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The measurement of self-regulation in young children has been a topic of great interest as researchers and practitioners work to help ensure that children have the skills they need to succeed as they start school. The present study examined how a revised version of a commonly used measure of behavioral self-regulation, the Head-Toes-Knees-Shoulders task (HTKS) called the HTKS-R, and measures of executive function (EF) was related to academic outcomes between preschool and kindergarten (ages 4–6years) in a diverse sample of children from families with low income participating in Head Start in the United States. Participants included 318 children (53% female; 76% White; and 20% Latino/Hispanic) from 64 classrooms in 18 Head Start preschools who were followed over four time points between the fall of preschool and the spring of kindergarten. Results indicated that children with higher HTKS-R scores had significantly higher math and literacy scores at all-time points between preschool and kindergarten. The HTKS-R was also a more consistent predictor of math and literacy than individual EF measures assessing inhibitory control, working memory, and task shifting. Parallel process growth models indicated that children who had high initial scores on the HTKS-R also had relatively higher initial scores on math and literacy. In addition, growth in children’s scores on the HTKS-R across the preschool and kindergarten years was related to growth in both children’s math and literacy scores over the same period independent of their starting points on either measure. For the HTKS-R and math, children’s initial scores were negatively associated with growth over the preschool and kindergarten years indicating that lower skilled children at the start of preschool started to catch up to their more skilled peers by the end of kindergarten.
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INTRODUCTION

Skills developed in early childhood lay the foundation for later success in school and life (Center on the Developing Child at Harvard University, 2011; McClelland et al., 2013). Meanwhile, many young children face difficulties as they move from early preschool and care settings to increasingly structured school environments during the transition to formal school settings (e.g., kindergarten in the United States; Gilliam and Shahar, 2006). In the search for sources of influence on school adjustment and success, children’s self-regulation has been identified as a malleable factor (Blair and Raver, 2015; Zelazo et al., 2016). A considerable body of evidence documents that self-regulation contributes to school success both prior to kindergarten and throughout formal schooling (Moffitt et al., 2011; McClelland et al., 2013; Blair and Raver, 2015). However, it remains a challenge to capture adequate variability in self-regulation measures in ways that are both ecologically valid and predict school readiness and success in young children.

Direct assessments of children’s self-regulation improve upon and complement traditional approaches requiring teacher or parent report (McClelland and Cameron, 2012). Considerable progress has been made in developing measures that capture young children’s self-regulation through a variety of approaches (Willoughby et al., 2012; Zelazo et al., 2013; Howard and Melhuish, 2017; Howard et al., 2019). Many assessments still require technology however (e.g., tablets or computers), are lengthy, expensive, or do not capture adequate variability in scores, especially for children from families with low income. Thus, validity and utility in applied settings and with diverse groups of children are less evident for most existing measures of self-regulation. In this study, we examine a revised version of the Head-Toes-Knees-Shoulders task (HTKS-R), a direct assessment of children’s behavioral self-regulation that requires multiple executive function (EF) components and has demonstrated strong reliability, validity, and predictive associations with various academic and classroom outcomes (McClelland et al., 2007a, 2014; Cameron Ponitz et al., 2009; Wanless et al., 2011; Schmitt et al., 2017; Lenes et al., 2020a; Gonzales et al., 2021). This study examines how well the HTKS-R and other measures of EF predict (a) variation in children’s academic outcomes in preschool and kindergarten and (b) growth in academic skills during the school transition.


Self-Regulation and Executive Function

Self-regulation is a complex construct that includes a range of skills and is often defined differently according to discipline (e.g., developmental psychology, educational sciences, or cognitive psychology). Differences in conceptualizations reflect the wide variety of fields that examine self-regulation and the developmental and contextual framework in which self-regulation is considered (e.g., Blair, 2016). Scholars agree that self-regulation is a contextualized construct, consisting of controlling, directing, and planning to achieve social, academic, or personal goals or to avoid negative consequences (Baumeister and Vohs, 2004; Nigg, 2017; Bailey and Jones, 2019). In early childhood, research distinguishes among the self-regulation of emotions, cognitions, and behavioral outcomes, although there is considerable overlap among these domains (Blair and Raver, 2015; McClelland et al., 2015; Zelazo et al., 2016). Although self-regulation includes aspects of EF, it is also broader and captures other aspects of regulation including emotions and behavior (McClelland et al., 2015; Bailey and Jones, 2019).

In this study, we emphasize behavioral self-regulation, which refer to the use of executive function (EF) skills (i.e., complex working memory, complex response inhibition, and task shifting) in different situations, such as remembering to raise one’s hand and waiting to be called upon instead of shouting out an answer in class (McClelland et al., 2007b; Cameron Ponitz et al., 2008; Connor et al., 2010; Morrison et al., 2010). Our framework follows Miyake et al. (2000) and Garon et al. (2008) conceptualization of EF as showing both unity and diversity; that is, lower-order cognitive processes can be distinguished, but they are also all related to a higher-order skill. The ability to integrate multiple aspects of EF allows children to execute behaviors appropriate to the situation at hand. For example, in classroom settings, behavioral self-regulation is associated with remembering instructions, paying attention, and completing academic tasks (McClelland et al., 2007a; Cameron Ponitz et al., 2009). Self-regulation is also related to other constructs, such as effortful control, which stems from the temperament and personality literature and typically includes constructs, such as inhibitory control and attentional focusing but not working memory (McClelland et al., 2015). The area of study where EF and self-regulation meet brings together scholars from numerous disciplines, which is beneficial for theoretical and methodological diversity, but also the disadvantage of a proliferation of nomenclature (Morrison and Grammer, 2016; Morra et al., 2018). To address this issue, we define the constructs in our study in the context of existing work that is most applicable to our context of interest, which is early childhood learning environments. We also emphasize three of the most accepted underlying individual EF components in the unity-and-diversity conceptualization of EF, while acknowledging there is ongoing debate about components that space prevents us from comprehensively addressing here (Morra et al., 2018).

A large body of literature suggests that strong behavioral self-regulation is significantly associated with better achievement and social outcomes prior to and throughout children’s educational careers (McClelland et al., 2007a, 2013; Moffitt et al., 2011; Zelazo et al., 2016; Robson et al., 2020). In contrast, children who struggle with behaviors, such as talking out of turn and failing to complete assignments, have more difficulty in school (Ladd, 2003; McClelland et al., 2006).



Self-Regulation and EF in Children From Families With Low Income

Socio-demographic risk due to membership in an oppressed cultural or socioeconomic status group increases children’s exposure to chronic stress and/or fewer opportunities to practice EF to regulate their behavior, which in turn influences their overall developmental trajectories (Blair and Raver, 2012; Ursache et al., 2016). Risk factors for children include coming from single-parent home, having parents with low educational attainment, and being from a minoritized race or ethnic group (Galindo and Fuller, 2010; Sektnan et al., 2010; Raver et al., 2012). These factors add pressure on children as they transition to formal school contexts—many of which perpetuate societal oppression rather than bolstering children’s nascent self-regulatory abilities (Love, 2019). In the United States, racial and ethnic minorities disproportionally experience the negative effects of systemic racism, including educational disparities and poverty (U.S. Census Bureau, 2013–2017). Together, research suggests that many children experiencing socio-demographic indicators of risk, which can make impulsivity key to thriving (Duran et al., 2020), have had few opportunities to practice EF prior to formal schooling and have difficulty transitioning to a more academic and EF-demanding classroom context (Blair and Raver, 2012; Blair, 2016). As a result, children from minoritized and otherwise oppressed groups are more likely to experience difficulty in school, report liking school less, and disengage from learning early in their academic careers (Blair and Raver, 2012; Roy and Raver, 2014). Meanwhile, interest in direct assessments of social-emotional learning, including behavioral self-regulation, is growing (McClelland et al., 2014; Halle and Darling-Churchill, 2016; Jones et al., 2016; Zelazo et al., 2016). Educational researchers and school leaders have a responsibility to use measures that can reliably and validly measure behavioral self-regulation in young children from diverse backgrounds (Harper, 2021).



Measurement of Behavioral Self-Regulation With the HTKS

Structured self-regulation assessments involving direct observation of child responses during tasks have distinct advantages over the method of asking caregivers and teachers to report on children’s behavior. Direct assessments may be less prone to bias that researchers attribute to teachers’ beliefs and previous experiences with individual children (Loo and Rapport, 1998; Waterman et al., 2011). In addition, studies using both methods indicate that direct assessments of behavior provide different information than surveys (Gestsdottir et al., 2014).

