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Abstract We examined written expression performance in a sample of adolescents

with ADHD and subthreshold ADHD using two different strategies: examining

performance on standardized measures of written expression and using other indi-

cators of written expression developed in this study. We examined associations

between standardized measures of written expression, cognitive processing measures

(working memory, processing speed, language, fine motor ability, and reading effi-

ciency) and behavioral ratings of ADHD by parents and teachers. We also developed a

coding scheme for a writing sample to measure productivity and the ratio of self-

corrections to errors. The results indicated that written expression performance was

most consistently associated with cognitive processing measures and not behavioral

ratings of ADHD, based on correlational and simultaneous regression analyses. These

results were consistent in the analyses with both the standardized measures and the

coding scheme measures of written expression. Findings generally remained robust,

regardless of whether participants who met criteria for a learning disability were

included or excluded in the analyses. The current results suggest that written

expression difficulties in adolescents with ADHD are attributable to processing dif-

ficulties that may be associated with ADHD, not to ADHD reported symptoms.

Implications for assessment and intervention are discussed.
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Written expression performance in adolescents with ADHD

Children and adolescents with Attention-Deficit/Hyperactivity Disorder (ADHD)

are known to have difficulties with academic achievement across domains

including, reading, math, and writing (Barkley, 2006; Barkley, DuPaul, &

McMurray, 1990; DeShazo, Lyman, & Klinger, 2002; Frick et al., 1991; Frick &

Lahey, 1991; Resta & Eliot, 1994). This association may partly be explained by the

fact that there is a high comorbidity between ADHD and learning disorders

(Barkley, 2006). However, understanding the relationship between ADHD and

learning disorders is difficult, as many of the underlying processes associated with

both conditions may be overlapping. For example, executive processes, language

ability, and motor ability have been implicated in written expression performance

(Berninger, 1996) and ADHD (Barkley, 2006), even in the absence of concurrent

learning or communication disorders (Ghelani, Sidhu, Jain, & Tannock, 2004;

Martinussen & Tannock, 2006; McInnes, Humphries, Hogg-Johnson, & Tannock,

2003). The purpose of the current study was to examine cognitive processes and

behavioral ratings of ADHD symptoms by parents and teachers as correlates and

predictors of written expression performance. We examined these associations using

standardized measures of written expression and coded measures of productivity

and self-corrections in a writing sample. The purpose was to examine whether

written expression performance would be explained by cognitive processes and/or

behavioral ratings of ADHD. We also examined whether comorbid learning

disabilities would explain any of these associations.

Written expression in youth with ADHD

Youth with ADHD have been shown to be underachievers on measures of written

expression (DeShazo et al., 2002; Mayes & Calhoun, 2007; Resta & Eliot, 1994).

Learning disabilities in written expression have been reported to be two times more

common in children and adolescents with ADHD than learning disabilities in other

academic domains (Mayes & Calhoun, 2006; Mayes, Calhoun, & Crowell, 2000).

Although there is an extensive literature demonstrating academic impairments

across domains in youth with ADHD (Barkley, 2006), less research has been done

examining the relationship between ADHD symptoms and component processes

underlying written expression ability (Del’Homme, Kim, Loo, Yang, & Smalley,

2007; Re, Caeran, & Cornoldi, 2008; Re, Pedron, & Cornoldi, 2007), particularly in

adolescents and young adults (Semrud-Clikeman & Harder, 2011). When inatten-

tion and hyperactivity/impulsivity have been examined dimensionally in commu-

nity-based samples, higher ratings of inattention have also been associated with

difficulties in writing achievement (Rodriguez et al., 2007). Written expression is a

particularly important domain of study in adolescents with ADHD, as adolescents

are expected to generate sophisticated products of written expression by the end of
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high school. However, these types of written expression products require the

integration of several processes, including executive functions, language, reading

efficiency, and motor ability, as writing demands increase (Berninger, 1996).

Cognitive processes involved in written expression

Effective written expression is complex and requires the coordination of multiple

processes and the accurate application of linguistic conventions (Berninger, 1996).

Written expression involves planning, reviewing, and revising recursively (Hayes &

Flower, 1980) and working memory capacity (Berninger, 1999). Working memory

capacity is integral to text generation and transcription, as it is a limited capacity

resource that must be temporally coordinated between the transcription and

composition stages in order for information to be accurately translated into writing

(Berninger, 1999). Working memory capacity has a greater influence on writing

achievement as writing becomes more complex (see Berninger, 1996). Written

expression is also impacted by variability in language skills, as language

representations from working memory need to be translated into written text

(Berninger, 1996). There is also a reciprocal relationship between reading and

writing (Berninger, Garcia, & Abbott, 2009), and by adolescence, reading ability

should be an automatized fluent process that can support written expression skills.

Graphomotor skills are typically taught upon entry into school, and if these skills do

not become automatized in the early elementary years, children are at risk for a

writing disability (Berninger, 2004). Although the motor component of writing is

emphasized more strongly in earlier levels of writing, fine motor ability likely

continues to contribute to written expression in adolescence in terms of handwriting

fluency, as the motor transcription must be in line with the pace at which ideas are

generated. Thus, working memory, language ability, processing speed, reading

efficiency, and fine motor skills have been implicated in written expression

performance in youth. All of these cognitive processes required for written

expression have also been reported to be affected in ADHD (Barkley, 2006).

Cognitive processes related to written expression and ADHD

Despite the relatively sparse literature examining written expression performance in

youth with ADHD, research investigating cognitive processes that may impact

writing abilities have been shown to be affected in ADHD, including language

ability, working memory, processing speed, reading ability, and fine motor skills.

Language ability in youth with ADHD

Language disorders and linguistic impairment have been reported in young children

with ADHD (Beitchman, Hood, Rochon, & Peterson, 1989; Fine, 2006; Love &

Thompson, 1988). Discourse analyses of spoken and written language of children

with ADHD without learning problems have also revealed significant language

difficulties in these youth (Geurts & Embrechts, 2008; McInnes et al., 2003; Purvis

& Tannock, 1997; Oram, Fine, Okamoto, & Tannock, 1999; Mathers, 2006). These
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youth produced a greater number of language errors, used fewer textual organization

strategies, and committed more spelling and punctuation errors compared to a group

of typically developing children. These findings suggest that language difficulties

are related to ADHD symptoms and can occur independently of learning difficulties.

