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Abstract

Relationships between attention/executive functions and language learning were investigated in
students in grades 4 to 9 (A=88) with and without specific learning disabilities (SLDs) in multi-
word syntax in oral and written language (OWL LD), word'reading and spelling (dyslexia), and
subword letter writing (dysgraphia). Prior ADHD diagnosis was correlated only with impaired
handwriting. Parental ratings of inattention, but not hyperactivity, correlated with measures of
written language but not oral language. Sustaining switching attention correlated with writing the
alphabet from memory in manuscript or by keyboard and fast copying of a sentence with all the
letters of the alphabet. Multiple regressions based on a principal component for composites of
multiple levels of language (subword, word, and syntax/text) showed that measures of attention
and executive function involving language processing rather than ratings of attention and executive
function not specifically related to language accounted for more variance and identified more
unique predictors in the composite outcomes for oral language, reading, and writing systems.
Inhibition related to focused attention uniquely predicted outcomes for the oral language system.
Findings are discussed in reference to implications for assessing and teaching students who are
still learning to pay attention to heard and written language and self-regulate their language
learning during middle childhood and adolescence.

Liberman (1999) had the pioneering insight that there is more than one language system and
described language by ear (listening to aural language), language by mouth (orally
producing language), and language by eye (reading written language). Berninger (2000)
explained how language by hand (writing written language) is also a language system that
interacts with the other language systems by ear, by mouth, and by eye. Although these four
language systems often develop at comparable rates, they may show dissociations, that is,
uneven rates of development that are stable across grade levels (Berninger & Abbott, 2010).
Research reviewed by Silliman and Berninger (2011) showed that specific learning
disabilities (SLDs) can be differentiated on the bases of different language systems and their
developmental trajectories. Oral and written language learning disability (OWL LD), which
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emerges between age 1 and 3, initially affects language by ear and mouth but later language
by eye and hand; dysgraphia, which emerges between ages 5 and 6, affects language by
hand; and dyslexia, which also emerges between ages 5 and 6, affects language by eye and
hand.

Adding further complexity, a half century of child language research has shown that
language, whether heard and spoken or read and written, is multi-leveled, that is, units of
different grain size are involved. For example, subword units contribute to word units, which
in turn contribute to multi-word syntax units with or without non-syntactic idioms, which in
turn contribute to larger discourse or text units (e.g., Butler & Silliman, 2002; Catts &
Kamhi, 2005; Nelson, 2010; Nelson, Helm-Estabrooks, Hotz, & Plante, 2011; Nippold, &
Scott, 2010; Scott, 2009; Scott & Nelson, 2009; Silliman, Huntley Bahr, & Peters, 2006).
Moreover, individuals may have relative strengths or weaknesses at different levels of
language (subword, word, syntax, discourse/text structures) within and across the four
language systems (Berninger, 2015).

Given this complexity of the multileveled, multiple interacting functional language systems,
it follows that mental government is necessary to manage the numerous processes. Posner
and Rothbart (2007) showed that attention plays a role in self-regulation of language.
Miyake, Friedman, Emerson, Witzki, Howerter, and Wagner (2000) identified inhibition and
mental set shifting in regulating language functions. Das and colleagues (Das, Kirby, &
Jarman, 1975; Das, Naglieri, & Kirby, 1997; and Das, Kar, & Parrila, 1996) called attention
to the role of planning in regulating language. Writing researchers have identified planning,
translating, reviewing, and revising as processes that regulate language by hand (Hayes &
Flower, 1980; Hayes & Berninger, 2014). Multiple cognitive representations and operations
are involved in the cognitive <> linguistic translation process, which operates bidirectionally
and is regulated by executive functions for language by hand, ear, mouth, and/or eye
(Berninger, Rijlaarsdam, & Fayol, 2012). A growing body of knowledge is adding
knowledge of how working memory also contributes to language learning (e.g., Arrington,
Kulescz, Francis, Fletcher, & Barnes, 2014; Daneman & Carpenter, 1980; Swanson, 1993a,
1993b. 1995, 1996, 1999, 2006; Swanson & Ashbaker, 2000; Swanson & Siegel, 2001).
Lower order supervisory attention regulates storage and processing of words in working
memory, and higher order executive functions such as planning, supported by working
memory, contribute further to regulating language learning and use (Berninger, Swanson, &
Griffin, 2014).

Although co-occurring ADHD is often diagnosed in students with specific learning
disabilities (SLDs), the relationship between ADHD diagnosis or its inattention and
hyperactivity/impulsivity subtypes (e.g., Topiak et al., 2012; Willicutt et al., 2012) and self-
regulation of language learning is not fully understood. ADHD and its subtypes may change
in expression across development and be better expressed as dimensions (based on number
of symptoms) rather than categorical diagnoses (Willicutt et al.). ADHD or its subtypes are
typically diagnosed on the basis of adults rating symptoms of a student’s inattention and/or
hyperactive/impulsive behaviors; recommended best practices is for parents to rate
symptoms at home and teachers to rate symptoms at school. Moreover, learning disabilities
involving language are often diagnosed without consideration of the relationships between
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various kinds of attention and executive functions to specific language skills. On the one
hand, assessment of a student’s profile in each developmental domain—cognitive, language,
sensorimotor, social emotional, and attention/executive function can be useful in diagnosing
or ruling out developmental disabilities (Berninger, 2015). On the other hand, assessment of
the relationships between two of these domains can be useful in understanding and teaching
students with specific learning disabilities. For example, relationships between language and
different attention and executive functions may be as informative as relationships between
language and different input (ear and eye) and output (mouth and hand) sensorimotor
modalities. Thus, four research questions about the relationships between language and
attention/executive functions were addressed in the current study.