The HTKS integrates multiple EF components into a game-like measure appropriate for children aged 4 to 8years (although the task has also been used with older adults; Cerino et al., 2018). Without needing any materials, the examiner relays several behavioral rules to the child, including: “touch your head,” “touch your toes,” “touch your shoulders,” and “touch your knees.” Children are first taught to “do the opposite” by touching their head when told to touch their toes and vice versa; new rules for these commands are added and changed as the task progresses in complexity. The task taps EF by requiring children to integrate multiple cognitive skills: (1) paying attention to instructions, (2) using complex working memory (Garon et al., 2008) to remember and execute new rules while processing the commands, (3) using complex response inhibition (Garon et al., 2008), specifically, intentional motor inhibition (Nigg, 2000), to inhibit their natural gross motor response that would follow each command while initiating the correct, unnatural, or “opposite” response, and (4) task shifting to switch their motor response when rules change (Morra et al., 2018).

The HTKS is moderately to strongly correlated with other established EF assessments and is a consistently strong indicator in latent variable models of EF (Allan and Lonigan, 2011; Schmitt et al., 2017). Because the HTKS has been shown to assess multiple aspects of EF, it also supports recent research supporting the greater unidimensionality of executive functions in relatively young children (Karr et al., 2018; Morra et al., 2018). Moreover, the task is short (5–7min) and easy to administer with good inter-rater reliability (κ=0.90; Cameron Ponitz et al., 2009; McClelland and Cameron, 2012), which makes it a practical tool for use in classrooms and across cultures and socioeconomic groups (Wanless et al., 2011; McClelland et al., 2014).

Accumulating research shows that the HTKS is one of the best-performing measures for predicting academic achievement in young children (Fuhs et al., 2014; Lipsey et al., 2017) and has strong construct and predictive validity (McClelland et al., 2007a, 2014; Cameron Ponitz et al., 2009; Cameron et al., 2019; Lenes et al., 2020b). Other research also indicates that the HTKS predicts academic achievement in diverse contexts and samples of children (Wanless et al., 2011; von Suchodoletz et al., 2013; Gestsdottir et al., 2014; McClelland et al., 2014; Cadima et al., 2015; Lenes et al., 2020b). Despite its general utility, the HTKS offers relatively less information about the behavioral self-regulation abilities of children with relatively low or nascent abilities; the HTKS exhibits floor effects among such populations. In the present study, we compare the HTKS-R to measures of EF that assess complex working memory, response inhibition, and set-shifting in their ability to predict academic outcomes in young children.



Development of the HTKS-R

Although there is strong evidence to support the utility, reliability, and validity of the current three-part HTKS, there are also limitations to the task. For example, the gross motor demands of the task in addition to the cognitive complexity of the task may present challenges for young children, especially those facing socio-demographic risk factors. Studies have documented floor effects on the HTKS for children at socio-demographic risk, including children who are dual-language learners (DLLs; Caughy et al., 2013). This research indicates that the current HTKS does not adequately differentiate scores among the children that it is most important for schools to support—those facing disproportionate adversity. Thus, the HTKS-R, a revised version of the HTKS, was developed to address these issues (Gonzales et al., 2021).

The HTKS-R adds an additional section to the beginning of the task, which removes the motor and social demands inherent in the HTKS. Instead of requiring children to use gross motor movements, the first part of the HTKS-R asks children to say the opposite body part named by the examiner (head or toes) rather than having to show it. If children are successful, they proceed to the next parts of the task, which are essentially the same as the HTKS. Recent research has demonstrated that the HTKS-R displays stronger psychometric properties than the HTKS and showed greater variability in performance compared to the HTKS among young children from families with low income (Gonzales et al., 2021). Specifically, the HTKS-R showed floor effects for less than three percent overall in children between 48 and 60months of age, which was about 80% less than the floor effects on the HTKS. Moreover, the HTKS-R demonstrated construct validity and was more strongly related to other measures of EF and behavioral self-regulation across preschool and kindergarten than the HTKS (Gonzales et al., 2021). What remains unclear is how well the HTKS-R predicts (a) children’s academic outcomes in preschool and kindergarten compared to measures of EF and (b) how growth on the HTKS-R relates to growth in academic outcomes. Answering these questions was the goal of the present study.



Current Study

The current study had two main research questions. First, we examined how the HTKS-R related to academic outcomes in relation to individual EF measures in young children from families with low income between the fall of preschool and the end of kindergarten. Based on research evaluating the HTKS (McClelland et al., 2007a, 2014; Cameron Ponitz et al., 2009; Wanless et al., 2011), we anticipated that children with high scores on the HTKS-R would have significantly higher academic achievement at all-time points and that the HTKS-R would be more consistently related to outcomes compared to individual measures of EF because the HTKS-R captures all aspects of EF in one assessment (McClelland et al., 2014).

The second research question examined how growth on the HTKS-R relates to growth in academic outcomes between preschool and kindergarten in children from families with low income. Based on previous research, we expected that children who showed greater growth over time on the HTKS-R would demonstrate similar growth in math and literacy skills (McClelland et al., 2014). We also hypothesized that children with low scores at the fall of preschool would show improvement in behavioral self-regulation, math, and literacy over the transition to kindergarten and would start to catch up to more skilled peers by the end of kindergarten (Montroy et al., 2016).




MATERIALS AND METHODS


Participants

As part of a federally funded study to refine and evaluate the HTKS, 318 children (53% female) were recruited from 64 classrooms in 18 Head Start preschools in the Pacific Northwest over 2years. Participation in Head Start was used as a proxy for low-income status because this federally funded program is limited to children and families who meet poverty guidelines. Two cohorts were followed from fall of preschool (mean age=4.69years, SD=0.30) to spring of kindergarten (mean age=6.12years, SD=0.30). At fall of preschool, 15% of children were assessed in Spanish; at spring of kindergarten, 4% were assessed in Spanish. Parents received a demographic questionnaire and approximately 51% of forms were returned. Average primary caregiver education was 12.20years (SD=2.66), with 67% reporting a high school education or less. Participants were invited to report multiple racial/ethnic identities; 76% reported “White,” 20% reported “Latino/Hispanic,” and 4% marked another race/ethnicity. Of those who indicated “another race/ethnicity,” 26% marked two or more options, most frequently reporting Latino/Hispanic and White or African American and White.



Procedure

The principal investigator and research team contacted preschool directors via telephone, e-mail, and in-person meetings to recruit local preschools using a convenience sampling approach. Graduate and undergraduate research assistants were trained on several measures of EF and academic achievement. Children were assessed in the fall and spring of preschool (Waves 1 and 2) and fall and spring of kindergarten (Waves 3 and 4) in their classroom or other school setting. Children provided verbal assent prior to each session, and sessions lasted 15–20min. When notified by a caregiver or teacher that a child spoke a language other than English, a bilingual assessor administered two subtests of the pre-language assessment screener (preLAS; Duncan and De Avila, 1998). Children whose home language was Spanish and received a score of 15 or more were administered all assessments in English; children who scored less than 15 points were assessed in Spanish. Children who spoke a language other than Spanish and did not pass the preLAS were not administered assessments at that time point. Spanish-speaking research assistants administered the preLAS at each wave of the study and children who received a preLAS were assessed by bilingual assessors at each time point.



Measures


English Proficiency Screener

Two subtests of the preLAS were used to assess English language proficiency (Duncan and De Avila, 1998); “Simon Says,” which measures receptive vocabulary and “Art Show,” which measures expressive vocabulary. During the “Simon Says” subtest, assessors asked children to respond to verbal commands (e.g., “Simon says point to the door”). In the “Art Show” subtest, children were shown a picture book and asked to identify various items (Assessor: “What is this?” Child: “A cup.” Assessor: “What can you do with it?” Child: “Drink.”). Each subtest had 10 items, where children received 1 point for a correct response and 0 points for an incorrect response. If children scored 15 or more points they passed the preLAS and were assessed in English (Rainelli et al., 2017). Reliabilities ranged from α=0.77 to α=0.90 across the four time points.



