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A B S T R A C T   

Using the public use file of the Early Childhood Longitudinal Study, Kindergarten class of 
2010–2011, this study is the first to examine the extent to which science achievement is distinct 
from math and reading in kindergarten, first, and second grade; and the utility of kindergarten 
language proficiency and executive functioning (EF) for predicting science achievement among 
multilingual (n = 1022) and English monolingual (n = 12,343) children at each grade level. The 
results demonstrate that science is separable from math and reading achievement, though highly 
correlated. The results also indicate that kindergarten language proficiency and EF support sci
ence achievement similarly across elementary school for both groups. These results coupled with 
large correlations among science, math, and reading achievement suggest that integrated in
struction that takes advantage of domain interconnectedness may reduce redundancies and help 
children connect with science content.   

Job growth (i.e., the number of available jobs) in science, technology, engineering, and math (STEM) is outpacing job growth in all 
other fields (Pew Research Center, 2018). However, U.S. students underachieve in STEM compared to students in top-performing 
countries (Schleicher, 2018). Linguistically diverse minorities and, in particular, English learners are underrepresented in STEM 
fields in college and in the U.S. STEM workforce (National Academies of Sciences, Engineering, & Medicine [NASEM], 2018; Pew 
Research Center, 2018). To increase representational equity, more attention to early STEM achievement is needed, especially because 
differences in STEM achievement can be traced to kindergarten (Galindo, 2010; Greenfield et al., 2009). Indeed, students from his
torically marginalized groups attending U.S. schools are more likely to receive poor-quality child care and educational experiences 
(Flores, 2007), which manifests as achievement inequities by kindergarten (Galindo, 2010; Greenfield et al., 2009). In addition, the 
empirical literature focused on STEM achievement among students in early elementary school in the U.S. is sparse. Studies that have 
examined predictors of science, technology, and engineering (referred to as “science” herein) among multilingual children (i.e., 
students whose primary home language is not English; O’Neal & Ringler, 2010; Park et al., 2018) in the U.S. are almost nonexistent. 
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1. Scientific thinking and science achievement 

The work of Inhelder and Piaget (1958) posited that scientific thinking—defined as the ability to generate, test, and evaluate 
hypotheses, theories, and data, and to reflect on this process (e.g., Bullock et al., 2009; Morris et al., 2012)—was unsystematic and 
characterized by incompleteness and logical errors until adolescence. However, the view has shifted; it is now readily accepted that 
scientific thinking in adolescence has its genesis in preschool and kindergarten (e.g., Ruffman, Perner, Olson, & Doherty, 1993; 
Zimmerman, 2007). Even kindergartners show emerging proficiency in basic experimentation, evaluation skills, and drawing causal 
inferences from experimental data (Sobel, Erb et al., 2017; van der Graaf et al., 2015). They can also interpret simple patterns of 
covariation data (Koerber et al., 2005; Ruffman et al., 1993) and differentiate between conclusive and inconclusive tests of a hy
pothesis (Piekny & Maehler, 2013; see also Sodian et al., 1991). These findings are consistent with the Next Generation Science 
Standards (NGSS; National Research Council, 2013), which recommend giving kindergarteners the opportunity to develop knowledge 
of science and thinking scientifically by learning to recognize patterns and formulating answers to questions about the world around 
them. 

Despite increased recognition that young children can develop knowledge of science and think scientifically, few studies have 
investigated the associations between science and other domains of achievement or individual differences associated with science 
achievement compared to other domains of early achievement (i.e., math and reading). Therefore, we investigated the associations 
between science, math, and reading achievement separately in multilingual and English monolingual children in kindergarten through 
second grade. We also examined the association between cognitive and linguistic abilities in kindergarten and students’ performance 
on an assessment of science achievement among multilingual and English monolinguals at the end of kindergarten, first, and second 
grade. For comparison purposes, the association between cognitive and linguistic abilities in kindergarten and students’ performance 
on an assessment of math and reading were also examined. 

2. Associations between science, math, and reading 

To our best knowledge, the extent to which science is a separate domain of achievement relative to math and reading has not been 
studied longitudinally across early elementary school in a multilingual sample of students. However, emerging research has investi
gated the relation between science knowledge and reading (e.g., Hwang, 2020), as well as science and math (e.g., Barnard-Brak et al., 
2017), longitudinally or concurrently in young students. Using data from the Early Childhood Longitudinal Study, Kindergarten class 
of 1998–1999 (ECLS-K: 1999; National Center for Education Statistics, 1999), the results from Barnard-Brak et al. (2017) provide 
evidence of moderate to large associations between reading (R2 =.23 to.55) and math (R2 =.36 to.50) measured across early 
elementary school and third grade science for the full sample of participating students. 

The association between science, math, and reading may however differ for multilingual children, who are developing their English 
language skills as well as another language, relative to English monolingual children (Maerten-Rivera et al., 2010). In a study that 
looked at these relations separately for multilinguals and English monolinguals using data from the ELCS-K: 1999 (Hwang, 2020), the 
results provided evidence of moderate associations between kindergarten science and reading across early elementary school for 
multilinguals (R2 =.24 to.25) and moderate to large associations among English monolinguals (R2 =.24 to.38). In addition, associa
tions between science, math, and reading may vary as a function of domain-general (e.g., language proficiency and executive func
tioning [EF]) and domain-specific learning mechanisms regardless of one’s age, which we describe below. 

Domain-general theories of developmental (e.g., constructivism), such as those of Piaget (1970), Vygotsky (1962), and Pascual-
Leone and Johnson (2021) posit that cognitive development involves broad mental structures (e.g., language and EF) that facilitate 
mastery of tasks (Gelman & Brenneman, 2004). Such theories also describe children as taking an active role in their cognitive 
development by seeking out information and assimilating it with their prior learning. In contrast, domain-specific theories postulate 
that innate mental structures underpin and guide rapid learning in certain knowledge areas (Gelman & Brenneman, 2004). With 
respect to math, domain-specific theories describe early numerical development as a function of two core systems. The approximate 
magnitude system enables inexact estimation of relatively large quantities, magnitudes, or size (Geary, 2007); and the second system 
provides precise representation of small numbers (sets of three to four items) of individual objects (Feigenson et al., 2004). Therefore, 
as a construct, math may be distinct from science. However, reasoning about forces and interactions (as discussed in the NGSS) requires 
that children use quantitative and abstract thinking, which connects the constructs of science and math. Science and reading may also 
be linked via domain-general processes such as oral language. Early reading instruction emphasizes phonemic awareness and 
decoding, which are largely independent of the semantic-building oral language skills (e.g., vocabulary, grammar/syntax, inferencing, 
text knowledge) needed for comprehension (Cervetti, Pearson et al., 2020). As word reading becomes automatized, however, the 
contribution of oral language to reading comprehension increases (Adlof et al., 2006; Foorman et al., 2018). Empirical research has 
shown that, on average, struggling readers acquire fewer new word meanings (i.e., less abstract and technical vocabulary needed 
during science instruction) (Cunningham & Stanovich, 1997) and on average, struggling readers are likely less able to comprehend 
science texts and make science-related inferences compared to individuals with high literacy skills (Tate et al., 2012). Among middle 
school students, lower reading rates have been associated with difficulties recalling texts (Zabrucky & Ratner, 1992). Students need to 
comprehend what they read and the questions asked of them when taking tests, including science tests. Science and reading 
achievement are therefore associated with one another, although empirical studies have yet to inspect this relationship among young 
multilingual children closely. 
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3. Predictors of science achievement 

