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ABSTRACT 

Sluggish Cognitive Tempo: A Unique Subtype of ADHD-PI or Just a 

Symptom? 

 

Publication No._____________ 

 

 

Katherine Noelle Shepard, Ph.D. 

The University of Texas at Austin, 2009 

 

Supervisor:  Timothy Keith 

 
Attention Deficit Hyperactivity Disorder (ADHD) is one of the most commonly 

diagnosed of child clinical syndromes and is associated with poor academic achievement, 

poor peer and family relations, and an elevated risk for anxiety, depression, and conduct 

disorder (Barkley ,1990; Barkley, Guevremont, Anastopoulos, DuPaul, & Shelton, 1993; 

Barkley, Murphy, & Kwasnik, 1996;  Beiderman, Faraone, & Lapey, 1992;  Fischer, 

Fischer, et al., 1990; Hinshaw, 1994; Nadeau 1995;  Weiss & Hechtman, 1993). 

Although ADHD is one of the most commonly diagnosed and widely researched 

disorders, the diagnostic criteria and defining characteristics of ADHD remain 

controversial (Wolraich, 1999).  

The current diagnostic formulation, as specified by the DSM-IV-TR, includes 

three distinct subtypes: Attention Deficit Hyperactivity Disorder- Predominantly 

Hyperactive Impulsive Type (ADHD-H), Attention Deficit Hyperactivity Predominantly 

Inattentive Type (ADHD-PI) and Attention Deficit Hyperactivity Disorder- Combined 
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Typed (ADHD-C). Perhaps the most controversial aspect of the current nosology is the 

inclusion of the inattention symptoms within the family of ADHD diagnoses (Milich, 

Balentine, Lynam, 2001). Researchers and clinicians have further posited that ADHD-PI 

represents a distinct disorder with two subtypes: inattentive-disorganized and sluggish 

cognitive tempo. This study explored the relation between reading fluency, sluggish 

cognitive tempo symptoms, disorganized symptoms, processing speed and ADHD 

diagnosis. 

This study examined performance of children diagnosed 77 children diagnosed 

with ADHD (i.e. 53 participants met criteria for ADHD-PI and 24 participants met 

criteria for ADHD-C) on measures of cognitive functioning, processing speed, behavioral 

reports, sluggish cognitive tempo, disorganization and reading fluency. Significant group 

differences did not emerge on measures of processing speed, sluggish cognitive tempo 

symptoms or disorganized symptoms. 

Path analysis was employed to examine the simultaneous effects of processing 

speed on inattention symptoms, hyperactive/impulsive symptoms, SCT symptoms, DO 

symptoms, reading fluency, and internalizing symptoms. In addition, the paths from SCT 

symptoms, DO symptoms, inattention symptoms, and hyperactive/impulsive symptoms 

to reading fluency and internalizing symptoms were also be examined. Processing speed 

had a significant direct effect on SCT symptoms, Inattention Symptoms and Reading 

Fluency. In addition, SCT symptoms had a significant direct effect on anxiety symptoms. 

In summary, findings from the study provide important information about the link 

between processing speed, attention written, and reading fluency. Limitations of the study 

and implications for future research and practice are discussed. 
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CHAPTER 1 
Attention Deficit Hyperactivity Disorder (ADHD) is one of the most commonly 

diagnosed of child clinical syndromes and is associated with poor academic achievement, 

poor peer and family relations, and an elevated risk for anxiety, depression, and conduct 

disorder (Barkley ,1990; Barkley, Guevremont, Anastopoulos, DuPaul, & Shelton, 1993; 

Barkley, Murphy, & Kwasnik, 1996;  Beiderman, Faraone, & Lapey, 1992;  Fischer, 

Fischer, et al., 1990; Hinshaw, 1994; Nadeau 1995;  Weiss & Hechtman, 1993). 

Although ADHD is one of the most commonly diagnosed and widely researched 

disorders, the diagnostic criteria and defining characteristics of ADHD remain 

controversial (Wolraich, 1999).  

Over the past 40 years, the criteria for attentional difficulties have been revised on 

numerous occasions. The current diagnostic formulation, as specified by the DSM-IV-

TR, includes three distinct subtypes: Attention Deficit Hyperactivity Disorder- 

Predominantly Hyperactive Impulsive Type (ADHD-H), Attention Deficit Hyperactivity 

Predominantly Inattentive Type (ADHD-PI) and Attention Deficit Hyperactivity 

Disorder- Combined Typed (ADHD-C). Perhaps the most controversial aspect of the 

current nosology is the inclusion of the inattention symptoms within the family of ADHD 

diagnoses (Milich, Balentine, Lynam, 2001). Researchers and clinicians have further 

posited that ADHD-PI represents a distinct disorder with two subtypes: inattentive-

disorganized and sluggish cognitive tempo (Carlson & Mann, 2002; McBurnett, Pfiffner 

& Frick, 2001).  Support for the reclassification of ADHD-PI has been derived primarily 

from differences observed in behavioral symptoms (Millich, Balentine, & Lynam, 2001). 

Figure 1 provides a flow chart of the currently hypothesized conceptualization of ADHD. 
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Figure 1. Hypothesized Conceptualization of ADHD 

 

An exhaustive body of research exists exploring the behavioral differences between 

children with ADHD-PI and ADHD-C, with the vast majority of studies indicating that 

ADHD-PI and ADHD-C have disparate behavioral characteristics. Specifically,  youth 

with ADHD-PI are  generally hypoactive, display few if any externalizing behavior, and 

are at a greater risk for developing internalizing symptoms; whereas youth with ADHD-C 

are notably hyperactive and demonstrated more externalizing behavioral problems.  The 

aforementioned behavioral patterns are so prominent in the existing research that at the 

conclusion of an exhaustive research review Milich and colleagues concluded: 

Not only do they have virtually nothing in common, but in many ways they appear 

to fall at opposite ends of a continuum - disinhibited versus internalizing, energetic 

versus sluggish. In fact, there are several other disorders (e.g., CD, ODD) that would 

appear to have more in common with ADHD-C than ADHD-PI (p. 480). 
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In summary, research comparing ADHD-C and ADHD-PI on behavioral ratings 

generally provide strong evidence for the classification of ADHD-PI and ADHD-C as 

separate and distinct disorders. 

Whereas the evidence with behavioral ratings provide strong evidence for the 

division of ADHD-PI and ADHD-C, research comparing children with ADHD-C to 

ADHD-PI on other variables is more equivocal (Faraone, Giederman, Weber, & Russel, 

1998). Compared to the extensive body of research examining behavioral differences, 

only a handful of studies have examined differences in neurocognitive functions among 

children with ADHD-PI and ADHD-C. Emerging research indicates that there are several 

significant differences between neurocognitive functioning of youth with ADHD-C and 

ADHD-PI.  Children with ADHD-C demonstrate significant weaknesses on tests of 

visual perception, and visual sequential memory (Frank & Ben-Nun, 1988). 

A handful of studies have also examined differences between ADHD-PI and 

ADHD-C groups on executive functions. Executive functions refer to cognitive 

mechanisms used to achieve a future goal. These mechanisms include strategic planning, 

impulse control, organized search, working memory and flexibility(Diamond, 2005; 

Millich et al, 2001) Children with ADHD-C demonstrate deficits in planning and 

inhibition whereas children with ADHD-PI tend to be more impaired on tasks of working 

memory (Diamond, 2005).  It is important to note that caution is warranted when drawing 

conclusions from the existing body of research as most studies examining executive 

functions have utilized small sample sizes and have yielded mixed results (Nigg et al., 

2002).  
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In addition to the limited sample size, there is a paucity of research comparing the 

performance of children with ADHD-PI to children with ADHD-C on measures of 

processing speed. Most extant research compares children diagnosed with ADHD to 

typically developed children. Compared to typically developed children, Children with 

ADHD-PI and ADHD-C have significantly slower processing speed. However, there is a 

paucity of research that compares children with ADHD-PI to Children with ADHD-C 

(Kleinman et al., 2005). The lack of research in this domain is particularly striking given 

that processing speed is frequently used to differentiate ADHD subtypes in clinical 

settings (Kleinman et al., 2005). In summary, future research is necessary to further 

examine neurocognitive functions in youth with ADHD and to assist in clarifying and 

documenting ADHD subtypes.  

As evidence continues to build for the separation of ADHD-PI from the ADHD 

classification, the understanding of the nature of ADHD-PI also has grown.  Recent 

evidence suggests that ADHD-PI may have two distinct subtypes: ADHD- PI with 

sluggish cognitive tempo and ADHD-PI - disorganized (Carlson & Man, 2002; 

McBurnett, Pfiffner & Frick, 2001).  Sluggish Cognitive Tempo (SCT) refers to a 

constellation of symptoms such as lethargy, drowsiness, and hypoactivity. The empirical 

support for this proposed model of ADHD-PI has been derived from cluster analytic 

studies utilizing clinician ratings (Lahey, 1997; Lahey et al, 1988).  One of the major 

limitations in the existing body of research is the lack of research examining the 

performance of the two different subtypes on measures of cognitive ability. Also, there is 

limited research exploring gender differences in the prevalence of SCT subtype. Finally, 
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there is a dearth of research exploring the relation between SCT symptoms and academic 

achievement. 

The goal of the current study was to continue the ongoing line of research of the 

neuropsychological profile of the DSM-IV subtypes of ADHD. More specifically, this 

study examined whether processing speed differentiates between children with ADHD-C  

and children with ADHD-PI  as well as if slow processing speed symptoms was 

associated with ADHD-PI.  This study sought to examine if slow processing effects 

predicted inattention symptoms, hyperactive/impulsive symptoms, SCT symptoms, DO 

Symptoms, reading fluency, and anxiety. Multivariate Analysis was used to determine if 

ADHD-PI group differs from the ADHD-C group on measures processing speed. In 

addition, path analysis was used to determine if processing speed directly effected 

inattention, hyperactivity/impulsivity, SCT symptoms, DO symptoms, reading fluency, 

and anxiety symptoms.  

The benefits of clarifying the nosology of ADHD-PI are threefold.  First, because 

of the disparity in symptoms observed among individuals with the various subtypes of 

ADHD, very little progress has been made in the development of a unifying theory of this 

disorder. Rather, theories tend to adequately fit one of the subtypes but are irrelevant to 

the overall disorder. Thus, the division of this disorder would allow the development of 

theories that adequately address both types of attentional difficulties. Second, because 

research has demonstrated that both the clinical course and treatment of ADHD-PI and 

ADHD-C is different, the division of ADHD-PI as a separate disorder will allow for the 

development of interventions that target each disorder (Barkley et al. 1998). Third, such a 

division would provide greater accuracy and meaning to the diagnosis of ADHD.  Given 
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that SCT symptoms are hypothesized to be a unique marker for ADHD-PI an exploration 

of SCT symptoms is an essential step in further clarifying the nosology of ADHD.  
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CHAPTER 2  

Literature Review 

Overview 
Given that ADHD is one of the most prevalent forms of child psychopathology 

(American Academy of Child and Adolescent Psychiatry, 1997) and is associated with a 

trajectory of pervasive and persistent difficulties into adulthood (Fischer, Barkley, 

Edelbrook & Smallish), it is not surprising that there is an extensive body of research on 

this disorder. One of the most widely debated and controversial issues in existing 

literature is whether ADHD-PI is a separate and distinct disorder from ADHD-C or if 

ADHD-PI and ADHD-C are subtypes of the same disorder (Millich et al., 2001).  Two 

related approaches have been used to resolve this debate.  In the first and most common 

approach to explore group differences, ADHD-PI and ADHD-C groups are compared on 

a number of variables including behavioral functioning, cognitive functioning, executive 

functioning, academic performance, and comorbid conditions.   In the second and less 

common approach, researchers have searched for a “fingerprint” or a marker of unique 

characteristics that would differentiate ADHD-PI from ADHD-C groups. Several 

researchers have proposed that Sluggish Cognitive Tempo, which is characterized by a 

hypoactive, lethargic temperament, is a fingerprint for ADHD-PI (Carlson & Mann, 

2002; Diamond, 2005; McBurnett et al., 2001).  

The goal of this literature review is to examine the research exploring group 

differences between ADHD-PI and ADHD-C. The review will first explore evidence for 

differences in behavioral symptoms, comorbidities, and biological etiologies. The review 

will then examine current theories of attention and ADHD that account for the 
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differences between ADHD-PI and ADHD-C.  Research pertaining to SCT symptoms 

will be incorporated throughout the various sections of the review. As discussed in 

greater detail in the section entitled Current Criteria, there is little empirical support for 

the ADHD-Predominantly Hyperactive/ Impulsive subtype (ADHD-HI) in school age 

children and adults. Thus, this study will not include participants diagnosed with ADHD-

HI. 

Diagnostic Criteria 

Previous Criteria 
During the past 40 years, ADHD has been redefined several times. Attention 

Deficit Hyperactivity Disorder first appeared in the DSM-II as Hyperkinetic Disorder, 

which was characterized as excess motor activity (American Psychiatric Association, 

1968).  In the DSM-III (American Psychiatric Association, 1980), the conceptualization 

of ADHD shifted from a core dysfunction of excess motor activity to a core deficit in 

attentional processes. As a result of this shift, individuals with hyperactivity were labeled 

as Attention Deficit Disorder with Hyperactivity (ADD/W) and individuals without 

significant hyperactive symptoms were labeled as Attention Deficit Disorder without 

Hyperactivity (ADD/WO).  Symptoms associated with ADD/WO included slow retrieval 

and information processing, low levels of alertness, and mild problems in 

memory/orientation (Barkley, Dupaul & McMurray, 1991; Lahey, et al., 1985; Lahey et 

al., 1987.)  The DSM-III also included “sluggish cognitive tempo” in the list of criteria 

for ADD/WO.  Sluggish cognitive tempo referred to a cluster of symptoms that included 

hypoactivity, slowness, drowsiness, and apparent day dreaming. Although validity 

studies supported the division of ADD/W and ADD/WO (e.g. Carlson, 1986) the DSM-
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III-R (American Psychiatric Association, 1987) reverted to the uni-dimensional 

conceptualization of ADHD that did not distinguish between inattentive and hyperactive 

subtypes. The DSM-III-R criteria for ADHD specified that an individual had to meet 8 or 

more of the possible 14 symptoms of hyperactivity, impulsivity and inattention to warrant 

a diagnosis (American Psychiatric Association, 1987).  

Current Criteria 
Following the publication of the DSM-III-R, numerous studies were conducted to 

examine the validity of the uni-dimensional and bi-dimensional conceptualization of 

ADHD. The vast majority of this research provides strong evidence for the bi-

dimensional conceptualization presented in the DSM-III (Baumgaertel, Wolraich, & 

Dietrich, 1995; Brauermeister et al., 1992; Brito, Pinto, & Lins, 1995; DuPaul 1991; 

DuPaul, et al., 1997; Gomez, Harvey, Quick, Scharer, & Harris, 1999; Lahey, Carlson, & 

Frick, 1997; Lahey et al. Todd, Rasmussen, Wood, Levy, & Hay, 2004).   Table 1 

provides a review of research examining the diagnostic criteria for ADHD. It is important 

to note that many studies included in Table 1 focus on several areas of functioning, such 

as cognitive, emotional and academic functioning, but all studies have primary outcomes 

pertaining to the conceptualization of ADHD.   

Table 1. Validity studies for bi-dimensional categorization of ADHD. 
 
Study Criteria Sample Age Method Findings 
Lahey, 
Schoughency, 
Strauss, & 
Frame (1984) 

DSM-III ADD/W=10 
ADD/WO=20 
Con1= 20 

Grades 
2-5 

Compared  
groups on 
peer, teacher, 
and self-report 

-ADD/W >  ADHD/WO 
aggressive behavior than  
-ADD/WO> ADHD/W on 
popularity  
-ADD/WO> ADD/W  on 
shyness and withdrawal 
- ADD/W> ADD/WO 
academic and sports 
performance. 
- ADD/H = ADD/WO 
depression and anxiety  



 

 

 

10

Lahey, 
Schougney, 
Frame, & 
Strauss (1985) 

DSM-III ADD/H=10 
ADD/WO=20 
Con=20 
 

Grades 
2-5 

Compared 
groups on 
behavior rating 
forms 

-ADD/WO > ADD/W on 
sluggishness and 
drowsiness. 
- ADD/W> ADD/WO 
irresponsibility, 
distractibility and 
impulsivity. 

Lahey, 
Schaughency, 
Hynd, Carlson, 
& Nieves (1987) 

DSM-III ADD/W=41 
ADD/WO=22 

6-13 Compared 
groups on 
ratings forms 
and clinical 
interviews 

-ADD/W> ADD/WO on 
ratings of aggression, 
-ADD/WO> ADD/w on 
ratings of anxiety, affective 
disorders and SCT2. 

