform 
their same-race peers to an even greater extent 
than White students whose families do the same, 
they suggest a need for further study.

This article considers both the plausible 
mechanisms and differential effects of immer-
sion using data from a lottery-based, randomized 
study of DLI education conducted in Portland, 

Oregon. Steele et  al. (2017) leveraged random-
assignment lottery data for immersion program 
applicants in the Portland Public Schools to 
examine the effects of DLI on students’ ELA, 
math, and science achievement through eighth 
grade. Using data from seven cohorts of students 
who were randomly assigned to DLI or business-
as-usual before kindergarten in 2004–2005 
through 2010–2011, the study found positive 
intent-to-treat effects in ELA of about 7 months 
of learning in fifth grade (0.13 SD) and 9 months 
of learning in eighth grade (0.22 SD). Using a 
quadratic grade specification instead of differen-
tial effects by grade, the estimated overall effect 
of winning an immersion lottery was a statisti-
cally significant 9% of an SD in ELA (p < .05). 
Moreover, these effects were statistically similar 
regardless of the classroom language (Spanish 
vs. Chinese, Japanese, and Russian), students’ 
native language (English vs. the classroom part-
ner language), and program type (one-way vs. 
two-way). In addition, ELs randomly assigned to 
immersion had higher rates of English profi-
ciency by sixth grade. The study found no statis-
tically significant positive effects in math or 
science, but also no detrimental effects.

The present analysis builds on this work by 
documenting DLI inputs in Portland and the 
extent to which these inputs appear to mediate 
the effects of immersion on achievement. With 
regard to inputs, we first examine the costs and 
cost sources of Portland’s DLI model relative to 
the default monolingual English curriculum in 
the district. We then examine the extent to which 
spending differentials and other inputs, including 
peer-group characteristics and teacher character-
istics, covary with estimated lottery effects on 
student learning. Specifically, if classroom envi-
ronments change as a function of winning or los-
ing a lottery slot, then it is possible that the 
benefits of immersion are, in fact, benefits of 
being randomized to a different type of class-
room environment. We use instrumental vari-
ables (IV) analysis to investigate the causal 
mediation effects of immersion enrollment and 
cumulative dosage on achievement and to 
explore the extent to which lottery-mediated 
changes in per-pupil expenditures and classroom 
characteristics correspond to changes in student 
achievement. Finally, to consider the relevance 
of the immersion model for students of different 
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racial/ethnic backgrounds, we examine the role 
of students’ racial and ethnic backgrounds in 
moderating the causal effects of immersion on 
student achievement.

Research on Immersion Costs

By some arguments, DLI education should be 
cost neutral. Because core academic instruction 
occurs in two languages, second-language 
instruction does not necessarily require addi-
tional classes or staff. In this model, a second 
language is not an elective or an enrichment 
class, such as music, art, or physical education; it 
is simply a medium of instruction. The notion is 
that if students receive core instruction in two 
languages from young ages, they will acquire 
both somewhat naturally, without sacrificing 
instructional time in core content (e.g., mathe-
matics, science, social studies, and language arts) 
and without requiring additional staffing or 
classroom space for elective classes. Although 
the case for cost neutrality can be made in theory, 
in practice, additional resources may be needed 
to support the model, including resources spent 
on recruiting and hiring bilingual teachers, trans-
lating or purchasing curricula and assessments, 
translating parental communications (especially 
in two-way programs, where parents may be 
native speakers of either instructional language), 
and helping teachers learn to teach in a DLI pro-
gram—whether it be a two-teacher model in 
which students switch between teachers of the 
two languages (and teachers must coordinate 
their curriculum), or a one-teacher model, in 
which a bilingual educator teaches in both class-
room languages. There may also be logistical 
costs involved in allowing families to opt into or 
out of dual-language programs and in managing 
demand for slots, and there may be costs associ-
ated with transportation to these programs. 
Another set of possible costs would be associated 
with the launch of new programs—these include 
analyzing families’ demand for DLI, deciding 
where to locate these programs, recruiting the 
initial set of teachers, and purchasing curriculum 
in the partner language (Lara-Alecio, Galloway, 
Mason, Irby, & Brown, 2004). Because two-way 
immersion programs often serve ELs alongside 
native English speakers, it is also important to 
consider the extent to which DLI supplants rather 

than complements the instructional support ELs 
would otherwise receive.

To understand how program costs mediate 
student achievement effects, we must first esti-
mate those costs and their sources. We know of 
only two studies that have systematically 
attempted to measure the costs of DLI programs 
over and above other per-pupil expenditures. 
Parrish (1994) studied the costs of two-way 
immersion program classrooms relative to non-
immersion (English-only) classrooms as part of a 
15-school cost study of programs serving ELs in 
11 California districts. Although the schools cho-
sen were described as “exemplars” of their mod-
els (p. 261), site-selection and data collection 
methods were not directly stated. Focusing only 
on classroom-level resources, he initially found 
lower classroom costs of US$74 per student 
(about 3.9%) for two-way immersion programs 
relative to English-only programs in the same 
school, which cost US$1,873 per pupil on aver-
age. As average class sizes were the same, the 
cost difference was attributable to slightly lower 
instructional aide staffing in immersion relative 
to nonimmersion classrooms, at 9.0 versus 12.9 
hours per week. He also found higher parent vol-
unteerism in two-way immersion relative to non-
immersion classes (7.6 vs. 2.1 hours per week) 
but appears not to have assigned a dollar value to 
this input. In addition to these costs, which were 
calculated based on average classroom sizes in 
each program type, Parrish documented program 
resource and administration costs based on num-
ber of EL students in each site. If we adjust his 
per-EL pupil figures for the ratio of students he 
reported to be ELs in two-way immersion pro-
grams (0.34), the resource and administrative 
costs represent an additional US$298 per immer-
sion pupil, including 57% administrative costs, 
22% direct instructional costs, and 21% teacher 
training and in-service costs. Adjusting for the 
classroom costs, which were lower in immersion 
sites, this would bring the total additional cost of 
immersion program to US$224 per pupil, or an 
additional 12% at the time of the study.

In a later study, Lara-Alecio et al. (2004) sur-
veyed directors of the 166 DLI programs operat-
ing in Texas, receiving a 50% response rate. 
Survey items focused on schools’ reports about 
dollars spent on each of the 12 input categories 
for ELs, over and above what the district spent on 
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transitional bilingual education programs, in 
which ELs typically persisted for 2 to 4 years 
before transitioning to English-only classrooms. 
The authors estimated additional immersion cost, 
on average, of US$525 per pupil per year. 
Although they did not contextualize this in terms 
of baseline costs, the U.S. Census Bureau (2017) 
reported that average per-pupil spending in Texas 
was US$7,267 in 2004–2005, the nearest year 
with data available. This implies that the differen-
tial for two-way immersion relative to transitional 
bilingual education was about 7% of annual per 
pupil spending in the state. The authors did find 
economies of scale, such that in the largest pro-
grams (those with more than 240 students), the 
annual differential costs were only US$290 per 
pupil per year. In those programs, the largest cost 
categories included 23% toward curriculum 
development, 21% toward managerial costs at the 
central office level, and 19% toward staff devel-
opment. The districts also reported spending 
about 9% on additional staffing including teach-
ers, paraprofessionals, and tutors.

Because the two studies focus on different 
comparisons programs, they are not themselves 
perfectly comparable, but they suggest that sup-
plemental immersion costs range from roughly 
7% to 12%, with key cost categories falling into 
administration, additional instructional staffing, 
professional development, and curriculum devel-
opment. Both studies acknowledged that they 
were unable to tie program costs to effectiveness. 
Although focused on a single urban district, our 
study aims to build on these prior studies by 
using variation in immersion program expendi-
tures over time to assess the mediating effect of 
such expenditures on students’ language arts 
achievement in English.

Organization of the Article

Having described the extant literature on DLI 
effects and differential costs, we set forth our 
research questions in the next section. We then 
describe our data sources, followed by a section 
describing our empirical strategy. Our results focus 
first on our conclusions about relative immersion 
costs. We then examine the roles of immersion 
enrollment, dosage, relative expenditures, and 
classroom characteristics in mediating these pro-
grams’ effects on language arts and mathematics 

achievement tested in English. Next, we report on 
the extent to which race/ethnicity appears to mod-
erate the effects of immersion programs. We con-
clude with a discussion of our findings and their 
implications for immersion policy.

Research Questions

Our article contributes to the literature on the 
relative costs of DLI programs; the role of enroll-
ment and cumulative dosage, per-pupil expendi-
ture, and classroom characteristics in mediating 
the effects of immersion education; and the role 
of students’ race/ethnicity in moderating immer-
sion effects as implemented in Portland.

