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ABSTRACT

Berlin, L. 2003. The Role of Inhibitory Control and Executive Functioning in Hyperactivity/ADHD. 
Acta Universitatis Upsaliensis. Comprehensive Summaries of Uppsala Dissertations from the Faculty 

of Social Sciences 120. 76 pp. Uppsala. ISBN 91-544-5513-1.

This thesis examined inhibition, executive functioning and their possible relation to childhood
problems of hyperactivity and inattention, in its clinical form referred to as Attention Deficit Hyper-

activity Disorder (ADHD). Concurrent as well as longitudinal relations were of interest, and both 
clinical and non-clinical samples were studied. 

Study I demonstrated concurrent relations between executive inhibition and both hyperactivity 

and conduct problems in preschool. However, the relation between inhibition and conduct problems 
could be attributed to the large overlap between hyperactivity and conduct problems.

In Study II, linear relations were found between executive inhibition and hyperactivity, whereas 

inhibition to the unfamiliar was related to hyperactivity, social initiative, as well as social anxiety. 
Non-linear analyses showed that children with high levels of both types of inhibition were at risk for 
developing low social initiative and social anxiety, whereas children with low levels of inhibition were 

at risk for developing hyperactivity, but at the same time protected from social anxiety. 
In Study III, executive inhibition was longitudinally related to ADHD symptoms in both school 

and at home for boys, but only in the school context for girls. Executive inhibition was also related to 

more general executive functioning deficits, and concurrent relations were found between executive 
functioning and ADHD symptoms, although in both cases only for boys. Inhibition and executive 
functioning made independent contributions to the understanding of ADHD symptoms for boys, and 

together explained about half the variance in inattention problems. 
In Study IV, group differences were found between ADHD children and controls for both inhibi-

tion and various other executive function measures. These measures also discriminated well between 

groups. The best model, which included measures tapping inhibition, working memory and emotion 
regulation, classified 86% of the children correctly. 

In summary, the results of the present thesis were mostly supportive of Barkley’s hybrid model of 

ADHD, although it should be noted that the question of whether inhibition should be regarded as pri-
mary to other executive functions requires further investigation.
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ABBREVIATIONS

ADHD Attention Deficit Hyperactivity Disorder

ADHD-C ADHD, combined subtype

ADHD-HI ADHD, predominantly hyperactive/impulsive subtype

ADHD-I ADHD, predominantly inattentive subtype

ANOVA Analysis of variance

COWAT Controlled Word Association Test

MANOVA Multiple analysis of variance

APA American Psychiatric Association

BAS Behavioral Activation System

BIS Behavioral Inhibition System

CBQ Child Behavior Questionnaire

CD Conduct Disorder

CPT Continuous Performance Test

DSM-IV Diagnostical and Statistical Manual of Mental Disorders, 4th edition

EI Executive inhibition

ES Effect size

IU Inhibition to the unfamiliar

NAS Nonspecific Arousal System

ODD Oppositional Defiant Disorder

PBQ Preschool Behavioral Questionnaire

SCI Social Competence Inventory

WISC-III Wechsler Intelligence Scale for Children, 3rd edition
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INTRODUCTION

No matter how hard he tried, little Shelley just couldn’t be still for 
long. Sometimes he would get out of his seat and run around the class-
room. Every morning he promised his mommy, ”I’ll be good today.” 
But every day something went wrong. ”Why do you keep doing things 
I tell you not to do,” asked his daddy? ”By the time I think about what 
I am going to do, I’ve already done it!” Shelley said sadly.
                                             Quote from ”Shelley, the hyperactive turtle” by Deborah M. Moss (1989)

Shelley, the hyperactive turtle described in the quote above, might be one of the few 
turtles in the world who are hyperactive. However, current research from a number of 
Western countries such as Sweden, Italy and the US has shown that at least 3-5% of all 
school-aged children display symptoms of hyperactivity, impulsivity and inattention 
severe enough to meet the criteria for Attention Deficit Hyperactivity Disorder
(ADHD; American Psychiatric Association [APA], 1994; Gallucci et al., 1993;
Kadesjö & Gillberg, 1998). Besides this, many children experience similar kinds of 
problems without meeting the full criteria for ADHD, making these behavior symp-
toms the most common of all behavior problems in childhood (Barkley, 1998). 

During the past couple of decades, a large amount of research has aimed at clarifying 
the underlying deficit in ADHD. When using MedLine to search for the term
"hyperactivity" (and limiting the search to children), 4500 references are presented up 
until the year 1997, that is, the year I started conducting research within this area. 
During the years I have been working on this thesis, another 2000 papers have been 
published. Understandably, this thesis is therefore in no way an attempt to provide a 
general overview of the huge research field of ADHD. Being a developmental
psychologist, my main interest in this area is to study factors that might be useful when 
trying to find early predictors of hyperactivity. During the past two decades, there has 
been a growing interest in executive functions, and it has been suggested that they 
might be related to a range of different developmental disorders. The general aim of 
this thesis was therefore to study executive functions, with a special focus on
inhibition, and the role that these functions play in explaining the deficits associated 
with hyperactivity/ADHD.

Four studies provide the empirical basis of this thesis. Three of them use data from a 
longitudinal study of a population-based sample of normally developing children fol-
lowed from preschool until grade 2. The fourth study is a clinical study, the aim of 
which was to determine whether tests of inhibition and executive functioning can 
discriminate between children diagnosed with ADHD and normal controls. However, 
before proceeding to the empirical studies, a background to this research area is 
provided, including definitions of the different concepts studied and a summary of 
previous research.
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Defining Hyperactivity/ADHD

Diagnostic criteria

Children with Attention Deficit Hyperactivity Disorder are commonly described as 
having difficulties with attention and/or hyperactivity and impulsivity – ”the holy 
trinity” of the disorder. According to the Diagnostical and Statistical Manual of Mental
Disorders – 4th Edition (DSM-IV, APA, 1994; see Table 1), some of these symptoms 
should be evident before age 7 years, and they should be present in two or more
settings. This does not mean that the primary symptoms cannot show fluctuations 
across settings. On the contrary, ADHD children can often sustain their attention over 
long periods when engaging in leisure activities which to them are enjoyable, whereas 
their problems become evident during activities that they consider slow and dull, and 
for which immediate reinforcement is not given. Further criteria for an ADHD diagno-
sis is that the symptoms should have persisted for at least 6 months to a degree that is 
maladaptive and developmentally inappropriate for the child’s age and gender, and 
they should not occur exclusively during the course of other psychiatric disorders. 

As can be seen in Table 1, hyperactivity is, according to the DSM-IV, characterized by 
symptoms such as the following: fidgeting, running around or climbing excessively in 
situations in which it is inappropriate, having problems playing or engaging in leisure 
activities quietly, and talking excessively. Impulsivity is defined as blurting out
answers before the questions have been completed, having difficulty awaiting one’s 
turn, and interrupting or intruding on others. The third ADHD component, inattention, 
includes symptoms such as failing to give close attention to details or making careless 
mistakes, having difficulties sustaining attention, being easily distracted by extraneous 
stimuli and being forgetful in daily activities.

Subtypes of ADHD

Three different subtypes of ADHD are identified in the DSM-IV: the combined type 
(ADHD-C), the predominantly hyperactive/impulsive type (ADHD-HI) and the pre-
dominantly inattentive type (ADHD-I). This classification is based on the fact that the 
symptoms of hyperactivity and impulsivity have been shown to be indistinguishable 
from one another (Achenbach & Edelbrock, 1983; Goyette, Conners, & Ulrich, 1978), 
resulting in two major symptoms – hyperactivity/impulsivity and inattention. For the 
sake of brevity, the combination of symptoms of hyperactivity and impulsivity will 
henceforth be referred to as hyperactivity. 

In order to be diagnosed with the combined type of ADHD, the child should display at 
least six out of nine symptoms of hyperactivity as well as six out of nine symptoms of 
inattention. As evident from their names, children diagnosed with the two other sub-
types of ADHD should only meet the criteria for either hyperactivity or inattention.
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Table 1. 
DSM-IV criteria for ADHD 1

A. Either (1) or (2):
(1) six (or more) of the following symptoms of inattention have persisted for at least six 
months to a degree that is maladaptive and inconsistent with developmental level:

Inattention

(a) often fails to give close attention to details or makes careless mistakes in schoolwork, 
work, or other activities

(b) often has difficulties sustaining attention in tasks or play activities
(c) often does not seem to listen when spoken to directly
(d) often does not follow through on instructions and fails to finish schoolwork, chores, or 

workplace duties (not due to oppositional behavior or failure to understand instructions)
(e) often has difficulty organizing tasks and activities
(f) often avoids, dislikes, or is reluctant to engage in tasks that require sustained mental 

effort (such as schoolwork or homework)
(g) often loses things necessary for tasks or activities (e.g., toys, school assignments, pencils) 
(h) is often distracted by extraneous stimuli

(i) is often forgetful in daily activities
(2) six (or more) of the following symptoms of hyperactivity-impulsivity have persisted for at 
least 6 months to a degree that is maladaptive and inconsistent with developmental level:

Hyperactivity

(a) often fidgets with hands or feet or squirms in seat
(b) often leaves seat in classroom or in other situations in which remaining seated is expected

(c) often runs about or climbs excessively in situations in which it is inappropriate (in ado-
lescents and adults, may be limited to subjective feelings of restlessness)

(d) often has difficulty playing or engaging in leisure activities quietly

(e) is often “on the go” or often acts as if “driven by a motor”
(f) often talks excessively

Impulsivity

(g) often blurts out answers before the questions have been completed
(h) often has difficulty awaiting turn
(i) often interrupts or intrudes on others (e.g., butts into conversations or games)

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

C. Some impairment from the symptoms is present in two or more settings (e.g., school and home).

D. There must be clear evidence of clinically significant impairment in social, academic, or occupa-
tional functioning.

E. The symptoms do not occur excessively during the course of a Pervasive Developmental Disorder, 

Schizophrenia, or other Psychotic Disorder and are not better accounted for by another mental dis-
order (e.g., Mood Disorder, Anxiety Disorder, Dissociative Disorder, or a Personality Disorder).

Note. From American Psychiatric Association (1994, pp. 83-85). Reprinted by permission.
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It is, however, not clear whether the predominantly inattentive subtype is actually a 
subtype of ADHD, sharing a common attention deficit with the other types of the
disorder (e.g., Barkley, 1998). Research examining this issue has found a number of 
qualitative differences between ADHD-I and the other two subtypes, indicating that it 
is unlikely that these subtypes have the same impairments in attention. However, these 
differences might go undetected as the inattention items presented in the DSM-IV are 
relatively global in nature and could result from a number of different disturbances (cf. 
Barkley, 1997a). It has been suggested that ADHD-I is associated with problems in 
selective attention and sluggish information processing, whereas ADHD-C is
associated more with problems of persistence or effort, as well as distractibility
(Barkley, 1998). Regarding the relation between ADHD-HI and ADHD-C, it has been 
suggested that the former is best described as an earlier developmental stage of the 
latter (Barkley, 1998; Hart, Lahey, Loeber, Appelgate, & Frick, 1995). 

The etiology of ADHD

Much research has been conducted during the past decade to try to understand the 
underlying etiology of ADHD, and most psychiatrists and clinical psychologists seem 
to agree that although ADHD may be associated with multiple etiologies, neurological 
and genetic factors are the greatest contributors to the disorder (for reviews, see Bark-
ley, 1997a, 1998). Evidence in support of this claim comes from several sources. First 
of all, some studies have noted similarities between symptoms of ADHD and those 
produced by lesions or injuries to the prefrontal cortex (e.g., Benton, 1991; Heilman, 
Voeller, & Nadeau, 1991). Besides this, several studies have shown a remarkable 
decrease in ADHD symptoms when using stimulant medication (Gillberg et al., 1997; 
Swanson et al., 1993), and family and adoption studies clearly show that there is a 
genetic component to ADHD (e.g., Biederman et al., 1992; Gillis, Gilger, Pennington 
et al., 1992; van den Oord, Boomsma, & Verhulst, 1994). Just recently, a study was 
also published suggesting that variations in a specific gene may contribute to the 
deficits associated with ADHD (Smalley et al., 2002).

It is, however, important to note that although biological factors might best explain the 
primary cause of ADHD, this does not mean that biology is destiny and that environ-
mental factors cannot shape and mold the nature and severity of a biologically based 
vulnerability. Possible social factors that might contribute to how ADHD problems 
develop include, for example, family stress, harsh punishment, and low levels of en-
couragement and controlling behavior on the part of the parents (e.g., Anastopoulus, 
Guevremont, Shelton, & DuPaul, 1992; Fischer, 1990; Mash & Johnson, 1990;
Stormshak, Bierman, McMahon, & Lengua, 2000; Woodward, Dowdney & Taylor, 
1997).

Another important point is that in many instances it is difficult to talk about either 
biological or environmental factors, as these always interact, and many of the risk 
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factors mentioned above can be seen either as an effect of the disorder or as a causal 
factor. The fact that the level of psychosocial stress is higher in families with an 
ADHD child can, for example, be interpreted as contributing to the disorder, or be 
seen as an effect of the child’s hyperactive and impulsive behavior. Another example 
is the finding that children with ADHD more often than other children have parents 
who have difficulties organizing their lives. This can be interpreted as a social risk 
factor, but it can also be a result of the strong heredity of the disorder, that is, the 
child’s parent might also have the disorder or at least display higher levels of ADHD 
symptoms than the average adult (Farone & Biederman, 1994; Frick & Jackson, 1993).

In summary, social factors are not believed to directly cause ADHD, although they can 
greatly influence the severity of the disorder, as well as increase the risk of comorbid 
conditions such as conduct problems. It is also possible that a child with ADHD 
symptoms at the sub-clinical level can develop clinically relevant symptoms due to 
psychosocial factors.

Defining Inhibitory Control

The aim of the present study was to investigate the type of inhibition referred to as 
executive or response inhibition. However, as it has been argued that other types of 
inhibition might also play a role in the development of hyperactivity; the role of 
inhibition to the unfamiliar and how this type of inhibition is related to hyperactivity
and to executive inhibition were also of interest. 

Executive inhibition (response inhibition)

In the present study, the term executive inhibition is used to refer to inhibition as de-
fined by Barkley (1997a). He states that inhibition is comprised of the following three 
interrelated processes: 1) inhibition of a prepotent or dominant response, 2) stopping 
of an ongoing response, and 3) interference control (distractibility). In that this type of 
inhibition requires inhibition of a response, it is sometimes referred to as response 
inhibition. It should also be noted that executive inhibition as defined above is often 
viewed as a type of executive function, and although I agree with this view, inhibition 
is here described separately, and in more detail, as it has been suggested that inhibi tion
is primary to other executive functions (Barkley, 1997a, b).

Examining the different tasks used to assess the three types of executive inhibition 
might provide a better understanding of the concept. Inhibition of a prepotent response 
has most often been studied using the go/no-go paradigm (Trommer, Hoeppner, Lor-
ber & Armstrong, 1988). This paradigm requires the participant to respond to a major-
ity of the stimuli (e.g., pressing the space bar when a red figure is presented on a com-
puter screen), but to withhold the response to a minority of the stimuli (e.g., a blue fig-
ure). In other words, this type of inhibition involves a conflict between responses that 



14

have a history of being reinforced, either in the past or during the task itself, and those 
responses specified in the experimental instructions. 

The stop-signal paradigm is believed to be a laboratory analogue of common, every-
day situations requiring rapid and accurate execution of a thought or action, and on 
occasion, stopping of this action (Schachar, Tannock, & Logan, 1993). The participant 
is presented with a computer-administered primary task (usually a forced-choice
reaction-time task) and asked to respond every time a stimulus appears on the screen,
except in cases when a stop-signal is presented. Thus, no response habit is necessary in 
this situation, and instead the task requires stopping of an ongoing response, the 
second type of inhibition according to Barkley. The difficulty of the task is dependent 
on the interval between the presentation of the primary task stimulus and presentation 
of the stop signal, but also on the participant’s primary reaction time, in that more 
responses will be inhibited if the reaction time is slow. Therefore, the stop signal 
paradigm traces each participant's mean reaction time to trials on which no stop signal 
is presented and presents stop signals at various intervals before the participant’s mean 
primary reaction time. When analyzing the results, the probability of inhibiting a 
response at each stop signal interval is plotted as a function, with steeper inhibition 
functions indicating better inhibitory control.

Regarding the last type of executive inhibition, referred to as interference control or 
distractibility, it has most often been measured with the Stroop task (Stroop, 1935), 
where the interference is embedded in the task. In the original version of this task, the 
participants are required to inhibit an overlearned response (e.g. reading the word 
blue), and instead name the color of the written word (e.g. red). As this requires that 
the participants have good reading skills in order for the task to produce an interfer-
ence, a modified version of the Stroop task using pictures has been used for younger 
children (Gerstadt, Hong, & Diamond, 1994).

Inhibition to the unfamiliar

Within child temperamental research, the concept of inhibition has been dominated by 
the works of Kagan and colleagues who introduced the term behavioral inhibition to-
ward the unfamiliar, that is, the general tendency to withdraw when faced with novel 
situations (Kagan, Reznick, Clarke, Snidman, & Garcia-Coll, 1984). This includes 
withdrawal in social, as well as non-social, encounters and has been used to describe 
two different groups of children who are either inhibited or uninhibited. Inhibited 
children are characterized by showing great distress when confronted with situations 
that are unfamiliar to them, and this behavior has been linked to physiological respon-
ses such as higher heart rates and greater sympathetic cardiac reactivity compared to 
children who are not inhibited (Snidman, Kagan, Riordan, & Shannon, 1995). 
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Uninhibited children, on the other hand, do not show this type of uncertainty in novel 
situations. Physiological measures have shown that these children are characterized by 
low sympathetic tone and low levels of cortisol (Kagan, 1994). Studying development 
over time, this type of inhibition has been shown to be relatively stable during early 
and middle childhood (Bengtsgård & Bohlin, 2001; Kagan, Reznick & Snidman, 1987; 
Kerr, Lambert, Sattin, & Klackenberg-Larsson, 1994; Sanson, Redlow, Cann, Prior & 
Oberklaid, 1996), as well as from childhood to early adulthood (Gest, 1997).

Kagan and co-workers (e.g., Kagan & Snidman, 1991) have argued that "inhibited" 
and "uninhibited" children constitute two distinct temperamental types as described 
above. However, other researchers have claimed that inhibition to the unfamiliar might 
just as well be seen as a varying along a continuous dimension, and the finding that the 
relative stability is not higher for extreme cases has been taken as support for this 
notion (e.g., Asendorpf, 1990; Broberg, Lamb, & Hwang, 1990; Sanson et al., 1996). 

Defining Executive Functioning

Executive functioning is a relatively vague concept and there has been a great deal of 
debate regarding how it should be defined. Welsh and Pennington (1988) defined ex-
ecutive functioning as a broad range of abilities, serving the purpose of maintaining an 
appropriate problem-solving set for attainment of a future goal. The term has also been 
used as an umbrella term for the functions of the prefrontal cortex (Pennington,
Bennetto, McAleer, & Roberts, 1996). This area of the brain is relatively immature 
during childhood, with development thought to be a protracted process that continues 
at least until early adolescence (for a review, see Anderson, 1998).

Despite the confusion regarding an exact definition of executive functioning, most re-
searchers agree that this term includes functions such as planning, persistence, mental 
flexibility, working memory and inhibition (e.g., Barkley, 1997a; Lezak, 1993; Welsh, 
2002). All these functions fit well with the definitions of executive functioning pre-
sented above, but this does not mean that they all form a single dimension. Using fac-
tor analysis of different executive functions, several studies have found a factor for 
inhibition and a separate factor for working memory. Other factors that have been 
found in some, but not all studies, include vigilance or sustained attention, and some-
times a separate factor referred to as selective attention or motor speed has also been 
found (for a review, see Barkley, 1997a). 

As is always the case when conducting factor analysis, the number and type of factors 
derived is largely dependent on how many and what measures the researcher chooses 
to include in the analysis. The point that I am trying to make here is simply that differ-
ent executive functions appear to form separate factors and although describing ex-
ecutive functioning using these factors might be an oversimplification, it might serve a 
valuable purpose when developing theoretical models of the deficits associated with 
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different psychopathologies. An example of such a model within the ADHD area is the 
hybrid model of executive functions presented by American psychiatrist Russell
Barkley, and a more detailed description of his model is provided below when descri-
bing the most influential theories of ADHD.

Theories of ADHD

During the past decades, several theoretical formulations have been presented in order 
to account for the different deficits associated with ADHD. In this section, I wish to 
present four different theoretical formulations, which have been of most importance 
when designing the studies included in this thesis. Barkley's theory has provided the 
basis for all of the studies included in this thesis, and his theory will therefore be des-
cribed in detail. The presentations of the other theories will be brief, although
hopefully enough information will be provided so as to allow a comparison between 
these models and Barkley's model. 

Barkley’s hybrid model of ADHD

To date, one of the most influential, and certainly the most comprehensive model of 
ADHD is the hybrid model of ADHD presented by Russell Barkley. As the model is 
rather complex, at least in comparison with other models within this area of research, 
the whole model is presented in Figure 1. According to the hybrid model, ADHD is 
seen as primarily a deficit in executive inhibition as defined above. Further, Barkley 
(1997a, b) views inhibition as primary to other executive functions in that the first 
action must always be to inhibit a response and thereby produce a delay during which 
other executive functions can occur. This does not mean that inhibition directly causes 
the other executive functions, but it “sets the occasion for their performance” and pro-
tects that performance from interference (Barkley, 1997b, p. 68). 

