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Abstract

The goals of this study were to examine the longitudinal relations between school readiness and 

reading and math achievement and to test if these relations were moderated by temperament. The 

sample included socio-economically and ethnically diverse twins (N=551). Parents reported on 

school readiness when children were five years old. Teachers reported on temperament (effortful 

control, anger, and shyness) three years later. Standardized measures of reading and math were 

obtained when children were eight years old. Effortful control and shyness moderated the effect of 

school readiness on reading. Prediction of reading from school readiness was strongest when 

students were high in effortful control and low in shyness. Effortful control and shyness predicted 

math beyond school readiness. There were no relations involving anger. Findings demonstrate that 

temperament can potentiate the relations between school readiness and reading and highlight the 

importance of promoting school readiness and effortful control, while decreasing shyness.
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Children’s performance during the early academic years provides an important foundation 

for later success in academic, social, and economic domains (Vitaro et al., 2014). Given the 

importance of the first few years of formal schooling, significant scholarly attention has 

been devoted to identifying characteristics that either advance or hinder reading and math 

achievement during this timeframe. According to a human capital perspective and 
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temperament theorists, the extent to which children are ready to learn when they enter 

formal schooling is an important contributor to later success in the academic domain (Blair 

& Raver, 2015; Heckman, 2000). Although there is support for these ideas, there are 

suggestions from empirical and theoretical literatures that the relations between school 

readiness and achievement may be amplified or attenuated based on students’ temperament 

(Cunha & Heckman, 2007; Heckman, 2000; Rothbart & Bates, 2006). Evidence of 

moderation can explain some of the conditions which enhance, or reduce, the relations 

between school readiness and achievement. Rigorously testing if temperament moderates the 

relations between school readiness and later achievement is important given evidence that 

relations between school readiness and later achievement are modest, and sometimes subject 

to fadeout (Bailey et al., 2017; Duncan et al., 2007; La Paro & Pianta, 2000). Findings from 

this study can be used to inform policy, education, and intervention programs of ways to 

support young children’s experiences prior to formal schooling.

Developing a better understanding of ways to foster students’ achievement is critical given 

the significant academic challenges faced by many students. According to the National 

Science Board (2018), only 40% of fourth graders reached proficiency in mathematics and a 

separate report on reading indicated that only 37% of fourth graders were proficient in 

reading (The Nations Report Card, 2018). Further, the percentages of students at levels of 

proficiency or higher declines as they progress through high school. If academic problems 

persist and result in the student not earning a high school diploma, there is increased risk for 

a host of negative outcomes (e.g., unemployment, underemployment, criminal behavior, 

Vitaro et al., 2014). Efforts to reduce these negative outcomes often have roots in the 

premise that experiences prior to the start of formal schooling play a significant role in either 

promoting or hindering academic achievement (Boivin & Bierman, 2014).

School Readiness and Academic Achievement

There are many potential ways to conceptualize and define school readiness. Illustratively, 

components of school readiness sometimes include age, cognitive abilities, health, 

communication abilities, attitudes regarding school, social and emotional competence, and 

pre-mathematics and pre-language abilities (Boivin & Bierman, 2014; NAEYC, 2009; Snow, 

2006). Informed by this scholarship, Boivin and Bierman (2014) defined school readiness as, 

“basic skills that children need to possess at school entry in order to adapt successfully to the 

school environment and to learn and achieve at a satisfying level” (p. 5). We focus on the 

academic component of school readiness due to evidence that this component is often 

related to students’ achievement (Duncan et al., 2007; La Paro & Pianta, 2000). The 

academic component involves skills such as listening comprehension, phonological and print 

awareness, identification/recognition skills, and counting (Duncan et al., 2007; Zhou et al., 

2010).

According to multiple research groups, when students enter kindergarten high in school 

readiness they likely have the necessary skills to engage in positive classroom interactions 

that further advance achievement (Cunha et al., 2006; Entwisle et al., 2005; La Paro & 

Pianta, 2000; Romano et al., 2010). The associations between school readiness and 

achievement can be understood from a human capital perspective. Working from this model, 
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Heckman (2000) argued, “Learning begets learning. Skills acquired early on make later 

learning easier” (p. 8). Consistent with these ideas, students high in school readiness are not 

only active contributors to their own academic success, but they may also evoke high-levels 

of positive feedback from teachers and peers, high-quality instruction, and they may be 

selected to participate in more advanced activities that provide further opportunities for 

accelerated growth in academics.