Based on prior findings that handwriting and related writing problems often co-occur in
individuals with ADHD (Re & Cornoldi, 2010) and inattention and distractibility have been
linked to writing problems (McCandless & O’Laughlin, 2007), the first research question
was whether ADHD was correlated with handwriting or other writing skills. Based on prior
findings that parental inattention ratings, but not parental hyperactivity ratings, were related
to written language learning in children with dyslexia in a multi-generational family study of
dyslexia (Thomson et al., 2005), the second research question was whether this finding
would replicate in a sample ascertained in a different way. Based on prior findings that
sustained switching attention was related to reading and writing achievement in at-risk
writers (Amtmann, Abbott, & Berninger, 2008; Berninger et al., 2006), the third research
question was whether this finding would replicate in a sample of older students. Based on a
systems model aimed at all levels of the multi-leveled language by ear, by mouth, by eye,
and by hand systems, as discussed earlier, the fourth research question was which attention/
executive functions best predict a multi-leveled oral language system, a multi-leveled
reading system, and a multi-leveled writing system. Of interest was whether measures that
assess attention/executive functions while processing language or measures that assess
symptoms of attention/executive function difficulties that are not necessarily language-
specific would account for the most variance in an achievement outcome factor based on
multiple levels of an oral language system, reading system, or writing system. These four
research questions were addressed in a sample of students in grades 4 to 9 who were typical
language learners or who had carefully diagnosed specific learning disabilities in language
—writing, reading, and/or oral language (Berninger, Richards, & Abbott, 2015).

The multi-leveled writing system was modeled by a composite of subword alphabet writing
from memory (legible, automatic letters in alphabetic order), word-specific spelling
(identifying correctly spelled real words), and sentence composition fluency (timed written
syntax construction). The rationale was based on programmatic research showing these three
skills, at different levels of increasing size, are sensitive to identifying at risk writers as well
as those with dysgraphia (Berninger, 2009; Berninger et al., 2015). The multi-leveled
reading system was modeled by a composite based on (a) subword phonological decoding
(Morris et al., 1998), (b) word-specific spellings (Ehri, 1980a, 1980b, 2014; Olson,
Forsberg, Wise, & Rack, 1994), and sentence/text reading comprehension (Cain & Oakhill,
2007). Not only alphabetic principle but also word-specific spelling contributes to the multi-
leveled reading system because English is a morphophonemic orthography (e.g., Nagy,
Berninger, & Abbott, 2006; Nunes & Bryant, 2006; Nunes, Bryant, & Bindman, 1997;
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Richards et al., 2006a, 2006b; Venezky, 1970) and word-specific spelling underlies both
word reading and spelling (Bowers, & Wolf, 1993; Olson et al., 1994), especially after the
fourth grade transition to mostly silent reading and written assignments. Again, the rationale
was based on programmatic research showing these three skills, at different levels of
increasing size, are sensitive to identifying students at risk for dyslexia (Berninger et al.,
2015; Silliman & Berninger, 2011). The multi-leveled aural/oral language system could be
modeled by a composite of sublevel coding of heard and spoken sounds in working memory
(Wagner & Torgesen, 1987), word level vocabulary meaning (Stahl & Nagy, 2005), and
syntax/text aural comprehension (Butler, & Silliman, 2002; Nelson, 2010). Again, the
rationale was based on programmatic research showing these three skills, at different levels
of increasing size, are sensitive to identifying students at risk for OWL LD (Berninger et al.,
2015; Silliman & Berninger, 2011).

Flyers were distributed to local schools to recruit students in grades 4 to 9 with and without
difficulty with written language learning—handwriting, word reading and spelling, reading
comprehension and written expression. Interested parents who contacted the first author
were interviewed over the phone to determine whether the student probably was a typical
language learner or had an SLD rather than a developmental disability (cognitive and other
developmental domains outside the normal range). ADHD, which is known to co-occur with
SLDs, was not an exclusion criterion. Although diagnosed neurogenetic disorders other than
SLD or brain injury were exclusion criteria, of the children whose parents were interviewed
over the phone in response to the flyer, all appeared to have reported developmental and
medical histories consistent with SLDs and longstanding and persistent struggles with
language learning at school despite considerable special help in and often outside school. In
addition, some parents also volunteered siblings who shared the same home environments as
their children with SLDs but did not have histories of struggling in language learning; if
assessment confirmed they did not have dysgraphia, dyslexia, or OWL LD they served as
controls. Informed consent and assent was obtained using procedures approved by the
institutional review board. The comprehensive assessment battery was administered by
highly trained and supervised doctoral research assistants in a four-hour session with snack,
movement, and bathroom breaks interspersed.

