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Abstract
The present study examined the psychometric properties of scores from a direct measure of
behavioral regulation, the Head-Toes-Knees-Shoulders task (HTKS) with 3- to 6-year-old children
in the U.S., Taiwan, South Korea, and China. Specifically, we investigated (1) the nature and
variability of HTKS scores including relations to teacher-rated classroom behavioral regulation,
and (2) relations between the HTKS and early mathematics, vocabulary, and literacy skills. Higher
HTKS scores were significantly related to higher teacher ratings of classroom behavioral
regulation in the U.S. and South Korea but not in Taiwan and China. Also, higher HTKS scores
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were significantly related to higher early mathematics, vocabulary, and literacy skills beyond the
influence of demographic variables and teacher-rated classroom behavioral regulation. These
initial findings suggest that HTKS scores may be interpreted as reflecting early behavioral
regulation in these four societies, and that behavioral regulation is important for early academic
success in the U.S. and in Asian countries.

Keywords
Behavioral regulation; academic achievement; measurement; Taiwan; South Korea; China;
preschool

The United States (U.S.) repeatedly scores below average on international academic
assessments, while societies including Taiwan, South Korea, and China, consistently score
at or near the top (Baldi, Jin, Skemer, Green, & Herget, 2007; Mullis, Martin, Gonzalez, &
Chrostowski, 2004; Stevenson, et al., 1990). In an effort to better understand how to
improve U.S. children’s academic skills, many researchers have examined factors predicting
achievement in high-achieving societies (Huntsinger, Jose, Liaw, & Ching, 1997; Stevenson,
Chen, & Lee, 1993). These studies, however, have not measured behavioral regulation (the
integration of attention, working memory, and inhibitory control), which significantly
predicts academic achievement in the U.S. throughout preschool and elementary school
(Blair & Razza, 2007; McClelland, Acock, & Morrison, 2006; McClelland, et al., 2007;
Ponitz, McClelland, Matthews, & Morrison, 2009). Moreover, few reliable and valid
measures of behavioral regulation have been developed and evaluated outside of the United
States (U.S.). In the present study, scores from a direct measure of behavioral regulation, the
Head-Toes-Knees-Shoulders task (HTKS; Ponitz, et al., 2009), were examined with children
in the U.S., Taiwan, South Korea, and China, to investigate reliability and validity including
relations to early achievement.

Children in Taiwan, South Korea, and China are intently focused on educational success and
their daily schedules are typically filled with extracurricular academic classes and long
hours of studying to improve their exams scores and class rankings (Bao, 2004; Dwyer,
2004; Yi & Wu, 2004). Despite this emphasis on school success, reliable and valid
behavioral assessments for young children in these societies are limited. Early childhood
experts in Asia have recently called for the development of culturally appropriate tools with
scores that reliably and validly reflect learning behaviors for these samples (Kim, Lee, Suen,
& Lee, 2003; Tsai, McClelland, Pratt, & Squires, 2006). Given the importance of behavioral
regulation for children’s academic success in the U.S., identifying a measure with scores
that reflect behavioral regulation would be especially valuable in societies such as Taiwan,
South Korea, and China where academic success is a heavily emphasized cultural
expectation.

Defining Behavioral Regulation
In the present study, we define behavioral regulation, an aspect of self-regulation, as the
integration of cognitive processes including attention, working memory, and inhibitory
control (McClelland, et al., 2007; McClelland & Wanless, 2008). Behavioral regulation is
especially relevant in school contexts. For example, a child with strong behavioral
regulation can remember and follow a classroom rule, such as waiting for their turn at the
water fountain, rather than using a more dominant response, such as cutting in line.
Attention, working memory, and inhibitory control individually and collectively contribute
to behavioral regulation and to the school success of young children.
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Attention is defined as the ability to focus on a task while ignoring distractions (Rothbart &
Posner, 2005; Rueda, Posner, & Rothbart, 2005). Research in the U.S. suggests that young
children need to attend to activities amidst distractions in order to succeed in vocabulary
acquisition and particularly in mathematics (Dixon Jr. & Salley, 2007;G. J. Duncan, et al.,
2007; Howse, Calkins, Anastopoulos, Keane, & Shelton, 2003; McClelland, 2009). Working
memory is the ability to remember and apply information while encountering and processing
new stimuli (Gathercole & Pickering, 2000). This skill has been positively related to
mathematics and language skills (Adams, Bourke, & Willis, 1999; Espy, et al., 2004) and is
particularly important during the transition to formal schooling (Senn, Espy, & Kaufmann,
2004). Finally, inhibitory control is the ability to suppress one response in favor of a more
non-dominant behavior (Dowsett & Livesey, 2000). Preschoolers are often expected to use
inhibitory control to follow classroom rules and this skill has been linked to mathematics
and early literacy outcomes (Blair & Razza, 2007; van der Schoot, et al., 2004). Two aspects
of behavioral regulation, attention and inhibitory control, have also been included in the
construct of effortful control in the temperament literature, which includes emotional aspects
of regulation (Rothbart & Sheese, 2007). Further, effortful control has been found to relate
positively to academic achievement and grade point average (Checa, Rodríguez-Bailón, &
Rueda, 2008; Deater-Deckard, Mullineaux, Petrill, & Thompson, 2009; Eisenberg,
Sadovsky, & Spinrad, 2005; Liew, McTigue, Barrois, & Hughes, 2008; Zhou, Main, &
Wang, 2010) as well as social development (Kochanska, Murray, & Harlan, 2000). We
focus on the behavioral aspects of regulation (e.g., attention, working memory, inhibitory
control) because they have been found to be most relevant to children’s academic success
(Howse, et al., 2003; McClelland & Ponitz, 2010; McClelland, Ponitz, Messersmith, &
Tominey, in press).

In the present study, we focus on behavioral regulation as the integration of attention,
working memory, and inhibitory control because children in early learning settings are
expected to orchestrate these skills for learning. This may be particularly true in Asia where
classroom characteristics such as low teacher-child ratios and frequent teacher lectures place
high demands on behavioral regulation (Hsieh, 2004; Kim, et al., 2003; Pang & Richey,
2007). In the present study, we examined the HTKS task of behavioral regulation which
integrates attention, working memory, and inhibitory control in a simple game.