Thus, we investigated receptive and expressive language ability as correlates of

written expression performance in the current study.

Working memory and ADHD

Deficits in executive functioning have been well documented in youth with ADHD

(Barkley, 1997, 2001, 2006; Pennington & Ozonoff, 1996; Willcutt, Doyle, Nigg,

Faraone, & Pennington, 2005), and executive functions have been identified as a

critical component of writing ability (Berninger, 2004). Working memory is one

major category of executive functions. A meta-analysis conducted by Martinussen,

Hayden, Hogg-Johnson, and Tannock (2005) found that youth with ADHD

(4–18 years of age) demonstrated poor working memory performance in both verbal

and visual-spatial domains relative to controls. These effects were found indepen-

dent of comorbid learning disabilities in language and general intellectual ability.

Martinussen and Tannock (2006) further demonstrated deficits in the visual-spatial

and verbal working memory performance of children with ADHD, also independent

of comorbid learning difficulties. Working memory deficits in individuals with

ADHD can impact both low-level transcription and complex text generation. In

addition, poor acquisition of transcription skills and thus, lack of automatization of

low-level processing places a heavier load on already limited working memory

capacity in individuals with ADHD, impacting written expression performance.

Thus, deficits in working memory may lead to multiple difficulties in the production

of written language in adolescents with ADHD.

Reading ability and ADHD

Reading disabilities have been well documented in children with ADHD, and it has

been shown that reading disabilities likely share a common genetic etiology with

ADHD (Willcutt, Pennington, & De Fries, 2000; Willcutt, Pennington, Olson, & De

Fries, 2007). While phonological processing has been shown to be uniquely

associated with Reading Disability (Purvis & Tannock, 1997), other processes such

as inhibition and lexical decision making may be overlapping processes that impact

both ADHD and reading ability (de Jong et al., 2009). Thus, we examined reading

efficiency as a cognitive process that may be related to written expression in this

sample of adolescents with ADHD and subthreshold ADHD.

Fine motor skills and processing speed in ADHD

It is common for youth with ADHD to also present with fine motor difficulties

(Barkley, 2006; Piek, Pitcher, & Hay, 1999), poor handwriting quality (Racine,

Majnemer, Shevell, & Snider, 2008), and slow processing speed (Mayes & Calhoun,

2007). In particular, graphomotor planning has been shown to be related to the
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production of written expression, including letter form production (Berninger et al.,

1992) and letter alignment in space on paper (Graham, Struck, Richardson, &

Berninger, 2006). Racine et al. (2008) reviewed several studies highlighting

handwriting difficulties in children with ADHD and noted that difficulties in these

children typically involved illegible text and poor motor planning and motor

integration. Mayes and Calhoun (2007) demonstrated that speeded graphomotor

performance was a significant predictor of written expression in a sample of youth

with ADHD (6–16 years of age), as the ADHD group was significantly slower than

their control counterparts. Thus, we investigated fine motor skills as a correlate and

predictor of written expression performance in the current studies.

The assessment of written expression

Written expression is formally assessed at various levels of complexity using

standardized performance measures. We selected three different measures of written

expression in order to sample a range of written expression skills, including

spelling, writing fluency, and a spontaneous writing sample. The Woodcock

Johnson-III Tests of Achievement (WJ-III; Woodcock, McGrew, & Mather, 2001)

includes a Spelling subtest, which measures the ability to spell individually dictated

words provided within the context of a sentence. This is a relatively simple written

expression task, as the demands are concrete and require a single word response.

The WJ-III also contains a Writing Fluency subtest, which assesses the ability to

construct simple sentences within a time limit. The Spontaneous Format of the Test

of Written Language - Third Edition (TOWL-3; Hammill & Larsen, 1996) assesses

the ability to construct a written narrative based on a stimulus picture within a

prescribed time limit, in order to measure more complex writing ability.

The first purpose of the current study was to investigate the relationship between

cognitive processes and behavior ratings of ADHD with standardized measures of

written expression in a sample of adolescents with ADHD and subthreshold ADHD.

The cognitive processes included working memory, processing speed, receptive and

expressive language, reading ability, and fine motor ability. Behavior ratings of

ADHD were provided by parents and teachers. Correlational analyses and

simultaneous regression analyses were conducted to determine the relationships

between the measures of written expression, cognitive processes, and behavioral

ratings. It was expected that adolescents with ADHD and subthreshold ADHD

would not differ on the written expression measures, and that both the cognitive

processing measures and behavior ratings would be associated with written

expression performance. Analyses were re-run by statistically controlling for

participants who met criteria for a learning disability. It was also expected that the

findings would be consistent when the presence of a learning disability was

statistically controlled.

The second purpose of the current study was to examine two additional potential

indicators of written expression performance, including productivity and self-

corrections. These indicators may be particularly relevant to ADHD, as general

attentional difficulties would be expected to impact overall productivity and self-

corrections may be associated with impulsive tendencies in ADHD. Productivity has
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been shown to be lower in children with ADHD relative to controls (Resta & Eliot,

1994). Self-corrections, to our knowledge, have not been examined as an indicator

of written expression performance in ADHD. In this study, we developed a coding

scheme for productivity and self-corrections that was used to code the Spontaneous

Writing Format of the TOWL-III. Productivity was measured as an overall word

count of the writing sample. Self-corrections were quantified as a metacognitive

skill, and were calculated as the number of self-corrections divided by the number

of errors in the writing sample. We expected that productivity and the self-

corrections ratio index would be positively associated with written expression

performance and cognitive processing, but negatively associated with ADHD

symptoms.

Method

Participants

The sample consisted of 97 adolescents referred for assessment of ADHD (69

males; 26 females) between 13 and 18 years of age (M = 15.57; SD = 1.49). The

participants were recruited from adolescents who were referred to a pediatric

hospital in a large metropolitan city. All adolescents were native English speakers.

A telephone screening interview conducted prior to the assessment confirmed that

all participants had a history of ADHD symptoms or a previous diagnosis of ADHD.

