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Attention Deficit Hyperactivity Disorder (ADHD) is one of the most preva lent 
conditions among school children. Executive function deficits representing difficulties in 
maintaining an appropriate problem set for the attainment of future goals are reported to 
be the major deficit in ADHD populations. There is a high rate of co-morbidity of 
learning disabilities and ADHD, with empirical evidence indicating an association with 
math and reading difficulties, but there is little research on the written expression of this 
population. There is a body of emergent research indicating tha t written expression is 
mediated by executive function. Written expression is a complex task that is affected by 
motivation, working memory, cognitive processes and long term memory, factors which 
are reported to be compromised in ADHD populations.  

This study evaluated the working memory and fluid reasoning in children with 
(combined and predominantly inattentive types) and without ADHD. Second, it explored 
the relationship between working memory and fluid reasoning on written expression in 
children with and without ADHD. Finally, the possible link between the executive 
functions of working memory and fluid reasoning, with written expression of children 
with and without ADHD was examined. The findings of this study indicate that children 
with the combined type of ADHD had lower written expression and working memory 
scores compared to children with the inattentive type of ADHD. The results of this study 
also indicated an association between disinhibition and working memory deficits on 
written expression performance. This research will serve to contribute to an 
understanding of the functional impact of ADHD on academic performance. Findings 
from this study could potentially help with interventions for deficits in written expression 
among school children. 
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GLOSSARY OF TERMS 

Attention Deficit Hyperactivity Disorder is a characterized by a persis tent pattern of 

inattention and/or hyperactivity- impulsivity that is more frequently displayed and 

more severe than is typically observed in individuals at a comparable level of 

development.  

ADHD-C is characterized by the presence of six or more symptoms of inattention and six 

or more symptoms of hyperactivity/impulsivity that persisted for more than 6 

months.  

ADHD-H is characterized by the presence of six or more symptoms 

hyperactivity/impulsivity and fewer than six symptoms of inattention that 

persisted for more than 6 months. 

ADHD-PI is characterized by the presence of six or more symptoms of inattention but 

fewer than six symptoms of hyperactivity/impulsivity that persisted for more than 

6 months. 

Conditional Knowledge relates to contexts and circumstances of using specific 

procedures, addressing "when," "where" and "why" information.  

Declarative knowledge is the recalling of information that has been learned. Declarative 

knowledge is knowledge about something.  

Fluid reasoning is broadly defined as the ability to reason, form concepts and solve 

problems that often involve unfamiliar information or procedures, and is 

manifested in the reorganization, transformation, and extrapolation of 

information. 

FSIQ a composite of measures that provide indices for verbal, perceptual reasoning, 

processing speed and working memory indices. 

FSIQ-4 is a composite of the 4 subtests that measure verbal and performance indices. 
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Learning disability is operationally defined as an ability-achievement discrepancy in 

which the achievement score is more than one standard deviation unit below the 

ability score.  

Procedural knowledge is knowing how things work under different sets of circumstances.  

Procedural knowledge is knowledge of how to do something.  

Working memory is the ability to hold a mental representation in mind and use it to guide 

behavior.  

Written Expression is defined as the writing skills that include informal writing skills of 

note and report writing, and formal writing skills that include letter and passage 

writing incorporating the elements of grammar, sentence construction and the use 

of contextual language skills.  
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CHAPTER 1 

Introduction 

Attention deficit hyperactivity disorder (ADHD) is the most commonly diagnosed 

learning difficulty amongst school aged populations. Estimates for prevalence rates of 

ADHD for school-aged children range from 3% to 7% (Barkley, 2003a). ADHD is 

characterized by a persistent pattern of inattention and/or impulsivity-hyperactivity that is 

more severe than is observed in typically developing children of a comparable 

developmental stage, some of which are present before 7 years of age (American 

Psychiatric Association, 2000). A wane in hyperactivity symptoms during late 

adolescence and adulthood is frequently seen in affected individuals. This trend has led to 

the contention that ADHD is a developmental disorder that is often remediated by catch-

up growth occurring across adolescence (Zentall, Moon, Hall, & Grskovic, 2001). 

Inattention symptoms, on the other hand, have a later trajectory for identification and 

remain relatively stable over time (Barkley, 2003a).  

ADHD is conceptualized as a neurobiological disorder with concomitant 

executive function deficits that represent difficulties in maintaining an appropriate 

problem set for the attainment of future goals. Working memory and fluid reasoning, in 

particular, appear to have the greatest impact on the functioning of ADHD individuals. 

Anatomic, structural and functional imaging indicate an overlap in the neural control 

areas for attention/inhibition (Castellanos et al,. 1996; Rubia et al., 1999; Zametkin et al., 
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1990) and the executive functions of working memory, attention control, and novel 

reasoning (Duncan, 1995; Kane, & Engle, 2005; Duncan et al., 2000, Owen, 1997).  

Despite the vast body of research on ADHD, there are significant gaps in 

understanding the cause or mechanisms underlying ADHD, as well as the long-term 

functional implications of this disorder. ADHD is associated with significant impairment 

in social and academic adjustment and functioning (Barkley, 2003a; Zentall et al., 2001). 

Individuals with ADHD have poor long term psychiatric, social, and academic outcomes 

(Barkley, Fischer, Edelbrock, & Smallish, 1990; Biederman et al., 1996; Hart, Lahey, 

Loeber, Applegate, & Frick, 1995), and are at greater risk for grade retention (Biederman 

et al., 2004). Academic deficits are more marked in individuals with the inattentive type 

of this disorder (Barkley, 2003a), placing them at greater risk for academic failure 

compared to individuals with the combined or hyperactive/impulsive types of this 

disorder. 

Academic success and learning are largely dependent upon the individual’s ability 

to demonstrate knowledge through the medium of writing. The demands for well 

produced written expression increases as grade level increases. Furthermore, there has 

been a recent shift towards increasing accountability for the quality of written expression 

on high stakes tests such as the TAKS and the SAT. Given that the quality of written 

expression plays an important role in academic success, understanding the underlying 

mechanisms that differentiate good writers from poor writers would have significant 

implications for instruction and intervention. 
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Written expression relies on many neurobiological components that are 

compromised in ADHD. There is emergent empirical evidence (e.g., Hooper et al,. 2002; 

Kellogg, 1999) that supports the theory of written expression as an executive function 

task (e.g., Hayes and Flower, 1980; 1986). The executive functions of working memory 

and fluid reasoning, in particular, appear to contribute significantly to written expression. 

Writing is a problem solving task that is affected by the ability of the individual to 

mentally manipulate and use information (i.e., working memory) in the reasoning 

process. The writer is required to switch between the different tasks of writing, goal 

setting and planning a set of actions (i.e., fluid reasoning). Thus, working memory and/or 

fluid reasoning deficits are hypothesized to result in impaired written expression. 

There is a high rate of co-morbidity of diagnosed learning disabilities and ADHD, 

with much research supporting an association with math and reading difficulties in 

ADHD populations. However, written expression is understudied in this population and 

there is little comparison data. Given the high prevalence of learning difficulties in 

reading and math in the ADHD population, a similar trend is expected for written 

expression.  

The focus of this study was to examine the possible link between the executive 

functions of working memory and fluid reasoning, and written expression abilities among 

children with ADHD predominantly inattentive type (ADHD:PI), ADHD combined type 

(ADHD:C), and without ADHD. The primary focus of this study was to determine if a 

there is a qualitative difference in the written expression among children with different 

ADHD subtype. It was expected that children with the inattentive type of the disorder 
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would have significantly poorer written expression compared to children with the 

combined type of the disorder. Data from this study revealed that children with ADHD:C 

performed significantly poorer on tasks of written expression compared to children with 

ADHD:PI. Secondly, this study examined whether differences in working memory 

among ADHD subtypes were significant. The working memory of the ADHD-PI group 

was expected to be significantly lower than that of the ADHD-C group. Results of this 

study, however, revealed that the ADHD:C sample had a significantly poorer 

performance on working memory tasks compared to the ADHD:PI group. The final 

purpose of this study was to determine if differences in written expression could be 

explained by the executive functions of fluid reasoning and working memory. Working 

memory was found to be a good predictor of performance on written expression. Data 

revealed that individuals with higher working memory scores had significantly higher 

scores on written expression tasks compared to those who had lower working memory 

scores. This study is one of the first to address the relationship between written 

expression and executive functions in ADHD populations.  

This research contributes to understanding the functional impact of ADHD on 

academic performance. Findings from this study could potentially be used to assist in the 

development of interventions and instruction to remediate deficits in written expression 

among school children. It is hoped that the findings from this study are a significant 

contribution to understanding the written expression deficits in ADHD populations, 

stimulating further exploration of the area. 
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CHAPTER 2 

Review of Literature 

This integrative analysis and interpretation of scholarly research into the 

functional implications of executive function deficits in individuals with attention 

deficit/hyperactivity disorder (ADHD) provides an overview of the neurological and 

neuropsychological research on ADHD. It specifically focuses on the relationship 

between fluid reasoning, working memory and written expression. First, since the 

understanding of the disorder is important, a description of ADHD is provided. This is 

followed by a review of the neuropsychological underpinnings of ADHD, with particular 

emphasis on fluid reasoning and working memory. The functional implications of 

ADHD, fluid reasoning, and working memory deficits will be explored. The impact of 

executive functions on written expression will be reviewed in this section. The next 

section focuses on written expression. First, a review of pertinent scholarly literature on 

the development of written language skills will be reviewed. This will be followed by a 

review of literature clarifying the executive function-written expression relationship. 

Then, the relationship between ADHD, fluid reasoning, working memory, and written 

expression would be explored. Finally, a summary of the research, a statement of the 

problem, and research questions and their hypotheses will be presented.  
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Attention Deficit Hyperactivity Disorder 

Attention Deficit Disorder is characterized by overt symptoms that include 

inattention, hyperactivity and impulsivity, or a combination of these two factors and is 

estimated to affect between 3% to 7% of school-aged children (APA, 2000). Longitudinal 

studies of ADHD populations have shown that for up to 70% of children who suffer from 

ADHD, the symptoms of the disorder continue into adolescence and adulthood (Barkley, 

1998; Swanson et al., 1998; Taylor, 1998).   

What is Attention Deficit Hyperactivity Disorder? 

Attention Deficit Hyperactivity Disorder (ADHD) is defined as a developmental disorder 

characterized by difficulties with sustained attention, distractibility, hyperactivity, and 

impulse control (Barkley, 2000). ADHD is a syndrome of persistent, disordered 

behaviors, that when clustered together fall into the categories of predominantly 

hyperactive, predominantly inattentive or combined types. The DSM-IV criteria for 

inclusion in these categories are based on the presence of symptoms of inattention, 

hyperactivity and/or impulsivity outlined in Table 1. Individuals with six or more 

symptoms of inattention, but fewer than six symptoms of hyperactivity- impulsivity, are 

classified as the predominantly inattentive type. Individuals who have six or more 

symptoms of hyperactivity- impulsivity, but fewer than six symptoms of inattention, are 

classified as the predominantly hyperactive type. Individuals who have six or more of 

both inattentive and hyperactivity- impulsivity symptoms are classified as having the 

combined type of the disorder (APA, 2000).   
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Table 1. 
DSM –IV TR Diagnostic Criteria for Attention-Deficit / Hyperactivity Disorder, (From: 
DSM-IV TR, American Psychological Association, Washington, DC, pp.92-93.) 
 
A. (1) and (2):  

1.  Six or more of the following symptoms of inattention have persisted for at least 6 
months to a degree that is maladaptive and inconsistent with developmental level: 
Inattention: 
a. often fails to give close attention to details or makes careless mistakes in 

schoolwork, work, or other activities 
b. often had difficulty sustaining attention in tasks or play activities  
c. often does not seem to listen when spoken to directly 
d. often does not follow through on instructions and fails to finish schoolwork, 

chores, or duties in the workplace (not due to oppositional behavior or failure 
to understand instructions) 

e. often had difficulty organizing tasks and activities 
f. often avoids, dislikes or is reluctant to engage in tasks that require sustained 

mental effort (such as schoolwork or homework) 
g. often loses things necessary for tasks or activities (e.g., toys, school 

assignments, pencils, books or tools) 
h. is often easily distracted by extraneous stimuli 
i. is often forgetful in daily activities 

2.  six or more of the following symptoms of hyperactivity- impulsivity have 
persisted for at least 6 months to a degree that is maladaptive and inconsistent 
with developmental level: 

Hyperactivity 
a. often fidgets with hands or feet or squirms in seat 
b. often leaves seat in classroom or in other situations in which remaining seated 

is expected 
c. often runs about or climbs excessively in situations in which it is inappropriate 

(in adolescents or adults, may be limited to subjective feelings of restlessness) 
d. often has difficulty playing or engaging in leisure activities quietly  
e. is often “on the go” or acts as if “driven by a motor” 
f. often talks excessively 

Impulsivity 
a. often blurts out answers before questions have been completed 
b. often has difficulty awaiting turn 
c. often interrupts or intrudes on others (e.g. butts into conversations or games)  

B.  Some hyperactive- impulsive or inattentive symptoms that caused impairment were 
present before age 7 years. 

C.  Some impairment from the symptoms is present in two or more settings (e.g. at 
school and at home). 
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ADHD is viewed as a disorder of hyperactivity and attention (Barkley, Du Paul, 

& McMurray, 1990; Lahey et al., 1994). Deficits in response inhibition, self-control, and 

impulsivity are some of the consistent findings in ADHD. Impulsivity is considered the 

core symptom, causative of all other symptoms, that is manifested as motor impulsivity 

in the hyperactive type, and cognitive impulsivity in the inattentive type (Barkley, 

1997a). 

Attention 

Attention is made up of focused, shift, and sustained attention; encoding capacity; 

and attentional stability (Mirsky, 1996), and is affected by the internal (physical and 

emotional) state of the individual. The ability to attend to stimuli is affected by temporal 

factors related to the presentation of the stimuli, anticipation or the preparation for the 

response, delay of the response, and motivational factors (Cohen, 1994). Novelty, 

complexity, and strength influence the attractiveness of the stimulus.  It is argued that 

inattention may actually be evidence of impaired working memory and not of perceptual, 

filtering, or selection problems (Barkley, 1997b).  

The trend towards separating the inattentive (ADHD:PI) from the combined 

(ADHD:C) and the hyperactive/impulsive (ADHD:H) subtypes of ADHD is based on the 

thesis that these are two different types of the disorder (Barkley, 1997a, 2003a; Milich, 

Balentine, & Lynam, 2001). There is also accruing support for the notion that ADHD:PI 

may in fact represent two distinctly different disorders (Barkley, 1998; Milich et al., 

2001). Barkley (2003a) argues that the first subtype of ADHD:PI includes individuals 
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who (i) formerly met the criteria for ADHD:C, but had a sufficient decline in their 

hyperactive symptoms so that they no longer qualified for this subtype, or (ii) just failed 

to meet the minimum threshold for hyperactive/impulsive symptoms for the diagnosis of 

a combined type of this disorder. The second subtype of ADHD:PI is argued to be a 

subgroup of individuals who have a qualitatively different disorder of attention and 

cognitive processing (Barkley, 2001; Milich et al. 2001) that is manifest as sluggish 

cognitive tempo, inconsistent alertness and orientation, passivity, error prone information 

processing, hyperactivity, lethargy, and a selective attention deficit (Barkley, 1998; 

McBurnett, Pfiffner, & Frick, 2001) . If two distinct subtypes of ADHD:PI are indeed 

subsumed under the diagnostic category of ADHD:PI, presenting them under the general 

rubric of ADHD may in fact belie the functional implications and deficits underlying 

each subtype. Notwithstanding the possible misclassification of individuals, the DSM-IV 

criteria for the classification of ADHD:PI will be used in the present study, and as such 

treated as a single subtype of ADHD.  