Our overarching research questions are as 
follows:

Research Question 1: What are the addi-
tional annual costs of DLI education rela-
tive to monolingual education in the 
district, and what are the sources of these 
costs?

Research Question 2: To what extent do pro-
gram enrollment and dosage, program 
expenditures, and classroom characteris-
tics (teachers, peers, and class size) appear 
to mediate the relationship between immer-
sion access and student achievement?

Research Question 3: To what extent do DLI 
effects on ELA and math achievement dif-
fer by the race/ethnicity of randomized 
program applicants?

Research Setting and Intervention

When our research began in 2012–2013, the 
Portland Public Schools offered immersion pro-
grams in 11 elementary schools, 4 middle schools, 
and 5 high schools, with instruction in Spanish, 
Mandarin, Japanese, and Russian. All but one of 
these schools offered both immersion and nonim-
mersion programs within the same school. In 
2012–2013, about 8% of Portland’s students, or 
3,860 individuals, were enrolled in immersion 
programs.

Two-Way Programs

During the school years in our analysis, the 
Russian program and all but one of the Spanish 
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programs followed a two-way instructional model 
in which about of half of the students were native 
speakers of the partner language—Spanish or 
Russian—and the other half were native speakers 
of English or another language. The two-way pro-
grams in Portland followed a 90/10 instructional 
model that was specified by the central office, 
meaning that in kindergarten, 90% of the school 
day was conducted in the partner language, and 
10% in English. The partner-language proportion 
then declined by 10 percentage points per grade. 
In Grades K–3, students received 75% to 100% of 
mathematics instruction, 56% to 100% of lan-
guage arts instruction, and 100% of science and 
social studies instruction in the partner language. 
In Grades 4 and 5, they received 25% of mathe-
matics, 58% of language arts, and 100% of sci-
ence and social studies instruction in the partner 
language. Middle school students took one lan-
guage arts class in English, one language arts 
class in the partner language, and one social stud-
ies class in the partner language; the rest of their 
classes were conducted in English. High school 
immersion students typically took only one class 
per day—an advanced language class—in the 
partner language.

One-Way Programs

The district’s other immersion programs 
(Japanese, Mandarin, and one Spanish program) 
offered a one-way model, in which most stu-
dents were native English speakers. In Portland’s 
one-way programs, instruction of core content 
(mathematics, language arts, science, and social 
studies) followed a 50/50 instructional model in 
each elementary grade. Each day, as specified 
by the central office, half of the instruction in 
each core subject occurred in the partner lan-
guage, and half occurred in English. In middle 
and high school, however, one-way and two-
way programs were designed to be operated 
similarly, with middle school immersion stu-
dents taking about two classes per day in the 
partner language, and high school students tak-
ing about one per day.

Lottery-Based Random Assignment

Students received admission to immersion 
programs in Portland through a lottery process 

administered by the school district. In the spring 
prior to their child’s pre-K or kindergarten year, 
families could apply for lottery-based admission 
to a DLI program of their choice or to one of the 
several other choice programs offered by the dis-
trict. Each immersion elementary school estab-
lished the number of lottery slots available in a 
given year, with some offering particular slots for 
students living within and outside of the catch-
ment neighborhoods, and others offering all slots 
district-wide. Schools with two-way programs 
designated about half of lottery slots for native 
speakers of the partner language to promote a 
balance of native and nonnative partner language 
speakers in the program. Schools with one-way 
programs did not have partner-language native-
speaker set-aside slots during the years of our 
analysis.

Although families could list three school pref-
erences in rank order, in practice, their first 
choice was determinative, as all slots filled in the 
first lottery round. Lottery slots in a given school 
and preference category were filled first by stu-
dents who had siblings at the school, then by 
other applicants who resided with the school dis-
trict, and then by applicants from outside the dis-
trict, thus creating an even larger number of 
random-assignment strata. Only categories in 
which the number of available slots was positive 
and the number of applicants exceeded the num-
ber of slots yielded true randomization, and we 
consider only applicants in binding lottery strata 
as part of our randomized sample.2 Lottery appli-
cants who did not win immersion slots were 
assigned to the regular instructional programs in 
their default neighborhood schools.3

Data Sources

Input and Expenditure Data

To address our first question, about additional, 
annual costs of DLI relative to monolingual edu-
cation in the district, we conducted 90-minute 
interviews with 14 of the 19 immersion school 
principals at the time. This yielded a principal 
interview response rate of 74%. The response 
sample included seven elementary schools (out 
of 10), three middle schools (out of four), and 
four high schools (out of five). In terms of pro-
gram type, 6 of a possible 8 were principals of 
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one-way programs, and 8 of a possible 11 were 
principals of two-way programs.

Following the ingredient approach to cost 
analysis (Levin & McEwan, 2001), in which dif-
ferential inputs are documented and costs are 
subsequently assigned, we asked principals about 
the time they devoted to various facets of their 
schools’ immersion and nonimmersion pro-
grams. We also asked about within-school differ-
ences, if any, in terms of teacher engagement, 
parent engagement, field trips, technology, 
grants, and other resources. A copy of the princi-
pal interview protocol is included in the appen-
dix that is available on the online version of the 
journal.

In the summer of 2014, we also conducted 
120-minute interviews with the director and assis-
tant director of the Dual Language Department for 
the district with regard to their resources, budgets, 
and time use during the 2013–2014 school year. 
These interviews concerned central office staffing 
for immersion programs, including salary catego-
ries and responsibilities, funding sources for the 
DLI program, development and purchasing of cur-
riculum and assessments in the partner languages, 
professional development offerings and costs for 
immersion administrators and teachers, parent 
outreach efforts and cost, costs associated with 
planning new programs, and miscellaneous costs. 
A copy of the central office interview protocol is 
also included in the appendix that is available on 
the online version of the journal.

The interviews revealed that the district had 
increased its direct investments in immersion 
over time, so we needed to understand not only 
the available inputs in 2013–2014, but also what 
those inputs had been for the students enrolled in 
immersion programs during each year of our stu-
dent achievement study, where the oldest stu-
dents had begun kindergarten in 2004–2005. To 
do so, we also collected data from annual district 
budget reports, which were publicly available for 
the 2006–2007 through the 2013–2014 academic 
years. In particular, the published budget reports 
illuminated the size and source of grant dollars 
the immersion program had received in each year 
since 2006–2007. As budget reports were not 
available prior to 2006–2007, we imputed data 
for 2004–2005 and 2005–2006 by replicating 
amounts in the 2006–2007 year. To scale the cost 
input data in per-pupil terms, we used historical 

immersion program enrollment counts provided 
by the district for 2005–2006 through 2013–
2014. Data for 2004–2005 and for 2009–2010 
and 2010–2011 were linearly interpolated based 
on actual figures from the other years. All dollar 
values and salaries from prior years were res-
caled as 2013–2014 constant dollars.

As we were also interested in the role of class-
room characteristics as mediators of students’ 
immersion lottery status, we used classroom-
characteristics data provided by the district for the 
2012–2013 school year. This data set provides 
point-in-time descriptive information about 
teachers and peers in the homeroom, mathemat-
ics, and language arts classes of all lottery appli-
cants in the analytic sample, including the number 
of students in the class, the proportion in each 
racial/ethnic group, the proportion receiving spe-
cial education services, the proportion designated 
as gifted, the proportion designated as ELs, and 
the proportion eligible for subsidized meals. It 
also indicates highest education level and the 
years of experience of the classroom teacher, as 
well as an indicator of whether he or she was 
defined as “highly qualified” (i.e., licensed in his 
or her subject) under No Child Left Behind.

Student Achievement Data

In the student achievement analysis, we exam-
ine seven cohorts of students who entered pre-K 
or kindergarten in the academic years 2004–2005 
through 2010–2011, and we track them through 
the 2013–2014 academic year, so that all cohorts 
are observed through Grade 3, and the two oldest 
cohorts are observed through Grade 8. The data 
include 3,457 lottery applicants, 1,946 of whom 
were truly randomized in an oversubscribed lot-
tery stratum (based on school, year, and prefer-
ence category), and 1,625 of whom could be 
included in the student outcomes analyses 
because their outcomes were observed. Of these, 
752 were assigned immersion slots and 873 were 
not. As shown in the left-hand panel of Table 1, 
which presents descriptive statistics for the ran-
domized sample, the groups were balanced 
within randomization strata on all observable 
characteristics. About 18% of the randomized 
sample spoke a language other than English at 
home, and about 13% of the randomized sample 
were classified as ELs.4
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We measure student achievement using stu-
dents’ scores on the state accountability test. 
During the period of the study, this was the 
Oregon Assessment of Knowledge and Skills 
(OAKS), and we focus here on language arts and 
mathematics scores, which were collected in the 
spring of Grades 3 through 8.