Parents and teachers completed standardized behavior rating scales prior to the

assessment. Adolescents were excluded from the analysis if there was any evidence

provided during the screening interview of another psychiatric or medical condition

impacting attention other than ADHD that was the primary diagnosis or an

estimated IQ below 80. Full-Scale IQ scores were based on the full scale estimated

from the WISC-IV (Wechsler, 2003) or the WAIS-III (Wechsler, 1997). Participants

with ADHD and comorbid conditions were included. As expected in a clinical

sample, participants met diagnostic criteria for the following comorbid conditions:

15 (15.5%) participants met criteria for Oppositional Defiant Disorder (ODD), 5

(5.2%) met criteria for a Conduct Disorder, 14 (14.4%) met criteria for an anxiety

disorder, 2 (2.1%) met criteria for a mood disorder, and 24 (24.7%) met criteria for a

learning disorder. If participants were taking medication to treat ADHD, they were

asked to stop taking this medication 24 h prior to the assessment.

Measures and procedure

Diagnostic procedures

The diagnostic assessment included a semi-structured diagnostic interview, the

Schedule for Affective Disorders and Schizophrenia for School-Age Children-

Present and Lifetime Version (K-SADS-PL; Kaufman, Birmaher, Brent, Rao, &

Ryan, 1997), which was conducted separately with both parents and adolescents.

Interviewing was conducted by a registered clinical psychologist or by a supervised
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doctoral candidate in clinical psychology and the same clinician interviewed both

interviewees. The K-SADS-PL allows the comparison of responses from multiple

informants in order to differentially diagnose a wide range of psychiatric disorders

based on DSM-IV-TR criteria. Strong interrater reliability has been reported (98%

agreement) and test–retest reliability has been demonstrated to be within the

moderate range (r = 0.63; Kaufman et al., 1997). The Strengths and Difficulties

Questionnaire (SDQ; Goodman, 1997) is a brief screening measure of psychopa-

thology and psychological adjustment in children and adolescents completed by

parents and teachers. The final five questions related to distress and impairment

caused by difficulties in emotion, concentration, behaviour, or getting along with

other people were used as an index of clinically significant impairment. In

particular, reports of ‘‘definite difficulties’’ or ‘‘severe difficulties’’ and ‘‘quite a lot’’

or ‘‘a great deal’’ of distress were used as evidence of impairment.

In this clinical sample, a diagnosis of ADHD was confirmed for 70 adolescents

(72.2% of the referred sample; of whom 73.9% were male). ADHD was diagnosed

if the participant met the following conditions: (1) the participant met DSM-IV-TR
criteria for ADHD according to the clinician’s summary of the K-SADS-PL parent

and adolescent interviews; (2) the existence of ADHD symptoms during childhood;

(3) the adolescent presented with ADHD symptoms based on parent and teacher

ratings on the SDQ to verify the existence and pervasiveness of clinically significant

symptoms in multiple settings; (4) evidence of clinically significant impairment as a

result of the ADHD symptoms; and (5) ruling out other Axis I conditions that better

accounted for the symptom presentation.

The number of relevant symptoms on the clinician’s summary of the K-SADS-

PL was summed for those who met criteria for ADHD in order to differentiate

between subtypes of ADHD (Inattentive, Hyperactive/Impulsive, and Combined

Types). In accordance with DSM-IV-TR diagnostic criteria, participants needed a

total of six symptoms of inattention or hyperactivity/impulsivity in order to receive

a diagnosis. Diagnosis of the Combined Type was made if six of each of the

inattentive and hyperactive/impulsive symptoms were concurrently present. Within

the confirmed ADHD group, 39 (40.2% of the referred sample) adolescents were

diagnosed with ADHD-Predominantly Inattentive Type, 0 (0) with ADHD-

Predominantly Hyperactive/Impulsive Type, and 31 (32.0%) with ADHD-Com-

bined Type. Twenty-seven participants (27.8%) presented with a profile consistent

with ADHD who were referred to as the subthreshold ADHD group in this study.

These subthreshold participants did not reach the symptom threshold for diagnosis,

did not demonstrate evidence of symptomatology across settings, or did not

demonstrate pervasive impairment sufficient to warrant a diagnosis of ADHD.

Participants were diagnosed with a Learning Disability (LD) based on current

practice in Canada (Kozey & Siegel, 2008) if they met all of the following

conditions: (1) the adolescents had a previous diagnosis of a LD and/or a history or

current academic difficulties; (2) a cognitive processing deficit (at least below the

25th percentile on a relevant cognitive processing measure); and (3) difficulties on a

standardized measure of achievement (at least below the 25th percentile) that were

consistent with reported academic difficulties at school. Based on these criteria, 18

out of 70 participants with a diagnosis of ADHD also met criteria for an LD. Within
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the subthreshold ADHD group, six participants out of 27 met criteria for an LD. A

total of 24 participants in the total sample had an LD. Twenty-five percent of

adolescents in this sample met criteria for an LD, which is in line with prevalence

rates that have been reported in the literature (Spencer, Biederman, & Mick, 2007).

Measures of written expression

The Spelling and Writing Fluency subtests of the WJ-III (Woodcock et al., 2001)

and three standardized measures from the Spontaneous Writing Format of the

TOWL-3 (Hammill & Larsen, 1996) were used to measure written expression

achievement. The Spelling subtest was administered to assess the ability to write

individually dictated words. The Written Fluency subtest was administered to assess

the ability to quickly write short sentences that included three prescribed words and

were related to a stimulus picture within a 7-min time limit. The dependent

variables were the standard scores on these subtests. The TOWL-3 Spontaneous

Writing Format was administered to assess the ability to compose an essay based on

a stimulus picture within a 15-min time limit. This test generates three standardized

scores for written expression performance, including: Contextual Conventions (e.g.

accurate capitalization, spelling, and punctuation), Contextual Language (e.g.

grammar, sentence construction, and richness of vocabulary), and Story Construc-

tion (e.g. plot and character development, prose, and level of reader interest).