There is developing consensus that the etiology and expression of ADHD is a 

combination of genetic and environmental factors. The prevalent clinical diagnosis of 

ADHD is based on commonly observed characteristics of an inability to sustain attention, 

and symptoms of hyperactivity and impulsivity (Barkley, 2000). The preponderance of 

behavioral manifestations of ADHD has led to focusing at the output level of behavior, 

rather than at the perceptive level. A behavioral approach does not facilitate an 

understanding of the systemic basis for the disorder and fails to provide a theoretical 

reference for research purposes.  
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Impulsiveness 

Impulsiveness is an inappropriate, speedy, premature, highly variable, poorly 

controlled, rapid response style that affects behavioral output (Rubia, 2002). It is 

pervasive and evenly distributed among the motor, emotional, attentional, cognitive and 

social domains. All behavior has motor, emotional, cognitive and social acts, and these 

behaviors are characterized by impulsivity in the individual with ADHD. Characteristics 

of impulsiveness include a deficit in inhibiting impulses, reduced self-control, a lack of 

persistence, reduced decision time, increased threshold for boredom, risk taking, 

sensation seeking, novelty seeking, lack of persistent ambition, resistance to delayed 

rewards, irritability, and lack of patience (Evenden, 1999).  

Hyperactive children tend to show slower reaction times on cognitive tasks 

(Pennington, & Ozonoff, 1996). They are slower on tasks where speed is requested, and 

appear to be less able to adjust their own motor responses to the requested speed leve l 

(Rubia et al., 1999). However, when they can choose, they choose speed over accuracy 

(Dykman, Ackerman, & Oglesby, 1979) causing the characteristically fast and premature 

response style rather than a speed-superiority in absolute terms. This behavior is 

associated with poor performance on tasks of sustained and controlled attention and 

interference control (Pennington, & Ozonoff, 1996) on the Stroop and Wisconsin Card 

Sort Tests.  
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Theories of ADHD 

There is general consensus that ADHD is characterized by problems with 

inhibitory control (Barkley, 2003a; Fischer et al., 1993a, 1993b; Quay, 1997; Schachar, 

Tannock, & Logan, 1993; Sonuga-Barke, Houlberg, & Hall, 1994; Sonuga-Barke, 

Taylor, & Heptinstall, 1992). Individuals with ADHD are, by definition, disinhibited and 

have slower initiation of inhibitory processes compared to normal children (Barkley, 

2003a; Schachar et al., 1993). Several working hypotheses have been generated to 

explain the diversity observed in ADHD individuals. 

The focus on inhibitory systems forms the basis for the first group of models that 

have been developed to explain the mechanisms underlying ADHD. The Behavior 

Inhibition/Activation model proposes that ADHD is caused by a central deficit in the 

brain’s behavioral inhibition system (Schachar et al., 1993; Quay, 1997). In this passive 

avoidance model, response is affected by the conditional stimulus for punishment and 

nonrewards (Quay, 1997). The inhibitory and activation (reinforcement) processes in 

ADHD (Fischer, et al., 1993a, 1993b) are hypothesized to trigger both an activation and 

an inhibitory response to an event or stimulus. This initiation response creates a 

competition, or race, for the execution of both the activation and inhibitory responses. 

The impulsive responses of individuals with ADHD are postulated to be due to deficits in 

the inhibitory system. The aversion to delay, on the other hand, rather than a failure of 

inhibition, is proposed as the cause of the impulsive behaviors in the Delay Aversion 

Model (Sonuga-Barke et al., 1992; Sonuga-Barke et al., 1994). Recent developments of 
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this model have included the dual pathway model involving both delay aversion and 

inhibition. 

The second group of theories attempts to account for individual variation by 

including the associated symptoms that are subsumed under the concepts of motor control 

and executive function. ADHD is viewed as a state regulation deficit in the Resource 

Allocation Hypothesis (Sergeant, Oosterlaan, & Van der Meere, 1999; Sergeant & Van 

der Meere, 1990, 1994). Deficits are in the controlled processes of the disorder, rather 

than in automatic processing, implying a systemic inability to regulate behavior (Sergeant 

& Van der Meere, 1990). The slow and variable response time of children with ADHD is 

hypothesized to be due to a deficit in the regulation of effort and/or activation in the 

motor response stage of information processing (Sergeant & van der Meere, 1990, 1994; 

Sergeant et al., 1999). Performance deficiencies may reflect the mismatch between the 

actual state of the participant and the state required (or target state) for performing a 

particular task.  

In contrast, in the Executive Dysfunction Theory behavioral inhibition is 

proposed as the primary deficit in the predominantly hyperactive/impulsive and 

combined types of ADHD (Barkley, 1997a). The assumptions underlying this theory are:  

∗ Executive functions have different developmental rates and trajectories. 
∗ The capacity for behavioral inhibition is a developmental precursor to executive 

functions. 
∗ Impairment caused by ADHD on executive functions is secondary to behavioral 

inhibitions.  
∗ Genetics and neurodevelopmental factors are the principal causes of ADHD, but the 

expression of ADHD is also affected by social factors. 
∗ There is a vicious feedback cycle from secondary deficits in self-regulation that 

exacerbate the deficits in behavioral inhibition. 
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The deficit in behavioral inhibition leads to secondary impairments in four 

executive neuropsychological abilities, namely nonverbal working memory, self-

regulation of affect-motivation-arousal, internalization of speech, and reconstitution. 

These executive functions provide for self-regulation, allowing the individual to tailor a 

socially appropriate response (Figure 1). The associated executive function deficits 

observed in ADHD are secondary to the deficit in behavioral inhibition. Barkley (1997a) 

argues that individuals with ADHD are capable of responding appropriately if they give 

themselves time to do so.  

Neuropsychological Underpinnings of ADHD 

The lower IQ scores obtained by children with ADHD, is attributed to an 

inefficiency in the decision-making and problem solving (Sonuga-Barke et al., 1992) and 

is associated with their overall functional output. An association between short term 

memory, fluid reasoning, working memory tasks, and overall scores on cognitive tests 

has been reported (Kyllonen & Christal, 1990; Duncan, Emslie, Williams, Johnson, & 

Freer, 1996). Furthermore, performance on novel tasks have a high correlation with 

measures of general abilities (Ackerman, 2002) and appear to be related to frontal lobe 

control of executive function and controlled attention (Luria, 1980; Norman & Shallice, 

1986). 
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Figure 1. Diagram illustrating the hybrid model of executive functions (boxes) and the 
relationship of these four functions to the behavioral inhibition and motor control 
systems. 
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From: “Behavioral inhibition, sustained attention, and executive functions: Constructing 
a unifying theory of ADHD” by R. A. Barkley, 1997a, Psychology Bulletin, 121(1), pp. 
65-94. 
 

 

Behavioral disinhibition 
Disinhibited prepotent responses  
Perseveration of ongoing responses  
Poor interference control 

Reduced motor/control/fluency/syntax 
Disinhibited task-irrelevant responses 
Impaired execution of goal-directed responses 
Limited novelty/complexity of motor sequences 
Diminished goal-directed persistence 
Insensitivity to response feedback 
Behavioral inflexibility  
Less task re-engagement following disruption 
Poor control of behavior by internally represented information 
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Emergent research findings have indicated that the ADHD-IQ association may be 

due to an overlap in the frontal neurological network areas involved in ADHD (Casey et 

al., 1997; Castellanos et al., 1996; Filipek, Semrud-Clikeman, Steingard, Kennedy, & 

Biederman, 1997; Hynd, Semrud-Clikeman, Lorys, Novey, & Eliopulos, 1990), fluid 

reasoning (Duncan, Burgess, & Emslie, 1995) and intelligence (Engle, Tuholski, 

Laughlin, & Conway, 1999). The frontal lobe has been implicated in regulating attention, 

intentional functions, coherence, and assessing behavior across time (Schoenbaum, 

Chiba, & Gallagher, 1998); modulation of affective and interpersonal behavior to socially 

appropriate responses (Wood, Romero, Makale, & Grafman, 2003); and monitoring 

(Blakemore, Wolpert, & Frith, 1998), evaluating and adjusting behavior. The dorsolateral 

prefrontal circuit is responsible for executive functioning (Daniels, Witt, Wolff, Jansen, 

& Deuschl, 2003) and includes the ability to organize a behavioral response to solve a 

complex problem, learn new information, use creativity, or mental flexibility and 

memory search (Goel & Dolan, 2003), activation of remote memories, self-direction, 

goal-directed behavior, planning (Koechlin, Basso, Pietrini, Panzer, & Grafman, 1999), 

maintaining a set, using verbal skills for internal speech necessary to guide behavior, and 

working memory (Cohen, 1994, Prabhakharan, Smith, Desmond, Glower, & Gabrielli, 

1997).  

The relationship between genetics, heredity and ADHD lends further support for 

the organic basis of the disorder. Genetic research (Biederman, Faraone, Keenan, Knee, 

& Tsuang, 1990; Levy & Hay 2001), and family, twin and adoption studies (Levy, Hay, 

McStephen, Wood, & Waldman, 1997), indicate a higher than chance clustering of 

ADHD in first degree families  with a 25% incidence compared to 5% in the general 
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population (Biederman et al., 1990). Furthermore, there is a higher concordance rate of 

ADHD in identical (82 %) than non- identical (38%) twins (Levy et al., 1997).  

Executive Functions 

Executive functioning is a complex cognitive construct underlying the 

neuropsychological underpinnings of human cognition. It is defined as “those capacities 

that enable a person to engage successfully in independent, purposive, self-serving 

behavior” (Lezak, 1995), and describes “the ability to maintain an appropriate problem 

set for attainment of future goals" (Welsh & Pennington, 1989, p. 201). Executive 

functions include components of attention, reasoning, planning, inhibition, set-shifting, 

interference control, and working memory (Pennington & Ozonoff, 1996). Denckla 

(1994) proposed the functions of initiating (organization, planning, strategy, fluency, 

efficiency and working memory), sustaining (attention-driven and attention regulation 

behaviors), and inhibiting/stopping behaviors (inhibiting and/or delaying inappropriate or 

prepotent responses), and set shifting (problem-solving efficiency, cognitive flexibility, 

and self-monitoring) as the four key domains of executive functioning. Numerous 

theories regarding the relative importance of the different aspects of executive functions 

have evolved. Working memory is argued to be one of the most important of the 

executive functions (Tranel, Anderson, & Benton, 1994). 

Working Memory.  

Working memory (WM) is defined as “the capacity to hold a mental 

representation in mind to guide behavior” (Baddeley, 1986). Baddeley (1996) proposed 

that working memory comprises a central executive or attentional controller that recruits 
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two subsidiary systems, namely the phonological loop (private self-speech) and the 

visuospatial sketchpad (nonverbal working memory), to execute the working memory 

task (Baddeley & Hitch, 1974; Baddeley & Logie, 1999). For successful activation and 

execution of a working memory task, the information must be remembered for a period 

of time after the withdrawal of the cue. The behavioral outcome is a result of a mental 

manipulation of the cue linked to a conjectured future event. 

Working memory reflects the storage requirements and concurrent processing 

(Baddeley & Logie, 1999). It maintains the system for ongoing cognitive activity such as 

language comprehension, imagery and reasoning (Kane et al., 2004). Working memory is 

the ability of the individual to manipulate information and incorporate new experiences to 

create the unique learning environment. Both response inhibition and cognitive flexibility 

affect the effectiveness of working memory. Response inhibition provides the initial 

delay in response to the activation of working memory (Barkley, 2000). Cognitive 

flexibility (cognitive switching and set-shifting) helps coordinate the ability to look at 

objects/events from many perspectives, especially when dealing with a novel context 

(Eslinger & Grattan, 1993).   

Individual differences in cognition are argued to arise from processing speed, 

working memory capacity (WMC), and the breadth of decla rative and procedural 

knowledge (Kyllonen & Christal, 1990; Sut, Oberauer, Wittmann, Wilhelm, & Schulze, 

2002).  WM requires attention control because the processing component displaces the 

memory items from attentional focus (Unsworth & Engle, 2005). Individuals with 

impaired WMC demonstrate less control over thought and actions compared to 

individuals with superior WMC. They fail to prevent or recover from prepotent 
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responses, showing slower and less flexible allocation of visual attention to objects in 

space (Kane, Hambrick, & Conway, 2005). WM and fluid intelligence influence the 

ability to keep a representation active. Controlled attention abilities are proposed as 

crucial underpinnings of fluid intelligence (Colom, Flores-Mendoza, & Rebollo, 2003; 

Conway, Cowan, Bunting, Therriault, & Minkoff, 2002; Engle et al., 1999).   

Fluid Intelligence.  

Fluid intelligence or reasoning abilities are measured in tasks requiring inductive, 

deductive, conjunctive and disjunctive reasoning to understand relations and abstract 

prepositions (Horn & Noll, 1997; Stankov, 2000). Fluid intelligence (Gf) is broadly 

defined as the ability to reason, form concepts and solve problems that often involve 

unfamiliar information or procedures, and is manifested in the reorganization, 

transformation, and extrapolation of information. Gf is conceptualized as being ordered 

along a continuum from elementary awareness to immediate memory to working memory 

to inductive reasoning to deductive reasoning (Horn & Noll, 1997). It is hypothesized the 

in order to activate Gf, one must first become aware of stimuli, then hold it in immediate 

memory and manipulate the stimuli in working memory to inductively perceive the 

problem. Cognitive speed, attention, concentration and carefulness were also 

hypothesized to be markers of Gf (Horn & Noll, 1997). Working memory was originally 

subsumed under Gf within this hypothesis (Horn & Noll, 1997; Kyllonen & Christal, 

1990). However, recent research and consensus has been to separate WM from Gf, and 

view them as separate constructs (Ackerman, Beier, & Boyle, 2002; Colom, Flores-

Mendoza, & Rebollo, 2003; Conway et al., 2002; Engle et al., 1999).  
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Working Memory and Fluid Intelligence.  

Does WM represent a distinct cognitive-ability construct that is strongly related to 

Gf and novel reasoning? Values for the common variance shared between WM and Gf 

range from 20% (Ackerman, Beier, & Boyle, 2002), to 35 to 65% (Ackerman et al, 2002; 

Colom, Rebollo, Palacios, Juan-Espinoza, & Kyllonen, 2004; Engle et al., 1999; Sut et 

al., 2002), indicating that although WM and Gf share common variance, they are separate 

constructs. The commonality between WM and Gf is that they are both affected by 

controlled attention (Bachelder & Denny, 1977) and driven by the central executive 

component (Engle et al., 1999). Neuroanatomical data indicates a dorsolateral prefrontal 

cortex circuitry involved in working memory, attention control, and novel reasoning 

(Duncan, 1995; Duncan et al., 2000; Kane & Engle, 2005; Owen, 1997). Gf, however, 

appears to have a more diffuse neural activation pattern that includes the parietal, 

temporal and occipital regions (Prabhakharan, Smith, Desmond, Glover, & Gabrieli,. 

1997).  

Learning Disabilities and ADHD 

Individuals with learning difficulties frequently have concomitant deficits in 

working memory. Empirical research indicates that children and adolescents with 

undifferentiated ADHD and executive function deficits perform significantly poorer on 

all academic areas compared to individuals with ADHD individuals without executive 

function (EF) deficits (Biederman et al., 2004). This EF-academic performance 

relationship has not been demonstrated in control participants (Biederman et al., 2004). 