Behavioral Self-Regulation Measure


Head-Toes-Knees-Shoulders Revised

The HTKS measured children’s behavioral self-regulation (Cameron Ponitz et al., 2008; McClelland et al., 2014). During the game, children were asked to do the opposite of what they were told (e.g., if told to touch their head, the child should touch their toes). The task increases in complexity until children were required to remember opposing rules involving four body parts (head, toes, knees, and shoulders). In an updated version of the HTKS, HTKS-R, an “Opposites” section was included at the start of the task. In this section, children were asked to verbally respond to prompts, e.g., “When I say toes, you say head.” Children received 2 points for a correct response, 1 point for a self-corrected response, and 0 points for an incorrect response. Scores ranged from 0 to 118, and the measure demonstrated good internal consistency: Wave 1 α=0.95, Wave 2 α=0.94, Wave 3 α=0.93, and Wave 4 α=0.92. Because this study took place in the context of developing a revision to the original HTKS measure, we considered an alternative version for a subset of children (N=128 in Wave 1 and N=100 in Wave 2) in which the new opposites section was administered after part 1 of the task, but only for children who scored below a cutoff on the first few practice items in part 1 (N=52 in Wave 1 and N=50 in Wave 2). Children who scored above the cutoff received full points for the opposites section. We ultimately did not adopt this approach (Gonzales et al., 2021). In the present study, we tested whether there were any differences in conclusions depending on the ordering; conclusions were not different, so we report results from the entire sample regardless of task ordering.




Executive Function Measures


Day-Night Stroop Task

The Day-Night Stroop task is a direct measure of complex response inhibition (Gerstadt et al., 1994). Children were shown a card with a picture of a sun or moon and were required to say the opposite of what they saw. For example, if shown a picture of a moon, a child should say “day.” Scores range from 0 to 32, where children received 2 points for a correct response, 1 point for a self-corrected response, and 0 points for an incorrect response. Reliability estimates for the present study were as: Wave 1 α=0.91, Wave 2 α=0.90, Wave 3 α=0.87, and Wave 4 α=0.83.



DCCS Task

The dimensional change card sort (DCCS) is a direct assessment that measures children’s task switching (Frye et al., 1995; Zelazo, 2006). During the task, children were asked to sort cards first by color, then by shape. If children received a score of 5 or more (out of 6) in phase one, children moved on to phase two where they were asked to sort cards differently depending on the presence or absence of a black border. The total score ranged from 0 to 24, where children received 1 point for a correct response and 0 points for an incorrect response. Reliability estimates for the present study were as: Wave 1 α=0.93, Wave 2 α=0.93, Wave 3 α=0.91, Wave 4 α=0.86.



Working Memory

Phonological working memory and semantic processing were assessed using the Woodcock Johnson-III or Woodcock-Munoz Batería III Auditory Working Memory task, a normed and standardized measure (Woodcock et al., 2001c; Muñoz-Sandoval et al., 2005). During the task, children were told a series of objects and numbers (e.g., two, 7, dog) and were asked to repeat back the objects first, then the numbers.




Academic Achievement

Academic achievement was measured using subtests of the Woodcock Johnson-III (WJ-III, Woodcock et al., 2001b). Age-normed W scores were utilized to represent total sum scores for the Applied Problems and Letter-Word WJ-III subtests (Mather and Woodcock, 2001). Higher W scores indicate better performance (i.e., more correct responses), and the W scale is especially suited for assessing growth (Najarian et al., 2019). Previous research has demonstrated high reliabilities (α<0.80) for all subtests (Woodcock et al., 2001a; Schrank et al., 2005). Testing on each subtest stops after six incorrect responses.


Applied Problems

Children’s mathematics skills were assessed using the Applied Problems subtest of the WJ-III (Woodcock et al., 2001a) or the Woodcock-Muñoz Batería III (Muñoz-Sandoval et al., 2005). The Applied Problems subtest measured children’s early mathematical operations (e.g., addition, subtraction, and counting). Children are shown a series of images and asked to quantify them, (e.g., “How many birds are there?”). As children progress through the measure, the items increase in complexity and children are asked to solve word problems, find the value of coins, and other more advanced mathematical operations (e.g., “What is the perimeter of this shape”). Children were given 1 point for a correct response and 0 points for an incorrect response.



Letter-Word Identification

Children’s literacy skills were measured using the Letter-Word Identification subtest of the WJ-III (Woodcock et al., 2001a) or the Woodcock-Muñoz Batería III (Muñoz-Sandoval et al., 2005). The Letter-Word subtest contained expressive and receptive items that capture letter identification and word-reading skills. Children are asked to name letters when shown a series of letters on a page, e.g., “Tell me the name of this letter” or when shown a list of words (e.g., the, on, and at), children are asked to read each word aloud. Children were given 1 point for a correct response and 0 points for an incorrect response.





Analytic Approach

The analyses for research question 1 (RQ1) were conducted using Stata 16 (StataCorp, 2019), and the parallel process models for research question 2 were conducted in Mplus Version 8.4 (Muthén and Muthén, 2012). We examined whether it was necessary to account for the hierarchical structure in the data of children being nested within classrooms (Hox et al., 2017).

At Waves 1 and 2, there were five children per classroom on average; at Waves 3 and 4, there were two children per classroom on average because children moved from preschool (Waves 1 and 2) to kindergarten classrooms (Waves 3 and 4). Intraclass correlations (ICC) were calculated using the wave-specific classroom variable, and the following measures had ICCs greater than 0.10: at Wave 1, Woodcock Johnson Applied Problems subtest (0.12); at Wave 2, HTKS-R (0.12); at Wave 3, DCCS (0.12) and the Woodcock Johnson Applied Problems subtest (0.16); and at Wave 4, HTKS-R (0.20), and the Woodcock Johnson Applied Problems subtest (0.16). Thus, the analyses described below accounted for the nested structure of the data by utilizing clustered-robust standard errors using the wave-specific classroom as the cluster variable for RQ1 analyses and the cluster variable for Wave 1 (representing the preschool year classroom in the fall) for RQ2 analysis.

We examined missing data using logistic regression models to predict missingness on each variable. Missingness did not depend on any of the following demographics: age, gender, ELL status, parent education, parent marital status, and parent employment. Thus, to account for missingness, we ran models using a full information maximum likelihood (FIML) estimator within a structure equation model (SEM) framework. FIML uses all available data and generates less biased estimates compared to more traditional missing data methods like listwise or pairwise deletion (Enders, 2001).



Primary Analyses


RQ1: Relations Between the HTKS-R and EF Measures and Academic Outcomes

We used within-time point path models to examine whether HTKS-R predicted academic achievement independent of the other EF measures: Day-Night, DCCS, and the Auditory Working Memory subtest of the Woodcock Johnson-III Tests of Achievement. We conducted these models within a SEM framework to utilize all available data instead of relying on listwise deletion in a regression framework.



RQ2: Growth in the HTKS-R and Growth in Academic Skills

We examined growth on children’s HTKS-R performance and measures of literacy and math skills from preschool through the end of kindergarten (Wave 1 to Wave 4) using a latent growth curve modeling approach. For each variable, we first fit a latent basis growth model estimating a latent intercept and slope parameter in an SEM framework from all available time points. The latent intercept parameter was measured by setting the factor loading for all-time points to 1. To allow for nonlinear development, the latent slope parameter was identified by setting the factor loading for children’s scores in the fall of preschool (Wave 1) to 0, spring of kindergarten (Wave 4) to 1, and allowing factor loadings for the spring of preschool (Wave 2) and fall of kindergarten (Wave 3) to be freely estimated1 (Grimm et al., 2016). In each model, we also constrained latent intercepts to 0 and residual variances to be equal over time. Model fit was also assessed via relative model fit for the linear growth model for each variable.

After fitting the growth models for each variable, we analyzed two parallel process models, one with literacy and the other with math, to investigate whether growth on the HTKS-R related to growth in academic outcomes. Parallel process models are used to determine whether change in one variable is related to change in another variable. The parallel process model and the unconditional linear growth models used random effects for the intercepts and slopes, and the intercept-slope covariance terms were freely estimated.





RESULTS


Descriptive Statistics, Missing Data, and Attrition

Descriptive statistics for all variables are provided in Table 1. Children improved on behavioral self-regulation, EF tasks, literacy, and math at each wave, as expected. Missing data resulted mainly from attrition between waves but also occurred on specific tasks due to children refusing to complete a task or due to absences after three consecutive visits to the child’s classroom. Missing data due to children refusing to complete a task were typically very low (e.g., less than 2%). All other missing data were due to absences. Missing data not due to attrition were low except at spring of preschool (Wave 2) when there was 12–18% missing data on some direct measures. Specifically, rates of missing data at spring preschool were as: Day-night: 12%; DCCS: 14%; HTKS, 14%; Letter-Word Identification: 15%; Applied Problems: 13%; and Working Memory: 18%. Skewness and kurtosis values for the behavioral self-regulation, EF, and academic achievement tasks were within acceptable ranges (Kline, 2005), with skewness ranging from −2.45 to 0.95 and kurtosis ranging from 1.25 to 12.14. All models described below utilized clustered-robust standard errors to account for the nested nature of the data and heteroskedasticity.