Research focused on identifying malleable predictors of science achievement is in its infancy. An exploration of the cross-domain 
relations between science and predictive cognitive and linguistic abilities is important to explore how these skills and abilities develop 
simultaneously. Such exploration may also aid in understanding how cognitive and linguistic mechanisms support science learning. 
Among domain-general factors, language proficiency is the most necessary for learning and is associated with math and reading 
achievement (e.g., Foster et al., 2015; Foster et al., 2019; Cirino et al., 2018). Without language, children cannot engage in complex (e. 
g., scientific) reasoning (Amsel et al., 2008). In the U.S., teachers have the flexibility to offer hands-on, practical, and non-verbal 
science related experiences. As that may be, language is the primary medium of classroom instruction, and children need sufficient 
language abilities to understand science concepts and express their metaconceptual understanding of science knowledge (Koerber & 
Osterhaus, 2019). Whether the relationship between language proficiency and science achievement is the same for multilingual and 
English monolingual children within the U.S. educational context, however, is unknown. 

In addition to language proficiency, EF is a domain-general cognitive ability consistently related to several types of problem 
solving, including children’s math and reading achievement (e.g., Bull et al., 2008; Cirino et al., 2018; Clark et al., 2010; Willoughby 
et al., 2019). While EF structure and development is still a controversial field (e.g., Morra et al., 2018; Panesi & Morra, 2020), it is 
generally recognized that EF describes a constellation of cognitive abilities—including inhibitory control, working memory, and 
cognitive flexibility—needed to manage and allocate cognitive resources during cognitively challenging activities, such as switching 
between rules or tasks, controlling and focusing attention, ignoring distractions, and inhibiting impulses (Diamond, 2013; 
Pascual-Leone & Johnson, 2021). Few studies have investigated the association between EF and science achievement in the early 
elementary school years. As that may be, EF is fundamental to sustained attention, problem solving, planning, critical thinking, and 
goal-oriented behavior (Diamond, 2013; Gathercole, Pickering, Ambridge et al., 2004; Hofmann et al., 2012; Pascual-Leone & 
Johnson, 2021), suggesting that science achievement may improve as EF ability increases. 

As children gain control over their executive reasoning, they learn how to think analytically, focus their attention on relevant 
elements of a problem, discard irrelevant information, generate predictions, and interpret observations (Amsel et al., 2008; Zim
merman, 2007), as well as integrate new information and revise their conclusions accordingly, all of which demand EF. In addition, the 
NGSS requires students in early elementary school (i.e., kindergarten through second grade) to “[analyze] data to determine if a design 
solution works as intended to change the speed or direction of an object with a push or a pull” (K-PS2–2; National Research Council, 
2013). To achieve this standard, students can test the use of different solutions (e.g., increasing the ramp incline or length) to increase 
the speed of an object (e.g., marble). In this task, students are asked to observe, record data, graph and interpret data, compare results 
to their hypothesis, draw conclusions, and update their knowledge of forces and interactions. Greater capacity to identify a goal, create 
a plan, ignore distractions, focus attention on relevant observations, separate probable from improbable influences, and use their 
equipment properly should be associated with higher performance on these cognitively challenging science tasks. Compared to studies 
focused on math and reading achievement, few studies in the U.S. have explored the prediction of scientific achievement (or scientific 
thinking) from cognitive and linguistic abilities, though research in other parts of the world have examined these connections. For 
example, in a study of German fourth-graders, Mayer, Sodian, Koerber, and Schwippert (2014) explored the prediction of scientific 
thinking from concurrently measured inhibitory control, spatial abilities, and problem-solving skills. Their results suggested that 
spatial abilities and EF as indexed by a measure that captured children’s planning, problem solving, and strategic decision-making 
abilities were statistically significant predictors of scientific thinking, when controlling for reading comprehension, whereas inhibi
tion and IQ were not. In a study of German kindergartners, Koerber and Osterhaus (2019) demonstrated that IQ and language pro
ficiency were statistically significant predictors of concurrently measured scientific thinking. In a study of first-year Dutch 
kindergartners, van der Graaf, Segers, and Verhoeven (2016) showed that visuospatial and verbal working memory, inhibition, 
cognitive flexibility, vocabulary, grammatical ability, and spatial visualization were related to concurrently measured scientific 
thinking. Finally, in a longitudinal study of German preschoolers, neither language proficiency, EF, working memory, nor IQ when 
measured at roughly five years of age (i.e., the beginning of the school year) predicted experimentation skills at the end of the school 
year (Piekny, Grube et al., 2013). While the results of the previous international studies are mixed, they provide initial evidence to 
suggest that language proficiency and EF may be related to scientific thinking as early as kindergarten. 

Research in the U.S. exploring relationships between language proficiency, EF, and scientific thinking/achievement has largely 
excluded multilingual children. While scientific thinking has been investigated in several studies of young children, with the exception 
of Morgan, Farkas, Hillemeier, and Maczuga (2016), all of the studies we identified were conducted with children outside of the U.S. 
Further, Morgan et al. (2016) focused on identifying science achievement gaps from third to eighth grade in children in the U.S. 
Morgan et al. (2016) did not include language proficiency or EF as predictors of science achievement or report the results of predictive 
relations for multilingual and English monolingual children separately. Thus, research on individual differences related to science 
achievement in multilingual children in the U.S. seems to be nonexistent. 