Coding scheme for productivity and ratio of uncorrected errors to corrected
errors (self-corrections) in written expression

The following coding scheme was used to measure productivity and the ratio of

uncorrected to corrected errors in the TOWL-3 Spontaneous Writing Format,

described previously. Productivity was defined as the total number of words written

in the entire writing sample. Instead of counting each word, we developed a formal

algorithm for providing a reasonable estimate of the total number of words in the

passage. Total number of words was calculated in two consecutive steps. First, the

number of words in the second line of the passage (which is not indented, and

therefore provides a better index of typical number of words per line) were counted

and multiplied by the number of lines produced (up to and including the first line

and the second last line of the passage). Second, the number of words in the last line

of the passage were counted for each sample and added to the total. Symbols and

numbers that were not spelled out were considered in the word count. Inter-rater

reliability in scoring of productivity was done with Pearson product correlations, as

the codings were continuous variables; consistency across coders was r = 1.00 on

this measure.

Coders scored the number of corrected and uncorrected errors in the writing

sample. Corrected errors were the errors that were identified and corrected by the

participant. Uncorrected errors were defined as errors in the sample that were not

corrected by the participant. Corrected errors were those that were clearly corrected

by participants while they produced the writing sample. The following corrected

errors were coded: Insertions, crossed out marks and/or scribbles, erased marks that
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were saliently apparent, and writing over a letter or word. A corrected error that

involved a sequence of multiple words was scored as a single correction, as this was

considered a correction of a single thought. Insertion and omission of a word and

insertion of multiple words simultaneously were also considered as one corrected

error, as these were considered to reflect the correction of a single thought. Correct

errors did not need to be ‘‘correct’’ corrections in order to be counted.

In general, the scoring scheme for counting uncorrected errors was designed to

mirror the scoring of the corrected errors. For example, if the same word was

corrected multiple times as a corrected error, then the same rule was applied for

counting uncorrected errors. Uncorrected errors included spelling, grammar and

semantic errors. Grammar errors were identified as syntax and capitalization errors

(such as, incorrect pronoun: ‘‘we’’ instead of ‘‘they’’). Semantics were identified as

errors interfering with the logic or comprehension of the sentence (such as: ‘‘The

spear of the caveman talked to the hairy mammoth.’’ Spelling errors included: word

spelling errors, homophones, and wrong word choices. Multiple categories of error

in one word and/or phrase were counted as separate errors. The reliability among

coders for uncorrected errors was r = .959, and for corrected errors was r = .953.

A ratio score of number of corrected errors to the number of uncorrected errors

was computed by dividing the number of corrected errors by the number of

uncorrected errors. A ratio score was used instead of a difference score, as we

wanted to have a proportion estimate of the number of corrections relative to the

number of errors.

Measures of working memory

Working memory performance was assessed using the Working Memory Index of

the WISC-IV or WAIS-III. The Working Memory Index of the WISC-IV is

comprised of the Digit Span and the Letter-Number Sequencing subtests, while the

Working Memory Index of the WAIS-III includes Digit Span, Letter-Number

Sequencing, and Arithmetic subtests. For the Digit Span subtest, participants

recalled strings of numbers of increasing length in forward (Forward condition) and

reverse sequences (Backward condition). Sequences of numbers and letters of

increasing length were recalled in alphanumerical order in the Letter-Number

Sequencing task. The Arithmetic subtest required participants to complete timed

math problems without the use of a calculator or scrap paper. Standard composite

scores were calculated for the Working Memory Index and used as the dependent

measure.

Reading efficiency

Reading efficiency was measured using the Test of Word Reading Efficiency

(TOWRE; Torgesen, Wagner, & Rashotte, 1999). In this test, participants are asked

to read a list of read words and nonwords in a period of 45 s. The number of

accurate words and nonwords is scored, and the total standard score from both lists

was used as the dependent measure in this study.
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Fine motor processes

Fine motor abilities were assessed using the Beads in the Box task and the Nut and

Bolt task from the McCarron Assessment of Neuromuscular Development: Fine and

Gross Motor Abilities—Revised (MAND; McCarron, 1994). The Beads in Box task

required participants to use one hand to transfer beads between boxes within a 30-s

time limit for each hand. The task requires the integration of kinesthetic and motor

skills in locating the bead, proprioceptive skills to grip the bead, and motor control

of shoulder and forearm to transfer beads. The total score was the total number of

beads transferred with both hands. The Nut and Bolt task required the participant to

rotate a pre-threaded bolt into a pre-threaded nut as quickly as possible. The Nut and

Bolt task requires participants to hold a nut in a stationary position and turn a bolt

that has already been threaded by the examiner on to it. The task is repeated using a

nut-bolt pair of small and large sizes. Performance is assessed according to the

speed with which one completely turns the bolt on to the nut. In this task the nut and

bolt are in plain view, and because the nut and bolt have already been threaded the

complexity of visual motor demands, relative to the Beads in Box is minimized. The

task requires speed and persistent effort as well as bilateral hand control in order to

inhibit the movement of one hand while using the other to turn the nut onto the bolt.

The score was based on the time required to turn the bolt through to the end of the

nut. Z-scores were computed based on the raw scores and a fine motor composite

was calculated by summing the z-scores for the Bead in the Box and Nut and Bolt

subtests.1

Receptive and expressive language

Language abilities were assessed using two standardized measures, the Test of

Reception of Grammar-2 (TROG-2; Bishop, 2003) and the Recreating Sentences

task from the Test of Language Competence-Expanded Edition (TLC-EE; Wiig &

Secord, 1988). The TROG-2 was administered to assess receptive language skills

using a multiple-choice format. Participants were required to select one of four

pictures that matched a spoken sentence by the examiner. Thus, its measure of

receptive language is not confounded by any expressive language problems. The

Recreating Sentences task from the TLC-EE was administered to assess expressive

language functioning. This subtest requires participants to produce a sentence based

on two to three prescribed target words, a setting, and specific characters.

Participants were shown a stimulus book with a picture and the target words. They

are instructed to tell a sentence about the picture using the target words. Standard

scores were computed for both the receptive (TROG) and expression (TLC-EE)

language measures.