Based on the view that inhibition is primary to other executive functions, Barkley also 
proposes that children with ADHD have secondary problems with regard to four other 
executive functions, which he refers to as (1) non-verbal working memory, (2) inter-
nalization of speech (verbal working memory), (3) self-regulation of arousal, motiva-
tion, and arousal, and (4) reconstitution. Thus, Barkley’s model has a hierarchical 
organization with inhibition at the top of the hierarchy and the other four executive 
functions at the lower level. Together these functions should be able to account for the 
deficits associated with ADHD as presented in what Barkley in his hybrid model refers 
to as the Motor Control/Fluency/Syntax (see Figure 1). Below follows a more detailed 
description of each of the four executive functions included in the model.

Non-verbal working memory
Working memory has been defined as the ability to hold an event in mind so as to use 
it to control a response (Goldman-Rakic, 1995), and it includes both a verbal and a 
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non-verbal part. Regarding the non-verbal component, Barkley (1997a) includes a 
number of sub-functions in that disruption of the working memory system is believed 
to affect functions such as imitation of behavior sequences, which is a powerful tool 
by which humans learn new behaviors. Besides this, Barkley (1997a) claims that if one 
cannot hold an event in mind, this will also affect the human sense of time in that 
keeping events in working memory leads to a sense of temporal continuity. 

Internalization of speech (Verbal working memory)
Although Barkley refers to this part of the model as internalization of speech, he 
regards this as comprising what most researchers refer to as verbal working memory, 
or the articulatory loop of the working memory system (e.g., Baddley & Hitch, 1994). 
Often, this component of the model has been studied using traditional verbal working 
memory tasks such as digit spans, where the participant has to repeat increasingly 
longer sequences of digits, either exactly as presented by the experimenter, or in a 
backward order. Regarding internalization of speech, this refers to the development 
over which speech becomes increasingly covert and then later internalized (Berk, 
1992; Vygotsky, 1987). Normally, overt private speech emerges around age 3 to 5 and 
serves a problem-solving function, it becomes increasingly covert during the early 
school years and is predominantly internalized by ages 9-12 (Berk, 1992). For some 
children, this development is delayed, and according to Barkley, this should result in 
difficulties following instructions, especially if an immediate reward is available.

Self-regulation of affect/motivation/arousal
The development of self-regulation of affect/motivation/arousal, the third type of
executive function in Barkley’s model, develops in a similar manner as internalization 
of speech, that is, from being expressed purely in its public form, to becoming more 
and more regulated and covert (Barkley, 1997a). Because children with ADHD are 
believed to have poor inhibitory control, they cannot delay their behavior enough to 
modify their emotional reaction in a way that is appropriate for a certain situation. 
Regulation of emotions is also believed to have a motivational significance and it may 
also affect how well a person can regulate energy resources (Frijda, 1994). Due to the 
apparent link between emotion, motivation and arousal, Barkley believes that all these 
three components of self-regulation are related to ADHD. 

Reconstitution
Reconstitution, the last type of executive functioning in the model, includes analysis 
and synthesis, that is, decomposition of sequences of events or messages into their 
parts, and manipulation of these parts in order to reconstitute (i.e., reconstruct) new 
events or messages (Barkley, 1997a). Reconstitution is linked to inhibition in that a 
delay in responding is required in order to mentally organize information, and such a 
delay is provided by inhibition. It is also clearly linked to working memory in that in-
formation has to be retained in memory before any type of manipulation of the infor-
mation can  take place. In fact, although Barkley refers to reconstitution as a separate
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part of his model, he recognizes that this might just represent a developmentally more 
advanced function of the working memory system. Empirical studies in support of this 
function have often used verbal fluency tasks, where the participants are required to 
generate as many words as possible from a certain category (e.g., animals), but recon-
stitution also includes behavior flexibility and creativity, as well as the ability to 
assemble information into meaningful sequences.

The Gray/Quay theory of BIS and BAS

Gray (1982) has advanced a neuropsychological model that consists of three interac-
ting systems: the Behavioral Activation System (BAS) the Behavioral Inhibition Sys-
tem (BIS), and the Nonspecific Arousal System (NAS). The NAS is seen as a
flight/fight system that responds to unconditional pain and punishment, whereas the 
BAS responds to conditioned stimuli for either reward or relief from punishment. The 
third system, the BIS, responds to conditioned stimuli for punishment and nonreward 
as well as novelty and innate fear stimuli. In his original work, Gray (1982) used his 
theory to describe anxiety problems, which he believed to be a result of an overactive 
BIS. Besides this, Quay (1997) has used Gray’s theory as a basis for explaining the 
deficits associated with ADHD, which he believes are related to an underactive BIS.

The fact that ADHD and anxiety problems are both believed to be related to BIS, al-
though in opposite directions, is problematic in that this implies that the two disorders 
cannot co-occur in a child. However, in reality about a quarter of children with ADHD 
will meet the criteria for an anxiety disorder (Cohen et al., 1993). In explaining this 
finding, it is important to note that the BIS, at least as originally described by Gray, is 
a system that is primarily linked to punishment and reward, whereas this is not the case 
for inhibition as defined by Barkley. 

Making this distinction is important in that this implies that it is only when using ex-
ecutive tasks with motivational conditions, that is, containing reward or punishment, 
that they should be seen as measures of BIS functioning (cf. Nigg, 2000). Thus, 
Quay’s (1997) use of deficiencies in inhibition, as measured by the stop-signal para-
digm and commission errors on go/no-go tasks, as support for an underactive BIS is 
questionable. In Nigg’s (2000) working inhibition taxonomy, Gray’s BIS is referred to 
as a type of motivational inhibition, whereas the concepts included in Barkley’s 
definition of inhibition are considered as examples of executive inhibition. 

When making such as distinction between different types of inhibition as described 
above, the evidence of an underactive BIS in ADHD is fairly limited (Nigg, 2001). It 
should, however, be noted that it has been suggested that different types of inhibition 
interact to shape behavior. Rothbart and co-workers (e.g., Rothbart & Bates, 1998) 
have, for example, suggested that because motivational inhibition systems emerge 
earlier in development than executive inhibition, early deficits of the former could dis-
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rupt normal development of the latter. A further description of Rothbart’s theory is 
provided in the next section.

Rothbart’s theory of effortful control

Rothbart's theory of effortful control is not a very well known theory within ADHD 
research. However, it is of major importance when trying to explain how executive 
inhibition and inhibition to the unfamiliar might interact, and as this was one of the 
aims of the thesis, a presentation of Rothbart's theory is necessary. 

Rothbart and coworkers (e.g., Derryberry & Rothbart, 1997; Rothbart & Bates, 1998) 
point to the role of two control systems, a fear/behavioral inhibition system and a sys-
tem of effortful control. The fear/behavioral inhibition system is seen as a motivational 
reactive system, which has modulatory effects through its connections to other sys-
tems; approach and reward-oriented behaviors may for example be suppressed by high 
behavioral inhibition. The second system, the system of effortful control, reflects the 
functioning of the anterior attentional system and is an active control system with a 
self-regulatory function. It provides the ability to inhibit a dominant response in order 
to perform a subdominant response, and it is believed to have regulatory functions in 
relation to the more basic motivational temperamental systems such as the fear/behav-
ioral inhibition system and the approach system. It is my belief that these two control 
systems should be reflected in the two forms of inhibition of interest in the present 
thesis – inhibition to the unfamiliar to the fear/behavioral inhibition system, and
executive inhibition to the system of effortful control. 

With regard to psychopathology, Rothbart and colleagues (e.g., Derryberry & Roth-
bart, 1997; Rothbart & Bates, 1998) have stressed the importance of investigating the 
role of both control systems in order to understand the basis of behavior problems. In 
the case of ADHD, weak fear regulation may result in impulsive behavior, especially 
if the child is unable to voluntarily constrain his/her behavior through the regulatory 
system of effortful control (i.e., when the child has both low inhibition to the
unfamiliar and low executive inhibition). It has further been suggested that whereas 
ADHD might be described as a problem of under-regulation of both control systems, 
social anxiety might arise from over-regulation (Derryberry & Rothbart, 1997). 

The cognitive energetic model

In line with Barkley’ theory, Sergeant, Oosterlaan, and van der Meere (1999) agree 
that deficits in executive inhibition are common among children with ADHD. How-
ever, they do not believe this deficit to be primary to the disorder, but rather a result of 
poor allocation of three energetic resources, or energetic pools. The first pool, effort, 
refers to the necessary energy to meet the demands of the task, and effort is believed to 
both excite and inhibit the two other energetic pools, referred to as arousal and activa-
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tion. Arousal, which is influenced by signal intensity and novelty, is defined as phasic 
responding, and it is believed to be influenced mainly by signal intensity and novelty. 
Tonic changes of physiological activity are thought to represent the operation of the 
third energetic pool, referred to as activation. The effort and activation pools are 
closely connected and have considerable effect on motor output, therefore these two 
pools are believed to be the most important ones when explaining the deficits associ-
ated with ADHD (Sergeant et al., 1999). These theoretical formulations are also in line 
with Douglas’ (1999) view of ADHD, although she claims that the disorder involves a 
more general regulatory deficit.

An overview of previous research

Executive functioning and hyperactivity/ADHD

Previous studies of executive inhibition among children with ADHD, have often found 
them to differ from comparison controls both on tasks measuring response inhibition
using either the go/no-go paradigm (e.g., Iaboni, Douglas, & Baker, 1995; Shue & 
Douglas, 1992) or different types of stop-signal tasks (e.g., Oosterlaan & Sergeant, 
1996; Schachar & Logan, 1990; Schachar, Tannock, Marriott, & Logan, 1995). There
are also a few studies showing poor executive inhibition to be related to hyperactivity 
in non-clinical samples (Hughes, Dunn, & White, 1998; Hughes, White, Sharpen, & 
Dunn, 2000). Far fewer studies have examined interference control, but generally 
previous studies have found that distractions outside the immediate task are not likely 
to differentiate between children with ADHD and normal controls (Douglas, 1983; van 
der Meere & Sergeant, 1988). However, when the distractions are embedded in the 
tasks, such as the Stroop task (Stroop, 1935), significant group differences have most 
often been found (Barkley, Grodzinsky, & DuPaul, 1992; Grodzinsky & Diamond, 
1992; Leung & Connolly, 1996). 

Looking specifically at different types of executive functions included in Barkley’s 
model, non-verbal working memory deficits among ADHD children have mainly been 
observed for tasks of memory for spatial location (Mariani & Barkley, 1997) and 
repetition of hand movements (Barkley et al., 1992; Breen, 1989; Mariani & Barkley,
1997). Regarding verbal working memory, deficits in this area have been demonstra-
ted among ADHD, primarily using repetition of digit spans (e.g., Barkley, Murphy, & 
Kwasnik, 1996; Mariani & Barkley, 1997). Besides this, the development of internali-
zation of speech has consistently been shown to be delayed among children high in 
ADHD symptoms (Berk & Landau, 1992; Berk & Potts, 1991; Winsler, Diaz,
McCarty, Atencio, & Chabay, 1999). 

Further support for deficits in the executive functions included in Barkley's model 
comes from studies showing significant differences between ADHD children and
controls with regard to measures of self-regulation of affect/motivation/arousal
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(Douglas, 1983, 1988), and verbal fluency (Fischer, Barkley, Edelbrock & Smallish, 
1990; Loge, Staten, & Beatty, 1990; Reader, Harris, Schuerholz, & Denckla, 1995). 
Empirical data regarding reconstitution of story narratives among hyperactive children 
are scarce, but available studies suggest that these children produce less information 
and make more errors compared to controls (Tannock, Purvis, & Schachar, 1993). 

There are, however, also a number of studies that have failed to find significant group 
differences for executive functions such as working memory (e.g., Kerns, McInerney, 
& Wilde, 2001), verbal fluency (e.g., Fisher et al., 1990; Weyandt & Willis, 1994) and 
self-regulation of motivation (e.g., Stevens, Quittner, Zuckerman, & Moore, 2002). Of 
special importance when evaluating Barkley’s theory are recent failures to find
significant group differences even for measures of inhibition, most often using the 
stop-signal paradigm (e.g., Barkley, Edwards, Laneri, Fletcher, & Metevia, 2001;
Kuntsi, Oosterlaan, & Stevenson, 2001; Oosterlaan, Logan & Sergeant, 1998). Instead 
of making more inhibitory errors, the performance of children with ADHD has been 
characterized by many omission errors and/or long and variable reaction times, a 
finding that has been taken as support for the cognitive energetic model, in which 
ADHD children are primarily seen as having problems regulating effort and activation 
(Sergeant et al., 1999). The finding that inefficient task behavior has primarily been 
demonstrated when using tasks with fast or slow, but not medium, event rate might 
also be taken as evidence for ADHD children’s inability to adjust their state. 

Inhibition to the unfamiliar and hyperactivity/ADHD

Regarding inhibition to the unfamiliar, it is inhibited children’s risk of developing 
internalizing problems that has most often been in focus (e.g., Biederman, Rosenbaum, 
Chaloff, & Kagan, 1995; Kagan, 1997; Lonigan & Phillips, 2001). The few times that 
uninhibited children have been studied, they have often been described as friendly, 
sociable and spontaneous (Kagan, 1998), although the results from some recent studies 
suggest that uninhibited behavior might not be entirely unproblematic. 

The Kagan group (Schwartz, Snidman, & Kagan, 1996), for example, reported a
higher incidence of externalizing problems among uninhibited children in one study, 
and Sanson and colleagues (1996) found that higher levels of approach were associa-
ted with higher levels of aggression and hyperactivity. However, as these two studies 
did not compare uninhibited children with normal controls, it is unclear whether these 
children are more likely to show externalizing problems, or whether inhibited children 
are especially unlikely to do so. Previous studies have also found empirical support for 
a protective effect of high inhibition to the unfamiliar, suggesting that this type of in-
hibition could lower the risk of conduct problems and delinquency (Kagan, 1994; 
Kerr, Trembley, Pagani, & Vitaro, 1997; Wångby, Bergman, & Magnusson, 1999). 
Together, these studies suggest that inhibition to the unfamiliar, and not only executive 
inhibition, might be important when studying predictors of ADHD symptoms. 
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Critical issues in ADHD research

Comorbidity

The issue of comorbidity relates to the co-occurrence of several different disorders in 
one individual. Related to the concept of comorbidity is the issue of specificity, that is, 
to what extent predictors are unique to a particular disorder. If the deficit in, for 
example, executive inhibition is not specific to ADHD, it cannot be a necessary and 
sufficient cause of the disorder. 

Conduct Disorder and Oppositional Defiant Disorder
Together with ADHD, conduct disorder (CD) and oppositional defiant disorder (ODD) 
are among the most common psychiatric disorders of childhood (APA, 1994). In-
cluded in the diagnostic criteria for CD are problems of aggression (e.g., bullying, 
threatening and intimidating others, being physically cruel), destruction of property, 
deceitfulness, thefts, and serious violation of rules (APA, 1994). ODD includes some 
of the features observed in CD (e.g., disobedience and aggression), although not in 
their persistent and more serious forms. In fact, ODD is often seen as a developmental 
precursor of CD, and when a child meets the criteria for both disorders, the diagnosis 
of CD takes precedence and ODD is not diagnosed. In a review of the comorbid condi-
tions of ADHD, Pliszka (1998) concludes that about half of the children with ADHD 
also meet the criteria for either CD or ODD.

Children with CD or ODD more often come from families with social problems com-
pared to children with ADHD, and they more often have learning disabilities (Pliszka, 
1998). Regarding performance measures, deficits in executive inhibition have been 
found also among children with CD (e.g., Hurt & Naglieri, 1992; Oosterlaan et al., 
1998), indicating that this deficit might not be specific to ADHD. However, as most 
previous studies have failed to control for the large overlap between CD and ADHD, 
the apparent relation between executive inhibition and CD could be a result of high 
levels of ADHD symptoms among children with CD. Even though children diagnosed
with CD do not meet the criteria for comorbid ADHD, they may still have con-
siderably higher levels of ADHD symptoms compared to normal controls. It has there-
fore been argued that it is important to treat data dimensionally, instead of just cate-
gorically, and in that way control for comorbid symptoms at a sub-clinical level (Nigg, 
Hinshaw, Carte, & Treuting, 1998).

Social Anxiety
Social anxiety refers to behaviors such as worrying about not doing the right thing or 
showing things that the child has made him- or herself. In that Gray’s theory of BIS 
and BAS (see above) has linked an underactive BIS to ADHD, whereas an overactive 
BIS would result in anxiety problems (Daugherty, Quay, & Ramos, 1993), there has 
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been an increased interest in both executive inhibition and inhibition to the unfamiliar 
and their possible relations to ADHD and anxiety problems.

In a review of studies using the stop-signal task, Oosterlaan (2001) concludes that al-
though some empirical support has been found for higher inhibitory control among 
children high in anxiety, there are also several studies that have failed to find signifi-
cant group differences. As already mentioned above when presenting Gray’s theory, it 
may, however, be premature to interpret these findings as evidence against Gray’s 
theory in that one has to use tasks containing reward or punishment in order to tap BIS 
functioning. However, even among the studies that have included reward and
punishment, many have failed to find significant group differences between children 
high in anxiety and normal controls (e.g., Oosterlaan & Sergeant, 1998). Rather 
consistent relations have, however, been found between inhibition to the unfamiliar 
and social anxiety (e.g., Buss, 1986; Crozier, 1999; Lonigan & Philips, 2001).

Should ADHD be regarded as a category or as a dimension?

One debate in the scientific literature concerns the question of whether ADHD should 
be seen as representing a category or a dimension of behavior. Regarding it as a 
category, a child either has the disorder or does not. The DSM system uses this 
categorical approach by requiring that certain thresholds be met before a diagnosis can 
be made. The view of regarding psychopathologies as representing dimensions of 
behavior claims that ADHD constitutes the extreme end of a dimension, or
dimensions, of behavior that falls along a continuum including normal children. This 
approach does not necessarily see ADHD as a disease, but views these children as 
being high in symptoms of hyperactivity or inattention. 

Recent genetic studies support the notion that ADHD represents a dimensional trait 
rather than a pathological category in that heritability estimates are about as high re-
gardless of whether a continuum or categorical approach is used to characterize
ADHD (e.g., Levy, Hay, McStephen, Wood, & Waldman, 1997; Sherman, McGee, & 
Iacono, 1997). Another way of studying this question involves exploring changes in 
the degree of association between symptom severity and some variable characteristic 
of the disorder. A linear relation, where the degree of association is similar across 
severity levels, is taken as support for a dimensional approach, whereas deviations 
from linearity support a categorical approach. Few studies have included large enough 
samples to examine this issue, although Sonuga-Barke and co-workers did conduct 
such an analysis and their results are in line with genetic studies in finding support for 
the dimensional approach (Sonuga-Barke, Dalen, Daley, & Remington, 2002). 

Also Barkley (1997a) supports a dimensional approach in that he views deficits in in-
hibition and executive functioning as actually being delays, meaning that there is a 
quantitative rather than a qualitative difference between ADHD children and normal 
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controls with regard to the development of these functions. This also implies that the 
processes underlying normal and abnormal development are essentially the same and 
studies of non-clinical samples can improve our understanding of the deficits asso-
ciated with clinical conditions. Barkley (1998) further states that until it can be shown 
that individuals who achieve the diagnostic threshold and those who are sub-threshold
show qualitative differences, the dimensional approach is the most empirically valid, 
whereas the categorical approach remains one of convenience and tradition.

The possibility of preschool prediction

It has been estimated that about half of children who receive a diagnosis of ADHD 
manifest behavior problems by the time they are 3 years old (Barkley, 1989). How-
ever, finding preschool predictors of ADHD is despite this a tricky business, mostly 
due to the normative nature of hyperactive behavior in preschool. By this I mean that a 
relatively large number of children display hyperactive behavior in preschool, making 
it difficult to distinguish between early signs of more serious behavior problems, and 
age-appropriate behavior (cf. Olson, 1996). Looking at other predictors besides acti-
vity level, most previous studies have not studied ADHD specifically, but rather gen-
eral disruptive behaviors (i.e., hyperactivity as well as conduct problems). In a series 
of studies, Campbell and co-workers have examined factors such as low SES,
conflictual mother-child interactions, family stress and difficult temperament, and
found that these predictors were all related to later disruptive behavior (e.g., Campbell, 
1994; Campbell, Breaux, Ewing, & Szumowski, 1986; Campbell & Ewing, 1990). 

To my knowledge, the effects of early executive inhibition on later hyperactivity have 
not been studied previously, and the question of preschool prediction therefore remains 
to be answered. In discussing developmental implications of his theory, Barkley
(1997a) claims that because executive inhibition is seen as the primary deficit in 
ADHD, longitudinal relations between preschool inhibition and later hyperactivity 
should be expected. Regarding the other executive functions included in the model, it 
is important to note that the various executive functions are likely to emerge at differ-
ent points in development. Thus, the primary characteristic of preschool children with 
ADHD is likely to be poor response inhibition, whereas these children might not differ 
from controls on measures of the other executive functions, as these have yet to mature 
even among normally developing children. Consequently, school-aged children with 
ADHD are likely to manifest a far more complicated picture of deficits with regard to 
executive functioning compared to preschool children with the same disorder.