Many research teams have examined the relations between the academic indices of school 

readiness we consider and children’s later school achievement. Findings support the premise 

that this form of school readiness is often related to indices of reading and math achievement 

(Chew & Morris, 1989; Kurdek & Sinclair, 2000; Lemelin et al., 2007). Significant relations 

are often identified regardless of whether achievement is assessed by the teacher or a 

standardized assessment (La Paro & Pianta, 2000). Although these findings clearly indicate 

the value of working to help children be ready for school, longitudinal prediction of 

achievement from school readiness is generally only modest (Duncan et al., 2007; La Paro & 

Pianta, 2000). According to Boivin, Desrosiers, Lemelin, and Forget-Dubois (2014), the best 

available evidence is that academic school readiness accounts for only 25% of the variance 

in achievement measures and there is a need to understand the role of other factors. In 

addition, it is not uncommon for intervention programs designed to improve school 

readiness and achievement to initially obtain significant effects, but to later observe loss of 

the initial gains (Bailey et al., 2017; Bailey et al., 2016; Clements et al., 2013).

We argue that efforts to address these problems can be informed by considering fadeout 

experiences. Fadeout is the process whereby an initial asset decreases in value over time. A 

fadeout process might occur for school readiness and later achievement if other factors 

become increasingly important in the school setting or if the presence of risk factors 

undermine the potential contributions of school readiness. Likewise, working from human 

capital perspective, Cunha and Heckman (2007) introduced the notion of dynamic 

complementarity to suggest that skills acquired at one time point play a role in the impact of 

other skills on key outcomes. Using the variables considered here as an example, students’ 

temperament can boost (or potentially dampen) the relation between school readiness and 

later academic outcomes. These ideas are consistent with the perspective that development 

can be more fully understood by considering moderating processes (Luthar et al., 2000; 

Rothbart & Bates, 2006). Developing a greater understanding of processes that might 

enhance, or reduce, the relations between school readiness and achievement can aid efforts 

to help children’s educational experiences.

Temperament and Academic Achievement

The accumulated evidence indicating that children’s temperament is important to their 

school-related behaviors and academic achievement suggests that components of 

temperament represent a potential set of variables that might amplify or undermine the 

relations between school readiness and achievement (Blair & Raver, 2015; Liew et al., 2019; 

Valiente, Swanson, & Eisenberg, 2012). Temperament is often defined as, “constitutionally 

based individual differences in reactivity and self-regulation, in the domains of affect, 

activity, and attention” (Rothbart & Bates, 2006, p.100). Reactivity involves the, 
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“arousability of motor, affective, and sensory response systems” (Rothbart et al., 2001, p. 

1395), and is often assessed with measures of negative emotionality. Self-regulation, in 

contrast, often involves effortful control processes (i.e., attentional focusing, inhibitory 

control). In this study, we focus on three dimensions of temperament (anger, effortful 

control, and shyness) that have been associated with students’ school experiences and 

learning (Blair & Raver, 2015; Liew et al., 2019; Valiente, Swanson, & Eisenberg, 2012). 

According to Rothbart and Jones (1998), temperament is important in the school context 

because it plays a role in how students respond to learning opportunities and obstacles that 

frequently occur in the classroom setting.

The role of anger. Anger generally involves negative emotionality stemming from the 

blockage of goals or interruption of activities (Rothbart & Bates, 2006). Although not all 

findings are consistent, anger is generally negatively related to academic achievement 

(Hernández, Eisenberg, Valiente, Thompson, et al., 2018; Kwon et al., 2017). Given the 

disruptive nature of anger (Denham et al., 2012; Hernández et al., 2016; Rothbart & Bates, 

2006), we predict that anger will moderate the relations between school readiness and 

academic achievement. Specifically, we expect school readiness to be positively related to 

academic achievement at low, but not high, levels of anger. This prediction stems from the 

evidence that anger interferes with high levels of academic achievement via reducing 

cognitive resources available for problem solving and classroom engagement (Blair, 2002; 

Bohn-Gettler & Rapp, 2014; Valiente, Swanson, & Lemery-Chalfant, 2012). Anger is also 

known to interfere with the quality of relationships with peers and teachers, and both types 

of relationships are important for success in the academic arena (Hernández, Eisenberg, et 

al., 2017). As a result, we believe that high-levels of anger will dampen the otherwise 

positive benefits of school readiness. In one of the few studies on this topic, Hernández et al. 

(2018) found that students’ 1st grade reading was highest with the combination of high prior 

reading and low negative emotion.

