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ABSTRACT 

 

Central to the study of general intelligence is Spearman’s g, one definition of which 

is general fluid reasoning ability.  At a cognitive level of explanation, it has recently 

been hypothesized that individual differences in g is based in the executive functions 

of the frontal lobes.  This theory can be contrasted with the theory that the fount of g 

is speed of information processing.  The aim of this thesis was to test the idea that the 

two contrasting theories of g could be reconciled by invoking an alternative theory 

which suggests that there may be two g’s – one related to individual differences in 

intelligence and attributable to differences in speed of information processing and 

one related to the development of intelligence and based in executive functions of the 

frontal lobes.  This was done with a series of neuropsychological studies that tested 

groups of adults and children with and without putative central nervous system 

damage on tests of fluid intelligence, executive function, goal-neglect, and speed of 

information processing.   

 In study 1, three adults with focal frontal lobe lesions and ten adults with 

frontotemporal dementia (FTD) were administered three common intelligence tests.  

In comparison to premorbid and crystallized measures on intelligence, the majority 

of frontal patients exhibited impaired fluid g.   

In study 2, 10 patients with FTD, 8 patients with Alzheimer’s disease (AD), 

10 adult controls, and 15 adults with low fluid g, were tested on a fast and slow 

version of a goal-neglect task (thought to measure executive functioning) and a 

measure of speed of processing.  A classical double dissociation was found.  Frontal 

patients with impaired fluid g displayed goal-neglect but intact speed of information 

processing whereas the adults with low fluid g exhibited slowed speed of information 
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processing but not goal-neglect.  It was concluded that the link between fluid g and 

goal-neglect in adults (demonstrated by previous research) was based on a speed of 

information processing confound in the goal-neglect task. 

In study 3, a series of hierarchical regressions were conducted to analyse the 

performances of 116 children aged 6- to 11-years on all tests.  The statistical attempt 

to dissociate executive function and speed of information processing only provided 

tentative support for the hypothesis that executive functions are the basis of 

developmental changes in g.   

In contrast, the findings of study 4, which examined the phenomenon of goal-

neglect in a developmental context, showed performances on both the goal-neglect 

tasks were significantly related to chronological age and developmental changes in g.   

 Studies 5 and 6 investigated the neuropsychological sequelae of 139 children 

aged 7- to 9-years who were born with low birth weight (< 2500 g) caused by 

premature birth (< 36 weeks).  These children with hypothesized delayed frontal 

development were identified as having average Wechsler IQs contrasted with 

significantly lower fluid g and impaired executive function.  

In study 7, a series of hierarchical regressions failed to isolate any unique 

associations between executive function and speed of information processing tasks 

with individual differences and developmental changes in g.   

In study 8, however, the phenomenon of goal-neglect was found to be a very 

strong characteristic of these frontally delayed children.  The older LBW preterm 

children were equally poor on the goal-neglect tasks as the young children.  

Furthermore, goal-neglect was linked with aged-related changes in fluid g in these 

children. 
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In study 9, the cognitive profile of LBW preterm children and full term 

children were compared directly to test for a significant dissociation between 

measures of crystallized and fluid g and measures of goal-neglect and speed of 

information processing.  The LBW preterm children displayed significantly lower 

individual differences and age-related changes in fluid g.  In contrast with their speed 

of information processing was normal.  The trend for impaired goal-neglect in the 

LBW preterm children in comparison to full term children did not reach statistical 

significance. 

It was concluded that while the findings from each of the studies alone are 

consistent with both the executive function and speed of information processing 

theories of individual differences of g, the overall pattern of data was accounted for 

best by a two-dimensional model of g.  Speed of processing is better associated with 

individual differences in g, while developmental changes in g better accounted for by 

changes in executive functioning.  
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Chapter 1: Introduction 

 

1.1 General intelligence and g 

 
Despite a century’s worth of debate, there is still no clear and unanimous 

understanding of what intelligence is.  Unquestionably, however, the one conception 

of intelligence that has dominated all views has been Spearman’s g (Jensen, 1998).  