1 As this score was not age corrected like the other standardized measures in this study, we examined the

association of this variable with age. The association did not reach statistical significance, and therefore

age was not used as a covariate in analyses involving fine motor ability.
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Behavioral ratings of ADHD

The Strengths and Weaknesses of ADHD-symptoms and Normal Behaviour Scale

(SWAN; Hay, Bennett, Levy, Sergeant, & Swanson, 2007; Swanson et al., 2005)

assesses ADHD symptoms based on the 18-item DSM-IV-TR symptom criteria and

is used to measure a range of behaviour using a 7-point Likert scale (far below

average to far above average). The rationale for selecting this scale was for the

positively worded items (as opposed to symptomatic descriptions), a 7-point rating

scale to yield a more precise measurement of inattention and hyperactivity/

impulsivity, and this scale has also been found to yield normally-distributed data

(Swanson et al., 2005). Composite scores on the inattention and hyperactivity/

impulsivity scales were generated for both parents and teachers. A higher score on

the SWAN scale indicates the presence of a greater number of ADHD symptoms,

while a negative score suggests above average attentional capacity and behaviour.

Procedure

All participants were individually tested in a clinical research office at a large

pediatric hospital. Informed consent was obtained before testing. The standardized

assessment was conducted in the same order to all participants.

Results

Summary of performance between diagnostic groups on standardized measures

Descriptive information on all of the standardized measures is presented in Table 1.

In terms of the written expression measures, both adolescents with a diagnosis of

ADHD and the subthreshold ADHD group demonstrated performance within the

average range on all of the written expression measures, with the exception of

contextual conventions, which would be considered to fall within the low average

range in both groups (Sattler, 2008). Similarly, the processing speed index fell

within the low average range in both groups.

Using t-tests, there were no significant differences in age, FSIQ, cognitive

processing, and written expression between adolescents with a diagnosis of ADHD

and the subthreshold ADHD group. Adolescents with a diagnosis of ADHD were

rated as more inattentive than the subthreshold ADHD group by parents,

t(95) = 2.77, p = .007, and teachers, t(95) = 2.55, p = .012. Only parents rated

adolescents with ADHD as more hyperactive/impulsive than the subthreshold

ADHD group, t(95) = 2.96, p = .004, and not teachers. The proportion of LDs did

not differ by diagnostic status (v (1) = .128, p = .721). In addition, no significant

group differences were obtained between the ADHD subtypes. As participants with

ADHD and subthreshold ADHD did not differ on the cognitive processing and

written expression measures, these groups were collapsed for continuous analyses.

As most of the measures on the standardized dependent measures fell within or

near the average range, this suggests that the current sample of adolescents was
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relatively unimpaired on the standardized measures of written expression. In order

to quantify the proportion of adolescents who were impaired in this sample, we

determined the number of participants who scored below one standard deviation (1

SD) from the group mean in this sample and we also determined the number of

participants who scored below 1 SD based on the typical standard in standardized

measures of cognitive and achievement tests (based on a mean of 100 and an SD of

15). Based on means from this group, 22 adolescents scored 1 SD below the group

mean on the contextual language measure, and between 9 and 14 adolescents scored

below the group mean on the other standardized measures of written expression.

When we examined participants who scored 1 SD below scaled scores, 55

participants scored 1 SD below the mean of 100 on contextual conventions, 22

participants scored 1 SD below the mean on contextual language, and between 9 and

12 participants scored below 1 SD on the remaining measures of written expression.

The contextual conventions and contextual language tests of written expression

seemed to be most impaired in this sample of adolescents.

Table 1 Descriptive statistics on written expression, cognitive processing measures, and ADHD ratings

in adolescents with ADHD and subthreshold ADHD

ADHD Subclinical ADHD

Mean SD n Mean SD n

Age 15.47 1.51 70 15.80 1.42 27

FSIQ 104.74 11.66 68 103.85 11.79 27

Written expression scaled scores

Spelling 105.34 14.06 70 109.00 12.15 27

Writing fluency 102.26 13.60 70 104.00 12.68 27

Contextual conventions 8.14 2.49 70 8.93 3.41 27

Contextual language 11.21 2.81 70 11.67 3.46 27

Story construction 10.17 2.33 70 9.85 2.68 27

Processing measures

Working memory index 101.31 13.14 70 101.85 13.06 27

Processing speed index 94.03 12.05 70 94.29 12.77 27

Fine motor ability composite z-score -0.19 0.16 70 -0.23 0.15 27

Receptive language scaled score 99.03 8.46 70 99.63 7.50 27

Expressive language scaled score 7.73 2.50 70 7.78 1.97 27

Reading efficiency scaled score 98.09 13.02 70 99.30 11.83 27

ADHD behaviour ratings

SWAN parent inattention 14.96** 5.73 70 10.89** 8.18 27

SWAN parent hyperactivity/impulsivity 5.50** 7.31 70 0.41** 8.30 27

SWAN teacher inattention 11.41* 9.84 70 5.48* 11.31 27

SWAN teacher hyperactivity/impulsivity 4.14 10.18 70 0.11 12.37 27

* p \ .05; ** p \ .01
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Correlations between ADHD symptom rating and standardized processing

and written expression measures

Two-tailed, Pearson product-moment correlations were computed in order to

examine the relationships between ADHD symptom ratings, cognitive processing

measures, and written expression tasks. These results are presented in Table 2.

Several significant associations were obtained between the cognitive processing

measures and written expression performance, but few associations were obtained

between written expression performance and the behavioral ratings. Only teacher

ratings of inattention were associated with written expression performance, but not

parent ratings. Higher ratings of inattention were associated with lower written

expression performance.