The role of effortful control. Rothbart and Bates (2006) define effortful control as “the 

efficiency of executive attention, including the ability to inhibit a dominant response and/or 

to activate a subdominant response, to plan, and to detect errors” (p. 129). Effortful control 

is widely viewed as the regulatory component of temperament, partly because attentional 

abilities and the capacity to appropriately inhibit and activate behaviors are central to 

effortful control and the regulation of emotion and behaviors (Eisenberg et al., 2010; 

Rothbart & Bates, 2006). Effortful control, and self-regulation more broadly, is viewed as an 

important component of emotional competence (Denham et al., 2003). In addition, effortful 

control is believed to be positively associated with academic achievement. Effortful control 

is often an asset in the educational context because it assists students in blocking out 

distractors (e.g., noises, misbehaving peers) and in regulating their emotions and behaviors 

in ways that advance relationships and learning. A large body of evidence indicates that 

effortful control is positively related to positive interactions with both peers and teachers 

(Hernández, Valiente, et al., 2017; Rothbart & Bates, 2006). Effortful control is also often 

positively related to emotional and behavioral indices of school engagement (Valiente et al., 

2007; Valiente et al., 2008). Blair (2002) and Pekrun (2006) theorized that students who are 

able to regulate emotions are likely able to reduce emotional worry and stress that would 

otherwise interfere with cognitive processes needed for learning. Given the positive 

Valiente et al. Page 4

J Appl Dev Psychol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



outcomes frequently associated with effortful control, we expect school readiness to be 

positively related to achievement at high levels of effortful control. Children low in effortful 

control may experience difficulties in the school environment that limit the extent to which 

they can acquire additional academic skills (Rothbart & Bates, 2006). As a result, early 

school readiness skills may not necessarily beget later academic skills for children low in 

effortful control (Heckman, 2000). Thus, the relation between school readiness and 

achievement may be non-significant at low levels of effortful control.

The role of shyness. Shyness can be defined as “wariness in the face of social novelty and/or 

self-conscious behavior in situations of perceived social evaluation” (Rubin et al., 2009, p. 

145), and it is sometimes negatively associated with learning and achievement (Hughes & 

Coplan, 2010; Zhang et al., 2017). For children prone towards high levels of shyness, even 

going to school may represent a challenge. Once in the classroom a shy student may 

experience academic difficulties because of low levels of emotional and behavioral 

engagement (Eggum-Wilkens et al., 2014) and a poor quality student-teacher relationship 

(Ladd & Burgess, 1999; Rudasill et al., 2006). In addition, shyness can interfere with 

appropriate verbal expressions, including asking questions (Smith Watts et al., 2014). 

Informed by these findings, and similar to our prediction involving anger, the challenging 

experiences associated with high-levels of shyness may limit the extent to which school 

readiness contributes to later achievement. We expect, therefore, school readiness to be 

positively related to achievement at low, but not high, levels of shyness.

The Present Study

In the present study, we examined the longitudinal relations between five-year-olds’ Time 1 

(T1) school readiness and their Time 2 (T2) academic achievement approximately three 

years later. We further tested if these relations were moderated by students’ temperament, 

assessed when they were eight-years-old. Identifying if children’s temperament moderates 

the relations between school readiness and achievement can highlight intervention points 

that can facilitate educators’ and parents’ ability to support children’s learning. Parents were 

asked to report on their children’s school readiness. To reduce problems with shared reporter 

variance, and to assess behaviors in school, we obtained teachers’ reports of students’ 

temperament. Children completed a standardized measure of achievement administered by 

study staff. To provide a robust test of our predictions, we controlled for gender, minority 

status (e.g., racial minority or non-Hispanic White), age, and socioeconomic status, because 

each of these variables are known predictors of achievement (Bradley & Corwyn, 2002; 

Crosnoe, 2006; Robinson & Lubienski, 2011). In addition, we tested our predictions within 

the context of a longitudinal study where school readiness was assessed approximately three 

years before achievement, prior to beginning Kindergarten. We expected school readiness to 

be positively related to both reading and math achievement. Further, based on the work of 

temperament theorists (Rothbart & Bates, 2006), and Cunha and Heckman’s (2007) 

discussion of dynamic complementarity, we expected prediction from school readiness to be 

strongest at high levels of effortful control, low levels of anger, and low levels of shyness.

Valiente et al. Page 5

J Appl Dev Psychol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Method

Participants

Study participants include 551 children who had some data (from one or both waves of data 

collection) on the focal constructs under consideration. Participants were involved in a birth 

cohort study of twins’ physical and mental health (see Lemery-Chalfant et al., 2013; 

Lemery-Chalfant et al., 2019, for additional details). At T1, 49% of participants were male, 

and the average age was 5.19 (SD = .26). Fifty-eight percent of participants were European 

American, 28% were Hispanic/Latino, 5% were African American, 7% were Asian 

American, 1% were Native American, and 1% were multiracial. The median family income 

at T1 was between $80,000 and $90,000, and 45.8% of the sample was considered living 

below middle class according to state-wide income-to-needs estimates from 2016. Mothers’ 

and fathers’ T1 education ranged from less than high school to a graduate or professional 

degree (7% of mothers and 17% of fathers had a high school education or less, 28% of 

mothers and 22% of fathers completed some college, and 65% of mothers and 61% of 

fathers earned at least a college degree). Most parents at T1 were married (81%), whereas 

2% were separated, 5% were divorced, 1% were widowed, 5% were always single, 5% were 

in a partnership, and 1% reported “other status”. Twenty-nine percent of twins were 

monozygotic, 37% were same-sex dizygotic, and 34% were opposite-sex dizygotic. Our 

sample demographics are representative of the state with respect to racial/ethnicity and 

socioeconomic status (United States Census Bureau, 2020).