Despite the growing body of research findings that implicate EF deficits in ADHD 
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populations (Seidman, Biederman, Faraone, Weber, & Ouellette, 1997, Seidman, 

Biederman, Monuteaux, Weber, & Faraone, 2000, Barkley, 1997a), there is a paucity of 

empirical data on the functional implications of EF deficits of this population. Both 

anecdotal and empirical data indicate that individuals with ADHD have poor long term 

psychiatric, social, and academic outcomes (Barkley, Fischer, Edelbrock, & Smallish, 

1990; Biederman et al., 1996; Hart, Lahey, Loeber, Applegate, & Frick, 1995), and are at 

greater risk for grade retention (Biederman et al., 2004).  

The majority of clinic referred children with ADHD score below the norms on 

standardized achievement tests (Barkley, DuPaul, & McMurray, 1990; Hinshaw, 1992, 

1994). Reports of comorbid learning disabilities (LD) in children with ADHD range from 

25% to 50% (Barkley, 1994). Area specific estimates for learning disabilities comorbid 

with ADHD in referred samples range from 15% to 50% for reading (August & 

Garfinkel, 1990; Barkley 1990, Lambert & Sandoval, 1980; Semrud-Clikeman et al., 

1992), 24% to 60% for math (Barkley, 1990; Lambert & Sandoval, 1980; Semrud-

Clikeman et al., 1992), and 24% to 60% for spelling (Barkley, 1990). Few empirical 

studies (Hooper et al., 1993, 2002; Mayes, Calhoun, & Crowell, 2000) have investigated 

the prevalence of learning disabilities in written expression in ADHD populations. 

There is some indication that the incidence of a written expression LD in ADHD 

populations may be higher than is found in the non-ADHD LD population. In a sample of 

LD subjects (8 to 16 years of age), 69.8% of individuals with ADHD were found to have 

a comorbid LD in written expression compared to only 39.4% of the non-ADHD LD 

sample (Mayes et al., 2000). Attention appears to be a major mediator in academic 

performance and learning disabilities (Mayes et al., 2000). Some researchers have found 
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that children with LD often have subclinical levels of attention difficulties on teacher 

rating scales (Barkley & Grodzinsky, 1994) that are supported by psychometric measures 

of attention such as the continuous performance tests (Swanson, 1983; Tarnowski, Prinz, 

& Nay, 1986). Conversely, other researchers have failed to demonstrate a relationship 

between learning difficulties and attention measured on cont inuous performance tests 

(Aylward, Verhulst, & Bell; 1990; Barkley, Grodzinsky, & DuPaul, 1992). Given the 

association between attention and written expression (WE), identifying written 

expression task variables that are susceptible to variations in attent ion would help 

elucidate the attention-WE relationships.  

Written Expression 

There has been an increased emphasis on, and greater accountability for, written 

expression over recent years. Written expression, or written language skills, have been 

included on both the Texas Assessment of Knowledge and Skills (TAKS) and Scholastic 

Aptitude Test (SAT), making it a significant component of high stakes testing. Problems 

with written expression are common among US schoolchildren. It is estimated that 

between 20% to 51% of middle school populations in the US have problems with written 

expression (Hooper et al., 1993; 2002). According to the recent National Assessment of 

Educational Progress, 16% of students in grades 4 and 8, and 22% of students in grade 12 

had below the basic level of writing achievement (Greenwald, Persky, Campbell, & 

Mazzeo, 1999). An examination of the performance of the 4th grade cohort revealed that 

only 1% of students were able to write at an advanced level, 23% could write 

proficiently, and 61% wrote at a basic level.  These data indicate that deficits in the 

written expression are not limited to those with identified LD’s in written expression. 
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Written expression is affected by a variety of factors that include physical skills 

(graphomotor dexterity and the mechanics of handwriting), task environment (social and 

physical) and individual (motivation, working memory, cognitive processes and long 

term memory) factors. Hayes and Flower (1980; 1986) postulate that written expression 

output is mediated by executive control processes. Written expression is a socialized, 

schooled experience and the functional expression of writing is determined by the 

confluence of these factors.   

Development of Written Expression 

Written expression, or language-by-hand, is a complex form of communication 

requiring the mastery and understanding of various complex processing abilities. The 

ability to write follows a developmental trajectory that is preceded by the abilities to 

listen, speak and read (Johnson & Myklebust, 1967). Bereiter (1980) identified the 

following five distinctive characteristics of writing that make it a complex cognitive 

process. Firstly, written language is more compact, contains more elaborately specified 

subjects, shows less local variation and has a different distribution of linguistic strategies 

and usages. Secondly, written and spoken languages are different means of 

communication with unique structural characteristics. Third, the unique contextual and 

conventional languages of writing (e.g. spelling, punctuation, and stylistics) are 

exclusively schooled experiences. Fourth, the lack of feedback during written 

communication requires the writer to form a discourse that is characterized by explicit 

reference and logic rather than by a shared experience between the writer and reader. 

Fifth, writing is a deliberately crafted task using skills that are not normally used in 

spoken language and can be developed into complex productions. Thus, the development 
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of writing involves (1) the gradual differentiation of written language from spoken 

language, (2) the ability to switch appropriately between the systems, (3) mastery of the 

conventions peculiar to written language, (4) explicit, objective, context- free 

propositional language, and finally, (5) the achievement of literary style and proficiency 

in various genre of written composition. 

Successful writing requires the cognitive and psychological abilities of selective 

attention, perception, categorization, memory and problem solving. In the production of a 

written text, the writer simultaneously has to deal with the subject, text and reader 

(Gregg, 1991). Idea generation and subsequent translation of ideas into written form have 

to be coordinated. The translation of ideas into written form involves lexical knowledge 

and retrieval, semantic coding, phonological coding, and syntactic structures (Bain, 1991; 

Berninger, 1996). Higher order processes that include planning, organizing, self-

monitoring, and revising (Graham & Harris, 1999; Hayes & Flower, 1980; Hooper et al., 

1993) become more important as the language-by-hand task increases in both length and 

complexity (Hooper et al., 1993). This facilitates error detection and monitoring the 

written text for semantic and syntactic expression and coherence, and effective revision 

and editing. In this dynamic process, information has to be organized, issues analyzed 

and the written text has to be organized and planned while the writer simultaneously 

identifies the audience, the purpose of writing, generates information relating to a topic, 

and engages in sequential ideation relating to a topic. The tasks of written expression are 

developmental and each phase presents a different challenge. Given the highly integrated 

and developmental trajectory of producing written text, the failure to gain mastery in 
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formative and foundational areas can impede higher level skills, as well as signal possible 

difficulties in more complex written expression tasks.  

Written text is the integration of several complex cognitive, social and physical 

skills. The mechanical demands of the task, i.e., the production of script and fine motor 

skills, also mediate the efficacy with which the individual is able to execute the task. 

Beginning writers expend considerable cognitive resources on the production of the script 

that interferes with the higher order processing involved in text composition (Graham & 

Weintraub, 1996). Attention shifting from planning to handwriting, and the fluency with 

which the writer is able to jot down thoughts gates the quality of the written text (Graham 

& Weintraub, 1996). Automaticity in handwriting, on the other hand, allows the 

individual to concentrate on the more complex aspects of text generation that include 

ideation, sequencing and monitoring for accuracy (De La Paz & Graham, 2002) that 

extend beyond the formative writing years (Graham, Berninger, Abbott, Abbott, & 

Whitaker, 1997) affecting both the quality and quantity of written output (Scardamalia, 

Bereiter, & Goleman, 1982).  

The beginning writer is entrusted with the task of converting the auditory and 

visual aspects of words into patterns (Johnson & Myklebust, 1967). Handwriting 

performance is highly correlated with semantics, syntax, phonology (Graham & 

Weintraub, 1996), linguistic abilities (Abbott & Berninger, 1993; Graham & Weintraub, 

1996) and kinesthetic perception (Marcie & Hacaen, 1979; Schneck, 1991). Specialized 

neural association processes that are dependent on lower and higher brain functioning 

influence the execution of both graphomotor skills and the production of a written text 

(Deuel, 1992; Nicolson & Fawcett, 1999). Handwriting affects the rate and level of 
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development of formative writing skills. Impaired compositional fluency in the primary 

grades has been associated with written composition problems in the upper grades 

(Berninger, Mizokawa, & Bragg, 1991; Berninger et al., 1997). Learning to automatize 

letter production and rapidly retrieve letter forms from memory increases the probability 

that young children would become skilled writers (Berninger et al., 1997). Thus, 

graphomotor skills and dexterity influence the quality of written expression output. 

The lack of automaticity with spelling can inhibit the quality and fluency of 

written expression. If the writer has to stop and think about how to spell a word while 

composing, the potential for forgetting already developed ideas increases (Graham et al., 

1997). Spelling is the application and integration of phonological (i.e., analyzing the 

word at the subword level which includes phonemes, rimes or syllables), orthographic 

(i.e., the retrieval of whole word, letter cluster unit, or a component letter) (Berninger, 

1996) and morphological (i.e., whether a word is composed of smaller meaning units) 

principles (Treiman, 1998). Understanding word meanings also play a role in the spelling 

of homophones, and increases the fluency of the writer.  

Punctuation and language usage are central to a writer’s ability to construct 

meaning at the word, sentence and text levels. Punctuation skills become increasingly 

sophisticated as writing ability increases. The effective use of punctuation requires 

cognitive flexibility since it is an “ad hoc language process” in which the rules change 

each time a new writing structure is built (Weaver, 1998, p.57). Once the writer has 

mastered the rubrics of writing that include handwriting skills, spelling, vocabulary, and 

language conventions, the use of complex cognitive and metacognitive skills differentiate 

good writers from poor writers.  
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Neuropsychological underpinnings of written expression  

Narrative discourse requires a more abstract grasp of language structure than 

conversation discourse. The concise syntactic style, complexity of sentence structure, rare 

and rich vocabulary, focus on unfamiliar and abstract topics, and decontextualization or 

distancing from immediate experiences differentiate written and conversational 

discourses (Silliman & Wilkinson, 1994). The production of a written text requires the 

coordination of several highly complex cognitive and metacognitive skills including the 

generation and organization of ideas, development of a plan, translating the plan into an 

action, reviewing and revising that which has been written, and monitoring performance 

during the composition process (Bereiter & Scardamalia, 1987; Flower & Hayes, 1981).  

Studies of the qualities of expert writers (Bereiter, 1980; Berninger & Rutberg, 

1992; Flower & Hayes, 1981; Hayes & Flower, 1986; Scardamalia & Bereiter, 1986) 

have revealed that expert writers have a keen knowledge of (i) the goal of the writing 

task, (ii) the topic, and (iii) their audience. They generate more ideas and produce a more 

cohesive text with a smooth flow of ideas by using referential, connective and lexical ties 

for transitions. They make major revisions of their text in order to enhance clarity.  They 

write through a recursive process (i.e., using the generated text towards the generation of 

the end product), are goal directed, and plan the next sentence or paragraph by translating 

ideas from the generated text, while constantly evaluating it for its relevance to meeting 

immediate and future goals (Biederman et al., 2004). Alternately, poor writers show 

deficits in text generation strategies (Graham, Harris, MacArthur, & Schwartz, 1991), and 

demonstrate deficits in their acquisition and use of declarative, procedural and 

conditional knowledge of writing (Biederman et al., 2004), and produce shorter, less 
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interesting, and poorly organized text. They are less likely to revise their contextual or 

conventional language, or make any substantive changes that would increase the clarity 

of their communication.  

Executive Functions and Written Expression 

Written expression is conceptualized as a problem-solving process in which 

writers attempt to produce visible, understandable, and legible language that 

demonstrates their declarative, procedural or conditional knowledge (Ellis, 1983; Hayes, 

1996; Hayes & Flower, 1980). Declarative knowledge is recalling information that has 

been learnt, e.g., rules of grammar and its application (Catts & Kamhi, 1999). Procedural 

knowledge refers to knowledge of how to do something, e.g. the application of grammar 

rules in communication (Catts & Kamhi, 1999). Conditional knowledge relates to 

contexts and circumstances of using specific procedures, addressing "when," "where" and 

"why" information (Catts & Kamhi, 1999).  

The neuropsychological functions identified in the writing process are memory, 

attention, graphomotor output, sequential processing, higher order cognition, language, 

and visual-spatial functions (Levine et al., 1993). Writing is a complex activity that 

involves many subgoals and interacting processes (Bereiter, Burtis, & Scardamalia, 1988; 

Scardamalia & Bereiter, 1986). Recent theoretical discourse on written expression 

focused on executive functions (Graham, 1997; Hayes & Flower, 1980; Hooper et al., 

2002, 2003; Levine et al., 1993; Singer & Bashir, 1999), working memory (Berninger, 

1999; Kellogg, 1996, 1999; Lea & Levy, 1999), and the influence of verbal organization 

and working memory (Abbot & Berninger, 1993; Kellogg, 1999) on the writing process. 

The executive functions tapping initiation, set shifting, and sustaining are purported to 
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separate the good from the poor writers (Abbot & Berninger, 1993; Hooper et al. 2002; 

Kellogg, 1999).  

Writing is a unique type of problem solving task in that occurs in an environment 

different from the task environment itself. Scardamalia, Bereiter, and Steinbach (1984) 

proposed that the planning of writing occurs in two separate yet parallel spaces, the 

content space (i.e., knowledge states and beliefs) and the problem space (i.e., the 

rhetorical space tied to production). They argue that there is constant interacting between 

these two planning environments, but the level of interaction differs for expert and novice 

writers. Planning is a “preparatory reflection” that may serve to (i) specify the means for, 

or (ii) serve as the means to achieve the goal (Hayes & Nash, 1996). In addition to 

determining the means to attaining the goal, planning is also concerned with specifying 

the goals (Hayes & Nash, 1996).  Thus, planning in the writing process is an integral part 

of the problem solving process, and is dynamic and continually evolves as the text 

develops.  

In addition to planning, recent research suggests that working memory is closely 

linked with important aspects of written language, such as vocabulary (Dixon, LeFevre, 

& Twilley, 1988), listening (Daneman & Carpenter, 1980), and reading comprehension 

(Turner & Engle, 1989). The cognitively demanding processes such as idea generation, 

translation of ideas into words, sentences and discourse structures, and editing place a 

great demand on the working memory resources of the writer. Swanson and Berninger 

(1994) posit that efficiency in writing is affected by working memory capacity. They 

postulate that good writers are more efficient in consolidating the intermediate steps (i.e., 

lexical access, syntactic packaging, and construction of discourse structures of translating 
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ideas into written language). This efficiency increases the capacity for higher order 

processes (i.e., generation, organization, goal setting, planning and revising) of writing.  

Working memory, or the cognitive workspace, manages the multifaceted tasks 

included in written expression. It underlies the active maintenance of multiple ideas, the 

retrieval of grammatical rules from long-term memory, and the recursive self monitoring 

that is required during the act of writing (Kellogg, 1996, 1999; McCutchen, 1996; 

Swanson & Berninger, 1994). A breakdown in working memory, however, may lead to 

problems with written output (Fayol, 1999; Lea & Levy, 1999).  

Kellogg (1996) proposed a working memory based model of writing that includes 

verbal formulation (planning and translating), execution (programming and executive 

functions) and monitoring (reading and editing). Each of the major processes of writing is 

connected by a recursive loop in which the output of the formulation system feeds 

forward to the monitoring system, and the output of the monitoring system feeds back 

into both the formulation and execution systems. This recursive loop, derived from 

Baddeley’s (1986) model of working memory, links the visual-spatial sketchpad to 

formulation, the phonological loop to monitoring, and the central executive to the 

execution process. Kellogg (1996) postulated that the regulation of ideational fluency, 

translating ideas into text; correcting errors of organization, grammar and spelling; 

improving linkages between ideas; and monitoring the overall written product can be 

influenced by working memory.   