Empirical Strategy

Research Question 1 concerns the additional 
per-pupil expenditures on immersion relative to 
expenditures on monolingual education in the dis-
trict. Whereas prior cost analyses have focused on 
differential costs exclusively for ELs, we focus on 

differential costs of the model, which functions 
homogenously for non-ELs and ELs. We adopted 
this approach because at the inception of the study, 
the English as a second language department, which 
focuses on EL support, and the finance department 
both clarified in interviews that supplemental 
resources provided to ELs in Portland were constant 
under both instructional models. Specifically, they 
noted that ELs received sheltered English instruc-
tion (SEI) as a default in monolingual English class-
rooms, meaning that instruction was in English, but 
that visuals and manipulatives were used to support 
English acquisition (Short, Echevarria, & Richards-
Tutor, 2011).5 In addition, ELs in the district qualify 
for periodic, supplemental instructional support 

Table 1

Descriptive Statistics for Applicants to Binding Lottery Strata in the Analysis

Variable

Binding lottery applicants only

All Won slot Not placed
Difference 

(unadjusted)
p difference 

(strata adjusted)

N 1,625 752 873  
Proportion 0.463 0.537  
Female 0.529 0.508 0.546 −0.038 .15
Asian 0.144 0.178 0.115 0.064 .61
Black 0.056 0.052 0.060 −0.008 .77
Hispanic 0.170 0.177 0.164 0.013 .65
White 0.540 0.517 0.559 −0.042 .25
Other race 0.068 0.063 0.073 −0.011 .01
Subsidized meals 0.260 0.273 0.250 0.023 .63
Special needs in kindergarten 0.041 0.052 0.032 0.020 .29
Gifted in kindergarten 0.040 0.044 0.037 0.007 .63
EL in kindergarten 0.127 0.153 0.105 0.048 .91
First language not English 0.180 0.206 0.157 0.049 .42
First language partner 0.113 0.138 0.092 0.047 .92
Ns by grade
  Grade K 1,625 752 873  
  Grade 1 1,625 752 873  
  Grade 2 1,625 752 873  
  Grade 3 1,589 729 860  
  Grade 4 1,254 570 684  
  Grade 5 983 428 555  
  Grade 6 690 289 401  
  Grade 7 517 196 321  
  Grade 8 343 123 220  
  Grade 9 179 56 123  

Note. For the binding lottery subgroup, p values reflect balance within randomization strata. Ns by grade in the analytic sample 
reflect not only attrition but the fact that cohorts are observed for different lengths of time. EL = English learner.
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using a classroom pull-out model. The English as a 
second language department reported that these 
resources were provided equally in the district, 
whether the students were placed in English-only 
or DLI classrooms. Our team’s subsequent inter-
views with immersion teachers for a separate com-
ponent of the study corroborated the accuracy of 
this claim.

We calculated immersion cost data at the cen-
tral office level using central office interview 
data, triangulating recollected information from 
central office staff with annual data from pub-
lished district budget reports, so that costs and 
revenue sources could be tabulated by year. For 
instance, for some cost categories, staff recollec-
tion of specific expenditures was not available or 
was explained in terms of the grants that paid for 
them. In these cases, historical budget data about 
revenue sources available to the dual language 
department by year helped to provide a more 
complete cost history.

Our analysis excludes certain categories of 
central office expenditures that supported the 
immersion programs alongside other instruc-
tional and school choice programs in the district. 
Through structured interviews with personnel 
from several departments during the first 2 years 
of the study, we determined that the workload of 
these departments would have been relatively 
constant with or without DLI programs. These 
departments included human resources, which 
did describe supporting the dual-language pro-
gram’s teacher recruitment efforts, but said they 
did not spend proportionally more time on 
immersion than they would have on other teacher 
openings, as well as the enrollment and transfer 
department, whose job, they explained, was to 
facilitate lotteries for a variety of school choice 
programs across the district, regardless of their 
focus, and the system planning and performance 
department, which helped to site new immersion 
programs but only, they explained, as part of 
larger responsibilities for citing new schools and 
balancing enrollments. Adapting the work of 
these departments to the particular needs of DLI 
reportedly fell mainly to the dual language 
department, whose annual costs, therefore, 
became our focus. We also exclude student trans-
portation costs as these were controlled by indi-
vidual immersion programs and were not tracked 
historically. We were also told that most schools 

did not provide supplemental immersion trans-
portation during the study period, though central-
office funding for immersion transportation has 
reportedly increased because the study ended.

We estimated school-level costs using inter-
view data with principals of immersion schools. 
These, as noted above, include hidden or unbud-
geted costs such as differential time use and dif-
ferential levels of parents’ volunteer labor. To 
analyze the principal interview data, we tabu-
lated responses to each item for each school’s 
immersion and nonimmersion programs, calcu-
lating immersion-to-nonimmersion input ratios 
for each school. For principals’ time use, we 
asked about the hours they spent per week on 
particular tasks for their immersion and nonim-
mersion programs, respectively, or (if they could 
not provide hours) about their total work time per 
week and the percent of time they spent on each 
task for their immersion and nonimmersion pro-
grams. If they reported that their time use on a 
given task supported both programs universally, 
simultaneously, or proportionally, we recorded 
the total time spent on the task and allocated the 
hours proportionally by student enrollment. We 
then calculated total days of effort for each task-
by-school-by-program type (immersion vs. non-
immersion), and we calculated an immersion 
task proportion for each task and each school. To 
calculate an immersion effort ratio, we divided 
these immersion task proportions by the propor-
tion of students in the school enrolled in immer-
sion during the interview year, 2013–2014. An 
effort ratio of one indicates that a principal’s 
effort on a given task is perfectly proportional to 
the share of immersion students in his or her 
school. A ratio greater than one suggests that the 
time on a given task is disproportionately focused 
on immersion; a ratio of less than one suggests 
that it is disproportionately focused on nonim-
mersion programs. Tasks on which principals 
reported that their efforts were proportional or 
served the whole school equally were coded as 
proportional. Cross-school immersion effort 
ratios were calculated first within schools and 
then averaged across schools.

To address Research Question 2, which 
focuses on the role of immersion dosage, per-
pupil expenditures, and classroom characteristics 
in mediating the effect of random assignment to 
immersion, we use an IV approach. Our approach 
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is similar to the one used by Bifulco, Unterman, 
and Bloom (2014), who leveraged random-
assignment lottery data to estimate the relative 
cost-effectiveness of attending a small high 
school of choice relative to a traditional public 
school. Using lottery-based access to small high 
schools as an instrument for per-graduate expen-
ditures, they found that winning access to a small 
high school yielded lower per-graduate costs 
despite slightly higher levels of per-pupil spend-
ing at these schools.

In this analysis, we are able to estimate the 
causal effect of cumulative immersion dosage on 
the academic achievement of lottery status com-
pliers. These are the students whose cumulative 
exposure to immersion was wholly determined 
by their lottery winning or losing status within 
the stratum to which they applied. This estima-
tion yields a local average treatment effect 
(LATE) of dosage, which is interpreted as the 
average treatment effect on students whose dos-
age complies with their lottery status (Angrist & 
Pischke, 2008). Because dosage effects are pre-
dicted strictly based on students’ lottery status 
and other preintervention covariates, they are 
estimated net of endogenous student or family 
choices that may otherwise influence cumulative 
immersion exposure.

To draw causal inferences about dosage 
effects, we must satisfy three assumptions of IV 
analysis. First, the exogenous instrument must be 
strongly associated with the endogenous media-
tor—in this case, immersion dosage—it is pre-
dicting. The strength of this association can be 
established analytically; a common heuristic 
expectation is a first-stage F statistic of 10 or 
greater (Stock, Wright, & Yogo, 2002). Second, 
the effect of the instrument must be monotonic, 
meaning unidirectional. In this case, policy 
restrictions on circumventing lottery results pro-
vide reasonable assurance that lottery winning 
can raise but not lower cumulative exposure to 
immersion. Third, instruments must satisfy the 
exclusion restriction, meaning that, conditional 
on pretreatment covariates, the instrument and 
the outcome of interest must be related only via 
the mediator of interest, which in this case is 
cumulative immersion dosage (Angrist & 
Pischke, 2008; Imai, Keele, Tingley, & 
Yamamoto, 2011). This assumption of no third 
path is plausible because cumulative immersion 

exposure arguably captures all features of immer-
sion programs to which lottery status regulates 
access. Although dosage varies over time, it can 
still be instrumented insofar as it meets the afore-
mentioned assumptions. Angrist and Pischke 
(2008) clarified that when treatment intensity 
varies as it does in the case of dosage, the aver-
age causal response (i.e., instrumented effect) is 
a weighted average of the effects for compliers at 
each observed point in time.