Lahey, et al. 
(1987) 

DSM-III ADD/w=41 
ADD/WO=22 
ODD3/CD4=15 
ADD+CD5=24 
Aff. Dis.6=19 
Con=4 

6-13 Factor analytic 
study of 
teacher ratings 
of ADD 
symptoms 

- Three factor solution: 
A) ADD/W 
B)ADD/WO 
C) other disorders 

Bauermeister, 
Alegria, Bird, 
Rubio-Stipec, & 
Canino (1992) 

DSM-III-
R 

ADHD=170 6-13 Factor analytic 
study of 
teacher and 
self-ratings  

-Two factor solution  
A) PI7 symptoms 
B) I+HI 8 

DuPaul (1997) DSM-IV N=4,009 4-19 Factor analytic 
study teacher 
rating forms 

- two factor solution 
explained significantly 
more variance (71.9%) 
than one factor solution 
(64.8%) 

Faraone, 
Biederman, 
Weber, & 
Russell (1998) 

DSM-IV ADHD-C=185 
ADHD-PI=89 
ADHD-H=27 
Con=135 

School 
age 

Compared 
ADHD-C, PI 
and H on 
parent ratings, 
and structured 
interview 

-C9> PI on CD, ODD, 
bipolar and language 
disorders 
-PI> C on academic 
difficulty 
-H=PI on all disorders 
-H=C on all disorders 
except substance abuse 

Gomez, Harvey, 
Quick,  Scharer, 
& Harris (1999) 

DSM-IV N=1275 
*separate 
diagnoses 
made for each 
report form 

5-11 Factor analytic 
study of parent 
and teacher 
reports 

Findings indicate 2 factor 
solution better fit than one 
factor solution. 

Graetz, et al. 
(2001) 

DSM-IV ADHD-I=133 
ADHD-HI=68 
ADHD-C=67 
Control=3,298 
 

6-17 Compared 
groups on  
emotional and 
behavioral 
ratings K-
SADS10, 
CBCL11 an 
TRF12 

-C> PI on externalizing 
problems, school problems, 
and peer-related activities. 
-PI>H on low self-esteem, 
social problems, and 
greater schoolwork 
problems. 
 

Bauermeister et 
al., 2005 

DSM-IV ADHD-C=44 
ADHD-I= 25 
Control=29 

6-11 Compared 
groups on 
emotional, 
academic and 
social 
functioning 

-PI characterized by SCT 
and social withdrawal 
-C characterized by 
externalizing behaviors  
- PI and C < con on 
measures of academic 
achievement 

Gadow et al. DSM-IV ADHD-C=55 Boys Compared -H,C>PI on social 
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(2004) ADHD-I=82 
ADHD-H=11 
Control=46 

between 
6-10 

groups on 
cognitive, 
behavioral, 
academic and 
family 
functioning 

impairment 
-H>C,I on cognitive 
measures 
-H, C>PI on family conflict 
-C> H, PI on measures of 
ODD and GAD 

Notes. 1=control. 2= Sluggish Cognitive Tempo. 3=oppositional defiant disorder. 4= conduct disorder. 5= 
Co-occurring ADHD and Conduct Disorder. 6=Affective Disorder. 7= Predominantly Inattentive. 8. 
Inattentive and Hyperactive/Impulsive. 9=combined. Kiddie Schedule For Affective Disorders and 
Schizophrenia. 10. Child Behavior Checklist, 11=Teacher Report Form. 

 

Due to the extensive research supporting the validity of a multi-dimensional classification 

system, the DSM-IV (American Psychiatric Association, 1994) specified three subtypes: 

Attention-Deficit Hyperactivity Disorder, Predominantly Hyperactive type (ADHD-HI), 

Attention Deficit Hyperactive Disorder, Predominantly Inattentive Type (ADHD-PI), and 

Attention Deficit Hyperactive Disorder, Combined Type (ADHD-C). In addition, the 

SCT symptom was removed from the criteria because field studies for the DSM-IV found 

that SCT did not significantly correlate with diagnostic criteria for the ADHD-PI (Frick 

et al., 1994).   Appendix A presents the current DSM-IV-TR criteria for the diagnosis of 

ADHD.   

Although strong evidence exists for the validity of the ADHD-C group and 

ADHD-PI group, little empirical support exists for the ADHD-HI group. No factor 

analytic study has supported the presence of a hyperactive factor without some 

inattention symptoms. This trend may be partially attributable to the fact that ADHD-HI 

is most prevalent in pre-school populations and the majority of the factor analytic studies 

only included school-age participants. This inconsistency has lead several researchers  to 

question if ADHD-HI is a valid diagnosis for school age children or if it is a precursor to 

ADHD-C (e.g. Barkley, 2006; Lahey, Pelham, Loney, Lee, & Willcutt, 2005).  When 

ADHD-HI is observed in school-age children and adults, it is frequently accompanied by 
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sub-clinical levels of inattention symptoms that do not meet the diagnostic cutoff points 

for ADHD-C (Barkley, 2003; Barkley, 2006). Given the lack of empirical support for 

ADHD-HI, the remainder of this literature review and this study will focus exclusively on 

ADHD-PI and ADHD-C groups. 

Future Directions 
Given that a consensus generally exists in the field pertaining to the bi-

dimensional classification of ADHD, it is not surprising that a current trend in research is 

to examine the variance present within each subtype. McBurnett and colleagues (2001) 

argue that under the current classification system, the ADHD-PI diagnosis applies to a 

heterogeneous group of children, some of whom have none or one symptom of 

hyperactive/impulsive symptom and others of whom have four or five 

hyperactive/impulsive symptoms but fail to meet the six-symptom criteria for ADHD-C. 

Recent research demonstrates that SCT may be an important construct in understanding 

the heterogeneity frequently observed in individuals with ADHD-PI (Diamond, 2005; 

McBurnett, Pfiffner, and Frick, 2001). McBurnett and Colleagues have posited that 

ADHD-PI can further be divided into an inattentive-disorganized subtype, which is 

frequently observed with children with co-occurring hyperactivity-impulsivity symptoms, 

and a SCT subtype. Sluggish cognitive tempo is generally used to refer individuals with 

ADHD-PI who are often described as being hypoactive, lethargic and “day dreamers.” In 

educational settings, they are reported to often sit quietly but fail to attend to information 

being presented (McBurnett et al., 2001). Research indicates that SCT symptoms are 

associated with weaknesses in working memory (Diamond, 2005).  
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Research generally supports that SCT symptoms distinguish between two separate 

types of ADHD-PI. In several factor analytic studies of ratings of inattention, two factors 

were extracted that were consistent with the SCT and inattentive-disorganized subtype 

(Carlson & Mann, 2002; Hartman, Willcutt, Rhee, & Pennington, 2004; Lahey, et 

al.1988; McBurnett, Pfiffner, & Frick, 2001).  Sluggish cognitive tempo symptoms were 

also found to only correlate with inattentive symptoms from the DSM-IV criteria versus 

hyperactive/impulsive symptoms, which suggest that SCT may be useful in making 

differential diagnosis between ADHD-PI and ADHD-C. The relation between SCT 

symptoms and inattentive symptoms has also been supported in a large, ethnically diverse 

community referred sample (Bauermeister et al., 2005).  Although the majority of 

research supports that SCT is a unique subtype of ADHD-PI and is associated only with 

inattentive symptoms, a replication of McBurnett et al.’s study failed to find a two factor 

solution for inattentive symptoms (Todd et al., 2004). An important difference between 

the two studies, however, is that Todd et al. only included two items to measure SCT 

symptoms whereas as McBurnett included five. Therefore, it is possible that the observed 

differences are related to the use of different measures. 

Because most research on SCT has addressed the validity of SCT as a construct 

and potential subtype of ADHD-PI, little is known about the relation between SCT and 

performance on cognitive and academic achievement (Carlson & Mann, 2002). Such 

research needs to establish the external validity of SCT.  Furthermore, this line of 

research is needed to determine if SCT is truly a marker for ADHD-PI.  In addition, little 

research exists that explores gender differences in the presentation of SCT symptoms. 

Although preliminary research suggests that males and females do not differ in the rate of 
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SCT symptoms (Carlson & Mann, 2002; Mcburnett, Pfiffner, & Frick, 2001), Todd et al. 

(2004) found that males were more likely to demonstrate difficulties with day dreaming 

whereas females demonstrated difficulties with rapid fatigue. Consequently, more 

research is needed to examine gender differences in the rate and presentation of SCT 

symptoms. 

Summary and Conclusions 
In summary, the conceptualization of ADHD has undergone significant changes 

in the past four decades. This research has demonstrated that ADHD is best 

conceptualized as a bi-dimensional disorder characterized by a predominantly inattentive 

group and a combined group. Analysis of these two distinct groups separately has 

revealed that the Inattentive subtype is characterized by significant heterogeneity. It is 

currently hypothesized that SCT symptoms may play an important role in differentiating 

between individuals who are truly inattentive and individuals who have clinical levels of 

inattention and subclinical levels of hyperactivity. 

Prevalence Rate 
According to the DSM-IV-TR (American Psychiatric Association, 2000), the 

prevalence of ADHD has been estimated to be between 3 to 7% of the school-age 

population, making it one of the most common childhood disorders. Lifetime prevalence 

estimates of ADHD subtypes are of 4% for ADHD-PI, 2.2% for ADHD-HI and 3.7% for 

ADHD-C (Staller & Faraone, 2006).  Estimates of the prevalence for the subtypes of 

ADHD vary depending on the sampling methodology used. In community samples, 

ADHD-PI is the most prevalent of the subtypes (Guab & Carlson, 1997), whereas in 
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clinical samples, ADHD-C is the most prevalent subtype (Eiraldi et al., 1997; Faraone et 

al, 1998 Lahey et al., 1994).   

Prevalence estimates indicate that ADHD is observed more frequently in males 

than females during childhood , with gender ratios (M:F) ranging from  2:1 to 9:1 in 

clinical samples and 2:1 to 3:1 in epidemiological studies ( Arcia & Conners, 1998; 

American Psychiatric Association, 1994; Carlson & Mann, 2000; Goodyear & Hynd, 

1992; Lahey, Applegate, & McBurnett, 1994, Lahey, et al., 1997).  For ADHD-PI, 

prevalence ratios range 2.3: 1 (M: F) in community samples and 3.7:1 (M: F) in clinical 

samples. For ADHD-C, gender ratios are 3.2: 1 for community samples and 4.1:1 for 

clinical samples (Milich, Balentine, & Lynam, 2001).    

Developmental Course 

 

The average onset for ADHD-C symptoms is often during the preschool years 

(Applegate et al., 1997; Loeber et al., 1992; Taylor, et al., 1991). Hyperactive/impulsive 

symptoms are typically the first to arise (Spira & Fischel, 2005). Although symptoms of 

ADHD are relatively common during early childhood, with approximately 18.2% 

preschoolers experiencing an elevated number of symptoms (Nolan, Gadow, & Sprafkin, 

2002), a smaller sub-group exhibit a constellation of symptoms that are indicative a 

future diagnosis of ADHD. In particular, four year-olds who have not developed the 

ability to inhibit inappropriate responses are significantly more likely to be formally 

diagnosed with ADHD during elementary school (Spira & Fischel, 2005).   

Inattentive symptoms required for the diagnosis of ADHD-PI and ADHD-C do 

not typically emerge until children are between the ages of six to eight (Barkley, 2003).  
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During this developmental period, children who only displayed hyperactive/impulsive 

symptoms frequently begin to demonstrate inattention (Hart et al., 1995; Loeber, et al., 

1992).  One possible explanation for the shift from ADHD-HI to ADHD-C has been that 

the hyperactivity displayed by toddlers and young children may actually be an earlier 

developmental stage of ADHD-C (Barkley, 2006). In summary, hyperactive symptoms 

tend to abate with age whereas inattention symptoms seem to increase significantly with 

age (Barkley, 2003, 2006; Hart et al., 1995, Loeber, et al,. 1992).  

A sizable minority of individuals with ADHD-PI are not diagnosed until late 

adolescence or adulthood. This is a particularly salient issue for women, as the majority 

of females diagnosed with ADHD have the predominantly inattentive subtype. It has 

been posited that although individuals with ADHD-PI do experience significant 

difficulties during elementary school, they do not present the impulsivity and 

externalizing behaviors that frequently are cited as the reason for referral in ADHD-C 

(Nadeau & Quinn, 2002). Thus, it is possible that the differences in age of onset may be 

related to referral bias (Gaub & Carlson, 1997).  

A large proportion of the individuals diagnosed with ADHD as children continue 

to experience significant symptoms in adolescence and adulthood (August, Stewart, & 

Holmes, 1983; Barkley, Fischer, et al., 1990; Barkley, Fischer, Smallish, & Fletcher, 

2002; Claude & Firestone, 1995; Gateman, et al., 1985, Ingram, Hectman, & 

Morgentstern, 1999; Mannuzza, et al., 1993). A meta-analysis of published follow-up 

studies found that the rate of persistence for childhood diagnosis is approximately 15%; 

however, when cases consistent with the DSM-IV criteria of ADHD in Partial Remission 

were included in the analysis, the rate of persistence was approximately 65% (Faraone, 
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Biederman, & Rick, 2005). The results of this extensive meta-analysis indicate that 

although a minority of individuals diagnosed in childhood with ADHD will continue to 

meet full criteria in adulthood, the majority will still experience sub-clinical difficulties 

as adults.  

Comorbidity 
As is the case with the many forms of childhood psychopathology, comorbidity is 

the rule, rather than the exception, with approximately  44% of children with ADHD 

having  one other disorder, and 43% having at least two or more additional disorders 

(Szatmari et al., 1989).  Research has demonstrated that children diagnosed with ADHD 

are at greater risk for learning disabilities (Hinshaw & Zalecki, 2001; Semrud-Clikeman 

et al., 1992) , oppositional defiant disorder and conduct disorder (Barkley, DuPaul, & 

McMurray, 1990; Biederman et al., 1991; Maedgen & Carlson, 2000) and internalizing 

disorders ( Baxter & Rattan, 2004;Power, Costigan, Eiraldi, & Leff, 2004;  Ostrander & 

Herman, 2006; Volk, Neuman, & Todd, 2005). In addition, children diagnosed with 

ADHD are at greater risk for developing substance abuse disorders in adolescence and 

adulthood (Biederman, et al., 1997).  

Externalizing Disorders 
A fairly extensive corpus of research exists that compares rates of co-occurring 

conditions in ADHD-PI and ADHD-C samples. In terms of externalizing behaviors, the 

research has consistently demonstrated that the ADHD-C group has higher rates of 

Conduct Disorder and Oppositional Disorder compared to the ADHD-PI group.  For 

example, Faraone et al. found that the combined subtype demonstrated higher rates of 

comorbid Conduct Disorder (24.3%) and Oppositional Defiant Disorder (68.1%) than did 
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the inattentive group (8.7% and 44.0%, respectively).  In addition, the numerous studies 

have demonstrated that children with ADHD-C are rated higher than children with 

ADHD-PI on delinquent and behavior problems (Barkley et al, 1990; Eiraldi et al., 1997; 

Gaub & Carlson, 1997; Lahey et al., 1987; Maedgen & Carlson, 2000; Nigg et al., 2002; 

Paternite, Loney, & Roberts, 1996).   

Internalizing Disorders 
Whereas current research on group differences in co-occurring externalizing 

patterns is unequivocal, no clear patterns of internalizing disorders between ADHD-C 

and ADHD-PI have emerged. Current research indicates that both the ADHD-C group 

and ADHD-PI group have elevated rates of comorbid depression compared to control 

groups (Angold, Costello, & Erkanli, 1999; Jenson, Shervette, Xanakis & Richters, 

1993). In general, studies conducted using the DSM-III criteria demonstrated that the 

ADD/WO group demonstrated significantly more internalizing symptoms than ADD/W 

(e. g. Lahey et al., 1987; Barkley et al. 1990). More recent studies that utilize the DSM-

IV criteria, however, have failed to find differences in internalizing symptoms between 

the ADHD-C group and the ADHD-PI group (Baxter & Ratten, 2003; Eiraldi et al. 1997; 

Volk, Neuman, Todd, 2005; Powers et al, 2004).  

Within the inattentive subtype, research suggests that internalizing symptoms vary 

as a function of SCT symptoms. In a clinical sample of inattentive children, Carlson and 

Mann (2002) compared participants with high levels of SCT symptoms to those with low 

levels of SCT symptoms. The high SCT group demonstrated significantly more 

depression and withdrawal compared to the low SCT group. These findings demonstrate 

that more research is needed to examine the relation between SCT and depression.   
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Learning Disabilities 
The relation between academic underachievement and ADHD has been well 

established (Barkley, 1998; Barkley, Dupaul, & McMurray, 1990; Fischer, Barkley 

Edelbrock, & Smallish, 1990; Hinshaw, 1992, 1994). Both ADHD-C and ADHD-PI 

groups are at significantly greater risk for grade retention compared to typically 

developing children (Barkley, et al., 1990). Estimates of co-occurring learning disabilities 

fall within the broad range of 10-92% (Semrud-Clikeman, et al., 1992), although more 

conservative estimates place this rate at approximately 20% (Hinshaw & Zalecki, 2001; 

Semrud-Clikeman et al., 1992). The risk for reading disorders among children with 

ADHD is 16-39% whereas that of spelling disorders is between 24-27% and for math 

disorders is 13-33% (August & Garfinkel, 1990; Barkley, 1990; Casey, Rourke, & Del 

Dotto, 1996; Frick et al., 1991; Semrud-Clikeman et al., 1992). 

