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Abstract

Spanish-English emergent bilingual children show substantial variability in English reading
development, yet less is known about how early Spanish literacy and executive function
jointly explain this variability. We first examined whether Spanish early reading skills and
executive function skills (working memory, cognitive flexibility, and inhibitory control)
predicted children’s initial English reading levels and reading growth. We also investigated
whether these executive function skills moderated the association between Spanish early
reading skills and English reading. Latent growth curve analyses were conducted to examine
these relations among 308 Spanish-English emergent bilingual children. Results showed
that inhibitory control predicted bilingual children’s initial English reading levels, whereas
Spanish early reading skills predicted English reading growth. Importantly, our moderation
analyses showed that inhibitory control moderated the cross-language relation between
Spanish early reading skills and English reading growth, with Spanish early reading skills
more strongly related to reading growth among children with lower inhibitory control.
Findings suggest that Spanish early reading skills and inhibitory control play distinct but
interactive roles in bilingual children’s English reading development.

Keywords: Spanish-English emergent bilinguals; cross-language transfer; executive function;
English reading trajectories; moderation

1. Introduction

Spanish-English emergent bilingual (EB) children are students who are developing
their home language while also acquiring a new language, English; they tend to demonstrate
substantial variability in their English reading development across elementary school (Shen
& Goodrich, 2024). Understanding the sources of this heterogeneity is critical for both
academic and equity reasons. Early reading trajectories during the primary grades are
strongly associated with students’ long-term academic achievement (Lee, 2010). Differences
in these trajectories may therefore contribute to later educational disparities. This issue
is especially important for Spanish-English EBs, who account for about 76.4% of the EB
population (Irwin et al., 2024; National Center for Education Statistics [NCES], 2024). Their
reading trajectories may be influenced by multiple factors, including linguistic and cognitive
skills (Shen, 2025a; Swanson et al., 2017), as well as ecological factors (X. Chen et al., 2012).
For example, early Spanish reading skills play an important role in shaping Spanish-English
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EBs’ English reading development during the elementary years (Relyea & Amendum, 2020;
Shen, 2025b).

Beyond linguistic skills, children’s executive function (EF), a set of higher-order cog-
nitive processes that support goal-directed behavior, has been increasingly recognized as
an important contributor to differences in reading development (Butterfuss & Kendeou,
2018; Ober et al., 2020; Spencer et al., 2020; Welsh et al., 2010). These processes may be
particularly relevant for emergent bilinguals, who must manage linguistic information
across two languages during learning (Abedi, 2002; Lee Swanson et al., 2015; Relyea, 2025;
Shen, 2025¢). While prior research has linked both early literacy skills and EF to children’s
reading outcomes (Taboada Barber et al., 2021; Weaver & Kieffer, 2022), less is known about
how these factors jointly shape bilingual children’s reading development over time. In
particular, EF may not only independently predict reading trajectories but also influence the
extent to which early Spanish reading skills support the development of English reading
(Shen, 2025c). The present study therefore examines the extent to which early Spanish
reading skills and EF predict Spanish-English EBs’ initial levels and growth in English
reading and whether EF moderates the relation between early Spanish reading skills and
children’s reading trajectories.

1.1. Cross-Language Transfer: The Role of Spanish Early Reading Skills in English Reading

Cross-language transfer refers to the process by which language and literacy knowledge
developed in one language supports performance in another language (Cummins, 1979;
Chung et al., 2019). This idea is grounded in Cummins’s developmental interdependence
hypothesis, which suggests that second language (L2) development depends in part on
competence established in the first language (L1; Cummins, 1979). In the context of bilingual
reading development, this framework helps explain why literacy skills in a child’s L1 may
contribute to reading in an L2 (Cummins, 1979; Proctor et al., 2010). This relation has been
widely documented in Spanish-English EB children, whose two languages both rely on
alphabetic writing systems. Prior studies have shown that Spanish phonological awareness,
decoding, print knowledge, and early reading skills are related to later English word reading,
decoding, and reading comprehension (Goodrich et al., 2013; Giguere et al., 2024; Language
and Reading Research Consortium [LARRC] et al., 2021; Relyea & Amendum, 2020). As
such, Spanish early reading skills serve as an important foundation for English reading
development among Spanish-English EB children.

Although the developmental interdependence hypothesis provides an important the-
oretical foundation of cross-language transfer, later research has clarified that L1 literacy
does not transfer to the same extent. Instead, cross-language relations vary depending
on factors such as the specific literacy skill being examined and the learner’s level of L2
competence (Bernhardt & Kamil, 1995; Chung et al., 2019; Cummins, 1979; Proctor et al.,
2010). Skills that rely on shared alphabetic processes, such as phonological awareness
and decoding, tend to show clearer cross-language relations than skills that depend more
heavily on language-specific knowledge, such as vocabulary (Chung et al., 2019; Giguere
et al., 2024; Proctor et al., 2006). For Spanish-English EB children, this means that Spanish
literacy may support English reading when the skill involves overlapping print or sound
structures across the two languages.

Within this framework, Spanish early reading skills are theoretically important as
early literacy resources that may shape English reading development over time. Indeed,
Relyea and Amendum (2020) showed that stronger Spanish reading skills in kindergarten
predicted English reading levels and growth through Grade 4 among Spanish-English
EBs, but this relation varied by English oral proficiency, with stronger cross-linguistic
associations observed among children who had higher English oral proficiency at school
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entry. This suggests that the effect of Spanish early reading depends in part on children’s
English-language resources. Likewise, the Language and Reading Research Consortium
[LARRC] et al. (2021) followed Spanish-English EB children from prekindergarten to third
grade and found that Spanish oral language, memory, and broader language proficiency
contributed to later English reading comprehension both directly and indirectly through
English oral language and word reading.