Studies in the U.S. have examined math achievement with multilingual (Foster et al., 2019) and English monolinguals (Foster et al., 
2015) and suggest that language proficiency is more strongly related to math achievement in multilingual than in English monolingual 
children. When accounting for the effects of prior numeracy and several cognitive and linguistic abilities measured in English and 
Spanish among Spanish-English multilingual children in Foster et al. (2019), Spanish vocabulary proficiency continued to significantly 
predict Spanish numeracy and Spanish applied problem solving in kindergarten. In contrast, after accounting for the effects of English 
numeracy, English vocabulary proficiency was no longer predictive of English applied problem solving in a parallel study with English 
monolinguals (Foster et al., 2015). Given the complexities of making inferences from between group comparisons across studies, an 
important next step is to investigate such a relationship with science directly within a single study in the U.S. 
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In the U.S., multilingual children are one of the fastest growing subgroups of K–12 students (Park et al., 2018), making up 
approximately 22 % of children between 5 and 17 years of age (U.S. Department of Health & Human Services & U.S. Department of 
Education, 2017). Excluding such a large group from the extant body of research has the potential to obscure patterns, produce 
incomplete knowledge, and exacerbate rather than ameliorate inequities. If, for example, the relationships between language profi
ciency, EF, and scientific achievement are stronger for multilingual than English monolingual children, these relationships will have 
important implications for language use during instruction. For example, multilingual instruction may accelerate academic 
achievement trajectories among the former group. Indeed, some research suggests that after students reach a threshold of linguistic 
competence, the cognitive demands of bilingualism (i.e., switching, inhibiting, and attending) may support multilingual children’s 
achievement (e.g., Ardasheva et al., 2012; Choi et al., 2018; Espinosa, 2015; Hartanto et al., 2018; Kempert et al., 2011; Swanson et al., 
2020). Alternatively, some multilingual children may struggle when science instruction is provided only in English, interfering with 
their comprehension of science content and hindering their comprehension of items on English standardized tests, which also explains 
some of the differences between multilingual and English monolingual children on math tests (e.g., Abedi, 2002; Abedi & Lord, 2001; 
Horn, 2003). 

4. Limitations of prior research 

Prior research suggests that students practice language, math, and reading skills when they engage in science activities (Gelman & 
Brenneman, 2004; Inan et al., 2010). However, a foundation of basic research has not been established to support intentionally 
integrating these domains. The interconnected relationships between science and other domains of learning have not been empirically 
demonstrated during the early elementary school years among multilingual and English monolingual children. The stronger the as
sociation between science, math, and reading, the stronger the argument that integrated science curricula should be used over the 
traditional approach that uses siloed, non-integrated curricula. 

In addition to the need for the present study, extant research investigating the associations between science, math, and reading 
achievement as well as the prediction of science achievement are limited. One, they have not focused on multilingual children in the U. 
S. (e.g., Barnard-Brak et al., 2017; Koerber & Osterhaus, 2019; Mayer et al., 2014; Piekny & Maehler, 2013; van der Graaf et al., 2016). 
In the one study that included a focus on multilingual children in the U.S. (Hwang, 2020), the measure used as an indicator of science 
knowledge was a measure of general knowledge, including items that assessed science as well as social studies knowledge. Two, studies 
focused on the prediction of science achievement tended to focus on concurrent, not longitudinal relations (Koerber & Osterhaus, 
2019; Mayer et al., 2014; van der Graaf et al., 2016). Finally, studies on these topics tend to be siloed into content areas and do not cut 
across academic domains (e.g., Koerber & Osterhaus, 2019; Mayer et al., 2014; Piekny & Maehler, 2013; van der Graaf et al., 2016). 
Because the previous characteristics limit the inferences that can be drawn from the extant research related to science achievement, 
additional research is needed. 

5. Study’s purpose and research questions 

The present study is the first to investigate the extent to which cognitive and linguistic abilities predict science achievement in 
kindergarten through second grade among multilingual and English monolingual children in the U.S. The relations between science, 
math, and reading achievement, as well as their association with cognitive and linguistic abilities, may differ between multilingual 
children, who are developing in English as well as another language, and English monolingual children (Maerten-Rivera et al., 2010). 
The extent to which these relations deviate for multilingual and English monolinguals could inform the development of STEM cur
riculum, differentiated for student populations if necessary. STEM instruction derived from the empirical basis of domain intercon
nectedness could help to ameliorate science achievement inequities (e.g., National Association of Educational Progress [NAEP], 2015). 
Research from outside the U.S. suggests that language proficiency and EF predict scientific thinking in elementary school–age children 
(Koerber & Osterhaus, 2019; Mayer et al., 2014; Piekny, Grube et al., 2013; van der Graaf et al., 2016). The development of scientific 
thinking is a cumulative process of intentional knowledge-seeking (e.g., Bullock et al., 2009; Kuhn, 2011; Zimmerman, 2007), and 
individual differences in science achievement across elementary school can be traced to kindergarten (Morgan et al., 2016). 
Kindergarten is therefore the ideal time to identify malleable predictors of children’s science achievement across early elementary 
school. Given that children from low-socioeconomic status (SES) households typically have less access to resources associated with 
learning traditionally valued by the U.S. education system, i.e., English language books and educational toys (Arnold & Doctoroff, 
2003), SES is included as a predictor in our regression analyses. Our analyses were guided by the following research questions and 
hypotheses. We did not have a priori hypotheses regarding the strength of relations changing from one grade level to the next.  

1. To what extent does science represent a unique domain of achievement relative to math and reading in kindergarten, first grade, 
and second grade as measured in multilingual and English monolingual children?  

Science tasks often require children to handle numerical data (Kanari & Millar, 2004) and science instruction requires children to 
read informational text. Therefore, we hypothesized that science, math, and reading achievement would be highly correlated in both 
populations. However, because of domain-specific (e.g., core knowledge) theories, we expected domain knowledge within science to 
be unique from math and reading achievement in both populations. 
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2. To what extent does kindergarten English language proficiency and EF predict science achievement in kindergarten, first grade, and 
second grade when accounting for SES? Do these relationships differ for multilingual children and English monolinguals? 

Given the results of similar studies of math achievement with multilingual children (Foster et al., 2019) and English monolinguals 
(Foster et al., 2015), we expected the relationship between language proficiency, EF, and science (as well as math and reading) 
achievement to be stronger among multilingual children. 

6. Method section 

The data analyzed in this study came from the public use file of the ECLS-K class of 2010–2011 (ECLS-K: 2011; National Center for 
Education Statistics, 2011). The ECLS-K: 2011 is a nationally representative cohort of children who entered kindergarten during the 
2010–2011 school year.1 The cohort was followed from kindergarten through fifth grade, but we only used data from the spring of 
kindergarten, first grade, and second grade to answer the current research questions. The spring measurement occasions were chosen 
in an effort to be consistent and because the science test was not administered in the fall of kindergarten. Measures for language 
proficiency and EF are only from the spring of kindergarten (2011), whereas science, math, and reading achievement were measured in 
each grade (2011–2013). 

6.1. Participants 

Only participants who completed the ECLS-K direct cognitive assessment in English (i.e., passed the English screener) were 
included in this study (n = 13,365). multilingual children (n = 1022) were identified by the ECLS-K researchers as living in a home in 
which a language other than English2 was the primary language spoken and who also had parents who reported speaking a non-English 
language as the primary language in the home during the fall3 or spring4 of the student’s kindergarten school year (see Table 1 for 
demographic characteristics). Of the multilingual children, 61% reported Spanish as the primary language used in the home. Twenty- 
two percent reported primarily using a language originating in Asia in the home. The remaining 17% of families reported primarily 
speaking a language not captured by the previous categories. Parents of English monolingual children (n = 12,343) reported only 
speaking English in the home and not using another language. 