These theoretical formulations have serious consequences with respect to choosing 
what tasks to include when studying the deficits associated with ADHD, and they also 
have implications when interpreting whether the results are supportive of Barkley’s 
theory. First of all, it is important to choose tasks that are difficult enough so that the 
ADHD children cannot perform them well, but easy enough so that most normal 
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children have learned to master them or at least are in the process of doing so. If a task 
is chosen that taps a function that not even normal children have developed, group 
differences can of course not be expected and the results should not necessarily be 
seen as contradictory to Barkley’s theory.

Sex differences

Since the sample sizes in clinical ADHD studies often are small, and the boy-girl ratio 
in clinical samples often ranges between 4:1 to 9:1 (APA, 1994), girls have either been 
excluded from previous studies, or the number of girls has been too small to conduct
separate analyses for each sex. Previous studies can therefore not tell us much about 
ADHD in girls. Theoretically, it has been claimed that if a developmental disorder is 
more prevalent among one sex, the underrepresented sex is generally more severely
affected, probably due to the fact that the underrepresented sex has a higher threshold 
to insult (e.g., James & Taylor, 1990). This would explain the lower number of ADHD 
diagnoses among girls, and suggest that those who do receive a diagnosis must be 
more severely affected in order to cross the threshold. 

The few studies investigating both boys and girls have mainly focused on gender 
differences in prevalence, severity of problems, and familial psychopathology (for a 
review, see Gaub & Carlson, 1997; Henker & Whalen, 1999). In their meta-analysis,
Gaub and Carlson (1997) concluded that, compared to ADHD boys, girls with the 
disorder showed lower levels of hyperactive behavior, but were more intellectually 
impaired. The few studies examining sex differences in executive functioning have 
generally not found any significant group differences (e.g., Arcia & Conners, 1998; 
Houghton, et al., 1999; Nydén, Hjelmquist, & Gillberg, 2000). 

When discussing sex differences in ADHD, it is important to note that girls with 
ADHD are less likely to be referred to clinics compared to boys, and this implies that 
ADHD girls in clinic-referred samples might not be representative of the disordered 
population in general (Carlson, Tamm, & Gaub, 1997). It has therefore been argued
that the use of population-based samples to study sex differences in ADHD symptoms 
is particularly appropriate (Carlson et al., 1997). Besides this, one should not assume 
that the predictors of ADHD symptoms are the same for both sexes, and longitudinal
studies using samples large enough to study possible differential pathways of boys' 
and girls' problem behaviors are needed in order to examine this issue.

Relations between ADHD, executive functioning and intelligence

One important question that has been raised in the ADHD literature concerns the issue 
of whether executive functions are really discernable from general cognitive ability 
(i.e., intelligence or IQ). A number of different lines of evidence have, however, been 
presented, supporting a distinction between these concepts. This literature is unfor-
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tunately very complex, and it is sufficient here to say that (a) factor analyses have 
identified separate dimensions of executive functions and that of intelligence (e.g., 
Cardon, Fulker, DeFries, & Plomin, 1992; Pedersen, Plomin, & McClearn, 1994), and 
(b) patients suffering injuries to the frontal lobes often show little or no alteration in IQ 
scores, although their executive functions are usually seriously affected (Stuss & Ben-
son, 1986). It should, however, be noted that these results apply primarily to crystal-
lized intelligence, whereas measures of fluid intelligence are more similar to executive 
functioning as defined above.

Notwithstanding the fact that executive functioning might be discernable from intelli-
gence, this does not mean that the former has no relation or effect upon the latter. In 
fact, several studies have found that measures of various executive functions as well as 
ratings of hyperactivity are related to intelligence (e.g., McGee, Williams, & Silva, 
1984; Sonuga-Barke, Lamparelli, Stevenson, Thompson, & Henry, 1994; Welsh &
Pennington, 1988). This raises the question of whether it is advisable to statistically 
control for intelligence when examining executive functioning deficits among children 
with ADHD. Based on the findings presented above, it has been argued that control-
ling for IQ will probably eliminate some of the differences between ADHD children 
and controls that are a result of the variable of interest, ADHD (Barkley, 1997a). Con-
sequently, researchers might be best off reporting their data both with and without 
controlling for intelligence, letting the reading make his or her own interpretation of 
the results.

The discriminant ability of tests of executive functioning

Although significant group differences between ADHD children and controls have 
been observed for various measures of executive inhibition as well as for measures of 
other executive functions, it is important to note that group differences alone are in-
sufficient indices of the discriminant ability of those measures (cf. Doyle, Biederman, 
Seidman, Weber, & Farone, 2000). Researchers comparing ADHD children with con-
trols are comparing the means between groups. This is, however, not what clinicians 
are doing when setting a diagnosis – they are classifying individuals. Instead of group 
differences, discriminant ability is best examined using measures of sensitivity and 
specificity. Sensitivity refers to the probability of an abnormal test score given that a 
person has the diagnosis in question, whereas specificity is defined as the probability 
of a normal test score given that the person does not have the diagnosis.

The relatively few previous studies that have complemented their analysis with
analysis directed towards examining the discriminant ability of tests of executive 
functioning have generally found that these tests are better at excluding normal child-
ren from the ADHD category than at confirming ADHD in children diagnosed with 
the disorder (e.g., Barkley & Grodzinsky, 1994; Doyle et al., 2000; El-Sayed, van’t 
Hooft, Larsson, Malmberg & Rydelius, 1999; Perugini, Harvey, Lovejoy, Sandstrom 
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& Webb, 2000). In terms of conditional probabilities, the specificity has been relativity 
high in these studies, whereas the sensitivity has been low. From the perspective of 
understanding the deficits of ADHD, these results are disappointing in that they indi-
cate that there is a relatively large number of diagnosed children who do not have 
executive function impairments. None of these studies, however, used measures from 
Barkley’s full model and might therefore have missed children for whom the deficit 
primarily pertained to a specific function. 

Interestingly, previous studies have shown that it is often tests measuring executive 
inhibition or working memory that have been best at discriminating between groups. 
These findings are clearly in line with Barkley’s (1997a) notion of inhibition as the 
primary deficit in ADHD, but also with theoretical formulations by Roberts and Pen-
nington (1996). They argue that inhibition and working memory are sufficient to char-
acterize the entire domain of executive functioning, implying that measures of these 
two functions should discriminate well between ADHD children and controls if
ADHD is believed to be associated with deficient executive functioning.

Before drawing any certain conclusions, however, more research is needed, as the 
number of previous studies examining this issue is very small, and the studies are also 
limited in certain ways. For example, the study by Barkley and Grodzinsky (1994) 
included only 12 participants in each group. Doyle and co-workers (2000) used a very 
large sample, but as this was a 4-year follow-up it is unclear whether all the subjects 
met the criteria for ADHD at the time of the testing. 

Aims of the thesis

The general aim of the empirical studies included in this thesis was to examine the role 
of inhibition and executive functioning as possible correlates and predictors of ADHD 
symptoms. In order to do so, I have followed a sample of children from the age of 5 to 
8½, and the three first studies contain some of the data that have been collected as part 
of this longitudinal investigation. However, as the children included in the longitudinal 
study more or less represented a cross-section of the normal distribution of behavior 
problems, I have also studied a group of children with clinically significant ADHD 
problems. By including these two different samples in my thesis, I hope to provide a 
more comprehensive view of the role of inhibition and executive functioning in the 
development of problems of hyperactivity and inattention among children. More
specifically, the major aims of this thesis were:

• To investigate whether executive inhibition measured as early as preschool is re-
lated to hyperactivity in a non-clinical sample. This question was addressed using 
concurrent (Study I) as well as longitudinal data (Study II and III). If such a rela-
tion can be found as early as the preschool years in non-clinical samples, it might 
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be possible to improve the prediction of disruptive behavior problems by adding 
measures of executive inhibition to information about other factors.

• To address the issue of specificity of deficits in executive inhibition. Because pre-
vious studies have shown that hyperactivity and conduct problems often co-occur,
we wished to control for conduct problems when studying the effects of inhibitory 
control on hyperactivity, and to control for hyperactivity when studying the effects 
of inhibitory control on conduct problems (Study I). 

• To study sex differences in inhibition and executive functioning and also in the re-
lations between these cognitive measures and ADHD symptoms. This seemed to be 
an important issue, as one should not assume that the predictors for ADHD 
symptoms are the same, or at least as strong, for boys and girls (Study I and III)

• To study the empirical overlap between two different types of inhibition - execu-
tive inhibition and inhibition to the unfamiliar - and to see how they are longitudi-
nally related to ADHD symptoms. Both main effects of each one of these types of 
inhibition and interactive effects were of interest, in that it has been suggested that 
the combination of these two concepts should be important to the understanding of 
both externalizing and internalizing problem behaviors in children (Study II)

• To test the hypothesis that preschool executive inhibition can be seen as a precur-
sor to more general problems of executive functioning, believed to characterize the 
school-aged child with high levels of ADHD symptoms. Besides examining direct 
effects, we also wanted to examine whether general executive functioning can be 
seen as a mediator in the relation between preschool executive inhibition and 
ADHD symptoms at school-age (Study III).

• To examine whether children with clinically relevant ADHD symptoms have defi-
cits in executive inhibition and each of the four other types of executive functions 
included in Barkley's model of ADHD. Besides studying group differences, we 
also wanted to address the question of whether measures pertaining to each of the 
different functions included in Barkley’s model could discriminate between ADHD 
children and controls (Study IV).
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THE EMPIRICAL STUDIES

METHOD

Participants and procedure

Longitudinal study (Study I, II, and III)
The present study included 151 children (75 boys) who were part of a larger longitudi-
nal study conducted at Uppsala University, Sweden (see Figure 2 for an overview of 
the design of this study). A national population-based register, which includes all 
Swedish residents, was used for recruiting a random sample of 1000 5-year-old child-
ren living in the city of Uppsala, a university city and the country’s fourth largest city. 
From this sample, 705 filled out and returned a questionnaire and a sub-sample of 151 
children was recruited for the longitudinal study. 

One of the main aspects in focus in our longitudinal study (of which this thesis is a
part) was to examine inhibition to the unfamiliar as a predictor of problem behavior. 
The longitudinal sample was therefore selected so as to obtain large variation with 
regard to this variable, which meant that we had to over-sample in the inhibited end as 
the distribution of inhibition to the unfamiliar was positively skewed in our large sam-
ple of 705 children. In that we also wished to obtain large variation with regard to 
hyperactivity, we made sure that the sub-sample closely represented the larger random 
sample with regard to this variable. Thus, the recruited longitudinal sample was nor-
mally distributed for inhibition to the unfamiliar as well as for hyperactivity.

Figure 2
Design of the longitudinal study

At 5 years of age (M = 5.2 years, SD = 1.12), the sub-sample of 151 children were
seen in the department laboratory for the first time. The visit included the tests of 
executive inhibition as well as the measures of inhibition to the unfamiliar. Besides 
this, parental ratings of behavior problems were collected at the time of the visit.

Laboratory Visit I
(5 years, N = 151)

Executive Inhibition
Inhibition to the unfamiliar

Laboratory Visit II
(6½ years, N = 133)
Executive Inhibition

Laboratory Visit III
(8½ years, N = 129)
Executive Inhibition

Executive functioning

5            6                        7                                       8       YEARS

Parental Ratings
(5 years, N = 151)

Parental Ratings
(6½ years, N = 133)

Parental Ratings
(8½ years, N = 135)

Teacher Ratings
(6 years, N = 124)

Teacher Ratings
(8 years, N = 136)
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About 9 months after the visit to the department laboratory (M = 6.0 years, SD = 2.6), 
the children’s nursery school teachers or day-care providers in the home, completed 
questionnaires regarding behavior problems in the out-of-home setting for 124 of the 
children. Reasons for attrition regarding the teacher ratings were that the child did not 
have out of home care (4 children), the parents did not consent to contact with the 
child’s nursery school (13 children), or the questionnaires were not returned despite 
two reminders (10 children).

When the children were about 6 ½ years of age (M = 6.6 years, SD = 1.3), 133 children 
visited the department laboratory once again. Reasons for not participating in the sec-
ond visit were mainly lack of time (12 children) or the fact that the family had moved 
out of the area (6 children). This visit lasted about 90 minutes and included measures 
of executive inhibition, as well as some other measures that will be reported else-
where. Parental ratings of problem behaviors were also collected.

When the children were 8 years old (M = 8 years, 0 months, SD = 2 months), the child-
ren’s elementary teachers were contacted by mail and asked to fill out a questionnaire, 
containing the problem behavior and social competence instruments included in this 
thesis. Data from the child’s schoolteacher were collected for 135 of the children (89% 
of the children seen in the laboratory at age 5). Reasons for attrition were that the 
child’s parents did not give consent to contact the child’s teacher (10 children), the 
teacher did not return the questionnaire despite two reminders (5 children), or the child 
could not be reached (1 child). 

When the children were about 8 ½ years of age (M = 8 years, 8 months, SD = 1.6 
months), 129 children were seen in the department laboratory where they were asked 
to perform the executive function tasks included in the present study. Reasons for attri-
tion were that the child had moved out of the area (11 children), or lack of time (11 
children). Once again, ratings of problem behaviors were also collected from the
accompanying parent. Ratings were also sent by mail to those families that did not 
participate in the laboratory visit, which resulted in parental ratings for a total of 136 
children.

Clinical study (Study IV)
The clinical study included 63 boys, who ranged in age between 7 and 10 years. The 
clinical group consisted of 21 boys who had been diagnosed with ADHD (either the 
combined or the predominantly hyperactive/impulsive subtype), according to the diag-
nostic criteria in DSM-IV (APA, 1994). All of the children had been referred to a 
specialized, neuropsychiatric clinic for examination due to severe behavior problems. 
The boys were examined according to standardized procedures at the clinic (which 
besides parental and teacher interviews and rating scales also included medical history, 
neuropsychiatric and medical evaluations, fine- and gross-motor testing), and
diagnosed by an experienced child psychiatrist. All ADHD children had a score of 15 
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or above on the Conners Rating Scale, hyperactivity index (Conners, 1990) for both 
parent and teacher ratings, as well as an IQ above 70 measured by the Wechsler 
Intelligence Scale for Children (WISC-III, Wechsler, 1991). Children showing
evidence of progressive neurological disease or autistic disorder were excluded from 
the study. None of the children were taking stimulant medication. 

The control group consisted of 42 boys matched to the ADHD boys with regard to age 
(ADHD, M = 8.3 years; Controls, M = 8.4) and ethnic background. The control child-
ren were recruited from two local elementary schools. Parents with boys in grade 1 
through 4 were contacted by mail and asked to participate in the study, and among 
those children for whom consent was given, the boys who best matched the children in 
the clinical group were selected for the study.

Measures

Executive inhibition

Go/no-go tasks
The go/no-go paradigm was originally introduced into the field of ADHD research by 
Trommer and colleagues (Trommer et al., 1988). It requires that the participant 
produce a simple motor response (“go”) to a majority of the stimuli, while inhibiting 
this response (“no-go”) in the presence of a minority stimulus. Two different versions 
of this task were used. The first version of the task, used in the longitudinal study at 
age 5 and age 8½, included four different stimuli: a blue square, a blue triangle, a red 
square, and a red triangle. In the first part of the task, the children were instructed to 
“go” (i.e. to press the space bar) when a blue figure appeared on the screen, but to 
make no response (“no-go”) when a red figure appeared. The same stimuli were used 
for the last part of the task, but the children were instructed to "go" every time they 
saw a square, and to inhibit their response every time they saw a triangle, irrespective 
of color. Altogether the task included 60 stimuli with a “go-rate” of 77%. Scores 
derived from the task were commission errors (pressing the key when a “no-go” target 
was presented) and omission errors (failing to press the key when a “go” stimulus was 
presented). Commission errors were used as a measure of executive inhibition. 

In the longitudinal study at age 6½ and in the clinical study, the design of the task was 
the same but the stimuli were more complex (e.g., a square with a vertical or diagonal 
line in the middle). The children were presented with four different figures and they 
were instructed to press a key as fast as possible every time they saw one of three fig-
ures (“go”), but to inhibit t heir response when they saw the fourth figure (“no-go”).

Stroop-like task
In the original Stroop test (Stroop, 1935) a conflict is produced when the participant 
has to inhibit an over-learned response (e.g. reading the word blue), and instead name 
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the color of the written word (e.g. red). Thus, it is a measure of interference control. 
However, because hyperactivity and reading disorder have been shown to co-occur
(Frick, et al., 1991), and the participants must be able to read proficiently in order for 
the test to produce an interference, a new version of the Stroop test was constructed. 
This task was based on the Day-Night Stroop Task by Gerstadt and co-workers (1994), 
but because children have been shown to perform at ceiling already by age 6 using this 
task (Passler, Isaac, & Hynd, 1985), our version included four pairs of pictures instead 
of just one (see Figure 3). The child was instructed to say the opposite as fast as 
possible every time a picture was presented on the computer screen (e.g., to say boy
every time he/she saw a girl). Several types of errors were registered. However,
because "not corrected errors (i.e., just saying the wrong word) and “no answer” could 
result from the fact that the child did not fully understand the task, corrected errors
(i.e., first saying, or starting to say, the wrong word and then correcting oneself) were 
used as a measure of interference control. 

Figure 3
Stimulus-pairs presented in the Stroop-like task (girl-boy, up-down, big-small, night-day)

Inhibition to the unfamiliar

Observational measures
As inhibition to the unfamiliar includes both social and non-social inhibition, two dif-
ferent observational methods were used, which were later standardized and aggregated 
into one measure of overall inhibition to the unfamiliar. In the Riskroom Procedure
(Kagan, Reznick & Gibons, 1989), which measures non-social inhibition to the unfa-
miliar, the child was asked to play freely for 7 minutes in a room containing toys sug-
gesting risk (e.g., a tunnel through which the child could crawl, a “magic box” with a 
round hole through which the child could stick his/her hand, a set of fragile wind-
chimes). The session was videotaped and the child’s level of inhibition was assessed 
using a scale ranging from 1 (short latency to touch the first toy, plays freely with the 
toys during the whole session) to 7 (does not play with toys or very long latency to 
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touch of first toy). Intercoder reliability was obtained using the ratings of 22 children 
and amounted to r = .97. 

In the Stranger Encounter Situation (Klein, Plunkett, & Meisel, 1988; Plunkett, Klein, 
& Meisels, 1988), which measures social inhibition to the unfamiliar, the child and 
parent were first left alone in a room. After a few minutes, a stranger entered the room 
and tried to make contact with the child in 5 consecutive episodes, each lasting 30 or 
60 sec. In the first episode, the stranger entered the room ignoring the child and his/her 
parent. Over the episodes, the stranger became more active in trying to relate to the 
child, ending up being intrusive before retreating and leaving the room. Inhibition was 
coded for each episode on a scale ranging from 1 (child is not at all uncomfortable 
with the stranger or with the situation) to 5 (child actively avoids all contacts with
stranger – e.g., turns away when spoken to, turns to mother). The score used in the 
present study is a global rating of all 5 episodes. Interobserver agreement was .92 
using the ratings from 27 observations made by two independent observers.

Parental ratings
The child’s inhibition toward the unfamiliar was also rated by a parent using the mean 
of an 11-item scale (α = .86) from the screening questionnaire that had been collected 
a few months before the laboratory visit. Seven of these items reflected social
inhibition, and consisted of four items from the EAS inventory (Buss & Plomin, 1984) 
and three items constructed in the research group (e.g., “my child becomes reserved 
upon entering a room full of strangers”; see Bohlin, Bengtsgård & Andersson, 2000).
The last 4 items reflected non-social inhibition (e.g., “hesitant to explore new places 
and contexts on his/her own”) and were also taken from the EAS inventory.

Executive functioning

Non-verbal working memory
Non-verbal working memory was assessed using three different tasks. In Study III, we 
used a spatial working memory task originally developed by Park, Holzman and
Goldman-Rakic (1995) for use with monkeys and later adapted for use with humans 
by Öhman and colleagues (personal communication, May 2001). The children were 
told that the light blue color on the computer screen in front of them was the sky and 
that they would soon see an airplane that would appear somewhere on the sky and then 
disappear. They were instructed to try to remember the location of the airplane and 
when clouds were later presented on the screen, they were told to indicate which one 
of the clouds was in the same location as the airplane had been earlier. During the 
delay period between the airplane and the clouds, a distraction task was presented 
where a response was required every time a lion was presented (25% of the trials), but 
refraining from responding when a frog was presented (75%). The score used was 
number of correct answers on the primary task. 
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In Study IV, the spatial working memory task described above was not used. Instead, 
the children were presented with a sequence of hand movements and then asked to 
repeat the sequence (Kaufman Hand Movements Test; Kaufman & Kaufman, 1983). 
Altogether the child was presented with 17 different hand movements using three sim-
ple movements (fist, palm and side), and the result was registered as number of errors, 
that is, how many times the child was unable to reproduce the sequence of hand 
movements correctly.