1.2. The Role of Executive Function (EF) in English Reading

EF refers to a set of related but distinguishable cognitive processes that support goal-
oriented behavior and self-regulation (Friedman & Miyake, 2017), generally including
working memory (WM), inhibitory control (IC), and cognitive flexibility (CF; Diamond,
2013; Miyake et al., 2000). WM involves holding and manipulating information, IC involves
suppressing irrelevant or competing responses, and CF involves shifting between rules,
strategies, or mental representations (Diamond, 2013; Miyake et al., 2000). In bilingual
contexts, reading and language development often involves the simultaneous activation
of two languages, which can create competition between linguistic systems and increase
demands on cognitive control processes such as suppressing interferences and maintaining
task goals; for EBs specifically, they also navigate content acquisition while learning a new
language. This makes EF especially relevant for understanding why EB children may follow
different reading trajectories (P. Chen et al., 2017; Green & Abutalebi, 2013). Extant literature
supports this relation. Meta-analytic studies have found moderate associations between
EF and academic achievement, including reading-related outcomes (Follmer, 2018; Jacob
& Parkinson, 2015; Spiegel et al., 2021). Evidence on specific EF components also shows
that WM is consistently related to reading, while IC and CF appear to depend more on
children’s developmental stage and the specific literacy demands involved (Allan et al.,
2014; Peng et al., 2018; Yeniad et al., 2013).

From a theory-driven perspective, EF may function as a coordinating mechanism
within reading processes rather than simply an additional predictor of reading outcomes
(Butterfuss & Kendeou, 2018; Duke & Cartwright, 2021; Kim, 2017). Specifically, EF supports
how different reading-related processes work together during comprehension. It allows
readers to maintain task-relevant information, suppress distractions or competing responses,
and shift flexibly across processes such as word recognition, language comprehension, and
meaning integration as reading unfolds (Butterfuss & Kendeou, 2018; Hwang et al., 2024).
This view aligns with the Active View of Reading, which emphasizes active self-regulation
and bridging processes in reading, and with the Direct and Indirect Effects Model of Reading,
which places cognitive skills such as WM within a broader system of direct and indirect
relations among reading-related component skills (Duke & Cartwright, 2021; Kim, 2017).

Recent empirical evidence supports this interpretation by showing that EF operates
through both direct and indirect pathways. In Grades 1 and 2, EF contributes to reading
comprehension both directly and indirectly through word recognition and language com-
prehension, indicating a role in both component skills and the real-time management of
these skills during reading (Hwang et al., 2024). In addition, Taboada Barber et al. (2021)
found that WM and CF both contributed to reading comprehension indirectly through
decoding and language comprehension, with stronger indirect effects of CF through lan-
guage comprehension among EBs than English monolinguals. Similarly, Kim (2023) and
Hwang et al. (2024) further showed that EF explains shared variance among word read-
ing, listening comprehension, and reading comprehension, which supports viewing EF
as a coordinating process that helps organize multiple reading-related skills rather than a
standalone predictor.
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Longitudinal research with Spanish-English bilingual children provides more direct
support that specific EF components may relate differently to English reading levels and
later growth (Alfonso & Lonigan, 2021; Kieffer et al., 2021; Swanson et al., 2017). Alfonso
and Lonigan (2021) found that preschool WM was more strongly associated with English
code-related skills in kindergarten, whereas preschool IC was more strongly associated
with English language-related skills. This pattern suggests that different EF components
may support different aspects of initial English reading development. Evidence from first-
grade bilingual children also points to a distinct role for CF. Relyea et al. (2023) found that,
after controlling for kindergarten English reading and demographic factors, children with
stronger EF profiles showed higher English reading achievement, whereas those in the very
low CF group showed the weakest reading outcomes. Related neurocognitive evidence
has also linked CF to academic outcomes among EBs, including reading and mathematics,
which points to its relevance for managing changing academic demands (Nugiel et al.,
2023). Findings from later grades suggest differentiated relations with growth as well.
Among Spanish-English bilingual students, Grade 6 EF measuring attention, CF, and IC
predicted growth in English reading comprehension across Grades 6 to 8, while WM did
not show the same longitudinal relation (Kieffer et al., 2021). Similarly, Shen (2025b) found
that the relative importance of EF skills for English reading achievement changed across
the primary grades, with IC remaining relatively stable, CF being more impactful in earlier
grades, and WM becoming important in later grades. Kilim and Prior (2025) also found
that IC predicted reading comprehension for bilingual third graders, indicating that IC may
be more important when children have had less exposure to the societal language.

Although existing research links EF to English reading, several gaps remain. Prior
studies have often treated EF as a broad predictor of reading achievement, making it diffi-
cult to determine whether WM, IC, and CF relate differently to initial reading levels and
subsequent reading growth. Moreover, relatively little work has focused specifically on
Spanish—English EB children, who are developing English reading while navigating two
language systems. Most importantly, previous research has rarely tested whether specific
EF components shape the strength of the association between Spanish early reading skills
and English reading trajectories. To address these gaps, the present study adopts a develop-
mental perspective by examining English reading as growth over time and by considering
specific EF components as potential moderators of Spanish-to-English reading relations.