We used independent samples t-tests or chi-square tests, selecting one twin per family, to 

examine family-level demographic differences between participants who had data at T1, but 

not T2. Families without T2 data did not differ significantly from those with T2 data on 

family socio-economic status, child age, or child race/ethnicity. Additional tests using all 

twins indicated that those without T2 data did not differ on child sex from those with T2 

data, but those without T2 data were slightly lower in T1 school readiness (M = −.07, SD 
= .74) than those with T2 data (M = .04, SD = .55), t(397) = −1.72, p = .086.

Our use of a twin data set to address research questions that do not require a twin sample is 

consistent with the work of other scholars and is a way to maximize the investment of public 

funds which support large-scale studies (Clifford et al., 2020; Doane et al., 2019). In 

addition, twins are representative of singletons across a wide variety of trait and 

developmental outcomes (Barnes & Boutwell, 2013), including early temperament 

(Goldsmith et al., 1999) and cognitive abilities (Posthuma et al., 2000), suggesting that 

results from the current study generalize to nontwin populations. Further, the descriptive 

statistics for the key variables analyzed here are very similar to published reports based on 

samples of singletons (Hernández, Eisenberg, Valiente, Spinrad, et al., 2018; Nystrom & 

Bengtsson, 2017; O’Donnell, 2008).

Procedures

Data for this study come from assessments that occurred when twins were approximately 

five and eight years-old. At the five-year assessment, caregivers of 399 twins completed 

surveys the summer before the children started Kindergarten assessing twins’ school 
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readiness and key covariates (in addition to other variables not considered here). 

Approximately three years later, families were contacted via telephone, e-mail, or mail and 

offered the opportunity to participate in an intensive assessment of family environment, daily 

health practices, physical health, and academic achievement, including two home visits. 

During one of the home visits, staff worked with 354 children to complete subtests from the 

Woodcock Johnson Tests of Achievement IV (Schrank et al., 2014) and obtained consent to 

ask teachers to report on children’s temperament. Teachers who agreed to participate (N = 

309) reported on children’s temperament. All procedures were approved by the Institutional 

Review Board of Arizona State University. Children’s caregivers and teachers provided 

written consent and children provided verbal assent.

Measures

T1 school readiness. When children were five-years old, parents reported on each twins’ 

school readiness using seven items for each twin from the National Household Education 

Survey – School Readiness Survey (Hagedorn et al., 2008). The scale is appropriate for 

children between the ages of three and six, and the items assess skills critical to success in 

the early academic years. Five items assessed literacy (e.g., “How many times have you or 

someone in your family read to Twin A in the past week?”), one item assessed numeracy 

(e.g., “How high can Twin A count?”), and one item assessed children’s identification 

abilities (specifically involving colors). The range of scores across the items could vary, and 

therefore, the items were standardized and then averaged to form an index of school 

readiness. The alpha across all items was .74. This index of school readiness is used in large 

scale projects and has been found to be reliable and valid (Hagedorn et al., 2008; O’Donnell, 

2008).

T2 temperament. When children were eight-years old, teachers used an adapted version of 

the Temperament in Middle Childhood Questionnaire (TMCQ, Simonds, 2006; Simonds et 

al., 2007) to report on children’s attention focusing, inhibitory control, anger, and shyness. 

As we have done in our prior research (Hernández, Valiente, et al., 2017), we slightly 

adapted items to make them appropriate for the school context (e.g., “Has an easy time 

waiting to open a present” was changed to “Has an easy time waiting for a fun activity.”). 

Attention focusing (e.g., “When working on an activity, has a hard time keeping his/her 

mind on it” (reversed), 7 items), inhibitory control (e.g., “Can stop him/herself when s/he is 

told to stop”, 8 items), anger (e.g., “Gets angry when s/he has trouble with work”, 7 items), 

and shyness (e.g., “Becomes self-conscious when around people”, 10 items) were reliably 

rated (alphas = .96, .80, .92, and .93, respectively). Items were rated on a 1 (Almost always 

untrue of your child) to 5 (Almost always true of your child) scale. Results from prior 

studies indicate that the TMCQ yields temperament data that are reliable and valid (Nystrom 

& Bengtsson, 2017; Simonds, 2006; Simonds et al., 2007). The attention focusing and 

inhibitory control scales were highly related, r(307) = .71, p < .01, and consistent with prior 

studies (Hernández, Eisenberg, et al., 2017), we averaged these scales to form an index of 

effortful control.