There is growing theoretic support for the view that written expression is 

mediated by executive functions (Abbott & Berninger, 1993; Berninger, 1999; Hayes & 

Flower, 1980; Flower & Hayes, 1986; Kellogg, 1996; Lea & Levy, 1999). Cognitive 
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flexibility and working memory capacity appear to be key abilities that facilitate the 

coordination of the dynamic subprocess involved in the creation of written text. However, 

the relationship between the different facets of executive functioning on written 

expression is understudied. More empirical research into this area is needed to elucidate 

the characteristics of good writers, and clarify if these characteristics are indeed deficits 

in poor writers.  

Summary of Research  

ADHD is associated with lower academic performance (Barkley, 2003b; Barkley, 

DuPaul, & McMurray, 1990; Hinshaw, 1992, 1994). Current empirical data indicates that 

academic difficulties are more prevalent among ADHD:PI compared to ADHD:C 

individuals (Faraone, Biederman, Mennin, & Russell, 1998; Hynd et al., 1991; Marshall, 

Hynd, Handwerk, & Hall., 1997; Morgan, Hynd, Riccio, & Hall, 1996). There is an 

accruing body of research data that indicate that individuals with ADHD have executive 

function (EF) deficits that result in a poorer academic and learning success (Barkley, 

1997a; Pennington & Ozonoff, 1996; Seidman et al., 1997, 2000). However, executive 

function deficits in the absence of ADHD do not appear to have significant adverse 

effects on the academic performance of children (Biederman et al., 2004). On the other 

hand, Hayes and Flower (1980, 1986) postulate that written expression output is mediated 

by executive control processes. Deficits in written expression have been found in 

individuals with executive function deficits (Hooper et al., 2002). Given that ADHD is 

associated with EF deficits, and written expression is mediated by EF processes, 

individuals with ADHD and comorbid EF deficits are more likely to have poorer written 

expression compared to individuals without ADHD and comorbid EF deficits.  
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Statement of the Problem  

The purpose of this study was to explore the effects of fluid reasoning and 

working memory on the written expression of 9 to 14 year old children with the purpose 

of answering the following: Do working memory and fluid reasoning deficits associated 

with ADHD compromise the written expression abilities at this developmental stage? 

Attention Deficit/Hyperactivity Disorder (ADHD) is the most commonly diagnosed 

learning difficulty among school aged populations (Barkley, 2001). Moreover, there has 

been increased accountability for the quality of written expression since its reintroduction 

into high stakes tests such as the Scholastic Achievement Tests (SAT).  Thus, an 

investigation of the effects of ADHD on academic performance helps clarify the 

educational difficulties confronted by this population.  

The confluence of current theoretical thought suggests  ADHD as an executive 

function deficit (Barkley, 1997a; Quay, 1997; Sonuga-Barke et al., 1994), characterized 

by a difficulty in maintaining the problem set for the attainment of future goals. Working 

memory and fluid reasoning are implicated in the ability of an individual to maintain the 

problem set, engage in goal directed behavior, and attain the future goal.  An emergent 

body of research data suggests that executive functioning is a mediator of the successful 

execution of written expression (Abbot & Berninger, 1993; Hays, 1996; Hays & Flower, 

1986; Hooper et al., 2002; Kellogg, 1999). Specifically, the executive functions of fluid 

reasoning and working memory are postulated to affect goal setting, planning and the 

attainment of future goals in writing.   

Written expression is a multifaceted task that relies on many neurobiological 

components that are compromised in ADHD. Writing is a problem solving task that is 
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affected by the ability of the individual to mentally manipulate and use information (i.e., 

working memory) in the reasoning process. The writer has to switch between the 

different processes of writing, goal setting and planning a set of actions (i.e., fluid 

reasoning). Since writing is mediated by executive functions, it is hypothesized that 

executive function deficits would result in impaired written expression.  

There is a high rate of co-morbidity of learning disabilities and ADHD (Barkley, 

DuPaul, & McMurray, 1990), with much research supporting an association with math 

(Barkley, 1990; Hynd et al., 1996; Semrud-Clikeman et al., 1992) and reading (August & 

Garfinkel, 1990; Semrud-Clikeman et al., 1992) difficulties in ADHD populations. 

However, there is little documented data on written expression abilities of individuals 

with ADHD (Hooper et al., 2002; Mayes et al., 2000). It is hypothesized that written 

expression performance of ADHD populations would be relatively less developed 

compared to control subjects.   

This study examined the possible link between the executive functions of working 

memory and fluid reasoning, with the written expression of children with ADHD:PI, 

ADHD:C, and without ADHD. This research will serve to contribute to understanding the 

functional impact of ADHD on academic performance. Findings from this study could 

potentially help with interventions and instruction for deficits in written expression 

among school children. 

Hypotheses 

The following research questions and hypotheses were developed to explore the 

effects of fluid reasoning and working memory capacity on the written expression of 9 to 

14 year old children.  
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Research Question One 

Do children with ADHD:PI have more difficulty with tasks of written expression 

as measured by the written expression subtest of the WIAT-II than children in the 

ADHD:C and control groups?  

Hypothesis One. Children in the ADHD:C Group will demonstrate less difficulty 

with written expression compared to the children in the ADHD:PI Group, but more 

difficulty compared to the control group. The control group is expected to perform within 

the age appropriate norms.  

Hο: Control > ADHD-C > ADHD-PI 

HA: Control = ADHD-C = ADHD-PI. 

Research Question Two 

Are there significant mean differences in the fluid reasoning (measured on the 

WJ-III fluid reasoning composite) and working memory capacity (measured on the 

WISC-IV Working Memory Index) of children in different ADHD groups?  

Hypothesis Two. Children with ADHD:PI will have lower fluid reasoning (FR) 

and working memory capacity (WM) scores than children it the ADHD:C and control 

groups. Children in the ADHD:C group will demonstrate relatively superior FR and WM 

scores compared to the children in the ADHD:PI group, but lower FR and WM scores 

compared to the control group. The control group is expected to perform within the age 

appropriate expectation.  

Hο: Control > ADHD-C > ADHD-PI 

HA: Control = ADHD-C = ADHD-PI. 
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Research Question Three 

How accurately does fluid reasoning, as measured on the WJ-III, and working 

memory capacity, as measured on the WISC-IV, predict written expression, as measured 

on the WIAT-II?  

Hypothesis Three. Fluid reasoning and working memory capacity will account for 

a significant portion of the variance of written expression for all three groups.   
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CHAPTER 3 

Method 

Chapter 3 is divided into two major sections: Participants and Instrumentation. 

The Participants section includes demographic information, criteria used to establish 

group membership and the data collection procedures. The second section, 

Instrumentation, includes the descriptions and associated psychometric properties of the 

independent measurement instruments used for group selection. 

Participants 

Participants for the study were drawn from a larger study examining social 

competence and developmental disorders that was in progress at the University of Texas 

at Austin under the direction of Dr. Margaret Semrud-Clikeman. Approval by the Human 

Subjects Committee was obtained. This study adhered to the ethical issues and standards 

of research presented by the American Psychological Association and the University of 

Texas at Austin. A research proposal and appropriate materials was submitted to the 

Department Review Committee within the Department of Educational Psychology and 

the Institutional Review Board of the University of Texas at Austin (Appendices A to D). 

Researchers involved in this project completed the training required by the Institutional 

Review Board, certifying them to perform ethical research.   
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Recruitment of Participants. 

A recruitment letter (see Appendix A) was sent to schools in the greater Austin 

area, inviting both clinical and control subjects to participate in the study. The letter 

described the study and invited students to participate. The letter also explained that the 

student’s choice to participate, or not, would in no way influence or compromise his or 

her relationship with the University of Texas at Austin. Interested parents contacted the 

primary researcher by either submitting a note of interest, by email, or telephonically. At 

the time of initial contact, basic descriptive information such as gender, age, and grade 

were gathered, a brief interview determining participant eligibility for the study was 

conducted, and an appointment for testing was set. Both parental consent (Appendix B) 

and participant assent (Appendix C) was obtained. 

Participants 

Participants were divided into 3 groups: ADHD:PI, ADHD:C, and healthy 

controls.  The files of existing participants were screened for a relevant diagnosis of 

ADHD:PI and ADHD:C. Previous diagnoses of ADHD were independently confirmed by 

the researcher and her advisor. Children from the ages of 9 to 14, with a mean age of 11 

years and 7 months were included in the sample. Groups were age and gender matched. 

Complete data for seventeen participants in each of the two clinical categories (Groups 

One and Two), and 17 normal controls (Group Three), were obtained. Six subjects were 

excluded from the sample because of incomplete data. A further 22 participants were 

excluded from the study because they did not meet the diagnostic criteria for ADHD on 

one of the classification measures (SIDAC or BASC scores). 
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This study was limited to right-handed children with no history of brain injury, 

mental retardation, learning disability, and/or the presence of severe psychopathology 

requiring pharmaceutical intervention. Subjects in the control group had no history of 

attention deficit hyperactivity disorder. English was the primary language for participants 

in all 3 groups.  

Participants for the clinical ADHD groups met the diagnostic criteria for ADHD 

(see Table 1) based on the hyperactivity and inattention scales of parent rated Behavioral 

Assessment Scales for Children (BASC, Reynolds & Kamphaus, 2002) that were 

corroborated through structured parent interviews using the Structured Interview for 

Diagnostic Assessment of Children for DSM-IV (SIDAC, Hynd, Lorys, et al., 1991). 

Individuals were diagnosed with the combined type of ADHD if at least 6 

hyperactive/impulsive and 6 inattention symptoms were endorsed on the ADHD scale 

and BASC scores were clinically significant for both hyperactivity and attention. 

Threshold scores for ADHD-C on the BASC were 60 or greater on both the hyperactivity 

and attention scales, with one of the scores being 65 or greater. Individuals were 

diagnosed with the predominantly inattentive type of ADHD based on the presence of six 

or more symptoms of inattention, but fewer than five symptoms of hyperactivity/ 

impulsivity on the SIDAC, with a threshold score of 65 or greater for attention problems 

and less than 60 on the hyperactivity scales.  

Participants in the control group did not meet the diagnostic criteria for ADHD 

based on the hyperactivity and attention problems scales on the BASC and the ADHD 

scale of the SIDAC. They had 5 or fewer endorsements of attention or hyperactivity 
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problems on the ADHD scale of the SIDAC and scores lower than 60 on the both the 

hyperactivity and inattention scales of the parent rated BASC.  

Data Collection   

Data collection took place at either the Sanchez building at the University of 

Texas at Austin, or at the school that the student attended. Once the appropriate consent 

(see Appendix B) and Assent forms (Appendix C) were collected, the primary researcher 

and trained graduate students administered the battery of tests for this study. Tests were 

individually administered to participants. The full battery of tests took approximately 3.5 

hours to complete. Past testing was utilized if it was two years current. Thus, for subjects 

who had completed in the full battery of tests in the past, the time requirement for testing 

was substantially lower and ranged from 15 minutes for a single subtest to 2 hours for 

participants requiring a complete retest of all measures needed for this study.  

Power Analysis 

A power analysis (Cohen, 1992) was conducted using the parameters of alpha = 

.05 to determine the appropriate number of participants per group. A study conducted by 

Hooper et al., (2002) was used as a basis for choosing the effect size. In a study of the 

relationship between the executive functions of initiation and set shifting domains with 

written expression, when reading decoding was controlled, the effect sizes were small,  

.16 and .13 respectively, for a sample of 55 fourth and fifth grade children (Hooper et al., 

2002). The calculated effect size found on a study of the effects of written expression, 

learning disabilities and ADHD  was very small, effect size = .0194 (Mayes, Calhoun, & 

Crowell, 2000).  A power analysis using data determined that 17 participants per cell 
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(n=51) would be sufficient to yield power of d = .58 for ANOVA and d = .59 for 

regression analyses. The observed power for the pairwise comparisons for group 

differences in written expression were large, ranging from d = .732 for differences 

between ADHD-C and ADHD-PI for overall written expression, to d = 1.330 for 

differences in organization and planning between ADHD-C and the control group, 

suggesting that both sample size and distribution were adequate to detect significant 

differences. The ANOVA for group differences on working memory capacity had a large 

effect size with observed power of d=1.821, indicating that the sample size was adequate 

and supported statistically significant group differences. These effect sizes were 

unexpectedly large, given the smaller effect size seen in other studies.  

Measures 

Behavior Assessment System for Children (BASC)  

The Behavioral Assessment System for Children, parent version (BASC, 

Reynolds & Kamphaus, 2002) is a parent-report behavior rating scale that assesses 

externalizing and internalizing behaviors in children 4-18 years of age. Behavior 

descriptors are rated as either never, sometimes, often or almost always. Although parents 

completed all scales on the measures, only the hyperactivity and attention problem scales 

of the parent versions of the BASC were used to diagnose ADHD.  

The parent version of the BASC has preschool (4 to 5 years of age), children (6-

11 years of age) and adolescent (12-18 years of age) forms. Six month test-retest 

reliability based on the general norms is reported below. The test-retest reliability on the 

parent rating form ranges from .41 for atypicality to .71 for adaptive skills. Inter rater 
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reliability between parents is .68. Parent ratings on the attention and hyperactivity scales 

for ages 12 to 14 years had a test-retest reliability of.78 and .77, respectively. The test-

retest reliability of the overall BASC for the parent version is .70. Validity for the BASC 

was assessed through factor analysis, covariance structure analysis and correlation with 

other instruments. Vaughn, Riccio, Hynd and Hall (1997) found that the BASC was 

significantly correlated with the DSM-IV diagnostic criteria for different ADHD 

subtypes.  

Structured Interview for Diagnostic Assessment of Children (SIDAC) for DSM-IV 

The Structured Interview for Diagnostic Assessment of Children (SIDAC) is a 

modified and updated version of the K-SADS (Puig-Antich & Chambers, 1978; Puig-

Antich & Ryan, 1986) to include the DSM-IV symptoms/disorders (Hynd et al., 1991). 

The SIDAC was used to support the diagnosis of ADHD by identifying DSM-IV criteria. 

There are 18 questions, 9 regarding inattention, 6 regarding hyperactivity and 3 regarding 

impulsivity. Questions related to the DSM-IV exclusionary criteria for ADHD are also 

included. The K-SADS has a test-retest diagnostic reliability for ADHD to be kappa = .63 

(Kaufman et al., 1997). The concurrent validity of the K-SADS, for children who also 

met the diagnostic criteria for ADHD on the Conners Child Behavior Checklist (CBCL) 

was found to be higher than that of children who did not meet these criteria on the CBCL 

(t = 3.43,p<0.001) (Kaufman et al., 1997).   

Wechsler Abbreviated Scale of Intelligence (WASI) 

The Wechsler Abbreviated Scale of Intelligence (Psychological Corporation, 

1999) is an individually administered intelligence test for people aged 6 to 89 years. The 
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Full Scale Intelligence Quotient-4 (FSIQ-4) is a valid and reliable estimate of global 

ability, and utilizes the four subtests (Vocabulary, Block Design, Similarities and Matrix 

Reasoning) that have the highest factor loadings on g (Psychological Corporation, 1999). 

The FSIQ-4, is highly reliable at ages 6 to 16 years, and is highly correlated (.96) with the 

WISC-III FSIQ. Unlike the FSIQ, the FSIQ-4 comprises verbal and performance indices 

but does not include working memory capacity and processing speed indices.  