Simultaneous regression analyses with ADHD symptom ratings

and standardized processing and written expression measures

We conducted simultaneous regression analyses in order to determine which

cognitive processing measures and behavior ratings would be the most robust

predictors of written expression performance in this sample. The variables that were

entered into the regression were based on the correlational analyses, so that

significant correlates were entered as potential predictors of written expression

Table 2 Correlations between written expression measures, cognitive processing measures, and

behavioral ratings of ADHD

Spelling

standard

score

Writing fluency

standard score

Contextual

conventions

scaled score

Contextual

language

scaled score

Story

construction

scaled score

Cognitive processing measures

Working memory index .41*** .16 .30** .32** .24*

Processing speed index .29** .42*** .29** .30** .24*

Fine motor ability

z-score

.20* .32** .23* .19 .19

Receptive language

standard score

.29** .26* .36*** .30** .08

Expressive language

standard score

.16 .23* .21* .32** .36***

Reading efficiency

standard score

.55*** .35*** .47*** .31** .13

Behavior ratings

Parent inattention .03 .07 .04 .09 .02

Parent Hyperactivity/

impulsivity

-.08 .08 -.08 .01 .00

Teacher inattention -.14 -.27** -.25** -.28** -.17

Teacher hyperactivity/

impulsivity

-.02 -.05 -.21* -.16 -.19

* p \ .05; ** p \ .01; *** p \ .001

Written expression in ADHD

123



performance. The results of the regression analyses are shown in Table 3. For each

analysis, the regression analysis was also conducted by statistically partialing out

participants who were diagnosed with an LD to determine if the same pattern of

findings would be obtained. The semi-partial squared (reported as Unique Variance

Explained) was used as a measure of effect size because it accounts for the specific

predictors in question while partialing out other common variance (Cohen, Cohen,

West, & Aiken, 2003).

The predictors of spelling performance were the working memory index, the

processing speed index, fine motor ability, receptive language, and reading

efficiency. In this analysis, only working memory and reading efficiency entered

as significant predictors of spelling performance, explaining 3 and 12% of the

unique variance, respectively. The regression analysis was also significant when

participants with a learning disability were excluded. In this analysis, reading

efficiency remained a significant predictor of spelling performance (b = .392,

p = .002), but not working memory.

The predictors of writing fluency were the processing speed index, fine motor

ability, receptive and expressive language, reading efficiency, and teacher reported

inattention. Only processing speed was a significant predictor of writing fluency,

explaining only 5% of the unique variance. The regression analysis was statistically

significant when participants with an LD were excluded from the analysis, but none

of the predictors reached statistical significance. Processing speed, however, was

marginally significant (b = .214, p = .087).

The predictors of contextual conventions were all of the cognitive processing

measures included in this study and teacher reported inattention and hyperactivity/

impulsivity. Only receptive language and reading efficiency were significant

predictors, explaining 4 and 9% of the unique variance. The predictors of contextual

language were the working memory index, the processing speed index, receptive

and expressive language, reading efficiency, and teacher reported inattention. Only

expressive language and teacher reported inattention entered as significant

predictors, each explaining 4% of the unique variance. The predictors of story

construction were the working memory index, the processing speed index, and

expressive language. Only expressive language entered as a significant predictor,

explaining 9% of the unique variance. In these remaining analyses, the same pattern

of findings was obtained when participants with an LD were statistically partialed

from the analysis.

Coded measures of written expression

There were no significant group differences between diagnosed ADHD and

subthreshold ADHD. The means and standard deviations for each group are shown

in Table 4. In both groups, the number of uncorrected errors was higher than the

number of corrected errors. As there were no significant differences between groups,

correlational analyses were conducted in a continuous manner, collapsing across

groups.
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Table 3 Simultaneous regression analyses predicting written expression performance

Standardized

beta weight

t-Value Unique variance

explained

Partial r

Criterion variable: spelling

Working memory index .20 2.05* .03 .21

Processing speed index .00 -.02 .00 .00

Fine motor ability .05 .56 .00 .06

Receptive language .15 1.66 .02 .17

Reading efficiency .42 4.20*** .12 .40

Overall regression F = 10.32***

Multiple R = 0.60

Multiple R-squared = 0.36

Criterion variable: writing fluency

Processing speed index .26 2.59* .05 .26

Fine motor ability .14 1.44 .02 .15

Receptive language .10 1.04 .01 .11

Expressive language .13 1.47 .02 .15

Reading efficiency .13 1.30 .01 .14

Teacher inattention -.13 -1.33 .01 -.14

Overall regression F = 6.18***

Multiple R = 0.54

Multiple R-squared = 0.29

Criterion variable: contextual conventions

Working memory index .06 .58 .00 .06

Processing speed index .02 .15 .00 .02

Fine motor ability .05 .46 .00 .05

Receptive language .22 2.31* .04 .24

Expressive language .05 .54 .00 .06

Reading efficiency .35 3.38** .09 .34

Teacher inattention -.10 -.84 .01 -.09

Teacher -.10 -.84 .01 -.09

Hyperactivity/impulsivity

Overall regression F = 5.45***

Multiple R = 0.58

Multiple R-squared = 0.33

Criterion variable: contextual language

Working memory index .12 1.13 .01 .12

Processing speed index .08 .82 .01 .09

Receptive language .18 1.89 .03 .20

Expressive language .21 2.20* .04 .23

Reading efficiency .13 1.22 .01 .13

Teacher inattention -.20 -2.25* .04 -.23

Overall regression F = 5.98***

Multiple R = 0.54
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Associations between written expression coded measures and written expression

standard scores cognitive processing measures, and behavior ratings

Correlational analyses were performed between the written expression coded

measures and the written expression standard scores, cognitive processing measures,

and the behavioral measures. These results are shown in Table 5. Several significant

associations were obtained between the written expression coded measures and the

written expression standard scores. All of the associations with productivity were

positive, suggesting that higher productivity in written expression was associated

with better performance on the standardized measures of written expression. These

associations provide some construct validity for the scoring scheme that was

developed for this study.

Correlations were conducted with the coded measures and the standardized

measures of written expression. The number of uncorrected errors was significantly

associated with spelling, contextual conventions, and contextual language perfor-

mance. The correlations were negative, indicating that more errors was associated

with lower performance on the standard score measures. The number of uncorrected

errors was not associated with any of the standard score measures of written

expression. The ratio score of corrected to uncorrected errors was significantly

Table 4 Descriptive statistics on written expression coded measures

ADHD Subclinical ADHD

Mean SD n Mean SD n

Productivity 201.51 71.46 70 214.33 74.42 27

Number of uncorrected errors 12.42 8.55 67 11.22 8.67 27

Number of corrected errors 9.25 6.66 67 8.96 7.08 27

Number of corrected errors/number

of uncorrected errors

1.00 0.95 67 1.24 1.16 27

Table 3 continued

Standardized

beta weight

t-Value Unique variance

explained

Partial r

Multiple R-squared = 0.29

Criterion variable: story construction

Working memory index .09 .89 .01 .09

Processing speed index .16 1.58 .02 .16

Expressive language .31 3.11** .09 .31

Overall regression F = 6.38***

Multiple R = 0.41

Multiple R-squared = 0.17

*** p \ .001; ** p \ .01; * p \ .05
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associated with spelling, contextual conventions, and contextual language. All of

these correlations were positive, indicating that a higher proportion of corrected

errors (relative to uncorrected errors) were associated with better written expression

performance.