Altogether 29 females and 59 males (A=88, ages 9 to 15, M=12 years 3 months) completed
the comprehensive assessment battery and their parents completed attention/executive
function ratings. Reported racial identities were representative of the region where the
research was conducted: White (7=69), More than One Race (/7=14), Asian (/7=3), Native
Hawaiian or Other Pacific Islander (/=1), and Black or African American (/=1). Parent
education levels included high school graduate (2.2%, mother; 4.4% father), more than high
school but less than college (3.3%, mother; 7.8% father), college (41%, mother; 41.4%
father), and more than college (48.9%, mother; 36.7%, father); but 4.4% of mothers and
7.8% of fathers did not report educational level. Except for four adopted children, parents
reported family history of SLDs.
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Following the comprehensive assessment, participants were assigned to one of four groups
based on impairments (< -2/3 SD) in at least 2 test scores for handwriting but not reading
(dysgraphia), for word reading and spelling but not listening comprehension or oral
expression (dyslexia), for listening and reading comprehension and oral and written
expression (OWL LD), or none of these impairments (controls) (see Silliman & Berninger,
2011; Berninger et al., 2015; for this evidence-based differential diagnosis model). Based on
prior research (Berninger & Abbott, 2013), only if the child was twice exceptional with very
high cognitive <> linguistic translation, which can mask reading and spelling problems,
could the word reading and spelling fall somewhat above the -2/3 SD cut off but below the
population mean for dyslexia. Parent questionnaires completed while the child was assessed
were examined for consistency of the pattern of test scores with parent-reported
developmental, medical, and educational history to verify persistence of a specific learning
disability (SLD), despite considerable special help in and often outside school. For
additional information on assignment to diagnostic groups see Berninger et al. (2015). The
focus of the current paper is on the attention and executive functions and their relationships
to language learning outcomes for different levels (units) of language within and across
functional systems in students with diverse language learning profiles (26 with dysgraphia,
38 with dyslexia, 13 with OWL LD, and 11 typical language learners), who on average are
in the average range on language outcomes.

Measures—Attention and Self-Regulation

ADHD diagnosis—One of the questions on the parent questionnaire was whether the child
had been diagnosed with ADHD. Systematic information was not collected on whether only
inattention or only hyperactivity-impulsivity was diagnosed.

Parent ratings of attention—Following procedures in Thompson et al. (2005), parents
rated each of thel8 items on a scale of 1 to 5 to indicate the degree to which their child
exhibited specific symptoms. These ratings were then converted to a factor score based on 4
or 5 items corresponding to four factors in Thomson et al.’s (2005) study of predicting
language learning outcomes in a family genetics study of dyslexia. For purposes of the
current study only the inattention and hyperactivity factor scores for the parental ratings
were analyzed.

Behavior Rating Inventory of Executive Functions (BRIEF)—(Goia, Isquith, Guy,
& Kentworkthy, 2000). Parents rated their child’s behavior on a three-point Likert scale
(never, sometimes, and often) for each of 86 items related to executive functions. The
Behavioral Regulation Index has three scales: (a) /nhibit (ability to control impulses and to
inhibit engaging in a behavior); (b) Shift (@bility to move freely from one activity or
situation to another, to tolerate change, and to switch or alternate attention); and (c)
Emotional Control (ability to regulate emotional responses appropriately in response to
situations). The Metacognition Index has five scales: (a) /nitiate (ability to begin an activity
and to independently generate ideas or problem-solving strategies); (b) Working memory
(ability to hold information when completing a task, when encoding information, or when
generating goals/plans in a sequential manner); (c) Plan/organize (ability to anticipate future
events; to set goals, to develop steps, to grasp main ideas, to organize and understand the
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main points in written or verbal presentations); (d) Organization of materials (ability to put
order in work, play, and storage spaces—desks, lockers, backpacks, and bedrooms); and (e)
Monitor (ability to check work and to assess one’s own performance). Prior research has
demonstrated that the BRIEF scores are reliable (a range .78 to .96) and valid for assessing
varied aspects of executive functioning. See McCandless and O’Laughlin (2007) for
additional information on the reliability and construct validity of the BR/IEF.

Delis Kaplan Executive Functions D-KEFS—(Delis, Kaplan, & Kramer, 2001). For
DK-EFS Color Word Form Inhibition, based on the classic Stroop task, the task is to read
orally a color word in black ink and then name the ink color for a written word in which the
color of the ink conflicts with the color name of the word (e.g., the word red written in green
ink). The difference in time for reading the words in black and haming the color of the ink
that conflicts with the name of the color word is an index of ability to inhibit irrelevant
information and focus attention on task relevant information (reliabilities range from .62 to .
76). For D-KEFS Verbal Fluency—L etters (test-retest reliability .67), the task is to name as
many words as possible that begin with a designated letter (time limit 60 seconds for each of
three letters). For D-KEFS Verbal Fluency—Category (test-retest reliability .70), the task is
to name as many examples of a named category (time limit 60 seconds for each of two
categories). Both Verbal Fluency tasks require sustaining attention over time to stay on task
for accessing written spellings (Letters) or accessing semantic word meanings (Categories).
Repetitions (total number of repeats) during both Verbal Fluency tasks provides a measure
of self-monitoring (ability to remember examples already given and not repeat them). For all
measures, raw scores are converted to scaled scores for age (M=10, SD=3).