Study IV, also included a time reproduction task, where the experimenter presented the 
child with six different time intervals (two intervals each of 12, 24 or 36 sec) using a 
flashlight and the child was asked to repeat the time interval as closely as possible. In 
line with the study by Barkley and colleagues (Barkley et al., 2001), an absolute dis-
crepancy score was calculated across the six intervals by subtracting the sample dura-
tion from that produced by the participant and eliminating its sign (+ or -).

Internalization of speech (verbal working memory).
This function was tested in both Study III and Study IV, but different tasks were used 
in the two studies. In Study III, this function was tested using the Digit Span subtest 
from WISC-III-R (Wechsler, 1991). This test involves repetition of a series of increas-
ingly longer strings of digits presented by the experimenter at a rate of one per second. 
The total number of correct trials on both the forward and the backward condition was 
registered as a measure of verbal working memory. 

As internalization of speech according to Barkley's model includes several subfunc-
tions, this part of the model was in Study IV also investigated using a Puzzle Cheating 
Task, which aimed to measure rule-governed behavior. A puzzle was placed
underneath a box with an opening for the hand and a cloth covering the front. The 
cloth could easily be lifted up so that the child could look at the puzzle. The children 
were instructed that they should try to get as many pieces in the right place without
lifting the cloth to look at the puzzle. The experimenter then made an excuse to leave 
the room and rule-governed behavior was later assessed from the videotape using a 
scale from 1 (very low rule-governed behavior, that is, many instances of cheating 
and/or flagrant cheating) to 5 (behavior fully rule-governed, no instances of cheating).

Self-regulation of affect/motivation/arousal.
Three different measures were used to study this part of Barkley’s model. In Study III, 
regulation of arousal was measured with the mean reaction time for correct responses 
and variability in reaction time on the go/no-go task (the version used at age 8½, see 
description above). These two measures were standardized and a mean value was cal-
culated. In line with, for example, Kuntsi and co-workers (2001), a high value
indicated long reaction times and high variability, and this was seen as an indication of 
poor regulation of arousal, whereas short reaction times and low variability indicated 
good regulation. 
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In Study IV, the child’s level of arousal was measured by registering the number of 
omission errors on a continuous performance task (CPT). This task used the same sti-
muli as the go/no-go task used in the clinical study (see presentation above), but in this 
task the child was instructed to respond only to a minority of the stimuli, and no pre-
potency for responding was therefore created. Altogether, the child was presented with 
100 stimuli and as a response was only required 24 times. Due to the monotonous na-
ture of this task, it is considered to challenge the child’s ability to adjust arousal to an 
optimal level for performing the task at hand (Corkum & Siegel, 1993). Omission 
errors on this task were therefore used as a measure of regulation of arousal.

Study IV also included a measure of emotion regulation, a behavioral rating by one of 
the child’s parents using a scale developed by Rydell, Bohlin and Berlin (in press). As 
negative emotions are those in most need of regulation (Kopp, 1989), only this scale (9 
items, a = .94) was used in the present study (e.g., “When my child becomes angry, he 
has difficulties calming down on his own”). For clarity, we thought it would be best if 
all measures of executive functioning included in Study IV had the same directionality 
(i.e., high values = poor executive functioning), and the ratings were therefore
reversed, resulting in a measure of emotion regulation problems ranging from 1 (very 
well regulated) to 5 (very poorly regulated). 

Reconstitution.
As described above, reconstitution refers to two interrelated processes: analysis and 
synthesis of behavior (Barkley, 1997b). Two different tasks were used to assess this 
function. In Study III, a measure of verbal fluency, the Controlled Oral Word Associa-
tion Test (COWAT; Gaddes & Crockett, 1975) was used. The participants were given 
two phonological categories (the letters F and A) and two different semantic categories 
(animals and things to eat) and were asked to name as many different words as 
possible for each category. A time limit of one minute was provided for each trial. An 
aggregated measure of generated words for all four categories (semantic and
phonological) was used as a measure of reconstitution.

In Study IV, the child was presented with a story and then asked to reconstitute that 
story after a certain delay. The whole procedure was video-filmed and reconstitution 
of the story was later coded from the tape in accordance with the procedure described 
by Tannock and co-workers (1993). However, as we wanted high values to indicate 
poor performance, the scale was reversed. Thus, we started with 50 points (i.e., the 
maximum number of information units) and deducted a point for every piece of infor-
mation that the child could recall. This resulted in a total score ranging from 0 
(“perfect reconstitution”) to 50 (“cannot reconstitute anything of the story”). Interrater 
reliability was .98, using the ratings of 14 children.
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Intelligence

The children's intelligence was assessed in both the longitudinal and the clinical 
sample. Study I included the Peabody Picture Vocabulary Test – Revised (Dunn & 
Dunn, 1981), which is a measure of verbal intelligence. In Study III and IV, the Block 
design subtest from WISC-III (Wechsler, 1991) was used to assess intelligence.
Besides this, all children in the clinical sample were tested with all subtest of the
WISC-III and children with an IQ of 70 or less were excluded from the study.

Problem behaviors

ADHD-symptoms
In Study I and II, the Conners Rating Scale, 10-item hyperactivity index (Conners, 
1990) was used to study ADHD symptoms. Factor analysis (Parker, Sitarenios, & 
Conners, 1999) has shown that the first 6 items of the scale (e.g., restless, impulsive, 
constantly moving around) taps hyperactivity, whereas the last four questions reflect 
behavior associated with ADHD (e.g., emotional lability). As we strove to keep all 
measures as pure as possible, the last four items were excluded from the scale. Ratings 
were made on a four-point scale ranging from 0 (does not apply at all) to 3 (applies 
very well). The hyperactivity score was calculated as a mean of all 6 items (a = .89). 
In Study III, we wished to study hyperactivity and inattention separately, and we 
therefore chose to use a different measure of ADHD symptoms, ADHD Rating Scale 
IV (DuPaul, Power, Anastopoulos, & Reid, 1998), which contains the items for
ADHD as presented in DSM-IV (APA, 1994; see also Table 1). The scores presented 
in Study III are total scores for the nine items of hyperactivity and the total score for 
the nine items of inattention. Cronbach’s alpha ranged between .82 and .91. 

Conduct problems
The Preschool Behavior Questionnaire (PBQ; Behar & Stringfield, 1974; Hagekull & 
Bohlin, 1992) was used to measure conduct problem behavior in Study I. The PBQ is a 
preschool version of the Children’s Behavior Questionnaire by Rutter, Tizard and 
Whitmore (1970), and includes items such as the following: fights or teases, lies, bites 
or kicks when angry, disobedient, destructive, often gets into fights, fails to show con-
sideration for others, and blames others when things go wrong. Thus, this scale corre-
sponds quite well with the items of oppositional defiant disorder in the DSM-IV
(APA, 1994). Internal consistency, expressed as Cronbach’s alpha, was .89.

Social anxiety
Social anxiety was measured by six newly constructed items (e.g. “prefers not to show 
things that he/she has made, e.g., show a drawing for the class,” “worries about not 
doing the right thing”) in accordance with the description of social anxiety in children 
by Beidel and Turner (1998). Cronbach’s alpha was .80.



38

Social competence

Children’s social competence was assessed by the Social Competence Inventory (SCI; 
Rydell, Hagekull & Bohlin, 1997), containing two scales that have been derived
through factor analysis and validated against observations in a Swedish sample (Rydell 
et al., 1997). The Prosocial Scale includes 17 items (α = .93) capturing the child’s 
ability to engage in positive peer interactions (e.g., “good at preventing conflicts” and 
“has the capacity for generosity”). The Social Initiative Scale includes 7 items (α = 
.90), capturing the child’s ability to initiate and take part in social interactions (e.g., 
“suggests activities to peers” and “easily makes contact with other children”).

Summary of all measures included in each of the studies

STUDY I
Laboratory measures:
Executive inhibition

- Go/no-go task (5 and 6½ years)
- Stroop-like task (6½ years)

Intelligence (6½ years)
- Peabody Picture Vocabulary Test-Revised

Behavioral ratings
Hyperactivity

- Conners rating scale (teacher, 6 years)
Conduct problems

- PBQ (teacher, 6 years)

STUDY II
Laboratory measures:
Executive inhibition

- Go/no-go task (5 years)
Inhibition to the unfamiliar

- Risk room procedure (5 years)
- Stranger Encounter Situation (5 years)

Behavioral ratings:
- Hyperactivity (teacher, 8 years)
- Social anxiety (teacher, 8 years)
- Prosocial orientation (teacher, 8 years)
- Social initiative (teacher, 8 years)

STUDY III
Laboratory measures:
Executive inhibition

- Go/no-go task (5 years)
Executive functioning (8½ years)

- Spatial working memory task
- Digit span
- Reaction time (RT) and variability in RT
- Verbal fluency

Intelligence (8½ years)
- Block design subtest from WISC-III

Behavioral ratings:
- Hyperactivity (teacher 8 y, parent, 8½ y)
- Inattention (teacher 8 y, parent, 8½ y)
- Emotion regulation (parent, 8½ y)

STUDY IV
Laboratory measures:
Executive inhibition

- Go/no go task
- Stroop-like task

Executive functioning
- Hand movements
- Time reproduction
- Puzzle cheating task
- Continuous performance task
- Story reconstitution

Intelligence
- Block design subtest from WISC-III

Behavioral ratings:
- Hyperactivity (teacher and parent)
- Emotion regulation (parent)

Figure 4
Overview of laboratory measures and behavioral ratings used in each of the four studies
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STUDY I:
Response Inhibition, Hyperactivity and Conduct Problems

Among Preschool Children

Background and aims

In spite of the growing acknowledgement of the possibility that ADHD should be seen 
as the extreme end of a continuum of inhibitory functioning and associated behaviors, 
instead of representing a separate category (e.g., Barkley, 1998), practically all pre-
vious studies of inhibitory functions have examined children already diagnosed with 
ADHD. Further, since ADHD children usually are not diagnosed until they reach 
school, few previous studies have used samples of preschool children. If preschool 
children with high levels of hyperactive behavior are shown to perform poorly on tests 
of response inhibition, these tests might be able to improve the possibilities of identi-
fying children who are at high risk of developing ADHD later in life. 

The aim of Study I was therefore to investigate whether differences in response
inhibition are related to hyperactivity in a non-clinical sample of preschool children. 
Both boys and girls were included, so that it would be possible to examine the effect of 
response inhibition on problem behaviors separately for each sex. In contrast to
previous non-clinical studies, Study I examined hyperactivity specifically, instead of 
relating inhibition to externalizing problems in general. Finally, since previous studies 
have shown that hyperactivity and conduct problems often co-occur, we included a 
measure of conduct problems. This way, we were able to control for conduct problems 
when studying the effects of inhibitory control on hyperactivity, and to control for 
hyperactivity when studying the effects of inhibitory control on conduct problems. 

Given that response inhibition has been proposed to be the primary deficit in ADHD, it 
was hypothesized that (1) only the measures of response inhibition would be related to 
hyperactivity, and (2) a possible relation between conduct problems and inhibition 
would disappear when controlling for hyperactivity. 

Results

Regarding inhibition of a prepotent response, the results showed a significant relation 
between commission errors and problem behaviors (see Table 2). Children who were 
rated as high in hyperactivity and conduct problems were more likely to fail to inhibit 
a response when a target was presented. This effect was found for the go/no-go task 
administered at 5 years, as well as for the similar task administered at 6 ½ years of age. 
However, there were no significant relations between omission errors and any of the 
problem behaviors.
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Regarding interference control, there was a significant relation between corrected
errors and both hyperactivity and conduct problems, but not between problem behavior 
and any other type of error on the Stroop-like task. Based on their similar relations to 
problem behavior, the three measures of executive inhibition were standardized and 
aggregated into an overall measure of inhibition. As can be seen in Table 3, this 
measure was shown to explain about 19% of the variance in hyperactivity and about 
13% of the variance in conduct problems.

Table 2
Pearson’s product moment correlations between the three laboratory 
tasks and teacher ratings of hyperactivity and conduct problems

Hyperactivity Conduct Problems

Go/no-go task (5 years)
- Commission errors .39*** .34***
- Omission errors .08 .11
Go/no-go task (6½ years)

- Commission errors .25** .25**
- Omission errors .02 .02
Stroop-like task

- Corrected errors .30** .19*
- Not corrected errors .03 .03
- No answer .11 .06

* p < .05, ** p < .01, *** p < .001

Regarding sex differences, boys were rated as having significantly higher levels of 
conduct problems compared to girls, and they were also shown to make a larger num-
ber of errors that could be attributed to poor executive inhibition. Regarding sex dif-
ferences in the relations between inhibition and problem behavior, there was a signifi-
cant relationship between inhibition and both hyperactivity and conduct problems for 
boys as well as girls (see Table 3) Although the relation between inhibition and hyper-
activity was somewhat stronger for boys compared to girls, this difference was not 
statistically significant (z = .89, ns).

Table 3
Pearson’s product moment correlations between the aggregated measure of 
executive inhibition and the teacher ratings of hyperactivity and conduct problems

Errors of response inhibition

Total sample Boys Girls

Hyperactivity .43*** .47*** .33**
Conduct problems .36*** .28* .32*

* p < .05, ** p < .01, *** p < .001
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In order to study whether response inhibition is uniquely related to hyperactivity, the 
effect of hyperactivity was controlled for when computing correlations between
response inhibition and conduct problems, and the effect of conduct problems was 
controlled for when studying the association between inhibition and hyperactivity. 
When studying the sample as a whole, the results showed that the correlation between 
inhibition and hyperactivity was significant when controlling for conduct problems
(r = .26, p < .01), whereas the association between inhibition and conduct problems 
did not remain significant when controlling for hyperactivity (r = .07, ns).

In the analyses of each sex separately, it was found that for boys, the results were con-
sistent with the results for the whole sample (r = .39, p < .01 for hyperactivity and r =
- .09, ns, for conduct problems). However, when conducting the same analyses for 
girls, the results showed that neither the correlation between inhibition and
hyperactivity (r = .15, ns), nor that between inhibition and conduct problems (r = .13, 
ns) was significant when controlling for comorbid conduct problems or hyperactivity.

Conclusions

Although several previous studies have shown a relation between inhibition and
ADHD symptoms, mostly using clinical samples of school-aged children (e.g.,
Barkley, 1997a, b; Pennington & Ozonoff, 1996), this study is one of the first to show 
that this relation also exists in non-clinical samples of preschool children. Further, by 
using a dimensional rather than a categorical approach, we were able to control for 
symptoms of hyperactivity and conduct problems at the sub-clinical level. The result 
showed that the relation between inhibition and hyperactivity did not disappear when 
controlling for conduct problems, whereas the relations between inhibition and con-
duct problems was no longer significant when controlling for hyperactivity. 

These findings indicate that the association between inhibition and conduct problems 
was caused by the large overlap between conduct problems and hyperactivity, and it 
provides further support for the notion that response inhibition is specifically related to 
hyperactivity. It should, however, be noted that inhibition was only shown to explain 
about a fifth of the variance in hyperactivity, which could be regarded as rather modest 
for a variable taken to represent the core deficit in ADHD (Barkley, 1997a). 

Regarding sex differences, the results of the present study showed that the association 
between response inhibition and hyperactivity did not remain significant for girls when 
conduct problems were controlled for in the analysis. Thus, for girls, the
overlapbetween hyperactivity and conduct problems largely also overlapped with
inhibition. This finding is interesting, and even though the correlations for boys and 
girls did not differ significantly from each other, these results could be taken as an 
indication that it might be premature to conclude that inhibition, hyperactivity and 
conduct problems are similarly associated across gender. 
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Study II:
Two Types of Inhibitory Control:

Predictive Relations to Social Functioning

Background and aims

Study II is an empirical attempt at elucidating the relations and interplay between two 
types of inhibitory control - inhibition to the unfamiliar and executive inhibition. 
Physiologically, these types of inhibition are believed to be linked to areas of the brain 
that are partially overlapping and reciprocal in influence. Theoretically, the study is in 
line with formulations by Rothbart and coworkers (e.g., Derryberry & Rothbart, 1997; 
Rothbart & Bates, 1998), who have stressed the importance of examining the
integrative effects of basic reactive and executive self-regulatory systems in order to 
understand the development of both adaptive and maladaptive behavior. However, 
despite physiological as well as theoretical links between these two concepts, rela-
tively little empirical data exist, especially of the longitudinal kind.

The first aim of Study II was to investigate the potential overlap between inhibition to 
the unfamiliar and executive inhibition. Second, executive inhibition and inhibition to 
the unfamiliar measured at age 5 were studied in relation to teacher ratings of
hyperactivity, social anxiety, as well as to social competence, three years later. We 
wished to examine the independent contributions of the two types of inhibition to 
behavioral outcome as well as to study interactive effects. Methodologically, the 
present study aimed at using variable-oriented analyses to cover linear effects, and 
additionally, study combinations of high and low levels of the two types of inhibition 
using pattern-oriented analyses. It has been argued by, for instance, Bergman and 
Magnusson (Bergman, 1998; Bergman & Magnusson, 1997; Magnusson, 1995) that 
this type of analysis is an important complement to variable-oriented analyses when 
studying individual development.

Statistical analysis

The SLEIPNER statistical software program was used for performing EXACON-
analyses, that is, pattern-oriented analyses of single cells in a contingency table 
(Bergman & El-Khouri, 1998). The basis of this analysis is to use chi-square tests for 
each cell in the table, testing whether the observed value differs significantly from the 
value expected by chance. To study different configurations of executive inhibition 
and inhibition of the unfamiliar, the sample was divided into participants with low, 
medium and high values on these two types of inhibition. The 30% most and least in-
hibited children formed the extreme groups, and the remaining 40% of the children 
were classified as medium inhibited. This resulted in 9 different profiles (e.g., “high 
executive inhibition in combination with medium inhibition to the unfamiliar”, see 
Figure 5). A cut-off of 30% was used to define problem behavior groups.
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In the first EXACON analysis, only the measures of hyperactivity and social anxiety 
were included, resulting in four different problem behavior outcomes (only hyperac-
tivity, only social anxiety, both hyperactivity and social anxiety, and no behavior 
problems). In a second analysis, the two social competence aspects were studied, using 
the nine different profiles described above and four different outcomes (only low
social initiative, only low prosocial orientation, both low social initiative and low
prosocial orientation, and high levels of both aspects of social competence). A signifi-
cance level of .05 was used for identifying significant predictor types (i.e., predictor-
outcome combinations for which there were more subjects than could be expected by 
chance) and significant predictor antitypes (i.e., fewer subjects than could be expected 
by chance). Bonferroni corrections were used for all analyses, except for those where
specific hypotheses were posed (see hypotheses below).

Hypotheses

Based on theory and previous studies (see general introduction to the thesis) it was 
hypothesized that the two types of inhibition would be modestly correlated and that 
executive inhibition would be positively related to hyperactivity, conduct problems 
and negatively related to prosocial orientation. It was also hypothesized that inhibition 
to the unfamiliar would be positively related to social anxiety and negatively related to 
social initiative. 

Regarding the pattern-oriented analyses, the hypotheses regarding linear relations im-
ply that children with low levels of executive inhibition would have a higher risk than 
expected by chance of showing hyperactive behavior, irrespective of their level of 
inhibition to the unfamiliar. However, we also wished to test the alternative hypothesis 
that the increased risk pertains only to children with low executive inhibition in com-
bination with low or medium levels of inhibition to the unfamiliar, that is, a high level 
of inhibition to the unfamiliar was assumed to serve a protective function. It was 
further hypothesized that children showing high levels of both types of inhibition 
would constitute an antitype of hyperactivity, that is, children with this profile would 
be less likely than expected by chance to show hyperactivity.

Regarding social anxiety, a hypothesis in line with linear assumptions would be that 
children with high levels of inhibition to the unfamiliar would be more likely to de-
velop problems in this domain. In line with the thinking that problems arise from
either over- or underregulation (Derryberry and Rothbart, 1997), an alternative predic-
tion would be that children with high inhibition to the unfamiliar in combination with
high executive inhibition would be most at risk for developing social anxiety. This 
thinking would also imply that children showing low levels of both types of inhibition 
would be less likely than expected by chance to show social anxiety, and children with
medium values would be more likely than chance to have no problem behaviors, and 
less likely to have any type of behavior problem.
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Because previous studies have shown that high social anxiety is related to low social 
initiative (e.g., Rubin, 1993), the same hypotheses were posed for these two outcomes. 
Further, low prosocial orientation was hypothesized to be linked to the same profiles 
as hyperactivity, as these problem behaviors have been shown to co-occur (e.g., Milich 
& Dodge, 1984).

Results

With regard to the relation between inhibition to the unfamiliar and executive inhibi-
tion, the results showed that performance on the task measuring executive inhibition 
was positively related to both parental ratings (r  = .22, p < .01), and the laboratory 
observations (r = .18, p < .05) of inhibition to the unfamiliar. When aggregating the 
three measures of inhibition to the unfamiliar, this measure was shown to be signifi-
cantly correlated with executive inhibition, r = .21, p < .01.

Regarding linear relations to problem behavior, executive inhibition was shown to be 
negatively related to hyperactivity, and inhibition to the unfamiliar was negatively re-
lated to hyperactivity and positively related to social anxiety, although the latter effect 
was only marginally significant. Regarding social competence, inhibition to the unfa-
miliar was negatively related to social initiative but not to prosocial orientation,
whereas executive inhibition was not shown to be significantly related to either of the 
two aspects of social competence.