T2 math and reading achievement. During a home visit when children were approximately 

eight-years-old, children worked with a trained administrator to complete the picture 
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vocabulary, passage comprehension, and applied problems subtests from the Woodcock 

Johnson Tests of Achievement IV (Schrank et al., 2014). The subtests are among the most 

commonly used tests of achievement and subscales are consistently found to be reliable and 

valid (McGrew et al., 2014). In line with scoring recommendations from the publisher, we 

used the Woodcock Johnson scoring software to convert raw scores into W scores, which are 

interval-scale measures similar to standardized scores. The picture vocabulary and passage 

comprehension scales were highly related, r(350) = .59, p < .01, and were averaged to form 

an index of reading achievement. The applied problems subtest was used as an index of math 

achievement.

Covariates. Sex (0 = Male, 1 = Female), race (1 = Non-Hispanic White, 0 = other), age, and 

socioeconomic status (e.g., average of parent-reported household income and mothers’ and 

fathers’ education) were obtained from parents’ surveys and were included as covariates.

Results

Prior to testing the main hypotheses, we present a series of descriptive analyses and examine 

the zero-order correlations between the study variables. We then conducted a series of 

regressions in Mplus 8.0 (Muthén & Muthén, 1998–2017) to test if the relations between T1 

school readiness and T2 achievement were moderated by T2 temperament. When significant 

interactions emerged, simple slopes were probed at 1 SD below and above the mean of 

temperament (i.e., effortful control, shyness, anger) using the simple slopes technique for 

nested data outlined by Preacher and colleagues (Preacher et al., 2006). In order to account 

for the lack of independence in the data stemming from the nested data structure (e.g., twins 

within families), all correlational analyses and regressions were estimated within Mplus 

while specifying Type=Complex. This specification controls for twin interdependence and 

allows us to use both twins in the model (Clifford et al., 2020; Miadich et al., 2019; Muthén 

& Muthén, 1998–2017). In addition, the MLR option was utilized to implement full 

information maximum likelihood (FIML) estimation in order to make use of all available 

data. We estimated a power analysis in G*Power to ensure that we had adequate power to 

conduct the analyses. Given our N of 551, 7 predictors, and an effect of f2 = .05 (a relatively 

small effect), power is greater than .95 (Faul et al., 2009).

The descriptive statistics and zero-order correlations are presented in Table 1. The variables 

did not display a level of skewness or kurtosis that would bias findings (Tabachnick & 

Fidell, 2007). Girls were higher in T2 effortful control and lower in T2 anger and T2 math 

than boys. Being non-Hispanic White was positively related to T1 SES, T1 school readiness, 

and T2 reading. T1 SES was positively related to T1 school readiness, T2 reading and T2 

math achievement, and negatively related to T2 shyness. T1 school readiness and T2 

effortful control were positively related to each other and to the measures of T2 reading and 

T2 math achievement. T2 shyness, but not T2 anger, was negatively related to both T2 math 

and T2 reading achievement.

We estimated six regressions to test whether temperament moderated the relations between 

school readiness and reading or math achievement. In each model, we mean centered the 

continuous variables in line with the recommendations provided by Aiken and West (1991). 
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As shown in Table 2, in each model, T1 school readiness was positively related to T2 

reading and T2 math achievement. Further, T2 effortful control was significantly positively 

related to both measures of T2 achievement, whereas T2 shyness was negatively related to 

these outcomes. T2 anger was not significantly related to either index of T2 achievement. Of 

interest, the interaction between T1 school readiness and T2 effortful control was significant 

for T2 reading. As depicted in Figure 1, the positive relation between T1 school readiness 

and T2 reading was significant at high (b = 8.52, p < .01) and mean (b = 5.85, p < .01), but 

not low (b = 3.19, ns), levels of T2 effortful control. Regions of significance tests 

demonstrated that the positive relation between T1 school readiness and T2 reading was 

significant for T2 effortful control values above unstandardized values of −.72, which 

includes 81% of the sample. In addition, there was a significant interaction between T1 

school readiness and T2 shyness on T2 reading. Findings shown in Figure 2 illustrate that 

the positive relation between T1 school readiness and T2 reading was significant at low (b = 

9.25, p < .01) and mean levels of T2 shyness (b = 6.17, p = .01), but not significant at high 

levels of T2 shyness (b = 3.10, ns). Regions of significance tests demonstrated that the 

positive relation between T1 school readiness and T2 reading was significant at T2 shyness 

values below unstandardized values of .62, which includes 78% of the sample.