Rapid Automatic Switching (RAS)—letters and numerals (Wolf & Denckla,
2005)—The task is to name alternating lower case printed letters and written numerals
arranged in rows. The total score (test-retest reliability .90) is the time required to name
alternating letters and numerals in all the rows and is converted to a standard score (A/=100
and SD=15). In addition, Amtmann et al.’s (2008) adaptation was used in which times were
recorded for each of the five rows of the RAS.

Measures of Language Learning Outcomes

See Berninger et al. (2015) for information on the reliabilities and measurement properties
of each measure for assessing language learning outcomes (standard score with mean of 100
and standard deviation of 15, scaled score with mean of 10 and standard deviation of 3, or z-
score with mean of 0 and standard deviation of 1) and other details. Only task requirements
and means and standard deviations for the total sample on each measure are described in this
section. As explained in the data analyses section at the end of the methods, all these
measures, which had been used in the differential diagnosis process described earlier and in
Berninger et al. (2015) for learning profiles and phenotype profiles, were used in analyses
for the first, second, and third research questions; but for the fourth research question, only
measures at for the subword, word, or syntax/text levels of each language system were used.
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Cognitive <> Linguistic Translation

Wechsler Intelligence Scale for Children, 4th Edition (WISC 1V) (Wechsler,
2003) Verbal Comprehension Index—The Index Score (M=108.07, SD=15.04) is
based on the Similarities subtest (explain orally how the named items are similar), the
Vocabulary subtest (explain orally the meaning of a heard word or provide a synonym), and
Comprehension subtest (answer questions that demonstrate understanding of real world facts
or situations or ability to problem solve). Each of the tasks contributing to the overall index
score requires that the student translate concepts or knowledge of the world into oral
language constructions of one or more words (Niedo, Abbott, & Berninger, 2014).

Aural and Oral Language

WJ Il Oral Comprehension (Woodcock, McGrew, & Mather, 2001b)—This syntax/
text level task assesses ability to listen to spoken text and when there is a pause supply a
word orally that would make sense in the current syntactic unit in the unfolding aural text
which may or may not have referents in prior text (M=109.99, SD=12.77).

Clinical Evaluation of Language Function 4th Edition CELF IV Formulated
Sentences (Semel, Wiig, & Secord, 2003)—The child is given three words and asked
to construct an oral sentence on this syntax/text level task (M=10.47, SD=3.30).

Comprehensive Test of Phonological Processing (CTOPP) (Wagner, Torgesen,
& Rashotte, 1999) Nonword Repetition—The subword-word level task is to listen to
an audio recording of nonwords containing English sounds, which are pronounced one at a
time with a pause in between each one for a response, analyze component sounds in them,
and repeat orally the heard nonword exactly (M=10.16, SD=2.56).

Reading Comprehension and Written Expression

WJ Il Passage Comprehension (Woodcock et al., 2001b)—This syntax/text level
task is to read text in which there is a blank and supply orally a word that could go in the
blank that fits the accumulating context of the sentence and preceding text (A=99.24,
SD=16.28).

Wechsler Individual Achievement Test, 3" Edition (WIAT Ill) Sentence
Combining (Pearson, 2009)—The syntax level task is to combine two provided
sentences into one well written sentence that contains all the ideas in the two separate
sentences (M=98.95, SD=16.40).

WJ Il Writing Fluency (Woodcock et al., 2001b)—The task is to compose as many
written sentences as possible within a 7 minute time limit for each set of three provided
written words, which are to be used without changing them in any way (//=95.95,
SD=13.99).

Word Reading and Spelling

Test of Word Reading Efficiency (TOWRE) (Torgesen, Wagner, & Rashotte,
1999)—For TOWRE Sight Word Efficiency, this word-level task is to read orally as many
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real words accurately as possible on a list within 45 seconds (M=101.60, SD=16.90). For
TOWRE Pseudoword Efficiency, this word-level task is to read orally as many nonwords
accurately as possible on a list within 45 seconds (M=95.81, SD=18.63).

Test of Orthographic Competence (TOC) (Mather, Roberts, Hammill, & Allen,
2008)—*For the TOC Homophone Choice (ages 9 to 12) or Word Choice (ages 13 to 16),
this word-level task is to identify a correct spelling for a specific word; even though there are
different norms according to age of child, the scaled scores for age were analyzed (word-
specific spelling) (M=9.52, SD=3.54). For the TOC Word Scrambles, this word-level task is
to rearrange letters in an anagram with scrambled letters to create a correctly spelled real
word (word-specific spelling) (M=9.36, SD=2.87).

