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Multilingual learners (MLs) represent an increasing proportion of public school students. Although much attention has been
given to their academic performance in English language arts and math, less research has addressed their academic perfor-
mance in science, particularly in elementary school. This study leveraged nationally representative data from the Early
Childhood Longitudinal Study of 2010-2011 to document the science test score trajectories of MLs from kindergarten through
fifth grade. Using descriptive statistics and regression analyses, our findings document wide variation in elementary science
test performance among subgroups of MLs while also documenting the rapid gains this group makes in science performance
across the elementary years compared with non-MLs. Our study is among the first to use nationally representative data to
examine science learning trajectories of MLs and provides a foundation for policy, practice, and future research aimed at
understanding how the linguistic assets of MLs promote science learning.
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Introduction

Students who are in the process of adding English to their
linguistic repertoires while coming from a household where
a non-English language is regularly spoken represent an
increasing proportion of students in U.S. public schools
(American Academy of Arts & Sciences, 2016; National
Center for Education Statistics, 2023). Such students include
those who receive English learner services at school but also
a broader set of students who navigate elementary school
from a multilingual perspective. A number of terms have
been used to describe this group or subgroups therein includ-
ing English language learners (ELLs), English learners
(ELs), emergent bilinguals, and multilingual learners (MLs).
As their presence continues to expand (National Center for
Education Statistics, 2023), there has been increasing atten-
tion to their academic performance in schools.

In this study, we adopt the term multilingual learner
(ML) to describe students who come from households where
a language other than English is regularly spoken. This
group includes students who receive formal EL services at
schools, a subgroup that is identified by school personnel

science education, policy, educational policy, descriptive analysis, regression analyses

through a formal process that indicates their native language
and assesses their English proficiency often at school entry.
We also use the term inclusively of a broader set of students
who come from households where a non-English language is
regularly spoken, reflecting our interest in this broader group
and a growing body of literature that demonstrates variation
in both ELs and MLs more generally (Goodrich et al., 2021;
Sattin-Bajaj & Mavrogordato, 2019). In particular, recent
research has pointed to the limitations of focusing only on
those receiving EL services at school (Kieffer & Thompson,
2018; Thompson et al., 2023). Such work suggests that MLs,
including those receiving EL services but also those not
receiving EL services (such as those who have been reclassi-
fied, not yet identified for services, or whose English profi-
ciency does not qualify for services), have unique educational
experiences and trajectories that may differ from each other
and their non-ML peers (Pacheco et al., 2024; Thompson
et al., 2023). For example, Umansky (2016) found that mul-
tilingual learners classified as ELs had different academic
trajectories than students with similar linguistic proficien-
cies in kindergarten who were not classified as ELs. As we
describe next, the evidence on the academic performance of
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different populations of MLs, both as a whole and as sub-
groups therein, such as those receiving EL services, points to
a need for further research that can improve the opportuni-
ties afforded through schools.

Although there is a robust body of evidence on the aca-
demic performance of MLs and subgroups therein (particu-
larly those receiving EL services at school) in reading and
mathematics (e.g., Fry, 2007; Goodrich et al.,, 2021;
Murphey, 2014; Rolstad et al., 2005), their academic perfor-
mance in science has received comparatively less attention
(see Morgan et al. [2016] and Pacheco et al. [2024] for recent
exceptions). In one of the few studies that examined the sci-
ence performance of MLs, Morgan et al. (2016) found that
third and fifth graders who spoke a non-English language at
home scored around 1 standard deviation (SD) lower than
students from English-only homes. Similarly, results from
the National Assessment of Educational Progress (NAEP)
demonstrate significant disparities in science at fourth grade
between the subgroup of ML students receiving formal lan-
guage-support services in school (what the NAEP and the
Every Student Succeeds Act term as ELs) and other students
(U.S. Department of Education, 2019a).

The academic performance of MLs and subgroups therein
in science is important because science learning is increas-
ingly critical for both individual and collective outcomes.
Much attention has been given to the economic returns to
individuals for careers in science and the importance of an
educated science workforce for national economic competi-
tiveness (Hanushek et al., 2010; National Science Board,
2018; Oreopoulos & Petronijevic, 2013). Unfortunately, as
recent evidence shows, MLs are not being served to meet
their full potential to contribute to and benefit from the eco-
nomic returns of science education. For example, a recent
policy statement from the California Association of Science
Educators pointed to only 2.4% of the state’s MLs meeting
or exceeding expectations on the state science assessment,
leading them to state that “policies and practices to support
Multilingual Learners in science should be in place at every
level of the California Education System” (California
Association of Science Educator, 2023). Similarly, speaking
more specifically to those receiving EL services, a 2018
report by the National Academies of Sciences, Engineering,
and Medicine states, “ELs are underrepresented in STEM
[science, technology, engineering, and math] fields in col-
lege as well as in the workforce” (p. ix). For many students,
particularly those of Hispanic ethnicity, this underrepresen-
tation is driven in part by disparities in the K—12 educational
pipeline and college enrollment (Garrison, 2013; Shi, 2017),
suggesting a need to focus on early science learning trajecto-
ries. The past decade has seen significant attention to and
advancement in science education in the United States,
including the National Research Council’s Framework for
K—12 Science Education and adoption of the Next Generation
Science Standards by many states.

As emphasized by these and other recent reports (National
Academies of Sciences, Engineering, and Medicine, 2022),
ensuring the promotion of equity in science learning is criti-
cal. In particular, increasing the diversity of those entering
science-related fields holds promise for improving a number
of social outcomes, from health to public policy, through
increased representation of the communities served
(Rodriguez et al., 2014; Saha, 2014; Valla & Williams,
2012). MLs possess assets, including linguistic, cultural, and
social capital, that position them to contribute to advanced
STEM academic opportunities and careers as well as to
efforts to diversify and improve representation in science-
related fields (see Lee [2021] for a recent discussion).

As with reading and mathematics (Fry, 2007; Murphey,
2014; Rolstad et al., 2005), there is a body of research that
examines science instruction and learning for MLs, particu-
larly those receiving EL services (Estrella et al., 2018; Lee,
2005; Lee & Buxton, 2010); however, unlike for reading and
mathematics, it has been much less common for such work
to employ nationally representative data, particularly at the
elementary school level (see Curran & Kitchin [2019] and
Morgan et al. [2016] for some exceptions). The nationally
representative work that does exist suggests that the experi-
ence of MLs in science may differ from that in reading and
mathematics (Morgan et al., 2016). For example, prior work
has shown that racial/ethnic and socioeconomic disparities
in elementary science test performance are larger than in
reading or mathematics (Curran, 2017; Curran & Kellogg,
2016) and that differences for Hispanic and Asian subgroups
may be related to language (Curran & Kitchin, 2019).
Furthermore, emerging research has begun to point to the
heterogeneity in MLs (Goodrich et al., 2021; Johnson, 2023;
Kieffer & Thompson, 2018; Kim & Choi, 2021; Pacheco
et al., 2024; Sattin-Bajaj & Mavrogordato, 2019; Umansky,
2016; Wolf et al., 2024), motivating a need to examine varia-
tion within the broader category of MLs to better understand
the science learning trajectories of particular groups of MLs.
This is particularly important because subgroups of MLs
may experience uniquely different contextual environ-
ments—from out-of-school familial and neighborhood set-
tings to formal school settings such as differing amounts of
EL services (Kangas, 2018).

This study builds on existing literature by examining ele-
mentary school science test score trajectories of MLs with
nationally representative data. By examining standardized
science test scores for grades K-35, it extends beyond prior
work that has often been limited to outcomes of reading and
mathematics and/or limited to studies in upper grade levels.
In doing so, it responds to recent recommendations from the
national academies on the importance of emphasizing sci-
ence and engineering in the early years of schooling
(National Academies of Sciences, Engineering, and
Mathematics, 2022). In examining the science performance
of subgroups and variation within MLs broadly defined, this



study complements a number of recent studies that have
begun to examine the heterogeneity within test scores of
MLs (Goodrich et al., 2021; Johnson, 2023; Kieffer &
Thompson, 2018; Kim & Choi, 2021; Pacheco et al., 2024;
Thompson et al., 2023; Umansky, 2016; Wolf et al., 2024)
and expands beyond work that tends to focus only on MLs
receiving EL services at school. This focus on MLs broadly,
not only those receiving EL services, recognizes that not all
MLs receive EL services and that such students nevertheless
may experience educational systems differently than their
English-only peers and that this group has traditionally
received less attention in the research literature than those
formally classified as ELs. Next, by examining the ways in
which science test score trajectories are sensitive to contex-
tual variables (e.g., school, family, and individual character-
istics), the study provides insights into the correlates of
science learning gains for MLs as well as the contextual
variation that ML subgroups experience. Finally, we still
seek to understand how these test score disparities in science
compare with those in reading and mathematics because
prior research points to potential differences across subject
areas (Curran & Kellogg, 2016). The study addresses the
following research questions:

1. How do science test score trajectories vary across
and within ML student groups in elementary school?
Specifically, how do they vary for (a) MLs whose
primary home language is English and those whose
primary home language is not English, (b) MLs who
receive formal EL services at school and those that
do not, and (c) MLs who are Spanish speakers and
MLs who speak less common languages?

2. To what extent are differences in science test score
trajectories explainable by student, family, and
school contextual variables?