Behavioral Regulation and Early Academic Achievement
Behavioral regulation predicts early academic success in preschool and early elementary
school concurrently and over time in the U.S. and in Asia (Blair & Razza, 2007; Howse, et
al., 2003; McClelland, et al., 2007; McClelland, Morrison, & Holmes, 2000; Ponitz, et al.,
2009). For example, in the U.S., one study found that gains in behavioral regulation,
measured by the HTKS, over the prekindergarten year significantly predicted improvement
in early mathematics, vocabulary, and early literacy skills (McClelland, et al., 2007). In
Taiwan, four-year-olds’ behavioral regulation on the HTKS also significantly predicted
early mathematics and vocabulary skills (Wanless, McClelland, Acock, Chen, & Chen, in
press). Higher effortful control, which taps overlapping components of behavioral
regulation, was also found to relate to higher grade point average in China (Zhou, et al.,
2010). Moreover, in some studies, the relation between behavioral regulation and early
academic achievement has been particularly pronounced for early mathematics skills (Blair
& Razza, 2007;G. J. Duncan, et al., 2007; Ponitz, et al., 2009).

In the U.S., research using the HTKS to measure behavioral regulation has found that higher
kindergarten behavioral regulation in the fall significantly predicted higher mathematics,
vocabulary, and early literacy scores in the spring (Ponitz, et al., 2009). For U.S. first
graders, similar relations were present for scores on the HTKS predicting reading
comprehension and vocabulary skills (Connor, et al., in press). Taken together, these studies
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suggest that behavioral regulation measured by the HTKS is a unique and significant
predictor of early school success, in Western and perhaps in Eastern societies. This research,
however, has not systematically examined the use of the HTKS in multiple societies by
using participants of similar ages and including similar outcomes.

In addition, when examining links between direct measures of behavioral regulation and
achievement, it is important to control for teacher’s perceptions of children’s classroom
behavioral regulation (Matthews, Ponitz, & Morrison, 2009; Ponitz, et al., 2009). This is
based on prior research suggesting that teachers’ expectations can influence children’s
academic outcomes (Rosenthal, 2002). For example, in one meta-analysis of studies
conducted with first through seventh grade teachers, those who had very little previous
experience with children were found to be more easily influenced by proposed expectations,
which in turn had an average effect of one quarter standard deviation on children’s IQ scores
assessed months later (Raudenbush, 1994). This effect was particularly strong in first and
second grades. Since teacher perceptions can influence children, they were controlled for in
the present study.

Considering Cultural Context
One theoretical tenet that guides this study is the belief that patterns of development are
contextually specific and a skill such as behavioral regulation must be examined within each
society in order to understand its unique properties and meaning (Cole, 1996; Shweder, et
al., 1998). Culturally specific parenting and teaching practices vary across the U.S., Taiwan,
South Korea, and China, and may lead to children having different levels of behavioral
regulation. For example, one study of effortful control in the U.S. and China found that
although similar subscales of effortful control were found in both cultures, children’s
experiences may have lead to differences found by the researchers such as differences by
gender and with relations among subscales (Ahadi, Rothbart, & Ye, 1993). Further research
in the U.S. and China found differences in aspects of children’s effortful control as early as
infancy (Gartstein, et al., 2006). In the Taiwanese culture, parents focus on teaching children
to regulate their behaviors, especially around elderly family members (Hsieh, 2004).
Children are taught to eat quietly, sit still, and to not speak when elderly family members are
speaking. In contrast, parents in the U.S. often encourage children to speak up and
participate in family conversations at the dinner table (Martini, 1996). In China, cultural
beliefs that may influence behavioral regulation are reflected in large class sizes and
teaching practices where most lessons involve group-activities rather than individual
learning (Pang & Richey, 2007). Young Chinese children are expected to regulate
themselves and follow the behaviors of the group, even when these behaviors may conflict
with more dominant responses. In South Korea, on the other hand, a child-centered approach
to early childhood education has become increasingly popular (McMullen, et al., 2005). As
these cultural differences suggest, studies of behavioral regulation conducted in the U.S.
may lead us to new research questions about other societies, but they may not generalize to
other groups. Thus, in the present study, we were especially interested in analyses within
each society that addressed how the HTKS functioned as an assessment of behavioral
regulation.

Measuring Behavioral Regulation
Research has traditionally measured behavioral regulation with teacher or parent ratings, as
an aggregated score of individual attention, working memory, and inhibitory control tasks,
or with direct measures (Bronson, Tivnan, & Seppannen, 1995; Carlson, 2005; Howse, et
al., 2003; Rothbart, Ahadi, Hersey, & Fisher, 2001). Although these methods have been
useful for understanding perceptions of children’s behavior, individual components of
behavioral regulation, and for assessing specific populations of children, they also have
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limitations. For example, teacher ratings have often differed from scores on other
assessments including child and parent ratings, and direct assessments of behavioral
regulation (Kunter & Baumert, 2006; Loo & Rapport, 1998; Mahone, et al., 2002; Mahone
& Hoffman, 2005; Wall & Paradise, 1981). In particular, teacher ratings in Asia have not
always corresponded to directly measured child behaviors (Jose, Huntsinger, Huntsinger, &
Liaw, 2000; Wanless, et al., in press). In addition, parent ratings provide useful information
but may also be biased (Rothbart, et al., 2001). Further, teacher-rated assessments often use
Likert scales, which may have limitations for cross-cultural comparisons because they rely
on culturally-based teacher expectations for children’s behaviors (Heine, Lehman, Peng, &
Greenholtz, 2002). As a result, direct assessments offer a unique perspective on child
behaviors that may not be captured by teacher ratings.

Aggregating scores from individual assessments of attention, working memory, and
inhibitory control can also be problematic. Researchers in the U.S. and Asia have found
relatively weak relations among the different tasks measuring attention, working memory,
and inhibitory control (Archibald & Kerns, 1999; Espy & Bull, 2005; Oh & Lewis, 2008). In
the present study, we measured the integration of these skills because children’s ability to
orchestrate these three skills has been shown to be a key predictor of academic success
(McClelland, et al., 2007; Ponitz, et al., 2009).

Although there are a number of reliable and valid direct measures of self-regulation, many
have been designed for the laboratory or with clinical populations, or have limited
usefulness in classroom settings because of practical constraints (Fahie & Symons, 2003;
Pickering & Gathercole, 2004). For example, tasks such as the Go/No-Go Task require a
computer to administer (Simpson & Riggs, 2006), and tasks such as the Attention Network
Task or the Working Memory Test Battery for Children take a relatively long time to
administer (Pickering & Gathercole, 2004; Rueda, et al., 2005). A number of tasks such as
the day/night stroop task (Gerstadt, Hong, & Diamond, 1994) and the Dimensional Change
Card Sort (DCCS) (Müller, Dick, Gela, Overton, & Zelazo, 2006) require less time but
children often successfully pass them by age 5 (Carlson, 2005). As noted by Ponitz and her
colleagues (2009), one task, Luria’s Hand Game, is available that does not require special
materials or substantial amount of time to administer, but this task is designed for early
elementary school children and may not be appropriate for younger children (Fahie &
Symons, 2003).