Alphabet 15 Rapid Automatic Letter Writing (Berninger, 2009)—This subword
task is to print the alphabet from memory in correct alphabet order in lower case manuscript
letters as quickly as possible, but legibly, so others can recognize each letter (M= -1.42z,
SD=0.84z).

Multiple-modes of alphabet writing—The alphabet task was adapted to compare
multiple modes of letter production on the alphabet task on the basis of raw scores. This
subword level task remains the same, but instructions vary as to whether children produce
the lower case letters of the alphabet in manuscript (M=9.21, SD=5.06) or cursive (M=1.97,
SD=3.05) or produce the alphabet by selecting keys (hunting and pecking) on a keyboard
(capital letters) (M=16.95, SD=6.45).

Detailed Assessment of Speed of Handwriting (DASH) Best and Fast, Second
Edition, DASH-2 (Barnett, Henderson, Scheib, & Schulz, 2007)—This subword/
word level task is to copy a sentence with all the letters of the alphabet in one’s usual way
(manuscript or cursive or a combination), but in two contrasting manners: one’s best
handwriting (M=9.32, SD=3.49) or one’s fast writing (M=7.35, SD=3.40).

Data Analyses

First research question—Pearson product zero-order correlations were computed
between presence or absence of a prior diagnosis of ADHD and each of the measures just
described that were included in the comprehensive assessment battery.

Second research question—Pearson product zero-order correlations were computed
between factor scores based on parental ratings of inattention or hyperactivity and each of
the measures just described that were included in the comprehensive assessment battery.

Third research question—Pearson product zero-order correlations were computed
between the time scores for rows 1, 2, 3, 4, and 5 on Rapid Automatic Switching (RAS) and
each of the measures just described that were included in the comprehensive assessment
battery.
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Fourth research question—First, correlations were examined between the total time
score for RAS, each of the D-KEFS measures given, the BR/EF rating scores, the inattention
and hyperactivity parental ratings, and each of the measures just described that were
included in the comprehensive assessment battery; summary of all correlations are available
by request from the first or second author. Based on the ones that were significantly
correlated with the most oral language, reading, and writing outcomes, the following
measures were selected for the first model tested for the fourth research question related to
attention and executive functions during language processing tasks: D-KEFS Color Word
Form Inhibition, D-KEFS Verbal Fluency—L etters and Categories and Repetitions, and
Wolf and Denckla RAS. Based on the ones that were significantly correlated with the most
oral language, reading, and writing outcomes, the following measures were selected for the
second model tested for the fourth research question related to attention and executive
functions that are not specific to language processing tasks: parental ratings of inattention,
BRIEF Behavioral Regulation Index, BRIEF Metacognition/Plan/Organize, and BRIEF
Metacognition Working Memory.

Second, three measures at the subword or subword/word, word, and syntax or syntax/text
levels were chosen for each functional language system—writing, reading, and oral
language; and then principal components were computed as an index of each multi-leveled
composite. The multi-leveled writing composite was created by calculating the score on the
first principal component of the correlation matrix of alphabet 15 (loading =.60), 70C Word
Choice (loading =.77), and WJ-3 Writing Fluency (loading =.87). The first principal
component accounted for 56.7% of the variance. The multi-leveled reading composite was
created by calculating the score on the first principal component of the correlation matrix of
TOWRE Phonemic Reading Efficiency (loading =.86), 7OC Word Choice (loading =.82),
and WU 111 Passage Comprehension (loading =.85). The first principal component accounted
for 71.3% of the variance. The multi-leveled aural/oral language composite was created by
calculating the score on the first principal component of the correlation matrix of CTOPP
Nonword Repetition (loading=.57), WISC IV Vocabulary (loading=.90), and WJ /11 Oral
Comprehension (loading=.88). The first principal component accounted for 63.1% of the
variance.

Third, two models were compared for attention/executive function predictors for each of the
three composites of multi-leveled language systems. In Model 1 the writing, reading, and
aural/oral language composite scores were predicted by DK-EFS Color Word Form
Inhibition score, D-KEFS Verbal Fluency Letters score, D-KEFS Verbal Fluency Category
score, D-KEFS Repetitions score, and Wolf and Denckla RAS score, all of which assess
attention and executive functions during language processing. In Model 2, the same writing,
reading, and aural/oral language composite scores were predicted by parent ratings of
inattention and the BR/EF Behavioral Regulation Index score, the BRIEF Metacognition
Plan/Organize score, and the BRIEF Metacognition Working memory score, none of which
are specific only to attention and executive function processing during language tasks.
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Results

First research question

One third of the parents reported that their child had previously been diagnosed by ADHD;
but reported prior diagnosis of ADHD was only correlated with three writing skills. Prior
ADHD diagnosis was significantly correlated with both the zscore and raw score for writing
alphabet from memory in lower case legible alphabet manuscript letters in order in the first
15 seconds, z-score, /= -.25, p<.05; raw score, /=-.24 p<.05, in the direction predicted—
presence of ADHD was associated with lower performance on writing the alphabet from
memory, a task which requires searching for and finding letter forms in memory
automatically and then planning them for serial production. Although prior ADHD diagnosis
was also correlated with WIAT 111 Sentence Combining r=.27, p=.01, the positive correlation
indicates an association between the ADHD diagnosis and a higher the sentence composing
score. This pattern of results, which replicates the prior research showing an association
between ADHD and handwriting problems (see introduction) shows that an ADHD
diagnosis is most likely to be associated with impaired handwriting legibility and
automaticity rather than with written idea expression or other language learning outcomes.

