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Examining the relations between self-regulation and
achievement in third grade students

Stephanie L. Day and
University of California Irvine

Carol M. Connor
University of California Irvine

Abstract

Children with stronger self-regulation skills generally demonstrate greater overall success in
school both academically and socially. However, there are few valid and reliable measures of self-
regulation in middle elementary school. Such a measure could help identify whether a child is
truly having difficulties. Thus, the Remembering Rules and Regulation Picture Task (RRRP) was
developed. The aim of this study was to develop scoring systems for the RRRP and then to
examine the associations between RRRP and independent measures of self-regulation and
academic achievement in mathematics and reading. Children (n= 282) from 34 third grade
classrooms in Florida participated in this study. Results revealed that the RRRP captured three
constructs: working memory, attentional flexibility, and inhibitory control. Hierarchical linear
modeling (HLM) demonstrated that the RRRP was significantly and positively associated with
other measures of self-regulation. The RRRP was significantly and positively associated with
mathematics and reading as well. The RRRP appears to be a promising measure of children’s self-
regulation skills.

Keywords

self-regulation; vocabulary; academic achievement; reading; executive function; mathematics;
language

Research on the relation between self-regulation and academic achievement is becoming
increasingly important as we try to learn about all of the potential factors that may influence
children’s academic achievement (Connor et al., 2010; McClelland & Ponitz, 2011,
Zimmerman, 2001). There are a number of child characteristics that can impact literacy
achievement and academic success (Duncan et al., 2007; McGee et al., 2002), and
increasingly, in addition to cognitive skills, self-regulation has been noted as a potentially
important source of influence. We define self-regulation as being supported by executive
functioning, specifically working memory, inhibitory control, and attentional flexibility (Lin,
Coburn, & Eisenberg, 2016). Self-regulation is an active process by which people learn to
control their own behaviors, cognition, motivation (Pintrich, 2000), and emotions (Lin,
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Coburn, & Eisenberg, 2016). Having strong self-regulation skills appears to be crucial for
academic success as it allows students to concentrate on instruction, to be more organized,
rehearse information that is to be remembered, to use their environmental resources
efficiently and effectively so that they may benefit from learning experiences, to hold
positive beliefs about their own capabilities, and to set plans and goals for their actions
(Schunk, 1989; Schunk & Zimmerman, 1994). Hence, developing an assessment that can
reliably and validly assess children’s self-regulation would, potentially, allow for better
identification and accommodation of students with either weak or strong self-regulation
skills during their school career, and was thus the purpose of this study. There have been a
number of studies that have examined the associations between self-regulation and academic
achievement, but most of these studies have been conducted with younger children,
particularly those in preschool and kindergarten (McClelland et al., 2007; Ponitz et al., 2008,
2009), whereas much less work has focused on middle elementary grades (Del Giudice,
2014).

Research has shown that students who demonstrate more disruptive behaviors and lack
strong self-regulation skills in elementary school are more likely to exhibit academic
difficulties in the future (Vitaro et al., 2005). Moreover, for children who come from
disadvantaged socioeconomic backgrounds, the risk for developing problems with self-
regulation may be even greater (McClelland & Ponitz, 2011). We conjecture that strong self-
regulation skills may be particularly important in middle elementary school and beyond,
where it is expected that children be able to work more independently and without constant
aid from the teacher. The main purpose of this study is to examine how a newly developed
measure of self-regulation called the Remembering Rules and Regulation Picture Task
(RRRP) measures self-regulation skills in the service of academic achievement in reading
and mathematics in third grade students.

Self-Regulation and Academic Achievement

Over the past decade, studies examining associations between self-regulation and academic
achievement have shown that having strong self-regulation skills is associated with school
success in both reading and mathematics (Adams & Snowling, 2001; Connor et al., 2010;
Day, Connor, & McClelland, et al., 2015; Lin, Coburn, & Eisenberg, 2016; St. Clair-
Thompson & Gathercole, 2006). As reported above, self-regulation is supported by and
overlaps with executive functions, specifically attentional flexibility, working memory, and
inhibitory control. Our aim with the RRRP was to develop an assessment that relied on the
coordinated regulation of all three functions. We discuss each below.