The HTKS task is a direct measure designed to capture the integration of attention, working
memory, and inhibitory control. In the task, children are instructed to perform the opposite
of four paired commands: “touch your head” and “touch your toes”; “touch your knees” and
“touch your shoulders.” The first pair of commands is used in the first half of the task, and
the second pair is incorporated in the second half of the task. The task is unique because it is
a direct measure of children’s ability to use attention, working memory, and inhibitory
control skills simultaneously to produce a behavior in a social interaction, which is similar to
how children often use these skills in classroom settings. Specifically, the HTKS aims to tap
attention skills by requiring children to focus on the task and instructions, working memory
by remembering multiple task instructions while applying each of them (i.e. Remembering
to touch your head instead of your toes, while responding to a command to “touch your
knees”), and inhibitory control by requiring children to stop their dominant response (to
touch their toes when asked to touch their toes) and replace this response with the more
adaptive response (to touch their head when asked to touch their toes, as instructed at the
beginning of the task).

Research demonstrates that the HTKS is significantly related to individual measures of
attention, working memory and inhibitory control. For example, higher HTKS scores have
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been significantly related to higher parent ratings of attention and inhibitory control in the
U.S. (Ponitz, et al., 2009), and to higher directly measured attention and working memory in
Beijing (Lan & Morrison, 2008). Moreover, recent research has found evidence that the
HTKS is significantly related to direct measures of attention and inhibitory control in the
U.S. (R. Duncan & McClelland, 2010). The measure is also useful because it is quick to
administer, does not require special materials, requires limited training, and scores have
been reliable when the assessment was administered in classroom settings (McClelland, et
al., 2007; Ponitz, et al., 2008; Ponitz, et al., 2009).

Goals of the Present Study
In the present study, the psychometric properties of scores on a direct measure of behavioral
regulation, the HTKS, were analyzed for young children in the U.S., Taiwan, South Korea,
and China by examining (1) the nature and variability of behavioral regulation measured
with the HTKS in each society, including relations with teacher-rated classroom behavioral
regulation, and (2) relations to early mathematics, vocabulary, and early literacy skills.

We hypothesized that the HTKS would capture substantial variability in behavioral
regulation in the samples from all four societies, as has been found with previous research in
the U.S. (Ponitz, et al., 2009). In other words, we hypothesized that scores would reflect the
full range of the task. It was somewhat unclear whether scores on the HTKS would relate to
teacher-rated classroom behavioral regulation in the Asian samples because results from
previous research have been mixed. In the U.S., teacher-rated classroom behavioral
regulation was significantly and positively related to the HTKS, but research using a simpler
form of the HTKS (the Head-to-Toes task; HTT) in Taiwan did not find significant relations
with teacher-rated classroom behavioral regulation (Ponitz, et al., 2009; Wanless, et al., in
press). Similarly, in previous research in Taiwan, teachers rated children differently than did
research assistants who directly observed children’s behavior (Jose, et al., 2000). Therefore,
it was plausible that HTKS and teacher-rated classroom behavioral regulation would be
positively related in the present study, but that the relation would be weaker in the Asian
samples than in the U.S. sample. Finally, based on previous studies using the HTKS in the
U.S. and the HTT in Taiwan, we anticipated that scores on the HTKS would be positively
related to early mathematics, vocabulary, and early literacy skills.

Method
Participants

Data for the present study were collected in four societies: the U.S., Taiwan, South Korea,
and China and consisted of parents, teachers, and children who volunteered to participate.
Combining all four samples, 814 children, 695 parents, and one teacher from each of 73
classrooms participated in the present study (see Table 1 for descriptive statistics). The ages
of the children ranged from 3.12 to 6.50 years old, with each sample’s age range
overlapping with one another. Taiwan had the youngest mean age (4.56 years) and the U.S.
had the oldest mean age (5.48 years). China had the largest age range (3.12 to 6.45 years)
and Taiwan had the smallest (3.89 to 5.00 years). Overall, the majority of children (91%) in
the present study were either four or five years old.

Participants in Each Society
United States: Participants from the U.S. were recruited from two geographic locations:
Michigan and Oregon. Data from both sites were combined for the present study (see Ponitz,
et al., 2009 for a description of each U.S. site).
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The children in the U.S. sample (N = 310) were between 4.14 and 6.24 years old (M = 5.48,
SD = .33; see Table 1) and were in 40 kindergarten classrooms. About half of the children
were girls (51%, n = 159), and the average mother’s education level was some college. A
small subgroup of the children had mothers with a high school degree or less (11%, n = 35).
Some of the children (4%, n = 13) from Oregon spoke Spanish as their first language, and
were given assessments in Spanish. In the overall U.S. sample, the majority of children were
Caucasian (74%), and the remaining children were Asian (7%), Hispanic (6%), or another
ethnicity (13%) including children identified as biracial.

Taiwan: Ages of the Taiwanese participants (N = 158) ranged from 3.89 to 5.00 years old
(M = 4.56, SD = .29; see Table 1). Children were from ten preschool classrooms in Taipei
(the capital city of Taiwan), and about half of the children were girls (48%, n = 76). On
average, mothers had between a high school and college degree, and slightly more than half
of children had mothers with a high school degree or less (51%, n = 80). Most parents were
born in Taiwan (77% of mothers, 100% of fathers), with the remaining mothers originally
from China (4%), Vietnam (4%), Indonesia (1%), or the Philippines (1%).

South Korea: Children in the South Korean sample (N = 227) were between 3.58 and 6.50
years old (M = 5.05, SD = .85; see Table 1) and were from 16 preschool classrooms housed
in three childcare centers in Seoul (the capital city of South Korea) and Kyonggi province.
Slightly less than half the participants were girls (40%, n = 91). Mothers had an average
education level between a high school and college degree and almost half of the children had
mothers with a high school degree or less (43%, n = 98). All of the children in this sample
were of South Korean descent.

China: Children in the sample from China (N = 119) were between 3.12 to 6.45 years old
(M = 5.03, SD = .62; see Table 1), were from seven preschool classrooms in Beijing (the
capital city of China), and about half of the children were girls (46%, n = 55). Information
about mother’s education level was not available for the Chinese sample. All of the children
were originally from China.

