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A Longitudinal Study on Bidirectional Relations between 
Executive Functions and English Word-Level Reading in Chinese 
American Children in Immigrant Families
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1Department of Psychology, University of California, Berkeley

2Graduate School of Education, University of California, Davis

Abstract

This two-wave (1.5 years apart) longitudinal study examined the bidirectional relations between 

measures of executive function (EF; working memory, attention focusing, inhibitory control, and a 

comprehensive EF measure) and two types of English word-level reading (pseudoword reading 

and word reading) among 258 school-aged children (52.6% boys, age = 5.8–9.1 years, in 1st to 3rd 

grades at Wave 1) from Chinese American immigrant families. Cross-lagged panel analyses were 

conducted to test whether the four EF measures and English word-level reading proficiency 

predicted one another controlling for prior levels of EF or word reading, as well as demographic 

characteristics and children’s English and Chinese language proficiency. We found a positive 

bidirectional association between the comprehensive EF measure and pseudoword reading. By 

contrast, although the comprehensive EF measure positively predicted word reading over time, 

word reading did not predict comprehensive EF. Additionally, both word reading and pseudoword 

reading positively predicted working memory over time. The results provided partial evidence that 

English word-level reading is bidirectionally related to EF among early elementary school-age 

dual language learners.
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Executive functions (EF), defined as higher-order cognitive skills that guide goal-directed 

behaviors (Zelazo & Cunningham, 2007), have been shown to predict long-term academic 

achievement (see Best et al., 2009 and Diamond, 2013 for reviews). Past research has found 

positive associations between EF and word-level reading in school-aged monolingual 

children (see Cartwright, 2012 for a review). However, relatively few studies have examined 

the links between EF and English word-level reading in dual language learners (DLLs, i.e., 
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children who are exposed to or learning through two languages, U.S. Department of Health 

and Human Services, 2009). In particular, the links between EF and English word-level 

reading among English-Chinese DLLs have been understudied. This gap in the literature is 

striking considering the heterogeneity of academic outcomes among Chinese Americans. 

For example, while a higher-than-average percentage of Chinese American adults held a 

bachelor’s degree, a lower-than-average percentage of Chinese Americans completed high 

school (Pew Research Center, 2012). Furthermore, previous research has found some 

cultural differences in EF development (e.g., Lan et al., 2011; Tran et al., 2015) between 

Asian/Asian American and European American children. Thus, Chinese American DLLs 

constitute an interesting population to test the generalizability of the EF-word reading links.

The present study examined the bidirectional relations between EF and two English word-

level reading skills (pseudoword and word reading) in a longitudinal study of Chinese 

American school-age children in immigrant families. We used two tasks to tap various 

subcomponents of EF: a task measuring attention focusing (also known as sustained 

attention) and inhibitory control (also known as response suppression), and a complex rule 

use task tapping working memory, inhibitory control, and cognitive flexibility. Using two 

waves of objective EF and achievement measures, we tested whether EF predicted English 

word-level reading (and vice versa) controlling for prior levels, demographic characteristics 

(e.g., family socioeconomic status/SES, child age, generation status), together with 

children’s English and heritage language (Chinese) proficiencies. Given the critical roles of 

EF and early reading proficiency for children’s later academic achievement (e.g., 

Cunningham & Stanovich, 1997), the study has educational implications for promoting 

academic achievement in children of immigrant families.

Executive Functions

Executive functions have been conceptualized as an integrated construct with separable 

components (Garon et al., 2008), although there are continuing debates regarding the 

specific subcomponents of EF (or the broader umbrella term self-regulation) and the degrees 

of independence and interrelations among the subcomponents. Studies of school-age 

children and early adolescents have generally reported low to modest correlations among 

different EF measures (e.g., Authors, 2015; Zorza et al., 2019), providing justification for 

measuring the construct’s subcomponents separately in this age group. Working memory, 

inhibitory control, and cognitive flexibility are the three subcomponents most commonly 

viewed as core EF skills (e.g., Miyake & Friedman, 2012). Working memory is the ability to 

hold information in mind while simultaneously performing other cognitive tasks (Baddeley, 

1986; Gathercole et al., 2006). Inhibitory control refers to the degree to which one can 

inhibit prepotent responses (Miyake et al., 2000; Rothbart & Bates, 2006), and can be 

assessed using tasks such as Go/No-Go (e.g., Smith et al., 2004), Stroop (Miyake et al., 

2000), or Delay of Gratification (e.g., Kochanska et al., 1996). Cognitive flexibility refers to 

the capacity to fluidly modify behavior in the face of changing situations (Davidson et al., 

2006) and is ordinarily assessed using tasks that involve complex rule use (e.g., Zelazo et al., 

2013). Attention focusing is sometimes considered an EF skill (e.g., Jacob & Parkinson, 

2015) and at other times is conceptualized as a related self-regulatory process (e.g., Lonigan 

et al., 2017). Attention focusing refers to the ability to concentrate on pertinent contextual 
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stimuli (see Garon et al., 2008 for a review) and is typically assessed using tasks such as the 

Go/No-Go (Trommer et al., 1988) or Continuous Performance Task (Riccio et al., 2002). 

The terms “attention focusing” and “attentional control” are sometimes used synonymously 

in the literature. However, attentional control often refers to the capacity to shift attention 

(i.e., cognitive flexibility) in addition to the ability to maintain attention on a stimulus (e.g., 

Arredondo et al., 2017). Though distinct from inhibitory control, attention focusing is 

thought to closely relate to and support inhibition (Rothbart & Posner, 2005). Given the 

conceptual closeness of attention focusing and inhibitory control, we consider attention 

focusing to be an EF skill alongside the other three previously identified subcomponents.