TABLE 1. Descriptive statistics for all study variables.
[image: Table1]



Research Q1: Results for the Relations Between the HTKS-R and EF Measures and Academic Outcomes

Within-time point correlations between all EF and academic measures are presented in Table 2. To address whether HTKS-R related to academic measures while controlling for other measures of EF, we conducted a series of within-time point path models predicting children’s literacy and math scores from their age, gender, and ELL status as well as their performance on the HTKS-R and EF measures: Card Sort, Day-Night, Working Memory. As shown in Table 3, children’s performance on the HTKS-R was the only variable that was a significant independent predictor after accounting for covariates when predicting children’s literacy and math scores at all four time points. Additionally, children who performed better on the Card Sort task had significantly higher literacy scores at the fall of kindergarten and higher math scores at the spring of preschool and fall of kindergarten. Children who performed better on the Day-Night task had significantly higher literacy scores at all-time points except the fall of kindergarten and significantly higher math scores at all-time points except the spring of preschool. The working memory task was only an independent predictor of literacy scores in the spring of kindergarten of math scores in the fall and spring of kindergarten. In each case, the full model with the HTKS-R accounted for an additional 9–13% of variance in children’s math scores and for an additional 2–7% of variance in children’s literacy scores compared to a model that excluded the HTKS-R.



TABLE 2. Within-timepoint Pairwise Correlations for EF and Academic Measures.
[image: Table2]



TABLE 3. Within-timepoint Path Models Predicting Literacy and Math scores.
[image: Table3]



Research Q2: Growth in HTKS-R and Growth in Academic Skills

To determine whether children’s growth on the HTKS-R related to their growth in academic outcomes, we first analyzed individual latent growth curve models of children’s performance on each of the HTKS-R and academic outcomes against an intercept only (i.e., a no-growth model) for each variable. In each case, absolute model fit was significantly improved in the latent growth curve model compared to the intercept only model. Relative and absolute model fit indices for the individual growth curve models for literacy, math, and the HTKS-R models are displayed in Table 4.



TABLE 4. Model fit statistics for linear growth models of individual variables.
[image: Table4]

We next examined separate parallel process growth models to explore how the starting point (i.e., the intercept) and growth in performance (i.e., the slope) on the HTKS-R were related to the starting point and growth in children’s literacy skills (see Figure 1) as well as children’s math skills (see Figure 2). As shown in each figure, the HTKS-R intercept was significantly and positively related to the literacy and math intercepts. Therefore, high initial scores on the HTKS-R were associated with high initial scores on literacy and math. The HTKS-R intercept was also significantly negatively related to its own slope as well as the slope of math scores. That is, preschoolers who exhibited high HTKS-R scores at the fall of the preschool year tended to demonstrate slower increases in their scores on HTKS-R and math over the course of the preschool and kindergarten years, compared to children who had lower initial skill levels on the HTKS-R. This meant that children with lower skills at the start of preschool started to catch up to their more skilled peers by the end of the kindergarten year. Finally, the HTKS-R slope was significantly positively related to the slope of math scores and literacy scores, meaning that children who grew more on the HTKS-R grew more in both their math and literacy skills independent of their starting point on any of these assessments.
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FIGURE 1. Literacy and HTKS-R parallel process model. Values represent unstandardized factor loadings and standardized covariances. Significant covariances and factor loadings at p<0.05 are displayed with solid lines. Non-significant loadings are displayed with dashed lines. Analyses revealed the following model fit indices: CFI=0.961; TLI=0.954; AIC=14363.732; BIC=14433.094; RMSEA=0.064; χ2(24)=47.342, p=0.003. WJLW=Woodcock Johnson Letter-Word subtest. HTKS-R, Head Toes Knees Shoulders – Revised.
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FIGURE 2. Math and HTKS-R parallel process model. Values represent unstandardized factor loadings and standardized covariances. Significant covariances and factor loadings at p<0.05 are displayed with solid lines. Non-significant are displayed with dashed lines. Analyses revealed the following model fit indices: CFI=0.971; TLI=0.966; AIC=13837.487; BIC=13906.848; RMSEA=0.067; χ2(24)=49.864, p=0.002. WJLW=Woodcock Johnson Letter-Word subtest. HTKS-R, Head Toes Knees Shoulders – Revised.





DISCUSSION

This study examined how children’s performance on a revised version of the HTKS structured observational measure of behavioral self-regulation, the HTKS-R, was related to their academic outcomes between the fall of preschool and the end of kindergarten, compared to other EF measures. We also examined how growth in the HTKS-R was related to growth on children’s math and literacy skills over this important transition to kindergarten (e.g., formal schooling in the United States). The HTKS has been shown to assess the cognitive aspects of EF (e.g., inhibitory control, working memory, and task shifting) in a single brief assessment (McClelland et al., 2014). Previous research has found that the HTKS is a significant predictor of children’s growth in early academic skills but young children placed at socio-demographic risk, including children who are DLLs, have been more likely to perform at lower levels on the HTKS (Caughy et al., 2013) and exhibit floor effects. Thus, the HTKS-R was developed to capture more variability in children’s nascent behavioral self-regulatory skills.

Results indicated that the HTKS-R was the most consistent predictor of children’s math and literacy scores compared to individual EF measures after accounting for covariates between the fall of preschool and spring of kindergarten. In addition, compared to children who had lower initial scores on the HTKS-R, children with high initial scores on the HTKS-R also had higher initial scores on literacy and mathematics but slower increases in scores on the HTKS-R and mathematics from preschool to kindergarten. Controlling for where they started, children who grew faster on the HTKS-R demonstrated faster growth in both their math and literacy skills.


Relations Between the HTKS-R and EF Measures and Academic Outcomes

The present study found that the HTKS-R measure of children’s behavioral self-regulation was the strongest and most consistent independent predictor of both math and literacy skills when accounting for their performance on other individual measures of EF and socio-demographic covariates across the preschool and kindergarten years. A recent study of the measurement properties of the HTKS-R indicates that this revised version demonstrates significantly fewer floor effects than the HTKS during the preschool year and has stronger relations with other measures of EF (Gonzales et al., 2021). In the present study, correlations between the HTKS-R and other EF measures suggested that adding an initial section to the HTKS was most strongly related to the Day-Night measure of inhibitory control in the fall and spring of the prekindergarten year. Thus, it is possible that this first part of the task taps inhibitory control although in another recent study, the HTKS-R was also significantly related to a measure of task shifting and working memory in the fall and spring of the prekindergarten year (Gonzales et al., 2021). Future research should continue to examine how the HTKS-R is related to aspects of EF and self-regulation.

The present study extends this work to demonstrate consistently strong predictive relations between the HTKS-R and children’s early literacy and math skills in a sample of children attending Head Start (i.e., all families with low income). Although the sample was predominantly White (76%), which matched the demographic characteristics of the region, 20% of the sample self-identified as Latino/Hispanic and 15% of children were DLLs. Results of this study indicate that the HTKS-R captured variability in a sample of children placed at socio-demographic disadvantage. Furthermore, children’s performance on the HTKS-R also related to their academic outcomes similar to patterns found in other samples with a wider range of socioeconomic backgrounds (McClelland and Wanless, 2012; McClelland et al., 2014; Lenes et al., 2020b). Of note, the associations we observed between HTKS-R and academic outcomes were stronger than we have found in previous research using the HTKS (McClelland et al., 2014) and stronger than component measures of EF.



Growth in HTKS-R and Growth in Academic Skills

Beyond documenting that HTKS-R performance is positively associated with early academic achievement in young children, results of the present study indicated that children who initially scored high on the HTKS-R also scored high on literacy and math measures at preschool entry. This result matches previous research showing that children’s concurrent levels of behavioral self-regulation and math and literacy are correlated (McClelland et al., 2007a; Schmitt et al., 2017) and may reflect the bidirectional coupling of these skills in early childhood (Schmitt et al., 2017; Cameron et al., 2019).