Discussion

The chief aim of this study was to test if children’s temperament (i.e., their anger, effortful 

control, and shyness) moderated the longitudinal relations between school readiness and 

academic achievement. Addressing this aim represents an important way to fill the gap in the 

literature regarding why relations between school readiness and later achievement are 

typically only of a modest magnitude and why some intervention effects on school readiness 

fade out (Bailey et al., 2016; Boivin et al., 2014; Clements et al., 2013). Based on the 

premise that temperament plays a role in how students respond to obstacles in the school 

environment, we expected school readiness to be positively related to math and reading 

achievement primarily when students were high in effortful control or low in anger or 

shyness. Using longitudinal data collected from multiple reporters and methods, T1 school 

readiness when children were five-years-old was consistently related to high levels of T2 

reading and math achievement assessed approximately three years later. In addition, T2 

effortful control was positively related to T2 reading and math achievement; the reverse 

pattern was identified for T2 shyness. In partial support of the theoretical arguments 

advanced above, we found that students’ T2 effortful control and T2 shyness moderated the 

effects of T1 school readiness on T2 reading, such that prediction from T1 school readiness 

was strongest for students’ high in effortful control and low in shyness.

Consistent with expectations, T1 school readiness was positively related to T2 reading and 

math achievement. This pattern is consistent with prior literature (Duncan et al., 2007; La 

Paro & Pianta, 2000) and the human capital perspective that early assets lead to the 

accumulation of additional assets (i.e., the Matthew effect, Heckman, 2000). The findings 

also highlight the importance of activities designed to help children enter into formal 

schooling with the skills they need in order to achieve at high levels. The authors of the 

NAEYC (1995) report noted that children’s school readiness is most likely to be realized 

when there is a high-level of coordination between children, families, and schools. However, 
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because approximately 65% of children between the ages of 3 and 5 are enrolled in pre-

school programs, the role of getting students ready for elementary school is increasingly 

involving pre-school teachers and administrators (U.S. Department of Commerce, 2017). 

Additional work is needed to identify constructive and efficient ways for pre-school teachers 

and families to work together to prepare children who enter their classrooms from a variety 

of backgrounds to be ready for formal schooling.

Our findings also highlight the importance of identifying subgroups of children for whom 

school readiness abilities prior to kindergarten are more or less predictive of achievement in 

middle childhood. Consistent with expectations, T2 effortful control moderated the 

longitudinal relations between T1 school readiness and T2 reading achievement. As shown 

in Figure 1, the highest levels of achievement were observed when students were high in 

both school readiness and effortful control. This pattern is consistent with the hypothesis that 

the benefits often associated with school readiness are most likely to be realized when 

students are able to effectively manage their behaviors, attention, and emotions (Li-Grining 

et al., 2014) and with Rothbart and Bates’ (2006) argument that temperament is likely to 

moderate the effects of other processes on measures of adjustment. Effortful control may 

foster quality relationships with teachers and peers, as well as patterns of school 

engagement, that allow for the positive benefits of school readiness to be realized. In 

contrast, when students are low in effortful control, the advantages typically afforded by 

school readiness may become muted because of the disruptions associated with dysregulated 

emotions and behaviors.

T2 shyness also moderated the effect of T1 school readiness on T2 reading achievement. As 

shown in Figure 2, T1 school readiness predicted T2 reading when students were low and 

average, but not high, in T2 shyness. Based on extant literature, we suspect that when 

students are high in shyness the potential positive effects of school readiness may not be 

realized as a result of disrupted relationships with peers and teachers. Findings from the 

broader temperament literature indicate that shyness is negatively related to peer acceptance 

and popularity (Eggum-Wilkens et al., 2014; Zhang et al., 2017). Likewise, children prone 

towards shyness are less likely to initiate interactions with teachers and they may be hesitant 

to participate in learning opportunities (Rudasill & Rimm-Kaufman, 2009; Valiente, 

Swanson, & Lemery-Chalfant, 2012). As a result, shy students may not receive the 

educational assistance they need. Given the social and academic risks associated with high 

levels of shyness (Evans, 2010; Rubin et al., 2009), efforts should be made to help students 

prone towards shyness to effectively engage in social interactions.