Chinese American Children in Immigrant Families

In contrast to much of the existing literature, the present study focused on Chinese American 

children in immigrant families. The Chinese American population has grown more than six-

fold since 1980 and is one of the fastest growing ethnic groups in the U.S. (Zong & 

Batalova, 2017). It has been noted that both heritage cultural orientation and bilingualism 

might have benefits for EF development in children of immigrant families. First, regarding 

cultural orientation, cross-cultural studies showed that preschoolers in China outperformed 

their North American counterparts on certain measures of EF (Lan et al., 2011; Sabbagh et 

al., 2006). Using Wave 1 data from the same sample of Chinese American school-aged 

children, Authors (2015) found that parents’ heritage (Chinese) cultural orientation was 

positively associated with children’s EF skills, suggesting potential EF benefits linked to 

heritage cultural values or culturally salient socialization practices in Chinese immigrant 

families. Second, regarding bilingualism, language has long been theorized to play an 

essential role in the development of self-regulatory skills (Vygotsky, 1962). Though debate 

on bilingualism’s relation with EF continues, a body of research suggests bilingualism may 

confer some benefits to EF development (see Bialystok, 2011 for a review). Consistent with 

theory, Authors (2019) found both heritage language and English proficiency to be 

positively associated with cognitive flexibility in a different sample of preschool-age DLLs 

from Latino and Chinese immigrant families. Similar relations between heritage language 

and English proficiency and EF were also found using Wave 2 cross-sectional data from the 

present study’s sample of Chinese American school-aged children (Authors, 2014).

Moreover, there is some theoretical reason to expect that EF might be differentially 

implicated in English reading development among monolingual and DLL children. For 

example, Gottardo et al. (2017) investigated processes underlying English word-level 

reading among adolescents in Chinese Canadian immigrant families. They divided their 

sample into two groups based on participants’ amount of English language exposure and 

observed different relations between phonological awareness and English word-level 

reading. Specifically, phonological awareness was related to word reading for the group with 

higher English language exposure. However, phonological awareness was unrelated to word 

reading among the participants with lower English language exposure. Though Gottardo et 

al. (2017) did not examine EF in their study, these findings suggest that factors related to 

multilingualism might influence the association between certain cognitive processes and 

English word-level reading, highlighting the need to test the EF-word reading links in 

English-Chinese DLLs.
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The Role of Executive Functions in Word-Level Reading

Executive functions are theorized to play a critical role in children’s advanced reading skills, 

such as fluency (e.g., Cartwright et al., 2019) and comprehension (e.g., Cartwright et al., 

2017), as well as more basic skills such as word-level reading. To decode a single word, a 

reader must simultaneously utilize and coordinate awareness of print features in addition to 

language knowledge. Multiple executive processes have been theorized to underlie word-

level reading, including sustaining attention on visual information, holding speech sounds in 

working memory (Doyle et al., 2018), inhibiting similarly spelled words when accurately 

decoding (Massol et al., 2015), and flexibly adjusting to different rule sets when decoding in 

languages with inconsistent grapheme-phoneme correspondences such as English 

(Cartwright, 2009). Indeed, positive associations between EF skills and word-level reading 

have been reported in studies of predominantly monolingual children (see Cartwright, 2012 

for a review). Yet, the relations between EF and word-level reading may vary by language 

because grapheme-phoneme correspondence complexity and rules are language-specific 

(e.g., Georgiou et al., 2020).

While some researchers have failed to find associations between EF and word-level reading 

(e.g., McClelland et al., 2014), there is a substantial body of evidence suggesting positive 

associations between EF and both English word reading and pseudoword (a novel word 

lacking any actual meaning in the lexicon) reading in predominantly monolingual samples. 

In regard to individual EF subcomponents, working memory has consistently shown positive 

associations with English word reading and pseudoword reading. Christopher et al. (2012), 

for instance, examined working memory and English word reading in monolingual children/

adolescents and found positive relations among both school-aged children (aged 8 to 10 

years) and adolescents (aged 11 to 16 years). Two recent meta-analyses, one examining 

word-level reading across a variety of languages (Ober et al., 2020) and the other focusing 

specifically on English reading (Peng et al., 2018), substantiated these findings by 

demonstrating a pattern of significant associations between word reading and working 

memory across the existing literature. Both Ober et al. (2020) and Peng et al. (2018) also 

demonstrated a comparable literature-wide pattern of significant relations between 

pseudoword reading and working memory. Of particular relevance to the present study, these 

two meta-analyses considered participant language characteristics. Ober et al. (2020) found 

that language characteristics including participants’ spoken language (English vs. non-

English), written language (alphabetic vs. non-alphabetic), and orthographic depth of 

alphabetic written language (deep vs. transparent) did not moderate the positive associations. 

After controlling for participant bilingual status and grade level, the relations reported by 

Peng et al. (2018) remained significant (though English word reading showed a stronger 

association than English pseudoword reading). These results suggest that positive 

associations between English word-level reading and working memory likely generalize to 

Chinese-English DLLs. Given such findings, we expected to find positive relations between 

working memory and English word-level reading.

Multiple studies have reported positive associations between attention focusing and (non-

English) word-level reading. Bosse and Valdois (2009) found significant relations between 

sustained attention and both pseudoword as well as word reading among French-speaking, 
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monolingual elementary school students. Likewise, Varvara et al. (2014) noted significant 

associations between sustained attention and pseudoword/word reading among Italian-

speaking, monolingual children aged 8 to 17 years. There has been relatively less evidence 

of direct relations between attention focusing and word-level reading in English. In fact, 

Arrington et al. (2014) did not find associations between attention focusing and a mixed 

measure of word and pseudoword reading in English-speaking monolingual 6th–12th grade 

students. Considering developmental changes in the relations between EF and reading 

performance suggested by researchers (see Peng & Kievit, 2020 for a review), these 

discrepant results might be due to age group differences in study samples. As children grow 

older and accumulate experience practicing literacy skills, many of these skills theoretically 

become less effortful and therefore require fewer executive resources to perform. Because 

the present study’s participants were younger and were less experienced readers than 

Arrington et al.’s (2014) sample, we expected to find positive associations between attention 

focusing and English word-level reading.