The Vocabulary subtest is a set of 42 items. Items 1-4 are visually presented 

picture items. The participant names the item in the picture. Items 5 to 42 are presented 

both orally and visually, and the participant orally defines the presented word. The 

Vocabulary subtest is a measure of expressive vocabulary, verbal knowledge and fund of 

information. It is good measure of crystallized intelligence. The Similarities subtest 

comprises of 26 items. Items 1-4 are picture items on which the participant is required to 

identify the one of four picture choices that goes best with the given set of pictures. Items 

5 to 26 are verbal items in which the subject is required to explain the similarity between 

the pair of words presented. The Similarities subtest is a good measure of abstract verbal 

reasoning, general intelligence and verbal concept formation. The Block Design subtest is 

a set of 13 modeled or printed two dimensional geometric patterns that subjects 

reconstruct using a designated number of two color cubes. The Block Design subtest is a 

good measure of abilities related to spatial visualization, visual-motor coordination, and 

abstract conceptualization. It measures perceptual organization and general intelligence. 

The Matrix Reasoning subtest consists of 35 incomplete grid patterns. The participant 

chooses one of the five possible choices. It is a measure of nonverbal fluid reasoning and 

measures general intellectual ability. The split-half reliability coefficients for the subtests 
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are:  .86 to .93 for the Vocabulary; .81 to .91 for the Similarities; .84 to .93 for the Block 

Design; and .86 to .96 for the Matrix Reasoning subtests. The average split-half reliability 

for PIQ is .93, .94 for the VIQ, and .96 for the FSIQ-4 for children.  

Wechsler Individual Achievement Test- Second Edition (WIAT-II) (Wechsler, 1992) 

The Wechsler Individual Achievement Test – Second Edition (WIAT-II, 

Psychological Corporation, 1992) is a comprehensive, individually-administered 

achievement battery that is designed to be used with students in grades K to 12 who are 

between 5 to 19 years of age. The WIAT-II was designed to be specific to the educational 

curriculum and instructional objectives. The WIAT-II parallels areas in which a child can 

be classified as learning disabled (LD) and provides a link to ability measures. 

Specifically, it has been standardized with the WISC-III to investigate ability-

achievement discrepancies required for LD classification. Reading and writing 

achievement will be assessed through the administration of 2 subtests: Basic Reading and 

Written Expression. Parallel to the WISC-III, average standard scores on the WIAT-II 

fall in the range from 85 to 115. Reliability reports indicate high internal consistency 

coefficients, from .88 or higher, and moderately high test-retest reliability in the .80 to 

.95 range (Wechsler, 1992). Additionally, there is adequate evidence for content, 

construct, and criterion related validity for the WIAT-II subtests and composite scores. 

Learning Disabilities in the broad areas of Reading will be ruled out using the WIAT-II 

Reading scales, using cutoff scores that lie within one standard deviation of IQ. The 

WIAT-II Reading composite has a reported split-half reliability coefficient of .98 and 

correlates with the Wide Range Achievement Test-Third Edition (WRAT-3) Reading 

Composite at .77.  
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Written Expression. The written expression subtest of the WIAT-II was used to 

measure students’ writing skills. The written expression subtest is a composite of a verbal 

recall task, combining sentences to create complex and compound sentences, sentence 

generation in response to stimuli, and a passage writing task in response to a prompt. 

Students receive the prompt and are directed to write a story (grades 3 to 6) or persuasive 

argument (grades 7 to 12). Students are allowed up to 10 minutes to write the story 

(grades 3 to 6) or 15 minutes to write the persuasive argument (grades 7 to 12).  

All writing samples from the WIAT-II were also subject to an analytic assessment 

that focused on the parts or elements of written discourse (Table 2). Part assessment of 

the writing samples included the following 6 writing elements: ideas and development; 

organization, unity, and coherence; vocabulary; sentence structure and variety; grammar 

and usage; and capitalization and punctuation using the scoring criteria provided in the 

WAIT scoring manual (WIAT, 1992, Psychological Corporation). Each element is 

awarded a score ranging from one (poor) to four (strong. The WIAT-II Writing 

Composite has a reported split-half reliability coefficient of .89 and correlates with the 

Wide Range Achievement Test-Third Edition (WRAT3).  

Woodcock Johnson Tests of Cognitive Ability 

The Woodcock Johnson III Tests of Cognitive Abilities (WJ III Cog) comprises 

twenty tests that may be given in a variety of combinations and orders. Fluid reasoning 

was assessed using the Novel/Fluid Reasoning composite attained from the Concept 

Formation and Analysis Synthesis subtests. The fluid reasoning composite is a measure 

of inductive and deductive reasoning, problem solving and concept fo rmation on novel  
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Table 2 
Analytic Scoring Elements and Criteria for Written Expression 
 
Ideas and Development 
4 points Extensive development of idea/s, with extension and elaboration on all or most of the points. 

Look for uniqueness, interest to audience, and strong support of the main idea. Can be 
exceptional writing or extremely thorough.  

3 points Good development of idea(s), with many details elaborated and extended. Ideas are fairly well 
supported.  

2 points:  Adequately supported idea/s, with some details extended or elaborated. May be an extensive 
list.  

1 point Weak idea/s minimally supported, with little or no extension of details, or incoherent.  
 
Organization, Unity and Coherence 
4 points Completely organized, with smooth flow from one idea to the next through the use of transitions 

and sequencing. Unity is strongly evident, with no wandering from the primary theme or plan  
3 points Fairly well organized, with good unity of plan. Some transitions may be used. Little or no 

digression from main idea. 
2 points:  Small amount of organization. Weak plan that may not be well unified. Ideas may be only 

minimally connected. 
1 point Lack of plan. May be incoherent.  
 
Vocabulary 
4 points Precise, appropriate, accurate, and specific word choices that convey the correct meaning and 

appeal to the audience. May be vivid and imaginative.  
3 points Good word choices that are appropriate, specific, and varied and have some appeal. May lack 

“sparkle” but meaning is clear. 
2 points:  Fair use of words. May be specific and have a little variety but is very elemental. May be 

simplistic but effective.  
1 point Very simplistic. Lacks variety and precision. Meaning maybe unclear. May be inappropriate. 
Sentence Structure and Variety 
4 points Excellent control and formation of sentences. Variety of sentence structures and sentence 

lengths contribute to fluency. Few if any errors in structure.  
3 points Adequate amount of sentence variety. Good mix of sentence lengths and structures. May contain 

a small number of errors that do not interfere with fluency. Error-free papers with no variety.  
2 points:  Sentences constructed fairly well. May have some variety in length and structure or may be 

somewhat monotonous or choppy.  May contain several errors and lack control. 
1 point Poor sentence structure with many errors that may inhibit fluency or clarity.  
 
Grammar and Usage 
4 points Error free or very few errors, in approximate proportion to length of the paper.  
3 points Good grammar and word usage. Errors that do not detract from the overall quality of the paper. 
2 points:  Fair grammar and word usage. Errors may interfere with meaning.  
1 point Poor grammar and word usage, with frequent or serious errors.  
 
Capitalization and Punctuation 
4 points Error free or very few errors in punctuation and capitalization, in approximate proportions to the 

length of the paper.  
3 points Most punctuation and capitalization done correctly. Errors do not interfere with clarity.  
2 points:  Some errors in capitalization and punctuation; no serious interference with communication. 
1 point Frequent and/or serious capitalization and punctuation errors that may interfere with 

communication.  
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tasks that are nonverbal or limited in language demands. The Fluid Reasoning composite 

has a retest-reliability of .95.  

The Concept Formation subtest is a measure of categorical reasoning based on 

principles of formal logic, and is a strong measure of induction or fluid intelligence. The 

participant is required to identify the rules when shown illustrations of instances and non-

instances of concepts. Feedback regarding the correctness of each response is given. 

Execution of this task requires concentration, reflectivity versus impulsivity, flexibility 

versus inflexibility, planning, and the ability to use feedback to modify performance. The 

Concept Formation subtest has a mean split half reliability of 0.94.  The Analysis-

Synthesis subtest is a controlled learning task in which the individual is given instructions 

on how to perform an increasingly complex procedure. The participant is required to 

solve logical puzzles involving color codes similar to mathematical and scientific 

symbolic rules. The ability to start with rules, premises or conditions and engage in one 

or more steps to reach a solution to a problem are required to solve puzzles. Feedback 

regarding the correctness of the response is given. The Analysis-Synthesis subtest has a 

split half reliability of 0.90. 

Wechsler Intelligence Scales for Children, Fourth Edition (WISC-IV, Wechsler, 2003) 

Working Memory Capacity will be assessed using the Working Memory Index 

(WMI) of the WISC-IV. The WMI is a measure of the ability to hold information in mind 

temporarily, perform some operation or manipulation with it and correctly produce a 

result. The WMI is essential for higher order cognitive functioning and is closely related 

to achievement and learning. It has an average split half reliability of .92 and a test-retest 

reliability of .85. WMI is a composite of the Digit Span and Letter-Number Sequencing 
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subtests. The Digit Span subtest comprises the Digits Forwards and Digits Backwards 

tasks. The Digit Forwards and Digit Backwards tasks each comprise of two trials and 8 

items. The participant is required to orally reproduce a string of numbers that are dictated 

by the examiner. The participant is asked to repeat the string of numbers as dictated on 

the Digits Forwards subtest. On the Digits Backwards task, the subject is asked to 

mentally manipulate the numbers and repeat them in reverse order to the dictation. The 

split half reliability for digit span is .87 and .90 for letter-number sequence. 

The Letter-Number Sequencing subtest consists of ten items of three trials each. 

The participant is read a sequence of numbers and letters and is asked to recall the 

numbers in ascending order and then the letters in alphabetical order. The split half 

reliability for the Letter-Number-Sequence subtest is .90. Both the Digit Span and Letter-

Number-Sequencing subtests are measures of working memory capacity, or the ability to 

hold information in mind temporarily, to perform some operation or manipulation with 

the information, and produce a correct result. Working memory capacity is an essential 

component of fluid reasoning and other higher order cognitive processes and is closely 

related to achievement and learning.   
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CHAPTER 4 

Results 

Preliminary Analyses 

Demographics and Group Mean Differences 

Demographic information for the total sample (N=51) is presented in Tables 3 and 

4. Approximately 65% of the sample were male and 35% female (Table 5).  The racial 

composition of the sample was 72.5% white (n=37), 11.76% Hispanic (n=6), 5.9% (n=3) 

African American, 1.9% (n=1) Indian, 1.9% (n=1) Asian, and 5.9% (n=3) classified as 

Other.  

Table 3 
Descriptive Statistics for Total Sample 
 
  N Mean SD Range 

Age 51 11.62 1.72 (9 to 14.92) 

FSIQ-4 51 111.90 12.12 (87 to 142) 

Fluid reasoning 51 111.02 14.36 (80 to 150) 

Working memory  51 99.10 12.69 (74 to 129) 

Written expression 51 100.20 14.27 (70 to 131) 

Ideas and development 51 2.31 .74 (1 to 4) 

Organization, unity and coherence 51 2.45 .73  (1 to 4) 

Vocabulary  51 2.33 .68 (1 to 4) 

Sentence structure and variety 51 2.14 .69 (1 to 3) 

Grammar and usage  51 2.06 .65 (1 to 4) 

Capitalization and punctuation 51 2.12 .82 (1 to 4) 
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Table 4 
Descriptive Statis tics for all Variables for Control, ADHD-C, and ADHD-PI Groups 

 Control ADHD-C ADHD-PI 

 Mean (SD) Mean (SD) Mean (SD) 

Grade 5.94 (1.85)  5.12 (1.87)  5.82 (1.67) 

Age* 11.65 (1.64)  11.21 (1.77)  12.01 (1.76) 

FSIQ 118.06 (11.52)  107.41 (12.98)  110.24 (.67) 

Fluid reasoning 115.82 (14.94)  108.41 (13.00)  108.82 (14.67) 

Working memory  105.82 (9.06)  89.76 (8.57)  101.71 (14.15) 

Written Expression 108.35 (11.92)  90.94 (12.78)  101.29 (12.96) 

Ideas  2.82 (.53)  1.82 (.64)  2.29 (.69) 

Organization 2.94 (.56)  2.00 (.61)  2.41 (.71) 

Vocabulary  2.71 (.59)  1.94 (.66)  2.35 (.61) 

Sentence structure  2.65 (.61)  1.71 (.59)  2.06 (.56) 

Grammar  2.47 (.62)  1.65 (.49)  2.06 (.56) 

Punctuation 2.35 (.79)  1.65 (.61)  2.35 (.86) 

* Age in years. 

 
Table 5 
Sample Distribution by Sex and Race by Diagnostic Status 

 Control ADHD-C ADHD-PI Total Sample  

Gender 
Boys  8 (47%) 15 (88%) 10 (59%) 33 (65%) 
Girls 9 (53%) 2 (12%) 7 (41%) 18 (35%) 

Race     
White 12 14 11 36 (70%) 
Hispanic  1 3 2 6 
African American 3 0 0 3 
Asian Indian 0 0 1 1 
Asian, Other 1 0 0 1 
Other 0 0 3 3 

 
Participants in this study ranged in age from 9 years and 0 months to 14 years and 

11 months with the mean age of 11 years and 7 months (SD = 20 months). FSIQ-4 scores 

ranged from 87 to 142, with a mean FSIQ-4 of 111.9 (SD=12.12).  Partic ipants had a 
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mean education of 5th grade 7 months with a range from the 3rd to 9th grades.  As age, IQ 

and grade can contribute to differences in written expression, one-way ANOVAs were 

used to test for mean differences between the control, ADHD-C, and ADHD-PI groups 

on these variables (Table 4). As shown in Table 6, statistically significant differences 

were not found between the ADHD-C, ADHD-PI and control groups based on age; F (2, 

49) = 0.915, p = 0.407; or grade, F (2, 49) = 1.042, p=0.360. Statistically significant 

differences were found for FSIQ-4, F (2, 49) = 3.933, p=0.026 (Table 6). The Tukey post 

hoc test was used to determine if there were significant differences in the FSIQ between 

groups (Table 7).  The mean difference (10.65 points) in the FSIQ-4 between the control 

and ADHD-C group were statistically significant, with the sample of ADHD-C scoring 

lower on the IQ tests. The mean difference in IQ between the control group and the 

ADHD-PI (7.82); and ADHD-PI and ADHD-C (2.82) were not statistically significant.   

Correlation analyses were conducted to determine the extent of the relationship 

between age, IQ, and the dependent variables beyond group membership. Age was not 

significantly correlated with any of the dependent variables, as expected, given the 

narrow age range. However, as expected, significant positive correlations were found 

between FSIQ-4 scores and fluid reasoning, working memory capacity, written 

expression composite, and written expression subscores for ideas and development; 

organization, unity, and coherence; vocabulary; sentence structure and variety; grammar 

and usage; and capitalization and punctuation, as listed in Table 8.  
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Table 6 

The Between Group Effects of Diagnosis on the Dependent Variables 

 DF F p 

Grade 2, 49 1.042 0.360 

Age 2,49 0.915 0.407 

FSIQ-4 2,49 3.933 0.026 

Fluid reasoning 2, 49 1.456 0.243 

Working memory  2,49 9.979 <0.001 

Written Expression 2,49 8.265 0.001 

Ideas and development 2, 49 11.057 <0.001 

Organization, utility and coherence 2,49 9.531 <0.001 

Vocabulary  2,49 6.513 0.003 

Sentence structure and variety  2, 49 11.281 <0.001 

Grammar and usage 2,49 9.187 <0.001 

Capitalization and punctuation 2,49 4.902 0.012 

 

 

Table 7 
Tukey Post Hoc Tests for FSIQ-4 by Group 

 ADHD-C ADHD-PI 

Control 10.65 (p=0.025) 7.82 (p=0.126) 

ADHD-PI 2.82 (p=0.754)  
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Table 8 
Correlation Matrix of Dependent and Independent Variables 
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**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 
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Test of Hypotheses 

Research Question One 

Do children with ADHD:PI have more difficulty with tasks of written expression 

as measured by the written expression subtest of the WIAT-II than children in the 

ADHD:C and control groups?  

