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Longitudinal Relations Between Self-Regulatory Skills and 
Mathematics Achievement in Early Elementary School Children 
from Chinese American Immigrant Families

Ezra Mauer1, Yuuko Uchikoshi2, Silvia Bunge1, Qing Zhou1

1.Department of Psychology, University of California Berkeley, 2121 Berkeley Way, Berkeley, CA 
94720, USA

2.School of Education, University of California Davis, Davis, CA 95616, USA

Abstract

Drawing from two waves (approximately 1.5-2.5 years apart) of longitudinal data, the current 

study investigated the bidirectional associations between self-regulatory skills and mathematics 

achievement among a socioeconomically diverse sample of school-aged Chinese American 

children from immigrant families (N = 258, 48.1% girls, age = 5.8-9.1 years, 1st to 3rd grades 

at Wave 1). Children’s self-regulatory skills were assessed with task-based measures of attention 

focusing, inhibitory control, behavioral persistence, and comprehensive executive function, as well 

as parent- and teacher- reported effortful control. Multiple regressions showed that behavioral 

persistence and parent-reported effortful control positively predicted math achievement over time. 

Math achievement positively predicted comprehensive executive function over time. These effects 

were found controlling for child age, sex, generation status, family socioeconomic status, parents’ 

cultural orientations, and prior levels of math achievement or self-regulation. The prospective 

relation of math achievement predicting comprehensive executive function remained significant 

after a false discovery rate correction.

Keywords

self-regulatory skills; executive function; effortful control; math achievement; Chinese American 
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Poor academic achievement is associated with crippling consequences including lowered 

occupational attainment, heightened psychopathology, and increased substance use (Henry 

et al., 2012; Masten et al., 2005; Mirowsky & Ross, 2003). While self-regulatory processes 

facilitating goal-oriented thought and behavior (Karoly, 1993) are often studied as key 

predictors of academic achievement (mathematics in particular), evidence suggests that 

self-regulation and achievement are bidirectionally related (Clements et al., 2016; Fuhs et 

al., 2014; Mägi et al., 2016; Sánchez-Pérez et al., 2018; Schmitt et al., 2017). Single-method 
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studies of self-regulatory skills remain common despite calls for better methodological 

integration, leading to what has been termed “measurement mayhem” (Morrison & 

Grammer, 2016). Furthermore, the links between math achievement and self-regulatory 

skills are understudied among Chinese American children in immigrant families. This is 

notable given the inconsistency with which these links have been found among children in 

China compared to their Western counterparts (e.g., Fung et al., 2020; Lan et al., 2011). 

The inconsistent findings highlight the need to better understand whether culture-related 

processes may affect the link between self-regulation and math achievement. Therefore, 

multi-modal study of the relations between self-regulation and math achievement in Chinese 

American children from immigrant families attending U.S. schools enables us to: 1) test 

the generalizability of developmental theory on self-regulation, 2) investigate whether and 

how the roles of self-regulation in math development vary across contexts, and 3) clarify 

the best self-regulatory predictors of math achievement beyond traditional methodological 

boundaries.

The present study examined the bidirectional relations between self-regulation and math 

achievement in a longitudinal study of Chinese American school-age children from 

immigrant families. We used multiple task-based and questionnaire measures of self-

regulatory skills. Using two waves of data, we tested whether self-regulation and math 

achievement predicted one another controlling for prior levels as well as theoretically 

supported demographic/sociocultural characteristics (child age, sex, generation status, 

family socioeconomic status/SES, and parent cultural orientations).

Self-Regulation

Self-regulatory processes allow individuals to guide their goal-oriented cognition and 

behavior across time and contextual circumstances (Karoly, 1993). Executive function (EF) 

and effortful control (EC) constitute two major self-regulatory constructs in research on 

children and adolescents. These two constructs have been largely studied separately as they 

emerged from distinct disciplinary literatures, which has obscured potential methodology-

associated differential contributions to outcomes such as mathematics achievement (Sulik et 

al., 2016; Zhou et al., 2012).

EF is typically conceptualized as a unitary construct composed of multiple interrelated 

cognitive processes (Garon et al., 2008). Three commonly studied EF processes include 

working memory, inhibitory control, and cognitive flexibility (e.g., Diamond, 2013). 

Working memory is the ability to actively hold information in mind and manipulate it 

(Baddeley, 1986; Gathercole et al., 2006). Inhibitory control is the ability to inhibit prepotent 

responses (Miyake et al., 2000). Cognitive flexibility is the capacity to modify cognition 

and behavior in the face of changing contextual demands (Davidson et al., 2006). Other 

cognitive processes less commonly classified as EFs include attention focusing (alternately 

termed sustained attention), which refers to the ability to sustain attention on pertinent 

contextual stimuli (Garon et al., 2008). Attention focusing is occasionally considered an EF 

(e.g., Jacob & Parkinson, 2015), but is more often considered a component of EC. EC is 

an aspect of temperament associated with the self-regulation of behavior (Chen et al., 2015; 

Zorza et al., 2019). Like EF, EC is thought to encompass multiple interrelated components 
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including attention focusing, inhibitory control, attention shifting (largely akin to cognitive 

flexibility), conflict resolution, error detection/correction, and action planning (Rothbart & 

Bates, 2006).

Despite the conceptual overlap between EF and EC, the two constructs have historically 

been studied using different assessment methods (Zhou et al., 2012). EF skills are typically 

measured using cognitive tasks administered in the laboratory, whereas EC is commonly 

measured by parent or teacher questionnaire ratings of children’s everyday behavior 

(Diamond, 2013). Empirical studies have reported modest associations between task-based 

and questionnaire measures of self-regulation (e.g., Soto et al., 2020), which suggests 

the methodological difference is empirically meaningful. Task-based and questionnaire 

measures of self-regulation may map onto separate theorized mechanisms through which 

self-regulatory processes are involved in math development.