It is interesting that we identified a pattern of interaction for reading, but not math. When 

math was the outcome, both effortful control and shyness provided unique prediction beyond 

school readiness. We suspect that differences in the way reading and math are taught during 

early elementary school are germane to understanding this pattern. Reading, in contrast to 

mathematics instruction, more often involves small group instruction where the teacher 

groups students by reading ability. Students are then often required to read out loud in the 

group setting, and if the student is high in shyness, they may find this process quite difficult 

and they may not take full advantage of the learning opportunity. Likewise, low levels of 

effortful control may be particularly disruptive in the small group setting, especially if the 
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teacher is not directly working with that particular group. In both cases, the otherwise 

positive effects of school readiness on reading may not be fully realized as a result of 

students’ low effortful control and high shyness. Because mathematics instruction typically 

involves instruction to the entire classroom and then more independent study (e.g., with 

manipulatives), temperament (and associated behaviors) may not play a significant role in 

altering relations between school readiness and math achievement. Explicitly testing this 

post-hoc explanation is a promising means for better understanding the roles of school 

readiness, effortful control, and shyness in students’ academic achievement.

As shown in Table 2, it is the case that both effortful control and shyness are significantly 

related to math achievement, even beyond the effects of school readiness. The finding for 

effortful control is consistent with prior work and is likely maintained as a result of 

cognitive, motivational, regulatory, and relational benefits associated with high levels of 

effortful control (Zhou et al., 2010). A robust body of evidence indicates that shyness is a 

risk factor for social-emotional problems such as peer rejection, loneliness, and depression 

(Rubin et al., 2009), and the findings presented here indicate that shy children are also likely 

to experience challenges in the academic domain. It is possible that the relations between 

shyness and math achievement are mediated by the socio-emotional constructs listed above, 

and future longitudinal research should focus on delineating the nature of these potential 

relations. In addition, because students prone towards shyness are often self-conscious or 

easily embarrassed, they may be hesitant to seek assistance from their teacher and 

consequently they may miss out on quality student-teacher interactions (Zee & Roorda, 

2018). Consistent with this idea, there is evidence from a meta-analysis that shyness is 

negatively related to student-teacher closeness and positively related to student-teacher 

conflict (Nurmi, 2012). The relations between shyness and achievement are somewhat 

inconsistent in the literature (especially when compared to effortful control) and may vary 

based on the reporter or index of achievement (Hughes & Coplan, 2010; Zhang et al., 2017). 

The differential pattern of relations based on methodology for shyness suggests that 

advancements to this line of research will likely need to incorporate the perspective of 

multiple reporters and methods.

Unexpectedly, T2 anger did not emerge as a significant predictor of T2 achievement and it 

did not interact with T1 school readiness. The lack of a significant direct effect is somewhat 

surprising and is inconsistent with some prior literature (Hernández et al., 2016; Valiente et 

al., 2010). Although we can only speculate on why significant relations were not identified, 

it is possible that the infrequent occurrence of anger (i.e., mean of 1.82 on a 1–5 scale) 

limited prediction. The use of additional methodologies, including scan observations 

(Hernández et al., 2016), may yield data which are more representative of daily experiences 

and may identify expressions of anger that are more predictive of achievement. It could also 

be the case that the relations between anger and achievement are not direct, but are indirect 

via relationships with others (e.g., teachers and peers) and students’ school engagement 

(Kwon et al., 2017; Zhou et al., 2010), or moderated by regulatory abilities (Valiente et al., 

2010; Valiente, Swanson, & Eisenberg, 2012).
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Limitations and Future Directions

Despite a number of strengths, including the use of a longitudinal design and the use of 

different reporters for the primary predictors, the study is not without limitations. First, the 

data were correlational so firm conclusions about direction of causation cannot be made. 

Second, although school readiness is often considered a multifaceted construct involving 

students’ health, social, and cognitive processes, our assessment focused on the literacy and 

mathematics components. It will be important for future work to more closely examine the 

health and social aspects of school readiness. Third, it is possible that child characteristics 

(e.g., problem behaviors, school engagement, other indices of emotional competence such as 

social competence, emotion knowledge) or classroom processes (e.g., instructional support, 

level of chaos) not considered in the current study are relevant to the associations between 

school readiness and achievement. Fourth, we were unable to fully evaluate fadeout due to 

only having one measurement occasion for achievement. Multiple assessments of 

achievement would more fully allow for an analytic description of fadeout and processes 

that reduce or amplify its occurrence as children progress through elementary school.

Implications for Policy and Practice

The findings presented here have important implications for educators and scholars 

interested in promoting early academic achievement. First, at a broad level, the findings 

presented here affirm the importance of helping students be ready to learn when they enter 

the formal school environment. Consistent with Heckman’s theoretical work, students who 

enter elementary school with important literacy and numeracy skills are likely to do well 

academically as they progress through formal schooling (Heckman, 2000). Students’ 

academic achievement is likely to be enhanced when parents, teachers, researchers, and 

policy makers work together to offer high-quality cost effective school readiness programs. 