This is defined as a general and broad problem-solving and fluid reasoning ability 

that constitutes human thought and all intellectual acts. 

In terms of cognitive information processing mechanisms, it has recently 

been proposed that Spearman’s g has its basis in the executive functions of the 

frontal lobes (Duncan, 1995; Duncan, Burgess, & Emslie, 1995; Duncan, Emslie, 

Williams, Johnson & Freer, 1996; Duncan, Johnson, Swales & Freer, 1997; Duncan, 

Seitz, Kolodny, Bor, Herzog, Ahmed, Newell, & Emslie, 2000).  Duncan’s 

contemporary theory, however, sits in stark contrast to longstanding theories that 

hypothesize within-age differences in reasoning ability, or individual differences in 

g, to be based in global neurophysiological properties of the central nervous system 

which, in cognitive terms, gives rise to differences in speed of information 

processing (Jensen, 1982, 1998; Vernon, 1983).  Duncan’s executive function theory 

of individual differences in g does, however, map onto theories of cognitive 

development that attribute age-related changes in reasoning ability, or the 

development of g, to the acquisition of executive functions associated with 

maturation of the frontal lobes.  

The aim of this thesis is to further elucidate the cognitive processes that 

underlie g using cognitive psychological and cognitive neuropsychological 
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methodologies to see whether the two contrasting cognitive theories of g could in 

fact be reconciled by invoking an alternative theory which suggests there may two 

g’s – one related to individual differences and attributable to differences in speed of 

information processing and one related to development and based in the executive 

functions of the frontal lobes (Anderson, 1992, 1999, 2001).  

This will be done by testing groups of adults and children with and without 

putative central nervous system damage on a range of traditional psychometric tests 

of intelligence and executive function, as well as several experimental computer-

based executive function and speed of information processing tasks.  It will be 

argued that the patterns of associations and dissociations between such groups 

support the hypothesis that executive functions are the basis of the development of g, 

while differences in speed of information processing theories account for individual 

differences in g.  

 

1.2 Individual differences in g 

 

Definitions of intelligence are still not agreed after a hundred years.  Hebb (1949, 

p.277) stated that intelligence was the term that “each writer can define to suit 

himself, and there is no sense in arguing over terminology.”  In more recent times it 

has been said that “what counts as intelligence depends on whom you ask, the 

methods the respondents use to explore the topic, the level of analysis of their 

investigation, and the values and beliefs they hold” (Gardner, Kornhaber & Wake, 

1994, p.4).  Anderson’s (1999) mapping of this intellectual terrain, as displayed in 

Figure 1, shows how wide-ranging views on intelligence are.   
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Figure 1. The three research dimensions of intelligence [reprinted with the kind permission of 
Anderson (1999)] 

 

 

According to Anderson, the research on human intelligence can be organized 

along three major dimensions: the Biological, Developmental, and General.  The 

Biological dimension is research concerned with causes of differences in 

intelligence.  Theories range from causes rooted in underlying biology (including 

genetics) to caused based on cultural and/or experiential factors.  Along the 

Developmental dimension, researchers have investigated the changing nature of 

intelligence through the life-span.  Theories range from those that suggest changes in 

intelligence are due to qualitative changes in the structure of cognition that occurs 

with increasing age (e.g. Piaget, 1983) to those that suggest intelligence develops 

merely as a result of the steady accrual of knowledge as children are exposed to 

information.  The General dimension is research concerned with identifying the 
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structure of intelligence.  This dimension is primarily the domain of the correlational 

psychologist, most notably the psychometrician, who analyses scores obtained on 

reliable and valid standardised psychometric tests.  The aim of this type of researcher 

is to identify the latent variables that best account for the covariation in mental 

abilities.  Theories range from those that posit a single general factor (Spearman, 

1904) to those who advocate a collection of multiple, independent abilities (e.g. Horn 

& Cattell, 1966; Gardner, 1983; Sternberg, 1985; Thurstone, 1938; Vernon, 1983).   