The Role of Self-Regulatory Skills in Math

Self-Regulation During Mathematical Operations and Task-Based Measurement

Self-regulatory skills are critical for the development of mathematical abilities because 

multiple self-regulatory skills are employed when children attempt to solve math problems 

(see Best et al., 2009 and Clements et al., 2016 for reviews). Specifically, children must 

sustain their attention on pertinent information (attention focusing) and hold it in mind while 

solving the broader math problem (working memory). Inhibitory control is employed when 

children need to ignore salient yet extraneous information and inhibit unproductive strategies 

or incorrect responses. Clements and colleagues (2016) pose the following word problem to 

illustrate, “There were six birds in a tree. Three birds already flew away. How many birds 

were there from the start?” Attending to the birds flying away may inappropriately lead to 

use of subtraction, which must be inhibited as a strategy to correctly solve the problem. 

Cognitive flexibility is required to switch between solution strategies and attend to multiple 

aspects of a math problem (e.g., reconsidering the numerical entity of 2/3 as 4/6 when 

attempting to add it to 5/6).

Lab-based cognitive tasks and behavioral measures of self-regulation are well-suited 

for illustrating the direct associations between self-regulation and math achievement 

(particularly when measured by achievement tests instead of school grades). This is because 

they capture relatively pure information about one’s self-regulatory capacities in an optimal 

setting (Gerst et al., 2017; Toplak et al., 2013). Indeed, researchers have found positive 

associations between performance on math achievement tests and lab-based cognitive 

measures of attention focusing (e.g., Anobile et al., 2013; Commodari & Di Blasi, 2014; 

Dulaney et al., 2015) and inhibitory control (e.g., Agostino et al., 2010; Blair & Razza, 

2007; Fuhs et al., 2015; Monette et al., 2011; Verdine et al., 2014) in preschool- to school-

aged children.

Behavioral measures of self-regulation tapping multiple self-regulatory skills have likewise 

shown positive associations with math achievement. For instance, the Head-to-Toes Task is 

theorized to tap attention, inhibition, and working memory (Cameron Ponitz et al., 2008). 

The Head-Toes-Knees-Shoulders Task (McClelland et al., 2014) resembles the Head-to-Toes 
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Task but also captures cognitive flexibility and more heavily taps working memory due to 

an increased number of rule sets. Performance on both tasks has been shown to positively 

predict subsequent math achievement during preschool, kindergarten, and elementary school 

(Hernández et al., 2018; McClelland et al., 2007; McClelland et al., 2014; von Suchodoletz 

& Gunzenhauser, 2013). Eisenberg and colleagues (2001, 2005) developed a measure of 

behavioral persistence using a mildly frustrating problem-solving task (puzzle box task), 

which is theorized to tap both attention focusing and inhibitory control (Zhou et al., 2007). 

Prior analyses of Wave 1 data from the present longitudinal study found positive, concurrent 

associations between the behavioral persistence measure and math achievement at ages 6 

to 9 years (Chen et al., 2015). Although behavioral persistence on the puzzle box task 

has not otherwise been studied in relation to math achievement, another study assessed 

children’s persistence using a series of cognitive tasks at age 3 and found it to predict math 

achievement at age 5 (Martin et al., 2013).

Broader Behavioral Regulation and Questionnaire-Based Measurement

Self-regulatory skills can also enhance math proficiency by promoting children’s appropriate 

classwork/homework-related behavior and adaptive interpersonal behaviors in classrooms. 

Specifically, self-regulatory skills enable children to stick to and complete academic 

tasks despite fatigue or distraction and promote their internalization of math instruction 

(Blair & Razza, 2007; Clements et al., 2016; Neuenschwander et al., 2012). Moreover, 

self-regulation can foster students’ adaptive interpersonal behaviors, strengthening their 

relationships with peers and teachers (Wentzel & Ramani, 2016; Zorza et al., 2019). This, 

in turn, may make others more effective resources for academic help and promote students’ 

academic motivation and school attachment. Questionnaire ratings of everyday behavior 

are suitable for investigating these pathways as they capture observable deployment of 

self-regulatory skills across contexts, affective states, and in service of both academic and 

interpersonal goals (Gerst et al., 2017; Zorza et al., 2019). Indeed, there is evidence of 

positive relations between questionnaire measures of self-regulation (including ones tapping 

the subcomponents assessed by the present study’s rating scales) and math achievement 

during the pre-/elementary school periods (e.g., Blair & Razza, 2007; Blair et al., 2015). 

Additionally, children’s social behavior and peer status have been found to mediate 

the positive associations between questionnaire ratings of self-regulation and academic 

achievement (Zorza et al., 2013, 2019).

Bidirectional Relations Between Self-Regulation and Math Achievement

While self-regulatory skills are theorized to shape math development, math achievement is 

also theorized to shape the development of self-regulation. As with exercise and muscle 

development, using self-regulatory skills in daily activities is thought to strengthen one’s 

self-regulatory “musculature” (Peng & Kievit, 2020). Specifically, children’s self-regulatory 

musculature can be exercised through engaging in academic tasks (including math-related 

learning exercises; Clements et al., 2016; Evans & Stanovich, 2013; Peng et al., 2018). On 

the other hand, children who encounter academic difficulty due to lower math proficiency 

may become less engaged in their learning (Hughes et al., 2008). This may lead to less 

time and effort pursuing academic tasks, resulting in less self-regulatory exercise. Consistent 
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with theory, Pagani and colleagues (2012) found that early math skills predicted children’s 

classroom engagement.