1.3. The Potential Moderating Role of EF in the Cross-Language Transfer

EF may play a moderating role in cross-language transfer when transfer is viewed as
more than a simple carryover of skills across languages. Genesee et al. (2006) argued that
cross-language relations are better understood within a broader framework that includes
transfer, home language influences, interlanguage processes, and common underlying
cognitive abilities. In their view, transfer may be better understood as a form of preparedness
for future learning rather than as an automatic consequence of prior knowledge (Genesee
etal., 2006). For instance, for Spanish-English bilingual children, they may differ not only
in the Spanish literacy skills they bring to school, but also in the cognitive resources they
can draw on when applying Spanish skills in English. This distinction is important because
it separates what children know in Spanish from how effectively they can use, manage, and
adapt that knowledge when reading in English. Earlier work by Geva and Ryan (1993)
showed that WM and nonverbal cognitive skills are involved in reading performance across
L1 and L2. In addition, meta-analytic evidence indicates that cross-language correlations
are not equally strong across domains, which leaves room for common underlying cognitive
abilities to shape when and how cross-language support is realized (Melby-Lervag & Lervag,
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2011). From this perspective, EF may shape how effectively children leverage Spanish early
reading skills when they encounter new linguistic and academic demands in English.

This interpretation aligns with a facilitative view of cross-language transfer (Chung
et al., 2019; Genesee et al., 2006). Instead of directly affecting cross-language transfer,
EF helps children access and apply Spanish literacy knowledge when academic learning
through English requires them to negotiate and coordinate two language systems (Incera
et al., 2025; Linck et al., 2020; Kaushanskaya & Crespo, 2019). Evidence from bilingual
language processing research supports this moderated view. In trilingual language switch-
ing, IC and WM linked differently to switch costs depending on the language context,
indicating that EF effects vary with the specific cross-language demand (Linck et al., 2020).
Similar evidence with Spanish-English bilingual children showed that WM moderated the
association between exposure to code-switching and language performance, with greater
exposure associated with stronger language outcomes for children with higher WM but
weaker outcomes for those with lower WM (Kaushanskaya & Crespo, 2019). These stud-
ies show that EF can influence whether bilingual experience functions as a support or a
constraint although they did not examine English reading trajectories directly.

Recent work with Spanish-English EBs provides more direct support for the current
study. In a nationally representative sample, Shen (2025¢) found that the association be-
tween early Spanish reading and later academic growth differed across WM trajectory
profiles. Specifically, stronger early Spanish reading was more beneficial for children with
higher initial WM capacity than for peers in lower-baseline WM groups. In the context of the
present study, this pattern suggests that WM may strengthen Spanish-to-English transfer
by helping children hold relevant literacy information in mind, connect Spanish literacy
knowledge to English reading tasks, and manage the additional processing demands of
learning to read in English. In a separate latent profile analysis, Shen (2025a) also showed
that children with both strong Spanish literacy and high EF, especially WM, displayed the
strongest English reading outcomes. This finding is compatible with an interaction perspec-
tive, suggesting that Spanish early reading and EF may work jointly in influencing later
English reading performance, which strengthens the rationale for an explicit moderation
test in the current study.

1.4. The Current Study

The current study examines how Spanish early reading skills and EF skills, as well
as their interactions, predict Spanish-English EB children’s initial English reading levels
and subsequent growth from kindergarten through Grade 5. We first examine whether
early Spanish reading and EF independently predict the initial skills and growth rates of
English reading across primary years. Second, we explore how EF moderates the association
between Spanish early reading skills and English reading trajectories to clarify for whom
cross-linguistic transfer is most strongly associated with long-term English reading. By
integrating EF into longitudinal models of bilingual literacy development, we aim to ex-
plore how cognitive mechanisms help explain variability in cross-language transfer among
emergent bilingual children. As such, this study is guided by two research questions. (1) To
what extent do early Spanish reading skills and specific EF components predict the initial
skills and growth rate of English reading among Spanish-English emergent bilinguals?
And (2) To what extent do EF components moderate the associations between early Spanish
reading skills and the initial skills and growth rate of English reading?
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2. Methods
2.1. Data Source

This study used data from the 2010-2011 kindergarten cohort of the Early Childhood
Longitudinal Study (ECLS-K:2011; Tourangeau et al., 2015). Conducted by the National
Center for Education Statistics within the U.S., ECLS-K:2011 followed a nationally represen-
tative sample of children from kindergarten entry through fifth grade, from 2010 to 2016.
The dataset includes information collected from several sources, including direct assess-
ments of children, interviews with parents, and questionnaires completed by classroom
teachers and school administrators. Our analytical sample was limited to Spanish-English
emergent bilingual children who met the following criteria: (1) had valid scores on the
Spanish Early Reading Skills assessment (SERS) and (2) had at least one available score
of English reading achievement. After applying these criteria, the final analytical sample
comprised 308 Spanish-English emergent bilinguals. At kindergarten entry, the average age
of the children was 66.17 months old (SD = 4.17). In the sample for this study, Hispanic
students accounted for the vast majority (99.7%), with females making up slightly more
than half (51%) of the group. Regarding parental educational background, a significant
number of parents had low levels of formal education: 36.7% had an eighth-grade education
or less, 19.2% had some high school education, and 23.4% had completed high school or
held an equivalent qualification. In contrast, the proportion of parents with higher educa-
tion was notably low: 1.6% had received technical or career training, 4.2% had attended
college without graduating, and only 1.3% held a bachelor’s degree. The majority of families
(60.0%) reported annual household incomes of $30,000 or less, with 8.2% earning between
$30,000 and $75,000, and only 1.9% of households having incomes ranging from $75,001 to
$200,000 annually.

2.2. Measures
2.2.1. English Reading Achievement

English reading achievement was measured via the ECLS-K:2011 direct reading assess-
ment. It was designed to assess children in the following aspects: basic reading, vocabulary,
and reading comprehension. The present study used the Item Response Theory (IRT) scale
score as the measure of English reading achievement. The IRT scale score was calculated by
using each child’s estimated reading ability to predict the probability of a correct response
for each reading item and then summing those probabilities across the reading item pool.
Higher scores indicate stronger English reading achievement. From kindergarten entry
through Grade 5, the IRT scale scores showed internal consistency reliability estimates
ranging between 0.86 and 0.95 (Tourangeau et al., 2019).