Procedure
Behavioral regulation and academic data were collected from children and teachers in all
four samples and additional background information was collected from parents in three
samples (the U.S., Taiwan, and South Korea). The Head-Toes-Knees-Shoulders (HTKS) and
academic tasks (early mathematics, vocabulary, and early literacy) were given to children in
the fall of the school year. The school year in South Korea and China, however, begins in
the spring and ends in the winter, so the fall assessment represents the middle of the school
year for these children. The school year in the U.S. and Taiwan begins in the fall and ends in
the spring, so the fall assessment represents the beginning of the school year for these
children. All three academic domains were assessed in each sample except vocabulary in
China and early literacy in Taiwan (see Table 1). In each sample, research assistants visited
the schools and assessed the children in unused classrooms, multi-purpose rooms, or other
quiet spaces. Assessments were given in two sessions, with each session lasting between 15
and 40 minutes. In addition, in all four samples, teachers completed a questionnaire rating
classroom behavioral regulation for each child in their classroom in the fall of the school
year, at the same time as the HTKS assessment, except in the U.S. where it was completed
in the spring of the school year. In other words, in the U.S. sample, the HTKS and academic
assessments were administered in the beginning of the school year and the teacher ratings in
the end of the school year. In the South Korean and Chinese samples, the HTKS, academic
assessments, and teacher ratings were collected in the middle of the school year. And in the
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Taiwan sample, the HTKS, academic assessments, and teacher ratings were collected in the
beginning of the school year.

Measures
All measures that were not previously used in each society were translated and/or back-
translated by professors who were native speakers and also fluent in English, as well as
bilingual graduate students from the society where the assessments were used. In the United
States (Oregon only), assessments that were not previously translated into Spanish were
translated and back-translated by bilingual research assistants and a professor of Spanish,
and used with participants who were identified by teachers as having Spanish as their first
language.

Background Questionnaire—In the U.S., Taiwan, and South Korea, parents completed
background questionnaires asking about parent education level, prior child care experience,
child age, gender, and ethnicity. In China, some background information was collected from
school records.

Direct Measure of Behavioral Regulation—The Head-Toes-Knees-Shoulders task
(HTKS) was used to measure behavioral regulation and children were given the task in their
native language. Each of the 20 items were scored with 0 for an incorrect response (touching
his/her head when asked to touch his/her head), 1 for a self-correct (initially responding
incorrectly, but correcting him/herself), or a 2 for a correct response (touching his/her toes
when asked to touch his/her head). Total scores on the HTKS range from 0 to 40 points.
There are two forms of the HTKS. Form A starts with head-toes commands and Form B
starts with knees-shoulders commands (items 1 – 10). In items 11–20, all four body parts are
used in both forms of the task. In the present study, there were no significant differences
between scores on the two forms in the U.S., Taiwan, or China when controlling for age, (ps
> .05), which is consistent with previous research in the U.S. and Taiwan (Ponitz, et al.,
2009; Wanless, et al., in press). In South Korea, only one version of the task (Form A) was
used.

Research assistants were trained on the HTKS by studying the task forms, watching videos
of trained research assistants giving the task to children, and practicing with other research
assistants. In the U.S., scores on the HTKS and the Head-to-Toes task (HTT), a simple
version of the HTKS, have shown strong inter-rater reliability (Connor, et al., in press;
McClelland, 2009). Further, previous research of scores from the Head-to-Toes task in
Taiwan has demonstrated strong inter-rater reliability (Wanless, et al., in press). In the U.S.,
Taiwanese, and Chinese samples in the present study, examiners scored different children,
so traditional methods of inter-rater reliability could not be calculated. However, there were
no significant differences in these samples between examiners in children’s HTKS scores,
after controlling for child age: U.S., F (141, 299) = 1.25, p > .05; Taiwan, F (40, 155) =
1.08, p > .05; China F (28, 114) = 1.28, p > .05. In the South Korean sample, two research
assistants rated the same children for a subsample of the participants (n = 72) and had good
consistency for each HTKS item (ICC = .71, p < .001).

Teacher-Rated Measure of Classroom Behavioral Regulation—In all four
samples, the Child Behavior Rating Scale (CBRS) was used to measure teacher-rated
classroom behavioral regulation (Bronson, et al., 1995). Items on the CBRS ask teachers to
rate the child’s typical behaviors when using materials, interacting with peers, and
completing tasks, using a scale of 1 (never) to 5 (usually/always). To determine whether a
classroom behavioral regulation factor was present in each of the four societies, CBRS
scores were analyzed using principal axis factor analysis with a promax rotation. In each of
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the four samples, the same 10-item classroom behavioral regulation factor emerged that has
been found in other research in the U.S. (α = .94 – .95; Matthews, et al., 2009; Ponitz, et al.,
2009), and in Taiwan (α = .94; Wanless, et al., in press). In the present study, scores on the
CBRS classroom behavioral regulation factor in each society had strong inter-item reliability
(U.S.: α = .94; Taiwan: α = .94; South Korea: α = .94; China: α = .95). This factor included
items such as “Concentrates when working on a task; is not easily distracted by surrounding
activities,” and “Completes learning tasks involving two or more steps (e.g., cutting and
pasting) in an organized way.” The mean score on the CBRS classroom behavioral
regulation factor ranged from 1 to 5 with higher scores demonstrating higher levels of
classroom behavioral regulation.

Academic Achievement
United States: Mathematics, literacy, and vocabulary subtests from the Woodoock Johnson
Psycho-Educational Battery-III Tests of Achievement (WJ-III; Woodcock & Mather, 2000)
was used for the English-speaking U.S. children and the Batería Woodcock-Muñoz-R
(Batería-R; Woodcock & Muñoz-Sandoval, 1996) was used for the Spanish-speaking U.S.
children. There were 13 Spanish-speaking children out of the sample of 310 children. Each
child’s score was based on the norms for the specific version of the test. The Batería-R
standard scores are considered to be equivalent to the Woodcock Johnson Psycho-
Educational Battery-R (Woodcock & Johnson, 1989) which is the English version of the
assessment prior to the one used for the English speaking children in our sample (WJ-III).
Unfortunately, the Spanish version of the WJ-III was not available at the time of testing, so
the Batería-R was used. Children were tested on the same subtests (applied problems, letter-
word id, and picture vocabulary) for the WJ-III and the Batería-R. The sample to standardize
the items on the Batería-R consisted of approximately 2,000 native Spanish-speaking
individuals (Woodcock & Muñoz-Sandoval, 1996). For the WJ-III, the sample consisted of a
nationally representative U.S. sample of 8,800 individuals (McGrew & Woodcock, 2001).
When both the Batería-R and the Spanish equivalent of the WJ-III (Batería III; Muñoz-
Sandoval, Woodcock, McGrew, & Mather, 2005) were administered to children in previous
research, scores on both versions were highly correlated at r = .95 (Liew, et al., 2008). This
evidence suggests that the English WJ-III and Spanish Batería-R scores were comparable
and could be used in our analyses, as has been done in previous research. The Applied
Problems subtest assessed early mathematics and includes questions about quantity, time,
money, and word problems. The Letter-word Identification subtest measured early literacy
and asked children to name letters and read actual words, and the Picture Vocabulary subtest
uses pictures to assess expressive vocabulary. W-scores were used to take into account age
at the time of assessment and to allow for comparison of performance of children across a
range of ages. In the United States, inter-rater reliability of scores from these subtests is
greater than .85 (Woodcock & Mather, 2000).