Increasing evidence has shown both prospective links from math achievement to self-

regulatory skills as well as bidirectional relations. Swanson and colleagues (2014), for 

example, found that kindergarten math positively predicted parent-reported EC in first 

grade (Rothbart et al., 2001). Likewise, DeFlorio et al. (2019) reported that mathematical 

knowledge positively predicted preschoolers’ subsequent persistence on a frustration task. 

They also observed bidirectional associations between math knowledge and performance 

on inhibitory control tasks (DeFlorio et al., 2019). In another longitudinal study following 

children from preschool through kindergarten, Son et al. (2019) found bidirectional relations 

between math achievement and task-based inhibitory control. Kim et al. (2018) found 

bidirectional relations between math achievement and task-based attention focusing across 

kindergarten. Bidirectional associations have also been observed between math achievement 

and Head-to-Toes Task performance (McClelland et al., 2007) as well as Head-Toes-Knees-

Shoulders Task performance (Cameron et al., 2019; Hernández et al., 2018; ten Braak 

et al., 2019) among children in preschool, kindergarten, and elementary school. Several 

studies utilizing latent or composite EF variables derived from performance on tasks tapping 

working memory, inhibitory control, and cognitive flexibility have shown bidirectional 

relations with math achievement in the preschool period up through early elementary school 

(Fuhs et al., 2014; McKinnon & Blair, 2019; Nesbitt et al., 2019; Schmitt et al., 2017; Welsh 

et al., 2010).

Links Between Self-Regulation and Math Achievement Among Chinese 

American Children

Because prior research on self-regulation and math development has rarely focused on 

either immigrant or Asian American communities, the generalizability of these relations 

among Chinese American children in immigrant families remains to be tested. The Chinese 

American community has one of the highest growth rates of any ethnic group in the U.S. 

(Zong & Batalova, 2017). Cross-cultural studies of children in China and the U.S. have 

documented differences in both self-regulation (Lan et al., 2011; Sabbagh et al., 2006) 

and mathematics proficiency (Cai, 1995; Geary et al., 1993). Within the U.S., a recent 

meta-analysis found EF differences between Asian Americans and other racial/ethnic groups 

and highlighted the “dramatic underrepresentation” of Asian Americans within published 

research as a major study limitation (Rea-Sandin et al., 2021). Most notably, investigators 

have found that relations between math and self-regulatory skills among American children 

differ from those among Chinese children. In contrast to the bulk of the extant literature, 

findings from Chinese samples largely have not shown significant relations between self-

regulatory skills and math achievement. For example, Lan et al. (2011) noted that preschool 

Head-Toes-Knees-Shoulders Task performance and calculation proficiency were uniquely 

associated among American children but not among Chinese children. Fung and colleagues 

(2020) observed among Chinese children in Hong Kong that neither self-regulatory skills 

(measured using an aggregate variable composed of performance on multiple EF tasks) nor 

math achievement in kindergarten predicted the other construct in first grade.
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Dissimilar math – self-regulation associations have been attributed to English-Chinese 

language differences and differing degrees of exposure to mathematics content in early 

childhood (e.g., Wei et al., 2018). Regarding language, working memory is theorized 

to be less important for math achievement in Chinese children than Western children 

because Chinese dialects have a comparatively transparent number naming system and 

shorter digit names, which lessen the working memory load of performing mathematical 

operations in Chinese (e.g., Georgiou et al., 2020). Inhibition is also theorized to relate to 

math achievement differently among school-aged Chinese children because they are taught 

addition, subtraction, and multiplication respectively earlier in school compared to children 

in North America (Georgiou et al., 2020; Miller et al., 2005; Wei et al., 2018; Zhou et al., 

2011).

Chinese children also receive greater exposure to mathematical content at home with cross-

cultural research finding higher parental involvement in math learning among Chinese 

parents than American parents (e.g., Pan et al., 2006). Chinese American children 

similarly appear to benefit from greater at-home math exposure in comparison to European 

American children (e.g., Huntsinger & Jose, 2009; Huntsinger et al., 2000). Children from 

Chinese American immigrant families frequently participate in parent-initiated afterschool, 

extracurricular academic activities and are subject to high parental academic expectations 

(Gibbs et al., 2017; Zhou & Lee, 2014). Greater math exposure and practice can facilitate 

greater automaticity, reducing the need for inhibitory control because answers can be 

directly retrieved from long-term memory (Evans & Stanovich, 2013; Wei et al., 2018). 

Indeed, Chinese children develop calculation automaticity earlier than children in Western 

countries (e.g., Cui et al., 2017; Geary et al., 1996; Rodic et al., 2015). Therefore, inhibitory 

control may be less important for school-aged Chinese (and potentially Chinese American) 

children’s math achievement, which might explain Fung and colleagues’ null findings 

(2020). Paradoxically, Georgiou et al. (2020) contend automatized calculation requires 

increased inhibitory control due to interference from other automatized operations (e.g., 

retrieval of 4x4 interfering with solving 4+4). Regardless, there is agreement that culture-

related automaticity might influence inhibitory control – math associations.

In sum, examining associations between self-regulation and math achievement 

longitudinally among Chinese American children from immigrant families who are 

attending U.S. schools could help shed light on the roles of the school and home contexts 

in math development. Exploring these associations with various measures of self-regulation 

could help elucidate how and under what conditions self-regulation and math development 

relate to one another.

The Present Study

Drawing from a sample of Chinese American children from immigrant families, the study 

had two aims. Aim 1 was to examine prospective associations from self-regulation to 

math. We hypothesized that all self-regulatory measures would positively predict math 

achievement. Aim 2 was to examine prospective relations from math achievement to 

self-regulation. We hypothesized that math achievement would positively predict each self-

regulatory measure. We incorporated multiple measures of self-regulation, including both 
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task-based and questionnaire measures, measures that tap individual EF/EC skills (e.g., 

inhibitory control, attention focusing), and comprehensive measures of EF and EC.