Attentional flexibility

Attentional flexibility is the ability to block out unwanted stimuli in order to pay attention
and focus on tasks while also being able to shift attention away from that task when
necessary (Rueda, Posner, & Rothbart, 2004). Having strong attentional flexibility skills
appears to be related to being successful in school (Rabiner et al., 2000). Children who have
poor attentional skills are more likely to have difficulties in reading and mathematics
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(Holmes, Gathercole, & Dunning, 2009; Rabiner et al., 2000; Swanson & Sachse-Lee,
2001).

Working memory

Baddeley (1986) defines working memory as a system of limited capacity for the temporary
maintenance and manipulation of information. Working memory is highly correlated with
performance on several academic and language-related tasks, such as vocabulary, reading
comprehension, mathematics, and problem solving and is necessary for a wide range of
classroom learning situations (Hofmann, Schmeichel, & Baddeley, 2012; Swanson, 1994).
Gathercole and Alloway (2008) found that over 80% of children who fell into the bottom
10t™ percentile of those with poor working memory skills struggle quite substantially in
reading and mathematics. It has also been found that children who had higher mathematics
ability had a higher working memory span in children 7 years of age (Bull & Scerif, 2001).

Inhibitory control

Inhibitory control (also called task inhibition) is the ability to stop a dominant response in
favor of a subdominant, more adaptive response (Ponitz et al., 2009). Children who have
poor inhibitory control skills in elementary school are typically more hyperactive and
impulsive, and can often be seen aimlessly wandering around the classroom, speaking
without raising their hand, playing at their desks, or chatting with other classmates when
they are supposed to be doing work (Rimm-Kaufman et al., 2005). Weak inhibitory control
may prevent children from completing their work independently (Day et al., 2015), while
creating disruptions for peers and the teacher, which takes away from learning time (Skibbe
etal., 2012; McGee et al., 2002).

Assessing self-regulation

Whereas there continues to be a growing body of research on self-regulation and how it is
related to academic achievement, there has not been concurrent advancement in the
assessment of self-regulation, particularly in middle to older elementary grades. Currently,
there are a number of assessments that rely on self, teacher, parent, or clinician report. The
Strengths and Weaknesses of ADHD Symptoms and Normal Behavior scale (SWAN;
Swanson et al., 2006) has been found to be a valid and reliable measure of attentional
flexibility and inhibitory control (hyperactivity-impulsivity) problems, and has been found to
be an appropriate measure to use in the general population (Saez et al., 2011). Other
measures include The Child Behavior Questionnaire (CBQ; Rothbart et al., 2001) and the
Child Behavior Checklist (CBCL; Achenbach, 2001), both of which capture behavioral
inhibition and emotional problems (Polderman et al., 2007). Self-report measures such as the
Impulsivity Scale for Children (ISC; Duckworth et al., 2012) have also been utilized to
measure self-regulation skills (Suchodoletz et al., 2015). However, with the exception of the
SWAN, measures such as the CBCL were designed to be given by clinicians and tend to
only capture those with more serious attention or behavior problems and when administered
to the general population, result in a skewed distribution of scores (Polderman et al. 2007;
Whitebread et al., 2009). Further, some studies have reported difficulty finding robust
relations between direct measures of self-regulation, classroom behaviors, and parent reports
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of self-regulation skills (Blair & Razza, 2007; Neuenschwander et al., 2012). Additionally,
surveys and questionnaires may also be open to observer bias (McClelland & Ponitz, 2011;
Ponitz et al., 2008; Whitebread et al., 2009).

Working memory, attentional flexibility, and inhibitory control are also measured in more
direct ways, but often as separate constructs. For example, the Knock-Tap, a subtest from
The Neuropsychological Assessment (NEPSY: Korkman et al., 1998), measures task
inhibition and working memory (Molfese et al., 2010). However, there appears to be a
ceiling effect in 6 to 8 year olds. The authors note that for typically developing children past
the early elementary grades, another measure might be more useful. Another example
includes delayed gratification tasks such as the Watch and Wait Task developed by Neubauer
and colleagues (2012) in which preschool students are instructed to watch an hourglass run
out in order to receive a reward. However, measures of delayed gratification are primarily
designed to capture inhibitory control and do not necessarily measure attentional flexibility
or working memory. Other commonly used measures of working memory in middle-to-late
childhood include backwards recall tasks in which students must recall a sequence of
numbers or letters in the reverse order as the examiner said (Adams, & Snowling, 2001;
Holmes et al., 2009; St. Clair-Thompson & Gathercole, 2006). Variations of the Stroop task
in which the subject names the colors of a series of congruent and incongruent color-words
have also been used to measure working memory and inhibition skills (Bull & Scerif, 2001;
Neuenschwander et al., 2012; St. Clair-Thompson & Gathercole, 2006). Attentional
flexibility is often measured using a visual search task. For example, Adams and Snowling
(2001) utilized a task in which children between the ages of 8 through 11 years old search
for targets in rows containing target and distracter items. While many of these tasks are done
one-on-one, some are completed on a computer, which may not be easy to administer in a
school setting.