To estimate the LATEs for each additional 
year of immersion enrollment, we use a two-
stage least squares approach, as shown in 
Equations 1 and 2:
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In the first stage (Equation 1), the randomly 
assigned lottery admission status for student i is 
given by z

i
. It serves as an exogenous instrument 

for DLImedit , which here represents the cumulative 
years that student i as been enrolled in immersion 
as of time t. The model controls for a quadratic 
specification of time, captured by git  and git

2 , 
respectively, which represent grade and its square. 
It also includes, Li , a vector of time-invariant 
dichotomous cohort × school × randomization sub-
group lottery indicators, and Xi , a vector of stu-
dent characteristics at baseline. The constant is α1.  
Student-level and student-by-time random error 
terms are given by u i1  and ε1it , respectively.6

In the second stage (Equation 2), which is esti-
mated simultaneously with Equation 1 using 
xtivreg in Stata 14.1, the estimated value of dos-
age given by DLI

med


it  becomes the treatment vari-
able predicting achievement in ELA or math for 
student i in time t. Student achievement is repre-
sented by y

it
. The other terms are defined as in 

Equation 1. The LATE, or causal effect of DLImedit , 
on achievement among compliers is given by 
parameter τ2  (Angrist & Pischke, 2008). Because 
z

i
 is randomly assigned within strata denoted by 
Li , it can be assumed to be unrelated to yit  except 
through its effect on DLI program participation.

In fact, the LATE estimate for dosage aggre-
gates the effects of a host of potential mediators 
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that together constitute exposure to DLI in 
Portland. Program attributes that may individu-
ally mediate the relationship between lottery sta-
tus and student achievement include core 
instructional features such as the classroom lan-
guage of instruction (which may affect metalin-
guistic awareness, cognitive processing, etc.), as 
well as other classroom attributes such as class 
size, instructor preparation and motivation, cur-
riculum quality, and the baseline skill and moti-
vation of classroom peers. Some of these, such as 
instructor skill and curriculum quality, may be 
affected by per-pupil spending differentials, as 
the DLI department in Portland ensures the avail-
ability of aligned partner-language curricula.

We would like to be able to decompose the 
LATE of immersion dosage into what Imai et al. 
(2011) termed the average causal mediation 
effects (ACMEs) of observed attributes such as 
per-pupil spending, class size, teacher experi-
ence, and peer demographics, and into the aver-
age direct effect (ADE), which represents 
unobserved component mediators of interest, 
such as the cognitive effects of bilingual instruc-
tion. Although we do estimate average mediation 
effects of these observed attributes, we cannot go 
as far as saying that the effects of these attributes 
are causally estimated, because these attributes 
may be correlated with one another in ways that 
are not fully observed (Imai et  al., 2011). For 
example, it is possible that classrooms serving 
more affluent students also have teachers who 
are more experienced or motivated, particularly, 
if such schools provide easier working condi-
tions (see, for instance, Lankford, Loeb, & 
Wyckoff, 2002; Steele, Pepper, Springer, & 
Lockwood, 2015). In addition, it is possible that 
variation in per-pupil spending over time is asso-
ciated with other programmatic differences 
(school leadership or teacher staffing changes) 
that are not directly driven by changes in immer-
sion program spending.

Subject to that limitation, we estimate the 
relationships of observed, plausible component 
mediators to student achievement. Adapting 
Equations 1 and 2, we allow DLImedit  to represent 
potential mediators such as per-pupil expenditure 
differentials at the central office level by observed 
dosage over time, as well as observed classroom 
and teacher characteristics that were available for 
a single year, 2013–2014. We recognize that if 

these attributes are correlated with unobserved 
program characteristics, which also mediate 
immersion effects, then our estimates may either 
understate or overstate their causal effects on 
achievement (Schochet, Puma, & Deke, 2014). 
But the analysis remains potentially illuminating 
as there is little extant research even document-
ing the observed relationships among immersion 
programs, immersion attributes, and student 
learning.

Research Question 3 concerns the role of stu-
dents’ race/ethnicity in moderating the causal 
effect of DLI enrollment on student outcomes. To 
address it, we adapt Equations 1 and 2 with 
DLImedit  now defined as enrollment in an immer-
sion program at time t. This parameter of interest, 
τ2 , in this case represents the average observa-
tion-weighted causal effect across grades. We 
interact the lottery-winning indicator, z

i
, with 

each of the race/ethnicity indicator variables, 
using these interactions to instrument the interac-
tion effects between DLImedit  and the race/ethnic-
ity indicators. This allows us to estimate the 
differential causal effects of immersion enroll-
ment on students of different racial/ethnic back-
grounds, adjusting for all aforementioned 
covariates including lottery stratum. As we test 
for differential effects by race/ethnicity, we can-
not fully disentangle differential subgroup effects 
from the programs to which each subgroup 
applied in the immersion lotteries. For instance, 
students with Asian backgrounds disproportion-
ately applied to the Chinese (70%) or Japanese 
(14%) immersion programs, whereas Spanish 
programs were more frequently chosen by lottery 
applicants identified as Black (93%), Hispanic 
(94%), or White (73%). So the moderating 
effects must be interpreted with these program-
matic differences in mind, meaning that they 
may be attributable to the particular immer-
sion—and nonimmersion—programs that dis-
proportionately serve each subgroup.

Results

Additional Per-Pupil Expenditures Relative to 
Monolingual Education

Based on principal and central office inter-
views, we concluded that differential expenditures 
occurred primarily at the central office level. These 
were concentrated mainly on staffing of the dual 
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language department and in external grants to the 
district that were procured by central office dual-
language program staff. Historically, staffing lev-
els have been small, though they have grown in 
recent years. Staffing increases have outpaced 
increases in immersion enrollments due to targeted 
increases in support by the district, so per-pupil 
expenditures have risen over time. Drawing on 
annual budget data as described in the data section 
above, and triangulating with contextual informa-
tion from district interviews, Figure 1 shows per-
pupil expenditures for all immersion-enrolled 
students in 2004–2005 through 2013–2014, disag-
gregated into two sources: the general fund paid by 
the district and external grants. The district general 
fund expenditures remained relatively flat during 
the observed period, with an average expenditure 
of US$78 per immersion pupil, ranging from 
US$46 to US$124 across observed years. External 
grants for immersion during this period consisted 
mainly of the federal Language Flagship grants of 
US$400K to US$500K per year, and the federal 
Foreign Language Assistance Program (FLAP) 
grants, which were similar in size to the Flagship 
grants but were discontinued by the federal gov-
ernment in 2012. The total per-pupil expenditure 
line in Figure 1 represents the sum of the two 
expenditure sources. It ranged between US$163 
and US$481 in the observed years, with a mean of 
US$300 per pupil. To put these figures in context, 
the average level of per-pupil spending across the 
district during this period was approximately 
US$10,800, ranging from US$9,306 in 2004–2005 
to US$11,318 in 2013–1204. Thus, immersion 

spending per-pupil ranged from about 1.8% to 
4.2% of per-pupil spending in the district in any 
given year.

The Language Flagship grants were awarded 
to support the district’s Mandarin immersion pro-
gram, which, during the study period, was housed 
in only one elementary, one middle, and one high 
school in the district. However, the grant allowed 
the district to use the funds to provide capacity 
for dual language programs at the central office 
level, which is where the spending was concen-
trated, with only about a 25% pass-through to the 
schools. Because the Language Flagship funds 
have gone primarily toward central office sup-
port for dual language programs, we treat them 
as part of the per-pupil expenditures on DLI in 
general and not specifically for students in 
Mandarin programs.

In interviews, the district reported that it had 
used the FLAP grants largely to support the 
development and administration of standardized 
tests for assessing students’ proficiency in the 
partner languages. Capacity for this testing has 
gradually grown over time, such that researchers 
were able to track partner-language trajectories 
in Burkhauser et  al. (2016). FLAP funds also 
reportedly went toward curriculum translations 
in the less commonly taught languages, espe-
cially Russian.

Central office staffing time and effort during the 
study period were reportedly spent on providing 
professional development for teachers to facilitate 
consistent instructional practices and on support-
ing the human resources department in targeted 
recruitment and hiring of licensed teachers who 
were qualified to teach DLI. They reported that 
immersion teachers and principals received the 
same amount of professional development as other 
teachers and principals in the district, but that 
required professional development was often cus-
tomized for immersion teachers and principals by 
the dual language department. In cases where 
teachers volunteered for supplemental immersion 
professional development, they reportedly received 
contractual hourly stipends paid for by the dual 
language department; such costs were described as 
small and are included in Figure 1. Central office 
staff reported that a small fraction of their time also 
went toward working with the curriculum depart-
ment to ensure that compatible curriculum were 
available in the partner languages in the needed 

Figure 1.  Centralized expenditures per student 
on immersion programs, by source and year, in 
2013–2014 constant US dollars.
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grades and subject areas, but the costs of the curri-
cula themselves, given that they were nonduplica-
tive, were borne by the curriculum department.