Similarly, there is considerable evidence for a positive relation between inhibitory control 

and English word-level reading during the elementary school years, at least among 

monolingual children. For example, Altemeier et al. (2008) found that inhibitory control was 

positively associated with concurrent pseudoword reading and predicted later pseudoword 

reading in 1st through 5th grade monolingual children. They also found that the development 

of inhibitory control from 1st to 4th grade positively predicted children’s pseudoword reading 

at 4th grade. Other researchers reported positive associations between inhibitory control and 

word reading proficiency among monolingual children aged 10 to 14 years (Doyle et al., 

2018; Locascio et al., 2010). Furthermore, Ober et al.’s (2020) meta-analysis reported a 

positive relation between inhibitory control and word-level reading in child and adolescent 

samples. Based on these findings, we expected to find positive relations between inhibitory 

control and English word-level reading in Chinese American DLLs.

Comprehensive measures of EF have also showed relatively consistent positive relations 

with English word-level reading among monolingual elementary school children. For 

example, using teacher-reported EF ratings, Spencer and Cutting (2020) found positive EF-

pseudoword reading relations among monolingual, English-speaking children (aged 6–8 

years). In another study of monolingual, English-speaking children in preschool to 2nd 

grade, a performance-based comprehensive measure of EF positively predicted word reading 

(Skibbe et al., 2019). Because the present study used a comprehensive EF measure that also 

taps cognitive flexibility (Baym et al., 2008), it is worth noting that Ober et al.’s (2020) 

meta-analysis showed a positive association between cognitive flexibility and word-level 

reading. Positive associations between comprehensive EF measures and word-level reading 

have also been found in English-Cantonese DLLs in Hong Kong. Specifically, using 

composite EF scores from performance-based tasks tapping working memory and inhibitory 

control, Liu et al. (2019) found that EF positively predicted English word reading from 

kindergarten to 1st grade. Thus, we expected to find a positive relation between the 

comprehensive EF measure and English word-level reading in Chinese American DLLs.
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The Role of Word-Level Reading in EF Development and Bidirectional 

Relations

Researchers have also theorized that the relations between EF and academic achievement are 

reciprocal: while children with higher EF skills tend to do better on academic tasks, children 

with higher academic skills may have greater improvement in EF because they are more 

likely to engage in learning activities that practice EF or self-regulation (Fuhs & Day, 2011; 

Stipek et al., 2010). The learning activities in which children engage in school often involve 

the use of EF skills and thereby provide frequent opportunities to develop self-regulatory 

“musculature” through practice (Evans & Stanovich, 2013; Peng et al., 2018). In support of 

the theorized positive path from academic learning to EF development, Brod et al. (2017) 

followed monolingual German 5-year-olds who entered 1st grade at different years 

depending on the proximity of birthdates to the official age cutoff and found that one year of 

formal schooling was associated with a larger improvement in performance on a 

comprehensive EF task and greater increase in activation of brain areas implicated in 

sustained attention.

Though few researchers have tested the contribution of English word-level reading to 

performance on individual EF measures among DLLs during elementary school, studies that 

tested this question among monolingual or differently aged children generally do not support 

reciprocal relations. For example, in Wagner et al.’s (1994) longitudinal study of children 

from kindergarten through 2nd grade, a combined measure of English word reading and 

nonword reading failed to predict participants’ ability to hold language sounds in working 

memory. To our knowledge, there have been no recent studies testing the specific 

contribution of English word-level reading to later working memory among elementary 

school children. However, Zhang and Malatesha Joshi (2020) found that performance on an 

English reading measure assessing a wider range of literacy skills did not predict later 

working memory among DLLs from various backgrounds in kindergarten through 3rd grade. 

Considering these previous null findings, we did not expect word-level reading to predict 

working memory.

In regard to attention focusing and inhibitory control, Dittman (2016) reported that English 

word reading did not predict teacher ratings of attention among monolingual elementary 

school students, a finding also observed among adolescents (McGee et al., 2002). In another 

study following monolingual English speakers and Spanish-English DLLs from preschool to 

kindergarten, Son et al. (2019) found reciprocal relations between inhibitory control and 

math skills, but only unidirectional relations from inhibitory control to English word 

reading. The lack of prospective relations from English word reading to attention focusing 

and inhibitory control suggests these closely related cognitive components may be less 

involved in English word-level reading, particularly as it becomes increasingly automatic as 

development progresses (Blair & Razza, 2007). Thus, we did not expect word-level reading 

to predict attention focusing or inhibitory control.

Previous studies testing bidirectional relations between comprehensive measures of EF and 

word-level reading have yielded mixed results. For example, two longitudinal studies 

following children from pre-kindergarten to kindergarten (Fuhs et al., 2014; Schmitt et al., 
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2017) and one study following children from kindergarten to 1st grade (McKinnon & Blair, 

2019) found reciprocal relations between comprehensive EF measures and math skills, but 

only unidirectional relations from EF to word reading. The majority of these studies were 

based on monolingual samples with the exception of Schmitt et al.’s (2017), which included 

Spanish-English DLLs. However, the Spanish-dominant DLLs were assessed using a 

measure of Spanish word reading. Their word reading performance was combined with the 

English word reading results in data analyses, making it difficult to develop hypotheses for 

the present study based on Schmitt et al.’s (2017) findings. In contrast, Liu et al.’s (2019) 

longitudinal study of Chinese-English DLLs in Hong Kong found significant bidirectional 

relations between EF and English word-level reading. Given the greater similarity in age and 

language characteristics between Liu et al.’s (2019) sample and the present sample, we 

expected to find bidirectional relations between word-level reading and the comprehensive 

EF measure.