While evidence exists that both ADHD-PI and ADHD-C is strongly associated 

with academic underachievement, studies examining differences between ADHD 

subtypes offer mixed results. Several studies have not found significant differences on 

tests of achievement (Barkley et al., 1990; Faraone et al., 1998; Frick et al., 1991; 

Morgan et al., 1996; Paternite et al., 1996).  In contrast, other studies have found that the 

inattentive group demonstrates greater impairment in mathematics, reading and spelling 

(Hynd et al, 1991; Marshall, Hynd, Handwerk & Hall, 1997; Lahey, Schaughency, 

Frame, & Strauss, 1984.)  It is important to note, however, that the majority of studies 

that found significant differences between the inattentive and combined groups on 

measures of academic achievement utilized the DSM-III criteria rather than the DSM-IV 

criteria. 
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Additionally, several studies have examined group differences by comparing the 

combined and inattentive group in terms of their comorobid diagnosis for a specific 

learning disability.  Results have generally found significant differences but these 

differences have not been consistent. Both Nigg et al. (2000) and Faraone et al. (1998) 

found that the ADHD-C group had significantly more diagnoses of co-occurring learning 

disabilities whereas Morgan et al. (1996) found that the ADHD-PI group had 

significantly higher rates of math learning disabilities. Furthermore, other research has 

found that the inattentive subtype is more likely to have a reading disability than the 

combined subtype (Hynd et al., 1991; Marshall et al., 1997). 

As with most research exploring co-occurring disorders in ADHD, the current 

body of research has generally not explored if children with sluggish cognitive tempo 

have a unique profile of academic differences. Children with ADHD-PI, who 

demonstrate high levels of SCT symptoms, have been found to have greater deficits in 

math calculation skills compared to children with ADHD-PI who have low levels of SCT 

symptoms (Carlson & Mann, 2002). Carlson and Mann did not find significant 

differences between ADHD-C and ADHD-PI in terms of single-word reading skills. A 

limitation of Carlson and Mann’s study is that it did not assess academic fluency. Given 

the constellation of symptoms associated with SCT (i.e. lethargy, slow processing), it 

seems plausible that children with high levels of SCT symptoms would demonstrate 

significantly slower academic processing than low levels of SCT symptoms.      

Biological Etiology of ADHD 
Although it is likely that there are multiple etiologies for ADHD, a growing 

number of studies indicate neurological factors are the greatest contributors to this 
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disorder. Studies of cerebral blood flow suggest reduced blood flow to the frontal lobes, 

striatum, and cerebellum, which indicates underactivity in these areas, is associated with 

ADHD (Hendren, De Backer, & Pandina, 2002; Lou, Henriksen, & Bruhn, 1984, 1990; 

Lou, Henriksen, Bruhn, Borner, & Nielsen, 1989; Sieg, Gaffney, Preston, & Hellings, 

1995). MRI studies indicate that individuals with ADHD have smaller total brain size, 

with the greatest reductions in brain volume in the anterior frontal lobes, basal ganglia 

and cerebellar vermis (Aylward, et al., 1994; Castellanos et al., 1994, 2002; Filipek, et 

al., 1994; Henderen, Backer, & Pandina, 2000; Hynd et al., 2003; Hynd et al., 1991; 

Semrud-Clikeman et al., 1994; Singer et al., 1993; Tannock, 1998).  In addition, fMRI 

studies indicate differences from typical brain activity in the frontal region, basal ganglia 

and cerebellum (Rubia et al. 1999; Teicher et al., 2000; Vaidya, et al., 1998; Yeo et al., 

2003). Although deficits in specific neurotransmitters have not been definitively 

established in the research, the positive response of ADHD to stimulants suggests that 

dopamine and norepinephrine are most likely involved in the presentation of ADHD 

(Barkley, 2006).  

Very limited research exists on neurological differences between ADHD-PI and 

ADHD-C. It has been hypothesized that inattentive symptoms are associated with 

weaknesses in the Pre-Frontal Cortex and Cerebellum whereas hyperactivity may be 

related to the over-activity of reactivity in the nucleus accumbens-circuit and the 

amygdala-frontal circuit (Nigg & Casey, 2005). However, significantly more research 

must be conducted before any conclusions are drawn. 

Research strongly indicates that ADHD is a highly hereditary disorder (Barkley, 

2006). Biedermen and collegues found that if a parent has ADHD, the risk for a child 
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being diagnosed with ADHD is 57 percent. Large-scale twin studies also provide strong 

support for the heritability of ADHD. Average estimates of heritability range from .80-

.90 (Rhee et al., 1999). Emerging data indicates that genes associated with Dopamine 

receptor cites may also be related to ADHD. More specifically, the DAT1 gene has been 

found to be strongly associated with ADHD-C whereas the DRD4 gene has been linked 

to ADHD-PI (Diamond 2005).    

Theories of Attention and ADHD 
Although an extensive research base exists that examines the symptoms and 

biological correlates of ADHD, only in the past 15 years has research focused on 

developing theories of ADHD (Barkley, 1997; Barkley, 2006).  Many of the existing 

theories do not account for subtype differences or have focused predominantly on the 

combined subtype. Consequently, there is a paucity of models that account for inattentive 

symptoms. The following section will provide a brief review of current theories of 

attention functioning and ADHD. It is important to note that this review will focus 

primarily on models that address the predominantly inattentive subtype.   

Theoretical Models of Attention 

Posner’s Model.  
The model of attention proposed by Posner and Raichle (1994) posits that the 

attentional networks within the brain can be broadly categorized in three categories: 

conflict resolution, orienting, and alerting states. Each network is different yet is involved 

in an interrelated process. Table 2 provides a review of each network. 

Table 2. Posner's Model of Attention 
Attentional 
Network 

Role in 
attention 

Structures 
Implicated  

Hypothesized ADHD-
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C/ADHD-PI Differences 

Conflict 
Resolution 

Controls  of 
attention 

Pre-frontal cortex 
and basal ganglia 

-Deficient in ADHD-C 

Orienting 
System 

Visual orienting 
and shifting 
attention 

Midbrain and 
Thalmus 

None 

Alerting system Arousal, 
vigilance, and 
maintaining 
readiness to 
react 

Locus coeruleus 
nucleus of midbrain 
and connections to 
the frontal and 
parietal lobes of the 
right hemisphere 

- Deficient in ADHD- PI 

 

The existing research on differences between ADHD-PI and ADHD-C groups on 

Posner’s model is extremely small.  Both ADHD-C and ADHD-PI groups demonstrated a 

weakness in alerting on EEG recordings (Nigg, 2006).  On a computer task designed to 

measure the various components of a Posner’s model, the ADHD-PI group demonstrated 

a stronger alerting effect than the ADHD-C group (Booth, Carlson, & Tucker, 2007).  

Booth and colleagues’ findings did not support Posner’s and Raichle’s hypothesis that 

ADHD-C is associated with weaknesses in the conflict resolution networks.  

Perceptual Load Model.    
The perceptual load model of attention focuses primarily on selective attention. 

Selective attention refers to the ability to routinely filter the vast amounts of stimuli 

individuals experience (Nigg, 2006). Because there is only a limited capacity to process 

information, selection of relevant information must occur, which results in only some of 

the available information being processed further (Huang-Pollock, Nigg, & Carr, 2005).  

The point at which the information is filtered is dependent upon the perceptual load.  

Perceptual load refers to the amount of potentially relevant information within a display 

or the effort required to process the information (Lavie, 1995; Lavie & Tsal, 1994; Nigg, 
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2002).  In the low load situations, where the stimuli are simple and do not require much 

processing, the selection occurs at a later stage of information processing (Barch, Braver, 

Sabb, & Noll, 2000; Ziegler, Besson, Jacobs, Nazier, & Carr, 1997). As the perceptual 

load increases and begins to exhaust the attention capacity, selection shifts from late to 

early. The early selection reduces the number of stimuli that are processed deeply (Lavie, 

1995).     

Emerging research suggests that individuals with ADHD-PI and ADHD-C 

demonstrate different patterns of early and late selection. Several studies with the Stroop 

test and Go-No-Go tests indicate that individuals with ADHD-C have weaker early 

selection than late selection (Nigg, 2001; Ooserlan, Logan,& Sergeant, 1998; van 

Mourik, Oosterlan, & Sergeant, 2004). It is important to note that both the Stroop and the 

Go-No-Go tasks have been criticized for not controlling adequately for perceptual load 

(Nigg, 2006).  On a computerized task that controlled for perceptual load, Huang-

Pollock, Nigg, & Carr (2005) found that children with ADHD-C had typical early and 

late selective attention.  Although a long standing hypothesis in the field has been that 

ADHD-PI is associated with late selection (Goodyear & Hynd, 1992, Millich et al., 2001) 

there have been very few studies that address this issue.  Huang-Pollock and colleagues 

(2005) failed to find clear evidence for a weakness in late selective attention among 

individuals with ADHD-PI. However, post-hoc analyses demonstrated that participants 

with ADHD-PI who had high levels of SCT symptoms demonstrated significant deficits 

in early selective attention compared to all other participants. 
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Clinical Neuropsychological Model of Attention.   
The genesis of clinical neuropsychological models of attention began with the 

observation that soldiers who experienced head trauma in war often demonstrated 

attentional difficulties (Mirksy, Pascaulvaca, Duncan, & French, 1999).  Mirsky’s 

Neuropsychological Model (1987) of Attention is one the most well-recognized and cited 

models. This empirically derived model was developed by completing a factor analytic 

study of the performance of 600 children and adults on various neuropsychological 

measures. The results were indicative of a four factor solution of attention. Table 3 

provides a review of the four factors listed in Mirsky’s model.   

Table 3. Summary of Mirsky's Model of Attention 
 Definition Measures Implicated Brain Structure s 

Focus/Execute -concentrate attention 

resources on a specific 

task 

-screen out peripheral 

distracting stimuli 

-rapid response 

- Digit Symbol 

Substitution subtest 

(WAIS-R1) 

-Stroop Test 

- Trials Making 

Tests 

 

1)  superior temporal gyrus 

2) inferior parietal cortex 

3)corpus striatum 

Sustain  and 

Stability 

-stay on task in a 

vigilant manner for an 

appreciable interval 

- not missing 

designated targets 

-responding briskly 

maintain regular, 

predictable, response 

rhythm 

-CPT2 -rostral midbrain  structures 

including: 

1) mesopontine reticular 

formation 

2) midline reticular formation 

Shift -shift focus from one 

aspect of a stimulus to 

another in an efficient 

manner.  

- Wisconsin Card 

Sorting Test 

-dorsolateral prefrontal cortex  

-anterior cingulated gyrus 

Encode -mnemonic capacity to -Digit Span -limbic structures including the 



 

 

 

26

hold information briefly 

in mind while 

performing some action 

or cognitive operation 

on it 

(WAIS-R) 

-Arithmetic  

Subtest (WAIS-R) 

hippocampus and the amygdale  

Note. 1= Wechsler Adult Intelligence Scale- Revised. 2= Conner’s Continuous Performance Task. 

Empirical support for Mirsky’s model has generally been strong. Confirmatory factor 

analytic studies have supported this model with large and diverse samples of children 

(Mirsky, Anthony, Ahearn, & Kellam, 1991).  Mirksy’s Neuropsychological model of 

attention overlaps significantly with the executive function model of ADHD. Therefore, 

although research has not been conducted that compares the ADHD-PI group to the 

ADHD-C group on Mirksy’s four factors of attention, an examination of the research 

pertaining to executive functions provides insight to group differences.  More 

specifically, Mirksy’s encoding factor is very similar to working memory and the shift 

function is involved in processing speed tasks. Because of the similarity of Mirksy’s 

model with the executive functions model, many of the concepts presented in Mirksy’s 

model will be discussed in the following section. 

Executive Functions Models of ADHD 
One of the most prominent and extensively researched models of ADHD is the 

Executive Functions Theory which posits that ADHD arises from a primary deficit in 

executive functions such as working memory and response inhibition ( Barkley, 1997; 

Castellanos, & Tannock, 2002; Pennington, &Ozzonoff, 1996; Schachar, Moto, Logan, 

Tannock, & Kilm, 2000).  Executive functions have been defined by Welsh and 

Pennington (1988, pp. 201-202) as: 
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…the ability to maintain an appropriate problem solving set for attainment of a 

future goal. This set can involve one or more of the following: (a) an intention to 

inhibit a response or to defer it to a later or more appropriate time, (b) a strategic plan 

of action, and (c) a mental representation of the task, including the relevant stimulus 

information encoded into memory and the desired goal-state. In cognitive 

psychology, the concept of executive function is closely related to the notion of a 

limited-capacity central processing system.  

According to this definition, executive functioning is distinct from sensation, perception 

and aspects of language in memory; however, it overlaps with domains such as attention, 

reasoning, and problem solving (Pennington & Ozonoff, 1996). Executive functioning 

typically include: set-shifting and set maintenance, interference control, inhibition, 

integration across space and time, planning, and working memory (Nigg, 2006; Nigg, 

Blaskey, Huang-Pollock, & Rappley, 2002). In addition to ADHD, weaknesses in 

executive functions have been implicated in a number of disorders including Conduct 

Disorder (Hurt & Naglieri, 1992; McBurnett et al., 1993; Lueger & Gill, 1990; Moffit, 

1994;Moffit & Henry, 1989; Moffitt & Silva, 1998; White et al, 1994), Autism ( Prior, & 

Hoffman, 1990; Rumsey & Humberger, 1990; Ozonoff, et al, 1994; Szatmari et al., 

1990), Tourette’s Syndrome (Bornstein, 1991; Channon et al., 1992; Ozonoff et al., 1994) 

and Depression (Jonsdottir, Bouma, Sergeant, & Scherder, 2006).  

An expansive body of literature consisting of over one hundred studies exists 

which explores executive functioning in ADHD. Willcutt and colleagues (2005) 

completed an extensive meta-analysis of 83 published studies that evaluated executive 

functions in children with ADHD. The majority of studies utilized DSM-IV, DSM-III-R 
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or DSM-III to diagnose participants with ADHD. The studies included measures of 

response inhibition, vigilance, set-shifting, planning, and verbal and spatial working 

memory. It is important to note that none of the studies measured processing speed.  

The results of the meta-analysis indicate that the ADHD group demonstrated a 

moderate weakness in executive functioning compared to the control group. Average 

Effect size estimates were d=.56 for clinical referred samples and d=.49 for community 

referred samples. Effect sizes were similar whether the studies utilized DSM-IV, DSM-

III-R, or DSM-III criteria to diagnose participants.  Only three studies included in this 

review conducted analyses to determine if the ADHD-PI group differed from the ADHD-

C group in terms of executive functioning. In these three studies, significant subtype 

differences were not observed. 

Although significant differences in executive functioning were observed between 

ADHD and Control Groups (d= .4-.6), the differences were significantly smaller than 

group differences on measures of ADHD symptoms (d= 2.5-4.0).  Subsequently,  

Willcutt et al. (2005) concluded that while ADHD is associated with weaknesses in 

executive functions; executive functions cannot solely account for all of the variance 

associated with this disorder.  

Results from Willcutt and colleagues are generally consistent with a meta-analysis 

conducted by Frazier, Demaree, & Youngstrom (2004) in that both studies indicated that 

executive functions have a moderate association with ADHD. Frazier et al.’s review, 

however, differed from that of Willcutt and colleagues’ study in that Frazier et al. 

reviewed research examining neuropsychological functioning as well as executive 

functioning. Consequently, Frazier et al’s study analyzed 123 studies. In addition, the 
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inclusion of more diverse measures of achievement allowed for comparisons to be made 

between measures of executive functions and measures of non-executive functions. 

Measures of non-executive functions included the following: the Vocabulary and Block 

Design subtests from the Wechsler scales, the PPVT, and Copy portion of the Rey-

Osterrieth Complex Figure Drawing. Measures of executive functioning include: Digit 

Span, Digit-Symbol Coding, measures from the Wechsler Scales, Conner’s Continuous 

Performance Tests, the Stop Signal Task, Trail Making Tests, Wisconsin Card Sorting 

Tasks, Stroop Interference Test and Matching Familiar Figures Test. The measures 

thought to assess non-executive functions had significantly smaller weighted mean effect 

sizes (d=.9, se= .06) compared to measures of executive functioning (d=.58, se= .05). 

However, the weighted mean effect size for executive functions was in the moderate 

range, and consistent with that reported by Willcutt and Colleagues. Unlike Willcutt and 

colleagues, Frazier and colleagues’ study did not provide a comparison of ADHD-PI and 

ADHD-C subtypes on executive functions measures. 