6.2. Measures 

In the following subsections, we briefly describe each measure and its reliability as reported in ECLS-K user’s manual and psy
chometric reports. For science, math, and reading, ECLS-K: 2011, examiners asked students questions related to images that were 
presented on a small easel. The students responded by pointing or telling the examiner their answers. For additional information on the 
measures and the psychometrics for each variable, see Najarian, Tourangeau, Nord, and Wallner-Allen (2018), Tourangeau et al., 
(2015, 2017). All measures were administered in English. 

Table 1 
Sample demographic characteristics.   

Multilingual Children 
(n = 1022) 

Monolingual English Children 
(n = 12,343) 

Mean Age in Months (SD) 65.60 (4.62) 66.35 (4.57) 
Gender   
Male 500 (49 %) 6364 (52 %) 
Female 522 (51 %) 5979 (48 %) 
Race/Ethnicity   
White 44 (4 %) 7308 (59 %) 
Black 33 (3 %) 1817 (15 %) 
Hispanic 631 (61 %) 1847 (15 %) 
Asian 293 (29 %) 469 (4 %) 
Hawaiian/Pacific Islander 7 (< 1 %) 69 (< 1 %) 
American Indian 3 (< 1 %) 110 (< 1 %) 
Multiracial 11 (1 %) 719 (6 %)  

1 The cohort of students was selected using a three-stage process. Stage one included 90 primary sampling units (PSUs), or geographic areas that 
are counties or groups of contiguous counties. In stage two, samples of public and private schools with kindergarten programs or that educated 
children of kindergarten age in ungraded settings were selected within the PSUs. In the final stage, children enrolled in kindergarten and 
kindergarten-age children in ungraded schools or classrooms were selected within each sampled school (see Tourangeau, 2015).  

2 The variable (i.e., X12LANGST) was a composite created to indicate whether English or a non-English language was a primary language spoken 
in the home.  

3 Primary language of the household fall of kindergarten (i.e., P1PRMLNG).  
4 Primary language of the household spring of kindergarten (i.e., P2PRIMLN). 
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6.2.1. Language proficiency 
Language was measured using the “Simon Says” (receptive) and “Art Show” (expressive) tasks from the Preschool Language 

Assessment Scale (preLAS; Duncan & De Avila, 2000). The Simon Says task5 tests receptive language, listening comprehension, 
following directions, and total physical response by having children follow simple directions provided by the examiner in English (e.g., 
“Point to the floor”). The Art Show task tests expressive language through a picture vocabulary task designed to elicit labels for 
concrete nouns and single-word responses. Reliability of the preLAS total raw number-right scores was.89 for the spring of 
kindergarten. 

6.2.2. Executive functioning 
The Dimensional Change Card Sort (DCCS; Zelazo, 2006) task was administered to assess cognitive ability, namely EF (i.e., 

cognitive flexibility and inhibitory control). In this task, children were instructed to sort a series of 22 bivalent picture cards according 
to different rules. First, children play the “Color Game” and are instructed to sort the first set of cards based on their color (i.e., red or 
blue). Second, children play the “Shape Game” and are instructed to sort the cards based on their shapes (i.e., rabbit or boat). Finally, 
children play the “Border Game” and are instructed to sort the cards based on their color or shapte depending on whether or not the 
card has a black border around the edges. If the card has a border, the child is to sort by color; if there is no border on the card, the child 
is to sort by shape. To the best of our knowledge, the reliability of the DCCS total raw number-right scores was not reported for the 
spring of kindergarten. 

6.2.3. SES 
To measure SES, the recommended composite variable as detailed in the Tourangeau et al. (2015) was used, which was based on 

parent reports from the fall 2010 and spring 2011 parent interviews. Five components were used to create the recommended SES 
composite scores: (1) parent 1/guardian’s education; (2) parent 2/guardian’s education; (3) parent 1/guardian’s occupational prestige 
score; (4) parent 2/guardian’s occupational prestige score; and (5) household income. Reliability statistics were not reported for the 
composite SES measure, as the reliability of SES scores, though continuous in this study, are not routinely reported. 

6.2.4. Science achievement 
The science assessment was similar to the science items measured as part of the “General Knowledge Test” from the ECLS-K Class of 

1998–1999. Items were chosen based on areas identified as important in the 1996–2005 NAEP science frameworks. The assessment 
included equal proportions of questions on scientific inquiry and conceptual understanding of physical science, life science, and 
environmental science. In short, students were expected to conduct simple investigations and draw inferences and conclusions. They 
were also expected to understand scientific topics such as the basic properties of solids, liquids, and gasses; the weather’s effect on 
people’s daily activities; and the relationship between the Sun and the Earth. IRT scaled scores were derived from a two-stage 
administration of the science assessment. Items in the first stage covered a broad range of difficulty, and each child’s scores on 
these items determined which second-stage form (low, middle, or high difficulty) the child received. Reliability of the IRT scale scores 
obtained in spring of kindergarten, first, and second grade were.75, .83, and .83, respectively. 

6.2.5. Math achievement 
The math assessment was based in part on the math assessment from the ECLS-K Class of 1998–1999, but it was grounded in the 

NAEP math framework (see National Assessment Governing Board [NAGB], 1994) and extended down into earlier grades for the 
ECLS-K: 2011. The current math assessment was also updated to be consistent with the Mathematics Framework for the 2005 NAEP 
(NAGB, 2004); National Council of Teachers of Mathematics Principles and Standards for School Mathematics (2001); National 
Mathematics Advisory Panel (2008); and the math standards espoused in several states. The assessment measured skills in conceptual 
knowledge, procedural knowledge, and problem solving. Questions included in the assessment focused on number sense and opera
tions; measurement; geometry and spatial sense; data analysis, statistics, and probability; and patterns, algebra, and functions. The 
same two-stage procedure that was used for the science assessment was also used for the math assessment. Reliability of the IRT scale 
scores obtained in spring of kindergarten, first, and second grade were.94, .93, and .94, respectively. 