We expected to observe an overall similar pattern of associations in our sample as compared 

to the pattern found in predominantly Western samples. This was because the participating 

children in the present sample attended American schools and completed the assessments 

primarily in English. Using two waves of data, each hypothesized association was tested in a 

separate regression model controlling for prior levels of self-regulation or math achievement 

as well as the potentially confounding factors of child generation status, sex, age, SES, and 

parent cultural orientation. These factors were selected as potential covariates given previous 

findings. Prior analyses of data drawn from the present sample showed child generational, 

sex, age, family SES, and parent cultural orientation differences in both child self-regulatory 

skills and academic achievement (Chen et al., 2015; Mauer et al., 2021).

Method

Participants

The sample consisted of 258 Chinese American children (48.1% girls, mean age = 7.4 years 

at Wave 1 or W1, age range = 5.8-9.1 years), their parents, and teachers who participated 

in a longitudinal study of academic development and psychological adjustment in the San 

Francisco Bay Area (Chen et al., 2014, 2015; Mauer et al., 2021). Data were collected in 

two waves. At W1 (data collected between December 2007 and July 2009), the children 

were in first (48.8%), second (50.0%), or third (1.2%) grades. Almost all (94.5%) were 

enrolled in public schools. Most children (76.4%) were born in the U.S. and had one or more 

foreign-born parents; the remainder (23.6%) were foreign-born themselves. Most parents 

were born in mainland China (77.3% of mothers, 68.8% of fathers), Hong Kong (9.0% of 

mothers, 8.6% of fathers), or Taiwan (2.7% of mothers, 3.1% of fathers). A small percentage 

of parents (1.2% of mothers, 4.3% of fathers) was born in the United States. On average, 

mothers and fathers had lived in the U.S. for 11.13 years (range = 0.5-30 years, SD = 6.84) 

and 15.10 years (range = 0.0-50 years, SD = 9.74) respectively. Children mostly resided in 

two-parent households (91.4%); a small proportion (8.6%) came from households in which 

parents were separated, divorced, single, or widowed. Participating families’ per capita 

income in the past year ranged from $625 to $50,000 (M = $11,609, SD = $8309); 57% of 

children were from low-income families based on their eligibility for free or reduced-price 

school lunch.

At Wave 2 (W2; data collected between November 2009 and May 2011), 93% of the sample 

was retained. The average time interval between W1 and W2 was 22.5 months (SD = 3.1). 

All children chose to complete their W2 assessments in English. Children at W2 were in 

second (2.9%), third (45.6%), fourth (47.7%), or fifth grades (3.8%). Fifty-nine percent of 

children were from low-income families based on their eligibility for free or reduced-price 

school lunch.

Attrition analyses were conducted to compare the children for whom there were self-

regulatory and math achievement data at both waves (N = 241) with those who had W1 

data only (N = 17). Independent sample t-tests were computed to compare the two groups 
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on continuous variables (child age, family SES, parent American cultural orientation, parent 

Chinese cultural orientation, self-regulatory variables, and math achievement), ts (dfs = 213 

to 255) = −1.71 to 0.65, ps = 0.09 to 0.96, ds = 0.14 to 15.82. Pearson chi-square statistic 

was used to compare the two groups on categorical variables (child sex and generation 

status), χ2 (df = 1) = 0.01 and 0.00, ps = 0.93 and 0.99, Φs = −0.01 and −0.00. Thus, 

children for whom data were obtained at both waves and only the first wave did not 

significantly differ on any of the self-regulation or math variables or potentially confounding 

demographic and sociocultural factors (child age, sex, generation status, family SES, and 

parent cultural orientation).

Procedures

The sample was recruited through multiple strategies, including recruiting at elementary 

schools with substantial proportions of Asian American students, recruiting at Chinatown 

shopping centers, Asian grocery stores, and Asian American community events, as well 

as seeking referrals from Asian American organizations. Parents interested in participating 

completed a contact sheet and were later contacted by a bilingual phone screener. The 

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

child lived with at least one biological parent, (c) both biological parents self-identified 

as ethnically Chinese, (d) the child or at least one parent had immigrated to the U.S. (i.e., 

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

and child could speak or understand English, Cantonese, or Mandarin. Three hundred eighty 

parents filled out a contact sheet, and 353 of those parents completed phone screens. Of the 

291 children who met the eligibility criteria, 258 children completed the W1 assessment.

The Institutional Review Board at the University of California, Berkeley approved 

all research procedures (Protocol title: “The risk and protective factors for mental 

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

both waves, a 2.5-hour laboratory assessment was administered to the child and one 

parent. The laboratory assessment included parent questionnaires, child achievement and 

neuropsychological tests, and parent-child interaction tasks. Because mothers were asked to 

participate in the lab assessment whenever possible, most participating parents were mothers 

(81.8% at W1, 79.9% at W2). Written consent and assent materials were made available to 

participants in English, simplified Chinese, and traditional Chinese.

The assessments were administered in the parents’ and children’s preferred languages. 

Most parents (83.7% at W1 and 82.6% at W2) completed the questionnaires in Chinese. 

Most children (93% at W1 and 100% at W2) completed their questionnaires in English. 