The Present Study

Using two waves of data from a socioeconomically diverse sample of Chinese American 

children in elementary school, the present study aimed to explore the bidirectional relations 

between EF and two types of English word-level reading (word reading and pseudoword 

reading). The data came from an ongoing longitudinal study on children’s psychological 

adjustment and academic development in Chinese American immigrant families; the first 

two waves of the ongoing study included measures of EF and word-level reading. Multiple 

EF measures were incorporated, including specific measures of working memory, attention 

focusing, and inhibitory control, as well as a broader EF assessment tapping working 

memory, inhibitory control, and cognitive flexibility. Based on the literature, we 

hypothesized that children’s working memory, attention focusing, inhibitory control, and 

performance on the broader EF measure would positively predict English word reading and 

pseudoword reading. Given previous studies testing the inverse relation from reading or 

academic achievement to EF, we hypothesized that both types of word-level reading would 

positively predict the comprehensive EF measure, but not working memory, attention 

focusing or inhibitory control. In testing the two hypothesized models (Figure 1 and Figure 

2), we controlled for stability in EF and word-level reading, as well as potential confounding 

variables such as family SES, child age, sex, generation status, English language proficiency, 

and heritage language (Chinese) proficiency.

Methods

Participants

The sample included 258 children (52.6% boys, mean age = 7.4 years at Wave 1 or W1), age 

range = 5.8–9.1 years) and their parents who participated in the ongoing longitudinal study 

conducted in a northwestern metropolitan area of the United States (S. Chen et al., 2015; 

S.H.Chen, Zhou, Uchikoshi, & Bunge, 2014). The children attended over 80 elementary 

schools across three counties (94.5% of children were in public schools, and 5.5% were in 

private schools). The majority of children (76.4%) were second-generation (i.e., born in the 

U.S. and had at least one foreign-born parent), and the rest (23.6%) were foreign-born. By 
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contrast, the majority of parents were foreign-born immigrants from mainland China (72%), 

Hong Kong (9%), and Taiwan (3%). Only 4.3% of fathers and 1.2% of mothers were born in 

the United States. At Wave 1, the children were in first (48.8%), second (50.0%), or third 

(1.2%) grades. The average level of parental education was 13.4 years (i.e., some college 

education) with a range of 7 to 20 years (SD = 2.3). On average, the parents had spent 30% 

of their lives in the United States (the average number of years in the U.S. = 12.0, SD = 7.6, 

range = 1–38 years). Most children resided in two-parent households (92%) with the 

remaining (8%) coming from households in which parents were separated, divorced, single, 

or widowed. The participating families’ average per capita income in the past year was 

$11,608 (SD = $8,309, range = $625–$50,000), and 56% of children were eligible for free or 

reduced-price school lunches based on parent report.

At Wave 2 (W2, conducted 1.5 to 2.5 years after the child’s W1 assessment), 239 children 

were reassessed (retention rate = 93%). The children were in the third, fourth, or fifth 

grades. All children at W2 chose English as their interview/questionnaire language. Attrition 

analyses were conducted to compare the children who were assessed at both waves (N = 

239) with those who were assessed at W1 only (N = 19) on demographic (child age, gender, 

generation status, and family income and parental education) and W1 EF measures and 

academic achievement variables. Independent sample t-tests were computed to compare the 

two groups on continuous variables (age, family income, education, and EF variables), ts 

(Ns = 239 and 19) = −1.80 to 0.56, ps =.07 to .95. Pearson chi-square statistic was used to 

compare the two groups on categorical variables (gender and generation status), χ2 (df = 1) 

= .08 and .004, ps = .78 and .95. Thus, no differences were found by attrition status.

Procedures

The sample was recruited using multiple strategies, including holding recruitment fairs in 

Asian American communities (e.g., Chinatown shopping centers, Asian grocery stores, 

Asian community events; 63.6% of the sample), seeking referrals from Asian American 

organizations (19%), and recruiting at elementary schools with large concentration of Asian 

students (17.4%). Interested parents filled out a contact sheet. And a bilingual interviewer 

conducted a phone interview with the parent to determine whether the child met the 

eligibility criteria: (a) the child was in first, second, or third grade, (b) the child resided with 

at least one biological parent, (c) both biological parents identified as ethnic Chinese, (d) the 

child was either a first- or second-generation immigrant, and (e) both the child and 

participating parent could understand or speak English or Chinese (Cantonese or Mandarin). 

Of the 380 children whose parents filled out a contact sheet, 353 were screened, 291 were 

eligible, and 258 completed the W1 assessment.

All research procedures were approved by the Institutional Review Board at University of 

California, Berkeley(Protocol title: “The risk and protective factors for mental health 

adjustment in 1st and 2nd generation Chinese American immigrant children”). At both 

waves, the child and one parent participated in a 2.5-hour laboratory assessment, which 

included one-on-one child achievement and neuropsychological tests, parent-child 

interaction tasks, and parent questionnaires. Because mothers were asked to participate in 

the lab assessment whenever possible, the majority of children (82% at W1, 80% at W2) had 
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mothers as the participating parents, and 18% of children at W1 and 20% children at W2 had 

fathers as the participating parent. All written consent and assent materials were available in 

English, simplified Chinese, or traditional Chinese. The assessment and questionnaires were 

administered in the parents’ and children’s preferred languages. The majority of parents 

(77% at W1 and 74% at W2) completed the questionnaires in Chinese, and the majority of 

children (95% at W1 and 100% at W2) completed the questionnaires in English. Based on 

parent report, at least some Chinese language was spoken at home for 99% of children at 

both Wave 1 and Wave 2. After the lab visit, the child’s classroom teacher completed a 

teacher questionnaire by mail. Parents and teachers received payment and children received 

small prizes.