Despite the plethora of theories, the one conception of intelligence that has 

dominated all views is Spearman’s g1.  A century ago, Spearman (1904) observed 

that when a battery of tests used to measure a variety of mental abilities is 

administered to individuals randomly selected from the normal population, the 

resulting scores are correlated.  Individuals who perform well on one task generally 

tend to perform well on others.  For example, individuals who are above average on 

visuospatial tests also tend to be above average on vocabulary tests.  They also 

generally tend to be above average on a whole host of other tests that index various 

cognitive attributes, such as general knowledge, mechanical reasoning, symbol 

substitution, making inferences, or solving analogies.  Similarly, individuals who 

perform poorly on any particular test are more likely to perform poorly on other tests.  

This “positive manifold” is a robust and uncontroversial empirical finding.  

Spearman also observed that when a positive manifold was subjected to a factor 

analysis a single factor emerged.  Spearman proposed that this single factor was a 

common “general ability” factor.   

                                                 
1 It is beyond the scope of this thesis to consider all the literature on human intelligence, intelligence 
testing, and, in particular, the reasons why the single g factor remains central to most influential 
theories or models of intelligence.  Entire books, hundreds of peer reviewed journal articles, and many 
test manuals have been devoted to this topic.  The reader is referred to Jensen’s (1998) book in 
particular.  It has been described as “an unassailable defence of g” (Anderson, 2001).  
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 Spearman’s theory paralleled the development of intelligence tests 

themselves.  In 1905, Alfred Binet and Theophile Simon developed the first 

intelligence test to identify an individual child who was at academic risk.  This first 

test of intelligence comprised a variety of tasks thought to be representative of 

typical children's abilities at various ages.  The original scale consisted of thirty tasks 

of increasing complexity.  The easiest of these could be accomplished by all children, 

even those with an intellectual disability.  Some of the simplest test items assessed 

whether or not a child could follow a lighted match with his eyes or shake hands with 

the examiner.  Slightly harder tasks required children to point to various named body 

parts, repeat back a series of 3 digits, repeat simple sentences, and to define words 

(e.g. house, fork).  More difficult test items required children to state the difference 

between pairs of things, reproduce drawings from memory or to construct sentences 

from three given words.  The hardest test items included asking children to repeat 

back 7 random digits, find rhymes for various words, and problem-solving.   

Wilhern Stern (1912) had the idea to take an individual’s Binet-Simon test 

score, which was representative of his or her highest level of achievement (i.e. a 

person’s mental age), and compare this score to his or her actual degree of 

advancement, which was reflected in his or her chronological age.  In other words, 

Stern (1912) took an individual’s chronological age and divided it into his or her 

mental age and named this ratio the intelligence quotient (i.e. IQ = MA/CA x 100).  

A score of 100 meant a person’s mental age and chronological age were equivalent.  

The IQ then became the accepted means of reporting intelligence test results because 

it reflected the person’s relative standing among their same-aged peers. 

IQs are now derived by comparing an individual’s test score to a normal 

distribution of scores obtained from standardization sample of the corresponding age.  
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The commonly used tests used to derive IQs include the Wechsler Intelligence Scales 

(WAIS; WAIS-R; WAIS-III: Wechsler, 1955, 1976, 1997, respectively), Raven’s 

Progressive Matrices (Raven, Raven, & Court, 1995) and the Culture Fair 

Intelligence Test (Cattell & Cattell, 1960),   

In recent years, cognitive and biological approaches to the study of general 

intelligence have increased.  The basis of individual differences in g, as measured by 

IQ, is now sought in terms of cognitive information processing mechanisms or in 

terms of brain neurophysiology.  

 

1.3 Cognitive explanations of individual differences in g 

 

There are a number of theories that attempt to explain individual differences in g in 

terms of underlying cognitive information processing mechanisms. Two leading 

theories are: the theory which attributes individual differences in g to differences in 

speed of information processing and the more recent theory that individual 

differences in g are synonymous with the executive functions of the frontal lobes. 