In terms of differential resources at the school 
level, we found immersion and nonimmersion 
class sizes to be similar within and between 
immersion schools. Meanwhile, the district 
reported that they did not purchase duplicate cur-
ricula for DLI students. Instead, the curriculum 
was generally provided in a single language for 
any given content area and grade. In one-way 
programs, when a particular subject was taught 
in both languages in the same grade, the curricula 
were described as print-on-demand, thus avoid-
ing duplicated purchases.

We also asked principals about the percent of 
time they devoted to particular tasks for the 
immersion and nonimmersion programs in their 
respective schools. We then adjusted their reports 
according to the sizes of their immersion and 
nonimmersion populations. This yielded task-
specific adjusted proportions of effort for each 
principal’s immersion and nonimmersion pro-
gram. Tasks that principals said applied equally 
to both groups were coded as such. We divided 
the immersion proportion by the nonimmersion 
proportion for each task and school to yield a set 
of immersion effort ratios. The cross-school 
averages of these ratios by task are presented in 
Figure 2.

Figure 2 illustrates that on average across tasks, 
principals’ self-reported efforts were highly pro-
portional. The top bar of the graph shows the mean 
cross-task ratio, which is one. As one might expect, 
the least proportionate category was “Other tasks 
specific to running a DLI school.” The tasks prin-
cipals mentioned in this category included organiz-
ing special celebrations and events, as well as 
communicating with local advocacy groups.

The task with the second highest reported 
ratio was outreached to prospective parents, 
whose ratio of 1.9 suggested that principals spent 
almost twice as much time per pupil on this task 
for their immersion program as for their nonim-
mersion program. Also disproportionately high 
were outreach to current parents, with a ratio of 
1.47, and teacher observation, with a ratio of 
1.25. Principals described the latter as modestly 
more challenging in immersion programs as they 
did not always speak the partner language and 
thus had to observe with a focus on general peda-
gogy and student engagement or find a co-
observer fluent in the partner language. Tasks 
with ratios less than one were tasks in which 
principals reported spending a relatively large 
amount of time on their nonimmersion programs. 
These included teacher hiring (0.96) and creden-
tial waivers for teachers (0.37). These ratios were 
surprising given anecdotes we had heard across 
the district about the difficulty of hiring licensed 

Figure 2.  Ratio of principals’ time devoted to a given task in immersion versus nonimmersion programs, 
adjusted for the share of the student body in immersion.
Note. DLI = dual-language immersion; PD = professional development.
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bilingual teachers. But principals noted that they 
looked to the DLI department in the district cen-
tral office for recruitment, hiring, and develop-
ment of immersion teachers.

In addition, we asked principals about other 
school-based resources, such as teachers’ work 
time, parents’ volunteer time, number and dura-
tion of field trips, and grant dollars coming 
directly to the school (excluding grants that 
passed through the district, such as Flagship and 
FLAP). Principals’ responses with regard to 
school-level resources for their immersion and 
nonimmersion programs are summarized in 
Table 2. Principals estimated that their immer-
sion teachers worked more hours beyond the 
contract day than their nonimmersion teachers, 
but because they admitted to having incomplete 
data on teachers’ work hours, we view this mean 
difference as a measure of principals’ perceptions 
rather than as a direct measure of teachers’ labor. 
The number of field trips they reported per year 
was proportional or, in the case of travel field 
trips, favored nonimmersion programs on aver-
age. However, 54% of principals did report that 
immersion classrooms had additional technol-
ogy, such as smartboards or laptops. They 
reported that these had been purchased with one-
time grants or fundraising on the part of teachers, 
and the ages of the equipment were not known.

With regard to direct grant dollars per student, 
we calculated this in two ways. First, we calcu-
lated the total grant dollars principals reported 
for immersion programs versus the total they 
reported per student school-wide for the 2013–
2014 school year, divided by the number of 
immersion students in the first case, and by the 
total school enrollment in the second case. In 
other words, the non-DLI statistics are actually 
whole-school statistics with respect to the grant 
dollar line items. The inclusive measure of grant 
dollars per student includes pass-through from 
district grants such as Language Flagship, and it 
includes parent contributions earmarked for field 
trips. Excluding these two categories (as we 
include all grants to the district in the central 
office cost analysis, and we include field trips as 
separate line items in Table 2), the net grant dol-
lar per student for immersion students is rela-
tively low, at about US$12 per student per year, 
as compared with an average of US$114 per stu-
dent per year in school-wide grant funds. That 

US$12 can still be understood as additional funds 
for immersion students, as grant dollars to the 
school were rarely earmarked specifically for 
nonimmersion students, but the ratio of immer-
sion-specific dollars to school-wide dollars was 
very small—only 2%—when calculated across 
school-by-year observations.

In summary, our analysis suggests that expendi-
ture differentials associated with DLI in Portland 
between 2004–2005 and 2013–2014 were rela-
tively modest, at roughly 1.7% to 4.2% of per-
pupil spending in the district, and were supported 
mainly by external grant dollars, with quantities 
that varied notably from year to year. Central office 
interview data with various departments suggested 
that differential effort to support immersion was 
concentrated within the dual language department. 
Cost interviews with immersion school principals 
about the distribution of both effort and resources 
revealed proportional effort and suggested that any 
within-school expenditure differentials were idio-
syncratic and minute. In a district that carefully 
adheres to proportional allocation of resources, this 
finding of proportional school-level expenditures 
is consistent with expectations. However, it sug-
gests that the implementation of a program such as 
Portland’s depends on a centralized and active DLI 
department to reinforce consistent and effective 
implementation across schools.

First-Stage Effects of Lottery Status on 
Enrollment, Dosage, and Expenditures

We turn now to Research Question 2, in which 
we examine potential mediators between immer-
sion lottery status and student achievement in 
ELA and math, focusing in Table 3 on those for 
which we have annual data. Table 3 is divided 
into a top and bottom panel—A and B, respec-
tively—with first-stage estimates in Panel A and 
second-stage estimates in Panel B. In both pan-
els, estimates for ELA are shown on the left, and 
estimates for math on the right. The first two 
mediators of interest are point-in-time enroll-
ment and dosage; the second two are point-in-
time per-pupil spending differentials and 
cumulative per-pupil spending differentials at the 
central office level, based on immersion dosage 
as influenced by lottery-winning status. Per-pupil 
expenditures are defined at the district level, as 
that is where the differential is concentrated.
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Conditional on lottery strata fixed effects and 
demographic controls, we find that winning an 
immersion lottery increased the probability of 
enrolling in immersion in any given year by 41 
percentage points, as shown in Panel A. Although 
the effect may seem modest, initial compliance 
with lottery-assigned status was 77% among lot-
tery winners and 73% among lottery losers (see 
Steele et al., 2017, Figure 1), and the F statistic of 
51 in the ELA analysis and 50 in math greatly 
exceed the heuristic threshold of 10 for instru-
ment strength (Stock & Yogo, 2005).7 Imperfect 
compliance among lottery winners may be due to 
ambivalence among some applicants, as lottery 
applications require only completion of a short 
form online or in person. Imperfect compliance 
among lottery losers is primarily due to entry 
from wait lists due to winner noncompliance. We 
must interpret entry from wait lists as noncom-
pliance because it depends on endogenous 
choices among winners and among the sequence 
of wait-listed lottery losers.

Panel A also shows that lottery winning 
increased students’ cumulative years of immer-
sion program enrollment, averaged across 
observed grade levels, by about 2.2 years. It 
increased the students’ received per-pupil spend-
ing by US$114 per year, on average. As noted 
above, the average per-pupil expenditure per 
year in Portland during the study period was 
approximately US$10,800 per year, so this 

represents a spending premium of about 1%, 
concentrated mainly on the provision of logisti-
cal support and professional development for 
DLI teachers. Note that this first-stage differen-
tial spending estimate as a function of winning an 
immersion lottery is smaller than the 1.7% to 
4.2% annual immersion spending differentials 
we discussed above with respect to Figure 1 due 
to imperfect compliance with lottery status. 
Winning the immersion lottery raised the amount 
of cumulative per-pupil spending students 
received by US$653, on average across the years 
in which they were observed. The first-stage esti-
mates for math are nearly identical to those in 
ELA because almost all students were tested in 
both subjects in any given grade.