For younger children (preschool through first grade), the Head-Toes-Knees-Shoulders
HTKS task (HTKS) was designed to directly measure self-regulation. In this measure,
children are asked to inhibit their impulse to touch the body part named and touch the
opposite body part instead. For example, when the tester says, “touch your head.”, the
student should then touch their toes and vice versa. While this measure has been shown to be
a strong predictor of academic performance in preschool and kindergarten, it is less useful
with children past the first grade as these children tend to reach ceiling on the measure
(Connor et al., 2010; Day et al., 2015; McClelland & Ponitz, 2011).

The Remembering Rules and Regulation Picture Task (RRRP)

The RRRP was designed to be a direct measure of self-regulation skills, including how
children managed the coordination of working memory, attentional flexibility, and inhibitory
control. The RRRP was also designed to be appropriate to administer to students beyond the
first grade, and that was a direct measure as opposed to teacher or parent report. In the
RRRP, children are presented with a picture of a park setting and are asked to place different
colored blocks on objects in the picture and in a particular order. Children are expected to
pay close attention to each question as it as read, to remember which color blocks they
should use and which objects (and in which order) they are to place the blocks. The students
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are also expected to wait for the question to be read in its entirety and for the tester to say
“go” before placing the blocks. An extra tax on working memory and inhibitory control is
introduced in the second half of the test where students are instructed to switch blue blocks
for red blocks and vice versa.

The following research questions guided this study:
(1) How should the RRRP be scored?

Our aim was to develop a one-dimensional construct but recognize that there
may be multiple dimensions (e.g., working memory, inhibitory control, and
attentional flexibility).

2 What is the association among the RRRP and other measures of self-regulation?

Our aim was to develop an assessment that could be used as either a complement
or instead of teacher-report measures frequently used to measure self-regulation,
which would suggest adequate construct reliability.

(3)  Towhat extent does the fall RRRP predict spring academic skills, specifically
mathematics, reading, and vocabulary in third-grade classrooms? Further, does
fall RRRP predict gains in academic skills from fall to spring?

We hypothesize that the Fall RRRP will be significantly associated with gains in
academic skills, which would suggest adequate predictive reliability and would
align with other studies showing this association.

Methods

Participants

Children from 34 third grade classrooms in one public school district in Florida participated
in this study. Participants were part of a larger cluster-randomized control field trial that was
designed to help teachers learn how to individualize their literacy instruction called
Individualizing Student Instruction (ISI; Blind for review). In the larger study, a smaller
subset of students were randomly selected to receive an extended battery of tests, which
included the RRRP. In each classroom, students were rank ordered by their fall
comprehension scores and then divided into equaled number groups: high, average, and low.
Within each group, approximately three students were randomly selected to receive the
extended battery of tests. On average, approximately 11 students from each class received
the extended battery. In total, the RRRP was administered to 282 students. Forty-five percent
of the students qualified for free or reduced price lunch. The majority of the sample was
Caucasian (84%; 6% African American; 3% Hispanic, 1% Asian, 6% other). Child gender
was 57% female and 43% male. The mean age at the start of the study was 8.5 years of age
(SD=0.415).

Measures

The RRRP—The Remembering Rules and Regulation Picture Task (RRRP) was designed
to measure children’s self-regulation skills. In the RRRP, children are presented with a
picture of a park setting and are asked to place different colored blocks (we used LEGO®s)
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on objects in the picture and in a particular order. In the second half of the task, students are
instructed to switch blue blocks for red blocks and vice versa. To eliminate any possible
difficulties with vocabulary and morphosyntactic skills, we selected objects that most
elementary students could easily identify by the third grade, and the syntactic forms were
generally mastered by children by kindergarten.