3. How do the science test score trajectories for ML
subgroups in science differ from those in reading and
mathematics?

The findings of this study stand to make contributions to
research, policy, and practice. As one of the first studies to
examine early elementary science test scores of MLs on a
national scale across the entire elementary school years, this
study provides necessary descriptive context on the science
test score trajectories of MLs, the contextual factors that
may be related to different trajectories, and how these may
differ from trajectories in other subjects. In examining the
heterogeneity within MLs, the study points to strengths
among ML subgroups whose experiences might be further
studied to improve science learning outcomes for MLs
broadly. In doing so, we note that our analyses examine ML
subgroups spanning those receiving EL services at school to
groups that may include some students who would be classi-
fied as native English speakers but are in households where
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non-English languages are also regularly used. Because
these groups move in and out of EL services and formal rec-
ognition by school districts over time, traditional cross-sec-
tional analyses potentially miss nuances in their academic
trajectories, a limitation we address with our longitudinal
dataset. We turn next to a brief review of the literature fol-
lowed by a presentation of our guiding theoretical frame-
work, data, and methods. The paper concludes with a
presentation of results and a discussion of the implications
for policy and practice.

Background

Although varied terms are used in schools and research,
in this study we adopt the broad term multilingual learner
(ML) to encompass students who are from households
where a non-English language is regularly spoken and are
thus learning English alongside another language. This
group includes not only those identified for EL services in
schools (e.g., those for whom English is not their only or
primary language and whose proficiency in English might
affect their academic progress in a setting where English is
used for instruction) but also a broader set of linguistically
diverse students (including some for whom English may be
considered their primary language but who are in house-
holds where a non-English language is also regularly used,
some who may have previously received EL services but no
longer do, and also nonnative English speakers who are
deemed proficient in English and thus never received EL
services in schools). As we describe in more detail later in
this paper, we focus on a number of ML subgroups, as shown
in the header of Table 1.

We focus on the broader group of MLs for two reasons.
First, students’ linguistic repertoires—including their profi-
ciency in English and other languages—continually shapes
their academic performance (Garcia & Lin, 2017; Garcia &
Wei, 2014) regardless of their level of English proficiency or
whether they are formally designated to receive EL services
in school. Second, the literature has documented ways in
which ML students might opt out of receiving EL services or
are not appropriately identified to receive EL services or for
reclassification (Catalano et al., 2020; Estrada & Wang
2018), the result being ML students who are not receiving
formal EL services in school. Although we define MLs for
this study as those from households where a non-English
language is spoken, we recognize that others use the term
more broadly—such as including native English speakers in
dual-language programs or, more narrowly, such as using it
only to refer to those receiving formal EL services at school.
Further, we recognize that being from a household where a
non-English language is spoken does not necessarily mean
that the student is fluent in that language. By examining sub-
groups of MLs, we address and provide evidence on some of
this variation in the use of the term ML.



Multilingual Learners in the United States

Although more than 20% of households in the United
States speak a language other than English (our definition
of ML; American Academy of Arts & Sciences, 2016),
only about 10% of the total student population in public
schools are formally identified by schools as ELs (cur-
rently qualifying for EL services; National Center for
Education Statistics, 2021). Although STEM degree pro-
grams and the workforce attract a number of bilingual and
international individuals, members of this population who
received EL services in U.S. K—12 schools are underrepre-
sented, in part due to overall lower rates of high school
completion and college enrollment and completion (Chen,
2009; Garrison, 2013; Nufez et al., 2016; Varma, 2018). In
addition, although most MLs who are formally identified
by schools as ELs receive EL services to support their lin-
guistic and academic trajectories, research is increasingly
recognizing that MLs are not a monolith but rather consist
of numerous subgroups with distinctly different experi-
ences (Kieffer & Thompson, 2018). Sattin-Bajaj and
Mavrogordato (2019) wrote that the indicators of being an
EL “tend to be dichotomous indicators of whether or not a
student has been given such a classification” and thus miss
“critical differences within these large and heterogeneous
groups” (para. 3). The broader group of MLs acknowledges
this diversity that exists within ELs while also encompass-
ing multilingual students who are not receiving EL ser-
vices. It includes students who may identify as ELs but do
not have a formal EL classification, those who have yet to
be classified as ELs, those who have been reclassified out
of EL status, and those who may not qualify for services
but are still navigating learning English alongside another
home language. Just as Sattin-Bajaj and Mavrogordato
(2019) pointed to variation in ELs, recent research demon-
strates the importance of expanding to encompass MLs
who do not have a formal EL classification (Johnson, 2023;
Kieffer & Thompson, 2018; Pacheco et al., 2024; Umansky,
2016). In other words, an ongoing challenge in understand-
ing the differences in outcomes between MLs and non-MLs
relates to heterogeneity within the ML population.

Nationally, MLs in K—12 schools make use of about 460
different languages (Kindler, 2002). By far Spanish is the
most common, being the primary non-English language of
around three quarters of MLs who receive EL services (U.S.
Department of Education, 2019b). The next four most com-
mon languages—Arabic, Chinese, Vietnamese, and
Somali—collectively are used by ~7% of such students
(U.S. Department of Education, 2019b). Recent shifts in
immigration patterns have seen an increasing prevalence of
students speaking languages such as Arabic compared with a
decade ago (NYU, 2018). This linguistic diversity also inter-
sects with other aspects of these students’ identities, from
racial and cultural backgrounds to experiences of

immigration from different geographic settings (Garcia
et al., 2008).

Such heterogeneity also extends to the contextual environ-
ments of MLs. For example, in Montana, <6% of MLs identi-
fied for EL services speak Spanish, and in Hawaii, the most
common language among the group is Ilocano (U.S.
Department of Education, n.d.). Within states, the concentra-
tion of MLs varies by school district and school such that some
MLs experience linguistic enclaves of same-language peers,
whereas others may be more isolated, the experience of which
has been linked to differences in opportunity and academic
outcomes (Drake, 2014; Schultz, 2021; U.S. Department of
Education, n.d.). For example, Goodrich et al. (2021) found
that even at the state level, states with a larger percentages of
multilingual students had smaller achievement gaps compared
with monolingual peers in mathematics and reading. Kieffer
and Thompson (2018) had similar findings, showing that MLs
improved two to three times more than monolingual students’
scores in mathematics and reading in the fourth and eighth
grades. In addition, MLs experience different formal educa-
tional environments and differing policies and practices that
shape whether they are formally identified by schools and
afforded EL services because identification procedures vary.
According to Salerno and Andrei (2021), every state uses
home-language surveys (i.e., parent reports of home lan-
guage) as the first step in identification for EL services,
although survey questions vary. However, at least 27 states
then require English language proficiency screeners (i.e., an
assessment or test of English ability) to be administered to
students whose home language is not English, but there are
differences between how students’ home languages are deter-
mined (Education Commission of the States, 2020a, 2020b;
MacGregor & Sahakyan, 2020).

States and school districts vary in their processes for
identifying students for EL services (Education Commission
of the States, 2020b; Salerno & Andrei, 2021). Once identi-
fied, MLs deemed in need of EL services are served by a
variety of instructional programs. These include sheltered
immersion, pull-out or push-in instruction, and dual-lan-
guage or transitional bilingual education in which some or
almost all instruction is delivered in languages other than
English. Programs and approaches vary in the extent to
which students receiving EL services are included in main-
stream classrooms and the extent to which a non-English
language is used in instruction, among other dimensions.
Many students move out of EL services during the elemen-
tary school years, often in ways that vary based on differ-
ences in both state law and local implementation (Estrada &
Wang, 2018; Mavrogordato & White, 2017; Pacheco et al,,
2024; Umansky et al., 2020; White & Mavrogordato, 2019).
MLs who exit EL services are tracked for a minimum of 2
years to assess whether they could benefit from additional
support (U.S. Department of Education, 2015), although this
tracking varies by state and, in some instances, by local



district (Education Commission of the States, 2020c). Only
recently have studies begun to examine the implications of
this reclassification process on the subject area of science
(Pacheco et al., 2024), and few studies have examined ML
elementary students’ science trajectories more broadly.

Elementary Science Instruction

Elementary teachers are expected to cover a wide range of
science concepts, skills, and practices. For example, the Next
Generation Science Standards (NGSS), which were begin-
ning widespread adoption during the time period of the Early
Childhood Longitudinal Study, Kindergarten Class of 2011
(ECLS-K:2011) data collection, include topics such as forces,
weather, plants and animals, geology, and outer space, among
others. The NGSS emphasize science practices such as ana-
lyzing data, asking questions, and carrying out investigations.
Prior work has documented the instructional strategies com-
monly used in elementary science classrooms, which include
whole-class instruction, small-group work, and, to a lesser
extent, hands-on/laboratory investigations (see Wilson et al.
[2015] for a detailed discussion). In the early elementary
grades, science instruction generally happens in the regular
classroom, whereas instruction by a separate science teacher
increases in use in upper elementary school.

Unfortunately, science often receives less time than read-
ing and mathematics in elementary school (Conderman &
Woods, 2008). Blank (2013) documented declines in science
instructional time during the No Child Left Behind era, and
Bassok et al. (2016) found fewer science topics covered in
the early 2010s than in the late 1990s. Prior analyses of the
ECLS data found that teachers spend, on average, 117 to 152
minutes per week on science in kindergarten through third
grade compared with 348 to 430 minutes per week on math
and 565 to 635 minutes per week on reading (Curran &
Kitchin, 2019). More recent data from the 2017-2018
National Teacher and Principal Survey shows similar differ-
ences, finding that third graders nationally spent only 170
minutes on science per week compared with 500 minutes per
week on language arts and reading and 350 minutes per
week on math (U.S. Department of Education, 2019c).
Unfortunately, for many MLs, there may be obstacles to sci-
ence learning given language and cultural barriers as well as
time spent out of the classroom (see Lee and Buxton [2010]
for a thorough review of science instruction and MLs).
Given the diversity in MLs as a group as well as the educa-
tional contexts they experience, it is perhaps unsurprising
that their academic performance differs from non-MLs and
across ML subgroups.