Moreover, children with high initial scores compared to their peers at the start of the preschool year showed slower increases in scores on the HTKS-R and math between preschool and kindergarten, compared to children with lower initial skill levels. This result suggests that children scoring lower at the start of preschool started to catch up to their more skilled peers by the end of the kindergarten year. Other research has shown this pattern with different samples of children (Montroy et al., 2016; Wanless et al., 2016), and the present study suggests that the HTKS-R can capture the variability in children’s scores over time. These results also suggest that children with high scores show less room to improve over time. We did not find evidence of ceiling effects on any measure, including the HTKS-R, so this result suggests a slowing of progress as opposed to measurement issues. Finally, growth on the HTKS-R was related to growth in math and literacy skills independent of children’s starting point on these assessments. This supports previous research finding that the slopes of behavioral self-regulation and math were correlated over time after children’s initial scores were taken into account (Cameron et al., 2019), although the present study also found that growth on the HTKS-R was related to growth in literacy skills.

Overall, results align with previous research supporting that growth in behavioral self-regulation is associated with growth in early academic skills and also support the HTKS-R as a measure that predicts growth in children’s early math and literacy skills between ages 4 and 6years. Behavioral self-regulation and EF are relevant for acquiring new skills for all children and especially for younger children and those from disadvantaged backgrounds who have had fewer opportunities to use EF as they practice self-regulating in different contexts (Blair and Raver, 2012; Ursache et al., 2016). Thus, it is not surprising that preschoolers who improved their performance on HTKS-R over time also improved in both mathematics and literacy skills. All children at the transition to formal schooling need working memory, task shifting, and inhibitory control as they work deliberately to recognize letters and letter sounds and apply phonological awareness as part of their burgeoning decoding skills (Cameron et al., 2012, 2015). After kindergarten, children start to automate these “building block” literacy skills and the HTKS-R and other measures that require EF are less strongly associated with these outcomes (Cameron, 2018).



Practical Implications

There are a number of practical implications based on the results of the present study. First, the HTKS-R, like the HTKS, was developed as a short, easy-to-implement measure that captures aspects of EF (task shifting, inhibitory control, and working memory) in a single behavioral task. The HTKS and HTKS-R were developed as ecologically valid tasks that capture behavioral aspects of self-regulation also seen in classrooms and early learning settings (McClelland and Cameron, 2012). Results of this study and recent research suggest that, like the HTKS, the HTKS-R demonstrates construct validity (Gonzales et al., 2021) and predictive validity in the present study. Moreover, the HTKS-R is an improvement over the HTKS in reducing floor effects (Gonzales et al., 2021) and is a stronger predictor of academic outcomes in young children compared to previous research on the HTKS (McClelland et al., 2014). Practically speaking, this suggests that the HTKS-R can be reliably used with young children from families with low income with few floor effects, takes about 5minutes to administer, and significantly predicts early math and literacy skills. This lends support to using the HTKS-R as a kindergarten screening tool to identify children deserving of targeted support from professionals trained in strengths-based approaches and fostering behavioral self-regulation (e.g., classroom organization) as they make the transition into more formal school settings (Cameron and Morrison, 2011).

Another practical implication is the stronger predictive power found in this study in the HTKS-R overall measure of behavioral self-regulation compared to individual measures of EF. Using a single measure like the HTKS-R can be practically useful in school settings where teachers and other practitioners lack time, funds, or specialized materials to measure different aspects of EF separately. Although it is important in research settings to use multiple measures to adequately capture a complex construct like EF, research on the HTKS and the HTKS-R demonstrates that a single measure can perform similarly and in some cases, more strongly than individual measures of EF (McClelland et al., 2014; Lipsey et al., 2017).



Limitations

The present study presented evidence supporting the predictive validity of the HTKS-R in a sample of children from families with low income, but there are a number of limitations to consider. First, although we controlled for demographic variables and baseline scores, we cannot infer causality from our analyses. Second, results of the present study are limited to children from families with low income participating in Head Start. This group of children was fairly diverse, with 20% families identifying as Latino/Hispanic, but was majority White (76%). Overall, the sample represented the demographics of the region. Other research using the HTKS-R in a separate sample of children in Head Start found similar relations with measures of EF, literacy, and math skills (McClelland et al., 2019). Moreover, previous research with the HTKS has found similar relations in a variety of socio-demographically and contextually diverse samples of children around the world (Wanless et al., 2011; von Suchodoletz et al., 2013; McClelland et al., 2014; Cadima et al., 2015; Cameron et al., 2019; Howard et al., 2019; Lenes et al., 2020b). However, caution should be taken in generalizing the results of the current study to other samples of children until research can be conducted in those groups with the HTKS-R. In sum, future research should further examine the final version of the HTKS-R with larger and more diverse samples of children and compare results across different samples of children.




CONCLUSION

This study examined the predictive validity of the HTKS-R, which is a revised version of the widely used HTKS assessment of behavioral self-regulation. Results added to research on the construct validity of the HTKS-R (Gonzales et al., 2021) and demonstrate that children with higher scores on the HTKS-R had significantly higher math and literacy scores from preschool to kindergarten in a sample of children in the United States from families with low income. In addition, the HTKS-R more consistently predicted children’s early math and literacy skills compared to component measures of EF, and growth in HTKS-R scores across the transition to formal schooling was related to growth in math and literacy. Finally, we found that lower skilled children at the start of preschool started to catch up to their more skilled peers by the end of kindergarten in both behavioral self-regulation and math skills. These results suggest that the HTKS-R is a reliable and valid measure of behavioral self-regulation in young children, which predicts early school success in children from historically marginalized backgrounds.
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FOOTNOTES

1The slope mean becomes the difference between expected values at times 1 and 4. The estimated factor loadings then represent the expected values at times 2 and 3 as fractions of the slope mean. This is a standard approach for the latent basis model (Grimm et al., 2016).



REFERENCES

 Allan, N. P., and Lonigan, C. J. (2011). Examining the dimensionality of effortful control in preschool children and its relation to academic and socioemotional indicators. Dev. Psychol. 47, 905–915. doi: 10.1037/a0023748 

 Bailey, R., and Jones, S. M. (2019). An integrated model of regulation for applied settings. Clin. Child. Fam. Psychol. Rev. 22, 2–23. doi: 10.1007/s10567-019-00288-y 

 Baumeister, R. F., and Vohs, K. D. (2004). Handbook of Self-Regulation: Research, Theory, and Applications. Guilford Press.

 Blair, C. (2016). Developmental science and executive function. Curr. Dir. Psychol. Sci. 25, 3–7. doi: 10.1177/0963721415622634 

 Blair, C., and Raver, C. C. (2012). Child development in the context of adversity: experiential canalization of brain and behavior. Am. Psychol. 67, 309–318. doi: 10.1037/a0027493 

 Blair, C., and Raver, C. C. (2015). School readiness and self-regulation: a developmental psychobiological approach. Annu. Rev. Psychol. 66, 711–731. doi: 10.1146/annurev-psych-010814-015221 

 Cadima, J., Gamelas, A. M., McClelland, M., and Peixoto, C. (2015). Associations between early family risk, children’s behavioral regulation, and academic achievement in Portugal. Early Educ. Dev. 26, 708–728. doi: 10.1080/10409289.2015.1005729

 Cameron, C. E. (2018). Hands on, Minds on: How Executive Function, Motor, and Spatial Skills Foster School Readiness. Teachers College Press.