Administration: The RRRP consists of 10 items. Students are read the directions by a
trained tester followed by three practice trials. They are given blocks in assorted colors that
are placed in a pile next to the picture and then given a direction, for example, “Put a blue
block on the squirrel by the rock. Go.” The child is expected to wait until the examiner says
“go” before they place the correct color block (an unexpected task with blocks) on the
correct object, in the correct order.

The assessment begins with simpler tasks by including one block and one object, and
becomes increasingly more difficult. For example, a more difficult prompt is: “Put a black
block on the duck in the lake after you put a red block on any ant. Go.” Halfway through the
administration, students are told that when the administrator says to use a red block, they
should use a blue block, and when the tester says to use a blue block, they should use a red
block. Students are also able to ask for each direction to be repeated once. The repetitions
were included as a proxy of metacognitive awareness; however examining repetitions was
beyond the scope of the present study.

Examiners documented every detail of each student’s response for all items on the test. They
were to mark whether the question was answered correctly, if the child waited for “go”, and
if he/she asked for a repetition. If the question was answered incorrectly, the administrator
marked what specifically the child did incorrectly (block color, object, and/or order). To
establish inter-rater reliability, we video recorded ten students taking the pilot test and all
assessors were required to watch the video and score the same students. Inter-rater reliability
was then calculated using SPSS. The inter-rater reliability of the RRRP was .95 (Kappa) in
the current study.

In sum, working memory, attentional flexibility, and inhibitory control were tapped through
the child’s ability to answer each question correctly. In order for students to score well on
the RRRP, they must pay attention and remember three things while taking the test: the color
of the blocks, the objects in the pictures in which they are to place the blocks, and the order
in which they are to place the blocks. They must wait for the tester to finish reading the
directions and for “go” before they begin placing the blocks. The students must also inhibit
the expected response to follow the new color switching rule for the second half of the task.

Other measures of self-regulation and executive functioning—Students’ attention
and inhibitory control were assessed using the SWAN (Strengths and Weaknesses of ADHD
Symptoms and Normal Behavior) Rating Scale (Swanson, 2006). The SWAN asks teachers
to rate their students’ behavior through 18 questions. Teachers rate their students’ attention
and inhibitory control skills on a seven-point scale, where Far Below Average = 3, Below
Average = 2, Somewhat Below Average = 1, Average = 0, Somewhat Above Average = -1,
Above Average = -2, and Far Above Average = —3. The first nine items on the test measure
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attention skills while the last nine measure inhibitory control (hyperactivity-impulsivity).
When used with preschool children in a previous validation study, test re-retest reliability
ranged from .91 to .96 and internal consistency ranged from .71 to .76 (Lakes et al., 2011).
The SWAN is designed to capture both strengths and weaknesses of attentional problems,
and yields a normal distribution of scores when used in the general population. Thus, it is an
appropriate measure to use in a school setting with typically-developing children
(Polderman et al., 2007).

Memory for Digits Reversed was designed as a measure of working memory. This measure
was adapted from the Memory for Digits task from the Comprehensive Test of Phonological
Processing (CTOPP; Wagner et al., 1999). This task was designed by taking the number
sequences from the Memory for Digits CTOPP test and instructing the students to repeat
back the sequence of numbers in the reverse order in which they are read. The sequence
starts with two numbers and then increases to 8 numbers. Reliability in the current sample
was .77 (alpha).

Academic measures—Children’s reading and mathematics skills were assessed using
subtests from the Woodcock Johnson Tests of Achievement-111 (WJ; Mather & Woodcock,
2001). The Picture Vocabulary subtest was used to assess vocabulary. The Picture
Vocabulary task asks children to identify objects in a picture. The Letter-Word Identification
subtest, and the Passage Comprehension subtest of the WJ-111 were used to assess children’s
reading skills. The Letter-Word subtest requires children to simply read a list of words that
become increasingly difficult. On the Passage Comprehension subtest, children are asked to
orally supply a missing word from a short passage that they read silently to themselves.
Mathematics skills were measured using the Applied Problems subtest and the Math
Fluency subtest of the WJ-111. On the Applied Problems subtest, word problems are read
orally to the child and then the child can use pencil and paper to solve the problem. On the
Math Fluency measure, students are asked to solve addition, subtraction, and multiplication
problems in three minutes. W scores were used in all analyses, which are a form of a Rasch
score providing a common scale that represents both task difficulty and a person’s growth.
W scores are obtained using the WJ-111 Compuscore software program. The W score is
centered at 500 for each test, which is set as the approximate average performance of a 10
year old child. The subtests of the WJ-I11 have reliabilities ranging from .81 to .94.