Elementary Science Achievement and MLs

Differences in average test scores between groups of stu-
dents have been a central issue for policymakers for decades.
From seminal work such as the Coleman Report focusing on
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differences in educational experiences and outcomes by race
(Coleman et al., 1966) to differences by socioeconomic sta-
tus (Reardon, 2018), educators and policymakers have
defined these differences between groups of students, often
termed achievement gaps, as a pressing policy problem.
More recent literature has focused attention on the opportu-
nity gaps—differences in opportunities that result in differ-
ences in achievement (Ladson-Billings, 2006; Milner, 2012).
We purposefully avoid the term achievement gap because of
its documented issues and tendency to promote deficit views
of students (Gutiérrez, 2008; Ladson-Billings, 2006; Milner,
2012; Quinn, 2020; Quinn et al., 2019). However, the impe-
tus to improve equity in academic outcomes among groups
of students remains. Our work echoes a need to prioritize
equity in science education as emphasized in the 2012
Framework for K—12 Science Education, where “research
demonstrates the importance of embracing diversity as a
means of enhancing learning about science and the world,
especially as society in the United States becomes progres-
sively more diverse with respect to language, ethnicity, and
race” (National Research Council, 2012, p. 29).

Differences in average test scores have been studied
extensively in both mathematics and reading at the elemen-
tary school level (Chatterji, 2006; Duncan & Magnuson,
2011; Hemphill & Vanneman, 2011; Ornstein, 2010;
Reardon, 2011; Vanneman et al., 2009). Previous research
has found that Black and Hispanic children enter kindergar-
ten with lower test scores in mathematics and reading and
that these differences in test scores increase throughout
grade levels for Black students while remaining stable for
Hispanic students (Fryer & Levitt, 2006; Reardon & Galindo,
2009). Differences in average test scores for mathematics
and reading assessments administered in English also exist
between high- and low-income students (Reardon, 2013) as
well as by ML status (Cook et al., 2011; Duran, 2008; Polat
et al., 2016). For example, ML students who speak a non-
English primary home language begin kindergarten with
lower math and reading scores than their peers who speak
English as their primary home language, but the difference
in mathematics scores narrows across the elementary school
grades and can vary by school context (Han & Bridglall,
2009). Comparatively, less research has addressed dispari-
ties in science test scores (see Jackson and Ash, [2012],
Morgan et al. [2016], and Quinn and Cooc [2015] for recent
exceptions), perhaps due in part to less emphasis on science
in state accountability systems and fewer tested grade levels
to yield large-scale data (Blank, 2013; Griffith & Scharmann,
2008; McMurrer, 2008).

The emerging body of research, however, finds that the
test score disparities in elementary school science do not
simply mirror those in reading and mathematics (Betancur
et al., 2018; Curran, 2017; Curran & Kitchin, 2019). For
example, although several studies have documented dispari-
ties in elementary science between racial minority students



Curran et al.

and their White peers (Morgan et al., 2016; Quinn & Cooc,
2015), other work has found that these differences tend to
be larger in science than in reading or mathematics, particu-
larly for Hispanic and Asian students (Curran & Kellogg,
2016). Although Asian students perform on par with or
higher than their White peers in the earliest grades in read-
ing and mathematics, they significantly underperform in
science (Curran & Kellogg, 2016). This difference appears
to dissipate for Asian students entirely by middle school and
significantly decreases in size for Hispanic students (Quinn
& Cooc, 2015; Morgan et al., 2016) and appears to be
explainable in part by students’ language and immigration
backgrounds (Curran & Kitchin, 2019). As hypothesized by
Morgan et al. (2016), the reduction in disparities between
White and Hispanic and Asian students may be attributable
in part to a compensatory trajectory in which many MLs
gain English proficiency in the first years of school (Reardon
& Galindo, 2009).

The few nationally representative studies that examined
early ML or ML subgroup science test performance have
found differences between these groups. While some of
these differences may be a function of science assessments
often being administered in English, thus creating a lan-
guage barrier for some ML students, the magnitude of the
differences also suggests real variation in underlying sci-
ence knowledge. For example, in 2019, fourth grade stu-
dents who received EL services at school scored 34 points,
or about 1 SD (SD = 35), lower on the NAEP in science
than those not receiving EL services. A similar difference
has been observed on the NAEP going back several decades
(Lee & Buxton, 2013; U.S. Department of Education,
2019a). Morgan et al. (2016) found that students who spoke
a non-English language at home scored 1 SD lower than
their English-only peers in the third and fifth grades. This
trend of lower science achievement scores for MLs holds
in higher grade levels (Mulligan et al., 2012) as content
progressively becomes more complex.

Although these studies suggest systematic differences in
the elementary school science performance of MLs and
non-MLs, few studies have explored the nuances of ele-
mentary science trajectories among multiple subgroups of
MLs. Each of the studies noted earlier tended to examine
only a singular operationalization of ML, in some cases
using indicators of those receiving EL services at school
and in other cases using a much broader definition such as
speaking a non-English language at home. Other studies
leveraged only cross-sectional data, providing a limited pic-
ture of ML students’ trajectories as they progress through
school. Others have focused only on particular events, such
as the movement out of EL services (reclassification;
Pacheco et al., 2024). As we suggest next in our theoretical
framework, the heterogeneity within MLs is potentially as
important to understanding their academic trajectories as
variation between MLs and non-MLs.

Conceptual Framework

We draw on Bronfenbrenner’s (1979) ecological systems
theory to frame our examination of ML science test score tra-
jectories. Ecological systems theory situates development as a
phenomenon nested in spheres of influence that include both
formal and informal environments (i.e., school and homes—
parts of the microsystem) and broader contextual influences
such as cultural, political, and historical contexts (i.e., eX0sys-
tem and macrosystem). Recognizing that these contextual
environments vary systematically for ML students and sub-
groups therein (Valenzuela, 2010), ecological systems theory
motivates our focus on MLs as a group distinct from non-MLs
but also our examination of subgroups of MLs.

Differences in context and opportunity to leverage lin-
guistic resources are expected to vary systematically between
ML and non-MLs but also within ML subgroups such as
between students who receive EL services in schools and
those who do not, between those who speak a common non-
English language such as Spanish and those who speak a
language that may be among one of the many less commonly
used non-English languages, or between those who are
exposed to English at home and those who learn English pre-
dominantly in formal school settings (Goodrich et al., 2021;
Sattin-Bajaj & Mavrogordato, 2019; U.S. Department of
Education, 2019b). As students move through elementary
school over time (the chronosystem), we anticipate these
various ecological systems to potentially manifest as differ-
ences in science test score trajectories across MLs. Consistent
with ecological systems theory as a guiding framework, this
study thus focuses on examining these trajectories over time
for various ML subgroups while examining how sets of stu-
dent, family, and school variables relate to the science test
score trajectories.

Contributions of This Study

This study builds on the existing research on elementary
school science test score performance of MLs and responds
to recent recommendations for increased attention to early
science learning (National Academies of Sciences,
Engineering, and Medicine, 2022). In particular, we build on
existing work by focusing our analysis explicitly on the tra-
jectories of subgroups of MLs, recognizing that MLs are
comprised of subgroups with differing backgrounds, experi-
ences, and, potentially, academic trajectories. In doing so,
this study provides the most comprehensive and nuanced
view of ML science performance in elementary school to
date and can inform practitioners and policymakers seeking
to improve equity in early elementary science.

Data and Methodology

This study used data from the ECLS-K:2011, the most
recent longitudinal and nationally representative data source



of U.S. elementary schools. Administered by the National
Center for Education Statistics, the ECLS-K:2011 followed
a nationally representative set of kindergartners in 2010—
2011 through fifth grade in 2015-2016, collecting a robust
set of data from children, families, teachers, and schools
through a series of assessments, questionnaires, and inter-
views (Tourangeau et al., 2019). Although there have been
policy and contextual changes since the collection of the
data, such as changes in identification and tracking of ML
students as part of the Every Student Succeeds Act and wider
implementation of the NGSS, the ECLS-K:2011 neverthe-
less represents the most recent nationally representative lon-
gitudinal study of elementary school students.

A unique feature of the ECLS-K:2011 was its inclusion of
standardized science assessments in each year of the survey.
Prior national data collections lacked science assessments for
the full range of elementary school years. For example, the origi-
nal ECLS-K included only science assessments in third, fifth,
and eighth grades (Tourangeau et al., 2009). The NAEP only
administers science assessments in one elementary school grade
(fourth grade). With standardized science assessments in each of
the K5 grades alongside a robust set of student and contextual
variables, the ECLS-K:2011 was well situated to address our
research questions with greater detail than prior datasets.

Analytic Sample

Participants in the ECLS-K:2011 were sampled using a
clustered and stratified probability design in which geo-
graphic regions served as the primary sampling unit. Schools
that included kindergartens were sampled within region and,
subsequently, children enrolled in kindergarten (Tourangeau
et al., 2015). Our analytic sample consisted of students who
had nonmissing data in grades K—5 on our outcome of inter-
est (i.e., performance on a standardized science achievement
measure) and nonmissing data on indicators of ML status in
kindergarten. Our study applied appropriate sampling
weights and clustering of standard errors to account for the
complex sampling design of the ECLS as well as to adjust
estimates for nonresponse and sample attrition. Our final
analytic sample consisted of 4,828 students, of whom 1,017
met our definition of an ML (a student from a household
where a non-English language was spoken). This equated to
28,968 student-year observations. After application of
weights, our analytic sample was consistent with prior
national estimates, with ~20% of the sample coming from a
household where a non-English language is spoken and
~10% of our sample receiving EL services (American
Academy of Arts & Sciences, 2016; NCES, 2021).