6.2.6. Reading achievement 
The ECLS-K reading assessment was largely based on the 2009 Reading Frameworks for NAEP (NAGB, 2008). In addition, experts in 

reading assessment development were consulted to ensure that the assessment reflected current curriculum standards and would be 
suitable for children in each grade level. The knowledge and skills assessed in the reading assessment included basic skills, vocabulary, 
and comprehension. Basic skills included early literacy skills such as phonological awareness, letter recognition, rhyming, and word 
recognition. To measure vocabulary, children were asked to convey their knowledge both verbally and nonverbally. Finally, reading 
comprehension skills were assessed by having children read literary and informational texts, and then asking them questions about 
what they read. The assessment for kindergarten and first grade students began with more emphasis on basic reading skills, while 
greater emphasis was placed on reading comprehension in the third, fifth, and eighth grades—grade levels outside the scope of the 

5 The preLAS “Simon Says” task is not the same as the “Simon Says" task often used in the literature on executive function in young children (e.g., 
Carlson, 2005). For the task in the preLAS, the child is not required to perform the experimenter’s direction only if it is preceded by the phrase 
"Simon says". 
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present study. The same two-stage procedure that was used for the science and math assessments was also used for the reading 
assessment. Reliability of the IRT scale scores obtained in spring of kindergarten, first, and second grade were .95 ,.93, and .91, 
respectively. 

6.3. Data analytic overview 

To address the research questions, we first put the predictors (i.e., SES, preLAS total score, DCCS total score) on the same metric by 
transforming their raw scores to z-scores. As recommended in Tourangeau et al. (2015), IRT-based theta scores were used for science, 
math, and reading achievement, which are appropriate for both cross-sectional and longitudinal analyses, and are appropriate for 
examining differences in overall achievement among subgroups of children. After conducting preliminary analyses, we examined the 
correlations among the variables, conducted three multigroup regression analyses, and conducted four measurement invariance tests 
to determine if the predicted relationships differed statistically between multilingual and English monolingual children. We also 
cross-validated our results with a subgroup of multilingual children who received services for limited English proficiency (LEP) and a 
subgroup of English monolingual children who did not receive LEP services. The effect of SES was accounted for in all regression 
analyses, which were estimated using maximum likelihood estimation with robust standard errors (MLR) in Mplus (Version 8.2). Using 
the “Type = Complex” command in conjunction with the “Cluster = Class” command allowed us to correct standard errors of all 
parameter estimates for non-independence of students due to nesting within classrooms. 

The tenability of each analytic model was judged relative to the collective information provided by commonly used fit indices, 
including the Bayesian information criterion (BIC), sample size adjusted BIC (SSABIC), root mean square error of approximation 
(RMSEA), comparative fit index (CFI), and standardized root mean square residual (SRMR). Lower values of the BIC and SSABIC 
indicate better model fit than higher values. The RMSEA tests the extent to which the model fits reasonably well in the population 
(Brown, 2006). RMSEA values ≤ 0.08 are preferred over larger values (Marsh et al., 2004). The CFI ranges from 0.0 to 1.0 (Brown, 
2006) and values closer to 1.0 imply good fit. The SRMR is viewed as the average discrepancy between the observed and predicted 
model correlations. The smaller the SRMR value, the better, with 0.0 indicating perfect model fit (for review, see Brown, 2006). R2 was 
interpreted according to the recommendation by Cohen et al. (2003) for small (0.02), medium (0.13), and large (0.26) when only a few 
independent variables are used. 

7. Results 

7.1. Preliminary analyses 

The sample’s descriptive statistics are displayed by group in Table 2. The only evidence of data non-normality was the skew (−7.90) 
for the preLAS total scores for the English monolingual children, which exceeded Weston and Gore (2006) recommended interval of | 
3.00| for skewness but not for kurtosis |10.00|. Skewness and kurtosis for all the variables for the multilingual children (|2.00| and | 
8.03|) and the remaining variables for the English monolingual children (|2.09| and |7.30|) were below Weston and Gore (2006) 
recommendations. Given that MLR estimation in Mplus is well known for its ability to reliably estimate models with non-normal data, 
we did not transform the preLAS z-scores for either group of children. 

Table 2 
Sample’s descriptive statistics by group.    

Multilingual Children 
(n = 1022) 

Monolingual English Children 
(n = 12,343)  

Grade Mean SD Skew Kurtosis Mean SD Skew Kurtosis 

1. SES K -0.54 0.81 0.63 0.02 0.06 0.77 0.24 -0.40 
2. Language Proficiency K 17.85 2.48 -2.00 -8.03 19.58 1.28 -7.90 7.30 
3. Executive Functioning K 14.60 3.06 -1.78 3.08 15.34 2.67 -2.09 5.18 
4. Science K -1.16 0.72 0.03 -0.67 -0.44 0.67 -0.70 0.38 
5. Math K -0.50 0.61 -0.37 0.95 -0.32 0.61 -0.59 1.56 
6. Reading K -0.41 0.69 -0.57 0.88 -0.21 0.61 -0.83 2.50 
7. Science 1st -0.35 0.84 -0.46 0.37 0.26 0.72 -0.83 1.39 
8. Math 1st 0.39 0.54 -0.66 2.92 0.56 0.56 -1.15 4.35 
9. Reading 1st 0.43 0.51 -1.61 5.52 0.60 0.47 -1.94 8.57 
10. Science 2nd 0.47 0.81 -0.62 0.95 0.86 0.68 -0.91 2.42 
11. Math 2nd 0.96 0.54 -0.27 -0.16 1.09 0.53 -1.03 2.70 
12. Reading 2nd 0.85 0.39 -1.63 6.20 0.98 0.36 -1.53 5.84 

Note. K is kindergarten; 1st is first grade; 2nd is second grade. SES, Language Proficiency, and Executive Functioning were raw scores. The remaining 
measures are IRT-based theta scores. 
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Table 3 
Correlations among all variables for multilingual and english monolingual children.  

Note. EF is executive functioning; K is kindergarten; 1st is first grade; 2nd is second grade. Bold is autoregressive correlations. Boxes are concurrent correlations among achievement measures. SES, Lang, 
and EF were transformed to z-scores. The remaining measures are IRT-based theta scores. 
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7.2. Correlations 

As expected, Table 3 shows high autoregressive and within-domain correlations. The correlations among science, math, and 
reading for multilingual and English monolingual children are large. These correlations correspond to R2 of .30 to.56 for multilingual 
children and R2 of .30 to.59 for English monolingual children. With respect to the first research question, for multilingual children, 
kindergarten science and math were correlated at .57, which translates to R2 of .32. Thus, 68% of the variance in kindergarten science 
was distinct from kindergarten math.6 Similarly, 69% of the variance in kindergarten science was distinct from kindergarten reading 
for the group of multilingual children. However, in first grade, the uniqueness of science from math and reading was smaller, equating 
to 56% for each correlation. In second grade, the uniqueness of science from the other two domains was even less, equating to 49 % and 
55 % unique variance from math and reading, respectively. For English monolingual children, the same pattern emerged, with science 
becoming less distinct from math and reading in each school year from kindergarten to second grade. Thus, multingual and English 
monolingual children show the same developmental pattern when it comes to performance on English tests of science, math, and 
reading achievement. One final noteworthy finding was the correlation between math and reading. In both groups of children, this 
correlation was rather high, suggesting that these constructs, as measured in the ECLS-K, share a lot of variance in multilinguals 
(52–56%) and English monolinguals (55–59%). 