Students were assessed in the early fall on the academic subtests of the WJ-111, and then
again at the end of the school year in the spring. The RRRP was also administered in the fall
and spring, which took approximately 7 minutes per child. The WJ tests, RRRP, and the
working memory measure were all administered by trained research assistants outside the
classroom in the hallway or in a separate room (when available). Tests were administered in
a fixed order for all participants. Each of the WJ tests took approximately 7 to 10 minutes to
administer. Memory for Digits Reversed was given in the spring. Teachers completed the
SWAN Rating Scale for each student in their class in early spring of the school year.
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Means, standard deviations, ranges, and skewness and kurtosis values were examined for all
variables and can be found in Table 1. Normality of the data was evaluated by examining the
skew and kurtosis values for all variables. All variables appeared to fall within the normal
range for both skew and kurtosis. Bivariate correlations were examined next and can be
found in Table 2. Performance on the RRRP was significantly correlated with academic
measures of both reading and math, working memory, and teacher’s ratings of children’s
attention and hyperactivity skills from the SWAN. It was also found that children’s ability to
wait for “go” on the RRRP was correlated with ratings of hyperactivity on the SWAN.

Scoring the RRRP

When the Remembering Rules and Regulation Picture Task (RRRP) was administered to
participants, examiners were asked to record each child’s answer in every detail. In other
words, the examiner recorded whether the color, object, and order was correct, whether the
child asked for a repetition, and whether they answered each prompt correctly or not. In
order to analyze these results, a number of variables were created using the collected data for
children’s performance on the RRRP. First, a total score variable was created to represent
how many items the child answered correctly out of the 10 questions on the test. For an
answer to be considered correct, the child needed to place the correct color blocks on the
specific objects, and in the correct order. The question was marked correct if the child
answered the prompt correctly on the first or second trial. If the child first answered a
question correctly and then asked for the question to be repeated and answered the question
incorrectly on the second trial, the answer was marked as incorrect on the score sheet. If a
child first answered the question incorrectly and then asked for a repetition and answered the
question correctly on the second trial, the answer was marked as correct. A total score was
created for both the fall and the spring tests.

In addition, the RRRP could be divided into two parts, with part 1 including the first five
questions and part 2 including questions 6 through 10. The questions in part 2 included the
color switch for the red and blue blocks, such that the child was required to use the opposite
color than what he/she was directed. Total scores for both parts were also created. A variable
was also created to represent the total number of times the child waited for “go” on the 15t
trial. A total score of 10 would indicate that the child waited for “go” on all 10 items on the
test. Cronbach’s alpha was estimated for each scale; with values of .83 for Part 1 of the
RRRP, .83 for the Part 2 of the RRRP, .97 for the “go” items, and an overall scale reliability
of .97. An IRT analysis of fall RRRP scores was also completed to assess the difficulty and
discrimination of each item. More information on the IRT analysis can be found in the
supplemental materials. We also examined whether students made significant gains on the
RRRP from fall to spring by running a repeated measures ANCOVA. Part 1 scores on the
RRRP decreased slightly from time one to time two (6= -.418, p< .001), but Part 2 (color
switch) scores on the RRRP did not change over time (6= -.024, p=.811), indicating that
scores on the RRRP are fairly stable in third grade.
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Association of RRRP with other measures of self-regulation

To examine the associations among measures of attentional flexibility, working memory,
inhibitory control, and the RRRP, Hierarchical Linear Modeling (HLM) was used to account
for the nested structure of the data (children nested within teacher; Raudenbush & Bryk,
2002). Models were run for Parts 1 and 2 of the fall RRRP and for “Wait for Go’. On Part 1
of the RRRP, both Memory for Digits and the SWAN Attention subscale were significantly
related to performance on the fall RRRP (Table 3). Ratings of inhibitory control on the
SWAN indicated a trend (p =.071). For Part 2 (color switch) of the fall RRRP, only Memory
for Digits was significantly and positively associated with performance on Part 2 of the
RRRP (Table 3). Finally, a third model was run for ‘wait for go,” which was designed to
capture inhibitory control. In this model, only ratings of inhibitory control were significantly
related to children’s ability to wait for “go” (Table 4).