Taiwan: Early mathematics and vocabulary skills were assessed in Taiwan with measures
that had previously been translated into traditional Chinese and used in Taiwan. The Test of
Early Mathematics Ability-2 (TEMA-2) measured relative magnitude, counting, calculation,
and enumeration by asking children to count objects on a page, determine greater than and
less than, and to correctly identify numbers (Ginsburg & Baroody, 1990). In previous
research in Taiwan, scores from the TEMA-2 had high internal consistency (.89 – .90) and
test-retest reliabilities between .91 and .94 (Hsu, 1998, 2000). Early vocabulary was
measured with the Peabody Picture Vocabulary Test-Revised (PPVT-R), which asked
children to point to pictures that were named by research assistants. Scores on the PPVT-R
had a split-half reliability of .90 – .97 in Taiwanese samples (Lu & Liu, 1998).
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South Korea: Early mathematics and early vocabulary were measured with subtests of the
Korean-Wechsler Preschool and Primary Scale of Intelligence (K-WPPSI; Park, Kwak, &
Park, 1989). The mathematics subtest measured relative magnitude, counting, and
calculation. In previous research, scores on the Korean mathematics subtest had a split-half
reliability of .82 – .87 and test-retest reliability of .68 for 4 – 6 year olds (Park, et al., 1989).
The vocabulary subtest required children to identify pictured objects, and define words.
Scores from this subtest had a split-half reliability of .78 – .86 and a test-retest reliability of .
63 for 4 – 6 year olds (Park, et al., 1989). Early literacy skills were assessed with the Test of
Hangul Word Reading in which children are asked to decode two-syllable Korean words and
pseudo-words (Choi & Yi, 2007). The internal consistency of scores from the test was .99,
split-half reliability was .98 – .99, and test-retest reliability was .93 – .97 in previous
research (Choi & Yi, 2007).

China: Early mathematics and early literacy skills were assessed in China with the Zareki-
KP task (von Aster, 2001) and the Character Recognition task (Chow, McBride-Chang,
Cheung, & Chow, 2008), respectively. Using subtests of the Zareki-KP task, counting and
calculation (addition and subtraction) skills were separately assessed and their scores were
added together to make a mathematics composite score. Counting and calculation scores in
the present study were significantly correlated (r = .44, p <.001). The task had previously
been translated into Simple Chinese (Liu, 2007). In Liu’s research, scores on the counting
and calculation tests had a reliability of .84 and .87, respectively, and were correlated with
teacher reports and cognitive tasks. For the literacy task, all traditional characters were
translated into simplified Chinese, and the children were asked to read the characters aloud.

Results
The present study investigated the psychometric properties of scores on a direct measure of
behavioral regulation in four societies. Specifically, we examined (1) the nature and
variability of behavioral regulation measured with the HTKS in each society, including
relations with teacher-rated classroom behavioral regulation, and (2) relations to early
mathematics, vocabulary, and early literacy skills.

Missing data and multiple imputation—The HTKS had missing data for just one child
out of the 814 children that participated across the four societies (see Table 1). The
academic outcomes had less than 2% of missing data in each society, except for South
Korea which had 34% missing data for each academic domain including early mathematics,
vocabulary, and early literacy. Information on the amount of missing data for all variables is
presented in Table 1. In all four samples, the majority of participants did not have missing
data for more than 1 variable.

In order to deal with missing data, multiple imputation was utilized for all final models
(Acock, 2005). When using multiple imputation, data are assumed to be missing at random
(MAR), meaning that the pattern of missingness can be explained by variables that are
included in the models or by auxiliary variables (variables not included in our models that
are theoretically related to missing data on the variables of interest), and any remaining
missingness is random (Schafer & Graham, 2002). First, we examined relations between
missingness and the variables in our models. Some of the predictors (such as child age and
gender) were significantly related to the missingness of variables that were imputed in all
four societies. Second, we explored possible auxiliary variables. For variables with more
than 5% missing data, logistic regressions were conducted between possible auxiliary
variables and dummy variables indicating whether data were missing. Additional culturally
relevant auxiliary variables not included in our models but that might explain missingness
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were chosen for each sample and included the amount of experience in preschool, number of
hours in preschool each week, family income, whether the child spoke Spanish, or whether
the child was an ethnic minority1. Although the MAR assumption cannot be fully tested,
these findings suggest that the missing data in the present study may be missing at random
so results are presented using the imputed data (Acock, 2005; Meng, 1995; Rubin, 1996).

To obtain unbiased parameter estimates, multiple imputation (using Stata) was used to create
10 imputed datasets for each of the four samples (Acock, 2005; StataCorp, 2007).
Descriptive statistics for each society using the original and imputed data are presented in
Table 1. Descriptive statistics were highly similar for the original and imputed data, which
gave us more confidence in using the imputed data. Descriptive statistics, correlations, and
regression coefficients were also based on analyses on the 10 imputed datasets for each
sample. Correlation significance levels were adjusted to account for the inflated sample size
(see Table 2).

Analytic Strategy
We began our analyses by examining descriptive statistics, including intraclass correlation
coefficients (ICCs) using multilevel models to account for the nested structure of the data
(children nested in classrooms) (Raudenbush & Bryk, 2002). Multilevel analyses were then
used to analyze the data, acknowledging the non-independent nature of the children due to
classroom membership and to ensure that our standard errors were not biased (Peugh, 2010).

Nature and Variability of Behavioral Regulation Measured by the HTKS
Variability in HTKS scores in each society was found with China showing low and Taiwan
showing high variability in scores (see Table 3). In all four societies, children’s HTKS
scores ranged from 0 to 40, utilizing the entire range of the task. Taiwan (n = 1, 0.6%) and
South Korea (n = 3, 1.3%) had very few children reach ceiling levels of 40 points on the
task. China (n = 8, 6.7%) and the U.S. (n = 7, 2.3%), had more children, but overall, a
relatively small number earned 40 points on the task. Further, less than 10% of the children
in each society, except for Taiwan (N = 36, 23%), scored at floor level. Distributions of task
scores within each society were somewhat skewed, but skewness and kurtosis values did not
exceed accepted levels for normal distributions (Kline, 2005; see Table 3). China’s HTKS
score distribution was particularly skewed, with many high scoring children, and Taiwan’s
distribution had a positive skew, with the majority of children in Taiwan having low scores.
Taiwanese children, however, were the youngest across all the samples.