Causal Effects of Immersion Enrollment and 
Dosage on Student Achievement

Panel B of Table 3 illustrates the observed 
relationships of the first-stage input differen-
tials to student achievement in ELA and math. 
As described above, the point-in-time immer-
sion enrollment effect and the cumulative 
enrollment effects are causally identified holis-
tic effects, as they satisfy the exclusion restric-
tion by which lottery status affects student 
achievement.

We find that the causal effect of immersion 
enrollment in any given year was 0.22 of an SD 

Table 2

Within-School Resources for DLI and Non-DLI Programs Based on Principal Interviews (n = 14)

Other principal inputs DLI M (and SD) Non-DLI M (and SD) M difference

Teacher hours beyond contract per week: 
principal estimates

10.33 (8.43) 6.32 (5.88) 4.01

Parent hours per student per week 0.11 (0.10) 0.10 (0.14) 0.01
Number of one-day field trips per year 2.89 (1.24) 2.93 (1.27) −0.04
Number of travel field trips per year 0.46 (0.66) 1.36 (2.65) −0.90
Principal reports extra tech in DLI classes 0.54  
Grant dollars per student, inclusivea 45.93 (117.39) 114.17 (101.39) −68.24
Net grant dollars per student (excludes 

field-trip specific and central office pass-
through)a

12.23 (20.48) 114.17 (101.39) −101.94

School-by-year ratio of net DLI grants to 
total grants

0.02 (0.03)  

Note. DLI = dual-language immersion; M = mean; SD = standard deviation.
aFor grants, non-DLI mean refers to grant dollars that are generally used school-wide, not just in non-DLI programs.
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in ELA and was statistically significant at the 
5% level. This represents a substantial benefit 
for those whose enrollment in any given year 
depended on their winning an immersion slot in 
a binding lottery. The corresponding LATE 
estimates for math, at 0.125 and 0.139 (col-
umns 6 and 7, respectively), did not reach sta-
tistical significance, so we consider these to be 
noneffects in terms of generalizing beyond the 
study sample.8

Our estimates suggest that in ELA, the cumu-
lative immersion dosage effect was also positive. 
The LATE estimate of the cumulative effect of 
each additional year of immersion exposure was 
0.04. This means that each additional year of 
immersion enrollment raised reading achieve-
ment an additional 4% of an SD, on average. In 
math, the cumulative dosage effect was 0.026 of 
an SD, but the standard error was large, and the 
estimate did not approach statistical significance.

Table 3

First- and Second-Stage Estimates From Two-Stage Least Squares Regression Models Estimating Instrumented 
Effects of Immersion Exposure and Differential Costs on Achievement

Panel A: First-stage estimates regressing mediators on lottery-winning indicator

ELA (n = 1,415 students 
and 4,608 observations) Coefficient SE

F model (87; 
4,520)

Math (n = 1,447 
students and 4,632 

observations) Coefficient SE
F model (87; 

4,544)

Entered immersion in 
kindergarten

0.456*** (0.014) 118.45*** Entered immersion 
in kindergarten

0.454*** (0.014) 119.58***

Enrolled in immersion in 
given year

0.412** (0.019) 51.04*** Enrolled in 
immersion in given 
year

0.411** (0.019) 49.92***

Cumulative years in 
immersion

2.175*** (0.090) 76.78*** Cumulative years in 
immersion

2.173*** (0.090) 76.36***

Additional US$100 per-
pupil dollars in given 
year

1.141*** (0.067) 34.50*** Additional US$100 
per-pupil dollars in 
given year

1.138*** (0.068) 33.77***

Additional US$100 per-
pupil dollars cumulative

6.535*** (0.259) 86.22*** Additional US$100 
per-pupil dollars 
cumulative

6.533*** (0.259) 86.47***

Panel B: IV estimated effects of immersion entry, dosage, and spending on ELA and math achievement in SD units

ELA Coefficient SE
F model (87; 

4,520) Math Coefficient SE
F model (87; 

4,544)

Entered immersion in 
kindergarten

0.203* (0.093) 10.20*** Entered immersion 
in kindergarten

0.125 (0.102) 8.82***

Enrolled in immersion in 
given year

0.224* (0.103) 10.21*** Enrolled in 
immersion in given 
year

0.139 (0.112) 8.86***

Cumulative years in 
immersion

0.042* (0.020) 10.17*** Cumulative years in 
immersion

0.026 (0.021) 9.02***

Additional US$100 per-
pupil dollars in given 
year

0.081* (0.037) 10.12*** Additional US$100 
per-pupil dollars in 
given year

0.05 (0.041) 8.85***

Additional US$100 per-
pupil dollars cumulative

0.014* (0.007) 10.17*** Additional US$100 
per-pupil dollars 
cumulative

0.009 (0.007) 9.06***

†p < .10. *p < .05. **p < .01. ***p < .001.
Note. Models include controls for quadratic year specification, gender, race/ethnicity, and special needs status in kindergarten, EL status in kinder-
garten, free/reduced-price lunch indicator in kindergarten, lottery-strata fixed effects, and random error terms at the student and observation levels. 
ELA = English language arts; EL = English learner.
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Relationships of Per-Pupil Expenditure 
Differences to Student Achievement

Table 3 also presents descriptive estimates of 
the role of differential per-pupil expenditures in 
mediating the relationship between lottery status 
and student achievement. As noted above, we 
limit our analysis to per-pupil expenditure differ-
entials at the district level, as this is where we 
found differential spending to be concentrated. 
We find that an additional US$100 dollars in per-
pupil spending for lottery compliers in a given 
year was associated with an additional 8% of an 
SD in students’ ELA achievement in any given 
year (τ = 0.08, p < .05), whereas the correspond-
ing estimate for math (τ = 0.05 of an SD) did not 
approach statistical significance. The ELA esti-
mate represents a substantial relationship, given 
than an additional US$100 per year constitutes a 
spending premium of less than 1%.

Finally, we consider the relationship of cumu-
lative expenditure over time to student achieve-
ment. Here, we find that an additional US$100 
spent on immersion students cumulatively (i.e., 
above and beyond additional dollars in prior 
grades) was positively associated with an addi-
tional 1.4% of an SD of ELA achievement per 
year (p < .05). The corresponding estimate in 
math was just under 1% of an SD but did not 
approach statistical significance.

To put the descriptive per-pupil spending 
effects into context, it is useful to consider them 
in comparison with the corresponding, causally 
identified dosage effects. Per-pupil spending dif-
ferences are a function not only of students’ 
immersion enrollment dosage but also of the par-
ticular year in which they applied to an immer-
sion lottery, as expenditures varied over time. In 
ELA, our descriptive effect estimate for an addi-
tional US$100 of per-pupil spending in a single 
year (0.081) was 36%—or just over one third—
the size of the holistic point-in-time enrollment 
effect (0.224). Similarly, our descriptive effect 
estimate for an additional US$100 of per-pupil 
spending cumulatively (0.014) was one third the 
LATE estimate for an additional year enrolled in 
immersion (0.042).

These findings suggest that about one third of 
the causal dosage effect in ELA is associated 
with per-pupil expenditure differentials, though 
we cannot strictly say that the dosage effects 

would have been lower by one third had there 
been no spending differential. It remains possible 
that other program features changed over time in 
ways that were correlated with, but not explicitly 
driven by, these spending differentials.

Relationships of Classroom and Teacher 
Characteristics to Student Achievement

To further address Research Question 2, we 
consider the descriptive point-in-time relation-
ships of teacher and classroom characteristics to 
students’ ELA performance as a function of win-
ning an immersion lottery. In Table 4, we focus 
on the teacher and classroom characteristics for 
which we only have single-year data from 2012–
2013. Panel A of Table 4 presents first-stage esti-
mates from separate regressions of each 
classroom and teacher characteristic variable 
from 2012–2013 on the lottery winning indica-
tor. As shown in Panel A, we find that winning 
the immersion lottery did increase the share of 
students’ classmates in 2012–2013 who were 
ELs and who were Hispanic. It also reduced the 
share who qualified for special education ser-
vices and the share who were White. It nega-
tively predicted the share eligible for subsidized 
meals, but that relationship was only marginally 
significant (p < .1).

Although lottery winning did drive these 
classroom attributes in the first stage, we find no 
evidence that these differences were associated 
with the academic benefits of immersion on ELA 
achievement. In Panel B of Table 4, we find that 
the instrumented effects on ELA of the share of 
peers in class who qualified for subsidized meals 
or who were English language learners were pos-
itive but very noisy. Estimates for the instru-
mented effects of other classroom and teacher 
attributes are negative but noisy. None of the 
instrumented effects approaches statistical sig-
nificance. In other words, the small shifts in 
classroom and teacher attributes that appear to 
result from winning an immersion lottery have 
virtually no explanatory power in accounting for 
the positive, holistic ELA effects we identified.