Association with academic outcomes

Mathematics—Three models were run for the mathematics measures. The first 2-level
HLM model was run to examine whether fall scores on the RRRP predicted performance in
spring Math Fluency, and a second model was run for the Applied Problems subtest. For the
Math Fluency model, fall RRRP scores on neither Parts 1 nor 2 predicted spring outcomes in
Math Fluency. On the other hand, in the Applied Problems model, Part 1 of the fall RRRP
significantly predicted spring Applied Problems outcomes (Table 5). We then ran a third 2-
level model that examined whether Fall RRRP predicted growth on the Applied Problems
subtest. When controlling for fall Applied Problems scores, Part 1 of the RRRP significantly
predicted gains on Applied Problems from fall to spring (Table 5). Children’s ability to wait
for “go” was not a significant predictor in any of the academic models and was thus removed
from the models. SES was initially controlled for using school-level FARL in the
mathematics models as well as the previous models, however, it was not significant (6= —.
010, p=.463), thus SES was removed from the models.

Reading—To test for the association between fall RRRP and reading performance, we ran
separate 2-level HLM models for Letter-Word Identification (ID), Passage Comprehension,
and Picture Vocabulary. In the Letter-Word and Passage Comprehension Models, Part 1 of
the RRRP significantly predicted spring outcomes (Table 5), such that students who
performed better on Part 1 of fall RRRP also exhibited higher scores on both the Letter-
Word ID and Passage Comprehension subtests in the spring. However, for vocabulary, Part 2
of the fall RRRP predicted spring outcomes on the Picture Vocabulary subtest (Table 5).

Similar to the mathematics models, we also examined if RRRP scores predicted gains from
fall to spring on each of the three reading measures by running three additional 2-level
models controlling for fall WJ scores (Table 5). When controlling for fall Letter-Word 1D
scores, fall RRRP no longer predicted spring outcomes, which indicates that while fall
RRRP predicted spring absolute outcomes on Letter-Word ID, it did not predict gains on the
Letter-Word ID tests from fall to spring. Interestingly, in the initial Passage Comprehension
model, Part 1 of the RRRP significantly predicted spring scores, however, when controlling
for fall Passage Comprehension scores, now Part 2 (color switch) of the fall RRRP predicted
gains from fall to spring. Finally, in the Picture Vocabulary model, Part 2 of the fall RRRP
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significantly predicted gains in vocabulary from fall to spring. These results demonstrate that
different aspects of the RRRP are more predicative of certain areas of academic
achievement. Furthermore, fall RRRP also predicted growth in achievement in both reading
and mathematics in the spring.

Discussion

The primary purpose of this study was to examine the relations of a newly designed measure
of self-regulation, the Remembering Rules and Regulation Picture Task (RRRP) to
independent measures of self-regulation and achievement. Although research has shown that
self-regulation is important for school success (Blair & Razza, 2007; Diamond, 2011), there
has been little advancement in how self-regulation is measured, particularly in middle
elementary school (379-5! grade). Previous studies have utilized measures that were
originally designed to be administered by clinicians or in a laboratory setting. These types of
measures do not necessarily capture the coordination of self-regulation skills and may not be
appropriate for use in a school setting (Polderman et al. 2007; Whitebread et al., 2009). The
RRRP is potentially useful in a school setting because it can be administered to the general
population of students. Additionally, self-regulation measures commonly come in the form
of questionnaires that are completed by parents, teachers, or children themselves, which may
make them open to observer bias (McClelland & Ponitz, 2011; Ponitz et al., 2008).
Measures, such as the RRRP, that capture these skills in more a direct way may be more
useful and accurate.

Again, self-regulation is defined as involving attentional flexibility, working memory, and
inhibitory control skills (Bronson, 2000; Matthews et al., 2009; Ponitz et al., 2008), however
these skills have been typically measured independently of one another. It may be that it is
the coordination of these three skills that are more important for school success and thus
measures that assess self-regulation in this way may be a better predictor of academic
achievement. It was for these reasons that the RRRP was developed.