2.2.2. Spanish Early Reading Skills

The Spanish Early Reading Skills (SERS) assessment was administered to kindergarten
children in the fall. It assessed all Spanish-English emergent bilingual children’s founda-
tional early literacy skills and vocabulary in Spanish. The assessment included 31 items
measuring letter identification, phonological awareness, sight word recognition, under-
standing of print conventions, and vocabulary knowledge. The present study used the SERS
raw score, with higher scores indicating stronger Spanish early reading skills. The results
demonstrated excellent internal consistency reliability (x = 0.99; Tourangeau et al., 2015).

2.2.3. Working Memory

Working memory was assessed using the Spanish version of the Numbers Reversed
task from the Woodcock-Johnson III Tests of Cognitive Abilities (Woodcock et al., 2001),

https://doi.org/10.3390/educscil6081243


https://doi.org/10.3390/educsci16081243

Educ. Sci. 2026, 16, 1243

7 of 21

since all Spanish-English emergent bilingual children completed the Spanish administration.
It assessed children’s working memory by asking them to repeat orally presented number
sequences in reverse order. The sequence length increased gradually to a maximum of
eight digits, requiring children to store and process information in mind and manipulate it
before responding. Each response was scored as correct or incorrect based on whether the
child accurately repeated the number sequence in reverse order. The present study used
the Numbers Reversed W-Ability score to indicate working memory, with higher W scores
representing better working memory performance. The measure demonstrated very high
reliability in the fall kindergarten wave (Cronbach’s « = 0.996; Tourangeau et al., 2015).

2.2.4. Cognitive Flexibility

The Dimensional Change Card Sort task (DCCS; Zelazo, 2006) is used to assess chil-
dren’s cognitive flexibility. During the task, children were asked to sort cards into one of
two trays according to changing rules. The cards showed either a red rabbit or a blue boat,
with or without a black border. The two sorting trays displayed either a red boat or a blue
rabbit. The sorting rules of tasks differ by game. In the Color Game, children sorted the
cards by matching the color of the card to the color shown on the tray. In the Shape Game,
they sorted the cards by matching the shape. Children who successfully sorted at least four
out of six cards in both games were allowed to proceed to the Border Game. In this game,
children should sort cards with a black border by color, and cards without a black border by
shape. A combined cognitive flexibility score was created based on children’s performance
during the post-switch phase and the Border Game, with higher scores indicating stronger
cognitive flexibility abilities. The fall-kindergarten reliability estimate for this measure was
0.98 (Tourangeau et al., 2015).

2.2.5. Inhibitory Control

Inhibitory control was assessed through teachers’ ratings on the Children’s Behav-
ior Questionnaire (CBQ; Putnam & Rothbart, 2006). For kindergarten children, teachers
evaluated how well each child could manage impulses and stop behaviors that were not
appropriate for a given situation. The measure included six teacher-rated items. Teach-
ers rated each item on a 7-point scale, from “extremely untrue” to “extremely true,” and
they could mark an item as not applicable when the situation did not fit the child. The
final inhibitory control score was based on the average of the available item ratings, if
the teacher answered enough items to create a valid score. Higher values reflect stronger
inhibitory control abilities. Because this measure was based on teacher reports rather than
a direct cognitive task, it may also capture children’s classroom-based self-regulation, ob-
servable behavioral adjustment, and teachers’ perceptions of children’s participation and
language-related behavior. The fall-kindergarten reliability estimate for this measure was
0.87 (Tourangeau et al., 2015).

2.2.6. Control Variables

English Oral Proficiency. English oral proficiency was measured using the Preschool
Language Assessment Scale English language screener (preLAS 2000; S. E. Duncan &
De Avila, 1998) at the fall kindergarten assessment. The Simon Says subtest consisted of
10 items. The goal was to evaluate the ability to process and respond to oral instructions.
The Art Show subtest also consisted of 10 items designed to evaluate children’s ability to
produce and use vocabulary. The English oral proficiency score was based on the total
number of correct responses across the two subtests, with higher scores indicating stronger
basic English oral proficiency. The fall-kindergarten reliability estimate for this measure
was 0.91 (Tourangeau et al., 2019).
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Child Characteristics. Three child-level covariates were included in the model: age,
sex, and family socioeconomic status (SES). Child age was measured in months at the time
of the fall kindergarten assessment. Child sex was based on the ECLS-K:2011 composite
sex variable, which was created using information from school records and parent reports.
For the regression models, sex was coded as a binary indicator, with female coded as 1 and
male coded as 0. Family socioeconomic status was indicated by the ECLS-K:2011 household
SES composite. This composite was based on five indicators: the education levels of both
parents or guardians, the occupational prestige scores of both parents or guardians, and
total household income. To create comparable measures, the ECLS-K team standardized
each available SES component as a z score, with a mean of 0 and a standard deviation of 1,
and then averaged the standardized components to produce an overall household SES score.

2.3. Analytical Approach
Latent Growth Curve Analysis

To examine the reading growth trajectory of Spanish-English emergent bilingual
children, we first specified an unconditional growth curve model, using English reading
achievement scores from spring kindergarten through Grade 5. Given previous studies
showing nonlinear growth trajectories of reading (Farnia & Geva, 2013; Shen & Goodrich,
2024; Shen & Wang, 2024; Wei et al., 2015), we fixed slope loadings for the first and last time
points for model identification and freely estimated slope loadings for all other middle time
points (T. E. Duncan et al., 2013). In the unconditional growth curve model, no covariates
were included. A sampling weight was included to handle the complex survey design. To
retain more students in the current analysis, we used a kindergarten full sample weight.
The full information maximum likelihood (FIML) method was used to handle missing data.