In a separate analysis available from the 
authors upon request, we examine the same 
teacher and peer characteristics as mediators of 
point-in-time math achievement. We find results 
very similar to the ELA estimates, with no 
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evidence that teacher or peer characteristics 
mediate the effect of DLI programs on students’ 
math achievement. Given that we find no statisti-
cally significant intent-to-treat (ITT) effects of 
immersion programs on math achievement, our 
finding of no mediating effect for teacher or peer 
characteristics is not surprising.

Our finding that classroom characteristics were 
not strongly associated with the effects of DLI in 

ELA—at least within our point-in-time data—
suggest that other mechanisms may be in play. 
These include, plausibly, the language of instruc-
tion. Of course, given that lottery winners enroll in 
classrooms of mostly other lottery applicants, 
whereas their counterparts do not, it remains pos-
sible that unobserved differences in peer charac-
teristics—attributes such as families’ educational 
priorities—contribute to the effects. It is also 

Table 4

First- and Second-Stage Estimates From Two-Stage Least Squares Regression Models Estimating Instrumented 
Effects of Classroom Characteristics on Achievement

Panel A: Effects of winning immersion lottery on classroom characteristics in 2012–2013

First-stage estimates Coefficient SE N DF (m) DF(r) F (instrument)

Proportion of students in class who are
Subsidized-meal eligible 0.028† (0.015) 550 71 478 11.626***
EL 0.019** (0.006) 847 72 774 21.237***
Special education −0.030*** (0.006) 847 72 774 3.408***
Talented and gifted −0.003 (0.011) 847 72 774 5.102***
Asian −0.006 (0.007) 847 72 774 27.28***
Hispanic 0.072*** (0.010) 847 72 774 18.860***
Black −0.007 (0.006) 847 72 774 8.945***
White −0.043*** (0.012) 847 72 774 17.966***

Teacher years of experience −0.262 (0.545) 819 71 747 6.142***
Teacher has advanced degree −0.016 (0.030) 814 71 742 6.134***
Teacher highly qualified (NCLB) −0.008 (0.010) 779 71 707 3.136***
Students in classroom −0.346 (0.374) 847 72 774 3.292***

Panel B: Effects of classroom attributes on ELA scores, instrumented by lottery assignment

Second-stage, instrumented predictors Coefficient SE n  

Propotion of students in class who are
  Subsidized meal eligible 3.255 (3.428) 550  
  EL 3.096 (3.570) 847  
  Special education −1.946 (2.135) 847  
  Talented and gifted −18.624 (71.063) 847  
  Asian −10.335 (17.517) 847  
  Hispanic 0.812 (0.899) 847  
  Black −8.341 (11.596) 847  
  White −1.340 (1.514) 847  

Teacher years of experience −0.302 (0.683) 819  
Teacher has advanced degree −5.504 (11.756) 814  
Teacher highly qualified (NCLB) −14.645 (20.319) 779  
Students in classroom −0.168 (0.269) 847  

†p < .10. *p < .05. **p < .01. ***p < .001.
Note. Panel A represents first-stage estimates from instrumental variable models that include lottery strata fixed effects and individual covariates, 
as in Equation 1. Panel B represents the second-stage IV estimates, as specified in Equation 2. NCLB = no child left behind; ELA = English lan-
guage arts; EL = English learner.
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important to note that, because the classroom attri-
bute data come from 2012–2013 only, the point-
in-time estimates have less power than the 
longitudinal estimates in Table 3. Nevertheless, 
the magnitudes are inconsistent with a scenario in 
which immersion effects were strongly driven by 
sorting toward a more advantaged peer set.

Differential Effects of Immersion by Students’ 
Race/Ethnicity

Research Question 3 asks whether causally 
identified immersion effects appear to differ by 
students’ race/ethnicity. In Table 5, we report the 
LATE estimates of DLI enrollment on students’ 
achievement in ELA and math in a given year. 
We do not show first-stage estimates because 
each enrollment-by-subgroup interaction has its 
own first stage, but all interactions are strongly 
instrumented by statistically significant lottery 
status-by-subgroup interactions.

Although the main effects in ELA are statis-
tically significant as anticipated, we find no 
statistically significant differential effects in 
terms of either ELA or math. Of course, our 

power to disaggregate effects by subgroup is 
more restricted than in the overall analysis. 
Although the subgroup effects are causally 
identified, the power constraints make it diffi-
cult to extrapolate them beyond the sample. 
Still, our results are consistent with the disag-
gregated but not causally identified subgroup 
effects reported by Thomas and Collier (2014), 
in that we find larger within-sample benefits 
for Black than for White students. In terms of 
LATE estimates, we find that both ELA and 
math effects of immersion are much more posi-
tive for Black students than for White students, 
with an estimated point-in-time achievement 
differential of 0.72 of an SD in ELA and 0.74 of 
an SD in math, though the standard errors of 
both estimates are large, and neither approaches 
statistical significance. (Corresponding ITT 
differentials, which are not tabulated, are a 
nonsignificant 0.04 and 0.09, respectively.) 
Estimated differential effects for Asian students 
are negative in ELA (–0.52 on the interaction, 
yielding a negative net effect of −0.28 of an 
SD) and positive in math (0.32 of an SD), but 
again, neither differential approaches statistical 

Table 5

Second-Stage LATE Estimates of Immersion Enrollment in a Given Year on ELA and Math Performance, 
Disaggregated by Students’ Race/Ethnicity

Instrumented predictors

(1) (2)

Reading Math

Enrolled in immersion 0.242* 0.121
(0.109) (0.119)

Enrolled in Immersion × Asian −0.519 0.320
(0.332) (0.359)

Enrolled in Immersion × Black 0.724 0.739
(0.892) (0.988)

Enrolled in Immersion × Hispanic 0.0167 −0.229
(0.311) (0.338)

Enrolled in Immersion × Other 0.154 0.0937
(0.338) (0.366)

Observations 4,608 4,632
Students 1,451 1,447
Intraclass correlation 0.631 0.650
F model (91, 4,517

rd
; 91, 4,541

m
) 9.594 8.298

Note. Models include controls for quadratic year specification, gender, race/ethnicity, special needs status in kindergarten, EL 
status in kindergarten, free/reduced-price lunch indicator in kindergarten, lottery-strata fixed effects, and random error terms at 
the student and observation levels. LATE = local average treatment effect; ELA = English language arts; EL = English learner.
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significance. This finding is perhaps somewhat 
consistent with Valentino and Reardon’s (2015) 
estimation of more-positive DLI effects for 
Latino than for Chinese ELs, though the sub-
group analysis here is not limited to ELs. Also, 
the differential effect estimates should be cau-
tiously interpreted. Our causally identified 
effects for racial/ethnic subgroups capture the 
differential experiences of lottery winners ver-
sus losers in the same racial/ethnic group and 
lottery application stratum. Because random-
ized students from Asian backgrounds dispro-
portionately applied to the Chinese and 
Japanese programs in Portland, whereas Black, 
Hispanic, and White students disproportion-
ately applied to the district’s Spanish programs, 
the subgroup effects for students of different 
backgrounds will, of course, reflect the effec-
tiveness of the immersion programs to which 
those students applied as compared with the 
schools they would have otherwise attended. 
For this reason, our estimates shed light on 
causal effects for each subgroup in Portland, 
but subgroup effects in other contexts would 
depend in part on the relative effectiveness of 
immersion and nonimmersion programs avail-
able to students of each subgroup. The Portland-
based estimates show us what is happening, in 
other words, in a large urban district with a 
well-established, large-scale system of immer-
sion programs, but effects will always depend 
on how well such programs are implemented 
and on the relative quality of the next best alter-
native available to students.

Discussion and Conclusion

Our analysis offers a substantial contribution to 
the thin research base on the costs of DLI pro-
grams. Whereas prior cost studies have focused on 
the cost of DLI education as compared with alter-
native services for ELs, Portland did not treat two-
way immersion as a type of EL service and instead 
offered consistent services for ELs regardless of 
whether they were placed in immersion or nonim-
mersion settings. Thus, our cost analysis focused 
on the differential costs of immersion programs 
relative to monolingual instruction.

Through central office and principal interview 
data, we sought to understand the sources of dif-
ferential inputs at the district and school levels. 

We supplemented these data with information 
about class sizes in immersion and nonimmer-
sion classrooms in the district, and with historical 
budget data about revenue sources for the dis-
trict’s immersion programs. We found that 
resources within schools had been distributed for 
parity across programs. Where discrepancies 
existed, they were situated at the central office 
level, where administrators strategically man-
aged the programs, ensuring that teachers had 
adequate curriculum and that both teachers and 
principals were well-supported in carrying out 
the tenets of the DLI model.