Children’s classroom teachers completed a teacher questionnaire by mail after the laboratory 

assessment. All teachers completed W1 and W2 questionnaires in English. For each child, 

the teacher who filled out a questionnaire at W1 differed from the teacher who completed 

one at W2. Most teachers (81.2% at W1 and 79.2% at W2) completed questionnaire packets 

for a single student, with the remainder completing packets for up to 10 students at W1 

and 11 students at W2. At W1, 138 teachers completed questionnaires and 154 did so at 

W2. Parents and teachers received payment and children received small prizes for their 

participation.
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Measures

The present study used data collected from child self-regulatory and achievement tasks as 

well as items from parent and teacher questionnaires. Measures not previously used with 

Chinese-speaking samples (i.e., the family demographics questionnaire, the self-regulatory 

tasks, and the math achievement tests) were translated, back-translated, and piloted in 

accordance with conventions outlined by Knight et al. (2009). Because some children 

received verbal instructions for child assessment tasks in Chinese at Wave 1 (12.4%), 

independent sample t-tests were computed to compare their performance on each task to that 

of children who received all task instructions in English, ts (dfs = 204 to 215) = −1.23 to 

0.38, ps = 0.20 to 0.88, ds = 0.07 to 15.50. No differences were found, suggesting child 

task language did not influence performance. All children received the verbal instructions 

for child assessment tasks in English at W2.

Task-Based Self-Regulation (W1 & W2)—A lab-designed, computerized Go/No-Go 

task assessed attention focusing (sustained attention) and inhibitory control (Eriksen & 

Eriksen, 1974). Children were instructed to press a button only in response to the target 

stimulus and were subsequently presented with a sequence of images. Low rates of omission 

errors (i.e., not responding to the target stimulus) and commission errors (i.e., responding 

to non-target stimuli) are used as measures of attention focusing and inhibitory control 

respectively (Barkley, 1991; Halperin et al., 1988). Each stimulus was presented for 2 s. 

Following 30 practice trials during which correctional feedback was provided, children 

were presented with 200 trials containing the target stimulus and 50 non-target trials. Data 

from a W1 subsample were used to analyze task reliability because trial-level data were 

unavailable for the full sample. Given Cronbach’s alpha’s propensity for underestimating 

internal consistency, Guttman’s lambda 4 was calculated to evaluate split-half reliability for 

the computerized tasks (Sijtsma, 2009). Guttman’s lambda 4 reliability coefficient for the 

Go/No-Go task was 0.81.

A puzzle box task during which children attempted to assemble a wooden puzzle in a box 

without looking inside the box was used to assess behavioral persistence (Eisenberg et al., 

2001, 2005). Children were videotaped using a visible camera and left alone to complete 

the task for up to 5 minutes. Participants could easily cheat by peering inside the box. 

The number of seconds spent on-task without cheating was coded independently by two 

research assistants. Behavioral persistence was computed as time spent working on the 

puzzle without cheating divided by the duration of the task (see Eisenberg et al., 2001). 

The intra-class correlations between main and reliability coders on behavioral persistence 

were 0.95 at W1 and 0.98 at W2. This task has shown convergent validity with other 

self-regulatory measures in longitudinal research on European American children (Eisenberg 

et al., 2005) and prior analyses using data drawn from the present sample of Chinese 

American children (Chen et al., 2014, 2015).

A complex rule use computer task from Baym et al. (2008) jointly tapping working memory, 

inhibitory control, and cognitive flexibility was used to assess comprehensive EF. Versions 

of this task have been used in multiple studies with school-aged children (Church et al., 

2017; Tharp et al., 2015; Wendelken et al., 2012). During the task, a sequence of on-screen 
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stimuli (images from an animated film) was presented to children, who were taught to 

respond by pressing one of two buttons depending on a given image’s associated rule cue 

of Color (red or blue) or Direction (left or right). The rule cue for any given image either 

differed from that associated with the previous image (Switch trial) or remained the same 

(Repeat trial). Successful task performance required dynamic rule implementation as the 

visual features and relevant rule cue for each trial changed at random intervals. During 

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

on-screen image’s direction. During Color trials, participants were required to press either a 

left or right button depending on the on-screen image’s color.

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

2300 ms followed by the stimulus for 1500 ms. Some trials included images that would 

require differing responses depending on the associated rule cue (Incongruent trial). Other 

trials included images that would require the same button press regardless of rule cue 

(Congruent trial). Children’s accuracy percentage on the Incongruent-Switch trials was used 

as a broad indicator of EF since these trials required working memory (keeping two rules in 

mind), cognitive flexibility (switching between the rules), and inhibitory control (overriding 

responses based on the currently irrelevant stimulus feature). This task has also shown 

convergent validity with other self-regulatory measures in prior analyses of data from the 

present sample (Chen et al., 2014, 2015; Mauer et al., 2021). Split-half reliability (computed 

as Guttman’s lambda 4 reliability coefficient) for the W1 subsample Incongruent-Switch 

trials was 0.81.

Self-Regulation Questionnaires (W1 & W2)—Parents and teachers completed the 

attention focusing (12 items) and inhibitory control (12 items for parents, 10 items for 

teachers) subscales of the Children’s Behavior Questionnaire (Rothbart et al., 2001). 

Respondents rated each item on a 7-point scale (1 = extremely untrue, 7 = extremely true). 

Two items were removed from the parent-reported attention focusing subscale, and one item 

was removed from the teacher-reported attention focusing subscale due to negative item-

total correlations. Cronbach’s alpha for the parent-report subscales was 0.73 (W1) and 0.80 

(W2) for attention focusing and 0.71 (W1) and 0.72 (W2) for inhibitory control. For teacher-

report subscales, Cronbach’s alpha was 0.90 (W1) and 0.90 (W2) for attention focusing and 

0.80 (W1) and 0.81 (W2) for inhibitory control. Congruent with the theoretical account of 

attention focusing and inhibitory control as related subcomponents of EC (Rothbart & Bates, 

2006), the within-reporter attention focusing and inhibitory control subscales were positively 

correlated (parent-report rs = 0.48 at W1 and 0.64 at W2, ps < .001; teacher-report rs = 

0.43 at W1 and 0.73 at W2, ps < .001). At both waves, the item scores across the attention 

focusing and inhibitory control subscales were averaged within each reporter to create an EC 

composite. Cronbach’s alphas for parent-reported EC were 0.80 (W1) and 0.85 (W2), and 

the alphas for teacher-reported EC were 0.91 (W1) and 0.92 (W2).