As both types of inhibition were shown to be related to hyperactivity, we wished to 
examine whether these effects were independent. The result of the regression analysis 
showed significant effects for both executive inhibition, β = -.29, p < .001, and 
inhibition to the unfamiliar, β = - .17, p < .05. As the other outcomes were only related 
to one type of inhibition, only interaction effects were studied in these regression 
analyses. However, no such interactive effects were found for any of the problem 
behaviors, or for the two aspects of social competence, βs from .01 to .13, ns.

The results of the non-linear analyses (EXACON) are presented in Figure 5. In line 
with the hypotheses, significant types for hyperactivity were found for children with 
low executive inhibition and low levels of inhibition to the unfamiliar, χ2  = 4.06, p < 
.05. There was also a relation at the level of tendency between hyperactivity and the 
profile of low executive inhibition and medium inhibition to the unfamiliar, χ2 = 2.17, 
p < .10, but low executive inhibition and high inhibition to the unfamiliar were not 
associated with hyperactivity, χ2 = 1.35, ns.

Contrary to the hypotheses, the results did not show that children high in both types of 
inhibition were less likely than expected by chance to have high ratings of
hyperactivity, χ2 = 1.58, ns. None of the children with medium levels of both types of 
inhibition did, however, show the combination of hyperactivity and social anxiety, and 
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Outcome antitypes1   Predictor profiles                  Outcome types1

   ( Age 8 years)                                       (Age 5 years)                                      (Age 8 years)

1 Black lines indicate significant types/antitypes, p < .05, whereas grey lines indicate types/antitypes 

at the level of tendency, p < .10

Figure 5

Results of the EXACON analyses, showing likely (types) and unlikely (antitypes) combinations of 

inhibition to the unfamiliar (IU) and executive inhibition (EI) as well as odds ratios relative to 

chance.
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this was shown to be a significant antitype just as hypothesized, χ2 = 2.65, p < .05. 
Studying odds ratios (see Figure 5), the results showed that among children with low 
executive inhibition, those with low levels of inhibition to the unfamiliar were almost 
4 times more likely, and those with medium levels 2.5 times more likely, to have high 
levels of hyperactivity compared to children with other behavior profiles.

The results regarding social anxiety and social competence showed that children with 
high levels of both types of inhibition were more than 5 times more likely to have high 
ratings of social anxiety, χ2 = 6.22, p < .01. Besides social anxiety, children with high 
levels of both types of inhibition were also almost 3 times more likely to show low 
social initiative, although this effect was only marginally significant, χ2 = 2.55, p < 
.10. The results further showed that none of the children with low levels of both types
of inhibition had high ratings of social anxiety, and in line with our hypotheses, this 
was a significant antitype, χ2 > 2.80, p < .05. Contrary to the hypotheses, no signifi-
cant types were found for low prosocial orientation, all χ2 < 1.86, ns.

Conclusions

Study II adds to previous knowledge regarding concurrent clinical and non-clinical
relations between executive inhibition and hyperactivity (e.g. Barkley, 1997b; Hughes 
et al., 1998; Pennington & Ozonoff, 1996) by contributing evidence for a predictive
relation as well. Our finding that inhibition to the unfamiliar is related to social anxiety 
and low social initiative is also consistent with previous studies, especially studies by 
Rubin (1993), in which it is suggested that children with high inhibition to the unfa-
miliar place themselves at risk for not developing important social skills. When these 
children become old enough to recognize their difficulties, they may begin to develop 
internalizing behavior problems such as social anxiety.

Although no interactive effects of the two types of inhibition were found in the linear 
analyses, the results showed that when studying behavior patterns low executive inhi-
bition was related to hyperactivity, except when in combination with high inhibition to 
the unfamiliar. These results indicate that executive inhibition is associated with an 
increased risk for developing hyperactivity, but that high levels of inhibition to the un-
familiar can function as a protective factor for these children. The non-linear analyses
further showed that executive inhibition potentiated the effect of inhibition to the un-
familiar, in that only children with high levels of both types of inhibition were at risk 
for developing social anxiety and low social initiative.

Altogether, the results of the present study provide an overall picture of one group of 
children with high levels of both types of inhibition at age 5, who are at risk for devel-
oping social withdrawal and social anxiety, and another group of children with low 
levels of both types of inhibition, who are at risk for developing hyperactive behavior, 
but who at the same time are somewhat protected from developing social anxiety. 
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Study III:
Relations between inhibition, executive functioning and ADHD symptoms:

A longitudinal study from age 5 to 8½ years

Background and aims

Barkley (1997a) has made a number of statements regarding his model. Two of them 
are of special importance to Study III. First of all, Barkley claims that inhibition starts 
to develop earlier than the executive functions and that these functions later develop in 
parallel with each other so that a progressive increase in inhibitory control is associ-
ated with an increase in executive functioning. Second, he views these deficits as
actually being delays, meaning that there is a quantitative rather than a qualitative dif-
ference between ADHD children and normal controls with regard to development of 
these functions. This also implies that the processes underlying normal and abnormal 
development are essentially the same, and that studies of non-clinical samples can im-
prove our understanding of the deficits associated with clinical conditions. 

With the above statements as the basis of the investigation, the present study set out to 
study executive inhibition, each of the four executive functions included in Barkley's 
model, and ADHD symptoms in a non-clinical sample. Previous studies have rarely 
examined the effects of early inhibitory control on later adjustment. Nigg, Quamma, 
Greenberg, and Kusche (1999) did, however, find a significant, independent effect of 
executive inhibition in grade 1 on disruptive problems measured two years later, al-
though the other measures of executive functioning did not contribute independently in 
the regression model. The possibilities of preschool prediction, differential pathways 
for boys and girls, and specific relations to ADHD-related behaviors are, however, still 
uninvestigated, as Nigg and co-workers did not address these issues.

The aim of Study III was to examine whether preschool executive inhibition is able to 
predict later executive functioning and ADHD symptoms among boys and girls. The 
concurrent relation between executive functioning and ADHD symptoms was also of 
interest, as well as the independent contributions of inhibition and executive function-
ing on ADHD symptoms. Based on Barkley's (1997a) theory, it was hypothesized that 
preschool inhibition would be longitudinally related to measures of both other execu-
tive functioning and ADHD symptoms. Concurrent relations between executive func-
tioning and ADHD symptoms were also expected. Regarding the issue of independent 
effects, this has not been tested empirically before, and therefore no specific
hypothesis could be made. 

Results

Descriptive statistics for boys and girls as well as t-tests examining sex differences in 
all variables showed that there were rather large sex differences with regard to errors 
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of inhibition in preschool and inattention and hyperactivity in school. With regard to 
executive functioning, the only significant sex difference was found for verbal
working memory, where boys performed at a lower level compared to girls. There was 
a also tendency for boys to do less well compared to girls with regard to reconstitution.

When studying the predictive relation between inhibition and ADHD symptoms, all 
relations in both school and at home were found to be significant when studying the 
whole sample, although for girls they were only significant in the school setting (see 
Table 5). When comparing the correlation coefficients for boys and girls, the results 
showed that the relation between inhibition and ADHD symptoms was significantly 
stronger for boys with regard to hyperactivity and inattention at home (zs < 2.47, p < 
.01), as well as marginally stronger for hyperactivity in school (z = 1.35, p < .10).

Table 5
Relations between inhibition, ADHD symptoms and executive functioning.

Errors of inhibition at age 5

Total
(n = 115)

Girls
(n=62)

Boys
(n=53)

Hyperactivity/impulsivity
School (8 years) .41*** .21* .44***

Home (8½ years) .25** .01 .45***
Inattention

School (8 years) .38*** .30* .36**

Home (8½ years) .35*** - .06 .59***
Executive functioning (8½ years)

Non-verbal working memory - .18* - .10 - .26*

Verbal working memory - .22** - .01 - .27*
Regulation of arousal - .21* - .09 - .25*
Reconstitution - .13+ - .04 - .11

+ p < .10, * p < .05, ** p < .01, *** p < .001

With regard to the predictive relation between inhibition and executive functioning, 
the results showed that when studying the whole sample, inhibitory control was sig-
nificantly related to verbal and non-verbal working memory, regulation of arousal, as 
well as marginally related to reconstitution (see Table 5). When studying boys and 
girls separately, none of the relations between inhibition and executive functioning 
was significant, or even close to significance, for girls. For boys, inhibition was 
significantly related to three of the four executive functions (all but reconstitution),
with correlation coefficients ranging between .25 and .27. Thus, inhibition was shown 
to be a modest, although in most cases significant, predictor of general executive 
functioning for boys. 
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Finally, we wished to examine whether inhibition and executive functioning contri-
buted independently to the understanding of ADHD symptoms. Executive functioning 
was entered in a first step in the regression model to see the independent contributions 
of the four executive functions, and inhibition was then entered in a second step, to see 
whether it added significantly to the variance in ADHD symptoms.

Table 6
Regression analyses for hyperactivity and inattention (home and school contexts 
combined), with executive functioning and inhibition as predictors (n = 114).

Boys Girls

R2
change (adj.) β R2

change (adj.) β
(A) Hyperactivity
Executive functioning .18 (.11)* .13 (.06)

Non-verbal working memory - .14 - .32*

Verbal working memory - .29* - .08
Regulation of arousal - .18 - .04
Reconstitution - .07 - .10

Errors of inhibition .10* < .01
(B) Inattention
Executive functioning .43 (.38)*** .08 (.01)

Non-verbal working memory - .20+ - .20
Verbal working memory - .37** - .03
Regulation of arousal - .26* - .14

Reconstitution - .23+ - .10
Errors of inhibition .10** < .01

+p < .10, * p < .05, ** p < .01, p < .001

For hyperactivity, executive functioning explained 18% of the variance for boys, F(4,
44) = 2.49, p < .05, and 13% for girls, F(4, 54) = 1.97, ns (see Table 6). Besides this, 
inhibition added another 10% of explained variance in hyperactivity for boys, resulting 
in a total explained variance of 28% (R2 adjusted = .20). Inhibition did not, however, 
contribute significantly for girls. With regard to inattention, executive functioning ex-
plained as much as 43% of the variance for boys, F(4, 44) = 8.36, p < .0001, but only 
8% for girls, F(4, 58) = 1.14, ns. Inhibition contributed another 10% of the variance in 
inattention for boys, meaning that the total explained variance was as high as 53% (R2

adjusted = .48). For girls, inhibition did not contribute significantly.

Conclusions

The results of Study III showed that executive inhibition was related to both hyperac-
tivity and inattention, although for girls this relation was only significant in the school 
context. For boys, inhibition also predicted more general deficits in executive func-
tioning, and these deficits were related to high levels of ADHD symptoms. 
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Similar longitudinal findings were found by Nigg and co-workers (1999), but in the 
present study inhibition was examined at an earlier developmental stage and the out-
come measure specifically tapped ADHD behaviors instead of general disruptive 
behavior. For the first time, the question of whether the effect of early inhibition on 
ADHD symptoms is mediated by concurrent executive functioning was also addres-
sed. The results showed that both inhibition and executive functioning contributed 
independently to the explanation of ADHD symptoms, explaining as much as half of 
the variance in boys’ inattention problems.

Finally, the importance of conducting separate analysis for boys and girls should be 
emphasized. Our finding of a much weaker relation between inhibition, executive 
functioning and ADHD symptoms for girls suggests that either the predictors of
ADHD are different for the two sexes, or that relations are harder to demonstrate due 
to girls’ lower incidence of disruptive problem behaviors.

Study IV:
How well do measures of inhibition and executive functioning discriminate

between ADHD children and controls?

Background and aims

Although a number of studies have found support for Barkley’s theory of ADHD and 
executive functioning (for reviews, see Barkley, 1997a, Pennington & Ozonoff, 1996), 
there are also studies that have failed to find significant group differences (e.g., Fisher 
et al., 1990; Kerns et al., 2001; Stevens, et al., 2002; Weyandt & Willis, 1994). Some 
recent studies have even reported negative findings with regard to group differences in 
inhibition (e.g., Barkley et al., 2001; Kuntsi et al., 2001). This latter finding is 
especially critical when evaluating Barkley’s theory, as he proposes that because of the 
primary role of inhibition to other executive functions, the largest group differences 
should be observed for this function (Barkley, 1997a).

Given the inconsistencies in previous research, the present study aimed to study inhi-
bition and each of the four other executive functions that Barkley (1997a) includes in
his model of ADHD. Besides studying group differences, we also wished to examine 
the accuracy with which these tests could discriminate between ADHD children and 
controls, as well as the question of independent effects of inhibition and the other 
executive functions. The few previous studies examining this issue have generally 
found that tests of executive functioning are better at excluding normal children from 
the ADHD category than at confirming ADHD in children diagnosed with the disorder 
(e.g., Barkley & Grodzinsky, 1994; Doyle et al., 2000; Pennington & Ozonoff, 1996; 
Perugini et al., 2000). 
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Measures of discriminant ability

It has been argued that group differences alone are insufficient indices of the dis-
criminant ability of a measure (Doyle et al., 2000), and we therefore complemented 
our data with measures of sensitivity, specificity and odds ratios. Sensitivity refers to 
the probability of an abnormal test score given that a person has the diagnosis in ques-
tion, whereas specificity is defined as the probability of a normal test score given that 
the person does not have the diagnosis. Odds ratios represent the odds of an abnormal 
test score among cases divided by the odds of having an abnormal score among the 
controls (see Table 7).

Table 7
Conditional probability analysis: terminology

Term Definition
Sensitivity The probability of an abnormal test score given 

that a person has the diagnosis in question.

Specificity The probability of a normal test score given that 
the person does not have the diagnosis

Odds ratios The odds of an abnormal test score among cases 
divided by the odds of having an abnormal score 
among the controls

Results

As can be seen in Table 8 (bottom), the ADHD children did not differ significantly 
from the control children with regard to intelligence. Regarding the executive function 
measures, the results showed that none of the measures were significantly related to 
intelligence (all rs < .21, ns) in the total sample, but errors on the hand movement task 
were related to intelligence in the ADHD group (r = .43). As the practice of control-
ling for intelligence in ADHD studies has been questioned (Barkley, 1997a), the re-
sults are reported without using block design as a covariate. It should, however, be 
noted that none of the conclusions changed when controlling for intelligence. 

Regarding overall group differences in performance on the executive functioning tests, 
the results of the multivariate analysis of variance (MANOVA) showed that the 
ADHD children differed significantly from the control children when analyzing the 
measures collectively, Wilk’s Lambda (8, 54) = 12.67, p < .0001. Univariate analysis 
of variance (ANOVA) revealed significant group differences and medium to large 
effect size on all eight measures, except hand movements (see Table 8).

When examining the discriminant ability, a full model with all seven variables for 
which group differences had been found was first of all tested. This model (MODEL 
1) was shown  to be  statistically  significant, χ2  (7, N = 63) = 55.07, p < .0001,  and it
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Table 8
Means (SD) for all variables included in the study, effect sizes (ES) and results of t-tests (n = 63)

ADHD Controls

  M   SD   M   SD ES1 F

Errors of inhibition
Commission errors on the go/no-go task 13.71 (5.76) 11.04 (5.22) 0.49 3.41*

Errors on the Stroop-like task 5.38 (3.73) 2.31 (2.05) 1.18 17.83***
Verbal and non-verbal working memory

Time reproduction (discrepancy score) 10.68 (8.56) 4.18 (3.63) 1.23 17.98***

Errors on the hand movement task 9.05 (3.67) 8.78 (2.96) 0.08 0.09
Poor rule-governed behavior 3.43 (1.57) 2.62 (1.51) 0.53 3.91*

Regulation of affect/motivation/arousal

Poor regulation of negative emotions 1.99 (0.73) 1.01 (0.64) 1.46 5.16***
Omission errors on the CPT 5.00 (5.71) 2.19 (2.50) 0.79 2.45*

Reconstitution

Errors of reconstitution of story 36.71 (8.14) 32.60 (6.71) 0.57 1.69*
Intelligence

Block design (scaled score) 10.60 4.93 11.43 3.34 0.21 0.52
+ p < .10, * p < .05, ** p < .01, *** p < .001
1 Effect sizes were calculated using pooled standard deviations as recommended by Hedges (1981).

correctly classified 86% of the participants, with a sensitivity of about 80, and a speci-
ficity of almost 90. (see Table 9). The odds of performing poorly were more than 30 
times higher for the ADHD children compared to the controls. However, this model 
also revealed that only errors on the Stroop-like task, time reproduction, and regulation 
of emotions independently predicted group membership. A model with these three 
variables (MODEL 2) was also significant, χ2 (3, N = 63) = 53.18, p < .0001. This 
model classified 86% of the children correctly and had an odds ratio of about 30, just 
as the previous model. However, in MODEL 2, the sensitivity was somewhat lower, 
whereas the specificity was higher (see Table 9).

Table 9
Sensitivity, specificity and odds ratio for the different models

Sensitivity Specificity Odds ratio

MODEL 1 81.0 88.1 31.45
MODEL 2 76.2 90.5 30.40
MODEL 3 81.0 78.6 15.58

Finally, in MODEL 3, the parental rating measure of emotion regulation was excluded 
as there is a possibility that this rating, besides measuring the child's specific ability to 
self-regulate emotions, also reflects a generalized parental view of the child as prob-



53

lematic. The result showed that when entering all other predictors, only time repro-
duction and interference control were significant contributors. A regression model 
with these two variables was significant, χ2 (3, N = 63) = 13.74, p < .001. The sensi-
tivity and the specificity of this model, MODEL 3, were slightly above or below 80, 
with a total of 79% of the children correctly classified and an odds ratio of about 15. 

Conclusions

The findings of Study IV are supportive of Barkley’s model in that the ADHD children 
differed from controls when studying mean group differences in all of the main com-
ponents included in the model and that good discriminant ability of these functions 
was obtained. The results concerning independence of effects pointed to inhibition and 
working memory as salient aspects. However, our results leave to future studies to 
further evaluate the suggestion that this is true also for emotion regulation, or perhaps 
a more general regulatory function. It should also be noted that although our findings 
are in line with Barkley’s theoretical formulations, they cannot be taken as support for 
the main theme of his theory, that is, that inhibition is a superordinate function in rela-
tion to the other four executive functions. 
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GENERAL DISCUSSION

In the following section, a general discussion is presented, including a brief summary 
of the main findings of this thesis as well as conclusions relating to the aims presented 
in the introduction. Possible directions for future research conclude the discussion. 

Main findings of the empirical studies

One of the major findings of Study I was that the measures tapping executive inhibi-
tion, but not the other measures included in the study, were related to both hyperac-
tivity and conduct problems in preschool. Further, when controlling for hyperactivity 
in the relation between inhibition and conduct problems, this relation was no longer 
significant, although the relation between executive inhibition and hyperactivity did 
remain significant when controlling for conduct problems, at least in analyses of the 
total sample and boys only. The relations appeared somewhat different for boys and 
girls, although these sex differences were not found to be statistically significant.

In Study II, the results of the linear analyses showed that executive inhibition was 
negatively related to hyperactivity, whereas inhibition to the unfamiliar was negatively 
related to both hyperactivity and social initiative, as well as positively related to social 
anxiety. The latter effect was, however, only marginally significant. The results of the 
non-linear analyses provided an overall picture of two groups of children at risk for 
developing problem behavior. The first group of children had high levels of both types 
of inhibition at age 5, and these children were shown to be at risk for low social initia-
tive and social anxiety. The second group included children with low levels of both 
types of inhibition, and these children were shown to be at risk for hyperactivity, but 
they also appeared to be somewhat protected from developing social anxiety. 

In Study III, executive inhibition was strongly related to ADHD symptoms both in 
school and at home for boys, but only in the school context for girls. Early executive 
inhibition was also significantly related to later executive functioning and concurrent 
relations were found between executive functioning and ADHD symptoms, although 
in both cases only for boys. Besides this, executive inhibition added significantly to 
the variance, beyond that of executive functioning, which meant that for boys, inhibi-
tion and executive functioning could explain about half the variance in inattention 
problems.

Finally, Study IV showed that children with ADHD differed from controls when com-
paring these groups on measures of inhibition and each one of the four other executive 
functions that Barkley (1997a) includes in his model. Besides this, the measures were 
also shown to discriminate very well between groups. The best model, which included 
measures tapping executive inhibition, working memory, and emotion regulation, was 
shown to classify as many as 86% of the children correctly. 
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Are preschool measures of inhibitory control related to hyperactivity?

Regarding the question of whether executive inhibition measured as early as preschool 
is related to hyperactivity in a non-clinical sample, support for this notion was found in 
all three studies (Study I, II and III) aiming to address this issue. In Study I, concurrent
relations to hyperactivity were found for inhibition of a prepotent response (at both 
measurement points) as well as for interference control. It should, however, be noted 
that the overall measure of inhibition was only shown to explain about a fifth of the 
variance in hyperactivity, which could be regarded as rather modest for a variable 
taken to represent the core deficit in ADHD (Barkley, 1997a). 