The central office per-pupil immersion differ-
entials ranged from US$163 to US$482 during the 
study period, relative to an average per-pupil 
expenditure in the district of about US$10,900 a 
year, on average. We found additional per-pupil 
expenditures of US$114 per year for immersion 
lottery winners relative to immersion lottery losers 
in any given year based on actual dosages received 
as a function of winning the immersion lottery. 
This represents about 1% of per-pupil spending in 
the district during the study period. This is a smaller 
per-pupil spending differential than prior studies 
have found, with differentials ranging from 7% 
(Lara-Alecio et al., 2004) to 12% per year (Parrish, 
1994). However, prior studies examined differen-
tials for ELs, which were precluded by the consis-
tent provision of EL services regardless of 
immersion placement in Portland. Moreover, if 
EL-focused resources at the central office level 
were excluded from Parrish’s (1994) analysis, then 
per-pupil expenditures for two-way immersion 
would actually have been about 3.9% lower than 
for nonimmersion classes due to slightly lower use 
of instructional aides.

This is the first study we are aware of to esti-
mate the role of per-pupil cost differentials as a 
potential mediator of student achievement. We 
estimate that an additional US$100 of per-pupil 
spending on immersion was associated with an 
additional 8% of an SD of ELA achievement, on 
average across grades, for students who enrolled 
in immersion as a function of winning the immer-
sion lottery. This is just over one third the size of 
the causally identified LATE for immersion 
enrollment in a given year, meaning that just over 
one third of the enrollment effect corresponds to 
variation in per-pupil spending over time. There 
was no statistically significant corresponding 
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effect for math. On average, lottery winners 
received an additional 2.18 years in immersion as 
a function of their lottery-winning status, and 
received an additional US$654 in per-pupil 
spending from kindergarten entry during the 
period under observation (third grade for the 
youngest cohort and eighth grade for the oldest 
two cohorts). This yielded a cumulative ELA 
achievement effect of 4% of an SD per enrolled 
year, and 1.4% of an SD for each US$100 spent 
cumulatively. These are substantively meaningful 
effects. By comparison, several studies have 
found that a difference of 1 SD in teacher effec-
tiveness in a given year—a very large, hard-to-
scale difference—yields only about one tenth of 
an SD in students’ academic achievement in that 
year (Kane & Staiger, 2005; Rivkin, Hanushek, & 
Kain, 2005; Rockoff, 2004). And the Tennessee 
STAR experiment of class size effects in the early 
grades found that reducing kindergarten through 
third grade class sizes from about 25 to 15 stu-
dents yielded first-grade ITT student achievement 
gains of about one quarter of an SD in math and 
ELA (Mosteller, 1995), at an estimated cost of 
about US$13,100 per student, scaled in 2004 dol-
lars (Levin, Belfield, Muennig, & Rouse, 2007). 
This suggests that each US$100 would produce 
just under two thousandths of an SD (0.002 SD) in 
student achievement in the ITT analysis. These 
comparisons suggest that the DLI effects we 
observed in ELA were strikingly cost-effective, 
assuming that other contexts could replicate 
Portland’s emphasis on centralized, district-wide 
support for its diverse school programs. And 
recent lottery-based research suggests that our 
estimates of immersion effectiveness at scale 
could even be conservative. Our estimate of a 
cumulative LATE in reading of 4% of an SD per 
year is similar to Bibler’s (2017) cumulative 
LATE estimates in ELA of between 5% and 6% 
of an SD per year, while our nonsignificant math 
estimate of just under 3% of an SD is actually 
much smaller than his math estimates of 6% to 
9% of an SD per year.

Although we do not find statistically signifi-
cant effects in math, DLI in Portland may have 
yielded benefits beyond test scores on English-
administered accountability tests. For instance, 
immersion students in the study reached interme-
diate mid-to-high levels of proficiency in a sec-
ond language by eighth grade, as compared with 

the early novice levels reached by eighth graders 
who had taken a foreign language elective class 
in Spanish (Burkhauser et al., 2016)—an advan-
tage that may have economic as well as cognitive 
and language-acquisition benefits (Cenoz, 2003; 
Luk & Bialystok, 2014; Saiz & Zoido, 2005).

Importantly, we find no evidence that observ-
able teacher or peer characteristics mediated the 
immersion effects in ELA. Our analysis does not 
rule out the possibility that unobserved class-
room or teacher characteristics may have played 
a role, but it clarifies that observable differences 
in classroom environments were not driving the 
ELA effect estimates.

Finally, because policymakers interested in 
closing historical opportunity and achievement 
gaps may be concerned about differential effects 
of DLI by students’ race/ethnicity, we have also 
examined the extent to which race/ethnicity 
moderates the causal effect of DLI enrollment. 
We do not find statistically significant differ-
ences in causal immersion effects by subgroup, 
though admittedly, our power to detect differ-
ences at statistically significant levels is con-
strained. From a descriptive standpoint within 
the sample, we find more-positive causal immer-
sion effects in ELA for Black students than for 
White and Hispanic students, whose effects were 
nearly identical, and we find negative ELA 
effects (and positive math effects) for Asian stu-
dents, but again, none of these subgroup differ-
ences are generalizable beyond the sample. Also, 
it is not clear what drives these differences. The 
differential effects by race/ethnicity in the sam-
ple may be driven by unobserved attributes of the 
immersion programs to which the students 
applied relative unobserved attributes of their 
default catchment schools. Still, the finding is 
policy-relevant within Portland, given that Black 
students were underrepresented in Portland’s 
immersion programs during the period of the 
study. The district has since taken steps to expand 
access to immersion in historically African 
American neighborhoods of the city.

Our work suggests that positive immersion 
effects in ELA can be achieved at scale with 
modest investments at the central office level, 
concentrated on supporting high-quality dual-
language instruction through professional devel-
opment and curriculum support. The field would 
continue to benefit from work that carefully 
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examines immersion cost differentials and asso-
ciated effects on student achievement and attain-
ment in various settings. There is a particular 
need for longer term work that examines stu-
dents’ graduation rates, college-going, and 
employment as a function of random assignment 
to DLI. Ideally, future research would also exam-
ine the causal effects of immersion on students’ 
nonacademic development, including their 
global awareness and civic participation. In the 
meantime, our study provides new evidence for 
the cost-effectiveness of immersion when imple-
mented with central office support, and it attests 
to the broader potential of such programs for 
policy support and replication.
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Notes

1. There are unfortunately no reliable statistics on 
the number and growth of dual-language immersion 
(DLI) across the United States. But there is incon-
trovertible evidence of a steady growth (e.g., North 
Carolina Department of Education, 2014). A 2011 
Los Angeles Times article (Watanabe, 2011) estimated 
the number at more than 1,000 programs, with 224 
programs (extrapolating beyond information from 
the Center for Applied Linguistics, 2011a, 2011b). 
Another article in Education Week (Maxwell, 2012) 
placed the number at over 2,000.

2. In practice, nearly all truly randomized strata 
were within district, and none were sibling strata.

3. A CONSORT table describing binding and non-
binding lottery applications, results, and compliance 
can be found in Figure 1 of Steele et al. (2017). We 
are able to follow randomized students who leave 
the district as long as they stay in public schools in 
Oregon. In Steele et al. (2017), our resulting attrition 
levels appear to fall within the liberal attrition thresh-
old set by the What Works Clearinghouse (2014) for 
meeting standards without reservations in all grades, 
and within the conservative attrition threshold in for a 
few later-grade comparisons.

4. As a basis of comparison, descriptive statistics 
for all kindergarten entrants in the district in those 
years, not restricted to the randomized sample, can be 
found in Steele et al. (2017).

5. In fact, any teacher in the district who has stu-
dents who are not fluent in the language of instruction 
is expected to use sheltered techniques, including DLI 
teachers.

6. The model differs slightly from the one used in 
Steele et al. (2017), which employed grade-level fixed 
effects and their interactions with the lottery winning 
indicator, z

i
. Here, we use a quadratic time specifica-

tion because the instrumental variables (IVs) strat-
egy has lower power than the intent-to-treat models 
emphasized in the prior paper, and because our param-
eters of interest—namely, the effects of time-varying 
attributes such as dosage and cumulative per-pupil 
spending—already capture differential outcomes for 
lottery winners as a function of time in immersion 
programs.

7. The first stage estimate for enrollment in kin-
dergarten was similarly 0.456 (not shown), with an F 
statistic of 118.45.

8. Corresponding effects from kindergarten enroll-
ment rather than point-in-time enrollment were 0.203 
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(p < .05) for reading, and a nonsignificant 0.125 for 
math. The attenuation relative to point-in-time enroll-
ment is to be expected, because enrollment in kinder-
garten captures immersion exposure less precisely 
than point-in-time enrollment.
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