Math Achievement (W1 & W2)—The Math Calculation Skills Cluster from the 

Woodcock-Johnson Tests of Academic Achievement III was administered (Woodcock et 

al., 2001). The Math Calculation Skills Cluster is composed of the Calculation subtest – in 

which participants solve arithmetic problems of increasing difficulty – and Math Fluency 
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subtest – in which participants rapidly perform simple calculations within a limited time. 

The Woodcock-Johnson Tests of Academic Achievement III is standardized with a mean 

score of 100 and standard deviation of 15. Age-standardized scores were used in the present 

analyses. The Woodcock-Johnson Tests of Academic Achievement III has well-documented 

reliability and construct validity, with individual subtests yielding reliabilities of 0.80 or 

higher in ethnically diverse samples (Woodcock et al., 2001).

Demographic/Sociocultural Variables (W1)—Information about family SES and child 

generation status was obtained through parent responses on an adapted version of the Family 

Demographic and Migration History Questionnaire, a measure previously used with other 

immigrant families (Roosa et al., 2008). To compute a continuous family SES index, we 

first calculated the mean of maternal and paternal education levels, and then averaged the 

standardized means of education and income.

Parent cultural orientation was measured using the English version and Chinese translation 

of the Culture and Social Acculturation Scale (Chen & Lee, 1996; Chen & Tse, 2010). 

The Culture and Social Acculturation Scale contains both an American cultural orientation 

(Acculturation) subscale and a Chinese cultural orientation (Enculturation) subscale. Items 

on the Culture and Social Acculturation Scale assess acculturation/enculturation across 

the domains of language fluency, media use/consumption, and social affiliations. We 

computed the composites of American cultural orientation and Chinese cultural orientation 

by averaging the standardized item scores in the respective subscales. Cronbach’s alphas in 

the present sample were 0.87 for American cultural orientation and 0.73 for Chinese cultural 

orientation.

Results

Data analyses were conducted in two steps. First, correlation analyses and t-tests were 

conducted to identify sociocultural variables that might confound the relations between 

self-regulation and math achievement. Second, multiple regression models were computed 

to test the prospective relations of self-regulation measures to math achievement, and 

the prospective relations of math to self-regulation. Due to the interrelations among 

self-regulation measures and our aim to examine their differential associations with 

math achievement, we tested the self-regulation measures separately using 12 multiple 

regressions (six regressions testing self-regulation predicting math, six regressions testing 

math predicting self-regulation). The confounding variables identified in the first step were 

included as covariates in the multiple regression models.

Associations Between Demographic/Sociocultural Variables and Study Variables

Descriptive statistics for all study variables are presented in Table 1. Variables were screened 

for normality. Based on recommended skewness and kurtosis cutoffs of 2 and 7 respectively 

(West et al., 1995), omission errors at both waves were positively skewed and highly 

kurtotic, indicating that participants made relatively few omission errors. At W2, puzzle box 

persistence was negatively skewed and had high kurtosis, suggesting that children displayed 

high persistence on the task during the second wave. All other study variables were normally 

distributed. Robust estimation was used in testing the multiple regression models due to 
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the nonnormally distributed variables. The sample mean for the age-standardized Math 

Calculation Skills Cluster scores at both waves (126.48 at W1, 125.59 at W2) was more than 

1.5 standard deviations higher than the population mean. The pairwise correlations of all 

study variables are presented in Table 2.

To examine whether demographic/sociocultural factors were associated with the variables 

of interest (omission errors, commission errors, puzzle box persistence, Incongruent-

Switch accuracy, Children’s Behavior Questionnaire parent-report, Children’s Behavior 

Questionnaire teacher-report, and Math Calculation Skills Cluster performance), we 

computed Pearson’s correlations (for the continuous variables of child age, SES, parent 

American cultural orientation, and parent Chinese cultural orientation) and independent-

sample t-tests (for the categorical variables of child sex and generation status).

As shown in Table 3, child age was the only demographic/sociocultural factor significantly 

correlated with both self-regulatory measures and math achievement. However, the 

remaining continuous sociocultural factors were at least marginally correlated with one 

or more study variables. Independent-sample t-tests showed significant sex differences 

in W1 inhibitory control, W1/W2 behavioral persistence, W2 comprehensive EF, and 

W1/W2 teacher-reported EC, ts (dfs = 206 to 244) = −2.18 to 6.62, ps < .05, ds = 

0.13 to 6.44; girls had better performance on these self-regulation measures than boys. 

There were also significant generational differences in W1/W2 inhibitory control and W1 

parent-reported EC, ts (dfs = 237 to 251) = −2.54 to −2.34, ps < .05, ds = 0.68 to 6.41; 

foreign-born children made fewer inhibitory control errors but were rated lower on EC by 

their parents. To evaluate whether the time interval between W1 and W2 was associated 

with self-regulation or math, we also tested the correlations of the W1/W2 time interval 

and all the self-regulation and math variables. None of the correlations was significant (r 
ranged from −0.10 to 0.11, ps > .05). Based on these results, we controlled for child age, 

sex, generation status, family SES, and parent Chinese and American culture orientations in 

the subsequent regression models.