 Cameron, C. E., Brock, L. L., Hatfield, B. H., Cottone, E. A., Rubinstein, E., LoCasale-Crouch, J., et al. (2015). Visuomotor integration and inhibitory control compensate for each other in school readiness. Dev. Psychol. 51, 1529–1543. doi: 10.1037/a0039740 

 Cameron, C. E., Brock, L. L., Murrah, W. M., Bell, L. H., Worzalla, S. L., Grissmer, D. W., et al. (2012). Fine motor skills and executive function both contribute to kindergarten achievement. Child Dev. 83, 1229–1244. doi: 10.1111/j.1467-8624.2012.01768.x 

 Cameron, C. E., Kim, H., Duncan, R. J., Becker, D. R., and McClelland, M. M. (2019). Bidirectional and co-developing associations of cognitive, mathematics, and literacy skills during kindergarten. J. Appl. Dev. Psychol. 62, 135–144. doi: 10.1016/j.appdev.2019.02.004

 Cameron, C. E., and Morrison, F. J. (2011). Teacher activity orienting predicts preschoolers’ academic and self-regulatory skills. Early Educ. Dev. 22, 620–648. doi: 10.1080/10409280903544405

 Cameron Ponitz, C. E., McClelland, M. M., Jewkes, A. M., Connor, C. M., Farris, C. L., and Morrison, F. J. (2008). Touch your toes! Developing a direct measure of behavioral regulation in early childhood. Early Child. Res. Q. 23, 141–158. doi: 10.1016/j.ecresq.2007.01.004

 Cameron Ponitz, C. E., McClelland, M. M., Matthews, J. M., and Morrison, F. J. (2009). A structured observation of behavioral self-regulation and its contribution to kindergarten outcomes. Dev. Psychol. 45, 605–619. doi: 10.1037/a0015365

 Caughy, M. O. B., Mills, B., Owen, M. T., and Hurst, J. R. (2013). Emergent self-regulation skills among very young ethnic minority children: a confirmatory factor model. J. Exp. Child Psychol. 116, 839–855. doi: 10.1016/j.jecp.2013.07.017 

 Center on the Developing Child at Harvard University (2011). Building the brain’s “Air Traffic Control” system: How early experiences shape the development of executive function: Working paper No. 11. Available at: http://developingchild.harvard.edu/index.php/resources/reports_and_working_papers/working_papers/wp11/ (Accessed March 20, 2021).

 Cerino, E. S., Hooker, K., Stawski, R. S., and McClelland, M. (2018). A new brief measure of executive function: adapting the head-toes-knees-shoulders task to older adults. Gerontologist 59, e258–e267. doi: 10.1093/geront/gny028 

 Connor, C. M., Cameron Ponitz, C. E., Phillips, B. M., Travis, Q. M., Glasney, S., and Morrison, F. J. (2010). First graders’ literacy and self-regulation gains: The effect of individualizing student instruction. J. Sch. Psychol. 48, 433–455. doi: 10.1016/j.jsp.2010.06.003 

 Duncan, S. E., and De Avila, E. A. (1998). Pre-Language Assessment Scale 2000. CTB/McGraw-Hill.

 Duran, C. A. K., Cottone, E., Ruzek, E. A., Mashburn, A. J., and Grissmer, D. W. (2020). Family stress processes and children’s self-regulation. Child Dev. 91, 577–595. doi: 10.1111/cdev.13202 

 Enders, C. K. (2001). The performance of the full information maximum likelihood estimator in multiple regression models with missing data. Educ. Psychol. Meas. 61, 713–740. doi: 10.1177/0013164401615001

 Frye, D., Zelazo, P. D., and Palfai, T. (1995). Theory of mind and rule-based reasoning. Cogn. Dev. 10, 483–527. doi: 10.1016/0885-2014(95)90024-1

 Fuhs, M. W., Nesbitt, K. T., Farran, D. C., and Dong, N. (2014). Longitudinal associations between executive functioning and academic skills across content areas. Dev. Psychol. 50, 1698–1709. doi: 10.1037/a0036633 

 Galindo, C., and Fuller, B. (2010). The social competence of Latino kindergartners and growth in mathematical understanding. Dev. Psychol. 46, 579–592. doi: 10.1037/a0017821 

 Garon, N., Bryson, S. E., and Smith, I. M. (2008). Executive function in preschoolers: a review using an integrative framework. Psychol. Bull. 134, 31–60. doi: 10.1037/0033-2909.134.1.31 

 Gerstadt, C. L., Hong, Y. J., and Diamond, A. (1994). The relationship between cognition and action: performance of children -7 years old on a stroop- like day-night test. Cogn. 53, 129–153. 

 Gestsdottir, S., von Suchodoletz, A., Wanless, S. B., Hubert, B., Guimard, P., Birgisdottir, F., et al. (2014). Early behavioral self-regulation, academic achievement, and gender: longitudinal findings from France, Germany, and Iceland. Appl. Dev. Sci. 18, 90–109. doi: 10.1080/10888691.2014.894870

 Gilliam, W. S., and Shahar, G. (2006). Preschool and child care expulsion and suspension: rates and predictors in one state. Infants Young Child. 19, 228–245. doi: 10.1097/00001163-200607000-00007

 Gonzales, C. R., Bowles, R., Geldhof, G. J., Cameron, C. E., Tracy, A., and McClelland, M. M. (2021). The Head-Toes-Knees-Shoulders Revised (HTKS-R): development and psychometric properties of a revision to reduce floor effects. Early Child. Res. Q. 56, 320–332. doi: 10.1016/j.ecresq.2021.03.008

 Grimm, K. J., Ram, N., and Estabrook, R. (2016). Growth Modeling: Structural Equation and Multilevel Modeling Approaches. Guilford Press.

 Halle, T. G., and Darling-Churchill, K. E. (2016). Review of measures of social and emotional development. J. Appl. Dev. Psychol. 45, 8–18. doi: 10.1016/j.appdev.2016.02.003

 Harper, S. R. (2021). We Share Responsibility. American Educational Research Association.

 Howard, S. J., and Melhuish, E. C. (2017). An Early Years Toolbox (EYT) for assessing early executive function, language, self-regulation, and social development: validity, reliability, and preliminary norms. J. Psychoeduc. Assess. 35, 255–275. doi: 10.1177/0734282916633009 

 Howard, S. J., Neilsen-Hewett, C., de Rosnay, M., Vasseleu, E., and Melhuish, E. (2019). Evaluating the viability of a structured observational approach to assessing early self-regulation. Early Child. Res. Q. 48, 186–197. doi: 10.1016/j.ecresq.2019.03.003

 Hox, J. J., Moerbeek, M., and van de Schoot, R. (2017). Multilevel Analysis. 3rd Edn. Routledge.

 Jones, S. M., Zaslow, M., Darling-Churchill, K. E., and Halle, T. G. (2016). Assessing early childhood social and emotional development: key conceptual and measurement issues. J. Appl. Dev. Psychol. 45, 42–48. doi: 10.1016/j.appdev.2016.02.008

 Karr, J. E., Areshenkoff, C. N., Rast, P., Hofer, S. M., Iverson, G. L., and Garcia-Barrera, M. A. (2018). The unity and diversity of executive functions: A systematic review and re-analysis of latent variable studies. Psychol. Bull. 144, 1147–1185. doi: 10.1037/bul0000160 

 Kline, R. B. (2005). Principles and Practice of Structural Equation Modeling. 2nd Edn. Guilford Press.

 Ladd, G. W. (2003). “Probing the adaptive significance of children’s behavior and relationships in the school context: a child by environment perspective,” in Advances in Child Development and Behavior. Vol. 31. eds. R. V. Kail and H. W. Reese (Academic Press), 43–103.

 Lenes, R., Gonzales, C. R., Størksen, I., and McClelland, M. M. (2020a). Children’s self-regulation in Norway and the United States: the role of mother’s education and child gender across cultural contexts. Front. Psychol. 11:566208. doi: 10.3389/fpsyg.2020.566208 

 Lenes, R., McClelland, M. M., ten Braak, D., Idsøe, T., and Størksen, I. (2020b). Direct and indirect pathways from children’s early self-regulation to academic achievement in fifth grade in Norway. Early Child. Res. Q. 53, 612–624. doi: 10.1016/j.ecresq.2020.07.005

 Lipsey, M. W., Nesbitt, K. T., Farran, D. C., Dong, N., Fuhs, M. W., and Wilson, S. J. (2017). Learning-related cognitive self-regulation measures for prekindergarten children: a comparative evaluation of the educational relevance of selected measures. J. Educ. Psychol. 109, 1084–1102. doi: 10.1037/edu0000203

 Loo, S. K., and Rapport, M. D. (1998). Ethnic variations in children’s problem behaviors: a cross-sectional, developmental study of Hawaii school children. J. Child Psychol. Psychiatry 39, 567–575. doi: 10.1017/S0021963098002261 

 Love, B. L. (2019). We Want to Do More Than Survive Beacon Press.

 Mather, N., and Woodcock, R. W. (2001). Examiner’s manual. Woodcock-Johnson III Tests of Achievement. Riverside Publishing.