Second research question

Only the inattention ratings factor score, not the hyperactivity ratings factor score, was
significantly correlated with measures of reading and writing. The higher the factor score,
indicating problems with inattention, the lower the score on two reading measures ( TOWRE
Sight Word Efficiency, r=-.32, p<.01; and TOWRE Phonemic Efficiency, 1=-.25, p <.05),
two spelling measures ( 7O0C Word Choice, 1=-.19, p < .05 and Word Scramble, r=-.34, p<.
01), two handwriting measures (manuscript, /=-.22, p<.05, and cursive, /=-.29, p<.01 on
alphabet 15), and two measures of written sentence composing (WIAT // Sentence
Combining, r=-.25, p<.05 and WJ /1l Writing Fluency, r=-.26, p<.05). However, the
inattention ratings factor score was not correlated with any oral language measures. Thus,
the prior research findings showing that inattention was related to written language but not
oral language learning also replicated (see introduction).

Third research question

RAS times for rows 4 and 5 (not earlier rows) were significantly correlated with handwriting
outcomes and related compositional fluency, consistently with the last two rows of RAS
reflecting ability to sustain switching attention over time (see introduction). Times for both
rows 4 and 5 were correlated negatively (more time associated with low alphabet printing
raw scores (row 4, /=-.27, p< .05, row 5, /= -.25, p <.05) and keyboarding raw scores (row
4, r=-.24, p<.05, row 5, /= -.26, p<.05), DASH-2 Copy Fastscaled scores (row 4, /= -.24,
p<.05, row 5, =-.28, p<.01), and WJ /Il Writing Fluency standard scores (row 4, r=-.22, p
<.05, row 5, 1= -.26, p<.05).

Fourth research question

Table 1 reports the means, standard deviations, correlations, and p-values for each of the
composites for language systems—uwriting composite, reading composite, and oral language
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composite, the D-KEFS and Wolf and Denckla RAS measures used as predictors in Model 1
(attention and executive functions during language processing), and the inattention ratings
and BRIEF ratings for Model 2 (attention and executive functions not necessarily language
specific).

Table 2 shows the multiple regression results of Model 1 for the writing, reading and oral
language composite outcomes. Table 3 shows the multiple regression results of Model 2 for
the same writing, reading, and oral language composite outcomes. Note that within both
models, the set of predictors remained constant across the contrasting multi-leveled
functional language systems (multi-level composite for writing, reading, or aural/oral
language). Table notes indicate which measures were used to model each subword/word,
word, or multiword/syntax/text level for each system.

Comparing the results for Model 1 and for Model 2 shows whether language-specific

attention and executive function predictors explain comparable variance and identify unique
predictors compared to attention and executive functions that are not language specific (see
Table 3). Results are reported separately for each multi-leveled composite language system.

Writing Composite

Collectively the Model 1 predictors based on language-related measures of attention/
executive functions explained 44% of the variance in the writing composite (see adjusted R?
in Table 2). Both D-KEFS Verbal Fluency-Letters and Wolf and Denckla RAS explained
unique variance in the same writing composite (see Table 2). In contrast, collectively, the
predictors based on parental inattention ratings and BR/EF executive function ratings
explained 9% of the variance in the same writing composite (see adjusted R? in Table 3).
None of the predictors in Model 2 explained unique variance in the multi-leveled writing
composite.

Reading composite

Collectively the predictors based on Model 1 explained 50% of the variance in the reading
composite (see adjusted R? in Table 2). D-KEFS Inhibition, Verbal Fluency-Letters and
Repetitions, and Wolf and Denckla RAS explained unique variance in the reading composite
(see Table 2). In contrast, collectively, the predictors based on parental inattention and
BRIEF executive function ratings explained 16% of the variance in the reading composite
(see adjusted R2 in Table 3). BRIEF Metacognition Working Memory explained unique
variance in the multi-leveled reading composite (see Table 3).