Multivariate Analysis of Covariance (MANCOVA) was conducted to determine 

diagnosis differences (control, ADHD-C and ADHD-PI) on written expression as 

measured by the written expression quotient; ideas and development; organization, utility 

and coherence; vocabulary; sentence structure and variety; grammar and usage; and 

capitalization and punctuation, while controlling for the effects of FSIQ-4. Preliminary 

analyses indicated that the dependent variables (written expression quotient, ideas and 

development; organization, utility and coherence; vocabulary; sentence structure and 

variety; grammar and usage; and capitalization and punctuation) were intercorrelated 

suggesting the combined dependent variable could be considered a writing composite 

(Table 8). FSIQ-4 was shown to relate to the dependent variables, and was included as a 

covariate. MANCOVA was selected in order to protect against an inflated Type I error 

rate.  

MANOVA results revealed significant differences among the diagnostic 

categories, Wilks’  Λ = 0.559, F (14, 82) =1.977, p=0.03, multivariate η2 = 0.252. The 

covariate (FSIQ-4) significantly influenced the combined dependent variable (DV), 

Wilks’ Λ = 0.661, F (7, 41) =2.999, p=0.012, multivariate η2 = 0.339. Analysis of 

covariance (ANCOVA) was conducted on each dependent variable as a follow-up test to 
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MANCOVA.  ANCOVA results (Table 9) indicate that diagnosis significantly affected 

the outcome on written expression ( F (2, 47) =4.915, p=0.012), partial η2 = 0.173); ideas 

and development (F (2, 47) =7.510, p=0.001, partial η2 = 0.242); organization, unity and 

coherence (F (2, 47) =6.587, p=0.003, partial η2 = 0.219); vocabulary (F (2, 47) =3.253, 

p=0.048, partial η2 = 0.122); sentence structure and variety (F (2, 47) =6.406, p=0.003, 

partial η2 = 0.214); grammar and usage (F (2, 47) =5.710, p=0.006, partial η2 = 0.195); and 

capitalization and punctuation (F (2, 47) =3.518, p=0.038, partial η2 = 0.130).   

 

Table 9  
Univariate Analysis of Covariance for Written Expression and Written Expression 
Subtests 
       

 Type III SS MS MSE F Sig. Partial η2 
Analysis of Covariance Tests on each Dependent Variable 

Written expression 1362.432 681.216 138.599 4.915 .012 .173 

Ideas and development 5.608 2.804 0.373 7.510 .001 .242 

Organization 5.174 2.587 0.393 6.587 .003 .219 

Vocabulary 2.039 1.019 0.313 3.253 .048 .122 

Sentence structure 3.418 1.709 0.267 6.406 .003 .214 

Grammar 3.335 1.667 0.292 5.710 .006 .195 

Punctuation 3.769 1.885 0.536 3.518 .038 .130 
 

Tests of the significance of the regression of the covariate on the dependent variable 

Written expression 1058.538 1058.538 138.588 7.638 .008 .140 

Ideas and development .921 .921 0.373 2.466 .123 .050 

Organization .597 .597 0.393 1.521 .224 .031 

Vocabulary 3.626 3.626 0.313 11.573 .001 .198 

Sentence structure 3.815 3.815 0.267 14.300 <.001 .233 

Grammar 1.334 1.334 0.292 4.568 .038 .089 

Punctuation 2.464 2.464 0.536 4.598 .037 .089 
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Means were adjusted fo r the covariate FSIQ-4. Adjusted and unadjusted group 

means for written expression are presented in Table 10.  Pairwise comparisons, using 

individual T-tests, of adjusted means are presented in Table 11. Comparison of adjusted 

means for written expression indicates that both the control and ADHD-PI group had 

significantly higher written expression quotients (Figure 2) compared to the ADHD-C, 

with no significant difference between the ADHD-PI and control group.  Significant 

group differences in written expression subscales were observed (Figure 3).  The ideas 

and development scores of ADHD-PI and control groups were significantly higher 

compared to the ADHD-C group, with no significant difference between the ADHD-PI 

and control group. Control subjects have statistically significantly higher organization, 

unity and coherence; and sentence structure and variety scores compared to both the 

ADHD-C and ADHD-PI groups, with no statistically significant differences between the 

ADHD-C and ADHD-PI groups.  The control group had statistically significantly higher 

scores for vocabulary, and grammar usage compared to the ADHD-C group, with no 

significant differences between the ADHD-C and ADHD-PI, or between the control 

group and ADHD-PI.  ADHD-C had significantly poorer capitalization and punctuation 

compared to the ADHD-PI group, with no significant difference between the control 

group and ADHD-C or ADHD-PI groups.  
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Table 10 
Adjusted and Unadjusted Means for FSIQ-4 
 

Dependent Variable  Group Adjusted Mean* 

Unadjusted 

Means 

Written expression Control 105.83 108.35 

  ADHD-C 92.78 90.94 

  ADHD-PI 101.98 101.29 

Ideas and development Control 2.75 2.82 

  ADHD-C 1.88 1.82 

  ADHD-PI 2.31 2.29 

Organization Control 2.88 2.94 

 ADHD-C 2.04 2.00 

 ADHD-PI 2.43 2.41 

Vocabulary Control 2.56 2.71 

 ADHD-C 2.05 1.94 

  ADHD-PI 2.39 2.35 

Sentence structure  Control 2.50 2.65 

  ADHD-C 1.82 1.71 

  ADHD-PI 2.10 2.06 

Grammar  Control 2.38 2.47 

  ADHD-C 1.71 1.65 

  ADHD-PI 2.08 2.06 

Punctuation Control 2.23 2.35 

  ADHD-C 1.74 1.65 

  ADHD-PI 2.39 2.35 

*  Covariates appearing in the model are evaluated at FSIQ-4 = 111.90. 
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Table 11 
Pairwise Comparisons of Group Differences in Adjusted Means of Written Expression 
 
Dependent Variable  MD SE pa  Effect Size 

Written expression  (12.56)b     
Control and ADHD-C 13.052* 4.335 .004 1.039 

Control and ADHD-PI 3.855 4.201 .363 0.307 

ADHD-PI and ADHD-C 9.197* 4.060 .028 0.732 
Ideas  (.678)      

Control and ADHD-C .871* .225 <.001 1.285 

 Control and ADHD-PI .435 .218 .052 0.642 
 ADHD-PI and ADHD-C .436* .211 .044 0.643 

Organization  (.630)      

Control and ADHD-C .838* .231 .001 1.330 
 Control and ADHD-PI .453* .224 .048 0.719 

ADHD-PI and ADHD-C .384 .216 .082 0.610 
Vocabulary  (.620)      

Control and ADHD-C .510* .206 .017 0.823 

Control and ADHD-PI .165 .200 .412 0.266 
ADHD-PI and ADHD-C .344 .193 .081 0.555 

Sentence structure  (.587)      

Control and ADHD-C .679* .190 .001 1.157 
Control and ADHD-PI .396* .184 .037 0.675 

ADHD-PI and ADHD-C .284 .178 .118 0.484 
Grammar  (.557)     

Control and ADHD-C .669* .199 .002 1.201 

Control and ADHD-PI .298 .193 .129 0.535 
ADHD-PI and ADHD-C .371 .186 .052 0.666 

Punctuation  (.753)      

Control and ADHD-C .496 .270 .072 0.659 
Control and ADHD-PI -.155 .261 .557 -0.206 

ADHD-PI and ADHD-C .650* .252 .013 0.863 

Based on estimated marginal means 
*  The mean difference is significant at the .05 level. 
a Adjustment for multiple comparisons: Least Significant Difference 
b Values in parentheses are pooled variance 
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Figure 2. Adjusted Mean Written Expression Quotients by ADHD Group.  
 
  

Punctuation

Gram
m
ar

Sentence Structure

Vocabulary

O
rganization

Ideas

3.0

2.5

2.0

1.5

diagnosis

control

ADHD-C

ADHD-PI

 
 
Figure 3. Comparison of Adjusted Mean Written Expression Subscales by ADHD Group 
Status 
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Research Question Two 

Are there significant mean differences in the fluid reasoning (measured on the 

WJ-III fluid reasoning composite) and working memory (measured on the WISC-IV 

Working Memory Index) of children in different ADHD groups?  

Preliminary analyses indicated that there was no significant correlation (r=.264, 

p=0.061) between fluid reasoning and working memory capacity. Univariate ANOVAs 

were conducted: a summary of the results are presented in Table 12 and Figure 4. Results 

indicate that diagnosis significantly affected working memory capacity, F(2, 48) = 9.979, 

p<0.001, η2 =.294. Fluid reasoning, on the other hand, does not significantly differ for 

diagnosis, F(2, 48) = 1.456, p=0.243, η2 =.0.057. Tukey post hoc (Table 13) results indicate 

that ADHD-C have statistically significantly lower working memory capacity scores 

compared to both the control and ADHD-PI groups, with no significant difference 

between the control and ADHD-PI groups.  Comparison of means (Table 14) revealed 

that the working memory capacity of the ADHD-C group was more than 10 points lower 

than both the control or ADHD-PI groups.  

 

 

Table 12 
Analysis of Variance Summary Table for Executive Function and ADHD Status 
 

 Type III SS MS F Sig. Partial η2 

Working Memory 2365.451 1182.725 9.979 <0.001 .294 

Fluid Reasoning 589.922 294.961 1.456 0.243 .057 
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Figure 4. Fluid Reasoning and Working Memory Capacity by ADHD-Group Status 
 
 
 
Table 13 
Tukey Post Hoc Comparisons of Group Differences after Controlling for the Effects of 
FSIQ-4 
 
 Mean Difference  (I-J) Std. Error Sig. 

Working Memory 

Control and ADHD-C 16.06* 3.734 <.001 

Control and ADHD-PI 4.12 3.734 .517 

ADHD-PI and ADHD-C 11.94* 3.734 .007 

Fluid Reasoning 

Control and ADHD-C 7.41 4.881 .291 

Control and ADHD-PI 7.00 4.881 .332 

ADHD-PI and ADHD-C .41 4.881 .996 

Based on observed means. 
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Table 14 
Adjusted and Unadjusted Group Means for Working Memory Capacity and Fluid 
Reasoning.  
 

  Unadjusted Mean Adjusted Meana 

Working memory  

Control 105.82 104.350 

ADHD-C 89.76 90.840 

ADHD-PI 101.71 102.105 

Fluid reasoning 

Control 115.82 111.158 

ADHD-C 108.41 111.814 

ADHD-PI 108.82 110.086 
a Evaluated at covariates appeared in the model: FSIQ-4 = 111.90 

Research Question Three 

How accurately does fluid reasoning and working memory capacity predict 

written expression?  

A hierarchical multiple regression analysis was conducted to determine how well 

the independent variables (fluid reasoning and working memory capacity) could predict 

overall written expression. The written expression quotient was entered as the criterion 

variable and FSIQ-4, and fluid reasoning and working memory capacity composites were 

entered as the predictor variables of overall performance on written expression.  Data 

screening did not indicate any significant outliers, and all cases were retained. Tolerance 

tests for multicollinearity of the FR and WM indicated that WM and FR were not highly 

correlated (tolerance of .861, and .593 respectively), and both WM and FR were included 

as the predictor variables. Given the exploratory nature of this question, full scale IQ 

(FSIQ-4) was entered in step one, followed by a sequential block entry of fluid reasoning 
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and working memory capacity in step two, to predict written expression. The effects of 

fluid reasoning and working memory capacity represent the effects of these variables 

together, above and beyond FSIQ.  

The regression analysis supported this hypothesis. An overall model of three 

predictors (FSIQ-4, fluid reasoning and working memory capacity) significantly 

predicted written expression, R2 =0.373, R2 adjusted = 0.333, F(3, 47) = 9.316, p<0.001 

(Tables 15 and 16). This model accounted for 37.3% of the variance in written expression 

scores. FSIQ-4 accounts for 22.6% of the variance in written expression, with WM 

accounting for an additional 14.7% of the variance. Bivariate and partial correlation 

coefficients between each predictor and the dependent variable, are presented in Table 

17. A summary of the regression model is presented in Table 15, and indicates that only 

FSIQ-4 and working memory capacity significantly contributed to the model (Figure 5). 

Table 15 
Regression Model for Variables Predicting Written Expression Performance (N=51) 
 
Model R R2 F p df 

1 .476(a) .226 14.332 >0.001 1,49 

2 .611(b) .373 9.316 >0.001 3,47 

a  Predictors: (Constant), FSIQ-4 
b  Predictors: (Constant), FSIQ-4, WM  
c  Dependent Variable: written expression 

 
Table 16 
Analysis of Variance Summary Table for Written Expression with FSIQ-4, WM and FR  
  Sum of Squares df Mean2  F Sig. 

Regression 3796.232 3 1265.411 9.316 .000a 

Residual 6383.808 47 135.862     

Total 10180.039 50       
a Predictors: (Constant), FSIQ-4, WM  Dependent Variable: Written Expression 
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Table 17 
Summary of Sequential Regression Analysis for Variables Predicting Written Expression 
(N=51) 

     Correlation 

  B Beta t Sig. Zero-order Partial Tolerance 
FSIQ-4 .445 .378 2.424 .019 .476 .333 .550 

WM .460 .409 3.286 .002 .527 .432 .861 

FR -.084 -0.84 -.562 .577 0.264 -.082 .593 

a  Dependent Variable: WIAT written expression 
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Figure 5. Multiple Regression Analyses for the Prediction of Written Expression from 
Working Memory 

 

Exploratory Analyses 

The main analyses indicated an unexpected reversed directional trend of the 

ADHD-C group performing poorer on the dependent variables of written expression and 

working memory capacity compared to the ADHD-PI group. An exploratory analysis 

indicated that the number of disinhibition symptoms endorsed in the ADHD-PI sample 
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ranged from 0 to 5, with a mean of 2.47, and standard deviation of 1.5. Given the 

relatively high endorsements of disinhibition in the ADHD samples, a preliminary 

analysis was conducted to determine if the symptoms of disinhibition were correlated 

with working memory capacity and written expression (Table 18). Significant negative 

correlations between the hyperactive/impulsive symptoms ratings on the SIDAC with 

written expression (r = -0.488, p<0.001) and working memory capacity (r = -.505, 

p<0.001) were found, indicating an association between higher hyperactivity/impulsivity 

ratings and lower scores on written expression and working memory capacity. 

 

Table 18 
Summary of Linear Regression Analysis for Disinhibition Predicting Working Memory 
Capacity and Written Expression (N=51) 
 

  B Beta t Sig. 
Zero order 
correlations 

Working memory -2.296 .560 43.473 <.001 -.505** 

Written expression -2.493 -.488 -3915 <.001 -.408** 

a  Dependent Variable: WIAT written expression and WM. 

**  Correlation is significant at the 0.01 level (2-tailed). 

 

Exploratory analyses were conducted using simple linear regression to explore the 

following question: Does disinhibition, as measured on the SIDAC, predict written 

expression and working memory capacity scores. The hyperactive and impulsive 

symptom scores of the SIDAC were combined to form a new variable, disinhibition. 