Independent Variable—MLs

Consistent with our conceptualization of MLs as a het-
erogeneous group and through the theoretical framework of
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ecological systems theory, we focused on several key inde-
pendent variables that captured MLs as a broad group with
specific subgroups therein. In particular, we used the follow-
ing four measures: (1) whether a non-English language was
spoken in the home (parent report and our definition of ML),
(2) whether a non-English language spoken at home was the
primary language at home in kindergarten (parent report),
(3) whether students received EL services at school in kin-
dergarten (teacher report), and (4) whether students’ non-
English language was Spanish or a less common language
(parent report). We coded each of these as binary variables.

One particular challenge in operationalizing MLs was
that students may move between categories throughout
grade levels. For example, a student may receive EL services
in the early grades but achieve a level of English proficiency
such that they no longer receive EL services by the later
grades of elementary school. Indeed, prior analyses of the
ECLS sample have found that ~10% of students received EL
services in kindergarten, whereas only 5% did do by fifth
grade. Similarly, a teacher in one grade level may be aware
that a student speaks a language other than English at home,
but a teacher in another grade level may not as a result of
differential interaction with parents or differences in stu-
dents’ use of the language as they progress in school.

As a result, for our primary models, we used a consistent
definition of students’ ML status across grade levels to facil-
itate a consistent sample and comparisons as students prog-
ress through school. Consistent with prior literature (Bialik
et al., 2018; Morgan et al., 2016; Roberts & Bryant, 2011),
we used classifications and parent reports from kindergarten
for three reasons: (1) students are most likely to receive EL
services in this grade level, (2) schools are likely to have
more interaction with parents in earlier grades, and (3) MLs
who receive or will receive EL services will not have pro-
gressed out of EL services yet (NCES, 2022).

Our analysis was limited to students whose English lan-
guage met a minimum threshold for administration of stan-
dardized assessments. At the beginning of the ECLS study,
a language screener was used for students whose home lan-
guage was not English, and the science assessment was
administered only to those who met the minimum thresh-
old. In general, most students (~98% in spring of kinder-
garten) met the minimum English threshold. By the spring
of the first grade school year, the language screener was no
longer used because almost all students (~99.9%) had met
the minimum English threshold for assessment (Tourangeau
et al., 2019). To ensure a consistent sample over time, our
analysis includes only MLs who met this minimum screener
threshold.

Dependent Variable—Science Test Performance

Our primary dependent variable, science test perfor-
mance, was measured through standardized science test
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scores from low-stakes assessments administered by the
ECLS-K:2011 program in the spring of each school year.
The assessment covered earth and space science, scientific
inquiry, physical science, and life science content (Najarian
etal., 2018). Beginning in first grade, the direct child assess-
ment consisted of a two-part assessment in which the second
part of the exam was adapted based on performance on the
first part (NCES, n.d.). The science assessments were admin-
istered in English in an untimed one-on-one setting in which
questions were read to students. In kindergarten and first
grade, a small subset of students who did not pass an English
language prescreener did not take the assessment, but by the
end of first grade, almost all students scored high enough on
the prescreener such that for later grades the assessment
was administered to everyone in English (Najarian et al.,
2020; Tourangeau et al., 2015).

The science assessments were based on the 2009 science
standards from six states (Florida, New Mexico, Texas,
California, Arizona, and Virginia) and were reviewed by a
panel of experts made up of curriculum specialists and edu-
cators, providing strong validity (Tourangeau et al., 2015).
We note, however, that the science assessment was devel-
oped prior to more recent recommendations from the
National Research Council (2012) for science education
and administered as the NGSS were being adopted—mean-
ing that it may not capture all dimensions of science instruc-
tion advocated for by the NGSS. Reliability of the science
assessments ranged from 0.73 to 0.86, with the lowest reli-
ability occurring in kindergarten (Tourangeau et al., 2019).
In models comparing with mathematics and reading, we
used similar standardized assessments from the ECLS in
those subjects.

We leveraged theta scores provided in the ECLS, which
were estimates of students’ ability in the given domain based
on their performance on the items they were administered
(Tourangeau et al., 2018). A theta score was developed for
every domain and assessment in which the domain was used,
reported on a range from —8 to 8, with the lower score being
an indication of lower ability and the higher scores reflecting
higher ability (Najarian et al., 2018). Consistent with prior
literature using the ECLS for longitudinal analysis (Morgan
et al., 2016), we standardized (mean of 0, SD of 1) the sci-
ence theta scores across all years to create a scale score that
could be interpreted in SD units. Consequently, scores in the
earliest grades were by design lower, on average, than scores
in the higher grades, reflecting the upward academic pro-
gression of students throughout elementary school.

Contextual Variables

In addition to our primary independent and dependent
variables, we also included a number of contextual variables
that we used to provide a descriptive picture of ML sub-
groups as well as to explore the explanatory power of

contextual variables for differences in elementary science
trajectories across groups. The inclusion of these contextual
variables reflects our theoretical framework, which points to
the importance of the ecological systems students experi-
ence (Bronfenbrenner, 1979) and to ways that context shapes
how students access resources within their linguistic reper-
toires. At the student level, we included measures of race/
ethnicity and sex as well as reading test score performance.
At the family level, we included a composite measure of
socioeconomic status (created from indicators of income,
education level, and occupational prestige). At the school
level, we included measures of school size, urbanicity, racial
and socioeconomic demographic composition, and propor-
tion of MLs served with EL services. Although the ECLS
consistently asked questions about almost all covariates
across years, in the few cases where a question was not
included in a particular grade level, we imputed values from
the prior or following years. Specifically, parental education
was not included in the second grade survey, so we used first
grade parental education. Similarly, school racial composi-
tion in the third grade was asked only for students who were
in new schools, so we used school racial composition from
the prior year for those remaining in the same school.

Analytic Approach

We approached our analysis using descriptive statistics,
conditional means, and regression to document science
test score trajectories of MLs. To address our first research
question (how do science test score trajectories vary
across and within ML student groups in elementary
school?), we present figures of science test score trajecto-
ries overall and by ML subgroup as well as conditional
means for select grade levels. In particular, we show
results separately for (a) MLs whose primary home lan-
guage in kindergarten was English and those whose pri-
mary home language was not English, (b) MLs who
received EL services at school in kindergarten and those
who did not, and (¢) MLs who were Spanish speakers and
MLs who spoke less common languages.

To address our second research question (to what extent
are differences in science test score trajectories explainable
by student, family, and school contextual variables?), we
estimated a regression model predicting science test score
performance for each of the subgroups of interest with an
interaction term for time, thereby modeling both differences
in average test performance and also differences in their sci-
ence performance trajectory over time. We chose a standard
ordinary-least-squares regression model as opposed to other
multilevel growth model options for simplicity of interpreta-
tion of our results. We built up specifications for these mod-
els from an unconditional model to one that included controls
for student, family, and school context. Our model took the
following general form:



ScienceAch; =B, + P, (ML) +B,, (Grade)
+By; (ML X Grade)
+Byy (Studen tCharacteristics ) M
+Bs; (FamilyCharacteristics )

+Be; (SchoolCharacteristics) +e;

where ScienceAch is the standardized science test score
performance of student i at a particular grade level ;j (stan-
dardized across the K—5 grade range), ML is a binary indica-
tor of ML status (with varied operationalizations as discussed
previously), Grade is a grade level indicator, and ML X
Grade is an interaction term allowing the relationship
between ML status and science achievement to vary over
time. StudentCharacteristics, FamilyCharacteristics, and
SchoolCharacteristics represent vectors of student, family,
and school variables as described earlier. Our primary inter-
estwas in [31 and B » which represent the relationship between
ML and science achievement, both differences in the inter-
cept and slope over time.

Finally, to assess our third research question (how do the
science test score trajectories for ML subgroups in science
differ from those in reading and mathematics?), we modeled
test score trajectories in science, mathematics, and reading
from kindergarten through fifth grade for each of the ML
subgroups. Although the assessments across subject areas
are not directly comparable, we present these graphically
showing the standardized difference between each subgroup
and a comparison group (e.g., those receiving EL services at
school compared with those not receiving them) for each
subject area.

Sample Characteristics

We note that multiple factors relating to ML status have
been shown to shape students’ academic trajectories, includ-
ing MLs’ level of proficiency in English (Ardasheva et al.,
2012), immigration histories (Suarez-Orozco et al., 2015),
and home-language literacy (MacSwan et al., 2017).
Although the full range of these factors is not included
within the ECLS dataset, we provide Table 1 to demonstrate
some of the heterogeneity within the ML population and its
relation to science achievement. Students who lived in
households where a language other than English was spoken
differed in several observable ways from students from
households where only English was spoken. As shown in
Table 1, kindergarten students from households that spoke a
language other than English were about eight times as likely
to identify as Hispanic or Asian than students in English-
only households. Reflecting a sociopolitical history of dis-
crimination in workforce and educational institutions
(Jiménez-Castellanos & Garcia, 2017; Lippi-Green, 2012),
these students’ parents were less educated and had lower
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incomes, on average, than parents of students in English-
only households. Consistent with documented de facto seg-
regation of schooling and stratification of resources
(Géandara, 2010), students from households where a non-
English language was spoken attended kindergartens that
were more likely to be in urban settings serving greater pro-
portions of students eligible for free or reduced-price lunch,
larger overall enrollments, and greater proportions of
Hispanic students. Their English reading test score perfor-
mance also was lower, on average.