 

1.3.1 Speed of information processing 

 

In cognitive psychology, it is a common view that the human brain is a one-channel, 

limited capacity information processing system that performs operations on incoming 

information from external sources as well as from internal sources, such as short-

term and long-term memory (e.g. Baddeley, 1986).  Also, “cognitive psychology has 

long pursued the idea that the enormous variety of cognitive routines available to an 

individual can be decoded into an organized sequence of a small set of ‘basic’ 
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information processing components; that, just as DNA is composed of just four 

chemical bases, so cognition is constructed out of combinations of a few basic 

processing components” (Anderson, 1992, p.32).  As such, not only is the amount of 

information that the brain can simultaneously deal with rather limited – a constraint 

imposed presumably by some structural feature of the brain – but also the number of 

operations that can be performed on the information is restricted.  Advocates of the 

speed of information processing hypothesis argue that the efficiency or speed of the 

basic information-processing components confers a distinct information processing 

advantage.  The proponents argue that because more operations can be performed per 

unit of time, this enables an individual “to grasp all the essential relationships among 

the elements of a complex problem needed for its solution” (Jensen, 1982, p.122) 

before its rapid decay.  In other words, the speed of mental processing determines the 

complexity of information that individuals can “think about”.  

On this account, an individual who has a faster processing speed is able to 

assimilate more information in a shorter period of time because more cognitive 

operations can be performed on information either entering the system from external 

stimuli and/or retrieved from memory storage.  Furthermore, a faster information 

processing speed could enable an individual to compensate for a limited capacity 

system by allowing him or her to simultaneously use rehearsal strategies, which are 

processes themselves that take time, to store information in short and long term 

memory.  Consequently, individuals who are capable of faster information 

processing can entertain more complex information by maximising the trade-off 

between the processing of incoming information and storage and, ultimately, form 

more complex thoughts.  In turn, this results in the development of more complex 

knowledge systems and, subsequently, higher IQs.  In contrast, individuals with 
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slower processing speeds are constrained in the amount of information they can 

process because limited speed restricts the number of cognitive operations that can 

be performed on the presented information.  For example, information is likely to 

decay before the essential relationships are grasped and the simultaneous rehearsing 

and storing of information competes detrimentally with the processing of incoming 

information.  Consequently, such individuals are unable to handle complex 

information and simply cannot “think thoughts” with levels of complexity that 

individuals with faster information processing capabilities can. Slow speed of 

information processing capabilities are reflected in lower IQs.  

There are several theoretical explanations of speed of information processing 

with most proponents explicitly adopting biological explanations.  Jensen (1982, 

1998) proposed that speed of information processing was a genetically determined 

parameter of the central nervous system.  His “oscillator model” proposed that 

processing speed was based on both the numbers of neural elements activated by a 

stimulus and the rate of oscillation of excitatory and inhibitory phases of neuronal 

firing.  Vernon (1983) developed a “neural efficiency” model, while Hendrickson 

and Hendrickson (1980) offered a biochemical model.  Despite the different speed of 

information processing theories speculating on the different physiological bases they 

are motivated by the long-standing observation that performance on simple 

knowledge-free information processing tasks such as reaction time tasks and 

inspection time tasks, as well as physiological measures such as average evoked 

potentials, are correlated with IQs derived from standard psychometric intelligence 

tests.  

It was with Hick’s (1952) discovery of a linear relationship between the 

amount of information in a choice reaction time task and the reaction time of a 
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subject, that the mental speed approach to the assessment of intelligence gathered 

momentum.  According to Hick, in a simple reaction time task, where subjects 

simply have to respond as quickly as possible by pressing a single button when 

presented with a single stimulus, a subject does not have to make a choice so there is 

no information involved (0 “bits” of information).  However, in a 2-choice reaction 

time task, a subject has to decide between alternatives, which requires a decision of 

which of two buttons to press (1 “bit” of information).  When four alternatives are 

presented (a 4-choice reaction time task), two “bits” of information must be 

processed. In an 8-choice reaction time task, 3 “bits” of information must be 

processed.  Hick observed that reaction time has a logarithmic relationship to the 

number of alternatives, which was linearised by using the log2 of the number of 

response alternatives.  This result became known as Hick’s Law.  

Roth (1964) tested 58 subjects with 2- to 8-choice reaction time tasks (0 to 3 

“bits” of information).  His measure of speed of information processing was the 

slope of the least squares regression line of reaction time on “bits” of information.  