Table 4 
Multigroup Multivariate Regression Analyses for Multilingual and English Monolingual Children.  

Variable Science Math Reading  

β SE p R2 β SE p R2 β SE p R2 

Model 1 – Kindergarten             
Multilingual    .39    .26    .31 
SES .21 .03 <.001  .20 .03 <.001  .21 .03 <.001  
Language Proficiency .48 .03 <.001  .27 .03 <.001  .39 .03 <.001  
Executive Functioning .16 .03 <.001  .28 .03 <.001  .19 .03 <.001  
English Monolingual    .34    .33    .28 
SES .27 .01 <.001  .30 .01 <.001  .26 .01 <.001  
Language Proficiency .37 .02 <.001  .30 .02 <.001  .32 .02 <.001  
Executive Functioning .21 .01 <.001  .26 .01 <.001  .20 .01 <.001  
Model 2 – 1st Grade             
Multilingual    .36    .25    .27 
SES .20 .03 <.001  .24 .03 <.001  .22 .03 <.001  
Language Proficiency .40 .03 <.001  .16 .04 <.001  .28 .04 <.001  
Executive Functioning .25 .03 <.001  .32 .04 <.001  .26 .04 <.001  
English Monolingual    .32    .30    .25 
SES .29 .01 <.001  .29 .01 <.001  .28 .01 <.001  
Language Proficiency .30 .02 <.001  .26 .02 <.001  .27 .03 <.001  
Executive Functioning .24 .01 <.001  .25 .01 <.001  .20 .01 <.001  
Model 3 – 2rd Grade             
Multilingual    .31    .25    .24 
SES .20 .03 <.001  .26 .03 <.001  .23 .03 <.001  
Language Proficiency .34 .04 <.001  .18 .05 <.001  .24 .05 <.001  
Executive Functioning .27 .03 <.001  .28 .04 <.001  .24 .04 <.001  
English Monolingual    .32    .30    .27 
SES .29 .01 <.001  .31 .01 <.001  .31 .01 <.001  
Language Proficiency .30 .02 <.001  .25 .02 <.001  .25 .02 <.001  
Executive Functioning .25 .01 <.001  .25 .01 <.001  .21 .01 <.001  

Note. Completely standardized results reported. SES, language proficiency, and executive functioning were measured during the spring of partici
pant’s kindergarten school year. 

Table 5 
Tests of measurement invariance for multilingual and english monolingual children.  

Model BIC SSABIC RMSEA CFI SRMR 

1. Unstructured covariance matrices 176,450 176,087 .023 .997 .025 
2. Predicting kindergarten achievement 155,756 155,613 .041 .994 .037 
3. Predicting first-grade achievement 141,715 141,572 .035 .994 .030 
4. Predicting second-grade achievement 129,509 129,366 .026 .997 .030  

6 Please note that all reports of unique (or unexplained) variance includes error variance. 

M.E. Foster et al.                                                                                                                                                                                                       



Cognitive Development 63 (2022) 101223

10

7.3. Regression analyses 

Three multigroup multivariate regression analyses were conducted to address research question 2 and model the prediction of the 
three outcomes at each of the three grade levels from SES, kindergarten language proficiency, and EF. Completely standardized results 
are reported in Table 4. When accounting for SES, language proficiency and EF are statistically significant predictors of science, math, 
and reading achievement in multilingual and English monolingual children. The amount of variance that the group of predictors 
accounted for in science was similar for multilingual (31–39%, depending on the grade level) and English monolingual (32–34%, 
depending on the grade level) children. In general, the group of predictors accounted for a small to large proportion of the variance in 
each outcome at each grade level for both groups of children. 

To test if the predictions of science, math, and reading achievement were equivalent across multilingual and English monolingual 
children, four tests of measurement invariance were conducted. The first test constrained the unstructured covariance matrices to 
equality across the two groups of children across all grade levels. Then, the latter three tests constrained the regression pathways from 
kindergarten SES, language proficiency, and EF to science, math, and reading achievement in kindergarten, first grade, and second 
grade to equality across the two groups of children. The model fit indices from these tests are reported in Table 5. The initial model that 
constrained the covariance matrices to equality fit the data well (see Model 1). The subsequent models that held the pathways from 
SES, language proficiency, and EF to kindergarten (see Model 2), first grade (see Model 3), and second grade (see Model 4) science, 
math, and reading achievement to equality also fit the data well. Thus, in contrast to our hypothesis, there were not significant dif
ferences between multilingual and English monolingual children with regard to the relations between predictors and each domain of 
achievement. 

7.4. Cross validation regression analyses 

Given potential concerns that the multilingual children may have had moderate English proficiency, which influenced the null 
findings above, we cross-validated our results with a subgroup of multilingual children who received services for limited English 
proficiency (LEP) and were therefore English language learners (ELLs) (n = 524) and a subgroup of English monolingual children who 
did not receive LEP services (n = 294). Most of the ELLs were Hispanic (66%), followed by Asian (27%), White (3%), and Black (3%). 
The English monolingual non-ELLs included Hispanic (36%), Asian (26%), White (22%), Black (10%), Multiracial (4%), and Ha
waiian/Pacific Islanders. The results (i.e., correlations, regression analyses, and tests of measurement invariance) are displayed in the 
Appendix. The full report of the results is available by request from the first author. In brief, the same pattern of results emerged in the 
subgroup analyses as found for the multilingual and English monolingual children, thereby strengthening the inferences that can be 
drawn from this study. 

8. Discussion 

This study extends the literature, as it is the first study to examine science achievement, its association with math and reading, and 
its prediction from language proficiency and EF when accounting for SES in multilingual and English monolingual children in the U.S. 
Consistent with prior research (Barnard-Brak et al., 2017; Hwang, 2020), when using a broad test of science, our results show that 
science is a distinct domain of achievement, though it is shares large associations with math and reading in multilingual and English 
monolingual children. The results were also consistent with those of studies that examined the prediction of scientific thinking (e.g., 
Mayer et al., 2014; Koerber & Osterhaus, 2019; van der Graaf et al., 2016), showing that language proficiency and EF in kindergarten 
predicted science as well as math and reading achievement across early elementary school. Finally, in contrast to our hypothesis, the 
results indicated that the prediction from kindergarten language proficiency and EF to science achievement did not differ for multi
lingual and English monolingual children despite the additional challenge of taking science, math, and reading assessments in English 
for multilingual (see Maerten-Rivera et al., 2010). 