There is evidence that this approach can yield positive child outcomes (Boivin & Bierman, 

2014; Peters & Howell-Moneta, 2014).

Importantly, however, based on the novel findings presented here, the effect on reading is 

dependent on children’s effortful control and shyness. As a result, students’ reading 

achievement is likely to be advanced by efforts to improve effortful control and decrease 

shyness. There are indications that such changes are possible. For example, findings from 

several intervention studies provide evidence that young children’s effortful control (and 

related abilities) and interactions with others can be improved via interventions delivered in 

the home or school context (Hentges et al., 2020; O’Connor et al., 2014b; PATHS® 

Education Worldwide, 2018; Raver et al., 2009; Raver et al., 2011; Riggs et al., 2006). 

Results from a recent study suggest that adding a self-regulation component to a school 

readiness program can improve math and literacy outcomes (Duncan et al., 2018). There is 

also evidence that socio-emotional interventions provide social and academic benefits to shy 

children (see Coplan & Rudasill, 2016, for a review; O’Connor et al., 2014a). Cumulatively, 

these findings are consistent with Cunha and Heckman’s (2007) perspective that initial 

assets (i.e., school readiness) are more productive when they are supplemented with 

additional assets (i.e., high effortful control, low shyness). Consequently, efforts to advance 

students’ reading achievement are most likely to be effective when their academic school 
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readiness is supported along with programs that work to positively impact effortful control 

and shyness.
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HIGHLIGHTS

We tested if temperament moderated the link between school readiness and achievement.

School readiness was positively related to reading when effortful control was high.

School readiness was positively related to reading when shyness was low.

School readiness, effortful control, and shyness uniquely predicted math.
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Figure 1: 
The Interaction Between T1 School Readiness and T2 Effortful Control Predicts T2 Reading

Note. Differences between the slopes are significant to the right of the vertical line. The 

slopes for high (b = 8.52, p < .01) and mean level (b = 5.85, p < .01) effortful control were 

significant, whereas the slope for low (b = 3.19, ns) effortful control was not significant.
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Figure 2: 
The Interaction Between T1 School Readiness and T2 Shyness Predicts T2 Reading

Note. Differences between the slopes are significant to the right of the vertical line. The 

slopes for low (b = 9.25, p < .01) and mean (b = 6.17, p = .01) shyness were significant, 

whereas the slope for high (b = 3.10, ns) shyness was not significant.
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Table 2

School Readiness and Temperament as Predictors of Achievement

T2 Reading T2 Math

B SE b β B SE b β

Effortful Control

Female −1.62 1.12 −.08 −8.55** 2.15 −.23**

Non-Hispanic White 2.81* 1.33 .13* .57 2.41 .02

T2 Age 2.61* 1.26 .13* 5.10* 2.46 .14*

T1 SES 2.11* 1.00 .16* 2.24 1.88 .10

T1 SR 5.85** 1.68 .35** 11.43** 2.78 .39**

T2 EC 2.38** .76 .19** 5.01** 1.71 .23**

T1 SR X T2 EC 3.17* 1.40 .14* −.72 3.77 −.02

R2 = .33 R2 = .32

Anger

Female −.58 1.10 −.03 −6.71** 2.01 −.18**

Non-Hispanic White 2.90* 1.40 .14* .60 2.49 .02

T2 Age 2.64* 1.34 .13*
4.32

+ 2.53
.12

+

T1 SES 2.23* 1.09 .17* 1.93 2.04 .08

T1 SR 6.06** 1.74 .37** 12.91** 2.87 .44*

T2 Anger −.63 .74 −.05 −1.90 1.43 −.09

T1 SR X T2 Anger −.90 1.42 −.04 −2.78 3.11 −.06

R2 = .28 R2 = .28

Shyness

Female −.38 1.10 −.02 −5.47** 2.00 −.15**

Non-Hispanic White 2.83* 1.40 .14* .15 2.39 .00

T2 Age
2.37

+ 1.30
.12

+ 3.55 2.44 .10

T1 SES
1.76

+ 1.03
.13

+ 1.49 1.99 .06

T1 SR 6.17** 1.59 .37** 12.38** 2.90 .42**

T2 Shy −1.69* .81 −.12* −3.55** 1.61 −.15*

T1 SR X T2 Shy −3.99** 1.36 −.18** .21 3.02 .01

R2 = .31 R2 = .28

Note. T1 = Time 1; T2 = Time 2; SR = School readiness; EC = effortful control. SES = socioeconomic status (i.e., mean of parent-reported 
household income and mothers’ and fathers’ education after standardization); The N for each regression is 551.

+
p < .10

*
p < .05

**
p < .01
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