Klorman et al. found significant differences between ADHD-PI groups and 

ADHD-C groups on measures of executive functions. On a study comparing the ADHD-

PI group, ADHD-C group and Reading Disabled group, the ADHD-C group 

demonstrated a weakness on the Tower of Hanoi, which is a measure of ability to 

manipulate visual information in working memory and planning. In addition, the 

combined group demonstrated more nonperseverative errors on the Wisconsin Card Sort 

task, which measures mental flexibility. Hence, the results from Klorman et al.’s study 

suggest that the ADHD-C group may demonstrate more deficits in specific executive 

functions compared to the ADHD-PI group. 
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In summary, the current research indicates that while individuals with ADHD are 

more likely to experience significant weaknesses in executive functioning, it does not 

support the notion of a core deficit in generalized executive function.  Despite this 

finding, however, weaknesses in specific areas of executive functioning may be 

particularly important for understanding specific weaknesses observed in ADHD-PI and 

ADHD-C. The following sections provide a discussion of models that identify specific 

executive functions as well as posit how these executive functions may help to 

differentiate between ADHD-PI and ADHD-C. 

Barkley’s Cognitive Dysfunction Model.                                                                                                                           
Barkley’s Inhibition Model of ADHD is based on the extensive base of research 

examining inhibitory functioning and executive functioning in children with ADHD. In 

Barkley’s model, behavioral inhibition refers to three interrelated processes: 1) inhibition 

of a preponent response to an event, 2) stopping an ongoing response which allows a 

delay in the decision to respond, 3) and interference control, which protects the delay 

period from being disturbed by other stimuli. Research clearly demonstrates that children 

with ADHD frequently exhibit deficits in disinhibition on neuropsychological measures 

(Gordon, 1979; Ioboni, Douglas, &Barker, 1995; Millich et al., 1994; Shue & Douglas, 

1989; Sonuga-Barke, Taylor, Sembi & Smith, 1992).   

Barkley (1997) posits that children with ADHD demonstrate weaknesses in four 

specific executive functions that are the result of the weakness in behavioral inhibition. 

The four executive functions identified in Barkley’s model are: 1) working memory, 2) 

self-regulation of affect, motivation and arousal, 3) internalization of speech and 4) 
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reconstitution. These deficits in executive functions are hypothesized to result in 

numerous deficits in motor control, fluency and syntax.    

Whereas three of the four hypothesized executive functions highlighted in his 

model have remained largely untested, a fairly substantial body of empirical research 

exists that clearly indicates that ADHD is associated with impairments in working 

memory. Working Memory has been defined as the capacity to hold information in the 

mind that is involved in multiple complex cognitive activities including mental 

calculation, language, reading, and text generation (Baddeley, Gathercole, Papagno, 

1998; Daneman & Merikle, 1996; Fuster, 1997; Goldman-Rakic, 1995; Gathercole & 

Pickering, 2000; Hoskyn & Swanson, 1999). Barkley posited that limitations in 

behavioral inhibition should result in secondary deficits in working memory because they 

will have greater difficulty suppressing competing stimuli and are less likely to hold 

information in mind as they are more distractible.  

A meta-analysis of 26 studies indicate that individuals with ADHD exhibit  

moderate to large impairments in various components of working memory, with average 

effect sizes ranging from d=.43 to d=1.07 (Martinussen, Hayden, Hogg-Johnson, 

Tannock, 2005).  The most evident deficits were present in spatial working memory with 

effect an average effect size of d=1.14. More moderate deficits were observed in verbal 

working memory with an average effect size of d=.46. A significant limitation of the 

Martinussen et al.’s study is that analyses did not examine subtype differences in working 

memory. 
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ADHD-PI 
An important caveat to the Cognitive Dysfunction Model is that it was developed 

only to explain the symptoms of ADHD-C. Barkley posits that ADHD- PI is the result of 

core deficits in processing speed and selective attention. Although numerous researchers 

hypothesize that deficits in selective attention are a characteristic of ADHD-PI (i.e. 

Barkley, 1997; Goodyear & Hynd, 1992, Millich et al., 2001) very limited empirical 

evidence supports this proposition. As previously mentioned, Haung-Pollock, et al. 

(2005)  did not find that individuals diagnosed with ADHD-PI  showed deficits in 

selective attention compared to individuals diagnosed with ADHD-C. Rather, Sluggish 

Cognitive Tempo symptoms were associated with weakness in inattention. Thus, if 

McBurnett et al.’s (2001) hypothesis that SCT symptoms are strong indicators of true 

deficits in inattention, than Huang-Pollock et al.’s study does provide some support that a 

weakness in selective attention is associated with inattention. 

Although many clinicians and researchers a like posit that slow processing speed 

is an indicator of ADHD-PI  (e.g. Barkley (1997, 2006; Diamond, 2005; Goodyear & 

Hynd, 1991; Millich et al., 2006), the current body of literature examining this assertion 

is surprisingly small (Klienmann et al., 2005).   Processing speed refers to the ability to 

process simple or routine information rapidly. Skills that frequently involve processing 

speed include rapid search of visual stimuli, decision making, and visual selective 

attention (McGrew, 1997).  A comparison of individuals with neurologically based 

disorders (i.e.  defined as ADHD, Autism, bipolar disorder, and learning disability by the 

authors) to other clinical groups (i.e. defined as anxiety, oppositional defiant disorder, 

depression, and mental retardation by the authors) indicated that individuals with 

neurological conditions have significantly slower processing speed than those without 
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neurologically based disorders (Calhoun & Mayes, 2005; Mayes & Calhoun, 2007).  

Furthermore, Calhoun and Mayes found that the ADHD-PI group had significantly 

slower processing speed than the ADHD-C group. Several other studies have found that 

the Coding subtest on the WISC-IV is sensitive to difficulties with inattention. Shepard 

and Nussbaum (2006, 2007a. 2007b) found that performance on the Coding Subtest of 

the WISC-IV predicted parents’ ratings of inattention symptoms but not 

hyperactive/impulsive symptoms on the SNAP-IV.    

Emerging research also demonstrates that the Coding Subtest is a useful measure 

for differentiating children with reading disability from children with comorbid ADHD-

PI and ADHD-PI. A study comparing the cognitive profiles of children with ADHD-PI, 

comorbid ADHD-PI/ Reading Disability, and Reading Disability only groups, found that 

only participants with ADHD-PI and ADHD-PI with comorbid Reading Disability scored 

significantly lower on the Coding subtest from the WISC-IV than children with only a 

Reading Disability (Weiler, Bernstein, Bellinger, & Waber, 2000). Significant differences 

were not observed on Symbol Search and Naming Fluency, which are other measures of 

processing speed. 

In general, both ADHD-PI and ADHD-C have slower processing speed compared 

to control groups on the Coding subtest from the WISC-IV; however, little research 

supports that ADHD-PI and ADHD-C group differs on other measures of processing 

speed. On the WISC-IV Processing Speed Index, neither performance on Symbol Search 

nor the Cancellation subtests differed significantly for inattentive symptoms or combined 

symptoms (Calhoun & Mayes,2006; Mayes & Calhoun, 2007; Rucklidge, 2006; Shepard 

& Nussbaum, 2007a, 2007b).   Nigg, Blaskey, Huang-Pollock, & Rappley, (2002) did not 
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find significant differences for response times on the Trail-Making Tests or Stroop Color 

and Word Naming Tasks. Although research has demonstrated that youth with ADHD 

tend to have slower and erratic performance on the Conner’s Continuous Performance 

test (Strandburg et al., 1996), research indicates the combined group does not perform 

differently than the inattentive group on this measure ( Seargent, 1999). Furthermore, 

findings on other neuropsychological measures of response speed have generally not 

found significant differences between ADHD-PI and ADHD-C groups on measures of 

processing speed.  Hynd et al.(1989), compared 43 children with ADHD-C and 22 

children with ADHD-PI on speeded classification tests, such as letter matching tests, 

name matching tests and letter string matching tasks, and failed to find significant 

differences between ADHD-PI and ADHD-C (Hynd et al, 1989).  

In summary, a review of the current literature indicates that group differences in 

processing speed are observed only on the Coding subtest from the WISC-IV. Therefore, 

it seems plausible to hypothesize that the Coding subtest from the WISC-IV , which is a 

complex measure of processing speed, may differentiate children with ADHD-PI from 

ADHD-C. The Coding subtest taps various aspects of processing speed, including rapid 

searching and comparing visual symbols, visual search, visuo-motor coordination, and 

selective attention (Weiler, et al., 2000). It is important that two alternative hypotheses 

have also been proposed to explain group differences between ADHD-PI and ADHD-C 

on the Coding subtest. Because the Coding subtest is a paper and pencil task that involves 

copying somewhat complex drawings, it seems possible that the observed differences 

could be attributable to weaknesses in fine motor functioning; however, research has not 

supported this hypothesis. Various measures of motor speed, including hit rate on the 
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Conner’s and performance on the Grooved Pegboard, have not predicted performance on 

measures of processing speed (Calhoun& Mayes, 2005; Nigg, 2005; Shepard & 

Nussbaum, 2007a). 

 It has also been posited that the Coding subtest taps working memory abilities in 

addition to processing speed. However, a factor analytic study examining the loadings of 

the subtests from the WISC-IV demonstrated that the Coding subtest loaded on the 

processing speed factor. The Symbol Search subtest, however, loaded on both the 

processing speed factor and visual processing factor (Keith et al., 2006). Thus, research 

suggests that the Coding subtest is a valid measure of processing speed. The observed 

differences between the ADHD-PI and ADHD-C group on the Coding subtest compared 

to other measures of processing speed may be attributable to the complex nature of this 

measure (Weilor et al., 2000).  

Whereas research examining differences in processing speed between ADHD-PI 

and ADHD-C have generally been equivocal,  research has strongly supported that 

children with ADHD have significantly slower processing speed than typically 

developing children ( Baldwell, Willcutt, DeFries & Pennington, 2007; Mayes & 

Calhoun, 2007; Piek, Dyck, Francis, & Conwell). Because slow processing speed, along 

with other measures of executive functioning, is strongly associated with ADHD, it has 

been hypothesized that processing speed may be a useful endophenotype for ADHD ( 

Bidwell, Wilcutt, DeFries & Pennington,2007; Doyle, Faraone, Siedman, Willcutt, Nigg, 

Waldman et al., 2005; Siedman, Biederman, Monotueax, Weber & Faraone, 2000). 

Although there is an ongoing debate about the exact criteria for an endophenotype, the 

vast majority of conceptualizations refer to a phenotype that is more proximal to the 
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genetic etiology of the disorder than its behavioral symptoms and is influenced  by at 

least one of the genes that increase the susceptibility to the disorder (Almasy, & 

Blangero, 2001; Gottesman & Gould, 2003). From a theoretical perspective, the 

endophenotype often has a simpler etiology than the symptom of the disorder because it 

is closer to the specific gene products in the pathway from genes to expressed symptoms 

(Bidwell, Willcutt, Defries, & Pennington, 2007). Given the important role that 

processing speed may play as a potential endophenotype, it is critical that research 

continue to explore the differences in processing speed in individuals with ADHD-PI and 

ADHD-C. 

Conclusions 
It has been hypothesized that ADHD-PI and ADHD-C are distinct disorders 

characterized by unique behavioral and executive function deficits as well as divergent 

comorbidity profiles. Additionally, it has been proposed that ADHD-PI is distinguishable 

from ADHD-C by Sluggish Cognitive Tempo Symptoms (Carlson, & Mann, 2002; 

Diamond, 2005; McBurnett et al., 2004) and a core deficit in processing speed (Barkley, 

1997; Hynd & Goodyear, 1992). Whereas current research strongly indicates that 

ADHD-PI and ADHD-C are clearly distinguishable disorders on measures of behavioral 

symptoms (Baumgaertel, Wolraich, & Dietrich, 1995; Brauermeister et al., 1992; Brito, 

Pinto, & Lins, 1995; DuPaul 1991; DuPaul, et al., 1997; Gomez, et al., 1999; Goodyear 

& Hynd, 1992;  Lahey, et al. 1997; Lahey et al. 1984, 1985; Millich et al, 2001;  Todd, et 

al. 2004), clear patterns of deficits in executive functions and comorbidities have been 

inconsistent (Nigg, 2006). Preliminary research, however, has generally supported that 

slow performance on the Coding subtest from the WISC-IV and SCT symptoms are 
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uniquely associated with ADHD-PI. It is important to note that the current body of 

research examining subtype differences on processing speed is small (Klienmann et al, 

2005) and hence more research must be conducted before conclusions can be drawn. 

Therefore, this study will compare the processing speed of ADHD-PI to ADHD-C.  

Although there has been much discussion of the role of SCT symptoms as a 

unique characteristic of ADHD-PI, there is a paucity of research examining if SCT is 

related to gender, academic achievement, cognitive profile, and emotional functioning in 

ADHD-PI samples. The proposed study is the first study to examine the relation between 

SCT and DO symptoms and processing speed. In addition, the proposed study is also the 

first to explore the relation between SCT and DO symptoms and reading fluency. The 

proposed study will also further the existing research base on the relation of SCT and DO 

symptoms, gender and emotional functioning. 
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CHAPTER 3  

Method 
Rationale for the Study 

Extant research on the behavioral symptoms of ADHD has demonstrated that 

ADHD-PI is a separate and distinct disorder from ADHD-C (Baumgaertel, Wolraich, & 

Dietrich, 1995; Brauermeister et al., 1992; Brito, Pinto, & Lins, 1995; DuPaul 1991; 

DuPaul, et al., 1997; Gomez, et al., 1999; Goodyear & Hynd, 1992;  Lahey, et al. 1997; 

Lahey et al. 1984, 1985; Millich et al, 2001;  Todd, et al. 2004).  Although it is often 

assumed that ADHD-PI is associated with slow processing speed, surprisingly few 

studies provide empirical evidence to support this assumption (Klienmann et al., 2005). 

Preliminary research suggests that slow processing speed is a significant predictor of 

inattention symptoms, but not of hyperactivity-impulsivity (Shepard & Nussbaum, 2006; 

Shepard & Nussbaum, 2007).  The first goal of the current study was to further the 

existing research on by comparing children with ADHD-PI to ADHD-C  on measures of 

processing speed.  

As more evidence has emerged indicating that ADHD-PI is a separate disorder 

from ADHD-C, research has begun to explore the characteristics of ADHD-PI. More 

specifically,  current classification system of ADHD-PI applies to a hetrogenous group of 

children, some of whom have few symptoms of hyperactivity-impulsivity symptoms and 

others of whom have several symptoms of hyperactivity-impulsivity symptoms but fail to 

meet the six-symptom threshold (McBurnett  et al., 2001). Factor analytic studies 

(Carlson & Mann, 2002; McBurnett et al., 2001) have demonstrated that ADHD-PI 

consists of two unique subtypes: inattentive-disorganized subtype, which are frequently 
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observed with children with co-occurring hyperactive-impulsive symptoms, SCT 

subtype, which is characterized by a lack of hyperactivity-impulsive symptoms.  Thus, 

SCT symptoms may be important in accurately differentiating between children who only 

have clinical difficulties with ADHD-PI from those who have clinically significant 

difficulties with inattention and subclinical difficulties with hyperactivity and 

impulsivity. The hypothesized conceptualization of ADHD is presented in figure 1. 

Figure 1. Hypothesized Conceptualization of ADHD 

 

Most of the existing research on SCT symptoms has examined the validity of the 

construct and establishing criteria to assess SCT (Hartman, Willcutt, Rhee, & 

Pennington, 2004; Lahay, et a., 1997). Few studies have explored gender differences 

(Todd, et al., 2004). Therefore, the second goal of the current study was to test if males 

and females differ in the number of SCT and DO symptoms as well as if males and 

females differ in the presentation of SCT  and DO symptoms. A final limitation of the 

current body of research is the paucity of studies examining how ratings of SCT  and DO 

symptoms correspond to academic functioning, cognitive functioning, and emotional 
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functioning (Hartmen et al., 2004; McBurnett, et al., 2001).  Consequently, the third goal 

of this study was to examine if inattention affected certain aspects of cognitive 

functioning, SCT symptoms, DO symptoms, reading fluency and emotional functioning. 

Project Approval 
The study complied with the ethical issues and standards of research delineated by 

the American Psychological Association (2002) and the procedures governing research 

with human subjects at Austin Neurological Clinic and Austin Neuropsychology (For 

Consent Form, see Appendix B). The Departmental Review Committee in the 

Department of Educational Psychology and the Institutional Review Board of the 

University of Texas at Austin approved this study (Appendix C)  

Participants 
The sample consisted of 77 children diagnosed with Attention 

Deficit/Hyperactivity Disorder. The diagnostic criteria are discussed below.  All 

participants were referred to a local neuropsychological clinic due to academic concerns. 

All assessments were conducted between the fall of 2004 and the winter of 2007. Parental 

consent for the child’s testing records utilized for research purposes was obtained during 

the initial parent consultation with the neuropsychologist. The participants were between 

the ages of 7 and 14. All participants had measured General Ability Index score of 85 or 

higher.  Only participants for whom English was their primary language were included. 

Individuals diagnosed with pervasive developmental disorders (i.e. autism, Asperger’s 

and Pervasive Developmental Disorder, not otherwise specified), ADHD/HI, seizure 

disorders, and Bipolar Disorder were not included in this study. Demographic data was 

gathered from the Developmental Questionnaire (See Appendix D) which parents 
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complete prior to the assessment. The questionnaire gathered information pertaining to 

parents’ level of education, ethnicity, and major developmental milestones. In addition, 

no participants were on medication at the time of testing.   