8.1. Associations between science, math, and reading achievement 

In contrast to prior studies (Barnard-Brak et al., 2017; Hwang, 2020), the present study was able to unpack the correlations between 
science, math, and reading achievement during kindergarten, first and second grade, into variance that is shared among the variables 
and variance that is distinct, we were able to show that the three domains of achievement were highly associated with one another in 
multilingual and English monolingual children. The large correlations suggest that cognitive development is supported by 
domain-general mechanisms, such as language proficiency and EF, as posited by Piaget (1970), Vygotsky (1962), and Pascual-Leone 
and Johnson (2021), and to some extent facilitate learning and concept acquisition in science, math, and reading. The association 
between science and math may be in part due to a third variable—relational reasoning, which is the ability to jointly consider multiple 
sets of relations between mental representations of objects, attributes, and events (e.g., Hummel & Holyoak, 1997; Miller Singley & 
Bunge, 2014). Relational reasoning is important in solving science and math problems (Blums et al., 2017). For example, highlighting 
the relational features of analogies, which is central to solving science problems such as hypothesis testing (Chen & Klahr, 1999), has 
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been shown to improve problem-solving performance in five- and six-year-olds (Chen et al., 2016). Relational reasoning is also 
essential in solving problems with algebraic functions. For example, McNeil and Alibali (2005) results suggested that older and 
arguably more advanced students viewed the equal sign (i.e., =) as a relation symbol of equivalence, whereas younger, less advanced 
students tended to view the equal sign as operational or signaling the need to carry out a calculation. Relational reasoning may 
therefore support math (Miller Singley & Bunge, 2014) and science achievement. 

The high correlations between science and reading achievement are a reminder that reading skills are necessary for comprehending 
science problems (e.g., Miller Singley & Bunge, 2014; Voss & Silfies, 1996). Basic literacy skills (e.g., phonological awareness) are 
necessary to fluently read science problems. Increased oral language and vocabulary skills help students understand science texts, 
make science-related inferences (Tate et al., 2012), and likely help students comprehend oral discourse during science instruction. In 
fact, skilled reading may serve in a compensatory role for children with less knowledge of science (O’Reilly & McNamara, 2007). 
Reciprocally, students with strong knowledge of science may be more capable of making inferences when reading text that is difficult 
to understand, omits important background information, and fails to clearly connect related concepts (e.g., Beck et al., 1989; VanLehn, 
1996, 1998). Thus, success in science and reading are likely reciprocal. Optimal learning may occur when children have a solid 
background in science and strong reading skills that enable them to easily integrate information in text to their existing knowledge and 
experiences (Cervetti & Wright, 2020; McNamara & Kintsch, 1996; Snow, 2002). 

The correlations between science, math, and reading achievement also provided evidence of domain specificity—that the three 
domains were somewhat distinct from one another (i.e., r ≤ 0.85; for review, see Brown, 2006). This is consistent with other research 
that shows that one’s level of knowledge in a domain can dramatically impact the comprehension and learning of new information 
within that domain (e.g., Shapiro, 2004; Thompson & Zamboanga, 2004). The high within-domain correlations across time also 
suggest that students’ standing relative to their peers is rather stable during early elementary school. High-performing students in 
kindergarten continue to be high performing in first and second grade, which underscores the importance of early intervention for 
students who experience difficulties. Finding the same pattern of correlations for multilingual and English monolingual children (as 
well as ELLs and English monolingual non-ELLs) is also noteworthy, with science becoming less distinct from math and reading in each 
subsequent school year from kindergarten to second grade. Domain-general skills such as oral language and EF may exert more in
fluence on academics in later grades than when children are younger. Unfortunately, the ECLS-K data did not allow us to investigate 
such an interaction directly, but the increasing associations between science, math, and reading suggest that increases in oral language 
and EF may benefit students’ science achievement. Oral language is the most likely candidate because other researchers have docu
mented a rise in the contribution of oral language to reading comprehension over time (Adlof et al., 2006; Foorman et al., 2018). As 
students master word reading skills and the linguistic and background knowledge demands increase, they need strong language skills 
to read and to comprehend science and math content. 

8.2. Prediction of science achievement 

In contrast to our hypothesis, the results suggest that domain-general abilities such as language proficiency and EF are similarly 
involved in performance on science assessments for multilingual and English monolingual children. One possible reason we did not 
find differences between the two groups in our study is because the multilingual in the ECLS data may not be English language learners, 
students who meet Title III criteria of the Every Student Succeeds Act of 2015 to receive supplemental services in the public school 
system to improve their English language proficiency and academic achievement. We therefore cross-validated our results with a 
subgroup of ELLs and a subgroup of English monolingual non-ELLs, thereby strengthening the inferences that can be drawn from our 
results. As that may be, because of the manner in which the data were collected, all children who passed the English screener were 
included, which means even the multilingual children and ELLs in our study had some level of English language proficiency. It is 
important that we limit the generalizability of our findings to students who live in homes where a non-English language is the primary 
language spoken but who have some English proficiency. Nonetheless, it is well established that oral language proficiency benefits all 
children as they acquire academic knowledge. For example, observe, predict, and check are science process skills and vocabulary words 
that students must understand to be able to engage in the processes. To learn the NGSS cross-cutting concept of cause and effect, 
students must be able to identify independent and dependent variables, and express them using oral language (e.g., “A steeper ramp 
makes the marble go faster”). In carrying out hypothesis testing, students make predictions about, for example, the change in motion 
anticipated when two objects touch or collide. The ability to make predictions is a critical oral language skill (LervAag et al., 2018). 
Students can then carry out their investigation and observe the results to check their predictions. Thus, science terms, concepts, lan
guage, and cross-cutting processes are interconnected and mutually supporting (Gelman & Brenneman, 2004). 

With respect to EF, it allows children to sustain attention, attend to specific important task features, avoid distractions, and hold 
information in memory during classroom instruction (McClelland et al., 2015). EF also supports holding and integrating new infor
mation with prior knowledge (Diamond, 2013; Gathercole et al., 2004; Gathercole, Pickering, Ambridge et al., 2004; Pascual-Leone & 
Johnson, 2021) and enables one to think analytically (Gropen et al., 2011). In addition, EF may subserve science just as it does math 
and reading. For example, EF permits the child to hold “step one” answers in memory when completing multistep math problems 
(Cragg & Gilmore, 2014). For science, EF likely helps children revise (or update) initial hypotheses when a response generated through 
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analytical processing (i.e., based on data or experiments) conflicts with one based on experiential processing (i.e., memory). Higher 
inhibitory control is also associated with greater task perseverance among children (McClelland et al., 2007), which may help children 
engage in complex reasoning, involving the inhibition of experiential processing (Amsel et al., 2008) when children test and evaluate 
hypotheses (Gropen et al., 2011; Koerber & Osterhaus, 2019). Regardless of the mechanism, EF is clearly an important constellation of 
cognitive capacities that subserves most if not all areas of academics. 