Second, we conducted two additional conditional growth curve models to (1) estimate
the effects of early Spanish reading and EF (working memory, cognitive flexibility, and
inhibitory control) skills on children’s initial skills and growth rate in reading achievement,
and (2) investigate the interactions among early Spanish reading and EF skills. As such,
Model 1 included Spanish early reading skills and EF skills (working memory, cognitive
flexibility, and inhibitory control) as predictors. In Model 2, we further added the interac-
tions among all these EF predictors and Spanish early reading skills to Model 1. In both
models, English oral proficiency, age, sex, and SES were all included as control variables.

All growth curve models were constructed in Mplus 8.11 (Muthén & Muthén, 2024).
Model fit of all models was evaluated using the following guidelines: the comparative fit
index (CFI) should be greater than 0.90 (Hu & Bentler, 1999) and the root-mean-square
error of approximation (RMSEA) should be less than 0.08 (Browne & Cudeck, 1993).

3. Results

Table 1 presents the descriptive statistics and Table 2 displays the correlational matrix
of all study variables. Results showed that all reading skills were significantly correlated
with each other across kindergarten through Grade 5. Spanish early reading skills and
three indicators of EF skills were all significantly correlated with reading skills throughout
elementary years, except that working memory was not correlated with spring kindergarten
reading skills. This suggests that children having higher Spanish early reading and EF
skills tended to score higher in reading. Further, in terms of control variables, English
oral proficiency was significantly correlated with reading skills in the first three years; age
was significantly correlated with reading skills at all grade levels except in kindergarten or
Grade 3; female was significantly correlated with reading skills at all grade levels; SES was
significantly correlated with Grade 4 reading.

https://doi.org/10.3390/educscil6081243


https://doi.org/10.3390/educsci16081243

Educ. Sci. 2026, 16,1243 90f 21
Table 1. Descriptive Statistics.
Variable Minimum Maximum  Missingness %  Mean SD
Kreading 32.58 86.15 2.27% 53.36 10.47
G1 reading 32.77 114.32 6.82% 74.07 15.25
G2 reading 4591 137.80 9.09% 91.90 16.22
G3 reading 65.55 144.23 11.36% 103.59 15.53
G4 reading 76.62 149.07 13.64% 113.76 1543
G5 reading 73.63 157.35 14.29% 12046  16.02
Spanish early reading skills 2.83 29.12 0.00% 12.80 5.35
Working memory 393.00 494.00 0.32% 401.04 19.14
Cognitive flexibility 0.00 18.00 0.32% 11.08 4.48
Inhibitory control 1.00 7.00 10.71% 4.65 1.32
English oral proficiency 0.00 11.00 0.00% 4.69 3.31
Age 57.57 81.93 0.65% 66.14 4.27
Female 0.00 1.00 0.65% 0.51 0.50
SES -2.33 0.40 13.64% -1.08 0.38
Table 2. Correlational Matrix.
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Kreading 1
2. Gl reading 0.64** 1
3. G2 reading 0.59*** 0.83** 1
4. G3 reading 0.53*** 0.72*** (0.85*** 1
5. G4 reading 0.54*** 0.74*** 0.82** (.84 *** 1
6. G5 reading 0.49%*** 0.70*** 0.78* (0.83*** (.84*** 1
7. Spanish earl
PAmISTCALY o0%  043%% 0.44%% 044% 046%* 051% 1
reading skills
8. Working 0.4 029%* 031™* 0.33** 030™* 036** 050** 1
memory
9. Cogniti
oghive 021% 028+ 025+ 019% 0.22%% 020%* 031** 021** 1
flexibility
10. Inhibit
PO gogme 030% 033 033 0.32%% 0.30%% 024%* 015% 026 1
control
11. English oral
MEINOEL 020% 016* 016* 011 011 010 007 —0.02 009 006 1
proficiency
12. Age 011  015** 020"  0.11 013* 0.14* 039** (023** 025** 011 011 1
13. Female 0.20** 0.22** 0.24** (023** 021* 022** 024** 006 014* 027** 0.03 0.09 1
14. SES 0.09 0.12 0.10 0.08 012* 013 0.14* 0.14* 0.05 0.04 0.00 -0.03 0.01 1

Note. * p < 0.05, ** p < 0.01, ** p < 0.001.

3.1. Unconditional Growth Curve Model

The unconditional growth curve model fits well to the data, )(2 (10) = 36.543, p < 0.001,
CFI = 0.977, except that the RMSEA (i.e., 0.093) is slightly higher than the standard cutoff.
Although the RMSEA exceeds the conventional 0.08 threshold, this index is known to be
sensitive to model degrees of freedom and can appear inflated in growth models with few
time points. Given the strong comparative fit (CFI = 0.977) and the model’s theoretical
plausibility, we deemed the overall fit acceptable and retained the free-slope unconditional
growth curve model for subsequent interpretation. Figure 1 shows the growth trajectory
of children’s reading achievement. Results from the unconditional growth curve model
showed that in the fall of kindergarten, the mean scale score of reading was 53.24; over
primary years, children’s average reading scale score increased significantly by 66.55 points
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in scale score. Using slope loadings, we estimated children’s annual growth between each
year. Children grew in their reading by 20.83 points from spring of kindergarten to spring
of Grade 1, 17.77 points from spring Grade 1 to Grade 2, and 11.51, 9.51, and 6.92 scale score
points between each year from spring Grade 2 through spring Grade 5. This suggests that
children had more accelerated growth rates in early grades and their growth decelerated in
upper elementary grades. Intercept and slope were not significantly correlated (p = 0.301).

¥ & o
Grade Level

Figure 1. Reading Growth Trajectory. Note. K = kindergarten; G = Grade.