Relations between child demographic variables and HTKS scores were also analyzed with
correlations within each society (see Table 2). Child age and parent education level were
positively and significantly correlated with HTKS scores. Child gender was also
significantly related to HTKS scores in the U.S., but not in the Asian societies. This relation
was negative, indicating that being a boy was related to lower HTKS scores in the U.S.

To better understand the psychometric properties of scores on the HTKS in the four samples,
we compared relations between HTKS scores and teacher-rated classroom behavioral
regulation scores. In the U.S. and in South Korea, higher scores on the HTKS were

1In South Korea, amount of preschool experience significantly predicted missingness for variables with more than 5% missing data
(mathematics, early literacy, vocabulary, and mother’s education), so it was included as an auxiliary variable in the multiple
imputation model. In the U.S. and Taiwan, the auxiliary variables did not significantly predict missingness on any variables that had
more than 5% missing data (mother’s education and teacher-rated classroom behavioral regulation), so only the predictor variables
(child age, gender, mother’s education, and teacher-rated classroom behavioral regulation) were used in the imputation model. In
China, no variables had more than 5% missing data, so only the predictor variables (child age, gender, mother’s education, and
teacher-rated classroom behavioral regulation) were included in the imputation model.
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significantly related to higher teacher-rated classroom behavioral regulation scores (U.S. r
= .29, South Korea r = .23; see Table 2). In Taiwan and China, however, relations between
HTKS and classroom behavioral regulation scores were weak and not significant (Taiwan r
= .09, China r = .12).

We also compared the amount of variability in HTKS scores and classroom behavioral
regulation within each society by calculating the coefficient of variation (standard deviation
divided by the mean). In all four societies, the HTKS scores reflected greater variability than
the teacher ratings of classroom behavioral regulation (see Table 3).

Finally, we calculated intra-class correlation coefficients (ICCs) using multilevel models for
the HTKS and CBRS in each society to determine how much of the variation in these
measures was due to classroom membership (see Table 3). In all four societies, more
variance in CBRS scores than HTKS scores was attributable to classroom differences,
controlling for the predictors used in the present regression analyses (see Table 4).

HTKS Scores and Relations to Mathematics, Vocabulary, and Early Literacy
To investigate our second research question, we used correlations and multilevel modeling
within each sample to determine whether HTKS scores related to early academic outcomes.
In all samples that measured mathematics (U.S., Taiwan, South Korea, China) and in those
that measured vocabulary (U.S., Taiwan, South Korea), higher HTKS scores were
significantly correlated with higher mathematics skills, and higher vocabulary scores (see
Table 2). In addition, higher HTKS scores were significantly related to higher early literacy
scores in South Korea, the U.S., and China (early literacy was not assessed in Taiwan).

To consider the effect of children being nested in classrooms, ICCs were calculated for all
academic outcomes in each sample. Less than 9% of the variance in mathematics, reading,
and vocabulary was between classrooms. ICCs in South Korea and Taiwan reached
statistical significance (ps<.05), but none of the ICCs in the U.S. and China were statistically
significant (p > .05). Since some of the ICCs were significant, multilevel analyses using
Hierarchical Linear Modeling software (HLM), were conducted for all models to maintain a
consistent analytical approach (Raudenbush, Bryk, Cheong, & Congdon, 2004).

Our final models examined the relations between directly measured behavioral regulation
(HTKS) scores and early mathematics, vocabulary, and early literacy skills for each sample
controlling for child age, gender, mother’s education (except in China), teacher perceptions
of children’s behavioral regulation, and whether the data were collected in Oregon or
Michigan (only in the U.S. analyses) (see Table 4). Overall, HTKS scores were significantly
related to all achievement outcomes with a few differences based on the sample. In all four
societies, higher HTKS scores were significantly related to higher mathematics skills, and
patterns were similar in the three samples that assessed early literacy (U.S., China, and
South Korea) and vocabulary (U.S., Taiwan, and South Korea). Specifically, higher scores
on the HTKS significantly predicted higher early literacy in the U.S., China, and South
Korea, and higher vocabulary skills in the U.S. and Taiwan, but not in South Korea.

Discussion
Overall, evidence for the psychometric properties of HTKS scores was found across the four
samples, but some differences also emerged. HTKS scores demonstrated variability in
behavioral regulation in each society but were differentially related to teacher perceptions of
classroom behavioral regulation with significant relations present in the U.S. and South
Korea but not in Taiwan or China. Finally, higher behavioral regulation scores on the HTKS
were significantly related to higher mathematics, vocabulary, and early literacy (with the

Wanless et al. Page 12

Psychol Assess. Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



exception of vocabulary in South Korea), beyond the influence of control variables and
teacher-rated classroom behavioral regulation.

Nature and Variability of Behavioral Regulation
HTKS scores reflected individual variation in behavioral regulation in all four samples
which supports research in the U.S. finding that HTKS scores capture variability in
children’s behavioral regulation in early childhood (McClelland, et al., 2007; Ponitz, et al.,
2008; Ponitz, et al., 2009). Specifically, scores in all four cultures covered the entire range
of possible HTKS scores. This suggested that the HTKS differentiated children and was not
too easy or difficult for the majority of children assessed in each culture.

In each society, child age and parent education was significantly and positively related to
HTKS behavioral regulation scores. Child gender, however, was not significantly related to
HTKS scores in the Asian samples. It may be that behavioral regulation is promoted more
strongly, regardless of gender, in the Asian societies. For example, previous research has
found that teachers gave more instructions regarding behavioral regulation in Chinese
classrooms compared to U.S. classrooms (Lan, et al., 2009). Moreover, recent research in
the U.S. has documented that boys scored significantly worse on the HTKS than girls in the
fall and spring of the kindergarten year (Matthews, et al., 2009). Thus, boys may be more at-
risk for poor behavioral regulation in the U.S. but not in Asian samples, which could be due
to a greater tolerance for aggressive, unregulated behavior in boys in the U.S. (Entwisle,
Alexander, & Olson, 2007). Taken together, these results extend previous research by
finding that HTKS scores demonstrate variability in behavioral regulation across four
samples in the U.S., Taiwan, South Korea, and China. They also suggest that variability in
scores is related to child demographic factors like age and parent education but cultural
differences exist in how gender is related to HTKS scores.