Measures

The present study used data from child EF, academic achievement, and language tasks, as 

well as items from parent and teacher questionnaires. Measures that had not been previously 

used in Chinese-speaking samples (i.e., the family demographics questionnaire, and verbal 

instructions for EF measures (the Go/No-Go task and the complex rule use task) were 

translated, back-translated, and piloted following the procedures outlined by Knight et al. 

(2009). Because some children received the verbal instructions for the EF tasks in Chinese at 

W1 (Ns = 17 and 16 for Go/No Go and complex rule use, respectively), we compared their 

performance to the performance of children who received instructions in English (Ns = 228 

and 229), and no differences were found.

Executive functions (W1 & W2).—Attention focusing and inhibitory control were 

assessed using a computerized Go/No-Go task (Eriksen & Eriksen, 1974). Children were 

presented with a sequence of images and instructed to press a button only when the target 

stimulus appeared onscreen. A lack of response to the target stimulus (i.e., omission error) is 

thought to reflect weakness in attention focusing, while responding to non-target stimuli 

(i.e., commission error) is considered evidence of weakness in inhibitory control (Barkley, 

1991; Halperin et al., 1988). Because trial-level data were unavailable for the full sample, 

data from a subsample were used to analyze task reliability. Reliability was evaluated by 

calculating Guttman’s lambda 4 split-half reliability coefficient, which is considered a more 

accurate measure of internal consistency than Cronbach’s alpha (Sijtsma, 2008). Guttman’s 

lambda 4 reliability coefficient for the computerized Go/No-Go task was 0.81.

Working memory and comprehensive EF were assessed with a complex rule use computer 

task by Baym et al. (2008) that jointly tapped working memory, inhibitory control, and 

cognitive flexibility. A variety of researchers have used versions of this task with school-

aged children (Church et al., 2017; Tharp et al., 2015; Wendelken et al., 2012). In this task, 

participants were presented with on-screen stimuli (i.e., images of fish selected from an 

animated film) and were taught to respond with a particular button press depending upon a 

given image’s associated rule cue of Color (red or blue) or Direction (left or right). During 

Direction trials, participants were asked to press either a left or right button depending on the 

orientation of the on-screen image. Color trials involved participants pressing one button 

when presented with a red image and another for a blue image. The rule cue for any given 

trial either differed from that of the preceding trial (Switch trial) or remained the same 
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(Repeat trial). Trials were additionally classified as either “Incongruent” (requiring divergent 

responses depending upon the associated rule cue) or “Congruent” (requiring the same 

response regardless of the rule cue). Each image’s visual features and relevant rule cue 

changed at random intervals requiring dynamic rule implementation.

During each trial, the pertinent rule cue (“Direction” or “Color”) was presented onscreen for 

2300 ms prior to the appearance of the stimulus for 1500 ms. For a participant taught to 

press the left button in response to a blue image when the trial’s rule cue was Color, an 

example of an Incongruent-Switch trial would be one in which the rule cue was Color, a 

right-facing blue image was presented, and the previous trial’s rule cue had been Direction. 

The correct response during this trial would be a left button press despite the incongruence 

with the Direction rule cue. For this participant, an example of a Congruent-Repeat trial 

would be one in which the rule cue was Color, a left-facing blue image was presented, and 

the previous trial’s rule cue had also been Color. The correct response during this trial would 

be a left button press, congruent with the Direction rule cue. Children first engaged in a 32-

trial practice session during which the experimenter would remind the child of the correct 

response if it had not been provided. Subsequently, children completed a 98-trial testing 

session free of feedback. Accurate responses during Incongruent-Switch trials required 

cognitive flexibility, inhibitory control, as well as working memory (due to the arbitrary 

association between response and Color rule). Therefore, children’s accuracy percentage on 

the Incongruent-Switch trials was used as a broad indicator of EF. The split-half reliability 

(computed as Guttman’s lambda 4 reliability coefficient) for the Incongruent-Switch trials 

was 0.81. Children’s percentage of accuracy on Congruent-Repeat trials was used as an 

indicator of working memory, because these trials merely required participants to remember 

the task rules (i.e., goal maintenance). Indeed, working memory capacity was predictive of 

the ability to maintain a novel goal in 4-and 6-year-old children (Marcovitch et al., 2010). 

The Guttman’s lambda 4 reliability coefficient for the Congruent-Repeat trials was 0.96.

English word-level reading (W1 & W2).—Two subtests from the Woodcock-Johnson 

Tests of Academic Achievement III (WJ III ACH; Woodcock et al., 2001) were used. The 

Letter-Word Identification subtest, in which children are asked to read and name real words 

from a list, is a measure of word reading. The Word Attack subtest, in which children are 

asked to read non-words, is a measure of pseudoword reading. The WJ III ACH has been 

validated in culturally diverse samples with well-documented reliability and construct 

validity: individual subtests have yielded reliabilities of 0.80 or higher in ethnically diverse 

samples (Woodcock et al., 2001). It is standardized with a mean score of 100 and a standard 

deviation of 15. Age-standardized scores were used in data analysis.