The RRRP was associated with independent measures of working memory, attentional
flexibility, and inhibitory control. Upon examining the associations between the RRRP and
independent measures of self-regulatory skills, it was found that working memory as
measured by Memory for Digits Reversed and scores on the SWAN Attention subscale were
significantly related to performance on the Part 1 of the RRRP. Part 1 was designed to tap
attention and working memory skills. On Part 2 of the RRRP, only the working memory
measure was associated. This finding makes sense as Part 2 of the RRRP included the added
difficulty of color switching, which was an extra tax on working memory skills.
Furthermore, children’s ability to wait for “go” on the RRRP was significantly and
positively related to teacher’s ratings of inhibitory control, which is to be expected because
waiting for the examiner to say “go” on the RRRP is also designed to tap inhibitory control
skills. These results suggest that the RRRP is tapping the same skills that teacher-reported
symptoms of inhibitory control and attention problems on the SWAN and the Memory for
Digits Reversed capture. In addition, scores on the RRRP were also fairly stable over time
from fall to spring, which may be an indication that self-regulation skills are generally stable
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in third grade. This finding supports previous findings that demonstrate the stability of self-
regulation skills in middle childhood (Harms et al., 2014).

Another aim of this study was to examine whether the RRRP predicted spring performance
in mathematics and reading. Results revealed that different parts of the RRRP were
predicative of spring outcomes, depending on the subject. For mathematics, Part 1 of the
RRRP was a significant predictor of spring Applied Problems scores, such that higher
performance on the RRRP in the fall on the spring Applied Problems. Furthermore, when
examining gains from fall to spring on the Applied Problems subtest, fall scores on Part 1 of
the RRRP remained significant. Part 1 of the RRRP was designed to tap working memory
and attention skills, but did not include the added color switching component that Part 2 of
the RRRP includes. As we hypothesized, this may indicate that coordination of attentional
flexibility and working memory may be implicated in mathematics learning. To be able to do
well in mathematics, students must be able to read and comprehend each question, decide
the appropriate mathematical operations to use, and to perform these operations correctly,
which may be difficult for students with poor attention and working memory skills.

In reading, Parts 1 and 2 of the RRRP significantly predicted spring reading outcomes. Fall
scores on Part 1 of the RRRP significantly predicted spring outcomes in both decoding
(Letter-Word 1D) and reading comprehension (Passage Comprehension). Finally, for
vocabulary, only Part 2 of the RRRP was predicative of spring scores. Keeping in mind that
Part 2 of the RRRP included an added difficulty of color switching with red and blue blocks,
this component may have placed an extra tax on working memory capacity, and additionally,
inhibitory control, as children needed to remember to use the opposite color block that the
tester indicated. The Picture Vocabulary measure required children to quickly identify
pictures. Providing the appropriate word may be difficult for children who have weaker self-
regulation skills to effectively think about their answers before providing a response.
Additionally, working memory might be related to monitoring the speech stream, making it
easier to learn vocabulary in context (Gleason, 1997). When examining gains on the reading
measures from fall to spring, we found that fall RRRP scores also significantly and
positively predicted growth in both reading comprehension and vocabulary.

Taken together, these findings suggest that with some improvements, the RRRP can be a
valid measure of self-regulation that examines taps the coordination of attentional flexibility,
working memory, and inhibitory control. The RRRP also predicts academic outcomes in
reading outcomes, both in regards to absolute status, as well as gains from fall to spring and
may be a useful measure in a school setting. This study also demonstrates that different
aspects of self-regulatory skills may be more closely associated with certain skills. For
example, Part 1 of the RRRP, which was most closely associated with attentional flexibility
and working memory, predicted spring problem solving, decoding, and comprehension. On
the other hand, Part 2 of the RRRP, which was most closely associated with working
memory, predicted vocabulary as well as gains in comprehension and vocabulary. These
findings extend previous studies that have found that weaker self-regulation skills are related
to difficulties in vocabulary, and reading comprehension (Connor et al., 2010; Day et al.,
2015; Swanson, 1994). This study also extends prior research that has shown the importance
of having strong attention skills in mathematics (Bull & Scerif, 2001; Holmes et al., 2009;
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Swanson & Sachse-Lee, 2001). Mathematics requires a great deal of attention, particularly
when multiple steps are involved in the problem-solving process. Students with attention
problems may make errors out of carelessness in following rules of multi-step problems.
During instruction, attention problems may cause students to miss important pieces of
information that are needed in order to understand different concepts.