 McClelland, M. M., Acock, A. C., and Morrison, F. J. (2006). The impact of kindergarten learning-related skills on academic trajectories at the end of elementary school. Early Child. Res. Q. 21, 471–490. doi: 10.1016/j.ecresq.2006.09.003

 McClelland, M. M., Acock, A. C., Piccinin, A., Rhea, S. A., and Stallings, M. C. (2013). Relations between preschool attention span-persistence and age 25 educational outcomes. Early Child. Res. Q. 28, 314–324. doi: 10.1016/j.ecresq.2012.07.008 

 McClelland, M. M., and Cameron, C. E. (2012). Self-regulation in early childhood: improving conceptual clarity and developing ecologically valid measures. Child Dev. Perspect. 6, 136–142. doi: 10.1111/j.1750-8606.2011.00191.x

 McClelland, M. M., Cameron, C. E., Connor, C. M., Farris, C. L., Jewkes, A. M., and Morrison, F. J. (2007a). Links between behavioral regulation and preschoolers’ literacy, vocabulary and math skills. Dev. Psychol. 43, 947–959. doi: 10.1037/0012-1649.43.4.947 

 McClelland, M. M., Cameron, C. E., Duncan, R., Bowles, R. P., Acock, A. C., Miao, A., et al. (2014). Predictors of early growth in academic achievement: the head-toes-knees-shoulders task. Front. Psychol. 5:599. doi: 10.3389/fpsyg.2014.00599 

 McClelland, M. M., Cameron, C. E., Wanless, S. B., and Murray, A. (2007b). “Executive function, behavioral self-regulation, and social-emotional competence: links to school readiness,” in Contemporary Perspectives on Social Learning in Early Childhood Education. eds. O. N. Saracho and B. Spodek (Information Age), 83–107.

 McClelland, M. M., Geldhof, J., Cameron, C. E., and Wanless, S. B. (2015). “Development and self-regulation” in Handbook of Child Psychology and Developmental Science. 7th Edn. Vol. 1. eds. W. F. Overton and P. C. M. Molenaar (Wiley), 523–565.

 McClelland, M. M., Tominey, S. L., Schmitt, S. A., Hatfield, B. E., Purpura, D. J., Gonzales, C. R., et al. (2019). Red light, purple light! Results of an intervention to promote school readiness for children from low-income backgrounds. Front. Psychol. 10:2365. doi: 10.3389/fpsyg.2019.02365 

 McClelland, M. M., and Wanless, S. B. (2012). Growing up with assets and risks: the importance of self-regulation for academic achievement. Res. Hum. Dev. 9, 278–297. doi: 10.1080/15427609.2012.729907

 Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., and Howerter, A. (2000). The unity and diversity of executive functions and their contributions to complex “Frontal Lobe,” tasks: A latent variable analysis. Cogn. Psychol. 41, 49–100. doi: 10.1006/cogp.1999.0734 

 Moffitt, T. E., Arseneault, L., Belsky, D., Dickson, N., Hancox, R. J., Harrington, H., et al. (2011). A gradient of childhood self-control predicts health, wealth, and public safety. Proc. Natl. Acad. Sci. U. S. A. 108, 2693–2698. doi: 10.1073/pnas.1010076108 

 Montroy, J. J., Bowles, R. P., Skibbe, L. E., McClelland, M. M., and Morrison, F. J. (2016). The development of self-regulation across early childhood. Dev. Psychol. 52, 1744–1762. doi: 10.1037/dev0000159 

 Morra, S., Panesi, S., Traverso, L., and Usai, M. C. (2018). Which tasks measure what? Reflections on executive function development and a commentary on Podjarny, Kamawar, and Andrews (2017). J. Exp. Child Psychol. 167, 246–258. doi: 10.1016/j.jecp.2017.11.004 

 Morrison, F. J., Cameron Ponitz, C. E., and McClelland, M. M. (2010). “Self-regulation and academic achievement in the transition to school,” in Child Development at the Intersection of Emotion and Cognition. eds. S. D. Calkins and M. Bell (Washington, DC, US: American Psychological Association), 203–224.

 Morrison, F. J., and Grammer, J. K. (2016). “Conceptual clutter and measurement mayhem: a proposal for a cross disciplinary approach to conceptualizing and measuring executive function,” in Executive Function in Preschool Age Children: Integrating Measurement, Neurodevelopment and Translational Research. eds. J. Griffin, P. McCardle, and L. Freund (American Psychological Association).

 Muñoz-Sandoval, A. F., Woodcock, R. W., McGrew, K. S., and Mather, N. (2005). Bateria III Woodcock-Muñoz. Riverside Publishing Company.

 Muthén, L. K., and Muthén, B. O. (2012). Mplus statistical analysis with latent variables user’s guide. StatModel.

 Najarian, M., Tourangeau, K., Nord, C., Wallner-Allen, K., and Vaden-Kiernan, N. (2019). Early Childhood Longitudinal Study, Kindergarten Class of 2010–11 (ECLS-K:2011), Third-Grade, Fourth-Grade, and Fifth-Grade Psychometric Report (NCES 2020-123). Available at: https://nces.ed.gov/pubsearch

 Nigg, J. T. (2000). On inhibition/disinhibition in developmental psychopathology: views from cognitive and personality psychology and a working inhibition taxonomy. Psychol. Bull. 126, 220–246. doi: 10.1037/0033-2909.126.2.220 

 Nigg, J. T. (2017). Annual Research Review: On the relations among self-regulation, self-control, executive functioning, effortful control, cognitive control, impulsivity, risk-taking, and inhibition for developmental psychopathology. J. Child Psychol. Psychiatry 58, 361–383. doi: 10.1111/jcpp.12675 

 Rainelli, S., Bulotsky-Shearer, R. J., Fernandez, V. A., Greenfield, D. B, and López, M. (2017). Validity of the first two subtests of the preschool language assessment scale as a language screener for Spanish-speaking preschool children. Early Child. Res. Q. 38, 10–22. doi: 10.1016/j.ecresq.2016.08.001

 Raver, C. C., Blair, C., and Willoughby, M. (2012). Poverty as a predictor of 4-year-olds’ executive function: new perspectives on models of differential susceptibility. Dev. Psychol. 49, 292–304. doi: 10.1037/a0028343 

 Robson, D. A., Allen, M. S., and Howard, S. J. (2020). Self-regulation in childhood as a predictor of future outcomes: A meta-analytic review. Psychol. Bull. 146, 324–354. doi: 10.1037/bul0000227 

 Roy, A. L., and Raver, C. C. (2014). Are all risks equal? Early experiences of poverty-related risk and children’s functioning. J. Fam. Psychol. 28, 391–400. doi: 10.1037/a0036683 

 Schmitt, S. A., Geldhof, G. J., Purpura, D. J., Duncan, R., and McClelland, M. M. (2017). Examining the relations between executive function, math, and literacy during the transition to kindergarten: a multi-analytic approach. J. Educ. Psychol. 109, 1120–1140. doi: 10.1037/edu0000193

 Schrank, F. A., McGrew, K. S., Ruef, M. L., Alvarado, C. G., Muñoz-Sandoval, A. F., and Woodcock, R. W. (2005). Overview and Technical Supplement (Bateria III Woodcock-Muñoz Assessment Service Bulletin No. 1). Riverside Publishing.

 Sektnan, M., McClelland, M. M., Acock, A. C., and Morrison, F. J. (2010). Relations between early family risk, children’s behavioral regulation, and academic achievement. Early Child. Res. Q. 25, 464–479. doi: 10.1016/j.ecresq.2010.02.005 

 StataCorp,. (2019). Stata Statistical Software: Release 16. In StataCorp LP.

 U.S. Census Bureau (2013–2017). American community survey 5-year estimates. Bureau of the Census. Available at: https://www.census.gov/data/developers/data-sets/acs-5year.html

 Ursache, A., and Noble, K. G., Pediatric Imaging Neurocognition and Genetics Study (2016). Socioeconomic status, white matter, and executive function in children. Brain Behav. 6:e00531. doi: 10.1002/brb3.531 

 von Suchodoletz, A., Gestsdottir, S., Wanless, S. B., McClelland, M. M., Birgisdottir, F., Gunzenhauser, C., et al. (2013). Behavioral self-regulation and relations to emergent academic skills among children in Germany and Iceland. Early Child. Res. Q. 28, 62–73. doi: 10.1016/j.ecresq.2012.05.003

 Wanless, S. B., Kim, K. H., Zhang, C., Degol, J. L., Chen, J. L., and Chen, F. M. (2016). Trajectories of behavioral regulation for Taiwanese children from 3.5 to 6 years and relations to math and vocabulary outcomes. Early Child. Res. Q. 34, 104–114. doi: 10.1016/j.ecresq.2015.10.001

 Wanless, S. B., McClelland, M. M., Acock, A. C., Cameron Ponitz, C. E., Son, S. H., Lan, X., et al. (2011). Measuring behavioral regulation in four societies. Psychol. Assess. 23, 364–378. doi: 10.1037/a0021768 

 Waterman, C., McDermott, P. A., Fantuzzo, J. W., and Gadsden, V. L. (2011). The matter of assessor variance in early childhood education—Or whose score is it anyway? Early Child. Res. Q. 27, 46–54. doi: 10.1016/j.ecresq.2011.06.003

 Willoughby, M. T., Blair, C. B., Wirth, R. J., and Greenberg, M. (2012). The measurement of executive function at age 5: psychometric properties and relationship to academic achievement. Psychol. Assess. 24, 226–239. doi: 10.1037/a0025361 

 Woodcock, R. W., McGrew, K. S., and Mather, N. (2001a). Woodcock-Johnson III. Riverside Publishing Company.