Heritage language (Chinese) proficiency and English language proficiency 
(W2).—Children were administered the Chinese version of the Peabody Picture Vocabulary 

Test-Revised (Lu & Liu, 1998), which assesses their receptive vocabulary in Mandarin or 

Cantonese. For each test question, participants were presented with four pictures and asked 

to point to the one corresponding to the word uttered by the assessor. The reported internal 

consistency of the test in native Chinese-speaking children ranged from .90 to .97 (Lu & 

Liu, 1998). The standardized scores were used in analyses (range = 2 to 119). Children’s 
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English language proficiency was rated by two items on parent questionnaire (“How well 

does your child speak English” and “How well does your child understand spoken English”, 

both rated on a 5-point scale from 1 = extremely poorly to 5 = very well, Ms = 4.08 and 

4.06, SDs = 0.68 and 0.69) and one item on teacher questionnaire (“For this child’s grade 

level, how would you rate this child’s English language skills”, rated on a 5-point scale from 

1 = far below grade level to 5 = far above grade level, M = 3.31, SD = 0.91). The alpha for 

the three-item scale is .64. Thus, a composite score of English language proficiency was 

created by averaging the standardized scores across the three items.

Family Demographic characteristics (W1).—Parents filled out the Family 

Demographic and Migration History Questionnaire adapted from a similar measure used for 

Mexican immigrant families (Roosa et al., 2008). It included questions on parental 

education, family income, and the child’s generation status. We computed a family SES 

index by first averaging maternal and paternal education and then averaging the standardized 

scores of parental education and per capita income.

Results

Data analyses were conducted in two steps. First, correlation analyses were used to identify 

the covariates for testing the associations between EF and word-level reading. Second, to 

test the bidirectional relations between EF and English word reading, two cross-lagged panel 

analysis models were tested: one for word reading (Figure 1), and one for pseudoword 

reading (Figure 2). The effects of covariates on W2 EF and word-level reading variables 

were controlled.

Correlations between Covariates and Study Variables

Descriptive statistics for continuous study and demographic variables are presented in Table 

1. The variables were screened for normality. Based on recommended high skewness and 

kurtosis cutoffs of 2 and 7 respectively (West et al., 1995), omission errors on Go/No-Go 

task (measuring weakness in attention focusing) at both waves were positively skewed and 

had high kurtosis, indicating that most children made few errors. Moreover, Congruent-

Repeat accuracy (measuring working memory) at both waves were negatively skewed and 

had high kurtosis, indicating most children had high performance on this task. Because of 

the presence of nonnormally distributed variables, we used robust estimation in testing 

cross-lagged panel models. The sample means for standardized scores of word-level reading 

were 114 and 112 at W1 and 109 and 107 at W2.

The pairwise correlations of all study and demographic variables are presented in Table 2. 

The following demographic variables showed significant correlations with both EF and word 

reading measures: child age, sex, generation status, family SES, W2 English proficiency, and 

W2 Chinese proficiency. Based on these results, the six demographic variables were 

included as covariates in cross-lagged panel analysis.
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Testing the Bidirectional Relations between EF and Word-Level Reading

Two cross-lagged panel analysis models were specified to test the study’s hypotheses. The 

first model tested the relations between EF and word reading (Figure 1), and the second 

model tested the relations between EF and pseudoword reading (Figure 2). In both models, 

three sets of paths were specified: (a) the autoregressive paths predicting W2 EF or word-

level reading from their W1 counterparts, (b) the cross-lagged paths predicting W2 reading 

from W1 EF variables, and (c) the cross-lagged paths predicting W2 EF variables from W1 

reading scores. In both models, we controlled for the effects of demographic variables 

(family SES, child age, sex, generation status, and W2 English and Chinese proficiency) on 

W2 EF and reading variables (these covariates are not displayed in the figures to maintain 

readability). In addition, as recommended by Little (2013), the residual variances of 

variables from the same wave were allowed to be correlated with one another. The models 

were tested in Mplus 8.1 (Muthén & Muthén, 1998–2017) using full information maximum 

likelihood method to handle missing data. Due to the presence of nonnormally distributed 

variables, the Maximum Likelihood Robust (MLR, Muthén & Muthén, 1998–2017) 

estimator was used to adjust for correction of standard errors. Hu and Bentler (1999) 

suggested the cutoffs of comparative fit index (CFI) ≥ 0.95, root-mean-square error of 

approximation (RMSEA) ≤ 0.06, and standardized root-mean-square residual (SRMR) ≤ 

0.08 as the criteria for a relatively good overall fit.

The model testing the relations between EF and word reading fit the data well based on the 

guidelines by Hu and Bentler (1999), χ2(df = 9, N = 205) = 17.55, p = .29, CFI = .99, 

RMSEA = .029, and SRMR = .036. As shown in Figure 1, all the autoregressive paths were 

significant in the positive direction, with the exception of the autoregressive path for 

working memory (which was marginally significant). This suggests there is cross-time 

consistency in rank-order of most EF measures and word reading. With regard to the effects 

of covariates, family SES and English proficiency both had unique and positive relations to 

W2 word reading (ps = .047 and .041), and child age had a unique and negative relation to 

W2 word reading (p < .001). Controlling for autoregressive paths and covariates, there were 

two significant cross-lagged paths: 1) the positive path from W1 comprehensive EF to W2 

word reading (p = .027), and 2) the positive path from W1 word reading to W2 working 

memory (p = 0.03).

The model testing the relations between EF and pseudoword reading also fit the data well, 

χ2(df = 20, N = 205) = 20.17, p = .45, CFI = .999, RMSEA = .006, and SRMR = .038. As 

shown in Figure 2, the autoregressive paths were significant in the positive direction, with 

the exception of the autoregressive path for working memory (which was marginally 

significant). Among the covariates, child age had a unique and negative path to W2 

pseudoword reading (p < .001). Controlling for autoregressive paths and covariates, there 

were three significant cross-lagged paths: 1) the positive path from W1 comprehensive EF to 

W2 pseudoword reading (p = .011), 2) the positive path from W1 pseudoword reading to W2 

comprehensive EF (p = .027), and 3) the positive path from W1 pseudoword reading to W2 

working memory (p = .018).
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Discussion

This study used two waves of data from an ongoing longitudinal study to explore 

bidirectional relations between EF and English word-level reading during early elementary 

school years in dual language learners from Chinese American immigrant families. We 

hypothesized that all four measures of EF would positively predict pseudoword reading and 

word reading. We furthermore hypothesized that both types of word-level reading would 

positively predict the comprehensive EF measure but not working memory, attention 

focusing, or inhibitory control. These hypotheses were partially supported. Only 

comprehensive EF uniquely and positively predicted pseudoword reading and word reading. 