Study limitations and future directions

There are some limitations to the RRRP and to this study that should be noted. First,
although the RRRP appears to measure the anticipated construction of self-regulation and
predicted academic outcomes, there was some evidence that the RRRP may be too easy for
some children. We plan to add more difficult items by increasing the number of rules to
remember, and the length of the directions. Finally, the RRRP must be administered to a
larger and more diverse sample of students and in other grades.

In terms of feasibility, assessors reported that the RRRP was generally easy to administer,
but required paying close attention to what the students were doing. Testers also reported
that most students enjoyed the game-like structure of the RRRP and liked using the blocks.
Many of our testers were undergraduate students or graduate students in Education, and
agreed that the test would be simple enough for a teacher to administer. However, a formal
procedure for measuring feasibility was not in place at the time of this study, and thus should
be noted as a limitation of this work. Future work should consider having assessors complete
more formal feedback forms to accurately measure test feasibility.

It was anticipated that children’s ability to wait for “go” would be associated with
performance on the academic measures. Upon examination of the correlation table, waiting
for “go” was only correlated with the SWAN and Memory for Digits Reversed. This finding
may be due to the fact that most children were able to wait for “go” and suggests that some
alteration of the assessment in this aspect might be warranted. For example, it might be
informative to lengthen the wait time between the instruction and saying “go.” Also of
interest to examine in future work is the importance of asking for repetitions, which was
designed to tap working memory, attentional flexibility, and metacognitive awareness. This
variable might be used as a categorical variable, given its relative rareness, as indication of
children’s attention and working memory skills in the service of comprehension monitoring
but this remains to be tested.

The potential ceiling effect was also a limitation in this work. We designed the third grade
version of the RRRP to include two objects per prompt, for example, “Put a blue block on
the duck behind the tree before you put a red block on the duck flying last.” We anticipated
that such prompts would be more challenging for third graders. Future versions of the test
should focus on increasing the difficulty and complexity of each item, for example, by
adding a third object. It is also important to note that the sample was primarily Caucasian,
and 45% of this sample qualified for free or reduced price lunch. Different results may be
found in a sample that is more economically and ethnically diverse. While we observed a
slight decrease in scores on Part 1 of the RRRP from fall to spring, this may provide
evidence of either a ceiling effect or that by third grade, these skills are stable for most
children and the decrease represents regression to the mean.
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Although we intentionally designed the RRRP to use simple vocabulary that we assumed
third grade students would be familiar with, it is also important to acknowledge that children
can vary quite significantly in their language skills, particularly in populations with dual
language learners. Future versions of this measure should consider establishing a baseline to
ensure that students are familiar with the vocabulary used on the RRRP prior to testing. One
final limitation to this study was that the SWAN and Memory for Digits Reversed were only
given one time in the spring. It would have been useful to give these tests in the fall as well
so that we could measure potential change in self-regulation skills over the school year. One
other question that still remains is whether or not a direct measure like the RRRP is a better
predictor of behavioral and academic outcomes than a survey measure like the SWAN.
Future work in this area should take this question into consideration as we continue to test
which types of behavioral measures are most appropriate in an academic context. Future
work should also consider including more direct measures of self-regulation skills for
comparison.

Although the current version of the RRRP may need some revisions, this measure does hold
promise. There are a few advantages to using the RRRP in place of other measures. First, the
RRRP is designed to measure attentional flexibility, working memory, and inhibitory control
skills. While previous studies have measured these skills independently of one other, the
RRRP can measure these skills in one test. The RRRP can be administered in approximately
7 minutes, and this may be a quicker way to assess self-regulation skills as opposed to using
multiple measures. The RRRP is also easy to give in a school setting, and may also be a
more cost-effective way to measure self-regulation skills, as opposed to tests that must be
given on computers or that take longer to administer. Although the current version of the
RRRP was designed to be given to children in third grade, the difficulty of the questions can
be manipulated to accommodate different age groups.

Overall, this study highlights the important role that self-regulation plays in academic
achievement in both reading and mathematics. Developing measures that directly assess self-
regulation skills in a reliable, valid, and direct way and that can be used longitudinally, may
help to identify children who have poor self-regulation skills, and may be a useful tool in
finding better ways to support students’ academic achievement.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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