Testing the Bidirectional Relations Between Self-Regulation and Math Achievement

Testing the Prospective Relations of Self-Regulation to Math—Six multiple 

regressions were computed to predict W2 math achievement simultaneously from the 

following set of predictors (Table 4): (a) the covariates (child age, sex, generation status, 

family SES, parent American and Chinese culture orientations); (b) W1 math achievement; 

and (c) a W1 self-regulation measure. The self-regulation measures were tested in separate 

models. Due to the presence of nonnormally distributed self-regulation variables, the 

regression models were tested in Mplus 8.3 using the maximum likelihood estimation 

with robust standard errors (Muthén & Muthén, 1998-2017). To evaluate the power of our 

analyses to detect the hypothesized effects, power analyses were conducted in G*Power 

(Faul et al., 2009). Results suggested a sample size of 55 would be needed to reliably detect 

medium-sized regression coefficients in our specified models, but a sample size of 395 

would be needed to reliably detect small effects. Thus, our study was adequately powered 

for detecting medium-sized regression coefficients, but under-powered for detecting small-

sized regression coefficients.
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In all six models, W1 math was a positive predictor of W2 math, suggesting cross-time 

consistency in math achievement. Among the covariates, child age was negatively associated 

with W2 math in all models, indicating that older children had lower standardized math 

achievement scores at W2 than younger children. Moreover, parents’ American orientation 

was significantly and negatively associated with W2 math achievement in four models such 

that children whose parents were more acculturated had lower math scores at W2.

Controlling for W1 math and the covariates, two hypothesized predictions from self-

regulation to math were significant: W1 behavioral persistence and parent-reported EC 

positively predicted W2 math. Next, we adjusted the p-values of the six hypothesized 

associations (self-regulation → math) using the Benjamini-Hochberg False Discovery Rate 

(FDR) correction to correct for multiple comparisons (Benjamini & Hochberg, 1995). 

After the adjustment, behavioral persistence and parent-reported EC became non-significant 

predictors of W2 math (FDR corrected ps = .113).

Testing the Prospective Relations of Math to Self-Regulation—Six regression 

models were tested to predict each W2 self-regulation measure from the following set of 

predictors (Table 5): (a) the corresponding W1 self-regulation measure, (b) covariates, and 

(c) W1 math. In all six models, the W1 self-regulation measure positively predicted its 

W2 counterpart, indicating cross-time consistency in measures of self-regulation. Regarding 

the covariates, child sex was a significant predictor of behavioral persistence, parent- 

and teacher-reported EC: boys had lower behavioral persistence and parent- and teacher-

reported EC than girls. Family SES positively predicted teacher-reported EC: children from 

higher-SES families had higher teacher-reported EC than those from lower-SES families. In 

contrast, parents’ American orientation negatively predicted teacher-rated EC: children with 

more acculturated parents had lower teacher-rated EC.

Controlling for covariates and W1 self-regulation, only one hypothesized prediction from 

math to self-regulation was significant: W1 math positively predicted W2 comprehensive 

EF, and the relation remained significant after the FDR correction (FDR corrected p < .001).

Discussion

Using two waves of longitudinal data and multi-method measures, the present study tested 

the bidirectional associations between self-regulatory skills and math achievement among 

school-aged Chinese American children from immigrant families. To our knowledge, this 

is among the first multi-modal examinations of math – self-regulation relations in this 

cultural group, building upon previous analyses of cross-sectional data from the present 

sample (Chen et al., 2015). We predicted that both task-based and questionnaire measures 

of self-regulation would positively predict math achievement. We further predicted that math 

would positively predict self-regulation.

Regarding the relations between W1 self-regulation and W2 math achievement, we found 

one task-based measure (behavioral persistence) and one questionnaire measure (parent-

reported EC) prospectively and positively predicted math calculation, controlling for prior 

levels of math. However, both associations became nonsignificant after applying the 
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FDR correction, necessitating caution when interpreting these findings. Concerning the 

relations between W1 math achievement and W2 self-regulation, we found math calculation 

prospectively and positively predicted the comprehensive EF measure.

Prospective relations from behavioral persistence and parent-reported EC to math 

calculation skills are consistent with extant research using similar self-regulatory measures 

with children in North America/Europe (e.g., Blair et al., 2015; Martin et al., 2013; 

McClelland et al., 2007; von Suchodoletz & Gunzenhauser, 2013). The significance of 

the findings across measurement modalities is theoretically congruent with the multiple 

pathways through which self-regulatory skills are posited to play a role in math proficiency 

development: 1) self-regulatory skills are used when performing mathematical operations, 

2) self-regulatory skills enable better internalization of math instruction by facilitating 

completion of general academic tasks, and 3) self-regulatory skills allow for better 

internalization of math instruction by facilitating stronger relationships with peers and 

teachers who can provide academic help and generate academic motivation. However, 

considering these prospective associations were no longer significant following the FDR 

correction, these results need to be replicated with a larger sample.

The positive relation from W1 math to W2 comprehensive EF, which remained significant 

following the FDR correction, aligns with the work of Cameron et al. (2019), Hernández 

et al. (2018), and ten Braak et al. (2019), which similarly used a comprehensive task-

based measure tapping several self-regulatory skills (Head-Toes-Knees-Shoulders Task) with 

North American/European children. This finding is also consistent with studies using latent 

or composite EF variables based on multiple tasks tapping working memory, inhibitory 

control, and cognitive flexibility (Fuhs et al., 2014; McKinnon & Blair, 2019; Nesbitt et al., 

2019; Schmitt et al., 2017; Welsh et al., 2010). Together, the findings support the theory that 

performing mathematical operations, which requires self-regulatory resources, strengthens 

one’s self-regulatory skills over time (Clements et al., 2016; Peng & Kievit, 2020). Given 

the absence of significant reversed relations from math to questionnaire-based measures 

of self-regulation, the present study found less empirical support for the idea that gaining 

proficiency in mathematics may strengthen children’s self-regulatory skills in ways that 

confer broader academic or socioemotional benefits.