Pseudoword reading positively predicted comprehensive EF and working memory over time. 

By contrast, word reading only positively predicted working memory over time. Thus, we 

found some evidence of a bidirectional relation between EF and English pseudoword 

reading controlling for stability among Chinese-English DLLs during the early elementary 

school period.

The non-significant paths from W1 working memory to W2 word-level reading and 

significant paths from W1 word-level reading to W2 working memory run counter to our 

expectations. Given the robust evidence of relations between working memory and English 

word-level reading among both monolingual and DLL children (e.g., Christopher et al., 

2012; Ober et al., 2020; Peng et al., 2018), the lack of significant findings may be due to our 

working memory measure. Mean participant scores on our working memory measure were 

quite high, suggesting the likely presence of a ceiling effect. This may have limited our 

ability to detect an association from working memory to later word-level reading. Though 

the significant paths from word-level reading to later working memory are at odds with 

previous null findings in the literature (e.g., Wagner et al., 1994), as previously noted, there 

is a dearth of recent research testing the specific contribution of English word-level reading 

to later working memory among children in elementary school. Recent studies have tended 

to assess multiple literacy skills simultaneously (e.g., Zhang & Malatesha Joshi, 2020), 

rendering it difficult to ascertain the specific contributions of word-level reading specifically. 

More work is needed to determine whether prospective relations from English word-level 

reading to working memory exist among children from other language groups and whether 

there indeed might be a bidirectional relationship between working memory and English 

word-level reading in this age group.

Though there were significant correlations between attention focusing and word reading at 

W2 (see Table 2), W1 attention focusing did not have a unique relation to W2 word reading 

after controlling for comprehensive EF. While Arrington et al. (2014) noted that sustained 

attention is required to maintain an active representation of the text being read, their 

observation of its significant contribution to comprehension but not word reading suggested 

that attention focusing may be more important for multi-word reading processes that require 

increased text representation maintenance than for single-word reading. Both the Letter-

Word Identification task and the Word Attack task require the child to read one word at a 

time. Also, these tasks are relatively short and do not impose a high demand on children’s 

sustained attention. Thus, it is not surprising that attention focusing plays a relatively minor 

role in children’s word-level reading processes, especially in a sample of typically 
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developing children. Considering our null results together with previous findings of 

significant associations between attention focusing and non-English word-level reading 

(Bosse & Valdois, 2009; Varvara et al., 2014), an additional interpretation is that sustained 

attention might play a relatively small role in English word-level reading specifically. The 

lack of prospective relations from word-level reading to attention focusing aligns with the 

previously reviewed literature (Dittman, 2016; McGee et al., 2002).

The lack of prospective relations from word-level reading to inhibitory control is similarly 

expected given previous findings (e.g., Son et al., 2019). However, the absence of significant 

correlations between inhibitory control and word reading stands in contrast to the work of 

Altemeier et al. (2008), Doyle et al. (2018), and Locascio et al. (2010), which all reported 

positive associations between English word-level reading and inhibitory control. In light of 

Ober et al.’s (2020) meta-analysis, the lack of observed relations between inhibitory control 

and word-level reading is even more notable. Though Ober et al. (2020) found that spoken 

and written language characteristics did not moderate positive relations, they did not 

evaluate participants’ multilingualism. Compared to the relative abundance of previous work 

investigating working memory, there has been less research exploring English word-level 

reading’s relations to inhibitory control among DLLs. Consequently, the lack of significant 

relations between inhibitory control and English word-level reading may be unique to DLLs.

Our finding that the comprehensive EF measure predicted both word and pseudoword 

reading is consistent with the extant literature. Despite the lack of unique associations 

between word-level reading and the individual EF subcomponents assessed in the present 

study, our findings replicated previous results showing that EF more broadly supports 

English decoding. Broad measures of EF have been relatively consistently linked to higher 

English word-level reading accuracy during the elementary school years both among 

monolingual English speakers (e.g., Skibbe et al., 2019; Spencer & Cutting 2020) and DLLs 

(e.g., Liu et al., 2019). The present study extended Liu et al.’s (2019) work by showing that 

comprehensive EF predicted English pseudoword reading as well as word reading among 

English-Chinese DLLs, suggesting that EF relates to English decoding generally (as 

opposed to individual word-level reading sub-processes) in this age group.

The observed bidirectional relations between comprehensive EF and English word-level 

reading among DLLs in elementary school is also consistent with the findings of Liu et al. 

(2019). We are unable to directly compare our specific findings because pseudoword reading 

was not assessed in Liu et al.’s study (2019). In contrast to Liu et al. (2019), we did not 

observe reciprocal relations between EF and English word reading, which may be due to 

differences in the word reading and EF measures used in the two studies. Yet, in comparison 

to the null findings among largely monolingual children (Fuhs et al., 2014; McKinnon & 

Blair, 2019; Schmitt et al., 2017), both our study and Liu et al.’s (2019) found some 

evidence for bidirectional relations between EF and word-level reading in Chinese-English 

DLLs. As suggested by Gottardo et al.’s (2017), factors related to multilingualism might be 

associated with differential relationships between certain cognitive variables and English 

word-level reading. Though research shows that the academic trajectories of Chinese 

Americans differ from other groups (Pew Research Center, 2012), more work is needed to 
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explain how and why this is the case. Future research needs to replicate the present study’s 

findings with other DLL samples.