Roth obtained a -0.39 correlation between the slope of the least squares regression 

line and psychometric intelligence.  This led Roth (1964) to conclude that high IQ 

subjects processed “bits” of information faster than their low IQ counterparts. 

In the 35 years that followed Roth’s (1964) study, the theoretical and 

empirical basis for supposing that psychometric intelligence has its basis in the 

neural processes involved in the efficiency and speed of information processing has 

separated into two broad reductionist groups: cognitive correlates and biological 

bases (Deary & Caryl, 1997).  The cognitive correlates approach was a continuation 

and refinement of the research stream that established associations between 

psychometric test performance and simple, knowledge-free cognitive psychological 
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or psychophysical information-processing tasks, which were developed as measures 

of specific cognitive processes specific to cognitive information processing theories.  

The biological bases approach has employed the methods of neuroscience to link 

variables such as nerve conduction velocity (Vernon & Mori, 1990; Reed & Jensen, 

1993), and average evoked potentials (Barrett & Eysenck, 1992; Jensen, 1987; 

Stough, Nettelbeck & Cooper, 1990) with individual differences in psychometric test 

performance.  

Strong cognitive psychological support for the hypothesis that g has its basis 

in speed of information processing comes from studies that used measures of 

inspection time.  Inspection time is an estimate of the speed at which an individual 

can distinguish differences in a particular feature of a simple visual stimulus.  In a 

typical inspection time task (Vickers, Nettelbeck, & Wilson, 1972), a stimulus 

composed of two vertical lines joined at the top by a horizontal line is presented 

briefly to the participant.  The subject has to indicate whether the vertical lines are 

the same or different in length.  The time between the stimulus onset and the onset of 

a masking stimulus (i.e. the exposure duration of the stimulus) is systematically 

varied using standard psychophysical procedures.  As the exposure duration of the 

stimulus is decreased, the ability to make the perceptual judgement decreases.  The 

individual’s inspection time is the exposure time that allows a subject to respond to 

the stimulus at a predetermined level of accuracy (e.g. 75% or 90%).  Two 

independent meta-analyses of inspection time research found the correlation between 

inspection time and IQ to be -0.50 (Nettelbeck, 1987) and -0.54 (Kranzler & Jensen, 

1989) in the normal adult population.  
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Within the neurosciences tradition, the relationship between IQ and the 

component latencies and waveforms of event-related potentials2 (ERP) as 

physiological measures of processing speed has received most attention (Deary & 

Caryl, 1997).  During the 1960s, the short ERP latencies exhibited by high IQ 

subjects when presented with simple visual flashes led researchers to conclude such 

subjects were “biologically efficient” (Chalke & Ertle, 1965; Ertl & Schafer, 1969).  

During the 1980s, high correlations between ERP “string length” and IQs were found 

(e.g Blinkhorn & Hendrickson, 1982; Hendrickson & Hendrickson, 1980).   

Both the cognitive correlates and biological bases approaches, however, have 

not gone unchallenged.  For example, reaction time tasks have been criticized on the 

basis that they involve the execution of cognitive processes and motor outputs that 

may not be speed related but nevertheless play a significant role in task performance 

(Egan & Deary, 1992).  Hunt (1980) and Sternberg (1983) argued that the 

relationship between reaction time and IQ was a result of higher IQ subjects 

employing more effective strategies to perform the reaction time task.  Furthermore, 

reaction time tasks are also susceptible to attentional and motivational factors 

(Anderson, 1992) and are affected by speed-accuracy trade-offs (Rabbitt, 1985).  

Even the inspection time task, which was developed to overcome the inadequacies of 

the reaction time task, has its problems.  Mackenzie and Bingham (1985) report that 

as many as 50% of subjects use some form of strategy to aid inspection time task 

performance.  In particular, the perception of movement or “flash” as the mask 

replaces the stimulus, also known as “apparent motion,” has been used by research 

participants to great effect (Mackenzie & Cummings, 1986).  Consequently, 

researchers such as Sternberg (1985) have argued that the correlations between 

                                                 
2 An ERP is part of the recorded electrical activity of the brain detected by an electroencephalogram.   
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measures of speed of information processing and IQ are mediated by the role of 

high-level cognitive processes, such as attention, motivation, and learning ability, 

which influence task performance. 