 Woodcock, R. W., McGrew, K. S., and Mather, N. (2001b). Woodcock-Johnson III. Tests of Achievement. Riverside Publishing Company.

 Woodcock, R. W., McGrew, K. S., and Mather, N. (2001c). Woodcock-Johnson III Tests of Cognitive Abilities. Riverside Publishing.

 Zelazo, P. D. (2006). The Dimensional Change Card Sort (DCCS): a method for assessing executive function in children. Nat. Protoc. 1, 297–301. doi: 10.1038/nprot.2006.46 

 Zelazo, P. D., Anderson, J. E., Richler, J., Wallner-Allen, K., Beaumont, J. L., and Weintraub, S. (2013). II. NIH Toolbox Cognition Battery (CB): measuring executive function and attention. Monogr. Soc. Res. Child Dev. 78, 16–33. doi: 10.1111/mono.12032 

 Zelazo, P. D., Blair, C. B., and Willoughby, M. T. (2016). Executive Function: Implications for Education (NCER 2017–2000). Institute of Education Sciences, U.S. Department of Education.


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 McClelland, Gonzales, Cameron, Geldhof, Bowles, Nancarrow, Merculief and Tracy. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-12-721846-t003.jpg
Prekindergarten (Year 1) Kindergarten (Year 2)

Variable

Fall (Wave 1) (\f’::':gz) Fall (Wave 3) wsl';'::i)
Literacy
Age (months) 0.08 000 009
Gender -008 -002 001
ELL status —0.07 020 -002
Card sort -008 013 017
Day-Night 018" 0.15° 005
WowM .10 012 002
HTKS-R 027 o.19° 029"
2R 0.04 002 005
R total 0.16 020 021
Math

Age (months) 009" 006 -002 000"
Gender 004 005 001 005
ELL status —032" 038" 020" —0.10"
Card sort 0.08 0.16° 020" 0.10
Day-Night 019" 0.08 018 011"
WIWM 0.09 -0.02 0.12° 0.14°
HTKS-R 038" 040" 042" 043"
R 0.00 0.10 o2 0.13
R total 0.49 049 058 041

Values represent . AR¢ calculated comparing the full model against a model without
the HTKS-R. ELL status, English language leamer status; WJWM, Woodcock Johnson-
1l Tests of Achievement Working Memory subtest; and HTKS-R, Head Toes Knees
Shoulders — Revised. ‘p<0.05; “p<0.01; *'p<0.001.






OPS/images/fpsyg-12-721846-t004.jpg
Literacy Math HTKS-R

GFl 0998
U 0.998
AIC 9134.045
BIC 9164.015
RMSEA 0017
Exact Model Fit 7(6)=6.526,
367 P p<0.001
£ diff test® £ (3)=49.87, ¥ (3)=24.53, 7 (3)=53.91,
p <0001 p <0001 P <0.001

“Chi square difference test conducted against an intercept only (ie., no-growth) model
using procedures for an MLR estimator.





OPS/images/fpsyg-12-721846-t001.jpg
Variable

Age (months)
ELL (percent)
HTKS-R
Day-Night
Card Sort
wMm

Literacy
Math

N

303
305
296
297
290
287
294
297

Prekindergarten (Year 1)

Fall (Wave 1)
M (sD)

5617 (3.69)
15.08%
3671 (28.55)
19.84 (9.84)
11.04 (5.69)
445.98 (10.14)
317.42 (25.09)
397.11(24.26)

Spring (Wave 2)
N M (sD)
266 61.46 (3.66)
278 10.07%
236 5275 (33.12)
241 22.91(8.60)
233 13.39(6.77)
223 448.85 (14.65)
282 328,69 (24.65)
208 408.37 (24.01)

N

246
246
246
245
243
245
246
246

Kindergarten (Year 2)
Fall (Wave 3) Spring (Wave 4)
M (SD) N M (SD)
67.34(3.68) 234 73.33(3.61)
6.50% 235 3.83%
71.96 (32.22) 235 87.57 (26.92)
26.17(6.80) 234 28.50 (4.99)
15.30 (5.24) 235 17.26 (4.08)
44951 (17.62) 235 46029 (19.84)
343,68 (28.33) 235 362.83 (31.69)
42029 (22.41) 235 433.80 (2035)

ELL, Englsh language learmer status; HTKS-R, Head Toes Knees Shouiders ~ Revised; WM, Woodcock Johnson-Ii Tests of Achievement Auditory Working Memory sublest;
Literacy, Woodcock Johnson-lil Tests of Achievement Letter-Word Identification subtest; and Math, Woodcock Johnson-lil Tests of Achievement Applied Problems subtest.





OPS/images/fpsyg-12-721846-t002.jpg
HTKS-R
Day-Night
Card Sort
WIWM
Math
Literacy

HTKS-R
Day-Night
Card Sort
WoWM
Math
Literacy

HTKS-#

Prekindergarten Fall Wave 1

2 3 4

1
022" 1
047" 018" 1
038" 032" 032"
0.12" 029" 0.16"

Kindergarten Fall Wave 3

2 3 4

1
027 1
023" 022" 1
045" 0.42" 038"
031" 026" 0.18"

033"

1
055"

Prekindergarten Spring Wave 2

2

1
0.20°
027"
034"
021"

Kindergarten Spring Wave 4
3

3 4 5

1
0.19" 1
023" 025" 1
026" 023" 030"

a 5

1

0.20° 1
031" 038" 1
026" 032" 052"

Head Toes Knees Shoulders — Revised. WJWIM, Woodcock Johnson-lil Tests of Achievement Working Memory subtest; “p<0.05; “p<0.01; **p<0.001.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Head-Toes-Knees-Shoulders Revised: Links to Academic Outcomes and Measures of EF in Young Children



		Introduction



		Self-Regulation and Executive Function



		Self-Regulation and EF in Children From Families With Low Income



		Measurement of Behavioral Self-Regulation With the HTKS



		Development of the HTKS-R



		Current Study









		Materials and Methods



		Participants



		Procedure



		Measures



		English Proficiency Screener



		Behavioral Self-Regulation Measure



		Head-Toes-Knees-Shoulders Revised









		Executive Function Measures



		Day-Night Stroop Task



		DCCS Task



		Working Memory









		Academic Achievement



		Applied Problems



		Letter-Word Identification















		Analytic Approach



		Primary Analyses



		RQ1: Relations Between the HTKS-R and EF Measures and Academic Outcomes



		RQ2: Growth in the HTKS-R and Growth in Academic Skills















		Results



		Descriptive Statistics, Missing Data, and Attrition



		Research Q1: Results for the Relations Between the HTKS-R and EF Measures and Academic Outcomes



		Research Q2: Growth in HTKS-R and Growth in Academic Skills









		Discussion



		Relations Between the HTKS-R and EF Measures and Academic Outcomes



		Growth in HTKS-R and Growth in Academic Skills



		Practical Implications



		Limitations









		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Publisher’s Note



		Footnotes



		References



















OPS/images/fpsyg-12-721846-g001.jpg
WILW1

WILW2

WILW4

.53

HTKS1

HTKS2

HTKS4






OPS/images/fpsyg-12-721846-g002.jpg
WIAP1

WIAP2

.70

HTKS1

HTKS2

HTKS4






OPS/images/cover.jpg
, frontiers
in Psychology

The Head-Toes-Knees-Shoulders
Revised: Links to Academic
Outcomes and Measures of EF
in Young Children









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Psychology