The significant reversed relations from word reading to working memory and from 

pseudoword reading to both comprehensive EF and working memory are consistent with the 

general theory that learning-related processes such as reading can further promote children’s 

EF development (Fuhs & Day, 2011; Stipek et al., 2010). Previous findings showed that 

schooling broadly can improve EF (Brod et al., 2017). Our finding suggested that decoding 

might be one element of schooling that promotes EF, at least among DLLs during early 

elementary school. Future research can test this hypothesis using experimental designs.

We controlled for several family demographic and child characteristics that might confound 

the relations between EF and word-level reading, including family SES, child age, sex, 

generation status, English and heritage language (Chinese) proficiency. Although these 

variables had significant correlations with EF or word reading, only three covariates showed 

unique relations to EF or word-level reading in the longitudinal models: family SES, English 

proficiency, and child age. The positive path from family SES to W2 word-level reading is 

consistent with the extensive body of research showing positive relations between academic 

achievement and family SES (Sirin, 2005). The positive relation between children’s English 

oral proficiency (rated by parents and teachers) and W2 English word-level reading is 

expected and suggests that the more acculturated (especially in domain of English 

proficiency) children of immigrant families displayed more advanced English reading 

development compared to the less acculturated children. Finally, the negative relations 

between children’s age and their age-standardized scores on English word reading and 

pseudoword reading suggested that compared to the younger children, the older children in 

our sample performed worse than their same-age peers on standardized read tests. This 

finding echoed the longitudinal finding from a national sample that children of East Asian 

immigrant families showed declining reading scores relative to their peers between 

kindergarten and 3rd grade, which might be driven by children of other immigrant and non-

immigrant groups improving in their reading scores over time (Han, 2008).

Limitations and Directions for Future Research

This study has several limitations. Firstly, our study focused on dual language learners in 

Chinese American immigrant families, which somewhat limits the generalizability of our 

findings to other populations. Future research needs to replicate the results in other cultural 

or language groups or ethnically diverse samples. Second, we only measured Chinese and 

English proficiency at Wave 2. And English proficiency was measured by parent and teacher 

ratings (rather than an objective language test). This constrained our capacity to evaluate the 

prospective relation of bilingual proficiency to later EF development. Third, the high 

skewness and kurtosis on some EF measures (e.g., measures of attention focusing and 

working memory) suggested that those tasks might be too easy for participants in our study, 

although these measures showed some significant correlations with word reading and/or 

other EF measures. As previously noted, the lack of prospective relations from working 

memory to word-level reading is at odds with the literature. To better assess whether our null 

working memory findings are due to weakness in our measure, future studies should employ 
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more commonly used and robust measures of working memory. Fourth, we did not measure 

phonological awareness because it was not a key study construct of the ongoing larger 

longitudinal investigation. Given previous research suggested that phonological awareness 

might mediate the links between EF and literacy development (ten Braak et al., 2018), future 

research should examine the roles of phonological awareness in the development of EF and 

word-level reading in DLLs. Lastly, despite the significant bidirectional path coefficients 

between comprehensive EF and word reading, it is important to note that the zero-order 

correlations among these constructs are small in effect size (rs ranged from .12 to .24). Thus, 

suppression effects, which are indicative of measurement errors, might have affected the 

results.

The finding on the bidirectional association between general EF and English pseudoword 

reading suggests: 1) there may be differences in EF – English word-level reading 

associations between monolingual and DLL children in elementary school, and 2) there is 

empirical rationale to test a causal relationship from word-level reading to EF. Moreover, as 

prior research found support that family engagement in heritage culture and children’s 

heritage language or bilingualism might be beneficial for children’s EF development in 

Chinese American immigrant families (Authors 2014, 2015, 2019), the present study 

extends this work to further suggest that future research can explore whether interventions 

promoting these culture-salient asset factors might be a pathway to promote academic 

success in children of immigrant families.
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Highlights

• Four measures of executive functions and two types of English word-level 

reading were assessed in a two-wave study of Chinese American school-aged 

children

• The comprehensive executive function measure positively predicted 

pseudoword reading, and pseudoword reading also positively predicted 

comprehensive executive function, showing bidirectional relations

• The comprehensive executive function measure positively predicted word 

reading. However, word reading did not predict comprehensive executive 

function

• Although working memory did not predict word-level reading, both 

pseudoword reading and word reading positively predicted working memory

• Attention focusing and inhibitory control did not have unique relations to 

word-level reading
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Figure 1. 
The cross-lagged panel model testing bidirectional relations between EF and word reading. 

Notes. The numbers above parentheses are unstandardized path coefficients, the numbers 

inside parentheses are standardized path coefficients. Hypothesized but statistically 

nonsignificant paths are displayed in dashed lines. The effects of covariates (child age, sex, 

generation status, family SES, English proficiency, and Chinese proficiency) on W2 EF and 

word reading were controlled but not displayed in the figure. W1 = Wave 1, W2 = Wave 2. 

*p < .05. **p < .01, ***p < .001.
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Figure 2. 
The cross-lagged panel model testing bidirectional relations between EF and pseudoword 

reading. Notes. The numbers above parentheses are unstandardized path coefficients, the 

numbers inside parentheses are standardized path coefficients. Hypothesized but statistically 

nonsignificant paths are displayed in dashed lines. The effects of covariates (child age, sex, 

generation status, family SES, English proficiency, and Chinese proficiency) on W2 EF and 

pseudoword were controlled but not displayed in the figure. The path from W1 working 

memory to W2 pseudoword reading cannot be estimated due to problem with model 

convergence. W1 = Wave 1, W2 = Wave 2. *p < .05. **p < .01, ***p < .001.
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