Instruments 
Cognitive Abilities 

Wechsler’s Intelligence Scale for Children- Fourth edition (WISC-IV). The 

General Ability Index (GAI) from WISC-IV (Wechsler, 2003a) was used to assess 

cognitive abilities. The WISC-IV is an individually administered test of cognitive 

abilities administered to children between the ages of 6 and 16. The WISC-IV provides 

an estimate of general cognitive functioning (i.e. Full Scale IQ) as well as in several 

different areas of cognitive functioning, including verbal comprehension, perceptual 

reasoning, processing speed, and working memory.  

Reliability and validity estimates indicate that the WISC-IV is a psychometrically 

sound measure. Estimates of internal consistency ranged from .79 to .90 for subtests and 

from .88 to .87 for index scores for the standardization sample (Wechsler, 2003). Expert 

reviews from the WISC-IV indicate that this measure demonstrates content validity 

because it assesses the theoretical underpinnings of cognitive ability that have been 

identified in the literature (Wechsler, 2003). Although the current manual provides 

empirical support for the current four index scoring structure, confirmatory factor 

analyses suggest that the five factor solution including crystallized ability, visual 

processing, fluid reasoning, short-term memory, and processing speed factors provides a 

better fit than the current indexes (Keith et al., 2006)  
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Evidence suggests that the WISC-IV demonstrates adequate external validity. 

Glutting, Watkins, Knonold and McDermott (2006) found that overall IQ score 

accounted for approximately 60 percent of the variance in both reading and mathematics 

scores on the Wechsler Individual Achievement Test-Second Edition. However, the 

observed scores from the four factors added little to the predictions beyond the 

contribution made by the overall IQ. Therefore, Glutting and colleagues advised that 

caution is warranted when using factor indexes over the Full Scale IQ to predict academic 

achievement (Glutting et al., 2006). 

General Ability Index .The GAI is based on the sum of three Verbal 

Comprehension subtests and three Perceptual Reasoning subtests but does not include the 

Working Memory or Processing Speed Subtests that are included in the Full Scale IQ.  

Raiford, Wiess, Rolfhus, & Coalson (2005) posited that analyzing the GAI separately is 

often appropriate with children with ADHD and other neuropsychological issues given 

the greater variability that these children often demonstrate on the Processing Speed and 

Working Memory Indexes. Average standard scores are between 85 and 115.  Estimates 

of internal consistency for subtests of the GAI ranged from .94 to .97 for the 

standardization sample (Saklofske. Ralfus, Prifitera , Zhue, & Weiss, 2005).  Currently, 

little research exists on the validity of the GAI; however, expert reviews of the index 

scores combined to calculate the GAI indicate that they demonstrate content validity 

because they assess the theoretical underpinnings of cognitive ability that have been 

identified in research (Williams, Weiss, & Rolfus, 2005). 

Prorated I.Q. In addition, an estimate of cognitive ability was calculated using the 

Verbal Comprehension Index and Fluid Reasoning Index (Keith et al., 2006). The Fluid 
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Reasoning Index was calculated by using an adjusted formula in which scores on the 

Matrix Reasoning Subtest and the Picture Concepts subtest are summed. Because the 

Block Design Subtest is a timed task, it is possible that processing speed may affect the 

test-taker’s performance. Therefore, to rule out the effects of processing speed, the Fluid 

Reasoning Composite Score will be utilized as neither Matrix Reasoning nor Picture 

Concepts are timed tasks.  

Processing Speed. Processing speed was assessed by both raw and standard index 

and subtest scores from the Processing Speed Index on the WISC-IV, which measures the 

test taker’s ability to scan, sequence, or discriminate simple visual information quickly 

and correctly. Average standard scores on the Processing Speed Index are between 85 

and 115. The technical manual reports internal consistency estimate for the Processing 

Speed index is .88. The test-retest reliability estimate was .86 with the mean number of 

32 days between assessments (Wechsler, 2003a). In addition, a confirmatory factor 

analysis of the Processing Speed Index indicate that the subtests that make up the PSI 

index measure a coherent factor that is consistent with Wechsler’s conceptualization of 

processing speed (Keith et al., 2006). 

The Processing Speed Index is calculated by summing the standard scores from 

the Coding Subtest and Symbol Search Subtest. The Coding subtest requires the test taker 

to rapidly draw symbols based on their association with a specific number. Although 

child is provided with a key and is not given sufficient time to memorize the associations 

(Holdneck & Weiss, 2005; Wechsler, 2003b), clinical reports have suggested that some 

children perform well on the Coding subtest because the child memorized a portion of the 

symbol number code. However, Keith and colleagues (2006) found that coding only 
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loaded on a speed factor, indicating working memory does not significantly affect 

performance on this measure. Average standard scores on the Coding subtest are between 

7 and 13. The internal consistency estimate for the Coding subtest was .85 and the test 

retest-estimate was .84 for the standardization sample (Wechsler, 2003a.).    

The Symbol Search subtest requires the test taker to match visual designs and 

rapidly decide if the designs match. Compared to the Coding Subtest, the Symbol Search 

subtest emphasizes visual-perceptual discrimination whereas motor skills are not as 

important as on the Coding Subtest (Holdnack & Weiss, 2005). The internal consistency 

estimate for the Symbol Search subtest was .79 and the test-retest estimate was .82 for the 

standardization sample. It is important to note that research indicates that performance on 

symbol search may also be affected by visual spatial abilities (Keith et al., 2006). 

Working Memory. Working memory was assessed with the Working Memory 

Index of the WISC-IV. This index measures the test takers’ ability to briefly retain 

information in memory while performing some operation or manipulation with the 

information. Average standard scores are between 85 and 115. The Estimate of the 

internal consistency reliability was .92 and estimate of test-retest estimate was .89 for the 

standardization sample(Wechsler, 2003a). 

The working memory index is calculated by summing the standard scores on the 

on the Digit Span and Letter-Number Sequencing subtests. On the Digit Span subtest, the 

test taker repeats a series of numbers verbatim. The Digit Span subtest assesses the test 

taker’s ability to store and retrieve information through immediate auditory recall. The 

subtest is divided into two components: Digit Span Forward and Digit Span Backward, in 

which the test-taker must repeat a series of numbers backwards. The internal consistency 
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reliability estimate was .87 and the test-retest reliability estimate was .71 (Wechsler. 

2003a).  

On the Letter-Number Sequencing subtest, the test taker is read a sequence of 

numbers and letters and then recalls the numbers in ascending order and the letters in 

alphabetical order. This subtest taps auditory discrimination, decoding, attention, letter 

and number knowledge, and mental sequencing skills. The internal reliability estimate is 

.90 and the test-retest reliability is .83 (Wechsler, 2003a.). 

Attention 

Swanson, Nolan, and Pelham  Checklist (SNAP-IV).  Attention difficulties in the 

home and school environment were assessed using the SNAP-IV, which provides 

dimensional scaling of the DSM-IV. The checklist contains 9 items addressing inattentive 

symptoms, 9 items addressing hyperactive/impulsive symptoms and 8 items addressing 

oppositional defiant symptoms. Parents and teachers rate the frequency of each behavior 

as occurring “not at all,” “just a little,” “pretty much,” or “all the time.”  Items endorsed 

as “pretty much” and “all the time” are considered clinically significant.  Although this 

measure has been used extensively in ADHD assessment and treatment research (e.g. 

Hinshaw et al., 2006; MTA Cooperative Group, 1999), there is little information on the 

psychometric properties of this measure. The SNAP Checklist, which is similar in 

structure to the SNAP-IV Checklist but was based on DSM-III criteria, however, was 

reported to have adequate reliability (Atkins & Pelham, 1991). Over a two-week period, 

test-retest reliability was .69 for the hyperactivity subscale, .78 for the inattention 

subscale, and .92 for Oppositional Defiant subscale.  The average internal consistency for 
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the subscales was .90 on a clinical sample (Barkley, 1990). The internal consistency 

reliability estimate was .86 for the current sample. 

Psychological Functioning 

Child Behavior Checklist-Parent Report Form (CBCL) (Achenbach, 2001). The 

CBCL is a widely used, empirically based rating scale of childhood behavior problems 

and functioning. The CBCL contains 113 items scored on a three-point scale. Parents rate 

the applicability of each item as 0=not true, 1= somewhat true, or 2=very true or often 

true. The Parent report form consists of eight clinical scales: Anxious/Depressed, 

Withdrawn/Depressed, Somatic Complaints, Social Problems, Thought Problems, 

Attention Problems, Rule Breaking Behavior and Aggressive behavior.  The 

psychometric properties of the parent report form are generally strong. Internal 

consistency estimates ranged .71 to .97 on the Syndrome scales for the standardization 

sample. Test-retest reliability ranged from .88-.90 for an eight to 16 day interval for the 

standardization sample (Achenbach et al, 2000).  The Anxious/Depressed Scale and the 

Attention Problems scale will be used in this study. 

Child Behavior Checklist-Teacher Report Form (CBC-TRF ) (Achenbach 1991b). 

Like the parent rating form, the Teacher Report Form consists of 113 items that utilize a 

three-point rating scale. The Teacher Report form consists of eight clinical scales: 

Anxious/Depressed, Withdrawn/Depressed, Somatic Complaints, Social Problems, 

Thought Problems, Attention Problems, Rule Breaking Behavior, and Aggressive 

Behavior. A significant difference between the CBCL and the CBCL-TRF is that the 

Attention Problem Scale on the TRF divides symptoms into inattentive and hyperactive 

symptoms whereas the parent form does not. Like the CBCL, the CBCL-TRF generally 
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demonstrates strong psychometric properties. Test-retest reliability estimates range from 

.85 to .90 for an 8 to 16 day interval. Internal consistency estimates range from .63 to .93. 

The construct validity of the CBCL and CBCL-TRF has been established on the Conner’s 

Rating Scales-Revised and DSM-IV checklist. In addition, past research has provided 

evidence for the content validity of the CBCL and CBCL-TRF. (Achenbach et al, 2001).  

Longitudinal research has demonstrated that the CBCL demonstrates relatively strong 

stability for children with ADHD (Biederman, et al., 2001). 

Sluggish Cognitive Tempo and Disorganized  Symptoms 

Sluggish Cognitive Tempo was assessed using five questions from the Teacher 

Report Form (See Appendix D). Factor analyses of the CBCL-TRF indicate that these 

items are not loaded on the same factor as the other inattention items, indicating that they 

tap a different construct. Expert analysis of these items indicate that they are consistent 

with the current conceptualization of Sluggish Cognitive Tempo (Carlson, & Mann, 

2002; Hartman, Wilcutt, Rhee, & Pennington, 2004; McBurnett, Pfiffner, & Frick, 2001).  

Disorganized symptoms was assessed four items from the Attention Problems 

Scale from the Teacher Report Form (See appendix D).  Research has demonstrated that 

Disorganized symptoms are strongly associated with Hyperactive/Impulsive symptoms 

and do not load on the same factor as Sluggish Cognitive Tempo symptoms (Carlson, & 

Mann, 2002).  In addition, a confirmatory factor analysis of the attention items was 

conducted to determine if the DO symptoms load on the same factor as the DO items. 

Reading Fluency 
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The Fluency subtest from the Gray Oral Reading Test-IV Edition (Wiederholt & 

Bryant, 2001) was used to assess reading rate. The reading fluency score is derived by 

summing standardized scores on the Reading Rate subtest, which is a measure of how 

quickly a test taker reads a passage out loud and the Accuracy subtest, which measures 

the reader’s accuracy while reading a loud. The most recent edition of the GORT was 

normed on a sample that was representative of the current U.S. population as defined by 

the 2000 Census data.  The psychometric properties of the GORT-IV are generally 

strong. Test-retest reliability estimates ranged from .85-.95 for the normative sample for a 

two-week test interval. The alternate forms reliability estimates for the Fluency subtest 

ranged from .84-.97. Correlations between the GORT-4 and other measures of reading 

have resulted in high coefficients, with median correlations of .63-.75, indicating 

acceptable criterion-prediction validity. 

Fine Motor Functioning. 

The Grooved Pegboard Test (Klove, 1963; Reitan, 1969; Trites, 1989) is a widely 

used test of fine motor functioning that assesses speed and accuracy of eye-hand 

coordination. It has a long history of usefulness in neuropsychological assessment 

(Baron, 2004). Normative data for children is based on the results of 184 children 

between the ages of five to 14 years-old (Knights, 1970). This measure was utilized to 

control for fine motor functioning. 

Procedure 
Neuropsychological assessment 

Neuropsychological assessments for each participant were conducted between 

2004 and 2007 by graduate students in educational and clinical psychology or 
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psychometrists. Each graduate student had taken doctoral level courses in 

psychoeducational, emotional, and neuropsychological assessments and had specific 

administration and scoring training for each measure included in the battery.  

Diagnosis: 

All participants whose parents or teachers endorsed six or more inattention items 

but less than four hyperactive items in the clinical range were diagnosed as ADHD-

Predominantly Inattentive type. All participants whose parents endorse six or more of the 

hyperactive-impulsive and six or more of the inattention items were diagnosed as ADHD-

C. Because the focus of this study is inattentive symptoms, this study will not include 

children with ADHD-Predominantly Hyperactive type. 

Hypothesis and Analysis 
Question 1: Do children with ADHD-PI have slower processing speed than children with 

ADHD-C? 

Hypothesis 1: It was hypothesized that children with ADHD-PI would have significantly 

slower processing speed than children with ADHD-C on the Coding subtest from the 

WISC-IV. Furthermore, it was hypothesized that Children with ADHD-PI and ADHD-C 

would not differ on the Symbol Search subtest.  

Rationale for Hypothesis 1. 

Current theory suggests that slow processing speed is related to lapses in attention 

(Barkley, 1997). Although very little research exists which tests this theory, preliminary 

studies have supported that slow processing, as measured by the Coding Subtest, is a 

significant predictor of inattentive symptoms but is not a significant predictor of 
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hyperactive/impulsive symptoms. Symbol Search has not been found to significantly 

predict inattention symptoms (Barkley, 2006; Shepard & Nussbaum, 2006, Shepard & 

Nussbaum, 2007). 

Analysis for Hypothesis 1: 

In order to determine if the groups were equivalent on demographic variables as 

well as variables hypothesized to be related to processing speed, a chi square test was 

conducted to determine if the ADHD-PI group differed from the ADHD-C group on 

gender. Analysis of variance was used to determine if the groups differ on working 

memory, cognitive ability, fine motor skills, and age. 

Because no significant differences are observed, a Hotelling-T-Squared was 

conducted to determine if the ADHD-PI group differs from the ADHD-C group on the 

Coding and Symbol Search subtests from the WISC-IV. Group classification was entered 

as the independent variable and performance on the Coding and Symbol Search subtests 

was entered as the dependent variable.    

An additional MANOVA was conducted which substituted a pro-rated IQ score 

for the GAI to control for the possible contribution of processing speed on the measure of 

the GAI. Although the Block Design subtest is predominantly a measure of nonverbal 

reasoning, it is a timed task in which the test-taker earns additional points for completing 

the patterns in a rapid manner. 

Question 2: Are there gender differences in prevalence and presentation of SCT and DO 

symptoms? 
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Hypothesis 2a: It was hypothesized that given the study sample, there would not be 

significant gender differences on the cumulative ratings of Sluggish Cognitive Tempo 

and Disorganized symptoms. 

2b. It was hypothesized that males would demonstrate significantly more daydreaming 

symptoms than females whereas females were more likely to demonstrate lower activity 

level ratings than males.  

Rational for hypothesis 2a and 2b: 

Although research indicates that the rate of SCT is equivalent in males and 

females diagnosed with ADHD-PI, (Carlson & Mann, 2002; Mcburnett, et al., 2001); an 

analysis of SCT symptoms indicates potential gender differences. Todd, et al. (2004) 

found that males were more likely to display difficulties with daydreaming whereas 

females were more likely to display difficulties with low energy levels. A limitation of 

Todd et al’s study is that it only examined two symptoms of Sluggish Cognitive Tempo. 

Consequently, the present study will examine gender differences on the five items 

identified as measures of Sluggish Cognitive Tempo on the Teacher Report Form. 

Furthermore, no research exists that examines gender differences in DO symptoms. 

Therefore, this study explored gender differences in DO symptoms. 

Analysis for Hypothesis 2a: 

A MANCOVA was conducted to compare males and females on the sum of SCT 

symptoms from the Teacher Report Form. Gender it was entered as the independent 

variable and overall score on the SCT items were entered as the dependent variable and 

age was entered as the covariate.  
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Analysis for Hypothesis 2b: 

Multivariate Analysis of Covariance was conducted to determine if males and 

females demonstrated a different constellation of SCT and DO symptoms. The score for 

each of the five SCT and DO symptoms was entered as the dependent variables. Gender 

was entered as the independent variable. Age was entered as a Covariate.  

Research question 3.  Does processing speed predict SCT symptoms, DO symptoms, 

inattention symptoms and hyperactive/impulsive symptoms. Does processing speed, SCT 

symptoms, DO symptoms, inattention symptoms and hyperactive symptoms predict 

certain academic and psychological variables? 