Although different in observable ways from their peers
from English-only households, those from households where
a non-English language was spoken were hardly a monolith.
Our results demonstrated the wide variability in subgroups
of MLs. As shown in Table 1, baseline performance on the
English reading assessment varied significantly across ML
subgroups. We found that among students who came from
households where a non-English language was spoken, those
for whom the non-English language was primary in the
household were more ethnically diverse (~81% Hispanic)
and had parents who were less educated and had lower
incomes than those for whom English was the primary lan-
guage in the household. Similarly, students who, in kinder-
garten, received EL services at school as well as those whose
non-English household language was Spanish came from
households with parents who had lower education and
income and attended schools that had higher concentrations
of Hispanic students and students eligible for free or reduced-
price lunch compared with their peers who did not receive
EL services or came from households where the non-English
language was not Spanish. Although not shown in Table 1,
we note that these descriptive differences tended to persist
through fifth grade.

Results

In this section we present results that demonstrate the
elementary school science test score trajectories of MLs; the
ways in which these trajectories vary across subgroups of
MLs; the extent to which observable characteristics of stu-
dents, families, and schools explain these trajectories; and
how these trajectories compare with those in reading and
mathematics. In interpreting the results, we purposefully
adopt an assets-oriented interpretation of findings, high-
lighting the strengths of particular subgroups of MLs and
emphasizing the structural factors that may contribute to dif-
ferences in test score trajectories of MLs.

To preview our findings, the results suggest that although
students who speak a non-English language at home (MLs)
begin elementary school with lower average science test
scores than students in families where only English is spo-
ken, there is a rapid acceleration of their science test perfor-
mance relative to English-only speakers, particularly through
the first half of elementary school. Interestingly, students



TABLE 1

Means and standard errors of student, family, and school characteristics in kindergarten for the full sample and by multilingual learner

status

ML subgroups (conditional on being an ML)

Full  English Non-English English Non-English  EL No-EL Non-
Characteristic sample  only (MLs) primary  primary  services services Spanish Spanish
Student English proficiency
Reading achievement (standardized -1.572 —-1.524 -1.746 —1.534 —1.905 —2.185 —1.448 -1.858 -1.415
across years) (0.026) (0.027)  (0.038) (0.062)  (0.061) (0.058) (0.040) (0.039) (0.070)
Student characteristics
Black 0.139  0.164 0.045 0.065 0.031 0.025 0.060 0.015 0.135
(0.017) (0.020)  (0.017) (0.028)  (0.013) (0.015) (0.020) (0.006) (0.055)
Hispanic 0.220  0.089 0.699 0.552 0.810 0.858 0.592 0928 0.029
(0.023) (0.009)  (0.040) (0.054)  (0.031) (0.033) (0.040) (0.016) (0.012)
Asian 0.036  0.014 0.119 0.134 0.107 0.080 0.145 0.005  0.450
(0.007) (0.003)  (0.025) (0.039) (0.020) (0.021) (0.029) (0.003) (0.066)
Other race/ethnicity 0.059  0.064 0.043 0.089 0.008 0.007  0.067  0.009 0.144
(0.010) (0.012)  (0.010) (0.019) (0.005) (0.005) (0.014) (0.005) (0.036)
Male 0.510  0.518 0.480 0.453 0.500 0.529  0.447 0496 0.434
(0.009) (0.011)  (0.016) (0.025) (0.024) (0.028) (0.020) (0.019) (0.028)
Family characteristics
Income $25,000-$50,000 0.238  0.225 0.284 0.303 0.269 0.245  0.310 0304 0.225
(0.011) (0.012)  (0.023) (0.028) (0.033) (0.033) (0.027) (0.023) (0.040)
Income $50,000-$75,000 0.182  0.195 0.133 0.187 0.091 0.096 0.158 0.115 0.184
(0.008) (0.009) (0.014) (0.020) (0.017) (0.022) (0.017) (0.015) (0.028)
Income $75,000-$100,000 0.135  0.152 0.072 0.111 0.042 0.036 0.096 0.042 0.158
(0.007) (0.008)  (0.013) (0.024) (0.013) (0.013) (0.018) (0.011) (0.034)
Income >$100,000 0.200  0.224 0.115 0.179 0.066 0.042 0.164 0.055 0.289
(0.014) (0.015)  (0.016) (0.021) (0.017) (0.016) (0.017) (0.010) (0.039)
Parent 1 completed high school or 0.293  0.287 0.314 0.270 0.347 0.384 0.267 0351 0.205
vocational/technical school (0.011) (0.011)  (0.022) (0.028) (0.025) (0.035) (0.025) (0.024) (0.035)
Parent 1 completed some college 0.277  0.300 0.191 0.284 0.122 0.111  0.246  0.180  0.225
(0.009) (0.010)  (0.018) (0.031) (0.016) (0.021) (0.021) (0.021) (0.028)
Parent 1 completed college 0.206  0.226 0.129 0.194 0.081 0.051 0.183  0.078  0.279
(0.010) (0.011)  (0.016) (0.026) (0.014) (0.010) (0.021) (0.013) (0.032)
Parent 1 completed some graduate 0.127  0.139 0.086 0.116 0.063 0.035 0.121  0.049 0.195
school or above (0.007) (0.008)  (0.012) (0.017) (0.013) (0.010) (0.016) (0.010) (0.028)
School characteristics
Public school 0.878  0.869 0913 0.885 0.934 0993 0.859 0945 0.817
(0.014) (0.016)  (0.017) (0.022) (0.019) (0.005) (0.026) (0.013) (0.043)
Suburban school 0.330  0.331 0.324 0.345 0.309 0318 0.329 0321 0.335
(0.027) (0.029)  (0.036) (0.040) (0.043) (0.047) (0.039) (0.040) (0.051)
Rural school 0.247  0.281 0.123 0.140 0.110 0.113  0.130  0.133  0.095
(0.019) (0.020)  (0.023) (0.026) (0.024) (0.032) (0.023) (0.028) (0.024)
Town school 0.111  0.129 0.043 0.075 0.018 0.012  0.063  0.037  0.058
(0.018) (0.021)  (0.013) (0.025) (0.009) (0.007) (0.020) (0.017) (0.020)
Proportion of Black students in school 0.141  0.152 0.100 0.107 0.095 0.083 0.112 0.092  0.123
(0.015) (0.017)  (0.015) (0.021) (0.013) (0.015) (0.017) (0.015) (0.026)
Proportion of Asian students in school 0.034  0.031 0.048 0.056 0.043 0.034  0.058 0.029 0.103
(0.003) (0.002)  (0.008) (0.010) (0.007) (0.007) (0.008) (0.004) (0.018)
Proportion of Hispanic students in 0.196  0.122 0.468 0.367 0.544 0.604 0376 0.569 0.173
school (0.021) (0.009)  (0.049) (0.048)  (0.050) (0.059) (0.039) (0.054) (0.017)
(continued)
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TABLE 1 (CONTINUED)

ML subgroups (conditional on being an ML)

Full  English Non-English English Non-English  EL

No-EL Non-

Characteristic sample  only (MLs) primary  primary  services services Spanish Spanish
Proportion of other race students in 0.030  0.031 0.028 0.031 0.026 0.021  0.033  0.026  0.035
school (0.002) (0.002)  (0.003) (0.003)  (0.003) (0.003) (0.003) (0.003) (0.004)
School enrollment 150-299 0.104  0.116 0.061 0.077 0.049 0.022  0.088  0.053  0.085
(0.013) (0.014) (0.013)  (0.017)  (0.016)  (0.010) (0.019) (0.016) (0.021)
School enrollment 300-499 0.325  0.340 0.268 0.304 0.241 0.241 0.287  0.267  0.272
(0.028) (0.028)  (0.043) (0.049)  (0.044) (0.048) (0.047) (0.046) (0.059)
School enrollment 500-749 0375  0.348 0.471 0.453 0.484 0.467 0473 0476  0.455
(0.029) (0.026)  (0.057) (0.059)  (0.061) (0.070) (0.059) (0.065) (0.080)
School enrollment >750 0.152  0.145 0.176 0.142 0.202 0263 0.117 0.190 0.136
(0.024) (0.027)  (0.030) (0.030)  (0.038) (0.054) (0.025) (0.038) (0.040)
School FRPL 25%—-50% 0.258  0.279 0.178 0.216 0.150 0.131  0.210  0.141  0.286
(0.021) (0.021)  (0.037) (0.040)  (0.042) (0.047) (0.035) (0.043) (0.038)
School FRPL 50%—75% 0.192  0.196 0.178 0.177 0.178 0.157 0.192 0.181  0.168
(0.018) (0.019)  (0.033) (0.040)  (0.036) (0.038) (0.036) (0.039) (0.041)
School FRPL 75%—-100% 0.255  0.195 0.478 0.361 0.565 0.657 0356 0591  0.146
(0.031) (0.026) (0.069)  (0.072)  (0.070)  (0.072) (0.064) (0.078) (0.034)
Proportion of students in school who are ~ 0.129  0.085 0.287 0.217 0.341 0.381 0224 0328 0.170
English language learners (0.014) (0.008)  (0.031) (0.032)  (0.031) (0.029) (0.032) (0.036) (0.027)
Observations 4,828 3,811 1,017 444 573 400 617 687 330

Note. Groups are conditional on being an ML except for our non-ML indicator, “English only” group. ML = multilingual learner; EL = English learner;

FRPL = free or reduced-price lunch

whose non-English language is a language other than
Spanish accelerate in science learning such that by third
grade their science test score performance is above that of
students whose households only use English. The inclusion
of student, family, and school covariates in models explains
substantial portions of the differences in average perfor-
mance across ML subgroups. However, with some excep-
tions for English reading test performance, these covariates
explain little of the differences in the relative trajectories of
groups over the elementary school years. We show how
these findings in science compare with those in reading and
mathematics, pointing to similarities and differences across
subject areas.