Relations between the HTKS and Teacher-Rated Classroom Behavioral Regulation
Results of this study also point to culturally-specific relations between HTKS scores and
teacher ratings of classroom behavioral regulation. In the U.S. and South Korea, higher
HTKS scores were significantly related to higher classroom behavioral regulation ratings. In
Taiwan and China, however, HTKS scores were not significantly related to teacher ratings.
Previous research has also found inconsistent relations between the HTKS scores and
teacher-rated classroom behavioral regulation, indicating the need for further research into
this issue (Ponitz, et al., 2009; Wanless, et al., in press). One explanation for differences in
relations between classroom behavioral regulation and HTKS scores may be the familiarity
of the teachers with the children. In the U.S. and South Korea where the HTKS was
significantly related to teacher-ratings, teacher ratings were collected after the teachers had
one semester with children in their classes. In Taiwan, teacher ratings were collected at the
beginning of the school year, but HTKS was not significant related to teacher ratings. It is
possible that the Taiwanese teachers had less experience with the children in their classes
before completing the teacher ratings. However, although teachers in China rated children
after a semester, HTKS scores were not significantly related to teacher ratings. This lack of
relation may be a function of the particularly large class sizes in China which may have
limited how familiar the teachers were with the children, even after one semester (Stevenson
& Stigler, 1994). Overall, it is possible that teacher familiarity influenced teacher ratings but
we were unable to directly test this in the present study, and future research should examine
it. Based on the differential relations between the HTKS and teacher ratings, our results
suggest that in addition to teacher reports, HTKS scores may independently contribute
useful information for differentiating children’s levels of behavioral regulation skills.
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Finally, classroom behavioral regulation also differed from HTKS scores in predictability of
academic outcomes. In all four samples and for all academic outcomes assessed, HTKS
scores were uniquely predictive of academic skills beyond classroom behavioral regulation.
Two possibilities may explain the different information provided by these two assessments.
First, HTKS scores may reflect different aspects of regulation than classroom behavioral
regulation which are differentially relevant for academic success. An accumulation of
classroom experiences with the children, with skills other than behavioral regulation, may be
included in teachers’ ratings, in contrast to a directly administered measure. For example,
children may have difficulty with persistence or cooperation which may influence teachers’
ratings of the children’s behavioral regulation. These skills, however, are not aspects of
behavioral regulation as measured by the HTKS task. Second, teacher-ratings may capture
different child, classroom, teacher, or cultural characteristics compared to what the HTKS
assesses (Mashburn, Hamre, Downer, & Pianta, 2006). One cross-cultural study of likert
scales, for example, suggested that cultural values shaped teachers expectations for the child
characteristics represented on a likert scale, which led to the reference-group effect, which is
the lack of a common reference group. This made cross-cultural comparisons of likert scale
scores problematic (Heine, et al., 2002). In the present study, teachers within a society may
have also had difficulty rating children with a similar reference group in mind, based on
teachers’ different years of experience or different range of ability levels represented in their
classes. It is also possible that the regulation measures were not reliable in Asian cultures;
although evidence has been found for the measures in U.S. samples (Matthews, et al., 2009;
McClelland, et al., 2007; McClelland & Morrison, 2003; Ponitz, et al., 2009) and for a
simplified version of the HTKS in Taiwan (Wanless, et al., in press). Future research is
needed to further examine this issue. Together, results comparing HTKS scores and teacher-
ratings suggest that in all four samples, HTKS scores provide a unique window on children’s
academic achievement, beyond that of teacher ratings of classroom behavioral regulation.

Relations between Behavioral Regulation on the HTKS and Early Mathematics,
Vocabulary, and Early Literacy

In the present study, HTKS scores predicted children’s academic achievement in all
samples. Specifically, HTKS scores significantly predicted early mathematics in all four
samples, early literacy in all three samples that it was measured (U.S., South Korea, and
China), and early vocabulary in the samples that it was measured (U.S. and Taiwan), with
the exception of vocabulary for South Korean children. These significant relations were
present after controlling for child age, gender, mother’s education (except in China),
teacher-rated classroom behavioral regulation, and whether the data were collected in
Oregon or Michigan in the U.S. analyses. It is likely that integrating attention, working
memory, and inhibitory control helps children perform better on achievement tests and in
academic settings. Early childhood classrooms place demands on children to pay attention to
instructions, to remember classroom and activity rules, and to inhibit impulses to behave in
ways that conflict with these instructions and rules. Children who are able to master these
skills, and use them in tandem in classroom settings, are more likely to acquire new skills
and knowledge which will translate into increased mathematics, vocabulary, and reading
scores.

This relation was present beyond the influence of classroom behavioral regulation and
important background variables. These findings align with previous research relating
behavioral regulation and academic achievement (Howse, et al., 2003; McClelland, Piccinin,
& Stallings, 2010) as well as effortful control, which includes aspects of behavioral
regulation, and academic achievement (Checa, et al., 2008; Zhou, et al., 2010). The
predictive utility of HTKS scores is noteworthy given that these effects were found after
taking classroom behavioral regulation into account. This suggests that HTKS behavioral
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regulation is important for early academic success in all four societies, which supports a
growing body of evidence found with U.S. samples (Ponitz, et al., 2009).

Of all of the academic domains tested in each sample, the only domain not significantly
related to HTKS behavioral regulation scores was vocabulary in the South Korean sample.
This lack of a significant relation may also reflect differences in the vocabulary measures
used in each sample. Specifically, the vocabulary measures used in the U.S. and Taiwan
required children to know the names of words, but the South Korean measure included an
additional component for children to define words. This difference should be examined in
future research.

Within all four samples, high behavioral regulation scores on the HTKS were most strongly
related to high early mathematics compared to vocabulary or literacy. This fits other
findings in the U.S. (Blair & Razza, 2007;G. J. Duncan, et al., 2007; Ponitz, et al., 2009) and
researchers have suggested that behavioral regulation may be particularly important for
mathematics skills because the HTKS and math assessments may require similar cognitive
processes (Ponitz, et al., 2009). Thus, the findings from the present study, and from previous
research, suggest that the skills children need to be successful on the HTKS (attention,
working memory, and inhibitory control) help children achieve in early mathematics, even
more so than in vocabulary or early literacy.