The finding that only about a fifth of the variance in hyperactivity was accounted for 
can be explained in several different ways. First of all, the relation might in reality not 
be stronger than what was found, which could be taken as an indication that executive 
inhibition is not the primary deficit in ADHD. It is, for example, possible that the rela-
tion between poor executive inhibition and hyperactivity found in the present thesis is 
secondary to some sort of regulatory problem, as suggested by Douglas (1999) and 
Sergeant and colleagues (1999). Second, the measures of inhibition used in Study I 
might not have been optimal for the age group studied. Barkley (1997a) has argued 
that relations between inhibition and hyperactivity can only be expected when using 
tasks that most of the normal children, but not the hyperactive children, have learnt to 
master. Third, the relation between inhibition and hyperactivity in preschool might 
have been stronger had it not been for the normative nature of these types of behavior 
problems (Olson, 1996). By this I mean that a large number of preschool children dis-
play hyperactive behavior, and distinguishing between true precursors of ADHD
symptoms and age-appropriate behavior is difficult, even for experienced teachers. If 
executive inhibition measured in preschool is a true predictor of ADHD symptoms, it 
should only be related to hyperactive behavior that falls outside the range of what is 
considered age-appropriate behavior.

Study II and III, provided more information regarding this issue. In Study II, the child-
ren who were most at risk for developing hyperactivity were those who at age five had 
low levels of executive inhibition as well as low or medium levels of inhibition to the 
unfamiliar. Thus, high levels of inhibition to the unfamiliar appeared to function as a 
protective factor for hyperactivity. This indicates that even though executive inhibition 
plays an important role in the development of hyperactivity, other factors, including 
protective factors, are needed in order to account for the whole spectrum of deficits 
associated with hyperactivity. 

In Study III, the relation between executive inhibition and ADHD symptoms was even 
somewhat stronger compared to Study I, at least for boys' inattention problems. This 
finding is very interesting considering the fact that these were longitudinal relations 
from age 5 to 8 years, a time period characterized by rapid development in both 
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cognitive and socio-emotional functioning. Thus, our inhibition measure appeared to 
be well adapted for use with preschool children. The fact that the relation between 
executive inhibition and hyperactivity was not stronger in Study I is instead likely to 
be a reflection of the difficulty of distinguishing between preschool hyperactivity as a 
precursor to more severe problems and age-appropriate behavior, as described above. 
However, by the age of 8, problematic children have probably become distinctly
different from non-problematic children, making their behavior easier to evaluate.

In summary, the findings presented in this thesis are clearly supportive of a relation 
between executive inhibition and hyperactivity, with high inhibition to the unfamiliar 
perhaps having a protective effect. The fact that these variables were related not only 
concurrently, but over time as well, suggests that it might be possible to improve early 
identification of children at risk for developing ADHD, by adding laboratory measures 
of inhibition to information about other risk and protective factors.

Can poor executive inhibition predict general executive function deficits?

When discussing the developmental implications of his model, Barkley (1996) has 
stated that preschool executive inhibition should be seen as a precursor of a more gen-
eral executive function deficit, characteristic of ADHD children at school age. Sonuga-
Barke and co-workers (2002) found that inhibition, but not other executive functions, 
was related to ADHD symptoms in preschool. They took this finding to be in line with 
Barkley’s hypothesis, making the implicit assumption that their failure to obtain asso-
ciations for working memory and planning was due to the young age of the sample. 

In our research, data for boys showed that three of the four executive functions were 
predicted, although at a relatively low level, by executive inhibition measured three 
years earlier at the age of 5. However, based on Barkley’s (1997a) hypothesis of 
inhibition as primary to other executive functions, one might have expected a
somewhat stronger relation between these variables. It should, however, be noted that 
Barkley does not suggest that inhibition causes the other executive functions. This 
means that an individual might have proficient executive inhibition, but merely an 
average or even low working memory ability. On the other hand, an individual with 
very good working memory skills will also need at least average or better executive 
inhibition skills as working memory is dependent on inhibition for its execution.
Although the results of Study III did suggest that inhibition is related to the other 
executive functions included in Barkley's model, more studies examining these
relations are clearly needed. Foremost, the role of inhibition as primary to other 
executive functions has to be better defined, as this is necessary before specific,
testable hypotheses can be formulated regarding this issue.
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Do the predictors of hyperactivity/ADHD have independent effects?

The question of independent effects was addressed in two of the studies. In Study II, 
both executive inhibition and inhibition to the unfamiliar were shown to be related to 
hyperactivity and when studying both predictors in a regression model, they were both 
shown to make independent contributions. This could be taken as being supportive of 
theoretical formulations by Rothbart and co-workers (e.g., Derryberry & Rothbart, 
1997; Rothbart & Bates, 1998), who have stressed the importance of including both 
motivational and executive control systems in order to understand different psycho-
pathological conditions of childhood. In the case of ADHD, they claim that a strong 
approach tendency or a weak fear regulation (i.e., low inhibition to the unfamiliar) 
may result in impulsive behavior, especially if the child is unable to voluntarily con-
strain his/her behavior through the regulatory system of effortful control (i.e., execu-
tive inhibition). Thus, ADHD is proposed to be best described as a problem of under-
regulation of both control systems (Derryberry & Rothbart, 1997), a hypothesis that is 
clearly in line with the findings of Study II.

Regarding the relation between executive inhibition, and the other executive functions 
included in Barkley’s (1997) model, Study III showed that preschool inhibition and 
concurrent executive functioning contributed independently to the explanation of
ADHD symptoms at school-age. Similar independent effects of inhibition and execu-
tive functioning were also found in the clinical sample examined in Study IV. 

Whether the independent effects are in line with Barkley’s theoretical viewpoint may 
be debated, as he, at least to our knowledge, has only stated that executive inhibition
should be seen as "setting the stage" for the other executive functions, without 
addressing the issue of independent effects. Our interpretation of Barkley’s theory is 
that it might well encompass independent effects of inhibition and the four executive
functions. We believe that development of the four executive functions depends on 
inhibition, but on other factors as well, and both proficient inhibitory control and well-
functioning executive functions are needed in order for behavior to become self-regu-
lated. Inhibition would then have a direct influence on the development of ADHD 
symptoms as well as an indirect effect through executive functioning.

Is executive inhibition specifically related to hyperactivity?

Previous studies have shown that deficits in executive inhibition have not only been 
observed among children with ADHD, but among children with CD as well (Hurt & 
Naglieri, 1992; Oosterlaan et al., 1998). This raises the question of whether poor 
executive inhibition is actually the hallmark of ADHD, as it does not appear to be 
specific to the disorder. However, since most studies have failed to control for comor-
bid diagnoses, it has been suggested that the relation between executive inhibition and 
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conduct problems is due to the large overlap between hyperactivity and conduct prob-
lems (e.g., Pennington & Ozonoff, 1996).

In Study I we therefore wished to address the question of specificity by controlling for 
conduct problems when studying the effects of executive inhibition on hyperactivity, 
and to control for hyperactivity when studying the effects of inhibitory control on con-
duct problems. The results were supportive of a relation between executive inhibition 
and hyperactivity, whereas the relation between executive inhibition and conduct 
problems appeared to be accounted for by the large overlap between these two disor-
ders. It should be noted that, in contrast to most previous studies controlling for 
comorbid conditions, we used a dimensional (i.e., low to high levels of hyperactivity) 
rather than a categorical (i.e., ADHD or not ADHD) approach, and we were thereby 
able to control for comorbid symptoms at the sub-clinical level. 

Are the predictors of hyperactivity/ADHD the same for boys and girls?

Study I and III addressed the issue of sex differences, and in both these studies signifi-
cant sex differences were found with regard to ADHD symptoms and executive inhi-
bition, with boys having more severe problems and performing more poorly compared 
to girls. For the other executive functions examined in Study III, significant sex differ-
ences were only found for digit span. 

Sex-differences regarding errors on go/no go tasks or the Stroop-task have not been 
found using clinical samples of ADHD children (e.g., Gershon, 2002; Nydén, et al., 
2000). However, since many more boys compared to girls are diagnosed with ADHD 
and deficient executive inhibition has been suggested as the cause of the disorder 
(Barkley, 1997a), one would expect sex-differences in executive inhibition using a 
population-based sample. The observed sex-differences in performance may, in fact, 
be taken as a further indication that the measures of executive inhibition used in this 
thesis are useful when trying to identify children at high risk for developing ADHD. 
Regarding sex differences in the association between executive inhibition and hyper-
activity, Study I showed that this relation appeared to be somewhat stronger for boys 
compared to girls. Although the effect was not statistically significant, our conclusion 
based on this finding was that it might be premature to conclude that executive inhibi-
tion and hyperactivity are similarly associated across gender. 

Our conclusion from Study I received further support in Study III, where we again 
found sex differences, and this time they were statistically significant. The fact that 
executive functioning was not shown to be as strongly associated with ADHD symp-
toms for girls compared to boys could be taken as an indication that other factors 
might better explain these problems in girls. Unfortunately, it was beyond the scope of 
this thesis to examine which these other factors might be. However, it should also be 
noted that it is just as likely that the weaker, sometimes even non-significant, relations 
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between inhibition and inattention and hyperactivity for girls were a result of lower 
problem loads for girls, making it harder to demonstrate significant relations. 

The importance of distinguishing between different types of inhibition

In Nigg's (2000) taxonomy of inhibition, as many as eight different types of inhibition 
are identified in an attempt to provide a better understanding of this field and of how 
different types of inhibition can develop abnormally in particular disorders. However, 
many researchers do not clearly define what type of inhibition they are studying, and 
they do not always make a distinction between different types of models when com-
paring their results with that of other researchers. Can, for example, inhibitory errors 
on the stop-signal task be used as a measure of poor BIS functioning according to 
Gray's theory? According to Nigg's taxonomy, the answer to this question is “no”, in 
that it is only when using tasks with motivational conditions (i.e., containing reward or 
punishment) that they should be seen as measures of BIS. Neither is BIS equal to 
Kagan's inhibition to the unfamiliar. Both can be described as different types of
motivational inhibition, but Kagan's inhibitory concept pertains to response to novelty, 
and only secondarily to punishment cues (Nigg, 2000). Besides this, Kagan's inhibition 
is believed to be anchored in the amygdala (Kagan, 1994), whereas Gray (1982)
suggests that BIS is mediated by the septal-hippocampal structure. 

This means that, theoretically, different types of inhibition can often be distinguished 
from one another. Empirical studies to address the possible empirical overlap between 
these different types of inhibition, as well as how they are related to particular disor-
ders are, however, scarce. We therefore aimed to address this issue in Study II by 
studying executive inhibition and inhibition to the unfamiliar. By making this distinc-
tion between two different types of inhibition, but still including them both in the same 
analyses, we were able to show that it is the combination of high levels of executive 
inhibition and low or medium levels of inhibition to the unfamiliar that puts the child 
significantly at risk for developing hyperactivity. Thus, the protective role of high inhi-
bition to the unfamiliar that has been found for delinquency and conduct problems 
(Kerr et al., 1997; Wångby et al., 1999) appears to apply to hyperactivity as well. 
These findings indicate that more studies examining the combined effect of different 
types of inhibition would clearly be of interest to the ADHD research area.

Discriminating between ADHD children and controls

The question of whether tests of executive functioning can discriminate between
groups was addressed in Study IV, by examining sensitivity, specificity and odds 
ratios for measures pertaining to all major components of Barkley's model. The results 
showed that three different measures, tapping executive inhibition, non-verbal working 
memory, and emotion regulation were found to be significant independent predictors 
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of group membership. The sensitivity for these three variables as a set was 76.2, the 
specificity was 90.5, with a total of 86% of the sample correctly classified. 

Our finding that the specificity of the tests was better than the sensitivity is consistent 
with previous studies (Barkley & Grodzinsky, 1994; Doyle et al., 2000; El-Sayed et 
al., 1999; Perugini et a., 2000). Thus, our study provides further support for the notion 
that measures of executive functioning are better at excluding control children from 
the ADHD-group than at confirming ADHD in children diagnosed with the disorder. 
Compared to previous studies, the discriminatory ability of our tests was, however, 
generally higher, especially regarding sensitivity, but also for specificity. These
findings indicate that measures pertaining to each of the functions included in
Barkley’s (1997a) model, can discriminate relatively well between ADHD children 
and controls.

Regarding the issue of independent effects, it should be noted that two of the executive 
functions included in Barkley’s model, verbal working memory and reconstitution, did 
not contribute independently in the regression model. Regarding verbal working mem-
ory, it should be remembered that our measure tapped a specific sub-aspect of this 
function, that is, rule-governed behavior, and that the results might have looked differ-
ent had a more direct measure of verbal working memory (e.g., a digit span task) been 
included. However, the findings are consistent with several previous studies conduct-
ing factor analysis of neuropsychological measures, which have failed to find separate 
factors for the verbal and non-verbal components of working memory (e.g., Barkley et 
al., 2001; Brocki & Bohlin, 2002; Mariani & Barkley, 1997). Regarding reconstitution, 
our failure in finding an independent contribution is not very surprising. In fact, al-
though Barkley regards reconstitution as a separate part of his model, he recognizes 
that this might just be a more advanced function of the working memory system.

A comment should also be made regarding our finding that interference control dis-
criminated better between groups compared to inhibition of a prepotent response. As 
previous ADHD studies have not examined independent effects of different measures 
of inhibition, our finding is new and requires replication before any certain conclu-
sions can be drawn. There are, however, some previous findings relating to this issue 
that might be considered to be in line with our findings. First of all, some studies have 
failed to find that ADHD children differ from controls regarding response inhibition 
(Barkley et al., 2001; Kuntsi et al, 1999; Oosterlaan et al., 1998), whereas significant 
differences have most often been obtained using the Stroop Task (for a review, see 
Sergeant, Geurts, & Oosterlaan, 2002). Second, it has been shown that the capacity to 
inhibit a response develops rapidly already during the preschool years, whereas
interference control continues to develop from nursery school through sixth grade 
(Bjorklund & Harnishfegar, 1990). Insofar as ADHD children's poor executive
functioning can been described as a delay (Barkley, 1997a), this indicates that interfer-
ence control might be best at differentiating between ADHD children and controls 



61

among school-aged children, as eve n normally developing children have not learnt to 
master this skill until this age. Inhibition of a prepotent response would, however, be 
more strongly related to ADHD symptoms in preschool as this function develops 
early.

Finally, it should be noted that although our data showed that the functions included in 
Barkley's model can discriminate well between ADHD children and controls, it was 
beyond the scope of Study IV to address the question of specificity. Thus, we do not 
know whether these tests can discriminate between ADHD and other developmental 
disorders such as conduct disorder, or between different subtypes of ADHD. 

Evaluating Barkley's theory based on the results of this thesis

When evaluating Barkley’s theory, it is important to note that there are two levels to 
his model. First of all, it makes the hypothesis that hyperactivity/ADHD is related to 
executive inhibition as well as to four other executive functions: non-verbal working 
memory, internalization of speech, self-regulation of affect/motivation/arousal, and 
reconstitution. Second, inhibition is regarded as primary, which means that there is a 
hierarchical organization of the model, with executive inhibition at the top of the hier-
archy and the four executive functions at a lower level, being dependent on inhibition 
for their effective execution (Barkley, 1997a). Most research, including this thesis, has 
focused on the first aspect of the theory. 

In the present study, inhibition was repeatedly shown to be related to hyperactivity in 
the longitudinal sample of normally developing children, and group differences were 
also found between ADHD children and controls in Study IV. Also for the other 
executive functions significant relations were found in both the longitudinal and the 
clinical sample. These findings are clearly in line with Barkley’s theory, as well as 
with previous studies reporting concurrent relations between inhibition, executive 
functions and ADHD symptoms in both clinical (for reviews, see Barkley, 1997a; 
Pennington & Ozonoff, 1996) and non-clinical samples (e.g., Hughes et al, 1998; 
Hughes et al., 2000). The present thesis also makes an important, new contribution to 
this research field by providing evidence for a longitudinal relation as well. Besides 
this, Study III was able to show that poor executive inhibition in preschool could be 
seen as a developmental precursor to more general executive function deficits at 
school-age, at least for boys. This too is supportive of Barkley's model, as it shows that 
inhibition is related to the other executive functions, just as hypothesized in the model.

When relating our findings to Barkley’s theoretical formulation, it is, however, im-
portant to note that he is not the only one who proposes that children with ADHD are 
deficient with regard to executive inhibition and various other executive functions. 
What distinguishes Barkley’s theory from other models is that he regards inhibition as 
primary to other executive functions, whereas most other researchers view executive 
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inhibition as merely one of many examples of executive functioning (e.g., Douglas, 
1999; Sergeant et al., 1999). However, as already mentioned in this discussion, the 
exact definition of inhibition as primary is not clear, making it difficult to test the 
hierarchical structure of the model.

This implies that our finding of a relation between executive inhibition and the four 
executive functions, is supportive of Barkley’s theory, but in line with other theoretical 
formulations as well. According to Douglas (1999) and Sergeant and colleagues
(1999), these results would, for example, most likely be interpreted to mean that the 
functions studied are all executive in nature, and that the relation is a result of an 
underlying deficit in some sort of regulatory problem. The fact that emotion regulation 
was shown to be important in discriminating between ADHD children and controls in 
Study IV could be seen as further support for this hypothesis.

Besides an independent effect of regulation in Study IV, significant effects were also
found for measures tapping inhibition and working memory. These results fit well with 
theoretical formulations by Roberts and Pennington (1996), who view both inhibition 
and working memory as primary to other executive functions. Welsh (2002) has pro-
posed that this interaction between inhibition and working memory can best be des-
cribed using a “limited capacity, central pool of resources model.” The basic assump-
tion of such a model is that there exists a limited pool of resources that both inhibition 
and working memory have to use, which means that imposing a large inhibitory load 
will interfere with working memory and vice versa. This might imply that for children 
with poor inhibitory control, a relatively well functioning working memory system 
could compensate for this deficit, leaving more resources free for inhibition to use. For 
an individual with both poor inhibition and poor working memory, such a compensa-
tion cannot be made, resulting in more severe problems.

In summary, the findings presented in this thesis are in line with Barkley’s views. It 
should, however, be made clear that they should not be taken as support for the main 
theme of the theory, that is, that inhibition is a superordinate function in relation to the 
other four executive functions. This is an issue for future research to take on.

Methodological issues

Sample size
When conducting research, priorities must be made, which often leads to certain
limitations. Sample size is always an important issue in research, and perhaps
especially so when studying longitudinal and clinical samples. Recruitment of children 
with clinically relevant ADHD symptoms is usually made either through a psychiatric 
clinic or by using behavioral rating scales that include the 18 items for ADHD
presented in the DSM-IV (APA, 1994). Using rating scales, large samples of
hyperactive children can be recruited, although it is impossible to know for how many 
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of these children there is true evidence of clinically significant impairment in social, 
academic, or occupational functioning as stated in the DSM-IV. Besides, the criterion 
of impairment in two settings is often ignored, as ratings are collected from either 
parents or teachers, and not both sources. To address these limitations, the ADHD 
sample included in Study IV was recruited from a psychiatric clinic. We also recruited 
children right after they had received a diagnosis so that none of the children could 
have started receiving stimulant medication. Unfortunately, using such a carefully 
diagnosed group of children, with no participants on medication, posed a limitation on 
the sample size, and only 21 ADHD children could be recruited for the study. 

Attrition
Sample size is also an important issue in longitudinal studies, especially regarding the 
substantial work load that comes with examining large samples, but also the problem 
of attrition in the sample during the course of the study. In the longitudinal study from 
which data for Study I, II, and III were collected, 151 children were recruited to the 
study at  the age of 5 years, and 135 children were still part of the study at the time of 
the data collection at age 8½ years. This attrition rate of about 10% is relatively low, 
making this an important strength of the study. However, one cannot know for certain 
that the participants who remained in the study did not differ from those who dropped 
out of the investigation. We did ask the parents about reasons for dropping out of the 
study, and half of the attrition was due to the fact that the family had moved out of the 
area. There is no reason to believe that these children were any different from those 
who remained in the study. Regarding the children for whom lack of time was said to 
be the reason for dropping out, it is possible that these children come from more
problematic families. We did, however, compare the children who dropped out with 
those who remained in the study with regard to problem behaviors at the time of the 
first laboratory visit, and no significant differences were found. 

Dimensional or categorical approach
As described in the introduction, ADHD can either be seen as constituting the extreme 
end of a dimension of behavior that falls along a continuum with normal children or as 
a discrete category. In line with several other researchers, including Barkley (1997a), I 
believe that the dimensional view is more likely to be correct. This implies that there is 
a quantitative rather than a qualitative difference between ADHD children and normal 
controls, and that studies of non-clinical samples can i mprove our understanding of the 
deficits associated with clinical conditions. The sample used in Study I, II and II was a 
normal sample, which means that this thesis mostly includes studies of the non-clinical
range of ADHD symptoms. The normality of the sample may have deflated the 
strength of the association due to restriction of range. However, this only adds to the 
validity of the findings – if consistent relations between executive inhibition appear at 
these rather low problem levels, they are certainly there to be found. Besides, the 
findings of a relation between executive inhibition and hyperactivity was also found in 
Study IV, which strengthens the validity of the findings from Study I, II, and II by 
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showing that this relation exists also when using a categorical approach to under-
standing ADHD symptoms.

Directions for future research

The strongest reason for why so many studies are conducted within the ADHD re-
search area is probably that these behavior problems are among the most common 
psychiatric problems in children, but also that so many important questions remain 
unanswered. Hopefully, this thesis has contributed to a better understanding of some of 
these issues, although for myself as a researcher, the number of new research questions
generated during the years I have been working with this thesis greatly exceeds the 
number of questions I have been able to answer. Below, I will therefore briefly address 
some of the issues that I believe to be of most interest for future research.