Aural/oral language composite

Collectively the predictors based on language-related measures of attention/executive
functions explained 31% of the variance in the same aural/oral language composite (see
adjusted R2 in Table 2). D-KEFS Inhibition, and Verbal Fluency-Letters and Categories and
Repetitions explained unique variance in the aural/oral language composite (see Table 2). In
contrast, collectively, the predictors based on inattention and executive function ratings
explained 3% of the variance in the aural/oral language composite (see adjusted R? in Table
3). None explained unique variance in the aural/oral language composite (see Table 3).
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Summary of results for fourth research question

On the one hand, the different language systems are highly correlated (see Table 1
correlations for composites) indicating considerable commonality across the language
systems. On the other hand, results for the fourth research question extend prior research on
the unique ways language systems may vary in their interactions with the external
environment according to different input (ear and eye) and output (mouth and hand) modes,
but also in how they coordinate their multiple component processes across levels of
language. Attention and executive functions play a role in that coordination process.
Comparison of results for Model 1 and Model 2 showed that attention and executive
functions specifically linked to language processing accounted for more variance in all
multi-leveled language systems analyzed than did attention and executive functions not
explicitly linked to language processing. However, amount of variance explained and which
attention/executive function predictors explained unique variance in those multi-leveled
language composites varied across the writing, reading, and oral language composite
systems, providing yet additional evidence that language by hand, language by eye, and
language by ear and hand may not be completely identical, homogeneous language systems.
Rather, different attention and executive functions contribute in unique ways to coordinating
the different levels of language so that they work together in concert in a particular
functional language system. Also of note, BRIEF Working Memory did contribute uniquely
to the multi-leveled reading system, consistent with what is known about the role of working
memory in supporting multi-leveled language processing (Swanson, 1996).

Discussion

Linking Attention and Executive Functions to Language Learning Assessment

ADHD as a predictor of language learning outcomes—It is important to keep in
mind that the participants in the current study were not recruited for a study of ADHD. Nor
were they assessed during the study for whether they met symptoms for currently accepted
criteria for diagnosing either the inattention or hyperactivity/impulsivity subtypes of ADHD
(Topiak et al., 2012; Willcutt et al., 2012). The results are relevant, however, to the issue of
whether a prior ADHD diagnosis by an appropriately credentialed professional is sufficient
for understanding all the attention and executive functions that may play a role in learning to
self-regulate language learning, especially for language learning outcomes linked to multi-
leveled language systems by hand, by eye, and by ear and mouth. Nevertheless, handwriting
problems (Re & Cornoldi, 2010) and related writing problems (McCandless & O’Laughlin,
2007) often co-occur in individuals with ADHD.

Not only do the current results replicate prior findings on this ADHD-handwriting
connection but also they provide evidence for assessing all students diagnosed with ADHD
for possible co-occuring dysgraphia. Both ADHD and dysgraphia can significantly interfere
with school achievement in written language, but dysgraphia is often not identified and
treated in schools (Berninger et al., 2015). Whenever a child or youth presents with
symptoms of inattention and/or hyperactivity/impulsivity, diagnostic assessment for ADHD
is warranted, but so is assessment of other attention and executive functions that may
interfere with identified impairments in language learning outcomes. ADHD is one kind of
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attention and executive function problem that can interfere with oral and written language
acquisition, but not the only one, as the results for the other three research questions show.

Parental ratings of inattention as predictor of language learning outcomes—
Two current findings replicated Thompson et al.’s (2005) prior findings that inattention
ratings, but not the hyperactivity/impulsivity ratings, were related to (a) written language
learning outcomes, (b) but not aural/oral language outcomes. These results highlight the
value of reaching out to parents of all students in the upper elementary and middle school
grades and asking them to complete ratings of inattention. Collecting these ratings is not
very time consuming but can draw teachers’ attention to whom in their class may benefit
from special strategies for paying attention to written language when they read and write.
Instructional strategies have been validated for doing so (e.g., Berninger et al., 2006;
Berninger & Wolf, in press).

RAS total time scores for predicting language learning outcomes—Just as the
parent ratings of inattention were not correlated with measures of aural or oral language
learning outcomes, but were with the multi-leveled writing and reading systems, so were the
RAS total time scores only significantly correlated with written language not oral language
measures. This finding is consistent with prior research findings based on typical language
learners and those with dyslexia (Altemeier, Abbott, & Berninger, 2008). Language learners
need to learn to pay attention to written language as well as aural language, which can be
challenging for some students with SLDs.

Language-sensitive measures of attention and executive functions in
predicting language learning outcomes—The preliminary inspection to choose a
constant set of predictors for the fourth research question had shown that D-KEFS Inhibition
and Verbal Fluency measures were significantly correlated with all the language by ear and
language by mouth learning outcomes. This robust finding serves as a reminder that much of
school learning depends on processing academic language heard in oral teacher instructional
talk and expressing answers orally (Wilkinson, & Silliman, 2012). The findings showing
significant correlations between D-KEFS on Color Word Form Inhibition (focused attention
and D-KEFS Repetitions (self-monitoring) correlating with listening comprehension in
students in middle childhood and adolescence are consistent with those of Kim and Phillips
(2013) in early childhood. Moreover, the D-KEFS Inhibition and Verbal Fluency scores were
significantly correlated with the measure of the cognitive <> linguistic translation process;
this finding serves as a reminder that students are continually translating across the cognitive
and language domains during academic learning (see Stahl & Nagy, 2005) and such
translation may be difficult during language learning development for some students with
SLDs. D-KEFS measures were also correlated with multiple written language measures. For
example, Verbal Fluency-Letters may have been correlated with multiple reading and
spelling because word spelling is related to both (see introduction) and with handwriting
measures because finding word spellings based on initial letter may be facilitated by silently
naming the letters; letter names are thought to serve as overt or covert retrieval cues for letter
forms from memory (Berninger, 2009).
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Of interest, for the multi-level writing system, only D-KEFS Verbal Fluency Letters and
Wolf and Denckla RAS for letters and numerals explained unique variance in integration
across subword, word, and sentence writing. Finding written spellings and switching
attention across graphemes in written words may help regulate the writing system while
learning to write during the upper elementary and middle school grades. For the multi-level
reading system, however, D-KEFS Inhibition, Verbal Fluency Letters and Repetitions, and
Wolf and Denckla RAS contributed uniquely to this integration across subword, word, and
sentence/text reading. In contrast to the writing system, focused attention contributes to
regulation of the multi-level reading system. Also, for the Model 2 analysis, BRIEF
Metacognitive Working Memory Index contributed uniquely, documenting the role of
working memory in coordinating across levels in a functional multi-level reading system
(Swanson, 1993a, 1993b, 1996). For the multi-level aural/oral language system, however, D-
KEFS Inhibition and Verbal Fluency—Letters, Categories, and Repetitions contributed
uniquely, but Wolf and Denckla RAS did not.