Science Test Score Trajectories

The elementary school science test score trajectories of
ML subgroups reflected the heterogeneity in characteristics
of the various groups. Table 2 presents the average science
test score by ML subgroup. As noted earlier, the science test
scores, which came from assessments administered in
English, were standardized across grade levels such that
averages can be interpreted in SD units relative to the aver-
age performance of all students across the K—5 span of the
data. In kindergarten, students from households where only

English was spoken scored, on average, 0.59 SD higher than
households where a non-English language was spoken.

Interestingly, however, a similar difference was observed
within subgroups of MLs (students who spoke a non-English
language at home). In particular, in kindergarten, students
from households where a non-English language was spoken
but in which English was the primary language score about
0.5 SD higher than those for whom the non-English lan-
guage was primary. Students whose non-English home lan-
guage was Spanish scored about 0.4 SD lower than those
whose non-English language was a language other than
Spanish. The largest difference between ML subgroups in
kindergarten (0.72 SD) were between those who received
EL services at school and those who did not receive EL ser-
vices, likely reflecting the fact that students who receive EL
services are selectively identified based on lower levels of
English proficiency (a similar test score difference between
these groups was seen in baseline reading test performance).
Collectively, these differences between subgroups of MLs at
the start of kindergarten demonstrate that there is as much or
more variation in science test performance within MLs as
there is between MLs and students who come from house-
holds where only English is spoken.

Although the differences in science test scores between
MLs and non-MLs and across ML subgroups are substantial
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TABLE 2

Science achievement test scores and standard errors standardized across years by grade level and multilingual learner subgroup

ML subgroups (conditional on being an ML)

Full English Non-English English Non-English EL No-EL Non-
Grade sample only (MLs) primary primary services services Spanish Spanish
K —1.283 —-1.157 -1.747 —1.452 -1.969 -2.179 —1.454 —1.850 —1.444
(0.029) (0.024) (0.043) (0.042)  (0.052) (0.056) (0.037) (0.045) (0.053)
1 —0.606 —0.500 -0.997 —0.701 -1.220 —1.442 —0.695 -1.114 —0.655
(0.029) (0.024) (0.050) (0.045)  (0.063) (0.066) (0.043) (0.053) (0.066)
2 —0.038 0.032 —0.294 —-0.107 —0.435 -0.616 —0.076 —0.406 0.035
(0.025) (0.022) (0.046) (0.049)  (0.054) (0.066) (0.040) (0.051) (0.049)
3 0.356 0.407 0.171 0.297 0.076 —0.065 0.330 0.082 0.431
(0.021) (0.021) (0.034) (0.037)  (0.042) (0.051) (0.031) (0.038) (0.048)
4 0.665 0.710 0.501 0.617 0.414 0.296 0.640 0.424 0.727
(0.021) (0.019) (0.037) (0.040)  (0.040) (0.048) (0.034) (0.044) (0.038)
5 0.983 1.020 0.848 0.948 0.773 0.643 0.987 0.773 1.071
(0.019) (0.020) (0.027) (0.035)  (0.032) (0.049) (0.029) (0.034) (0.047)
Observations 4,828 3,811 1,017 444 573 400 617 687 330

Note. Groups are conditional on being an ML except for our non-ML indicator, “English only” group. ML = multilingual learner; EL = English learner

at the beginning of elementary school, we document signifi-
cant and meaningful convergence of trajectories as students
progress through elementary school. Figure 1 shows the tra-
jectories of science achievement scores (standardized across
grade levels) for each ML group from kindergarten through
fifth grade. As shown in the figure, by third grade, there is a
significant narrowing of the trajectories. In particular, the dif-
ference between students from English-only and non-English
households decreased from 0.59 SD in kindergarten to 0.17
SD by fifth grade. Within students who come from house-
holds where a non-English language is spoken, the difference
in average science test scores between those who use English
as a primary language and those for whom a non-English lan-
guage is the primary household language decreased from 0.5
SD to 0.17 SD. Students receiving EL services in kindergar-
ten also made significant gains relative to their peers from
households where a non-English language was spoken but
who did not receive EL services, decreasing the difference
from 0.72 SD in kindergarten to 0.34 SD by fifth grade.
Figure 2 demonstrates these gains broken out for students
who were reclassified out of EL services (dark triangles) and
those who received EL services in a given year (gray triangles)
compared with ML students who received EL services in kin-
dergarten (dark circle) and ML students who did not (gray cir-
cle). By fifth grade, ~57% (n = 552) of students receiving EL
services in kindergarten had been reclassified and were no lon-
ger receiving services. As expected, those who moved out of
formal EL services had higher science trajectories than those
who remained, nearing, although not quite reaching, the test
performance of those who were not receiving EL services in
kindergarten. This likely reflects the higher language and aca-
demic performance that led to them to be exited out of formal
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EL services. Additionally, it also could reflect the possibility
that reclassified ELs were able to receive more direct science
instruction in cases where they were previously pulled out of
science instruction for EL services.

As shown in Table 2, the only ML subgroups where we did
not observe as significant a convergence between science test
scores were between Spanish speakers and non-Spanish speak-
ers. In kindergarten, MLs who spoke a non-Spanish language
in the household scored ~0.4 SD higher than those speaking
Spanish. By fifth grade, this difference was 0.29 SD.
Interestingly, however, MLs who spoke a non-Spanish lan-
guage demonstrated the highest science test scores, on aver-
age, of any group analyzed by fifth grade. Most notably, while
this group performed lower than their English-only peers in
kindergarten, by second grade they had closed the gap with
their English-only peers (see Figure 1). This finding, and the
generally positive trajectories of all ML groups across elemen-
tary school, may reflect the positive benefits of multiple lan-
guages for early science learning as well as the benefits from
learning English on performance on science assessments
administered in English. In particular, although MLs as a
whole and specific subgroups therein tended to start elemen-
tary school with lower science achievement, their trajectories
showed more growth across elementary school than their
English only peers. To understand the factors that may explain
or be related to these trajectories, we turn next to the results of
our regression analyses.

Explanatory Factors of Science Test Score Trajectories

The descriptive findings demonstrate differences in the
elementary school science trajectories of MLs. Our regression
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FIGURE 2. Science test score trajectories for students by

English learner services status across elementary school grades.
Note. All groups shown are subgroups of multilingual learners. In other
words, each group is conditional on being in a household where a non-
English language was spoken.

analysis explored the extent to which these trajectories could
be explained by observable student, family, and school char-
acteristics (those listed in Table 1). We find that observable
covariates in the ECLS explain significant proportions of the
differences in levels of performance between ML and non-
MLs as well as between ML subgroups; however, with the
exception of reading achievement in some cases, they explain
little of the difference in relative trajectories between groups.

Table 3 shows results from regression models predicting
ML science test performance from indicators of a non-Eng-
lish language being used in the home (panel A) and, among
those students, from indicators of the non-English language
being the primary home language in kindergarten, receiving
EL services at school in kindergarten, and the non-English
language being Spanish (panels B—D). Each model includes
an indicator of the ML group, a grade-level indicator, and the
interaction term between the grade level and ML group. The
models build from that with no controls to a fully specified
model with individual, family, and school covariates. We
include concurrent reading test score performance as a con-
trol in a separate model to directly examine how accounting
for growth in English ability shapes science test trajectories.
Consistent with the descriptive findings, in the uncontrolled
model, all ML groups performed lower in science than their
respective comparison groups. The inclusion of individual,
family, and school covariates significantly reduced this dif-
ference, decreasing the coefficient on ML indicators by
around 28% to 48% for non-English used in the home, non-
English as the primary language in the home, and receiving
EL services in kindergarten. Interestingly, observable covari-
ates explained almost the entire difference between Spanish
speakers and students who had a different non-English lan-
guage used in the home.
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Across ML groups, the covariates did little to shift the
coefficients on the interaction terms, suggesting that the dif-
ferences in relative gains by MLs and subgroups therein
were not explained by the observable covariates. The one
exception to this was the inclusion of the reading test score
performance, which accounted for about half the magnitude
of the interaction term for students for whom a non-English
language was primary in the home or those who were receiv-
ing EL services in schools in kindergarten. For the compari-
son of MLs who spoke Spanish compared with non-Spanish
languages, accounting for reading test scores rendered the
interaction term insignificant.

Comparison of Science Trajectories with Reading and
Mathematics Scores

Finally, we examined the extent to which relative trajec-
tories in elementary school science test score performance
compared with those in reading and mathematics. To do so,
we calculated the difference in SD units between each of our
four primary ML groups of interest (i.e., non-English lan-
guage used in the home, non-English is the primary language
used in the home, receives EL services at school in kinder-
garten, and speaks Spanish) and their respective comparison
groups (i.e., English only used in the home, English as pri-
mary in home but other language spoken, non-English lan-
guage used in the home but not receiving EL services, and
non-English language used in the home is a language other
than Spanish).

Figure 3 shows results of these comparisons. In each of
the graphs, the ML subgroup of interest is compared with the
comparison group indicated in the heading. Across subject
areas (science, math, and reading), the comparison group is
indicated by the zero line on the y-axis such that the plotted
points represent the relative performance of the group of
interest compared with the comparison group for each sub-
ject area. Consequently, the plotted graphs represent the
extent to which subgroups of MLs differ from the compari-
son groups across subject areas.