Developmental issues in neuropsychology
The results of the present study indicate that executive inhibition in preschool can pre-
dict ADHD symptoms in school-age, and a predictive relation also exists between this 
type of inhibition and executive functioning, at least for boys. Studying the develop-
ment of executive inhibition more closely over time, to investigate how poor inhibition 
results in more general executive function deficits should therefore be of importance. 
Further, as the four executive functions were shown be related to ADHD symptoms, 
future studies should try to explore these relations using a longitudinal design. The 
importance of using tasks of executive functioning that are well suited for young child-
ren should, however, be stressed. In that previous research has shown that many 
executive skills are not very well developed during preschool even among non-hyper-
active children (e.g., Welsh & Pennington, 1988), it might therefore be difficult to find 
preschool measures of executive functioning that can discriminate between hyperac-
tive children and controls. Promising, new tasks for measuring executive functioning 
in preschool have, however, been presented (e.g., Archibald & Kerns, 1999; Byrne, 
DeWolfe, & Bawden, 1998; Epsy, Kaufmann, Glisky, & McDiarmid, 2001), making 
this an interesting area for future research.

Sex differences
The fact that executive functioning in Study III was shown to be significantly related 
to both hyperactivity and inattention for boys, but not for girls, could be taken as an 
indication that other factors might better explain these problems in girls. Discovering 
which these other factors might be was, however, beyond the scope of the present 
thesis. Replications of the findings presented in this thesis are also necessary, in that
the existence of differential pathways for boys and girls is but one way to explain our 
findings. An alternative possibility could be that the relations between inhibition and 
inattention and hyperactivity were weaker for girls due to lower problem loads for this 
sex, making it more difficult to demonstrate significant relations. Thus, studies using 
large, preferably high risk, samples are clearly needed before any certain conclusions 
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regarding sex differences in the relation between executive inhibition and ADHD can 
be drawn. 

The need for interdisciplinary research
Finally, I would like to emphasize the need for more interdisciplinary research, as I 
feel that there has been too little collaboration between clinical and developmental 
psychologists in the field of ADHD research. Interdisciplinary research has become 
more and more common, with an increasing number of clinical psychologists and 
psychiatrists being interested in developmental issues, and with a relatively large 
number of developmental psychiatrists being interested in neuropsychology. In my 
opinion, an interesting area of research would be to try to build more comprehensive 
models of psychopathology, incorporating recent neuropsychological findings with 
those from traditional fields of developmental psychology, such as temperament and 
attachment.



66

REFERENCES

Achenbach, T. M., & Edelbrock, C. (1983). Manual for the Child Behavior Checklist and Revised 

Child Behavior Profile . Burlington, VT: Author.
American Psychiatric Association (1994). Diagnostic and statistical manual of mental disorders (4th

Ed.). Washington, DC: Author.
Anastopoulus, A., Guevremont, D., Shelton, T., & DuPaul, J. (1992). Parenting stress among families 

of children with attention deficit hyperactivity disorder. Journal of Abnormal Child Psychology, 

20, 503-520.
Anderson, V. (1998). Assessing executive functions in children: Biological, psychological, and 

developmental considerations, Neuropsychological Rehabilitation, 8, 319-349.

Archibald, S. J., & Kerns, K. A. (1999). Identification and description of new tests of executive func-
tioning in children. Child Neuropsychology, 5, 115-129.

Arcia, E. & Conners, K. (1998). Gender differences in ADHD? Developmental and Behavioral 

Pediatrics, 2, 77-83.
Asendorpf, J. (1990). Development of inhibition during childhood: Evidence for situation specificity 

and a two-factor model. Developmental Psychology, 26, 721-730.

Baddley, A. D., & Hitch, G. J. (1994). Developments in the concept of working memory, 
Neuropsychology, 8, 1485-1493.

Barkley, R. A. (1989). The problem of stimulus control and rule -governed behaviour in children with 

attention deficit disorder with hyperactivity. In Emerging Trend in Research on Attention Defcit 

Disorders. J Swanson and L. Bloomingdale (Eds.). New York: Plenum.
Barkley, R. A. (1996). Linkages between attention and executive functions. In G. R. Lyon and N. A. 

Krasnegor (Eds.). Attention, memory, and executive function (pp. 307-325). Baltimore, ML: Paul 
H. Brookes Publishing Co.

Barkley, R. A. (1997a). ADHD and the nature of self -control. New York: Guilford Press.

Barkley, R. A. (1997b). Behavioral inhibition, sustained attention, and executive functions: Con-
structing a unifying theory of ADHD. Psychological Bulletin, 121, 65-94.

Barkley, R. A. (1998). Attention-Deficit Hyperactivity Disorder. A handbook for diagnosis and treat-

ment (2nd ed.). New York: Guilford Press.
Barkley, R. A., Edwards, G. Laneri, M., Fletcher, K., & Metevia, L. (2001). Executive functioning, 

temporal discounting, and sense of time in adolescents with attention deficit hyperactivity disor-

der (ADHD) and oppositional defiant disorder (ODD). Journal of Abnormal Child Psychology, 

29, 541-556.
Barkley, R. A., & Grodzinsky, G. (1994). Are neuropsychological tests of frontal lobe functions useful 

in the diagnosis of attention deficit disorders? Clinical Neuropsychologist, 8, 121-139.
Barkley, R. A., Grodzinsky, G., & DuPaul, G. (1992). Frontal lobe functions in attention deficit disor-

der with and without hyperactivity: A review and a research report. Journal of Abnormal Child 

Psychology, 20, 163-188.
Barkley, R. A., Murphy, K., & Kwasnik, D. (1996) Psychological adjustment and adaptive 

impairments in young adults with ADHD. Journal of Attention Disorders, 1, 41-54

Behar, L. & Stringfield, S. (1974). A behavior rating scale for the preschool child. Developmental

Psychology, 10, 601-610.



67

Beidel, D. C. & Turner, S. M. (1998). Shy children, phobic adults. Washington, DC: American 
Psychological Association.

Bengtsgård, K. & Bohlin, G. (2001). Social inhibition and overfriendliness: Two-year follow-up and 

observational validation. Journal of Clinical Child Psychology, 30, 364-375.
Benton, A. (1991). Prefrontal injury and behavior in children. Developmental Neuropsychology, 7,

275-282.

Bergman, L. R. (1998). A pattern-oriented approach to studying individual development. In R. B. 
Cairns, L. R. Bergman, & J. Kagan (Eds.), Methods and models for studying the individual

(pp.83-122). Thousand Oaks, CA: Sage Publications.

Bergman, L. R., & El-Kouri, B. M. (1998). SLEIPNER. A statistical package for pattern-oriented

analyses (Version 2.0). [computer software]. Stockholm: Stockholm University, Department of 
Psychology.

Bergman, L. R. & Magnusson, D. (1997). A person-oriented approach in research on developmental 
psychopathology. Development and Psychopathology, 9, 291-319.

Berk, L. E. (1992). Children's private speech. An overview of theory and the status of research. In R. 

M. Diaz & L. E. Berk (Eds.), Private speech: From social interaction to self -regulation (pp. 17-
54). Mahwah, NJ: Erlbaum Associates.

Berk, L. E. & Landau, S (1993). Private speech of learning disabled and normally achieving children 

in classroom academic and laboratory contexts. Child Development, 64, 556-571.
Berk, L. E. & Potts, M. K. (1991). Development and functional significance of private speech among 

attention-deficit hyperactivity disoder and normal boys. Journal of Abnormal Child Psychology, 

19, 357-377.
Biederman, J., Farone, S. V., Keenan, K., et al. (1992). Further evidence for family-genetic risk factors 

in attention deficit hyperactivity disorder (ADHD): patterns of comorbidity in probands and rela -

tives in psychiatrically and pediatrically referred samples. Archives of General Psychiatry, 49,
728-738.

Bjorklund, D. F., & Harnishfegar, K. K. (1990). The resources construct in cognitive development: 

Diverse sources of evidence and a theory of inefficient inhibition. Intelligence, 10, 48-71.
Bohlin, G., Bengtsgård, K., & Andersson, K. (2000). Social inhibition and overfriendliness as rela ted

to socioemotional functioning in 7- and 8-year-old children. Journal of Clinical Child Psych-

ology, 29, 414-423.
Breen, M. J. (1989). Cognitive and behavioral differences in ADHD boys and girls. Journal of Child 

Psychology and Psychiatry, 30, 711-716.

Broberg, A., Lamb, M. E., & Hwang, P. (1990). Inhibition: Its stability and correlates in 16- to 40-
month-old children. Child Development, 61, 1153-1163.

Brocki, K. & Bohlin, G. (2002). Executive Functions in Children age 6-13: A dimensional and 

developmental study. Manuscript submitted for publication.
Buss, A. (1986). A theory on shyness. In C. E. Izard & J. L. Singer (Eds.) Shyness. Perspectives on 

research and treatment (pp. 39-46). New York, NY: Plenum Press: New York

Buss, A. & Plomin, R. (1984). Temperament: Early developing personality traits. Hillsdale, NJ: 
Lawrence Erlbaum.

Byrne, J. M., DeWolfe, N. A., & Bawden, H. N. (1998). Assessment of Attention-Deficit Hyper-

activity Disorder in preschoolers. Child Neuropsychology, 4, 49-66.



68

Campbell, S. B. (1994). Behavior problems in preschool children: A review of recent research. 
Journal of Child Psychology and Psychiatry, 36, 113-149.

Campbell, S. B., Breaux, A. M., Ewing, L. J., & Szumowski, E. K. (1986). Correlates and predictors 

of hyperactivity and aggression: a longitudinal study of parent-referred problem preschoolers. 
Journal of Abnormal Child Psychology, 14, 425-440.

Campbell, S. B., & Ewing, L. J. (1990). Hard-to-manage preschoolers: Adjustment at age nine and 

predictors of continuing symptoms. Journal of Child Psychology and Psychiatry, 31, 871-889.
Cardon, L. R., Fulker, D. W., DeFries, J. C., & Plomin, R. (1992). Multivariate genetic analysis of 

specific cognitive abilities in the Colorado Adoption Project at age 7 years. Intelligence, 16, 383-

400.
Carlson, C. L., Tamm, L., & Gaub, M. (1997). Gender differences in children with ADHD, ODD, and 

co-occurring ADHD/ODD identified in a school population. Journal of the American Academy of 

Child and Adolescent Psychiatry, 36, 1706-1714.
Cohen, P., Cohen, J., Kasen, S. et al. (1993). An epidemiological study of disorders in late childhood 

and adolescence, I: age and gender specific pattern. Journal of Child Psychology and Psychiatry, 

34, 851-867.
Conners, C. K. (1990). Conners Rating Scales Manual, Conners Teacher Rating Scales, Conners Par-

ent Rating Scales: Instruments for use with children and adolescents. North Tonawanda, NY: 

Multihealth Systems.
Corkum, P. V. & Siegel, L. S. (1993). Is the continuous performance task a valuable research tool for 

use with children with Attention-Deficit Hyperactivity Disorder? Journal of Child Psychology 

and Psychiatry, 34, 1217-1239.
Crozier, W. R. (1999). Individual differences in childhood shyness: distinguishing fearful and self-

conscious shyness. In L. A. Schmidt & J. Schulkin (Eds.). Extreme fear, shyness, and social pho-

bia (pp. 14-29). New York. NY: Oxford University Press.
Daugherty, T. K., Quay, H. C., & Ramos, L. (1993). Response perseveration, inhibitory control, and 

central dopaminergic activity in childhood behavior disorders. Journal of Genetic Psychology, 

154, 177-188.
Derryberry, D. & Rothbart, M. K. (1997). Reactive and effortful processes in the organization of tem-

perament, Development and Psychopathology, 9, 633-652.

Douglas, V. I. (1983). Attention and cognitive problems. In M. Rutter (Ed.), Developmental Neuro-

psychiatry (pp. 280-329). New York: Guilford Press.
Douglas, V. I. (1988). Cognitive deficits in children with Attention Deficit Disorder with Hyperacti-

vity. Journal of Child Psychology and Psychiatry (Monograph Suppl.), 65-81.
Douglas, V. I. (1999). Cognitive control processes in Attention-Deficit/Hyperactivity Disorder. In H. 

C. Quay and A. E. Hogan (Eds.), Handbook of disruptive behavior disorders. New York: Kluwer 

Academic/Plenum Publishers.
Doyle, A. E., Biederman, J., Seidman, L. J., Weber, W., & Farone, S. V. (2000). Diagnostic efficiency 

of neuropsychological test scores for discriminating boys with and without attention deficit-

hyperactivity disorder, Journal of Consulting and Clinical Psychology, 3, 477-488.
Dunn, L. M. & Dunn, L. M. (1981). Manual for Peabody Picture Vocabulary Test – Revised. Circle 

Pines, MN: American Guidance Service.



69

DuPaul, G. J. Power, T. J., Anastopoulos, A. D., & Reid, R. (1998). ADHD rating scale - IV. Check-

lists, norms, and clinical interpretation. New York: Guilford Press.
El-Sayed, E., van't Hooft, I., Freid, I., Larsson, J-O, Malmberg, K., & Rydelius, P-A. (1999). 

Measurements of attention deficits and impulsivity: A Swedish study of the Gordon Diagnostic 
System. Acta Paediatrica, 88, 1262-1268.

Epsy, K. A., Kaufmann, P. M., Glisky, M. L., & McDiarmid, M. (2001). New procedures to assess 

executive functions in preschool children, The clinical neuropsychologist, 15, 46-58.
Farone, S., & Biderman, J. (1994). Genetics of attention-deficit hyperactivity disorder. Child and 

Adolescent Psychiatric Clinics of North America, 3, 285-302.

Fischer, M. (1990). Parenting stress and the child with attention deficit hyperactivity disorder. Journal

of Clinical Child Psychology, 19, 337-346.
Fischer, M., Barkley, R. A., Edelbrock, C., & Smallish, L. (1990). The adolescent outcome of 

hyperactive children diagnosed by research criteria: II. Academic, attentional, and 
neuropsychological status. Journal of Consulting and Clinical Psychology, 58, 580-588.

Frick, P. J., & Jackson, Y. K. (1993). Family functioning and childhood antisocial behavior: Yet 

another reinterpretation. Journal of Clinical Child Psychology, 22, 410-419.
Frick, P. J., Kamphaus, R. W., Lahey, B. B., Loeber, R., Christ, M. A. G., Hart, E. L., & Tannenbaum, 

L. E. (1991). Academic underachievement an the disruptive behavior disorders. Journal of Con-

sulting and Clinical Psychology, 59, 289-294.
Fridja, N. H. (1994). Emotions are functional, most of the time. In P. Ekman and R. J. Davidson 

(Eds.). The Nature of Emotion: Fundamental Questions (pp. 112-122). New York: Oxford 

University Press.
Gaddes, W. H. & Crockett, D. J. (1975). The Spreen-Benton Aphasia Tests, normative data as a 

measure of normal language development. Brain and Language, 2, 129-153.

Gallucci, F., Bird, H, Beradi, C., Gallai, V., Pfanner P, & Weinberg, A. (1993). Symptoms of atten-
tion-deficit hyperactivity disorder in an Italian school sample: Finding of a pilot study. Journal of 

the American Academy of Child and Adolescent Psychiatry, 32, 1051-1058.

Gaub, M. & Carlson, C. L. (1997). Gender differences in ADHD: A meta -analysis and critical review. 
Journal of the American Academy of Child and Adolescent Psychiatry, 36, 1036-1045.

Gershon, J. (2002). A meta-analytic review of gender differences in ADHD. Journal of attention dis-

orders, 5, 143-154.
Gest, S. D. (1997). Behavioral Inhibition: Stability and associations with adaptation from childhood to 

early adulthood. Journal of Personality and Social Psychology, 72, 467-475.

Gerstadt, C. L., Hong, Y. J., & Diamond, A. (1994). The relationship between cognition and action: 
performance of children 3½-7 years old on a Stroop-like day-night test. Cognition, 53, 129-153.

Gillberg, C., Melander, H., von Knorring, A., Janols, L-O, Thernlund, G., Hägglöf, B. et al. (1997). 

Long-term stimulant treatment of children with attention deficit hyperactivity disorder symptoms: 
A randomized, double-blind, placebo-controlled trial. Archives of General Psychiatry, 54, 857-
864.

Gillis, J. J., Gilger, J. W. Pennington, B. F., et al. (1992). Attention deficit disorder in reading-dis-
abled-twins: evidence for a genetic etiology. Journal of Abnormal Child Psychology, 20, 303-
315.



70

Goldman-Rakic, P. S. (1995). Anatomical and functional circuits in prefrontal cortex of nonhuman 
primates: Relevance to epilepsy. In H. H. Jasper, S. Riggio, & P. S. Goldman-Rakic (Eds.), Epi-

lepsy and the functional anatomy of the frontal lobe (pp. 51-62). New York: Raven Press.

Goyette, C. H., Conners, C. K., & Ulrich, R. F. (1978). Normative data on revised Conners Parent and 
Teacher Rating Scales. Journal of Abnormal Child-Psychology, 6, 221-236

Gray, J. A. (1982). The neuropsychology of anxiety . New York: Oxford University Press.

Grodzinsky, G. M., & Diamond, R. (1992). Frontal lobe functioning in boys with attention deficit 
hyperactivity disorder. Developmental Neuropsychology, 8, 427-446.

Hagekull, B. & Bohlin, G. (1992). Prevalence of problem behaviors in four-year-olds. Scandinavian

Journal of Psychology, 33, 359-369.
Hart, E. L., Lahey, B. B., Loeber, R., Appelgata, B., & Frick, P. J. (1995). Developmental changes in 

attention-deficit hyperactivity disorder in boys: A four-year longitudinal study. Journal of Ab-

normal Child Psychology, 23, 729-750.
Hedges, L. V. (1981). Distributional theory for Glass’ estimator of effect size and related estimators. 

Journal of Educational Statistics, 6, 107-128.

Heilman, K. M., Voeller, K. K. S., & Nadeau, S. E. (1991). A possible pathophysiological substrate of 
attention deficit hyperactivity disorder. Journal of Child Neurology, 6, 74-79.

Henker, B. & Whalen, C. K. (1999). The child with Attention-Deficit/ Hyperactivity Disorder in 

school and peer settings. In H. C. Quay & A. E. Hogan (Eds.), Handbook of behavior disruptive 

disorders (pp. 157-178). New York: Kluwer Academics/Plenum 
Houghton, S., Douglas, G., West, J., Whiting, K., Wall, M., Langsford, S., et al. (1999). Differential 

patterns of executive function in children with attention-deficit hyperactivity disorder according 
to gender and subtype. Journal of Child Neurology, 14, 801-805.

Hughes, C., Dunn, J., & White, A. (1998). Trick or treat?: Uneven understanding of mind and emotion 

and executive function in “hard-to-manage” preschoolers. Journal of Child  Psychology and 

Psychiatry, 39, 981-994.
Hughes, C., White, A., Sharpen, J., & Dunn, J. (2000). Antisocial, angry, and unsympathetic: “Hard-

to-manage” preschoolers peer problems and possible cognitive influences. Journal of Child 

Psychology and Psychiatry, 41, 169-179.
Hurt, J. & Naglieri, J. A. (1992). Performance of delinquent and nondelinquent males on planning, 

attention, simultaneous, and successive cognitive processing tasks. Journal of Clinical Psycho-

logy, 48, 120-128.
Iaboni, F., Douglas, V. I., & Baker, A. G. (1995). Effects of reward and response costs on inhibition in 

ADHD children. Journal of Abnormal Psychology, 104, 232-240.
James, A. & Taylor, E. (1990). Sex differences in the hyperkinetic syndrome of childhood. Journal of 

Child Psychology and Psychiatry, 3, 437-446.

Kadesjö, B. & Gillberg, C. (1998). Attention deficits and clumsiness in Swedish 7-year-old children. 
Developmental Medicine and Child Neurology, 40, 796-804.

Kagan, J. (1994). Galen’s prophecy. Temperament in human nature. London: Free Association Books.

Kagan, J. (1997). Temperament and reactions to unfamiliarity. Child Development, 68, 139-143.
Kagan, J. (1998). Biology of the child. In W. Damon and N. Eisenberg (Eds.), Handbook of Child 

Psychology, Vol. 3: Social, emotional and personality development. (pp. 177-235). Fifth Edition. 

New York: John Wiley & Sons Inc.



71

Kagan, J., Reznick, S. J., Clarke, C., Snidman, N., & Garcia -Coll, C. (1984). Behavioral inhibition 
toward the unfamiliar. Child Development, 55, 2212-2225.

Kagan, J., Reznick, S. J., & Gibbons, J. (1989). Inhibited and uninhibited types of children. Child

Development, 60, 838-845.
Kagan, J., Reznick, S. J., & Snidman, N. (1987). The physiology and psychology of behavioral inhibi-

tion in children. Child Development, 58, 1459-1473.

Kagan, J., & Snidman, N. (1991). Temperamental factors in human development. American Psycholo -

gist, 46, 856-862.
Kaufman, A. S., & Kaufman, N. L. (1983). Kaufman assessment battery for children. Circle Pines, 

MN: American Guidance Services.
Kerns, K. A., McInterney, R. J., & Wilde, N. J. (2001). Time reproduction, working memory, and 

behavioral inhibition in children with ADHD. Child Neuropsychology, 7, 21-31

Kerr, M., Lambert, W., Stattin, H., & Klackenberg-Larsson, I. (1994). Stability of inhibition in a 
Swedish longitudinal sample. Child Development, 65, 138-146.