The null findings must also be acknowledged. In fact, only a few hypothesized associations 

were significant even before applying the FDR correction. Statistical power is an important 

concern. Meta-analytic findings suggest zero-order correlations of the prospective effects of 

self-regulation on subsequent math achievement in this age group tend to be of medium 

size (Robson et al., 2020). When using multivariate approaches to test the relations between 

self-regulation and math, after controlling for relevant covariates, small-to-medium effect 

sizes have generally been reported for prospective effects in both directions (e.g., Blair 

& Razza, 2007; Fuhs et al., 2014; Hernández et al., 2018; McKinnon & Blair, 2019; ten 

Braak et al., 2019). Though adequately powered to detect medium effects, our study lacked 

sufficient power to reliably detect small effects.

Alternatively, the null findings may truly reflect weaker math – self-regulation associations 

among our sample of Chinese American children in immigrant families. Contrary to the 
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relatively consistent significant findings detailed in the broader literature, studies of children 

in China appear to have yielded a greater number of null results. We hypothesized the 

relations would be similar to those found among other American samples because our 

child participants attended American schools (negating the moderating role of school-related 

factors) and largely completed the assessment measures in English (negating the moderating 

role of language-related factors such as the language-dependent working memory load 

associated with performing mathematical operations). However, the plethora of null 

findings may suggest our participants more closely resembled native Chinese samples, 

raising the possibility that culture-related parenting differences could be at play. Future 

research can provide further clarification through direct comparison of associations among 

multiple American demographic groups. The weaker math – self-regulation associations 

in Chinese cultural samples could be due to culturally-specific parenting practices (such 

as increased parental involvement in math learning, high parental academic expectations, 

and participation in parent-initiated afterschool academic activities) facilitating higher 

mathematical automaticity through greater math exposure.

This interpretation is consistent with the observation that our socioeconomically diverse 

sample had high age-standardized math achievement scores, which were on average more 

than 1.5 standard deviations higher than the population mean. The negative relations we 

found between parent American cultural orientation and math achievement in four of our 

regression models align with this interpretation. The Culture and Social Acculturation Scale 

is a global measure of cultural orientation and does not capture math-specific cultural 

practices or culturally specific academic expectations. Therefore, our cultural orientation 

measure was not well-suited to detect culturally specific parenting factors that might be 

more directly related to math achievement.

Previous theoretical accounts of how increased math exposure among Chinese children 

moderates math – self-regulation associations have tended to focus on inhibitory control 

(Georgiou et al., 2020; Wei et al., 2018). However, the direct retrieval of calculation answers 

from long-term memory among children with more automatized math skills could decrease 

their need to employ self-regulatory skills more broadly when solving math problems (Evans 

& Stanovich, 2013). The null findings across multiple self-regulatory skills and measures 

reported in previous research on Chinese children (e.g., Fung et al., 2020; Lan et al., 2011) 

in addition to those in the present study support this idea.

Although not the study’s central focus, we found significant relations between sociocultural 

factors and study variables that are worth discussing. First, the negative relation between 

children’s age and age-standardized math scores observed across all models mirrors 

the negative association we previously found in the same sample between age and age-

standardized English reading performance (Mauer et al., 2021). As we noted in that study, 

this pattern mimics the findings from a national sample that children from East Asian 

immigrant families showed decreasing relative academic proficiency over time compared 

to their peers (Han, 2008). This could be due to comparative improvement over time in 

academic proficiency among children from other demographic groups. Second, the negative 

relation between American cultural orientation and teacher-reported EC is expected given 

previous cross-cultural findings of higher performance among children in China on measures 
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of self-regulation in comparison to North American children (Lan et al., 2011; Sabbagh et 

al., 2006). This suggests cultural factors, such as culturally specific values and parenting 

behaviors (Chen et al., 2015; Lan et al., 2011), may influence self-regulatory development 

in addition to academic development. Lastly, we replicated the commonly observed findings 

of higher SES (e.g., Sánchez-Pérez et al., 2018) and female sex being associated with higher 

self-regulation among school-aged children (e.g., Mous et al., 2017).

Study Limitations and Future Directions

The present study had several limitations. First, our math measure assessed calculation 

skills specifically, and thus, we did not examine other domains of math achievement. As 

previously discussed, our cultural orientation measure was ill-suited to detect culturally 

specific parenting factors that are potentially important for the development of self-

regulation and math proficiency. Future research should employ measures that are better 

able to capture such factors. Our methodological limitations also extend to our measures 

of attention focusing and behavioral persistence. Though we observed some significant 

correlations between attention focusing/behavioral persistence and math as well as other 

self-regulation measures, the high skewness and kurtosis of these two measures indicate 

that these tasks may have been too easy for many of our study participants. Replication 

of our results using alternative measures would provide us with greater confidence in our 

findings. The minimal participation of fathers in the present study is an additional limitation. 

Researchers have repeatedly noted the insufficient attention paid to fathers in investigations 

of child development (e.g., Cowan & Cowan, 2019). This common omission can and should 

be remedied in future related studies by encouraging both mothers and fathers to participate.

Given our lack of findings of significant prospective relations from self-regulation to math 

after applying an FDR correction, self-regulatory skills may be a less important determinant 

of math achievement among Chinese American children from immigrant families in 

comparison to other American subgroups due to culture-related parenting factors. Likewise, 

because we observed only a single prospective association from math to self-regulation 

(comprehensive EF), math achievement may confer more limited self-regulatory benefits 

to this group, which may lessen its significance for broader academic and socioemotional 

functioning. This has implications for instructional practice and the promotion of academic 

achievement in children from immigrant families. If causal relations do indeed exist between 

self-regulatory skills and math achievement, interventions targeting one construct as a means 

of bolstering the other may be less successful among children from this demographic 

group. Future studies can replicate our findings with more robust measures, test whether the 

observed associations are causal, and extend our work to investigations of other immigrant 

and cultural groups.
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