Disinhibition was entered as the criterion variable, and working memory capacity and 

written expression were entered as the predictor variables.  Data screening did not 

indicate any significant outliers, and all cases were retained. Regression results ind icate 

that disinhibition significantly predicted working memory capacity, R2 = .255, R2 Adjusted 
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= .240, F(1,49) = 16.805, p<.001, and accounted for 25.5% of the variance in working 

memory capacity. Disinhibition was also found to significantly predict written 

expression, R2 = .238, R2 Adjusted = .223, F(1,49) = 15.330, p<.001, and accounted for 23.8% 

of the variance in written expression.  A summary of the regression model is presented in 

Table 19, and the ANOVA summary table is presented in Table 20.  

 

Table 19 
Regression Model for Variables Predicting Working Memory Capacity and Written 
Expression Performance (N=51) 
 
Model R R2 R2 Adj SEE 

Working Memory .505(a) .255 .240 11.063 

Written Expression .488(a) .238 .223 12.580 

a  Predictor: Disinhibition 

b. Dependent Variable: Written Expression and Working Memory Capacity 

 

 

Table 20 
Analysis of Variance Summary Table for Disinhibition with Working Memory Capacity 
and Written Expression 
 
  Sum of Squares df Mean2  F Sig. 

Working Memory 

Regression 2056.911 1 2056.911 16.805 <.001 

Residual 5.997.598 49 122.400    

Total 8054.510 50 (7.284) 

Written Expression 

Regression 2425.902 1 2425.902 15.330 <0.001 

Residual 7754.137 49 158.248    

Total 10180.039 50  (10.323) 
a Predictors: (Constant), Disinhibition 

Dependent Variable: Working Memory Capacity 
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CHAPTER 5 

Discussion 

Chapter 5 is divided into two major sections. The first section is organized around 

the goals of the study, and the findings in reference to the three major hypotheses. 

Second, the results of initial and post hoc analyses were considered in the context of 

existing research. The limitations of this study are also addressed in this section. The final 

section, Conclusions and Future Directions, focuses on how the findings may inform 

future research and clinical efforts. 

Summary and Integration of Findings 

In this study, I explored whether fluid reasoning and working memory capacity 

differences affect written expression of children with and without attention deficit 

hyperactivity disorder. The written expression, fluid reasoning and working memory 

capacity of children between the ages of the 9 and 14 with ADHD-PI, ADHD-C, and 

normal healthy controls were compared. Differences in working memory capacity and 

written expression were found between children with and without ADHD. The findings 

of this study are discussed below. 

The quality of the written expression of individuals with ADHD-C was found to 

be less well developed compared to children without ADHD or with the inattentive type 

of the disorder (ADHD-PI).  Specific differences in written expression indicated that 

children with ADHD-C generated fewer ideas, and provided fewer supporting thoughts 

and elaborations for the ideas presented compared to both the control and ADHD-PI 

groups. Both groups of children with ADHD (ADHD-C and ADHD-PI) showed 
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significant deficits in overall organization, coherence, and unity in their writing, 

indicating a qualitative weakness in the arrangement, planning, and connecting of ideas 

compared to the control group. The ADHD sample (ADHD-C and ADHD-PI) also had 

less varied sentence construction compared to children without ADHD. Individuals 

without ADHD choose more appropriate, vivid and precise language to convey meaning 

compared to children with ADHD. The ADHD-C group demonstrated poorer conformity 

to the rules of Standard English for written discourse compared to the control group. 

Compared to the ADHD-PI group, the ADHD-C group had significantly inferior usage of 

the mechanics of written language (i.e., punctuation and capitalization).   

The findings of this study partially confirmed the hypothesis with a finding of 

differences in written expression performance among groups. However, the hypothesis of 

differences between the ADHD-PI and ADHD-C groups with the ADHD-PI performing 

poorer on the written expression measure was not supported. An unexpected directional 

difference in written expression performance was found. Individuals with the combined 

type of the disorder (ADHD-C) had poorer performance on tasks of written expression 

compared to both the control and ADHD-PI groups.  

The findings from this study revealed that working memory capacity (WMC) was 

significantly lower for the ADHD-C group compared to both the control and ADHD-PI 

groups. Working memory capacity was found to be a good predictor of performance on 

written expression tasks. Individuals with higher working memory capacity scores were 

more likely to have higher written expression scores, compared to individuals who had 

lower working memory capacity scores.  
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No differences in fluid reasoning (FR) were found among the three groups. This 

study rejected the null hypothesis of no difference in the WM and FR among the groups. 

This study failed to support the directional hypothesis that the ADHD-PI group would 

have a poorer performance on tasks of working memory capacity compared to the 

ADHD-C group. The results of this study indicate significant between group differences 

in working memory capacity, with the ADHD-C group performing poorer on working 

memory capacity tasks compared to the ADHD-PI group.   

The findings of this study suggest that performance differences in written 

expression are related to working memory capacity in children with ADHD. There is an 

expanding body of research data to indicate that written expression is an executive 

function task (e.g., Hayes & Flower, 1980, 1986; Kellogg, 1996). Additionally, there is 

growing consensus (e.g., Barkley, 1997a, 2001; Castellanos & Tannock, 2002) that 

ADHD-C is associated with executive function deficits. The findings of this study 

indicate an association between deficits in the executive function of working memory 

capacity in children with ADHD-C and their performance on written expression tasks. 

Discussion 

Written expression has been viewed as an executive function task in a number of 

theoretical models (Hayes, 1996; Hayes & Flower, 1980, 1986; Kellogg, 1996). Specific 

focus has been directed towards the role of working memory capacity in the writing 

process (Berninger et al., 2006; Fayol, 1999), with emergent research on the role of a 

wider array of executive functions on written expression (Hooper et al., 2002). However, 

there is a paucity of research on the role of fluid reasoning on written expression. The 

present study is one of the first to examine the contributions of both fluid reasoning and 
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working memory capacity to the writing process. Using a conceptual model of an 

executive function deficit hypothesis in ADHD (Barkley, 1997a); this study examined the 

contributions of working memory capacity and fluid reasoning on written expression. 

ADHD and written expression 

Findings from this study revealed that ADHD status significantly affected written 

expression. Both ADHD groups had poorer organization and sentence structure compared 

to the control group, suggesting some difficulty with the executive functions of 

organization and cognitive flexibility on tasks of this nature. Contrary to expectations, the 

ADHD-C Group had significantly lower written expression scores, and specifically idea 

generation, compared to the ADHD-PI and control groups. Furthermore, the ADHD:PI 

Group demonstrated significantly better punctuation skills compared to the ADHD:C 

Group. The ADHD:C group also demonstrated significantly poorer vocabulary selection 

and use of writing conventions (grammar skills) compared to the control sample.  These 

findings were not consistent with results from other researchers who reported an 

association between the inattentive type of ADHD with academic difficulties (DuPaul, 

Power, Anastopoulos, & Reid, 1998; Fischer et al., 1993b; Lahey et al., 1994). The 

findings from this research are most likely an extension, rather than being a contradiction, 

of previous research. Previous research focused on math and reading difficulties, with 

this study being one of the first to address written expression in this population. Given 

that findings of this study are specific to written expression, direct comparisons with 

previous research would lead to spurious conclusions, since a comparison of written 

language with math or reading would fail to account for the underlying constructs of 

these tasks. Previous research findings have indicated that children with ADHD-PI have 
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greater academic underachievement, particularly in math (Hynd et al., 1991; Marshall et 

al., 1997; Morgan et al., 1996), and were more likely to be in special classes for students 

with learning disabilities (Faraone et al., 1998). However, samples sizes in these studies 

were small and statistical power was low. Alternately, other researchers have reported no 

difference in the academic performance of individuals in the different ADHD groups 

(Casey, Rourke, & Del Dotto, 1996). There is a paucity of research data to corroborate 

the findings of higher rates of academic impairment among the ADHD-C group 

compared to the ADHD-PI group. The findings of the relationship between ADHD-C and 

deficits in written expression are significant and noteworthy because this is an extension 

of research on the relationship between ADHD and academic functioning. The significant 

group differences that were uncovered generally had small effect sizes, indicating that 

there was much more variance to be explained than was accounted for by the diagnosis of 

ADHD alone.  

ADHD Subtypes and Academic Performance.  

Research on the subtypes of ADHD is complicated by the ambiguity in diagnostic 

criteria, given that a consensual shift occurred when classification criteria for ADHD 

were refined in 1994 (American Psychiatric Association, 1994). The inattentive type of 

the disorder has only been diagnosed since the fourth edition of the Diagnostic and 

Statistics Manual (DSM-IV), and the criteria for the combined and hyperactive/ 

impulsive types of the disorder were restructured. Thus, a comparison of results from 

older studies (e.g., Fischer et al., 1993b; Hynd et al., 1991; Lahey et al., 1994) with recent 

studies (e.g., Faraone et al., 1998; Hooper et al., 2002) needs to be viewed with caution.  
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Although there is current consensus in the criteria for the classification of the 

inattentive subtype of the disorder, existing classification criteria encompass individuals 

who range from having no hyperactive/impulsive symptoms to those who just fail to meet 

the threshold for the combined type of the disorder. The diagnosis of ADHD-PI is further 

compounded by the argument that individuals with and without hyperactive/impulsive 

symptoms may represent qualitatively different diagnoses (Barkley, 1998, 2001; Milich 

et al., 2001). In the present study, hyperactive/impulsive symptoms ranged from none to 

five in the ADHD-PI sample, suggesting that the presence of disinhibition symptoms may 

explain some of the variance in written expression.  The association between 

hyperactive/impulsive symptoms ratings on the SIDAC with written expression was 

significant, indicating that higher levels of disinhibition were associated with lower 

scores on written expression.  

In the present study, the ADHD-C sample had significant inattention and 

disinhibition symptoms, and had to meet the threshold criteria for inattention compatible 

with a diagnosis for ADHD-PI. These diagnostic criteria for ADHD-C suggest that 

ADHD-C is a more severe form of the disorder, potentially increasing the overall 

detrimental effect on performance. Diagnosis of ADHD is dependent upon behavior 

reports, which in turn affect both the placement and remediation of the ADHD population 

(Barkley, Fisher, et al., 1990; Barkley, Anastopoulos, Guevremont, & Fletcher, 1991).  

There is an emerging research data (Barkley, Fischer, et al., 1990; Barkley et al., 1991) 

and theory (Rapport, Scanlan, & Denney, 1999) to indicate that the overall academic 

outcome of children with ADHD may have to do with placement and resource allocation. 

It is interesting to note that Barkley et al. (1990) found that the ADHD-C group had 
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significantly higher teacher and parent endorsements of inattentiveness compared to the 

ADHD-PI group, suggesting significant problems with attention among the ADHD-C 

population. Furthermore, it has been postulated that conduct problems in the classroom 

may predispose ADHD populations to academic underachievement, adversely impacting 

productivity and general school performance (Rapport et al., 1999). Children with 

ADHD-PI were found to have additional problems with completing work (Lahey et al., 

1994) and were more likely to have impaired academic achievement (DuPaul et al., 1998; 

Fischer et al., 1993b). Thus, it is likely that the association between ADHD-C and lower 

scores on written expression in the current study may be related to the effect of 

impulsivity and working memory capacity on school performance in the ADHD-C group, 

compared to the ADHD-PI or control groups.  

ADHD, Executive Functions and Written Expression 

A second major issue confronting this study relates to the association between 

written expression and ADHD with executive function. As noted earlier, written 

expression is postulated to be mediated by executive functions (Berninger et al., 2006; 

Hayes, 1996; Hayes & Flower, 1980, 1986; Kellogg, 1996), and the current study aligned 

with the conceptual model of an executive function deficit hypothesis of ADHD 

(Barkley, 1997; Biederman et al., 2004; Oosterlaan, Scheres, & Sergeant, 2005; 

Pennington & Ozonoff, 1996, Seidman et al., 1997). There undoubtedly was some bias 

towards focusing on disinhibition, rather than inattention, since the executive function 

deficit hypothesis of ADHD proposes that behavioral disinhibition is a primary deficit in 

the combined type of ADHD. The executive dysfunction theory does not explain the 

inattentive subtype of the disorder (Barkley, 1997a).  The findings from the current study 
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indicated significant deficits in working memory capacity in the ADHD-C group 

compared to the control or ADHD-PI groups, supporting the executive dysfunction 

hypothesis for ADHD-C. These findings are also consistent with the relationship between 

ADHD and working memory capacity described by other researchers (Barkley, 1997b, 

2003a; Castellanos & Tannock, 2002), and extend the work beyond working memory 

capacity to include fluid reasoning.   

The findings of the current study indicated that fluid reasoning (FR) did not differ 

significantly between groups.  There is a moderately high correlation between fluid 

reasoning and FSIQ-4 in the current sample (r=.637, p<0.001), indicating that the 

variance in fluid reasoning in the sample is best explained in terms of the FSIQ-4 

differences between groups. The fluid reasoning abilities of inductive, deductive, 

conjunctive and disjunctive reasoning used in the Analysis-Synthesis and Concept 

Formation subtests appears to measure different constructs from the working memory 

capacity tasks of digit span and letter number sequencing.  These data suggest that 

working memory capacity and fluid reasoning, as measured in the current study, are 

distinct constructs, corroborating current consensus that WM and FR are separate 

constructs (Ackerman et al., 2002; Colom et al., 2003; Conway et al., 2002; Engle et al., 

1999). The common variance of 7% shared between WM and FR (F(1,49)=3.671, 

p=0.061) in the current study is much lower than reported in the literature, which range 

from 20% to 65% (Ackerman et al., 2002; Colom et al., 2004; Engle et al., 1999; Sut et 

al., 2002). It is interesting to note that although both the working memory capacity and 

fluid reasoning tasks were affected by controlled attention, these data suggest that 

cognitive speed, concentration and carefulness appear to be more compromised by 
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disinhibition. Another major difference between the current study and previous research 

is the careful diagnostic criteria that were applied as well as the exclusionary criteria 

prohibiting additional diagnoses such as a learning disability. Much of the previous 

literature has included children with varying comorbid diagnoses thus clouding the 

interpretation of the results.  One of the strengths of this study is that no comorbid 

diagnoses were accepted.   

Written Expression as an Executive Function Task 

Findings from this study revealed that working memory capacity significantly 

differentiated good writers from poor writers. These findings were consistent with the 

hypothesized relationship between working memory capacity and writing, and are 

generally consistent with results previously described by researchers (Abbott & 

Berninger, 1993; Kellogg, 2001). The findings also extend the work from othe r 

researchers (Abbott, & Berninger, 2006; Altemeier, Jones, Abbott, Berninger, 2006; 

Graham et al., .1997; Kellogg, 2001; McCutchen, 2000) beyond working memory 

capacity and written expression, and include fluid reasoning. In this sample, however, 

fluid reasoning did not significantly differentiate good writers from poor writers, 

indicating that factors other than fluid reasoning affected writing performance in this 

sample. On the other hand, the combined model using both FR and WM were good 

predictors of written expression, and explained 14.7 % of the variance in written 

expression when the effects of FSIQ-4 were controlled.  These findings are consistent 

with those reported by Hooper et al., (2002) who reported a positive association between 

executive functions and written expression.   
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Written Expression and Working Memory Capacity. 

There has been a convergence and extension of findings in this study indicating 

that working memory capacity differences between ADHD-C and ADHD-PI groups 

affect overall written expression. Deficits in working memory capacity and long term 

memory have been implicated in lower writing ability (Berninger, 1999; Lea & Levy, 

1999). The retrieval and organization of multiple types of information that is concurrently 

necessary for the successful production of writing depends on effective working memory 

(Roth, 2000). Given that the writer also has to draw on long term memory to produce 

both the content and form of the written product, working memory is the cognitive 

workspace that manages and facilitates the active maintenance of multiple ideas, retrieval 

of grammar rules from long term memory, and the recursive self monitoring that is a 

characteristic of superior writing ability (Kellogg, 1996, 1999; McCutchen, 1996; 

Swanson & Berninger, 1994).  The current study corroborates the accruing body of 

research data that indicates that deficits in working memory result in problems with 

written expression (Fayol, 1999; Lea & Levy, 1999).  