Kerr, M., Tremblay, R. E., Pagani L., & Vitaro F. (1997). Boys' behavioral inhibition and the risk of 

later delinquency. Archives of General Psychiatry, 54, 809-816.
Klein, T., Plunkett, J. W., & Meisels, S. J. (1988). Training guide and scoring procedures for the 

stranger sociability procedure. Ann Arbor, MI: Center for Human Growth and Development, 

University of Michigan.
Kopp, C. B. (1989). Regulation of distress and negative emotions: A developmental view. Develop-

mental Psychology, 25, 343-354.

Kuntsi, J., Oosterlaan, J., & Stevenson, J. (2001). Psychological mechanisms in hyperactivity: I 
Response inhibition deficit, working memory impairment, delay aversion, or something else? 
Journal of Child Psychology and Psychiatry and Allied Disciplines, 42, 199-210.

Leung, P. W. L. & Connolly, K. J. (1996). Distractibility in hyperactive and conduct-disordered child-
ren. Journal of Child Psychology and Psychiatry, 37, 305-312.

Levy, F., Hay, D. A., McStephen, M., Wood, C., & Waldman, I. (1997). Attention-deficit hyperac-

tivity disorder: A category or a continuum? Genetic analysis of a large-scale twin study. Journal

of the American Academy of Child and Adolescent Psychiatry, 36, 737-744.
Lezak, M. (1993). Neuropsychological Assessment. New York: Oxford Press.

Loge, D. V., Staton, D., & Beatty, W. W. (1990). Performance of children with ADHD on tests 
sensitive to frontal lobe dysfunction. Journal of the American Academy of Child and Adolescent

Psychiatry, 29, 540-545.

Lonigan C. J. & Phillips, B. M. (2001). Temperamental influences on the development of anxiety dis-
orders. In M. W. Vasey & M. R. Dadds (Eds.). The developmental psychopathology of anxiety

(pp.60-91). New York, NY: Oxford University Press.

Magnusson, D. (1995). Individual development: A holistic integrated model. In P. Moen, G. H. Elder, 
Jr., & K. Lüscher (Eds.), Examining lives in context: Perspectives on the ecology of human devel-

opment (pp. 19-60). Washington, DC: American Psychological Association.

Mariani, M. & Barkley, R. A. (1997). Neuropsychological and academic functioning in preschool 
children with attention deficit hyperactivity disorder. Developmental Neuropsychology, 13, 111-
129.



72

Mash, E. J. & Johnston, C. (1990). Determinants of parenting stress: Illustrations from families of 
hyperactive children and families of physically abused children. Journal of Clinical Child 

Psychology, 19, 313-328.

McGee, R., Williams, S., & Silva, P. (1984). Background characteristics of aggressive, hyperactive, 
and aggressive-hyperactive boys. Journal of the American Academy of Child and Adolescent 

Psychiatry, 23, 280-284.

Milich, R. & Dodge, K. (1984). Social information processing in child psychiatric populations. 
Journal of Abnormal Child Psychology, 12, 471-490.

Moss, D. M. (1989). Shelley, the hyperactive turtle. Bethesda, MD: Woodbine House.

Nigg, J. T. (2000). On inhibition/disinhibition in developmental psychopathology: Views from cogni-
tive and personality psychology and a working inhibition taxonomy. Psychological Bulletin, 126,
220-246.

Nigg, J. T. (2001). Is ADHD a disinhibitory disorder? Psychological Bulletin, 127, 571-598.
Nigg, J. T., Hinshaw, S. P., Carte, E. T., & Treuting, J. J. (1998). Neuropsychological correlates of 

childhood attention-deficit/hyperactivity disorder: explainable by comorbid disruptive behavior or 

reading problems? Journal of Abnormal Psychology, 107, 468-480.
Nigg, J. T., Quamma, J. P., Greenberg, M. T., & Kusche, C. A. (1999). A two-year longitudinal study

of neuropsychological and cognitive performance in relation to behavioral problems and compe-

tencies in elementary school children. Journal of Abnormal Child Psychology, 27, 51-63.
Nydén, A., Hjelmquist, E., & Gillberg, C. (2000). Autism spectrum and attention-deficit disorder in 

girls. Some neuropsychological aspects. European Child and Adolescent Psychiatry, 9, 180-185.

Olson. S. (1996). Developmental perspectives. In S. Sandberg (Ed.). Monographs on child and adole -

scent psychiatry: Hyperactivity disorders of childhood: Hyperactivity Disorders of Childhood.
Cambridge: Cambridge University Press.

Oosterlaan, J. (2001). Behavioural inhibition and the development of childhood anxiety disorders. In 
W. K. Silverman & P. D. A. Treffers (Eds.). Anxiety disorders in children and adolescents. 

Research, assessment and intervention. Cambridge, UK: Cambridge University Press.

Oosterlaan, J., Logan, G. D., & Sergeant, J. A. (1998). Response inhibition in AD/HD, CD, comorbid 
AD/HD+CD, anxious, and control children: A meta-analysis of studies with the stop task. Journal 

of child psychology and psychiatry, 39, 411-425.

Oosterlaan, J. & Sergeant, J. A. (1996). Inhibition in ADHD, aggressive, and anxious children: a bio-
logically based model of child psychopathology. Journal of Abnormal Child Psychology, 24, 19-
36.

Oosterlaan, J., & Sergeant, J. A. (1998). Effect of reward and response cost on inhibition in AD/HD, 
disruptive, anxious, and normal children. Journal of Abnormal Child Psychology, 26, 161-174.

Park, S. Holzman, P. S., & Goldman-Rakic, P. S. (1995). Spatial working memory deficits in the rela -

tives of schizophrenic patients. Archives of General Psychiatry, 52, 831-838
Parker, J., Sitarenios, G., & Conners, C. K. (1999). Abbreviated Conners' rating scales revisited: A 

confirmatory factor analytic study. Journal of Attention Disorders, 1, 55-62.

Passler, P. A., Isaac, W., & Hynd, G. W. (1985). Neuropsychological development of behavior attri-
buted to frontal lobe functioning in children. Developmental Neuropsychology, 4, 349-370.



73

Pedersen, N. L., Plomin, R., & McClearn, G. E. (1994). Is there G beyond g? (Is there genetic influ-
ence of specific cognitive abilities independent of genetic influence on general cognitive ability?). 
Intelligence, 18, 133-143.

Pennington, B., Bennetto, L., McAleer, O., & Roberts, R. (1996). Executive functions and working 
memory. In G. Lyon and N. Krasnegor (Eds.). Attention, Memory, and Executive Function (pp. 
327-346). Baltimore: Paul H Brookes Publishing.

Pennington, B. F., & Ozonoff, S. (1996). Executive functions and developmental psychopathology. 
Journal of Child Psychology and Psychiatry, 37, 51-87.

Perugini, E. M., Harvey, E. A., Lovejoy, D. W., Sandstrom, K., & Webb, A. H. (2000). The predictive 

power of combined neuropsychological measures for attention-deficit/hyperactivity disorder in 
children. Child Neuropsychology, 6, 101-114.

Pliszka, S. R. (1998). Comorbidity of Attention-Deficit/Hyperactivity Disorder with psychiatric 

disoder: An overview. Journal of Clinical Psychiatry, 59 (suppl. 7), 50-79.
Plunkett, J. W., Klein, T., & Meisels, S. J. (1998). The relationship of preterm infant-mother

attachment to stranger sociability at 3 years. Infant Behavior and Development, 11, 83-96.

Quay, H. C. (1997). Inhibition and attention deficit hyperactivity disorder. Journal of Abnormal Child 

Psychology, 25, 7-13.
Reader, M. Harris, E., Schuerholtz, L., & Denckla, M. (1995). Attention deficit hyperactivity disorder 

and executive dysfunction. Developmental Neuropsychology, 10, 493-512.
Roberts, R. J, & Pennington, B. F. (1996). An interactive framework for examining prefrontal cogni-

tive processes. Developmental Neuropsychology, 12, 105-126.

Rothbart, M. K. & Bates, J. E. (1998). Temperament. In W. Damon & N. Eisenberg (Eds.) Handbook

of child psychology (Fifth Edition). Volume 3: Social, emotional, and personality development

(pp. 105-176). New York, NJ: John Wiley & Sons.

Rubin, K. H. (1993). The Waterloo Longitudinal Project: Correlates and consequences of social with-
drawal from childhood to adolescence. In K. H. Rubin & J. B. Asendorpf (Eds.) Social with-

drawal, inhibition and shyness. Hillsdale, N. J.: Lawrence Erlbaum.

Rutter, M., Tizard, J., & Whitmore, K. (1970). Education, health and behavior. London: Longman 
Group Ltd.

Rydell, A-M., Berlin, L., & Bohlin, G (in press). Emotionality, emotion regulation and adaptation 

among five-to-eight-year-old children. Emotion

Rydell, A-M., Hagekull, B., & Bohlin, G. (1997). Measurement of two social competence aspects in 
middle childhood. Developmental Psychology, 33, 824-833.

Sanson, A., Pedlow, R., Cann, W., Prior, M., & Oberklaid, F. (1996). Shyness ratings: Stability and 
correlates in early childhood. International Journal of Behavioral Development, 19, 705-724.

Schachar, R., Tannock, R., & Logan, G. (1993). Inhibitory control, impulsiveness, and attention deficit 

hyperactivity disorder. Clinical Psychology Review, 13, 721-739.
Schachar, R., & Logan, G. (1990). Impulsivity and inhibitory control in normal development and 

childhood psychopathology, Developmental Psychology, 26, 710-720.

Schachar, R., Tannock, R., Marriott, M., & Logan, G. (1995). Deficient inhibitory control in Attention 
Deficit Hyperactivity Disorder. Journal of Abnormal Psychology, 5, 411-437.

Schwartz, C. E., Snidman, N., & Kagan, J. (1996). Early childhood temperament as a determinant of 

externalizing behavior in adolescence. Development and Psychopathology, 8, 527-537.



74

Sergeant, J A., Geurts, H., & Oosterlaan, J. (2002). How specific is a deficit of executive functioning 
for attention-deficit/hyperactivity disorder? Behavioral Brain Research, 130, 3-28.

Sergeant, J. A., Oosterlaan, J, & van der Meere, J. (1999). Information processing and energetic fac-

tors in Attention-Deficit/Hyperactivity Disorder. In H. C. Quay & A. E. Hogan (Eds.) Handbook

of Disruptive Behavior Disorders (pp. 75-104). New York: Kluwer Academic/Plenum Publishers.
Sherman, D. K., McGeue, M. K., & Iacono, W. G. (1997). Twin concordance for attention deficit 

hyperactivity disorder: A comparison of teachers’ and mothers’ reports. American Journal of 

Psychiatry, 154, 532-535.
Shue, K. L. & Douglas, V. I. (1992). Attention Deficit Hyperactivity Disorder and the frontal lobe 

syndrome. Brain and Cognition, 20, 104-124.
Smalley, S. L., Kustanovich, V., Minassian, S. L., Stone, J. L., Ogdie, M. N., McGough, J. J. et al. 

(2002). Genetic linkage of attention-deficit/hyperactivity disorder on chromosome 16p13, in a 

region implicated in autism, American Journal of Human Genetics, 71, 959-963.
Snidman, N., Kagan, J., Riordan, L., & Shannon, D. (1995). Cardiac function and behavioral reactivity 

in infancy. Psychophysiology, 31, 199-207.

Sonuga-Barke, E. J. S., Dalen, L., Daley, D., & Remington, B. (2002). Are planning, working mem-
ory, and inhibition associated with individual differences in preschool ADHD symptoms? 
Developmental Neuropsychology, 21, 255-272.

Sonuga-Barke, E. J. S., Lamarelli, M., Stevenson, J., Thomson, M., & Henry, A. (1994). Pre-school
behaviour problems and intellectual attainment: The associations of hyperactiv ity and conduct 
problems. Journal of Child Psychology and Psychiatry, 35, 949-960.

Stevens, J., Quittner, A. L., Zuckerman, J. B., & Moore, S. (2002). Behavioral inhibition, self-regula-
tion of motivation, and working memory in children with attention deficit hyperactivity disorder, 
Developmental Neuropsychology, 21, 117-139.

Stormshak, E. A., Bierman, K., McMahon, R. J., Lengua, L. J., and the Conduct Problems Prevention 
Research Group (2000). Parenting practices and child disruptive behavior problems in early ele-
mentary school. Journal of Clinical Child Psychology, 29, 17-29.

Stroop, J. R. (1935). Studies of interference in serial verbal reactions. Journal of Experimental 

Psychology, 18, 643-661.
Stuss, D. T., & Benson, D. F. (1986). The frontal lobes. New York: Raven.

Swanson, J. M., McBurnett, K., Wigal, T., Pfiffner, L. J., Lerner, M. A., Williams, S. L. Et al. (1993). 
Effect of stimulant medication on children with attention deficit disorder: A review of reviews.
Exceptional Children, 60, 154-162.

Tannock, R., Purvis, K. L., & Schachar, R. J. (1993). Narrative abilities in children with attention 
deficit hyperactivity disorder and normal peers. Journal of Abnormal Child Psychology, 21, 103-
117.

Trommer, B. L., Hoeppner, J-A. B., Lorber, R., & Armstrong, K. (1988). The go/no-go paradigm in 
Attention Deficit Disorder. Annuals of Neurology, 24, 610-614.

Van der Meere, J., & Sergeant, J. (1988). Controlled processing and vigilance in hyperactivity: Time 

will tell. Journal of Abnormal Psychology, 16, 641-655.
Van der Oord, E., Boomsma D., & Verhulst, F. (1994). A study of problem behaviors in 10- to 15-

year-old biologically related and unrelated international adoptees. Behavior Genetics, 24, 193-

205.



75

Vygotsky, L. S. (1987). Thinking and speech. In The collected works of L. S. Vygotsky: Vol. 1. 
Problems in general psychology (N. Minick, Trans.). New York: Plenum. (original work pub-
lished in 1934).

Welsh, M. C. (2002). Developmental and clinical variations in executive functions. In D. L. Molfese 
and V. J. Molfese (Eds.). Developmental variations in learning: Applications to social, executive 

function, language, and reading skills (pp. 139-185). Mahawah, NJ: Lawrence Erlbaum Asso-

ciates.
Welsh, M. C. & Pennington, B. F. (1988). Assessing frontal lobe functioning in children: Views from 

developmental psychology. Developmental Psychology, 24, 199-230.

Wechsler, D. (1991). Wechsler Intelligence Scale for Children – 3rd ed. (Psykologiförlaget AB, Stock-
holm, Trans.) New York: Psychological Corporation.

Weyandt, L. L., & Willis, W. G. (1994). Executive functions in school-aged children: Potential effi-

cacy of tasks in discriminating clinical groups. Developmental Neuropsychology, 10, 27-38.
Winsler, A., Diaz, R. M., Atencio, D. J., McCarty, E. M., & Chabay, L. (1999). Mother-child

interaction, private speech, and task performance in preschool children with behavior problems, 

Journal of Child Psychology and Psychiatry, 40, 891-904.
Woodward, L., Dowdney, L., & Taylor, E. (1997). Child, parent, and family factors associated with 

the clinical referral of hyperactive children. Journal of Child Psychology and Psychiatry, 38, 479-

485.
Wångby, M., Bergman, L. R., & Magnusson, D. (1999). Development of adjustment problems in girls: 

what syndromes emerge? Child Development, 70, 678-699.



76

ACKNOWLEDGEMENTS

First and foremost, I wish to thank my advisor, Professor Gunilla Bohlin. It was her enthusiasm for 
research that inspired me to begin my doctoral studies in the first place, and she has continued to in-
spire and support me throughout this work. I am grateful for Gunilla’s great scientific knowledge, her 
willingness to explore new research areas, and her wonderful ability to create a warm and friendly 
work environment. Much thank to her, I have not even once questioned my choice in career. I cer-
tainly could not have asked for a better mentor. Second, I wish to thank Ann-Margret Rydell, for her 
collaboration in the longitudinal study. Over the years, Ann-Margret has unofficially become my co-
advisor and like Gunilla, she has been a great source of inspiration.

Besides this, I would also like to thank all present and former members of the developmental psycho-
logy research group at the Department of Psychology at Uppsala University. I wish to address special 
thanks to Berit Hagekull for all her valuable comments on earlier drafts of the papers included in this 
thesis, and to Pehr Granqvist, whom I considered to possess the most brilliant scientific mind within 
my own generation of researchers. Special thanks also to Anna Cervin, who skillfully introduced me 
to the art of administrating a scientific study, to Lilianne Nyberg for her collaboration in Study IV, to 
Kerstin Andersson for her help with data collection and recruitment of ADHD children, and to Karin 
Brocki, who with her background in cognitive psychology has become a most valuable new contribu-
tion to the research group. Thanks also to Håkan Stattin for his valuable comments.

I am also greatly thankful to the children and their families who have generously devoted their time to
participate in the studies included in this thesis. I particularly wish to thank the participants in the 
longitudinal study, who have visited the laboratory repeatedly over a time period of four years. Regar-
ding the clinical study, it could not have been completed without the help of Lars-Olof Janols, child 
psychiatrist at Uppsala University Hospital. Over the years, I have also had the luck to work with 
many ambitious undergraduate students, among whom I especially wish to thank Karin Ringefors and 
Maria Reutfors. My doctoral studies have also been facilitated with the help of the administrative staff 
at the Department of Psychology. Special thanks to Lars-Erik Larsson for solving many technical 
problems in the laboratory, to Peter H. Thunberg for his patience with numerous computer “hang-
ups”, to Siv Vedung and Hans Åhlén for excellent library service, and to Mildred Larsson, Ulla -Britt
Thorslund, and Peter Hammarlund for all their assistance during my years as a graduate student.

Finally, I wish to thank my family and all my friends. My parents and my two brothers for their en-
couragement, and my friends, especially Lina and Jonas Forzelius and Lisa Oliv, for all the fun times 
we have shared together. Last, but certainly not the least, I would like to thank Anders, my love, for 
putting up with the more negative sides of my doctoral ambitions. By bringing me along on your ad-
ventures, you have given me numerous good reasons for taking my mind off research. For that, and for 
all your love and support, I thank you.

Uppsala, January 2003

Lisa

For financial support, I am indebted to the Ax:son Johnson Foundation and the Swedish Research
Council.


	ABSTRACT
	List of papers
	ABBREVIATIONS
	TABLE OF CONTENTS
	INTRODUCTION
	Defining Hyperactivity/ ADHD
	Diagnostic criteria
	Subtypes of ADHD
	The etiology of ADHD

	Defining Inhibitory Control
	Executive inhibition ( response inhibition)
	Inhibition to the unfamiliar

	Defining Executive Functioning
	Theories of ADHD
	Barkley’s hybrid model of ADHD
	The Gray/ Quay theory of BIS and BAS
	Rothbart’s theory of effortful control
	The cognitive energetic model

	An overview of previous research
	Executive functioning and hyperactivity/ ADHD
	Inhibition to the unfamiliar and hyperactivity/ ADHD

	Critical issues in ADHD research
	Comorbidity
	Should ADHD be regarded as a category or as a dimension?
	The possibility of preschool prediction
	Sex differences
	Relations between ADHD, executive functioning and intelligence
	The discriminant ability of tests of executive functioning

	Aims of the thesis

	THE EMPIRICAL STUDIES
	METHOD
	Participants and procedure
	Longitudinal study (Study I, II, and III)
	Clinical study (Study IV)

	Measures
	Executive inhibition
	Inhibition to the unfamiliar
	Executive functioning
	Intelligence
	Problem behaviors
	Social competence
	Summary of all measures included in each of the studies


	STUDY I: Response Inhibition, Hyperactivity and Conduct Problems Among Preschool Children
	Background and aims
	Results
	Conclusions

	Study II: Two Types of Inhibitory Control: Predictive Relations to Social Functioning
	Background and aims
	Statistical analysis
	Hypotheses
	Results
	Conclusions

	Study III: Relations between inhibition, executive functioning and ADHD symptoms: A longitudinal study from age 5 to 8½ years
	Background and aims
	Results
	Conclusions

	Study IV: How well do measures of inhibition and executive functioning discriminate between ADHD children and controls?
	Background and aims
	Measures of discriminant ability
	Results
	Conclusions

	GENERAL DISCUSSION
	Main findings of the empirical studies
	Are preschool measures of inhibitory control related to hyperactivity?
	Can poor executive inhibition predict general executive function deficits?
	Do the predictors of hyperactivity/ ADHD have independent effects?
	Is executive inhibition specifically related to hyperactivity?
	Are the predictors of hyperactivity/ ADHD the same for boys and girls?
	The importance of distinguishing between different types of inhibition
	Discriminating between ADHD children and controls
	Evaluating Barkley's theory based on the results of this thesis
	Methodological issues
	Sample size
	Attrition
	Dimensional or categorical approach

	Directions for future research
	Developmental issues in neuropsychology
	Sex differences
	The need for interdisciplinary research


	REFERENCES
	ACKNOWLEDGEMENTS