There were a few associations obtained between the written expression coded

measures and the cognitive processing measures. The few correlations obtained

were with the working memory index, expressive language, and with reading

efficiency. None of the parent or teacher ratings of inattention and hyperactivity/

impulsivity were associated with the written expression coded measures.

General discussion

The correlates of written expression performance were examined in a sample of

adolescents with ADHD and subthreshold ADHD using standardized measures of

written expression and a coding scheme to measure productivity and self-

corrections in written expression. In the analyses with the standard scores, we

Table 5 Correlations between written expression coded measures, written expression scaled scores,

cognitive processing measures, and behavioral ratings

Productivity Number of

uncorrected

errors

Number of

corrected

errors

Number of

corrected errors/

number of

uncorrected errors

Written expression scaled scores

Spelling 0.09 -0.55*** -0.12 0.35***

Writing fluency 0.32** -0.13 -0.17 0.04

Contextual conventions 0.42** -0.53*** -0.46 0.39***

Contextual language 0.52** -0.38*** 0.02 0.28**

Story construction 0.46** -0.15 0.00 0.09

Cognitive processing measures

Working memory index 0.13 -0.22* 0.15 0.35**

Processing speed index 0.32 -0.01 0.11 0.13

Receptive language 0.126 -0.18 -0.20 0.03

Expressive language 0.24* -0.18 0.03 0.18

Fine motor ability 0.16 -0.19 -0.13 0.02

Reading efficiency 0.08 -0.31** 0.01 0.28**

Behavioral measures

Parent reported inattention 0.04 -0.19 0.05 0.11

Parent reported hyperactivity/

impulsivity

-0.03 0.01 0.01 0.01

Teacher reported inattention -0.14 0.08 -0.03 -0.18

Teacher reported hyperactivity/

impulsivity

-0.13 0.10 0.01 -0.12

* p \ .05; ** p \ .01; *** p \ .001
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found that spelling, writing fluency, contextual conventions, contextual language,

and story construction standard scores were associated with measures of cognitive

processing. Teacher reported inattention, but not parent ratings, were also correlated

with written expression performance. In simultaneous regression analyses, measures

of cognitive processing most often entered as unique predictors of written

expression performance, as opposed to behavioral ratings of ADHD. Working

memory, processing speed, language ability, and reading efficiency were significant

unique predictors of written expression performance, but not fine motor ability. A

coding scheme was also developed in order to measure productivity and the ratio of

self-corrections to errors in writing expression. Productivity and the ratio score were

significantly associated with the written expression standard scores, suggesting

some construct validity with these coded measures. Similar to the analyses with the

standardized scores, productivity and ratio of self-corrections to errors was

significantly associated with some of the cognitive processing measures, but not

with behavioral ratings of ADHD. These patterns of findings also remained when

the presence of LD was statistically partialed out.

The findings from this study demonstrated several processing correlates and

predictors of written expression performance. The cognitive processes that entered

as unique predictors in the simultaneous regression analyses were working memory,

processing speed, language ability, and reading efficiency. Fine motor ability did

not enter as a unique predictor of written expression performance. Spelling was

uniquely predicted by working memory scores. Working memory is characteris-

tically impaired in youth with ADHD (see Martinussen et al., 2005 for a meta-

analysis; Martinussen & Tannock, 2006) and has been purported to be integral to the

writing process at various stages of writing (Berninger, 1999). The results from the

current study suggest that the ability to remember information presented within the

auditory modality, to retrieve the relevant information out of long term memory

storage, and to translate the verbal information into a visual representation is likely

crucial to spelling achievement, even in adolescence. The association between

processing speed and writing fluency in the current study is consistent with

Williams, Zolten, Rickert, Spence, and Ashcraft (1993), who demonstrated that

slower processing speed was significantly related to poorer writing fluency in a

sample of children referred for learning, behavioural, or socio-emotional difficulties.

Mayes and Calhoun (2007) also reported that graphomotor speed significantly

predicted of written expression performance in youth with ADHD. Both processing

speed and writing fluency are also timed measures. This suggests that there is an

important efficiency component in writing fluency, and this test was designed to

measure the ability to write rapidly and with automaticity (Mather & Woodcock,

2001). Both receptive and expressive language were found to be unique predictors

of contextual conventions (accurate capitalization, spelling, and punctuation),

contextual language (grammar, sentence construction, and richness of vocabulary),

and story construction. These results demonstrate the important association between

linguistic ability and written expression performance (Berninger, 1996). Young

children with ADHD have been shown to be at increased risk for linguistic

impairment and comorbid language disorders (Beitchman et al., 1989; Fine, 2006;

Love & Thompson, 1988), which likely places them at risk for difficulties in written
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expression. Reading efficiency was also found to be a significant predictor of

spelling and contextual conventions. This finding suggests that automaticity in

recalling phonological and orthographic codes in reading contributes to accuracy in

spelling, which is assessed in both of these tests. Fine motor ability did not enter as a

unique predictor on any of the written expression measures, perhaps because the

reliance on basic motor skills becomes less central during adolescence for writing

relative to the other cognitive processes that were examined in this study.

In terms of behavioral ratings, teacher reported inattention and hyperactivity/

impulsivity were more consistently correlated with written expression performance

in this sample than parent report. In one case, teacher reported inattention was a

significant and comparable predictor to processing measures in the case of

contextual language, which involves grammar, sentence construction, and richness

of vocabulary. This is an important finding because it demonstrates the diagnosticity

of teacher reports for achievement in ADHD, as has been shown in previous

research (Breslau et al., 2009; Corkum, Andreou, Schachar, Tannock, & Cunning-

ham, 2007; Javo, Rønning, Handegård, & Rudmin, 2009; Tripp, Schaughency, &

Clarke, 2006), specifically in adolescents in this study.