3.2. The Roles of Early Literacy and EF Skills

Model 1 (Figure 2) including predictors and control variables fits well to the data,
X%(42) = 64.750, p = 0.014, CFI = 0.984, RMSEA = 0.042. Results showed that kindergarten
English oral proficiency (8 = 0.20, p = 0.002) and inhibitory control (8 = 0.17, p = 0.017)
significantly predicted the intercept (i.e., initial skills) of English reading in kindergarten.
Spanish early reading skills significantly predicted the slope (i.e., growth rate) of Spanish-
English emergent bilingual children’s reading skills from kindergarten through Grade 5
(B =0.44,p <0.001). In terms of control variables, being female significantly predicted the
intercept (§ = 0.14, p = 0.042). None of the other predictors showed significant associations
with reading intercept or slope.
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=005 | 0.44%%: 444

EOP SER WM CF IC

Figure 2. Conditional Growth Curve Model (Model 1). Note. K = kindergarten, G = grade, ICEPT = in-
tercept, EOP = English oral proficiency, SER = Spanish early reading skills, WM = working memory,
CF = cognitive flexibility, IC = inhibitory control. Single-headed arrows indicate regression paths or
factor loadings, whereas double-headed arrows indicate covariances among latent factors or predic-
tors. * p < 0.05, ** p < 0.01, *** p < 0.001. Coefficients from the predictors are standardized coefficients.

Model 2 including predictors, interactions among predictors, and control variables fits
well to the data, y?(54) = 84.091, p =0.005, CFI = 0.979, RMSEA = 0.043. Results revealed two
significant interactions. First, Spanish early reading skills interacted with working memory
in the prediction of Spring kindergarten reading skills (B = 0.01, p = 0.045). Second, Spanish
early reading skills interacted with inhibitory control in the prediction of the growth rate of
English reading achievement (B = —0.28, p = 0.018). We further probed those interactions
using simple slope analyses. The simple slope analysis for the working memory interaction
revealed minimal practical differences across working memory levels (Figure 3). The effect
of Spanish early reading skills on kindergarten reading skills was non-significant at all
levels of initial working memory skills (low working memory skills [1 SD below the mean]:
B =0.22, p = 0.225; mean working memory skills: B = 0.24, p = 0.196; high working memory
skills [1 SD above the mean]: B = 0.25, p = 0.170). The simple slope analysis of inhibitory
control revealed significant conditional effects of Spanish early reading skills on reading
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54

53

Predicted reading intercept

growth slope at all levels of inhibitory control (Figure 4). When inhibitory control was
low (—1 SD), the effect of Spanish early reading skills on reading growth slope was the
strongest (B = 1.30, p < 0.001). At mean levels of inhibitory control, Spanish early reading
skills continued to have a significant positive effect on reading growth (B = 1.02, p < 0.001).
When inhibitory control was high (41 SD), the effect of Spanish early reading skills on
reading growth slope remained significant but was notably weaker (B = 0.74, p < 0.001).
These results indicate that Spanish early reading skills are most predictive of reading growth
among children with lower inhibitory control abilities. Children who already possess strong
inhibitory control show a weaker association between their Spanish early reading skills
and subsequent reading growth, a pattern that may be consistent with reduced reliance
on early Spanish reading proficiency. Conversely, the stronger association among children
with lower inhibitory control may suggest that foundational Spanish reading skills are
particularly important for supporting their reading growth.

Working memory skills

& High WM (B = 0.247, p = 0.170)
® Low WM (B =0.223, p = 0.225)
- Mean WM (B = 0.235, p = 0.196)

Mean +1SD
Spanish early reading skills

Figure 3. Interaction Plot Between Spanish Early Reading Skills and Working Memory. Note.
WM = working memory, SD = standard deviation.
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60

Predicted reading growth rate

50

Inhibitory control skills
- High IC (B = 0.74***)
@ Low IC (B = 1.30***)
@ Mean IC (B = 1.02***)

Mean +1 SD
Spanish early reading skills

Figure 4. Interaction Plot Between Spanish Early Reading Skills and Inhibitory Control. Note. IC = in-
hibitory control, SD = standard deviation. *** p < 0.001.

4. Discussion

This study examined the relations between early Spanish reading skills, EF, and English
reading development among Spanish-English EB children, with particular focus on the
moderating role of EF skills in the relation between early Spanish reading skills and English
reading trajectories. Overall, the findings indicate that Spanish-English EB children’s English
reading development followed a nonlinear growth pattern from kindergarten through Grade
5, with faster growth in the earlier grades and slower growth in the later grades. Early
Spanish reading skills predicted children’s later English reading growth, while IC predicted
their initial English reading skills. In addition, IC moderated the association between early
Spanish reading skills and English reading growth, with early Spanish reading showing
a stronger relation to later English reading growth among children with lower IC. These
findings contribute to existing research on bilingual reading development by highlighting
the joint roles of Spanish literacy and EF skills in shaping English reading trajectories.
Findings also provide practical implications for screening and supporting this growing
population of Spanish-English EB learners.

4.1. Distinct Developmental Resources for Initial English Reading and Later Growth

Our first research question focused on whether early Spanish reading skills and EF
skills predicted different initial English reading and growth rate among Spanish-English
EB children. Results showed that children’s initial English reading level and later En-
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glish reading growth were associated with different developmental resources. Specifically,
kindergarten English oral proficiency and IC predicted children’s English reading skills at
kindergarten entry, whereas early Spanish reading skills predicted their English reading
growth from kindergarten through Grade 5. Bilingual children’s early English reading per-
formance appears to depend more on the skills they can use directly during English reading
tasks, including their English oral language skills and their ability to regulate attention
during reading-related tasks. In contrast, English reading growth across primary years
appears to draw more strongly on the literacy foundation children had already developed
in their home language (Spanish) before school entry.