Despite these criticisms, the theoretical construct “speed of information 

processing” remains an influential explanation of individual differences in g. 

Moreover, the construct has also been hypothesised to be the casual factor underlying 

development of g, which will be discussed later.  If this were true then g could 

indeed be regarded as one unitary construct at the basis of all conceptions of 

intelligence.  Before discussing theories of development of g, a recent theory that has 

caused a radical re-think about the nature of individual differences in g will be 

discussed. This is the theory that individual differences in g is a property of the 

executive functions of the frontal lobes.  

 

1.3.2 Executive function  

 

In contrast to speed theorists who argue that individual differences in g is based 

differences in the speed operating characteristics of low-level information processing 

components, executive function theorists argue that individual differences in g is a 

property of how the information processing components are organized, selected, and 

implemented (e.g. Hunt, 1980; Sternberg, 1983).  According to proponents of these 

theories, the differences between individuals is to be found how they employ their 

higher-level executive functions to orchestrate and manage the information 

processing components.   

The concept of executive functions, which is relatively new to 

neuropsychology (Burgess, 1997), is abstract and controversial and open to diverse 
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opinions.  Indeed, Phillips (1997) notes that executive function research parallels the 

history of human intelligence research.  In some cases, executive function has been 

conceptualized in broad terms such as abstract thought and concept formation 

(Lezak, 1995).  In other instances, more specific terms and operational constructs 

such as inhibition (e.g. Dempster, 1991; Stuss & Benson, 1986), working memory 

(e.g. Baddeley, 1986, 2001), planning (e.g. Phillips, 1997), and goal-directed 

behaviour (e.g. Duncan 1995, Duncan et al., 1996) have been postulated.  In fact, 

many definitions of executive functions have been proposed (see Eslinger, 1996, for 

an extensive review).  However, there is a general consensus that executive function 

is an umbrella term used to describe a collection of conscious, effortful, higher-level 

processes of thought that integrate, control, or regulate other low-level or basic 

cognitive processes (e.g. memory, attention, perception) into some larger purposeful, 

goal-directed scheme of behaviour, rather than being responsible for that process 

itself.  Therefore, executive functions manifest in situations that are novel and 

unpractised where an individual is pressed for action and must, for example: 

formulate a goal (e.g. Duncan, 1986; Lezak, 1983; Shallice & Burgess, 1991b); 

choose a plan of action or strategy or decide between alternative courses of action by 

evaluating the alternative options in terms of their relative probabilistic success (e.g. 

Denckla, 1995; Duncan, 1986; Lezak, 1995; Rabbitt, 1997; Shallice & Burgess, 

1991b); initiate the plan and maintain/monitor the course of action (e.g. Denckla, 

1995; Duncan, 1986; Roberts, Hager, & Heron, 1994; Stuss & Levine, 2002); change 

an ongoing course of action by inhibiting or switching attention until a new goal is 

achieved (Shallice & Burgess, 1991b).   

Although the construct of executive functions “remains shadowy – a 

placeholder for an explanation rather than an explanation” (Rogers & Monsell, 1995, 
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p.207; Reitan & Wolfson, 1994), it is nevertheless considered to be a useful 

construct.  The minimal utility of having such a construct of executive function is in 

being able to demarcate a domain of cognition that is distinct from other cognitive 

domains such as sensation, perception, and many aspects of language and memory 

(Pennington & Ozonoff, 1996).  Tranel, Anderson, and Benton (1994) also argue that 

executive function provides a useful heuristic or shorthand for denoting the processes 

considered to be the highest level of human cognition as well as closely entwined 

with personality and consciousness. 