No one predictor of cognitive processing ability consistently predicted perfor-

mance across all of the measures of written expression, and often, there were

multiple predictors in each analysis. Given the multiple layers involved in written

expression (Hayes & Flower, 1986, 1987), it is not surprising that different aspects

of written expression would have different cognitive processing demands and

different correlates and predictors. These findings support the use of multiple types

of strategies in order to effectively remediate the different types and demands

involved in written expression (Perin, 2007).

The findings this study consistently implicated cognitive processing measures as

correlates and as unique predictors of written expression performance. This is

consistent with Semrud-Clikeman and Harder (2011) who found that response

inhibition was a marginally significant predictor of written expression in college

students with ADHD, not behavioral ratings of ADHD. Written expression

difficulties have been well-documented in ADHD (DeShazo et al., 2002; Mayes

& Calhoun, 2007; Resta & Eliot, 1994), but it has been unclear whether these

difficulties are attributable to the symptoms of ADHD or cognitive processes that

may also underlie written expression. One observation in this study, which was

somewhat unexpected given the previous reports on written expression difficulties

in ADHD, was that many participants did not demonstrate impaired performance on

the written expression measures in this study. While some of this may be

attributable to measurement issues of complex written expression skills in

adolescence, another possibility is that not all individuals with ADHD have

difficulties with written expression. Similar to recent meta-analyses which have

reported that between 24 and 51% of participants with ADHD showed impairment

on some measure of executive function (Nigg, Willcutt, Doyle, & Sonuga-Barke,

2005), there may be a similar pattern in terms of academic achievement, such as

written expression. It may be that only those individuals with ADHD that have

processing difficulties will have difficulties with written expression, irrespective of

ADHD reported symptoms by parents and teachers.
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The current results implicate processing speed, working memory, language, and

reading efficiency as important processes involved in written expression. While fine

motor ability correlated with written expression performance, it did not enter as a

significant predictor in the simultaneous regression analyses. These results have

important implications for teaching and remediating written expression difficulties.

A common recommendation for children and adolescents with writing problems is

to offload motor demands. The use of general word processing has been shown to

have beneficial effects on planning, revising, and quality of text, but these effects

have been most beneficial for struggling writers and when used in combination with

instruction on using word processing (MacArthur, 2006). In many cases, offloading

motor demands can be a useful recommendation when a child or adolescent’s motor

speed or productivity is not efficient enough to generate and record ideas, but this

recommendation is not adequate for addressing all aspects of writing difficulties.

This idea has also been articulated by Berninger et al. (2006):

Writing is not the inverse of reading. It is not a purely motor or primarily

visual activity. It is fundamentally language by hand, which shares some

common processes with other kinds of language (listening, speaking, reading),

but also some distinct processes that are unique to writing (p. 29).

The current results suggest that writing instruction should reflect the teaching and

integration of several areas, including developing automatization in the production

(graphomotor) of writing, supporting the use of language, and teaching integration

across the many conventions of writing (such as grammar and punctuation) so that

these may also become more automatized to free up working memory resources that

can be devoted to the ideational aspects of the writing. Literacy-based activities

should be integrated, including reading, language, and writing, for academic

success. This is consistent with evidence-based recommendations for teaching

writing to adolescents (Perin, 2007).

The same general pattern of findings was obtained when participants with a

learning disability were statistically partialed out. This suggests that problems in

certain processing skills, such as working memory or language, may be common to

ADHD and learning disabilities, and impact achievement in written expression in

similar ways. A striking implication of these findings is that some adolescents with

ADHD may demonstrate difficulties in written expression, but not meet criteria for a

learning disability. This is a major challenge from a service delivery perspective, as

youth who have ADHD and academic difficulties may not get academic support

unless they have a diagnosis of a learning disability. Youth with ADHD may have

several processing deficits that impact their learning, but may not demonstrate

severe difficulties in a single academic domain. Learning disabilities are defined as

specific, and youth with ADHD may have more pervasive difficulties across several

domains. It is likely that these youth with ADHD would benefit from similar

interventions and accommodations as adolescents with a learning disability.

The informal coding scheme in this study was developed in order to measure other

potentially diagnostic aspects of written expression. Productivity and the ratio of

corrected to uncorrected errors was an initial attempt to quantify the diagnostic value

of these measures. In terms of self-corrections, the current study demonstrated that it
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is the ratio of corrections to errors that demonstrates a positive association with

written expression performance, and that number of self-corrected errors indepen-

dently are not associated with written expression performance. Individuals with

ADHD are known for making impulsive errors (Barkley, 2006), which may be

evidenced by self-corrections in their written work. It seems that these self-

corrections independently are not diagnostic of writing performance, rather the ratio

of corrected to uncorrected errors is associated with written expression performance

and some measures of cognitive processing. Then, behaviour ratings of ADHD

symptoms were not associated with corrected errors or the ratio of corrected to

uncorrected errors. The useful implication is that a characteristic that may be

associated with ADHD behaviour, namely corrections of careless or impulsive errors

in writing, is associated with written expression as opposed to behavioral ratings of

ADHD. Both productivity and the ratio of self-corrections to errors may be useful

indices in the assessment of written expression, and worthy of further investigation.

In terms of limitations and future directions, this study lacked a non-clinical

control group. A non-clinical control group would have provided a measurable

comparison of written expression performance with the ADHD and subthreshold

groups. Most participants in this study fell in the average range on the processing

and written expression measures, suggesting little impairment based on these

measures. Samples with more severe difficulties with written expression should also

be studied further, and it may be the case that the processing measures in the current

study may explain more of the unique variance of written expression performance.

In summary, adolescents with a diagnosis of ADHD did not differ from their

subclinical ADHD counterparts with respect to written expression or cognitive

processing abilities. Results from this study also revealed associations between

written expression performance and measures of cognitive processing, as opposed to

behavioral ratings. Teacher reported symptoms, rather than parent report, were

significantly associated with the processing and written expression measures.

Regression analyses showed that different cognitive processing measures were

associated with the different measures of written expression. Many of these

associations and regression analyses remained significant even when participants

with a learning disability were excluded from the analyses. Overall, these results

suggest that written expression performance is more strongly associated with

measures of cognitive processing, as opposed to behavioral ratings of ADHD.
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