Hypothesis 3. It was hypothesized that slow processing speed would predict inattention 

symptoms and SCT symptoms. Furthermore, slow processing speed was hypothesized to 

predict reading fluency and anxiety symptoms. SCT symptoms and Inattention symptoms 

were hypothesized to also predict reading fluency and anxiety symptoms. 

Rational for hypotheses 3.   

According to current theory, ADHD-PI is thought to be the result of core deficits 

in processing speed and selective attention (Barkley, 1997). Because processing speed is 

purported to be one of the core deficits in inattention, it was hypothesized that processing 

speed would predict inattention. In addition, processing speed was hypothesized to 

predict SCT symptoms, internalizing symptoms and reading fluency, as these variables 

are frequently associated with inattention in current research and theory ( Carlson & 

Mann, 2002; McBurnett, et al.,2004;  Millich et al., 2004, Shepard, & Nussbaum, 2006, 

2007) . More specifically, research has demonstrated that children with ADHD-PI 
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generally have higher levels of internalizing symptoms than children with ADHD-C 

(McBurnett et al., 2001; Millich et al., 2004). Given that reading fluency is a complex 

task that requires rapid processing of information, it was hypothesized that processing 

speed would predict reading fluency.  Inattention was hypothesized to predict reading 

fluency and internalizing symptoms. 

In the current literature (e.g. Carlson & Mann, 2002), SCT symptoms are 

hypothesized to be a unique symptom for children who demonstrate predominantly 

inattentive symptoms whereas DO symptoms are strongly associated with hyperactivity 

and impulsivity. Because SCT symptoms were hypothesized to indicate difficulties with 

inattention, it was hypothesized that SCT would predict reading fluency and internalizing 

symptoms as these variables are also frequently associated with inattention. Because 

research indicates that DO symptoms are more strongly associated with 

hyperactive/impulsive symptoms, it was hypothesized that these symptoms would not 

predict symptoms most commonly associated with ADHD-PI and SCT symptoms. 

Therefore, it was hypothesized that DO symptoms will not predict internalizing 

symptoms or reading fluency. 

Analysis: 

Path analysis was utilized to examine the simultaneous effects of processing 

speed on inattention symptoms, hyperactive/impulsive symptoms, SCT symptoms, DO 

symptoms, reading fluency, and internalizing symptoms. In addition, the paths from SCT 

symptoms, DO symptoms, inattention symptoms, and hyperactive/impulsive symptoms 

to reading fluency and internalizing symptoms were also be examined.  Path analysis is 

also referred to as causal modeling because the causal relationships are hypothesized in a 
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model and the magnitude of the model is then tested in an analysis. Thus, the analysis 

yields an estimate of the extent of effect of one variable on another, given the adequacy 

of the model.  

In the current study, the exogenous, or independent variable, was performance on 

WISC-IV processing speed index.  It seems reasonable to presume that slow processing 

speed precedes parent and teacher ratings of inattention symptoms, hyperactive 

symptoms, SCT symptoms, DO symptoms, reading fluency and internalizing symptoms 

as current research hypothesizes that slow processing speed is a core deficit in ADHD-PI.  

The proposed paths are presented in figure 2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Proposed Path of Effects of Processing Speed on Attention, Internalizing 
Symptoms and Reading. 
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The full model tested the direct and Simultaneous effects of processing speed on 

inattention symptoms, SCT symptoms, DO symptoms, hyperactive/impulsive symptoms, 

reading fluency and internalizing symptoms. The direct of effects of inattention, SCT 

symptoms, DO symptoms, and reading fluency and anxiety were also calculated. 

Processing 
 Speed 

Inattention

SCT
Symptoms

Hyperactive/
Impulsive
Symptoms

DO
symptoms

Reading
Fluency

Anxiety 
(parent  ratings)
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CHAPTER 4 
 

This chapter reports the analyses proposed in Chapter Three. Prior to reporting the 

results of specific research hypotheses, descriptive data for the sample and results 

pertaining to psychometric properties of measures are provided. The final portion of the 

chapter is devoted to summarizing the results of the statistical tests utilized to test the 

three research hypotheses. 

Descriptive Analyses 

The study included 77 participants.  Fifty-three participants met diagnostic criteria 

for ADHD-PI and 24 met diagnostic criteria for ADHD-C. Descriptive information for 

the sample is presented in Table 1 and includes sex, age, SES, handedness and comorbid 

diagnosis. 

Table 4. Descriptive Characteristic by Group (N=77) 
 ADHD –PI  

(n=53) 

ADHD-C 

(n= 24) 

Sex n(%) n(%) 

     Male 34 (64.15) 19(79.17) 

     Female 19 (35.84) 5(20.83) 

 Age In Months (Standard Deviation) 110.31 (21.64)  106.13 (20.37) 

Handedness n(%) n(%) 

    Right 44 (83.01) 22(91.67) 
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     Left 6 (11.32) 2(8.33) 

     Mixed Dominance 3 (5.66) 0(0) 

Ethnicity N(%) N(%) 

     African American 2 (3.77) 0(0) 

     Asian  2 (3.77) 1(4.17) 

      Hispanic 2(3.77) 1 (4.17) 

      White 47(88.67) 22(91.67) 

Parent’s Level of Education n(%) n(%) 

     Some high school 1(1.88) 0(0) 

      Some college 1(1.88) 2(8.33) 

     Four-Year College         29(54.72) 14(58.33) 

    Graduate/Professional School 22(41.50) 8(30.33) 

Comorbid Diagnosis n(%) n(%) 

      None 33 (62.26) 18 (75.00) 

     LD in Reading 6 (11.32) 2(8.33) 

     LD in Math 2(3.77) 0(0) 

     LD in Written Expression 2(3.77) 4(16.77) 

     Depressive Disorder 4 (7.54) 0(0) 

     Anxiety Disorder 0 (0) 0(0) 

     ODD/CD 1(1.87) 0(0) 

      Dysgraphia 3 (5.66) 0(0) 

    Central Auditory Processing Disorder 2 (3.77) 0(0) 
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The data summarized in Table 4 show that the sample was homogenous in terms 

of ethnicity, gender and SES. Of the 77 participants, 70 were identified as Caucasian, 

three were identified as Asian, three were identified as Hispanic, and one was identified 

as African American. The majority of the sample was male (68.83 %). In addition, the 

majority of the sample had parents who obtained a 4-year college degree or graduate 

training (94.81 %).  Thus, it is important to note that the limited representation of 

minority groups, various SES backgrounds, and females hinder the generalizability of the 

findings reported here.  

The ADHD-PI and ADHD-C group did not differ on any of the descriptive 

variables listed in table 4.  No significant group differences were found for gender (χ2  

(1)= 1.25, p= 2.64). Chi square tests could not be conducted on handedness and co-

morbid diagnosis because over 50% of the expected cells contained fewer than five 

subjects. Because this violates an assumption for the Chi Square test, group differences 

were analyzed qualitatively.  The majority of the sample was right handed, with 83.01% 

of the ADHD-PI group identified as right handed and 91.67% of the ADHD-C group 

identified as right handed.  In both the ADHD-PI and ADHD-C group, the majority of 

participants did not have comorbid diagnoses (62.26% and 75% respectively). For the 

ADHD-PI group, learning disability in reading was the most frequently observed co-

occurring diagnosis whereas for the ADHD-C group, learning disability in written 

expression was the most frequently co-occurring diagnosis. Few co-occurring 

internalizing and externalizing conditions were reported. Only four participants in the 

ADHD-PI were diagnosed with a co-occurring depressive disorder. None of the 

participants were diagnosed with a co-occurring anxiety disorder. Only one participant in 
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the ADHD-PI group was diagnosed with co-occurring Oppositional Defiant Disorder.   

There were no significant group differences in the age of participants (F [ 1,76]=.508, p > 

.05) or cognitive abilities as measured by the WISC-IV full scale IQ(F [1,76]=  .053, 

p>.05). 

Group Comparison of Performance on Research Measures 
In order to determine whether group differences existed on measures of cognitive 

functioning, academic functioning, and behavioral functioning, t-tests were performed 

with scores on the measures as the dependent variable. Means and standard deviations on 

the various measures by diagnostic group are listed in Table 5. Caution is required when 

interpreting the comparisons below as conducting multiple t-tests increases the chance of 

a Type I error, or falsely rejecting the null hypothesis. 

Table 5. Means and standard deviations on research measures across groups 
 ADHD-PI 

(n= 54)  

ADHD-C 

(n=23) 

T(1,76) P 

Variables M (SD) M (SD)   

Grooved Pegboard- Dominant a     .54 (.78) .42(.81)  .56 .58 

Wechsler Intelligence Scale b     

       Full Scale IQ 105.71(12.33) 106.41(13.46) .23 .81 

      Prorated IQ 109.22(12.45) 109.34(15.09) .04 .97 

      Fluid Reasoning 110.61 (15.74) 111.55 (16.01) .24 .81 

      Verbal Comprehension Index 107.84(11.36) 107 .13 (16.79)  .22 .83 

      Perceptual Reasoning Index 108.69(14.63) 109.91 (15.72) .33 .74 

     Working memory Index 97.87 (17.34 101.04 (13.46) .78 .44 
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      Processing Speed Index 97.67 (12.29) 98.65 (18.85) .27 .78 

Academic Achievement c     

     Reading Accuracy  9.05 (3.37) 8.21 (3.39)  .99 .32 

     Reading Rate 9.83 (3.23) 9.30 (3.71) .62 .54 

     Reading Fluency 9.29 (3.62) 8.65 (3.77) .70 .49 

Teacher Report Form d     

      Anxious/Depressed Scale 2.69(3.44) 4.04 (4.53) .43 .21 

     Withdrawn/Depressed Scale 1.56(2.48) 1.56 (2.21) .87 .90 

     Somatic Complaints Scale  .61 (1.62) .95 (1.43) .87 .39 

     Social Problems Scale  1.51 (2.41) 3.17 (2.47) 2.76 .007 

     Thought Problems Scale 1.25 (2.18) 1.47 (1.73) .44 .66 

     Attention Problems Scale 19.45 (14.03) 28.17 (8.09) 2.78 .007 

     Rule Breaking Problems Scale 1.35 (2.61) 1.60 (1.52) .44 .66 

     Aggressive Behavior  1.85 (3.25) 6.39 (1.32) -4.14 .001 

Parent Report Form e     

      Anxious/Depressed Scale 4.76 (4.19) 4.26 (33.67) .20 .85 

     Withdrawn/Depressed Scale 2.12 (2.31) 1.69 (2.22) .76 .45 

     Somatic Complaints Scale 1.56 (2.03) 2.43 (2.59) .58 .12 

     Social Problems Scale 3.27(2.52) 2.91(2.66) .56 .574 

     Thought Problems Scale 2.90(3.03) 3.26(2.52) .49 .62 

     Attention Problems Scale 8.81(4.05) 9.17(5.78) .31 .76 

     Rule Breaking Problems Scale 1.45(1.72) 3.47(3.56) 3.38 .001 

     Aggressive Behavior 5.17(5.03) 6.23(5.43) .83 .41 
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SNAP-IV f     

Inattention 16.42(5.12) 17.00(3.51) 1.25 .27 

Hyperactivity/Impulsivity 3.07 (2.89) 14.30(4.90) 5.25 .001 

Note. a- scores reported in z-scores, b-scores reported in standard scores, c-scores reported in scaled scores, 
d-scores reported in raw scores, escores reported in raw scores, f-scores reported in raw scores. 
 
On the Attention Problems Scale from the Teacher Report Form, the combined group was 

rated as having significantly more attention symptoms than the Predominantly Inattentive 

Group. Further analysis of the ratings on the TRF indicated that the ADHD-C group 

demonstrated significantly more inattention symptoms (t [1,75]= 2.64, p= .010) and 

hyperactive/impulsive symptoms (t[1,74]= 3.87, p<.001) than those in the  ADHD-PI 

group. It is important to note that the group assignment was independent of ratings on the 

TRF as participants’ diagnoses were dependent on ratings on the SNAP-IV. The ADHD-

C group was also rated as having more symptoms on the Social Problems Scale and the 

Aggressive Behavior Scale than the ADHD-PI group on the Teacher Report Form. On the 

Child Behavior Checklist, the Combined Group was rated as having more symptoms on 

the Rule Breaking Behavior Scale than those in the Predominantly Inattentive Group.  

Statistically significant group differences did not emerge on cognitive measures or 

reading measures.  

 

Psychometric Properties 
Because the Sluggish Cognitive Tempo (SCT) items and Disorganized (DO) 

items have only been included in a handful of studies (e.g Carlson, & Mann, 2002; 

Hartman, Wilcutt, Rhee, & Pennington, 2004; McBurnett, Pfiffner, & Frick, 2001), 

relatively little information exists on their psychometric properties. As a result, the 
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estimates of reliability as well as an exploratory factor analysis of the Teacher Report 

Form - Attention Scale items were included in this study. 

Table 6. Factor Analysis of Attention Scale from Teacher Report Form 
Items Factor 1 Factor 2 Factor 3 Factor 4 
     Stares .86 -.25 -.02 -.18 
     Fails to carry out tasks .86 -.14 .15 -.09 
     Daydreams .85 .03 -.02 -.08 
     Fails to finish .76 .11 -.06 -.12 
     Difficulty with directions .64 .21 .13 .16 
     Confused .62 .01 .13 .04 
     Can’t concentrate .61 .06 .38 .09 
     Underachievement .60 -.07 -.18 .18 
     Apathetic .48 .23 -.18 .07 
     Messy work .31 .04 .18 .25 
    Disrupts -.07 .84 -.08 .16 
    Impulsive .05 .79 .15 -.09 
     Shows off .23 .71 .04 -.33 
     Irresponsible .24 .67 -.30 .13 
    Talks too much .01 .63 .27 -.09 
    Messy work -.32 .59 .09 -.09 
     Disturbs others -.06 .51 .36 .13 
     Talks out of turn -.30 .41 .07 .10 
     Fidgets .07 -.02 .87 .09 
     Can’t sit still -.14 .16 .85 .18 
     Odd noises .27 .17 .56 -.23 
    Difficulty learning .03 -.25 .17 .82 
    Poor school work .22 -.28 .13 .72 
    Whining -.26 .14 -.01 .69 
    Acts young -.01 .37 .06 .53 
 

The first factor that emerged was fairly consistent with the Inattention subscale 

from the TRF (eigenvalue= 7.27). The second factor that emerged was composed mostly 

of items from the Hyperactive/Impulsive subscale (eigenvalue= 4.13); however, one 

items from the Inattention subscale (i.e., “Messy Work”) loaded on the second factor.  

The third factor that emerged included items consistent with excess motor activity 

(eigenvalue= 1.96). The fourth factor that emerged consisted of items that indicate 

negative teacher attributes about the student (eigenvalue= 1.62). 
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In summary, the exploratory factor analysis was not consistent with Carlson and 

Mann (2002) in that a Sluggish Cognitive Tempo factor and a Disorganized factor did not 

emerge.  The discrepancy between the current study’s findings and Carlson and Mann 

(2002) study may be partially attributable to differences in the sample. More specifically, 

Carlson and Mann utilized a community based sample that consisted predominantly of 

Hispanic participants from lower SES families whereas the current studied utilized a 

clinic sample that consisted predominantly of Caucasian participants from high SES 

families. It is important to consider that research has demonstrated that Hispanic children 

are often rated higher than Caucasian children on the Attention Scale, from which the 

SCT and DO items are drawn (Glover, Pumariega, Holzer, Wise and Rodriguez, 1999; 

Koot, Van Der Oord, Edwin, Verhulst, Boomsa, 1999). This pattern suggests either a 

higher risk for attention difficulties or a culturally related bias in reporting such 

symptoms.  In addition, the sample for the current study was small for an exploratory 

factor analysis of 25 items. 

Prevalence of SCT Symptoms and Disorganized Symptoms in the Current Sample 

 In order to examine the rate at which SCT symptoms and DO Symptoms occurred 

in the current sample, frequencies were calculated utilizing raw scores for each group. 

The minimum score on the SCT scale and DO scale was zero. The maximum score was 

10 for the SCT scale and eight. Results are presented in table seven. 

Table 7. Frequency of total raw scores on SCT scale and DO scale by group. 
Raw Score Frequency of raw score for 

ADHD-PI group 
Frequency of raw score for 

ADHD-C group 

 N n 

Raw score on SCT scale   
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10 2 0 

9 3 1 

8 3 1 

7 3 1 

6 1 7 

5 8 3 

4 4 1 

3 8 4 

2 5 2 

1 9 2 

0 8 1 

Raw Score on DO Items   

8 8 4 

7 4 4 

6 4 4 

5 7 4 

4 4 3 

3 6 1 

2 7 1 

1 2 2 

0 0 0 

 

 

Test of Hypothesis 

Hypothesis I 
It was hypothesized that participants with ADHD-PI would have statistically 

significantly slower processing speed than children with ADHD-C, as measured by the 

WISC-IV Coding and Symbol Search subtests.  The Hotelling T- Squared test was used 

to determine if the groups differ on Coding and Symbol Search (means and standard 
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deviations are presented below). The omnibus Wilk’s Lambda test was not statistically 

significant (F[2, 75]=2.792, p= .068, η2 =.069).  