The role of early Spanish reading skills in predicting English reading growth is
consistent with cross-language transfer perspectives, which argue that literacy knowl-
edge developed in one language can support literacy development in another language
when children have opportunities to apply shared reading-related skills across languages
(Cummins, 1979; Relyea & Amendum, 2020). In the present study, early Spanish reading
skills did not predict children’s initial English reading level, which may mean that chil-
dren’s Spanish literacy knowledge was not yet fully transferrable to support bilinguals’
English reading performance at kindergarten entry. However, as children gained more
exposure to English reading instruction, Spanish reading skills, such as print knowledge
and early decoding skills, may have become increasingly transferrable for English reading
growth. This interpretation is aligned with prior longitudinal work showing that stronger
kindergarten Spanish reading skills are linked to greater English reading growth among
Spanish-speaking bilingual students (e.g., Relyea & Amendum, 2020).

By comparison, kindergarten English oral proficiency and IC predicted Spanish—
English EBs’ initial English reading level. The important role of English oral proficiency in
English reading found in our study is consistent with both theoretical models of reading
(Hoover & Gough, 1990; Hoover & Tunmer, 2022) and empirical studies (e.g., Wagley et al,,
2022). In terms of IC, it may support reading from a cognitive and regulatory dimension
perspective, which is also consistent with reading models that place self-regulation and
executive processes within reading development (Duke & Cartwright, 2021; Kim, 2020).
However, English oral proficiency at kindergarten entry may not be sufficient to support
rapid growth in English reading across primary years, which is consistent with previous
studies on Spanish-English bilinguals (Mancilla-Martinez et al., 2011; Shen & Goodrich,
2024). Similarly, early IC may matter for early reading performance, but its role in long-
term growth may be more complex. This distinction sets the foundation for the second
research question, which examines whether EF functions as a conditional factor influencing
the association between early Spanish reading skills and English reading growth among
Spanish-English EBs.

4.2. EF as a Moderator in Cross-Language Transfer

We found that IC moderated the relation between early Spanish reading skills and
English reading growth, suggesting that early IC may be more important as a conditional
factor affecting the cross-language relation between early Spanish reading and English
reading growth, instead of serving as a direct predictor of reading growth. In other words,
although IC did not directly predict later English reading growth, it influenced how strongly
children’s Spanish literacy foundation was associated with their English reading devel-
opment over time. Because IC is closely related to attention control and the suppression
of competing information, it may matter when children need to stay focused on English
print while drawing on literacy knowledge developed across two languages (Diamond,
2013). In this way, IC may help explain why children with similar Spanish early reading
skills may follow different English reading trajectories. Specifically, we found that the as-
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sociation between early Spanish reading skills and English reading growth was stronger
for Spanish-English EB children with lower IC than for their peers with higher IC, which
may reflect a compensatory pattern. For children with relatively lower IC, Spanish reading
skills may have served as a more important resource to support cross-language transfer
because it gave them an established literacy foundation that could support learning in a new
instructional language. When bilingual children face challenges with attention regulation
during reading tasks, stronger Spanish early reading skills may provide shared foundational
literacy knowledge for engaging with English reading instruction. Comparatively, children
with higher IC may be more likely to rely on their high EF skills as a cognitive resource that
supports them in leveraging limited cross-language knowledge, thereby facilitating English
reading development when Spanish reading skills are less well developed.

By comparison, the moderating role of WM was less clear. Although the interaction
between early Spanish reading skills and WM significantly predicted the English reading
intercept, the simple slope analyses were not significant at low, mean, or high levels of
WM. This pattern suggests limited practical differentiation across WM levels and should
therefore be interpreted cautiously. One possible explanation is that WM may become more
relevant in later grades or in more comprehension-intensive reading tasks, when readers
must maintain and integrate information across multiple reading processes (Butterfuss &
Kendeou, 2018; Hwang et al., 2024; Shen, 2025b). Accordingly, the present findings do not
provide evidence of a robust conditional role of WM in initial English reading performance.

Our findings converge with prior work (Shen, 2025c) in highlighting the joint role of
cognitive and linguistic factors in bilingual reading development. However, the pattern of
interaction differs. Shen found that early Spanish reading skills were especially beneficial
for children with high initial WM capacity. In the present study, the Spanish-to-English
reading link was stronger among children with lower IC. Shen (2025c) examined the
interaction between early Spanish reading and latent class growth trajectories of WM in
predicting later academic outcomes, capturing how heterogeneity in cognitive development
shapes long-term English reading. In contrast, the present study directly predicts English
reading growth, providing a more immediate test of cross-language transfer processes.
This difference in analytic approach may partly explain the divergent interaction patterns
observed, with prior findings indicating a complementary effect and the current results
being consistent with a compensatory interpretation.

Theoretically, our finding refines cross-language transfer theory by showing that the
extent of cross-language transfer may vary across learners with different levels of EF skills.
Prior work has established that L1 literacy can support L2 reading (Cummins, 1979; Genesee
et al., 2006), but the present study adds a cognitive-regulatory dimension by highlighting
that transfer is not solely a function of linguistic knowledge. Instead, it depends on how well
children can control their responses during English reading tasks, especially when they need
to select task-relevant print or language information and filter out less relevant cues. In this
way, IC helps define the conditions under which cross-language transfer may be more or less
strongly associated with English reading growth. This perspective is consistent with meta-
analytic evidence showing that cross-language relations vary across learner characteristics
and contexts, suggesting that domain-general processes such as EF may shape the strength
of Spanish-to-English reading connections (Melby-Lervag & Lervag, 2011).