As shown in the figure, the findings indicate a substantial
difference in test performance between MLs and non-MLs
in science relative to mathematics and reading in kindergar-
ten, which closed across the elementary school years. In par-
ticular, students in kindergarten who come from households
where a non-English language was used were ~0.59 SD
behind in science than those in households where only
English was spoken. In mathematics and reading, however,
this difference was less than half the size, indicating a much
larger test performance gap in science than in other subject
areas. MLs, however, demonstrated rapid gains relative to
their non-ML peers in science that were not seen in other
subject areas such that, by fifth grade, the differences
between MLs and non-MLs were similar across science,



TABLE 3

Coefficients and standard errors from regression models predicting standardized science achievement from multilingual learner

indicators
Individual Family School Reading test score
Factor No controls covariates covariates covariates covariate All covariates
Panel A
Non-English used at home in —0.556%*** —0.382%#* —0.397*** —0.434%** —0.434%%* —0.267*%*
kindergarten (0.0507) (0.0463) (0.0408) (0.0360) (0.0401) (0.0339)
Grade level 0.425%%* 0.425%** 0.420%** 0.423%%* 0.156%** 0.183%**
(0.0030) (0.0030) (0.0029) (0.0029) (0.0055) (0.0054)
Interaction 0.0870%** 0.0870%** 0.0880%**%* 0.0881%** 0.0748%*** 0.0763%***
(0.0063) (0.0063) (0.0064) (0.0066) (0.0072) (0.0069)
Observations 28,968 28,968 28,968 28,968 28,968 28,968
Panel B
Non-English primary at home —0.524%** —0.438%** —0.334%** —0.408%** —0.330%** —0.221%**
in kindergarten (0.0681) (0.0715) (0.0750) (0.0736) (0.0485) (0.0499)
Grade level 0.467%%* 0.467%** 0.464%** 0.468%** 0.190%** 0.212%**
(0.0064) (0.0064) (0.0069) (0.0064) (0.0141) (0.01206)
Interaction 0.0789%*%* 0.0789%*** 0.0786%*** 0.0772%*%* 0.0547%*** 0.0557%***
(0.0119) (0.0119) (0.0125) (0.0121) (0.0099) (0.0101)
Observations 6,102 6,102 6,102 6,102 6,102 6,102
Panel C
EL services in kindergarten —0.748%** —0.675%** —0.577%** —0.645%** —(0.389%** —0.305%**
(0.0660) (0.0668) (0.0671) (0.0703) (0.0538) (0.0548)
Grade level 0.475%%* 0.475%** 0.472%** 0.475%%* 0.221%** 0.236%**
(0.0053) (0.0053) (0.0055) (0.0057) (0.0100) (0.0090)
Interaction 0.0930%** 0.0930%** 0.0921%*%*%* 0.0909%** 0.0440%** 0.0459%**
(0.0109) (0.0109) (0.0111) (0.0119) (0.0112) (0.0111)
Observations 6,102 6,102 6,102 6,102 6,102 6,102
Panel D
Spanish used at home in —0.454%** —-0.109 —0.176* —0.249%** —0.196** 0.0217
kindergarten (0.0751) (0.1090) (0.0743) (0.0727) (0.0634) (0.0592)
Grade level 0.489%** 0.489%** 0.488%** 0.490%%** 0.211%** 0.233%**
(0.0099) (0.0099) (0.0110) (0.0098) (0.0139) (0.0120)
Interaction 0.0313** 0.0313** 0.0279* 0.0287* 0.0126 0.0119
(0.0111) (0.0111) (0.0122) (0.0112) (0.0126) (0.0126)
Observations 6,102 6,102 6,102 6,102 6,102 6,102

Note. Standard errors in parentheses.
*p < 0.05; **p < 0.01; ***p < 0.001.

mathematics, and reading. When looking within MLs, the
difference across subject areas appeared most prominent
for comparisons of those for whom English was not the
primary language in the household and those for whom it
was and between those receiving and not receiving EL ser-
vices at school in kindergarten. Difference across subject
arcas were the smallest between Spanish- and non-Span-
ish-speaking MLs.

Sensitivity Checks

We ran several sensitivity checks to examine the robust-
ness of our results to alternative specifications. First, we

reran our primary results without the inclusion of sampling
weights. Although weighting was preferred and recom-
mended to address the complex sampling design of the
ECLS as well as to address attrition from the sample over
time (Tourangeau et al., 2019), the use of longitudinal sam-
pling weights did reduce the sample size. In Appendix A we
show results in which we use the full set of observations.
The results were substantively similar to our primary results.

In our second sensitivity check, we reran results using
outcomes that were standardized within grade level rather
than across elementary school. In other words, a SD change
in the science test score in these models represented a SD
difference between groups in the distribution of scores
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FIGURE 3.

within the given grade rather than an SD difference between
groups in a particular grade level in the distribution of scores
across elementary school. Appendix B shows results of this
sensitivity analysis. As expected, the size of differences var-
ied from the primary results, reflecting a different underly-
ing distribution and interpretation of the differences, but the
directionality of differences and substantive interpretations
remained consistent with our primary results. The one excep-
tion here was with the inclusion of the reading test score
covariate, which no longer explained away significant por-
tions of the interaction terms.

Finally, we also examined results using a kindergarten
teacher-reported measure of the teacher’s perception of
whether English was not a child’s native language. This
group was descriptively very similar to those identified by
parents as English not being the primary language at home,
and results of the regression models were similar to those for
non-English being the primary language at home.

Discussion

With public schools welcoming growing numbers of
multilingual students, increased attention is being paid to
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Comparison of test score differences in science with those in mathematics and reading by multilingual learner subgroup.

finding appropriate means to ensure their success (NASEM,
2018). Although much attention has been given to the needs
of MLs relative to native English speakers, our results com-
plement other recent work showing the importance of focus-
ing on specific groups within the diverse ML population
(Kieffer & Thompson, 2018). For example, although our
findings show differences in science test performance
between MLs and non-MLs, they also indicate similar levels
of variability between kindergarten students from multilin-
gual homes where English is the primary language and stu-
dents who use a language other than English as their primary
language at home. Similarly, MLs who received formal EL
services differed significantly in kindergarten achievement
from their ML classmates who did not receive EL services.
These findings reflect the challenges that MLs face when
building understanding of new content and language simul-
taneously and affirm prior research that demonstrates the
importance of English language and literacy development as
part of science instruction (Lee et al., 2007).

In addition to a need to focus on subgroups within the ML
population, our findings demonstrate that this focus cannot
merely mirror the interventions and policies designed to
address differences in language ability. Our finding that



differences between MLs and non-MLs in science were
measurably greater than differences between groups in
mathematics and reading aligns with prior work that has
shown differences in early science test performance to not
simply mirror differences in reading and mathematics
(Curran & Kellogg, 2016; Curran & Kitchin, 2019). In par-
ticular, in kindergarten, students who come from households
where a non-English language was used were about 0.59 SD
behind in science than those from households where only
English was spoken. In mathematics and reading, however,
this difference was less than half the size, indicating a much
larger test performance gap in science than in other subject
areas. When looking within MLs, the difference across sub-
ject areas appeared most prominent for comparisons of those
for whom English was not the primary language in the
household and between those receiving and not receiving EL
services at school. Difference across subject areas were the
smallest between Spanish- and non-Spanish-speaking MLs.

This difference across subjects may reflect the relatively
little attention paid to science instruction in elementary
classrooms (Bassok et al., 2016), which could include
important opportunities to develop MLs’ language profi-
ciencies in relation to specific science content (Grapin &
Lee, 2022). For MLs who spend most of their day with a
single teacher or with a push-in language specialist, there are
few opportunities in the day to develop the language of sci-
ence when compared with attention to literacy and mathe-
matics. For students in pull-out language models, this
instructional time often comes outside of reading and math-
ematics instruction (Lopez & Iribarren, 2014), possibly tak-
ing away from science or social studies instructional time.
This finding points to the need for future research to exam-
ine relationships between EL services, reclassification, and
other inputs and differences in ML learning trajectories by
subject. For MLs not receiving EL services at school, they
may be missing language supports that would facilitate their
access to science learning.

Although our findings demonstrated differences in test
performance between MLs and non-MLs as well as within
ML subgroups, our findings, encouragingly, also showed
positive science test score trajectories for all ML subgroups
over time. MLs showed greater growth than their non-ML
peers over the course of elementary school, and by the fifth
grade, differences across these two groups decreased signifi-
cantly. In particular, MLs who spoke a non-Spanish second
language were performing on par with their English-only
peers in science by fifth grade. Although the non-Spanish-
speaking ML group was more advantaged in terms of paren-
tal income and education, these variables did not fully
explain the changes in growth over time. Our estimates sug-
gest that some part of this closing of test gaps may be attrib-
utable to increases in the English reading ability of MLs.
That said, these rapid gains in science test performance were
larger than in reading and mathematics such that, by fifth

Multilingual Learners and Science

grade, the differences between MLs and non-MLs were sim-
ilar across science, mathematics, and reading.

Our theoretical framework suggests that such positive
science learning outcomes of MLs are likely a function of
the interplay between their individual characteristics, includ-
ing linguistic resources, and their contextual environment,
including both school and nonschool environments
(Bronfenbrenner, 1979; Canagarajah, 2013; Garcia et al.,
2008). Yet, although our student, family, and school contex-
tual variables explained significant portions of the differ-
ences in ML subgroup performance at baseline, they did
little to explain differences in trajectories across elementary
school. In some models, the inclusion of an English reading
test score accounted for a portion of the changes in test score
differences over time, but this finding was not consistent in
all our robustness checks. This foundation thus points to the
need to further explore school and classroom inputs along-
side students’ unique forms of capital to understand their
relationship to science learning trajectories for MLs. For stu-
dents receiving EL services, this could include examining
program models of instruction (e.g., sheltered instruction vs
transitional bilingual education) that may shape the extent to
which MLs can use the full range of their linguistic reper-
toires within instruction (see Suarez [2020] for a recent
example). For other MLs, this may mean exploring the non-
formal language supports provided by general education
teachers as well as their home and neighborhood contexts.
For example, a growing body of research explores how
teachers’ “translanguaging” practices, instructional practices
that allow ELs to leverage their linguistic resources across
multiple languages, may hold promise for enhancing out-
comes (Pierson et al., 2021; Poza, 2018; Suarez, 2020),
whereas other research demonstrates the importance of lin-
guistic composition of neighborhoods for achievement in
reading and mathematics (Drake, 2014).