8.3. Implications 

The results of the present study are consistent with longitudinal correlational studies that point to the importance of language in the 
development of academic skills (e.g., Duncan et al., 2007; Foster et al., 2019; Pace et al., 2019). They are also consistent with reports 
made by the NASEM (2018) indicating that language proficiency is important to children’s science achievement. Awareness of the 
need to provide effective STEM instruction in elementary school is increasing. However, far fewer teachers feel prepared to teach 
science (31%) than math (73%) or reading/language arts (77%; Banilower et al., 2018). This translates to less instructional time 
devoted to science (18 min) than to math (57 min) and reading/language arts (89 min) in each school day (Banilower et al., 2018), 
which results in roughly 213 fewer hours devoted to science than reading/language arts instruction in a school year. Therefore, there is 
a critical need to develop innovative science curricula and professional development materials that would increase attention to science 
in elementary schools and make it easier for teachers to deliver science instruction well. Pre-service and in-service teachers may feel 
more prepared and confident to teach science if they understand that science knowledge is malleable and critical to developing reading 
comprehension (Cabell & Hwang, 2020; Cervetti & Wright, 2020). 

Given that language proficiency is an underlying competency needed for arguably most, if not all, academic skills and that science, 
math, and reading achievement are highly correlated, STEM curricula that integrate language, math, and reading targets have the 
potential to be highly effective (e.g., Cabell & Hwang, 2020; Cabell, White, Kim et al., 2019; Doabler et al., 2021; Neuman & Kaefer, 
2018). For example, content-rich English language arts (ELAs) reading instruction can be designed to foster students’ linguistic 
comprehension while also building their STEM knowledge. The construction-integration model of reading comprehension (Kintsch, 
1988) and the contemporary science of reading research (see Cervetti, Pearson et al., 2020) bring awareness to a constellation of core 
repertoires that when intentionally targeted during instruction, benefits to multiple domains can be achieved simultaneously 
(Wackerle-Hollman et al., 2021; Wright & Gotwals, 2017). 

Building students’ STEM knowledge can help them connect ideas across sentences in ways that better help them understand science 
texts. Likewise, instructional practices that intentionally promote academic vocabulary, inferencing, and knowledge through oral 
retelling and read alouds (Foorman et al., 2016) can facilitate comprehension of advanced STEM content and promote scientific 
thinking (see Kintsch, 1988). For example, Wright and Gotwals found that an integrated language, literacy, and science curriculum 
enhanced kindergarten students’ receptive vocabulary, application of science concepts, and ability to make claims and provide evi
dence supports. One promising feature of integrated instruction is that redundancies can be reduced, which will likely result in 
accelerated learning (Pace et al., 2019), and in turn curtail achievement inequities. Of great importance is the finding that the influence 
of language proficiency was not different for multilingual compared to monolingual English speakers. While unexpected, this suggests 
that a single integrated curriculum that centralizes the core constellations of oral language and bridge processes would be sufficient for 
both groups of children. It would not be necessary to spend valuable resources teaching multilingual one way and monolingual English 
children another way. 

The high within-domain correlations reported in this study suggest the measurement of science across early elementary school is 
stable as is students’ academic standing relative to that of their peers regardless of the academic domain. That is, high-performing 
students in kindergarten continue to be high performing in first and second grade. Coupled with the stability of these tests, there 
was evidence of high across-domain associations that increase across elementary school, suggesting that there is redundancy in the 
content of the assessments administered in the present study. High-stakes standardized tests have posed particular challenges for 
students from racial minority, language minority, and low-income backgrounds (Amrein & Berliner, 2002; Valenzuela, 2005), leading 
to calls for test reform (see Au, 2016; Bach, 2020). At the very least, the present results suggest that annual high-stakes testing in every 
content domain is not necessary. Some researchers suggest that testing in oral language may be the most useful because it is linked to 
all other domains (Adlof & Hogan, 2019; Pace et al., 2019; Silverman et al., 2019). In addition, given federal initiatives focused on 
STEM education (e.g., the America COMPETES Reauthorization Act of 2010), assessment design that focuses on vocabulary, 
comprehension, and academic knowledge aligned to grade-level science standards should be encouraged to monitor the impact of 
federal investments. 

8.4. Limitations and future directions 

Despite the breadth of data available in the ECLS-K: 2011 public use data set, it does not include every science or cognitive and 
linguistic ability one may want access to. In particular, the ECLS-K: 2011 public use data set does not include measures for specific 
areas of science achievement. It may be that the domain-general abilities such as language proficiency and EF are more strongly related 
to some areas of science achievement than others. For example, tasks that assess children’s understanding of the nature of science may 
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be more reliant on language proficiency whereas tasks related to experimentation, such as understanding the difference between 
conclusive and inconclusive tests (Sodian et al., 1991) and data interpretation (i.e., interpreting complex patterns of covariation in 
data, e.g., Koerber et al., 2005), may be more reliant on EF. Future research may benefit from looking more closely at the relationship 
between language proficiency, EF, and tasks that measure one’s understanding of the nature of science, experimentation, and data 
interpretation. Similarly, including additional cognitive and linguistic abilities shown to be predictive of math and reading (e.g., 
phonological processing; Cirino et al., 2018) may also support science achievement. Measures of language proficiency that more 
closely index social and academic language as well as the four domains (reading, writing, speaking, and listening) emphasized in 
current English language proficiency (ELP) content standards could help disentangle the relationship between language and science 
achievement. Such studies may be able to show which dimensions of ELP are relevant to science achievement. Finally, while we posit 
that the relations between science and math may be due to the association between each of the variables and relational reasoning, it 
was not measured in the ECLS-K: 2011 study. Future studies may benefit from measuring more cognitive and linguistic abilities than 
those that are available in the ECLS-K: 2011 public use data set. 

8.5. Conclusion 

While it has been theorized that integrated curricula are more effective than the traditional siloed approach to instruction 
(Wackerle-Hollman et al., 2021; Wright & Gotwals, 2017), we provide the first empirical evidence in support of integrated science 
instruction. Moreover, we interpret our results as suggesting that siloed (non-integrated) science curricula are misaligned with the 
nature of science achievement in early elementary school. Based on a clear body of research that indicates oral language is critical for 
learning, we posit that intentionally organizing instruction such that science, math, and reading instruction takes advantage of 
children’s oral language may help reduce redundancies and increase instruction time dedicated to science content, thereby contrib
uting to increased learning. At the very least, integrated instruction and cross-domain effects is a promising new area of research 
(Cabell & Hwang, 2020; Cervetti & Wright, 2020; Tyner & Kabourek, 2020). 
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Table A1 
Correlations Among all Variables for English Language Learners (ELLs) and English Monolingual non-ELLs (non-ELLs).  

Note. EF is executive functioning; K is kindergarten; 1st is first grade; 2nd is second grade. Bold is autoregressive correlations. Boxes are concurrent correlations among achievement measures. SES, Lang, 
and EF were transformed to z-scores. The remaining measures are IRT-based theta scores. 
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