In the current study, the overall quality of the writing task was lower for the 

ADHD groups. A qualitative examination of the written product revealed that individuals 

with ADHD demonstrated fewer of the characteristics of good writers. Good writers 

generate more ideas, translate them into a well written form, use higher order processes 

that include planning, organizing, self monitoring and revising (Hayes & Flower, 1980; 

Graham & Harris, 1999; Hooper, Temiyakan, & Williams, 1993). Individuals with 

ADHD characterized by executive function deficits, have difficulty with sustained 

attention towards task performance, controlled impulses, regulation of activity level, and 
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consistent production of work. They also experience a decline in performance as the 

complexity of the task increases (Douglas, 1983).  

There is a body of research data that indicates that children with ADHD have 

poorer working memory capacity (Barkley, 1997a; Murphy, Barkley, & Bush,. 2001; 

Zentall & Smith, 1993). A similar reduction in working memory capacity has been found 

when poor writers are compared to expert writers (McCutchen, 1996). In the current 

study, working memory capacity was the strongest predictor of written expression. 

Working memory capacity was also associated with ADHD status, with the ADHD-C 

group having significant deficits in working memory capacity compared to the ADHD-PI 

and control groups.  Furthermore, the ADHD-C group had a significantly poorer 

performance on written expression tasks compared to the control and/or ADHD-PI group.  

These data suggest that ADHD-C is negatively associated with working memory 

capacity, which in turn affects written expression, implying that the differences in written 

expression may be related to working memory capacity deficits in the ADHD-C sample.   

Limitations 

In order to ensure the robustness of this study, precautions were taken to guard 

against, and account for, errors associated with human variability, constraints of 

measurement instruments, and the use of obtained scores as proxies for ability and 

achievement. However, as with any research, there are a number of limitations in the 

current study that need to be addressed. Given that these limitations affect the results of 

this study, the results must be interpreted with caution. The calculated values for effect 

size in this study were very small and did not account for more than 2% of the variance.  

Although significant, this places considerable limitations on the ability to interpret these 
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findings in relation to the general population.  Sampling variation, diagnostic 

classification criteria, and sample size are some of the factors that could potentially limit 

effect size in this study.  

First, the DSM-IV criteria for the diagnosis of ADHD states that behavioral 

difficulties have to be corroborated by two or more people, and symptoms have to be 

evident in two or more settings. Given that behavioral difficulties and challenges are 

situation specific, obtaining consensus among different reporters from different settings is 

difficult. Teachers routinely report higher rates of behavioral difficulties compared to 

parents because of the greater demands for attention and inhibition in classroom 

environments (DuPaul et al., 1998). Notwithstanding, test validity measures indicate a 

90% congruence between parent and teacher endorsement of clinical symptoms that lead 

to a diagnoses of ADHD (Biederman, Keenan, & Faraone, 1990). Getting corroborating 

reports from the same individual is also problematic (Barkley, 1997a, 2001). In this 

study, parent ratings of hyperactivity/impulsivity and attention were obtained using 

parent interviews (SIDAC) and reports (BASC) that were administered on the same day. 

Diagnostic classification was based on the congruence of hyperactive/impulsive and 

attention symptoms on both measures. Parent reports, however, did not always concur 

with parent interviews, resulting in approximately 30% of participants failing to meet the 

diagnostic criteria due to incompatible scores on either measure. Barkley (2001) has 

proposed that merging parent and teacher ratings to obtain a holistic assessment of the 

behavioral functioning of the child would be most prudent. However, there are some 

emergent findings to indicate that confirmatory endorsement of symptoms by both parent 

and teacher reports provide the best discrimination of children with and without ADHD 
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(Crystal, Ostrander, Chen, & August, 2001). The variability of the sample in the current 

study was reduced by careful diagnosing of ADHD, and limiting the range of ADHD 

participants.  

Second, the assessment of written expression is subjective and is affected by both 

participant and assessor factors. The use of a single score to assess writing ability is not a 

robust measure of writing achievement, providing a time and situation limited vista of 

performance. In the present study, the written expression task was an extension of the 

traditional single narrative passage writing task used to assess written expression (Hooper 

et al., 2002; Swartz et al., 1999), increasing the breadth of the areas assessed. The writing 

task included verbal fluency; the generation and production of complex sentences, and 

passage writing. Writing prompts differed for children in grades 3 to 6 (descriptive 

narrative passage) from that of children in grades 7 to 9 (argumentative letter), 

demanding more organizational and formal writing skills for children in grades 7 to 9.   

Despite the precautions taken to increase the accuracy of the assessment of 

written expression, overall performance was affected by individual variability of both the 

participant and assessor. Participant variables of motivation, compliance, overall skill 

level, and situational variables (environment, time of day, and biological states) affected 

performance on the writing tasks. These variables are consistent with what is generally 

seen in the classroom and thus lend credence to these findings as being likely 

representatives of the child’s performance in the classroom.  Assessor factors of 

subjectivity and skill in the assessment of written language decreased the robustness of 

the measure. The use of global writing constructs, as is used in the WIAT-II, to assess 

writing decreases the subjectivity of assessment (Muenz, Ouchi, & Cole, 1999). One of 
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the difficulties with assessing written language is the instrumentation and the inability to 

directly measure important constructs (ideas and development; organization, unity and 

coherence; vocabulary; sentence structure and variety; grammar and usage; and 

capitalization and punctuation) with a standardized score rather than qualitatively. 

The third major limitation is the effect of undiagnosed affective disorders on 

working memory capacity and academic performance. Barkley, DuPaul, and McMurray 

(1990) suggests that attention problems may predispose children to a greater risk of 

internalizing and externalizing problems. The rates of comorbid anxiety and mood 

disorders in ADHD populations range from 10% to 40% for anxiety (Tannock, 2000) to 

15 to 75% for depression (Biederman, Faraone, Keenan, & Tsuang., 1991). Comorbidity 

of an affective disorder with attention difficulties affect focused attention, concentration 

and organization. The symptoms of anxiety, depression and ADHD interact with each 

other, exacerbating the effects of the other. Given the dynamic coexistence of these 

conditions, it is difficult to tease out the cause of the symptoms observed, making a 

differential diagnosis of ADHD versus an affective disorder very complicated. Hence, 

participants in this study may have had subclinical internalizing difficulties that were not 

of sufficient intensity to be recognized by the parent interviews or rating forms. Given the 

relationship between affective disorders on both working memory capacity and academic 

performance, the influence of subclinical affective disorders on the outcome variables 

cannot be ruled out.   

Fourth, fluid reasoning, as measured in the current study did not have a significant 

correlation with working memory capacity (r=.264, p=0.61). Correlations between 

working memory capacity and fluid reasoning have been reported to range from 20% to 
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65%, discussed earlier. The lack of association between fluid reasoning and working 

memory capacity in the current study may be related to the underlying constructs of the 

working memory capacity and fluid reasoning tasks used to assess these domains. Fluid 

reasoning was assessed using the Analysis-Synthesis and Concept-Formation subtests 

which are novel reasoning, learning tasks. Other studies, however, have used a wider 

array of tasks to assess executive functions and fluid reasoning such as the Hanoi Tower 

and Wisconsin Card Sort. Working memory capacity was assessed using the Digit Span 

and Letter-Number Sequencing subtests that are relatively simple working memory 

capacity tasks of short duration. Working memory capacity tasks with higher cognitive 

loads, such as the Arithmetic subtest from the WISC-IV, have been used in other studies. 

The findings regarding the correlation between working memory capacity and fluid 

reasoning are two pronged. On one hand, it is likely that the lower association between 

fluid reasoning and working memory capacity may be due to the selection of measures. 

This finding would suggest that the association between fluid reasoning and working 

memory capacity could potentially be enhanced if another set of tests were used to assess 

these dimensions.  The use of the fluid reasoning index from the WJ III may have limited 

the interpretation of the results of the study. On the other hand, it is very alluring to 

assume the lower correlation between fluid reasoning and working memory capacity in 

the current study are not spurious but reflect an effective reduction of the common 

variance between working memory capacity and fluid reasoning. The relationship 

between the fluid reasoning and working memory capacity constructs used in this study 

warrant further investigation.  
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The classification of ADHD subtypes (discussed earlier) is a major issue in the 

literature, and this study is no exception. Given the variability in the number of 

hyperactive/impulsive symptoms in the current ADHD-PI sample, and current discourse 

that ADHD-PI with and without disinhibition may be categorically different disorders 

(Milich et al,. 2001), the group identified as ADHD-PI in the current study may in fact 

represent two distinct conditions. Despite theoretical conjecture, there is little empirical 

evidence to separate out these categories. Thus, the diagnostic criteria outlined in the 

DSM-IV were used for classification in this study. The separation of the ADHD-PI with 

no hyperactivity/impulsivity and the ADHD-PI with hyperactivity/impulsivity, however, 

may have produced different results, potentially increasing the observed effect size 

between diagnosis and written expression or working memory capacity.   

Final limitations of the study involve the comparatively low number of subjects 

available for correlation purposes when examining the combined data collected for each 

group. First, correlational studies do not convey cause and effect, but merely indicate a 

trend. Thus, the results of this study cannot be viewed in terms of cause and effect but 

must be interpreted as observed trends. Second, the strength of the observations is limited 

by sample size. Large sample sizes increase the robustness of observed trends. The power 

of the estimates, alternatively, can be increased by increasing the homogeneity of the 

sample. In this study, age and grade range were limited, and comorbid learning 

disabilities were excluded. The exclusion of these disabilities provided a cleaner sample 

but also one that may be less representative of the ADHD population as a whole. 

Moreover, the sample included a mixture of elementary, middle and some high school 
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aged participants. Further refinement of the age and grade range of participants would 

help to increase the homogeneity of the sample.  

Conclusions 

In summary, the results of this study indicated IQ, working memory capacity and 

written expression differences between individuals with and without ADHD. The ADHD 

groups scored lower on these measures.  However, when the performance of the ADHD 

sample was examined, these differences were related to the subtypes of ADHD, but could 

not be explained by diagnostic status alone. The combined type of the disorder was 

associated with significantly greater deficits. These differences in functioning appear to 

be related to the symptoms of disinhibition rather than attention. First, performance on 

tasks of written expression was related to ADHD status. Second, working memory 

capacity differences were associated with ADHD status. Finally, written expression was 

correlated with working memory capacity. Working memory and written expression 

performance, however, were related to disinhibition. Thus, it appears that the ADHD, 

characterized by disinhibition, was associated with deficits in working memory capacity 

which, in turn, relate to performance on written expression tasks.  

In conclusion, this study contributed to neuropsychology literature by being one 

of the first to demonstrate an association between working memory capacity, written 

expression and ADHD. It also demonstrated an association between disinhibition and 

performance on working memory capacity and written expression tasks beyond ADHD 

status, suggesting that the working memory capacity and written expression difficulties in 

ADHD populations may be due to problems with disinhibition more so than by problems 

with inattention. The results of this study make a positive contribution for the 
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intervention and remediation of ADHD, and offer new directions in which to focus 

research, therapies and interventions to address the academic and cognitive deficits 

associated with ADHD.  

Directions for Future Research and Clinical Implications 

A major detractor in research on ADHD, and this study was no exception, is 

related to the ambiguity of diagnostic criteria for ADHD-PI. There is a need to clarify 

implications and functional qualities, if any, between individuals with and without 

disinhibition symptoms. In addition to this trend of research, a qualitative comparison of 

the functional abilities of individuals with and without symptoms of disinhibition would 

need to be clarified.  Revisiting the dependent variables (working memory capacity, fluid 

reasoning and written expression) of the current study, with regards to the ADHD-PI 

subtypes would be necessary to distinguish if functional differences between ADHD-PI 

populations with and without symptoms of disinhibition exist.  

Using especially designed working memory capacity tasks that tap into specific 

language based deficits would provide a correlation between working memory capacity 

and written expression. The working memory capacity tasks (Digit span and Letter-

Number Sequencing) used in this study do not replicate the complex working memory 

capacity demands of a written expression task. Thus, the development of tasks that assess 

verbal working memory capacity would be important to obtain a truer reflection of the 

influence of the working memory capacity on written expression. Hooper et al. (2002) 

developed a task assessing verbal organization efficiency using a writing component 

(described in Hooper et al., 2002) that was purported to tap into the verbal working 

memory capacity skills that are activated during the writing process. However, the 
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validity and reliability of this measure has not been ascertained. Thus, refinement of this 

task and development of similar tasks would help to extend both research and knowledge 

of task-specific working memory capacity requirements.  

Written expression is a complex activity that is affected by individual and 

situational variables. Thus, using a single measure of written expression fails to address 

the breath of the demands of written expression tasks. Attempts to extend the evaluation 

of written expression have focused on a formal assessment of specific writing 

components such as spelling, mechanics and grammar skills.  Knowledge of the 

components of written expression does not necessarily translate efficiently into the 

written product. Writing portfolios that include representative samples of functional 

written expression (e.g. note taking, report writing, and written responses to test 

questions) may provide better estimates of written expression. Getting a representative 

writing sample for evaluation in clinical settings, on the other hand, presents new 

challenges. Thus, the development of measurement instruments that allow for the 

assessment of both functional and formal written expression is an area that needs further 

research.  

The cognitive impulsivity of children with ADHD affects controlled and sustained 

attention to tasks. In the present study, cognitive impulsivity appears to be negatively 

associated with working memory capacity and performance on written expression tasks, 

beyond differences in ability. Given the potential effects of cognitive impulsivity on the 

functioning of individuals with ADHD, the development of intervention strategies to 

decrease the symptoms of cognitive impulsivity in the ADHD population may increase 
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the outcome variables. Developing interventions geared towards educational 

environments would have implications for teaching and learning. 

The traditional classroom relies on a lecture type format that does not facilitate 

the individualization of the learning environment. This passive engagement of the learner 

is particularly challenging for individuals who experience difficulty with inhibition, 

increasing the incidence of disruptive behaviors.  Thus, the disinhibited individual is 

more likely to be placed on a behavioral management program that oftentimes include 

isolation and out of class placements. These placements decrease instruction time and 

exposure to content matter, compounding the learning deficits that are seen in this 

population. Restructuring the teaching- learning environment to optimize the interaction 

and participation of the learner and concomitantly increasing the individualization of the 

curriculum will allow the learner to shift between tasks and progress at his or her own 

rate.  The availability of a wide range of instructional technology, such as the Inspiration 

Software, provides multimodal resources for the learner, parents and teachers, and 

focuses on specific deficits.  Further investigation of the efficacy of alternative 

instructional methods and the implementation of technology for ADHD populations will 

help to direct appropriate instruction for this population.  

Written expression is a fundamental component of academic success. Given that 

writing is a multidimensional complex executive function task, deficits can occur in a 

variety of areas.  Thus, the individualization of writing instruction would facilitate 

addressing specific deficits. Several instructor resources are available to address the 

components of written expression. Self-regulation, content knowledge, and motivation 

have been identified as necessities for skilled writing (Harris, Graham, & Mason, 2003).  
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The Self-Regulated Strategy Development (SRSD) in Writing developed by Graham and 

Harris (Harris et al., 2003) is a method that provides systematic instruction, focusing on 

the executive functions necessary for skilled writing. Exploring the efficacy of instruction 

directed at developing skill specific executive functions for ADHD populations would 

offer new insights in the teaching and learning of this population.   
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