Thus, some constants but also variations were observed in which attention/executive
functions explained unique variance across different functional language systems for multi-
leveled writing, reading, and oral language systems. RAS does not contribute uniquely to
aural/oral language but does to writing and reading. Inhibition contributes uniquely to
reading and aural/oral language. Verbal Fluency Letters (word finding based on spelling)
contributes uniquely to all three language systems and may be the constant across them,
consistent with word-specific spelling impairment at the behavioral levels across dysgraphia,
dyslexia, and OWL LD, but differing brain bases for this common word-specific spelling
behavioral marker (Berninger et al., 2015). These findings have important implications for
which attention and executive functions to assess depending on the reason for referral for a
particular student who is struggling in some aspect of language learning.

Linking Attention and Executive Functions to Language Instruction

Limitations,

Programmatic research has shown the value of teaching to multiple levels of language within
a given lesson rather than focusing on a target skill in isolation without linking it to other
levels or units of language in a functional language system (for review, see Berninger, 2009;
Berninger & Wolf, in press). Often the different levels of language are taught close in time
so that skill at one level transfers to higher levels and creates cross-level connections. Yet
little is known about effective ways to teach the attention and executive functions that enable
creation of connections across the multiple levels of language within and across multiple
functional language systems or how to teach these to facilitate development of self-
regulation of language learning. The current study provides initial evidence regarding the
attention and executive functions that may play a role in creating such cross-level
connections in the multi-leveled writing, reading, and aural/oral language systems, but
further instructional research is needed on this instructionally relevant issue.

Future Research Directions, and Conclusion

One limitation of the current study was that attention and executive functions ratings were
collected only from parents and not from teachers. Another limitation was that relatively few
participants in the current study had OWL LD, the diagnostic group that would be expected
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to have the most difficulty in paying attention to and self-regulating aural/oral language.
Future research might investigate the relationships of both teacher and parent ratings of
attention to aural language in larger samples of students with OWL LD. Moreover, BRIEF
Working Memory and BRIEF Inhibition were associated with two writing skills (timed
sentence combining and construction), consistent with much writing research (Hayes &
Berninger, 2014). Further research is needed with the BRIEF and other samples with and
without writing disabilities and the same and other writing learning outcomes measures.

The current results, grounded in research questions based on past research, will hopefully
inform future research. For example, the same and different measures of attention and
executive functions and oral and writing language could be administered to a larger sample
of students in grades 4 to 9 with and without carefully diagnosed SLDs. Both teacher and
parent ratings for attention and executive functions could be collected. Future research could
examine effective instruction for improving attention and executive functions for oral and
written language learning. Moreover, given the significant social emotional consequences of
chronic struggles in language learning and sometimes co-occurring difficulties in self-
regulation of behavior in the classroom, BR/EF scales not related to language learning may
be helpful in identifying executive functions that contribute to social emotional and
behavioral self-regulation. Indeed, research supports the contribution of executive
functioning skills to support students engagement in the learning process whether it involves
language or not (Blair & Razza, 2007; Bull, Espy, & Wiebe, 2008).

Adding further complexity is the very nature of co-occurrence. Some students have ADHD
but no language learning problems. Some have language learning problems but no ADHD.
Some students with or without language learning problems do not meet criteria for ADHD
but may or may not have other specific inattention or executive function problems.
Moreover, not all specific learning disabilities are the same; not only language learning but
also other domains like math and social cognition may be affected or these other domains
may be affected but not language learning. In addition, different kinds of SLDs may co-
occur. Ultimately attention and executive functions need to be assessed and facilitated
instructionally for each individual student’s overall profile of strengths and weaknesses
across the academic curriculum and profile of attention and executive functions needed to
coordinate the multiple components and levels of complex learning systems. Teachers also
need to develop their own extraordinary attention and executive functions to orchestrate this
amazing feat concurrently for multiple individual students.
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