Table 8. Means and Standard Deviation for Raw and Standard Scores on the 
Processing Speed Subtests across Groups 

 ADHD-PI ADHD-C 

Variable  M (SD) M (SD) 

Coding  subtest (standard score) 8.40 (2.663) 9.00 (3.73) 

Coding subtest (raw score) 36.75 (10.68) 37.76 (14.24) 

Symbol Search subtest (standard score) 10.890 (2.31) 9.913(3.24) 

Symbol Search subtest (raw score) 24.00 (10.02) 23.75 (8.42) 

Note.  Standard Scores have mean of 10 and standard deviation of 3.  

Multivariate analysis of covariance (MANCOVA) was utilized to test group 

differences on raw scores on the Coding Subtest and Symbol Search subtest with age as a 

covariate. The omnibus Wilk’s Lambda was not statistically significant (F[1, 67]=.62, p= 

.53, η2 =.01). It is important to note that the sample for analyses with raw scores was 

smaller, because raw scores were available only for 49 of the participants from the 

ADHD-PI group and 21 of the participants from of the ADHD-C group.  

Hypothesis II 

Hypotheses 2A 

It was hypothesized that participants in the ADHD-PI group would demonstrate 

significantly more SCT (slow cognitive tempo) symptoms and DO (disorganized) 

symptoms compared to the ADHD-C group when controlling for age. Given the sample, 

statistically significant gender differences were not expected between males and females 

on overall DO or SCT scores.  
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Table 9. Means and standard deviation on SCT and DO items across gender.* 
 Male Female 

Variable M(SD) M(SD) 

Sum of SCT items (range 0 to 2) 4.09 (2.70) 3.46 (3.04) 

     Item I. Confused .86 (.73) .95(.85) 

    Item 2. Daydreams  1.14(.77) .90(.81) 

   Items 3.Apathetic .49 (.70) .53(.77) 

   Item 4. Stares blankly .86(.77) .68(.82) 

   Item 5. Lacks energy .43(.74 .39 (.60) 

Sum of DO items 5.13 (2.37) 3.33 (2.35) 

   Item 1. Fails to finish 1.26 (.74) 1.00 (.94) 

   Item 2. Difficulty with directions 1.23 (.84) .79 (.79) 

   Item 3. Messy work   1.28 (.75) .68 (.67) 

    Item 4. Fails to carry out task 1.09 (.82) .63(.76) 

*means and standard deviations calculated on raw scores. Raw scores for items ranged 

from 0 to 2. Possible raw scores for sums are shown in the Table 

 

A MANCOVA was conducted to determine the effect of gender and ADHD 

diagnosis on SCT symptoms and DO symptoms while controlling for age in months. It is 

important to note that ADHD-C group only included five female participants. Thus, 

results should be interpreted with caution.  The sum of DO symptoms, and SCT 

symptoms were entered as the dependent variables and Gender and ADHD diagnosis 

were entered as the independent variables. Age was entered as the covariate. A Box’s 

Test of equality of covariance matrices was not significant, indicating that the covariance 
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matrices of the dependent variable are equivalent across groups.  Age was statistically 

significantly related to the multivariate symptom dependent variable (F[2, 71]=3.99, p= 

.02, multivariate η2 =.10).  The main effects for group (F(2, 71)=.97 , p= .39, η2 =.01) and 

gender (F (2,71)=  2.93, p= .06, η2 =.02) were not statistically significant.  The 

interaction between ADHD diagnosis and gender was not statistically significant (F 

(2,71)=  .21, p= .65, η2 =.03) 

Exploratory Analysis. Although the multivariate statistic was not significant, 

follow-up analyses using the SCT and DO scales separately were conducted to further 

explore the data set. Males and females did not demonstrate significant differences on the 

overall mean of SCT symptoms (F(1,72)=1 .79, p=.19, η2 =.01). Significant differences 

were not observed between the ADHD-PI group and ADHD-C group on mean ratings of 

SCT symptoms (F(1,72)= .47, p=.50).  The interaction between ADHD diagnosis and 

gender was not statistically significant (F(1,  72)= .79, p=.38) for SCT symptoms. Figure  

3 demonstrates means for SCT symptoms for male and female participants by age.  

 

Figure 3. Mean SCT Symptoms for Male and Female Participants by Age 
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An Analysis of Figure 3 suggests that the peak number of SCT symptoms 

occurred at 9 for females whereas for males, the peak number of symptoms occurred 

between 12 and thirteen. With the exception of the 9- year old females, males 

demonstrated more SCT symptoms than females. It is important to note that there were 

no 11-year-old females in the sample. Given the small number of female participants at 

all ages, these trends should be interpreted with caution. 

Exploratory univariate ANOVA results showed that males and females did not 

differ in terms of DO symptoms  (F (1,72)= 2.52, p=.12, η2 =.01).  Significant differences 

were not observed between the ADHD-PI group and ADHD-C group on mean ratings of 

DO symptoms (F(1,72)= 1.86, p=.18), and the interaction between ADHD Diagnosis and 

gender was not statistically significant  (F (1, 72), = .34, p= .71, η2 =.01).  Figure 4 

demonstrates means for DO symptoms for male and female participants by age.  
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Figure 4. DO Mean Symptoms for Male and Female Participants by Age 

 
 

An analysis of Figure 4 illustrates that nature of the differences shown in the 

statistical analyses.  The figure shows that across all age groups, males demonstrated 

more DO symptoms than females, although this difference was not statistically 

significant. In addition, the figure suggests that males and females demonstrate relatively 

similar patterns across age groups. More specifically, DO symptoms appear to peak at the 

ages of 7 and 12 for both males and females and decrease when participants are 13 and 

14. Again, it is important to note that there were no 11-year-old females in the sample. 

Given the small number of female participants, these trends should be interpreted with 

caution. 

Hypothesis 2b.  

Additional analyses were conducted to determine if significant gender and group 

differences emerged on specific items from the DO and SCT scales. It was hypothesized 
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that males would demonstrate higher scores on the “Daydreaming Symptom” item 

whereas females would be rated higher on the “Lacks Energy” item. No significant group 

differences are expected on the DO items in the sample. 

A MANCOVA was conducted to determine the effect of gender and ADHD 

diagnosis on each SCT item while controlling for age in months.  The scores on each 

SCT item were entered as the dependent variables and Gender and ADHD diagnose were 

entered as the independent variable. Unlike the previous analysis which examined group 

differences on a summation of all SCT items and DO items, the current analysis 

examined group and gender differences on each individual item from the SCT scale and 

DO scale. This level of analysis was useful in determining if certain DO symptoms SCT 

symptoms, such as daydreaming, were significantly different across gender and ADHD 

diagnosis. Age was entered as the covariate. A Box’s Test of Equality of Covariance 

Matrices was not significant, indicating that the covariance matrices of the dependent 

variable are equivalent across groups.  The main effect of group (F[2, 71]=1.14, p= .40, 

multivariate η2 =.06) and gender (F (2,71)=  .79, p= .60, η2 =.05) were not statistically 

significant.  The interaction between ADHD diagnosis and group was not statistically 

significantly (F (2,71)=  .21, p= .65, η2 =.03) related to the multivariate. The interaction 

between gender and group was not significantly related to the multivariate ((2,71)=  1.78, 

p= .13, η2 =.12). Follow-up ANCOVAS were conducted to further explore the data set. 

Results are presented in table 9. No statistically significant findings emerged. 

Table 10. Follow-Up ANCOVAs for SCT items.* 

Source   F  η2 P 

Confused    
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     Covariate (age) .84 .01 .36 

      Group .24 .03 .63 

      Gender .42 .01 .52 

      Gender x Group      1.02 .01 .32 

Daydreams    

     Covariate (age) .54 .01 .47 

      Group 2.03 .04 .06 

      Gender .014 .00 .94 

      Gender x Group      1.55 .02 .22 

Apathetic    

     Covariate (age) 1.10 .02 .30 

      Group 1.55 .02 .22 

      Gender .56 .01 .46 

      Gender x Group      .96 .01 .33 

Stares Blankly    

     Covariate (age) .23 .00 .63 

      Group .69 .01 .411 

      Gender 1.46 .02 .23 

      Gender x Group      .16 .02 .68 

Lacks Energy    

     Covariate (age) .23 .00 .63 

      Gender .47 .01 .50 
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      Group .72 .01 .40 

      Gender x Group      .35 .01 .55 
*for all interactions, df= 1,72, all analyses conducted on raw scores 

 

A MANCOVA was conducted to determine the effect of gender and ADHD 

diagnosis on the DO items while controlling for age in months.  The score on each DO 

item were entered as the dependent variables and Gender and ADHD diagnosis were 

entered as the independent variable. Age was entered as the covariate. A Box’s Test of 

Equality of Covariance Matrices was not significant, indicating that the covariance 

matrices of the dependent variable are not significantly different across groups.  Age did 

not significantly influence the combined DV (F(2, 71)=1.539, p= .20,).  The main effects 

of group (F(2,71)=1.20 , p= .32,  multivariate η2 =.16) and the main effect for gender (F 

(2,71)=  .96, p= .26) were not significant. In addition, the interaction between gender and 

ADHD diagnosis was not significant (F (2, 71) = .54, p= .44). Exploratory Follow-up 

analyses are presented below. 

Table 11. Results for Follow-up ANCOVAs for DO items.* 

Source   F  η2 P 

Fail to Finish     

     Covariate (age) 2.98 .04 .09 

      Group .75 .01 .39 

      Gender 3.6 .05 .06 

      Gender x Group      .54 .01 .46 

Difficulty with Directions    



 

 

 

73

     Covariate (age) 3.12 .04 .08 

      Group 3.01 .05 .06 

      Gender 1.84 .025 .18 

      Gender x Group      .471 .01 .50 

Messy Work    

     Covariate (age) .44 .06 .51 

      Group .204 .03 .65 

      Gender 3.23 .07 .43 

      Gender x Group      1.21 .02 .28 

Fails to Carry Out Tasks    

     Covariate (age) 2.11 .05 .07 

      Group .37 .01 .54 

      Gender 2.91 .04 .07 

      Gender x Group      .09 .00 .76 

*all analyses conducted on raw scores 

Hypothesis III 
It was hypothesized that processing speed would have direct effects on parent’s 

ratings of inattention and anxiety symptoms, teacher’s ratings of SCT symptoms, and 

reading fluency. It was hypothesized that the magnitude of the direct effects of processing 

speed on hyperactive/impulsive symptoms and DO symptoms would be small and most 

likely not statistically significant in the current sample. It was hypothesized that 

inattention Symptoms and SCT symptoms would have direct effects on parent’s ratings 

of anxiety and reading fluency. These hypotheses were tested via path analysis. The 
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solved path is presented in figure 5. In addition, a correlation matrix with all variables 

from the path analysis is presented in table 11 and the standardized direct effects, indirect 

effects, and total effects are presented in Table 12. The paths estimate the extent of the 

influence of one variable on another, given the adequacy of the model. If the model is not 

a reasonable representation of reality, the results are likewise not reasonable estimates of 

effects. 

Table 12. Correlation matrix for all variables entered into path analysis. 
 Codin

g 
Readin

g 
Fluenc

y 

Inattentio
n 

Hyperactiv
e/ 

Impulsive 

DO 
Sympto

ms 

SCT 

Sympto
ms 

Anxiet
y 

Coding -       

Reading 
Fluency 

.35** -      

Inattention -.37** .02 -     

Hyperactiv
e/ 

Impulsive 

.08 -.05 .21 -    

DO 
Symptoms 

-.17 -.12 .50** .18 -   

SCT 
Symptoms 

-.28* -.19 .41** -.05 .65** -  

Anxiety -.02 -.07 .09 -.05 .06 .17 - 

** Correlation is significant at the .01 level. * Correlation is significant at the .05 level. 

Table 13. Direct and indirect effects on reading fluency and anxiety.* 
Variable Direct Effect Indirect Effect Total Effect 

Reading Fluency from:    

   Processing Speed .41*(.50) -.07(-.08) .34(.42) 

   Inattention .29*(.23) - .29(.23) 
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   SCT Symptoms -.13(-.17) - -.13(-.17) 

   Hyperactivity/Impulsivity        -.12(-.07) - -.12 (-.07) 

   DO symptoms -.09(-.14) - -.09 (-.14) 

Anxiety    

   Processing Speed .09(.13) -.08( -.11) .01(.02) 

    Inattention .16(.14) - .16(14) 

   SCT Symptoms .37*(.54) - .37(.54) 

   Hyperactivity/Impulsivity        -.06(-.04) - -.06(-.04) 

   DO symptoms -.36*(-.58) - -.36 (-.58) 

Note. estimates in parentheses are unstandardized estimates. *significant at the .05 level. 
 

Analysis of the model displayed in Figure 5 shows that processing speed had a 

meaningful effect on inattention, SCT symptoms, disorganized symptoms and reading 

fluency.  As hypothesized, slower processing speed was predictive of higher ratings of 

inattention (β [standardized path] = -.37, b [unstandardized path] = -.58,  p<.001) and 

SCT symptoms (β = -.28, b = -.26, p=.01). For each standard deviation increase in 

processing speed, inattention symptoms decreased by .37 of a standard deviation and 

SCT symptoms decreased by .28 of a standard deviation.  As predicted, processing speed 

did not have a statistically significant effect on DO symptoms (β = -.17,  b = -.14, 

p=.14). Finally, processing speed also had a strong direct effect on participants’ reading 

fluency (β = .41 b = -.503, p<.001). Thus, for each standard deviation increase in 

processing speed, reading fluency increased by .41 standard deviation. The indirect effect 

of processing speed on reading fluency was trivial and non-significant (β  = .06 , b  = -

.08,  p=.25). The path from processing speed to anxiety was not statistically significant (β 
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= .09 , b  = -.13,  p=.44) The magnitude of the indirect effects of processing speed of 

anxiety was also meager (β = -.11, b = -.14, p=.23). As hypothesized, the path from 

processing speed to hyperactive/impulsive symptoms was small and not statistically 

significant (β = .09, b  = .18, p=.45).  In summary, processing speed had meaningful 

direct effects on inattentive symptoms, SCT symptoms, and reading fluency. 

Although inattention symptoms had significant direct effect on reading fluency (β 

= .29  b = .23, p=.02) the sign of the effect was opposite of that predicted. More 

specifically, for each standard deviation increase inattention symptoms, reading fluency 

scores increased by .23 of a standard deviation. The paths from SCT symptoms, DO 

symptoms, and hyperactive/impulsive symptoms to reading fluency were not significant.  

As hypothesized, SCT symptoms had a significant direct effect on anxiety 

symptoms (β = .37, b = .54, p=.01).  For each standard deviation increase in SCT 

symptoms, anxiety symptoms increased .37 of a standard deviation with inattentive, DO, 

and hyperactive symptoms, and processing speed statistically controlled. Disorganized 

symptoms also had a significant direct effect on ratings of anxiety (β = -.36 , b = -.58, 

p=.02) where an increase in DO symptoms resulted in a decreased anxiety symptoms. In 

summary, as hypothesized, given the validity of the model, SCT symptoms resulted in 

more anxiety symptoms whereas DO symptoms resulted in fewer anxiety symptoms.  
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Figure 5. Path Analysis 

coding

inattention

SCT
Symptoms

hyperactive 
impulsive 

DO 
Symptoms 

reading
 fluency

anxiety

-.37

-.28

-.06 

-.17

.29.16 

-.13

-.12

-.06 

-.09 

-.36

e5

e6

.08

e1

e2

e3
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.41 

.09 

.37 

.34

..26

.10 .64

.19
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*hatched lines indicate statistically significant findings at the .05 level. 
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CHAPTER 5 

Discussion 
The results and implications of the present study are discussed in detail in this 

chapter. The chapter begins with a review of the most pertinent findings from the current 

study. Next, the study reviews characteristics of the current sample and the presentation 

of the results of the study organized by hypothesis. Findings are discussed in the context 

of past literature. Implications for research, methodology and practice are discussed. 

Finally, limitations of the present study and directions for future research are presented. 

Pertinent Findings 

The overarching goal of the current study was to examine the relationship 

between inattention symptoms and slow processing speed. Although the existing body of 

research ((Barkley, 1997, 2006; Diamond, 2005, Goodyear& Hynd, 1992, Millich et al., 

2001)) often purports that slow processing speed is the defining characteristic of the 

ADHD-PI group, little research has actually assessed this assumption(Kleinman et al., 

2005). The current study provides little evidence for slow processing speed being a 

hallmark symptom of only ADHD-PI as no statistically significant differences between 

ADHD-PI group and ADHD-C group emerged on measures of processing speed.  This 

conclusion is supported by a path analysis which demonstrated that processing speed was 

found to have a significant direct effect on inattention for both the ADHD-PI and ADHD-

C group.    

Although the current study does not support that slow processing speed is a 

defining characteristic of ADHD-PI, the results of this study indicate that slow processing 

speed is associated with inattention. More specifically, the path analysis suggested that 
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processing speed had a significant direct effect on inattention (as rated by parents) for the 

entire sample. In other words, slow processing speed seems to be an important construct 

in understanding inattention symptoms in both ADHD-C and ADHD-PI symptoms rather 

than an indicator of ADHD-PI. 