Limitations

Although our study is among the first to leverage nation-
ally representative data to explore the science learning tra-
jectories of MLs across elementary school, it has several
limitations. The use of secondary data limited operational-
ization of key variables to survey items included in the
ECLS-K survey and may be susceptible to response bias or
error (Coughlan et al., 2009). Although our study was able to
explore multiple subgroups of MLs, we recognize that indi-
viduals differentially identify into these groups, are differen-
tially perceived to be in these groups by others, and may
identify in different ways over time. Additionally, given that
the ECLS only administered science assessments in the ear-
liest grades to students who passed the minimum English
proficiency screener, our consistent sample over the elemen-
tary grades does not include a small handful of the students
with the lowest English proficiency in kindergarten.
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As noted earlier, the ECLS-K:2011 was conducted during
the scaling up of the NGSS. As such, the science instruc-
tional environment and types of assessments reflected in our
dataset may not perfectly represent those in use today.
Another issue related to the science assessment centers
around cultural bias. Prior work has raised concerns about
cultural bias in elementary science assessments including
the NAEP (Solano-Flores & Nelson-Barber, 2001). It is pos-
sible that the ECLS assessments similarly may be subject to
such an issue.

We also note that the policy and social context have
changed since the time of the ECLS-K:2011 data collection.
Specifically, the 2015 Every Student Succeeds Act required
each state to create a uniform system for identifying EL stu-
dents and enforced stricter reporting of EL students for
accountability purposes. At the same time, there have been
changes in recent years in patterns of immigration, including
overall rates as well as countries and languages represented
(Budiman, 2020; Ward & Batalova, 2023). For example, the
number of students who speak Arabic or Chinese has
increased significantly in the past decade (NYU, 2018).
Although it is difficult to predict how these policy and con-
textual changes may shape elementary ML science test tra-
jectories, these shifts suggest the importance of future work
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continuing to examine these questions as new data become
available.

Finally, it is also important to note that our research ques-
tions were descriptive in nature and did not aim to make
causal inferences of the effectiveness of particular inputs,
such as EL services. Future work may probe the school
inputs further that explain differential science growth among
subgroups of MLs.

Conclusion

Students from households that speak a language other
than English represent a diverse and growing group of pub-
lic school students (American Academy of Arts & Sciences,
2016; NCES, 2021). Supporting the science learning of this
group is important not just for economic competitiveness but
also for increasing representation and equity in the science
fields and providing diverse role models for future genera-
tions of linguistically diverse students (Adair et al., 2012;
Anderson & Cavallaro, 2002; Gershenson et al., 2021). This
study provides one of the most comprehensive examinations
of early elementary science learning among multilingual
learners and, in doing so, provides a foundation for under-
standing and bettering their science learning trajectories.



Appendix A: Results Without Survey Weights (Maximizing Sample Size)

TABLE Al

Coefficients and standard errors from regression models predicting standardized science achievement from multilingual learner indica-
tors without survey weights

Individual Family School Reading test
Factor No controls covariates covariates covariates score All covariates
Panel A
Non-English used at home =~ —0.575%** —0.420%** —0.373%** —0.422%** —0.427%** —0.255%**
in kindergarten (0.0120) (0.0130) (0.0115) (0.0125) (0.0094) (0.0104)
Grade level 0.426%** 0.426%** 0.421%** 0.425%** 0.157%** 0.186%**
(0.0020) (0.0019) (0.0019) (0.0019) (0.0022) (0.0022)
Interaction 0.0845%** 0.0845%** 0.0840%** 0.0855%** 0.0692%** 0.0707%**
(0.0040) (0.0038) (0.0037) (0.0038) (0.0031) (0.0029)
Observations 45,150 45,150 45,150 45,150 45,150 45,150
Panel B
Non-English primary at —0.542%*%* —0.480%** —(0.339%** —0.445%** —(0.332%** —0.237%**
home in kindergarten (0.0230) (0.0224) (0.0221) (0.0223) (0.0179) (0.0180)
Grade level 0.465%** 0.465%** 0.461%** 0.468%** 0.185%** 0.210%**
(0.0058) (0.0056) (0.0054) (0.0056) (0.0055) (0.0054)
Interaction 0.0781*%** 0.0781%*** 0.0780%** 0.0758*** 0.0500%** 0.0522%%**
(0.0076) (0.0073) (0.0071) (0.0073) (0.0059) (0.0057)
Observations 11,664 11,664 11,664 11,664 11,664 11,664
Panel C
English learner services in —0.689%** —0.611%%* —0.492%** —0.577%%* —0.383*** —0.297%**
kindergarten (0.0223) (0.0220) (0.0217) (0.0224) (0.0180) (0.0181)
Grade level 0.479%** 0.479%** 0.475%%* 0.481%** 0.210%** 0.228%**
(0.0047) (0.0046) (0.0045) (0.0046) (0.0049) (0.0049)
Interaction 0.0771%** 0.0771%%* 0.0773%** 0.0743%%%* 0.0406%** 0.0435%%%*
(0.0074) (0.0072) (0.0070) (0.0072) (0.0058) (0.0057)
Observations 11,664 11,664 11,664 11,664 11,664 11,664
Panel D
Spanish used at home in —0.413%** —0.000259 —0.128%** —0.213%** —0.0992%** 0.137%%*
kindergarten (0.0246) (0.0375) (0.0241) (0.0266) (0.0196) (0.0289)
Grade level 0.503*** 0.503%** 0.500%** 0.506%** 0.226%** 0.248%**
(0.0068) (0.0067) (0.0063) (0.0066) (0.0062) (0.0061)
Interaction 0.0102 0.0102 0.00865 0.00639 —0.0198%** —0.0177**
(0.0081) (0.0080) (0.0076) (0.0079) (0.0064) (0.0061)
Observations 11,664 11,664 11,664 11,664 11,664 11,664

Note. Standard errors in parentheses.
*p < 0.05; **p < 0.01; ***p < 0.001.
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Panel A: Group Trends over Time
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TABLE Bl

Appendix B: Test Scores Standardized within Year

Coefficients and standard errors from regression models predicting standardized science achievement within year from multilingual

learner indicators

Individual Family School Reading Test
Factor No controls covariates covariates covariates Score All Covariates
Panel A
Non-English used at home in —0.786%** —0.521*** —0.540%** —0.600%** —0.622%** —0.394%**
kindergarten (0.0714) (0.0661) (0.0568) (0.0507) (0.0559) (0.0496)
Grade level —0.0327%*** —0.0327%%%* —0.0414%*** —0.0356%** —0.0260%*** —0.0300%%**
(0.0044) (0.0044) (0.0045) (0.0046) (0.0048) (0.0048)
Interaction 0.111%** 0.1171%%* 0.113%** 0.112%%** 0.114%** 0.113%**
(0.0082) (0.0082) (0.0083) (0.0087) (0.0109) (0.0105)
Observations 28,968 28,968 28,968 28,968 28,968 28,968
Panel B
Non-English primary at —0.739%** —0.608%** —0.442%** —0.563%** —0.487%** —0.351%**
home in kindergarten (0.0963) (0.1022) (0.1079) (0.1051) (0.0687) (0.0709)
Grade level 0.0219* 0.0219* 0.0160 0.0227* 0.0339%%* 0.0311%*
(0.0095) (0.0095) (0.0104) (0.0098) (0.0117) (0.0111)
Interaction 0.0994*%*%* 0.0994#** 0.0989%%*%* 0.0969%** 0.0947%** 0.0932%*%*
(0.0168) (0.0168) (0.0179) (0.0171) (0.0139) (0.0141)
Observations 6,102 6,102 6,102 6,102 6,102 6,102
Panel C
English learner services in —1.052%** —0.941%*** —0.785%** —0.898*** —0.584%** —0.479%**
kindergarten (0.0928) (0.0945) (0.0952) (0.0992) (0.0748) (0.0781)
Grade level 0.0345%** 0.0345%*** 0.0302%** 0.0343%*** 0.0507*** 0.0476%***
(0.0077) (0.0077) (0.0079) (0.0083) (0.0073) (0.0071)
Interaction 0.109%%*%* 0.109%** 0.107%%* 0.106%** 0.0910%** 0.0898***
(0.0163) (0.0163) (0.0163) (0.0176) (0.0155) (0.0160)
Observations 6,102 6,102 6,102 6,102 6,102 6,102
Panel D
Spanish used at home in —0.636%** -0.113 —0.206 —0.326%* —0.295%* —-0.0140
kindergarten (0.1053) (0.1632) (0.1067) (0.1029) (0.0878) (0.0876)
Grade level 0.0606*** 0.0606*** 0.0579%** 0.0617*%* 0.0532%** 0.0527***
(0.0146) (0.0146) (0.0162) (0.0138) (0.0142) (0.0141)
Interaction 0.0241 0.0241 0.0191 0.0204 0.0466** 0.0419%*
(0.0165) (0.0165) (0.0182) (0.0164) (0.0169) (0.0169)
Observations 6,102 6,102 6,102 6,102 6,102 6,102

Note. Standard errors in parentheses.

Hp < 0.05; *5p < 0.01; **%p < 0.001.
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FIGURE B1.
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