Practically, these findings suggest that early reading instruction for Spanish-English
EB children should position Spanish literacy as an active resource, particularly for children
with lower IC. Teachers can make cross-language connections more explicit by drawing
attention to shared print concepts, letter-sound correspondences, cognates, decoding strate-
gies, and morphological patterns. For example, teachers may compare Spanish and English
letter-sound correspondences using paired words, highlight cognates during vocabulary in-
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struction, and explicitly demonstrate how Spanish print knowledge can be applied when de-
coding English words. For children who need additional support with attention regulation,
these connections may be most effective when embedded within structured instructional
routines, including short task steps, visual supports, guided practice, and small-group
instruction. Teachers might use brief step-by-step decoding routines, bilingual word charts,
or visual cues to help children maintain attention while moving from Spanish print knowl-
edge to English reading tasks. Assessment can also be more asset-oriented by documenting
children’s Spanish literacy strengths alongside their English reading performance and
EF-related learning needs. Together, these approaches can support Spanish-English EB chil-
dren in leveraging the literacy knowledge they already bring while providing the structure
needed to more effectively engage with English reading instruction.

4.3. Limitations and Future Directions

The current study should be interpreted considering several limitations. First, this
study relied on secondary data from ECLS-K:2011, which was not designed specifically
to examine how executive function moderates cross-language relations between Spanish
early reading skills and English reading growth. As a result, the selection, timing, and
measurement of key variables were constrained by the existing dataset. In addition, ECLS-
K:2011 followed children who entered kindergarten in the 2010-2011 school year, and the
educational and sociolinguistic contexts for Spanish-English emergent bilingual children
may have changed since then. These contextual changes may limit the direct generalization
of the findings to current bilingual instructional settings. However, the present study focuses
on foundational developmental associations between early linguistic and cognitive skills and
later reading growth rather than on current educational policies or instructional practices.
Therefore, the findings should be interpreted as evidence of associations within a specific
cohort and historical context. Future research should use more recent and purposefully
designed longitudinal studies to examine whether similar patterns appear in contemporary
bilingual instructional settings.

Second, although the present study used longitudinal English reading data from kinder-
garten through Grade 5, the measurement of key predictors was concentrated at kinder-
garten entry. Early reading skills, executive function skills, and English oral proficiency
were primarily assessed in the fall of kindergarten and were used to predict subsequent
English reading trajectories. This design allowed the study to examine how early linguistic
and cognitive resources were associated with later reading development, but it did not
capture how these resources changed across the elementary years or how such changes were
dynamically related to English reading growth. Future research should include repeated
measures of Spanish literacy, English oral proficiency, and executive function to examine
how growth in these skills co-develops with English reading trajectories.

Third, several measurement limitations should be noted. Inhibitory control was mea-
sured through teacher ratings, whereas working memory and cognitive flexibility were
assessed through direct child assessments. Although teacher reports can provide useful
information about children’s self-regulation in classroom contexts, they may also be in-
fluenced by teachers’ subjective perceptions of children’s classroom behavior, language
proficiency, participation, and culturally shaped behavioral expectations. In addition, both
the Spanish early reading measure and the English reading outcome were based on compos-
ite scores, which prevented the study from examining whether specific component skills,
such as phonological awareness, letter recognition, print knowledge, vocabulary, or decod-
ing, played different roles in English reading growth. Future studies should use multiple
measures of inhibitory control and more targeted assessments of specific literacy skills to
better clarify the cognitive and literacy processes underlying bilingual reading development.
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Fourth, the study had limited information about children’s bilingual, family, and eco-
logical experiences. Spanish-English emergent bilingual children were treated as a relatively
homogeneous group, although they may differ substantially in Spanish exposure, English
exposure, home language use, code-switching experience, age of English exposure, and
opportunities to develop literacy in both languages. In addition, although family socioe-
conomic status was included as a control variable, the SES composite score may not fully
capture meaningful variation in children’s home and community learning environments,
such as parents’ English proficiency, availability of English and Spanish books at home,
family literacy practices, access to libraries, and opportunities for language-rich interactions.
Future research should include more detailed measures of bilingual language experience,
home literacy resources, classroom language practices, and instructional contexts to better
understand how children’s linguistic and ecological environments shape cross-language
transfer and English reading development.

Finally, the moderation findings should be interpreted with caution. The finding that
Spanish early reading skills were more strongly associated with English reading growth
among children with lower inhibitory control may reflect a compensatory pattern, but the
present study could not directly test the mechanisms underlying this association. In addition,
although the sample was drawn from a large-scale national dataset, the final analytic sample
was relatively modest for testing interaction effects, and moderation effects may be sensitive
to sample size. Missing data and potential attrition across longitudinal waves may also have
influenced estimates of reading growth, even though full information maximum likelihood
was used to handle missing data. Future research should replicate these findings in larger
samples and examine potential mediating pathways, such as decoding, vocabulary learning,
attention regulation, classroom engagement, or reading motivation, to clarify how inhibitory
control shapes the role of Spanish literacy in English reading development.

5. Conclusions

The present study contributes to research on Spanish-English EB children by showing
how early Spanish literacy and EF are connected to English reading development across
the elementary years. By following English reading trajectories from kindergarten through
Grade 5, we found that children’s initial English reading performance and later reading
growth were associated with different developmental resources. IC was related to initial
English reading performance, while Spanish early reading skills were related to growth in
English reading over time. We also revealed that IC altered the strength of cross-language
transfer, with Spanish early reading skills showing the strongest association with English
reading growth among children with lower IC, a pattern that is consistent with a compen-
satory interpretation. This pattern points to the importance of viewing Spanish literacy
as a meaningful resource in bilingual children’s reading development, especially for stu-
dents who experience greater demands in regulating attention during English reading
tasks. Our study also underscores the value of considering both linguistic and cognitive-
regulatory skills when identifying and supporting Spanish—-English EB children’s long-term
reading development.
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