Two issues regarding model specification warrant consideration. First, analyses in the
present study examine behavioral regulation as a predictor of academic achievement, even
though both measures were collected concurrently. Conversely, it is possible that children
with better academic skills subsequently develop stronger behavioral regulation. Previous
research, however, supports a directional relation and has found that early behavioral
regulation significantly predicts later achievement (even after accounting for child IQ;
McClelland, et al., 2006; McClelland, et al., 2000). Moreover, other research has found that
early behavioral regulation significantly mediates relations between family risk factors and
later academic achievement (Sektnan, McClelland, Acock, & Morrison, 2010) and between
emotion regulation and achievement (Howse, et al., 2003). Together, this research supports a
directional relation between behavioral regulation and achievement including the view that
children who can pay attention, remember instructions, and inhibit certain behaviors in
classroom settings are more likely to take advantage of learning opportunities and do better
on achievement tests. Although it is also possible that better behavioral regulation predicts
stronger achievement, which then predicts better behavioral regulation, our data do not
allow us to test this in the present study. This is an important avenue for future research.

Second, it is possible that a spurious variable, such as intelligence, accounts for the relation
between HTKS scores and academic achievement. In fact, general mental ability, as
measured by psychometric intelligence tests, is the strongest predictor to date of academic
achievement for children of any age (Gottfredson, 2005). Previous research in the U.S.,
however, has demonstrated that aspects of behavioral regulation uniquely predicted
academic achievement beyond the influence of intelligence (Blair, 2006; McClelland, et al.,
2006; McClelland, et al., 2000). We suggest that HTKS scores may positively relate to
academic achievement over and beyond a measure of intelligence. Although we were not
able to directly test this in the current study, future research using the HTKS to assess
behavioral regulation should include a measure of intelligence.

Practical Implications
Early childhood professionals in the U.S. and South Korea have called for additional
attention to be paid to the importance of social and behavioral skills for school readiness
(Kim, et al., 2003; Rimm-Kaufman, Pianta, & Cox, 2000). Results from the present study
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support this assertion and suggest that in the U.S., Taiwan, South Korea, and China, three of
which have particularly high academic outcomes, strong behavioral regulation in preschool
predicts children’s early achievement. Thus, promoting the development of behavioral
regulation in early childhood settings in these societies may help children to be more
successful in school. This is especially relevant for children who struggle with self-
regulation, including an increasing number of children in the U.S. (Gilliam & Shahar, 2006).
This is also relevant in Asian societies, where although compliance is a cultural norm, there
are variations among children and not all children exhibit strong self-regulation (Ahadi, et
al., 1993).

These results also suggest that promoting early behavioral regulation in the U.S., Taiwan,
South Korea, and China may have significant benefits for young children. A number of
behavioral regulation interventions used in the U.S. have demonstrated effectiveness for
improving children’s skills. For example, the Tools of the Mind curriculum that incorporates
sociodramatic play, private speech, and drawing strategies that help children to pay
attention, has increased children’s attention, working memory, and inhibitory control skills,
and achievement skills (Barnett, et al., 2008; Diamond, Barnett, Thomas, & Munro, 2007).
In addition, another recent study found that preschool games designed to help children
practice attention, working memory, and inhibitory control skills significantly improved
children’s behavioral regulation, especially for children low in these skills (Tominey &
McClelland, 2008). Early childhood professionals in the U.S., Taiwan, South Korea, and
China may be able to help children succeed in school by incorporating similar games,
especially for children who have low behavioral regulation.

Limitations
The present study revealed a number of findings about the use of the HTKS for measuring
behavioral regulation across four societies. There are some limitations, however, that should
be noted. First, all of the participants in this study from Asian societies lived in urban areas.
Including children from multiple geographic areas would provide a more accurate picture of
the presence and variability of behavioral regulation in these societies. Second, although
there was overlap in child age across samples, and age was controlled for in the analyses, the
age groups and ranges were not the same. This limitation made it difficult to compare
behavioral regulation means, distributions, and floor and ceiling effects across samples. In
future research, age ranges should be expanded in order to more clearly define the upper and
lower age limits of the HTKS task in each society. Third, some variables in some samples
(mother’s education, early mathematics, vocabulary, and early literacy in South Korea;
teacher-rated behavioral regulation in the U.S.) had a relatively high amount of missing data
which suggests that results regarding analyses using these variables may need to be
interpreted with caution. Comparison of means and standard deviations of these variables
before and after imputation, however, suggests that overall descriptive scores are relatively
similar after missing data have been replaced. Fourth, teacher-rated classroom behavioral
regulation data were collected in the U.S., South Korea, and China in the middle of the
school year and in Taiwan at the beginning of the school year. Future cross-cultural studies
should align the time of year that data is collected so that society effects and timing effects
can be disentangled. Finally, future studies should use more than one direct measure of
behavioral regulation and teacher-rated measure within each society, and use academic
measures with maximum cross-cultural consistency across societies to better understand the
how much the assessment accounts for nuances in relations among these variables.

Conclusion
This preliminary study examined the psychometric properties of scores on a direct measure
of behavioral regulation, the HTKS, in four societies. Findings suggest that HTKS scores

Wanless et al. Page 16

Psychol Assess. Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



were reliable, captured variability, and predicted academic achievement in the U.S., Taiwan,
South Korea, and China. Cultural differences emerged in relations between HTKS directly
measured behavioral regulation and teacher-rated classroom behavioral regulation. Overall,
results suggest that HTKS scores may be reliable and validly interpreted as a reflection of
behavioral regulation for preschoolers in the U.S., Taiwan, South Korea, and China. These
findings extend previous research on behavioral regulation in the U.S. and provide the
foundation for continued research beyond the U.S. on behavioral regulation in high-
achieving societies including Taiwan, South Korea, and China to help ensure that all
children are successful in school.
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Table 2

Correlation Matrix

US (N = 310) HTKS Vocabulary Mathematics Early Literacy

Child Age .12* .17** .19*** .19***

Gender −.16** .01 .04 −.01

Parent Education .17** .37*** .26*** .20***

CBRS .29*** .09 .28*** .23***

HTKS --- .31*** .47*** .30***

Taiwan (N = 158)

Child Age .20* .27*** .37*** ---

Gender −.06 −.13 −.17* ---

Parent Education .18* .19* .10 ---

CBRS .09 .12 .33*** ---

HTKS --- .30*** .34*** ---

South Korea (N = 227)

Child Age .53*** .51*** .68*** .55***

Gender −.03 .03 −.06 −.11†

Parent Education .22*** .20** .26*** .11†

CBRS .23*** .13* .22*** .26***

HTKS --- .36*** .59*** .50***

China (N = 119)

Child Age .24** --- .42*** .23**

Gender −.09 --- −.19* .01

CBRS .12 --- .15 .14

HTKS --- --- .40*** .24**

Note. HTKS is the Head-Toes-Knees-Shoulders task. CBRS is the Child Behavior Rating Scale.

Gender is coded as a 1 for boys and 0 for girls.

†
p < .10;

*
p < .05;

**
p < .01;

***
p < .001.
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