The results from the current study do not support current theories of ADHD that 

posit that slow processing speed is a hallmark symptom of ADHD-PI.   Rather, it appears 

that processing speed may be an important construct in inattention regardless of group 

classification. It is important to note, however, that more research is required to confirm 

this hypothesis. More specifically, a replication of the current study should be conducted 

that includes a hyperactive/impulsive group.     

 The current study also yields several results that have important implications for 

clinical settings. First, the current study provides empirical support for clinicians utilizing 

processing speed as evidence for significant difficulties with lapses in attention. Second, 

the current study also provides empirical support to justify extended time for students 

with slow processing speed as the path analysis clearly demonstrates that slower 

processing speed negatively affects  reading fluency.  Third, the current study provides 

preliminary evidence that elevations on SCT symptoms may possibly indicate a greater 

risk for co-occurring anxiety symptoms. 

Sample Characteristics 

The clinical sample utilized in the current study consisted of 77 participants 

between the ages of 7 and 14. The sample was well-matched in terms of age, IQ, and fine 

motor skills as these variables were not found to be significantly different in the ADHD-

PI and ADHD-C groups.  The groups consisted predominantly of Caucasian males from 
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mid-to high SES families, thus limiting the generalizability of the findings from the 

current study to more diverse populations. The majority of the participants did not have 

any comorbid diagnoses. Thus, the generalizability of the results of the current study to 

children with co-morbid disorders is limited.  In addition, the ADHD-PI group was 

considerably larger than the ADHD-C group (i.e. 53 vs. 24). Therefore, comparisons 

between the two groups should be interpreted with caution. 

Summary of Results 
Hypothesis I: 

The first goal of the existing study was to examine if children with ADHD-PI 

demonstrated slower processing speed than children with ADHD-C. Although current 

theory purports that ADHD-PI is characterized by core deficits in processing speed and 

selective attention (Barkley, 1997, 2006; Diamond, 2005, Goodyear& Hynd, 1992, 

Millich et al., 2001), only a handful of studies have compared children with ADHD-PI to 

children with ADHD-C on measures of processing speed. Studies that investigate group 

differences on the Coding subtest from the WISC-IV, which is a more complex measure 

of processing speed that involves visual search, visuo-motor coordination, and selective 

attention, have demonstrated promising evidence in support of the current theory. More 

specifically, several studies have demonstrated that children diagnosed with ADHD-PI 

perform significantly slower on the Coding subtest than children with ADHD-C. 

(Calhoun & Mayes, 2005, Nigg; 2005). Research has also demonstrated that inattention 

symptoms are significant predictors of performance on the Coding subtest (Shepard & 

Nussbaum, 2006, 2007a, 2007b). Other studies, however, have not found significant 

group differences on various measures of processing speed, including the Symbol Search 



 

 

 

81

subtest from the WISC-IV, the Trail making Test, Stroop Color and Word Making Test 

(Calhoun & Mayes, 2006; Hynd, 1989; Nigg, Blaskey, Huang-Pollock & Rappley, 2002; 

Rucklidge, 2006).  

The first hypothesis of the present study predicted that children with ADHD-PI 

would have significantly slower processing speed, as measured by the Coding subtest and 

Symbol Search subtest from the WISC-IV. Contrary to hypothesis 1, The ADHD-PI and 

ADHD-C groups did not differ significantly on either standard or raw scores from the 

Coding Subtest and Symbol Search subtest. Although this finding is inconsistent with 

current theory that a core deficit in ADHD-PI is slow processing speed, it is consistent 

with previous research that demonstrated group equivalence on measures of processing 

speed (Hynd, 1989; Nigg, Balskey, Huang-Pollock & Rappley, 2002; Rucklidge, 2006). 

Hypothesis II 

The second goal of the current study was to examine group differences in SCT 

and DO symptoms. An emerging body of research indicates that SCT symptoms and DO 

symptoms may represent distinct subtypes of ADHD-PI (Carlson & Man, 2002; Hartman 

et al., 2004; Lahey et al, 1988; Pfiffner & Frick, 2001). Sluggish cognitive tempo 

symptoms have been found to correlate strongly with inattention symptoms 

(Bauermeister et al., 2005; Carlson & Mann, 2002, McBurnett et al., 2001) whereas DO 

symptoms generally correlate with hyperactive/impulsive symptoms (Carlson & Mann, 

2002). As a result, children who demonstrate high levels of SCT symptoms are thought to 

demonstrate clinically significant inattention symptoms whereas children with DO 

symptoms are thought to demonstrate clinically significant inattention symptoms and 

subclinical hyperactive/impulsive symptoms. Understanding the unique characteristics of 
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children with ADHD who demonstrate either SCT symptoms or DO symptoms could 

have important ramifications for treatment (Millich et al., 2004). It is important to note 

that while many hypotheses exist about SCT symptoms, previous research has focused 

primarily on establishing the validity of these constructs. As a result, little is known about 

gender and group differences. There is also a paucity of research exploring the relation of 

SCT and DO symptoms to neuropsychological constructs.   

Hypothesis 2b predicted that participants in the ADHD-PI group would 

demonstrate significantly more SCT Symptoms than the ADHD-C group whereas the 

ADHD-C group would demonstrate more DO symptoms than the ADHD-PI group when 

controlling for age. Additional analyses were conducted to analyze gender differences. 

Contrary to hypothesis two, the results of the current study showed no differences 

between the ADHD-PI group and the ADHD-C group on the mean number SCT and DO 

symptoms. In addition, group differences were not observed on individual items from the 

SCT scale and DO scale. No significant gender differences were observed on the SCT or 

DO items.   

Hypothesis III 

The third goal of this study was to further explore the relation between processing 

speed and inattention, and symptoms frequently associated with attention difficulties. 

Although extant research has demonstrated that deficits in processing speed are 

frequently observed in individuals with ADHD (Bidwell, Willcutt, DeFries & 

Pennington, 2007; Mayes & Calhoun, 2007; McGrew, 1997), little research exists on how 

processing speed relates to inattention and hyperactivity/impulsivity.  Although theory 

posits that slow processing speed is a core deficit in ADHD-PI (Barkley, 1997, 2006; 
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Diamond, 2005; Goodyear & Hynd, 1992), the current study as well as most prior 

research do not support that ADHD-PI is characterized by slower processing speed 

(Calhoun & Mayes, 2006; Hynd, 1989; Nigg, Blaskey, Huang-Pollock & Rappley, 2002; 

Rucklidge, 2006). Given that the current diagnostic criteria require that both ADHD-PI 

and ADHD-C require significant impairments in inattention, it seems possible that both 

groups demonstrate deficits in this area. Therefore, research is needed to determine if 

processing speed directly affects only inattention symptoms and constructs associated 

with inattention or if it directly affects both inattention and hyperactivity/impulsive 

symptoms. 

Hypothesis three predicted that processing speed would have a significant direct 

effect on inattention symptoms, SCT symptoms, reading fluency and anxiety. Further, it 

was hypothesized that SCT symptoms would have a significant direct effect on reading 

fluency and internalizing symptoms. As hypothesized, processing speed was found to 

have a strong direct effect on inattention symptoms and SCT symptoms, with decreases 

in processing speed predicting increases in inattention ratings and SCT symptoms.  As 

hypothesized, processing speed also had a significant direct effect on reading fluency, 

with increases in processing speed being associated with increases in reading fluency. 

Contrary to hypothesis 3, processing speed did not have significant direct effects on 

anxiety. 

Direct effects of SCT symptoms, DO symptoms, inattention symptoms and 

hyperactive/impulsive symptoms on reading fluency and anxiety were also assessed. 

Contrary to hypothesis three, increased parent ratings of inattention symptoms were 

predictive of increased reading fluency. Both SCT symptoms and DO symptoms had 
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significant direct effects on anxiety. As hypothesized, an increase in SCT symptoms 

predicted an increase in parent ratings of anxiety symptoms whereas an increase in DO 

symptoms predicted a decrease in parent ratings of anxiety. 

The results of the current study are somewhat inconsistent with current research 

that suggests that co-occurring internalizing symptoms are associated with inattention 

(Millich et al., 2004) as inattention symptoms did not affect anxiety symptoms in the 

model tested. Compared to Millich et al’s sample, however, participants in the current 

sample had significantly fewer comorbid conditions, which may partially explain the 

differences. The results of the current study, however, are consistent with McBurnett and 

colleague’s (2001) results which found that SCT symptoms were related to internalizing 

symptoms. 

In summary, the analyses conducted to test hypothesis three demonstrated that 

processing speed has significant direct effects on both inattention and SCT symptoms, 

which is a variable that has been hypothesized to be a “true marker” for inattention. This 

finding is consistent with theory positing that slow processing speed is uniquely 

associated with inattention (Barkley, 1997; Goodyear & Hynd, 1992; Millich et al., 

2001). The results of the current study also provided preliminary support that children 

who experience elevated SCT symptoms may be at greater risk for increased anxiety 

symptoms.  

It is important to note that the findings from hypothesis two and hypothesis three 

appear somewhat contradictory. Whereas the results from Hypothesis three indicated that 

children with ADHD-PI and ADHD-C do not differ in terms of SCT symptoms or 

processing speed, the path analysis clearly indicates that inattention has a significant 
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effect on processing speed and SCT symptoms. The different results provide emerging 

evidence suggesting that slow processing speed may be present in both ADHD-PI and 

ADHD-C as both classifications are characterized by significant inattention symptoms. 

Therefore, the stronger path results  provide evidence that future research should use 

continuous measures (eg, number of symptoms), instead of, or in addition to, diagnosis. 

Limitations and Future Directions 
Several limitations of the present study are related to the sample characteristics.  

First, like much of the existing research used to build a theoretical framework for ADHD 

(Murphy & Barkley, 1996), the current study used a clinical sample. Therefore, unlike 

community samples, the findings do not generalize to larger samples. Second, the current 

sample consisted predominantly of children with ADHD-PI.  Future research should 

recruit broader and more evenly distributed sampling across the three subtypes of ADHD 

(i.e. predominantly inattentive type, combined type and predominantly 

hyperactive/impulsive type) provide a more complete picture of neuropsychological 

functioning. Third, the current sample consisted predominantly of Caucasian males from 

middle to high SES families. Future research should strive to recruit a more diverse 

sample.  Fourth, very few participants in the current sample had co-occuring diagnoses. 

Given that comorbidity is generally considered more the rule than the exception in 

ADHD (Barkley, 1997), future research should examine strive to include participants 

with a variety of co-occurring diagnoses. Furthermore, future research should examine if 

SCT symptoms and DO symptoms are more prone to occur with certain co-occurring 

diagnoses. 
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Two additional limitations of the existing study are related to the measurement of 

several variables. First, limited evidence of validity exists for the SCT items and DO 

items. Although previous research has demonstrated validity for the items utilized, an 

exploratory factor analysis did not support that the items loaded into two distinct factors. 

Consequently, future research should be conducted to develop items with greater 

construct validity. Second, anxiety was only measured by the Anxious/Depressed  scale 

from the Child Behavior Checklist. Future research should include more comprehensive 

measures of psychological functioning, structured parent and teacher interviews, as well 

as self-report measures. 

Because all participants were not on medication at the time of testing, a limitation 

of the current study design is that it did not allow for an examination of the effects of 

medication on research measures. Given that psycho-stimulants are one of the most 

common treatments for ADHD (Weiss et al. 2007), future studies should include 

participants who are on medications and participants who have not been prescribed 

medication (i.e. medication-naive) during the study in order to investigate differences in 

performance based on medication status. 

A strength of the current study was the inclusion of a measure of academic 

fluency. Although the research suggests that inattention symptoms and slow processing 

speed result in academic difficulties, limited empirical research supports this statement. 

This is particularly striking given that slow processing speed is often used as a 

justification for extended time on classroom examinations. The current study provides 

empirical justification for providing students with slow processing speed extended time 

on reading tasks. Future research should continue to explore the relation between 



 

 

 

87

neuropsychological constructs, including processing speed, and measures of writing 

fluency, reading fluency and math fluency.    

An additional strength of the current study is the inclusion of DO symptoms. The 

current study is the first to compare the rate of DO symptoms in children with diagnosed 

with ADHD-PI and ADHD-C. This study was also the first to assess gender differences 

in DO symptoms. In addition, this study is the first to explore the relation of DO 

symptoms with processing speed and reading fluency. Future research should continue to 

incorporate DO symptoms in their designs to determine the utility of this cluster of 

symptoms. 

Conclusions 
The results of the current investigation provide important information on the 

cognitive profile of children with ADHD-PI and ADHD-C. Current theory postulates that 

individuals with ADHD-PI demonstrate slow processing speed and weaknesses in 

selective attention (Barkley, 1997, 2006; Diamond, 2005; Goodyear & Hynd, 1992, 

Millich et al., 2001). The current study provided limited support for these theories. 

Although group differences were not found between ADHD-PI participants and ADHD-

C participants on processing speed, processing speed was predictive of inattention 

symptoms. This result suggests that processing speed may be an important construct in 

inattention regardless of group classification.  

The results from the current study do not support the previously reported studies 

(i.e. Carlson & Mann, 2002; McBurnett, 2001) suggesting the reclassification of the 

ADHD-PI group into two distinct subtypes: SCT subtype and DO subtype. First, the 

current study did not find that DO symptoms were more prevalent among the combined 
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subtype. The findings, however, do indicate that SCT and DO symptoms may play an 

important role in further understanding co-occurring symptoms as both SCT and DO 

symptoms had a significant direct effect on anxiety symptoms. Further exploration of the 

relation between SCT and DO symptoms and gender, neuropsychological constructs, and 

comorbid conditions is necessary to more fully understand the diversity of symptoms 

observed in children with ADHD and for the development of more specific and 

appropriate interventions. 
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APPENDIX A: DSM-IV-TR CRITERIA FOR ADHD 
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DSM-IV Criteria for ADHD 
I. Either A or B: 

A. Six or more of the following symptoms of inattention have been present for at 
least 6 months to a point that is disruptive and inappropriate for developmental 
level:  

Inattention 

1. Often does not give close attention to details or makes careless mistakes in schoolwork, 
work, or other activities.  

2. Often has trouble keeping attention on tasks or play activities.  
3. Often does not seem to listen when spoken to directly.  
4. Often does not follow instructions and fails to finish schoolwork, chores, or duties in the 

workplace (not due to oppositional behavior or failure to understand instructions).  
5. Often has trouble organizing activities.  
6. Often avoids, dislikes, or doesn’t want to do things that take a lot of mental effort for a 

long period of time (such as schoolwork or homework).  
7. Often loses things needed for tasks and activities (e.g. toys, school assignments, pencils, 

books, or tools).  
8. Is often easily distracted.  
9. Is often forgetful in daily activities.  

B. Six or more of the following symptoms of hyperactivity-impulsivity have been 
present for at least 6 months to an extent that is disruptive and inappropriate for 
developmental level:  

Hyperactivity 

1. Often fidgets with hands or feet or squirms in seat.  
2. Often gets up from seat when remaining in seat is expected.  
3. Often runs about or climbs when and where it is not appropriate (adolescents or adults 

may feel very restless).  
4. Often has trouble playing or enjoying leisure activities quietly.  
5. Is often “on the go” or often acts as if “driven by a motor”.  
6. Often talks excessively.  

Impulsivity 

1. Often blurts out answers before questions have been finished.  
2. Often has trouble waiting one’s turn.  
3. Often interrupts or intrudes on others (e.g., butts into conversations or games).  

II. Some symptoms that cause impairment were present before age 7 years.  
III. Some impairment from the symptoms is present in two or more settings (e.g. at 

school/work and at home).  
IV. There must be clear evidence of significant impairment in social, school, or work 

functioning.  
V. The symptoms do not happen only during the course of a Pervasive Developmental 

Disorder, Schizophrenia, or other Psychotic Disorder. The symptoms are not better 
accounted for by another mental disorder (e.g. Mood Disorder, Anxiety Disorder, 
Dissociative Disorder, or a Personality Disorder).  
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Based on these criteria, three types of ADHD are identified: 

1. ADHD, Combined Type: if both criteria 1A and 1B are met for the past 6 months  
2. ADHD, Predominantly Inattentive Type: if criterion 1A is met but criterion 1B is not met 

for the past six months   
3. ADHD, Predominantly Hyperactive-Impulsive Type: if Criterion 1B is met but Criterion 1A 

is not met for the past six months.  

American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition, Text Revision. Washington, DC, American Psychiatric Association, 2000. 
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APPENDIX B: CONSENT FORM 
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APPENDIX C: IRB APPROVAL 
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APPENDIX D: BACKGROUND QUESTIONNAIRE 
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APPENDIX E: SCT AND DO SYMPTOMS SCALE  
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Sluggish Cognitive Tempo Items from Teacher Report Form. 

1. Confused, seems lost in a fog 
2. Daydreams or gets lost in his or her thoughts. 
3. Apathetic or unmotivated. 
4. Stares blankly. 
5. Underactive, slow moving or lacks energy. 

 

Disorganized Items from the Teacher Report Form 
1. Fails to finish. 
2. Difficulty with directions. 
3. Messy work. 
4. Fails to carry out tasks. 
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