A century's worth of neuropsychological and neurological evidence suggests 

that executive functions are inextricably linked to the frontal lobes (e.g. see Stuss & 

Benson, 1986, for reviews).  Indeed, the neuropsychological and neuroanatomical 

concepts “executive” and “frontal” have been, until fairly recently, considered 

synonymous and used interchangeably.  Since the 1930s almost every cognitive 

function that has been postulated by psychological researchers has been examined in 

terms of its relationship to the frontal lobes.  This has led to a situation where many 

researchers have considered any operation performed by the frontal lobes (or 

behavioural symptom of frontal lobe damage) to be an executive function.  These not 

only included constructs such as planning, organization, and inhibition but also 

concepts such as self-awareness, insight, humour appreciation, ethical behaviour, 

social behaviour and personality, and maintenance of consciousness.  Consequently, 

the frontal lobes were considered to be the “organs of civilization – the basis for 

man’s despair and of his hope for the future” (Halstead, 1947, p. 49) and any damage 

to this area was equated with “an ablation of the soul” (Rylander, 1947, p. 64).  

Duncan and his colleagues (Duncan, 1995; Duncan, et al., 1995, 1996, 1997, 2000) 
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recently proposed that executive functions of the frontal lobes were the basis of 

Spearman’s g.  

According to Duncan “g in large part reflects a frontal process of mental 

‘programming’, or constructing an effective task plan by activation of appropriate 

goals or action requirements.  For any task, a plan must be shaped or constrained by 

selecting and maintaining goals or task requirements at multiple levels of abstraction, 

from rather general (e.g. to get home) to very specific (e.g. to apply the brake)” 

(Duncan et al., 1997, p.716).  The control of action and the shaping of behaviour 

towards a specific goal is a cognitive process responsible for selection of particular 

goals amongst competing goals at successive levels of abstraction in the hierarchical 

structure of action by weighting them in terms of overall importance.  Duncan’s 

theory that the organization of goal-directed behaviour is the basis of g, is based on 

four main observations.  These will be discussed next. 

 

1.3.2.1 The organization of goal-directed behaviour 

 

Since the work of Bianchi (1922) and Luria (1966) it is a widely accepted view in 

neuropsychology that the deficits observed in patients with frontal lobe damage fall 

under the general heading of “deficits of control”.  Such deficits can manifest 

themselves as a disregard of a task requirement or lack of any attempt to modify a 

course of action, despite the patient demonstrating clear knowledge of what is to be 

done and being able to appreciate when a course of action may be incorrect.  Many 

examples of such impaired goal-directed behaviour, or goal-neglect, have been 

published.  Konow and Pribram (1970) reported that when a patient with a left 

frontal tumour was asked to draw a square, he began instead to draw the letter A 
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while saying “that’s not a square – I guess I’ll draw you an A”.  Luria (1966) 

described several frontal patients who demonstrated that they knew they had to press 

a button when presented with a cue because they were able to reiterate the task 

instructions but on testing when presented with the cue they did not attempt to press 

anything.  Stuss and Benson (1987) described the behaviour of a patient who 

suffered frontal polar injury in a motor vehicle accident and was on restricted water 

intake to rule our diabetes insipidus.  The patient was instructed by his doctor not to 

drink water.  He was soon observed drinking from a water fountain.  When asked 

what he had been told, the patient immediately and accurately restated his doctor’s 

instructions.  The loss in the ability to respond to the information at the appropriate 

time (rather than an inability to learn and retain information), or a breakdown in the 

overall organization of cognition and action that follows frontal lobe damage, 

produces a diverse and extensive range of impairments.  According to Duncan et al. 

(1995), the ubiquity, commonality, influence and instrumentality of such control 

processes in almost all that we do closely resembles g and what we think of as 

general intelligence. 

Second, Duncan et al. (1995) challenged the empirical basis that serves the 

conventional belief in neuropsychology that the frontal lobes and psychometric 

intelligence are rather unrelated.  It has long been observed that patients who have 

sustained a major injury to their frontal lobes suffer from significant executive 

function impairments but their IQs remain predominantly unaffected.  Duncan et al. 

(1995) argued that this “frontal lobe paradox” was a consequence of the way in 

which IQ is measured.  Adopting Horn and Cattell’s (1966) conception of 

crystallised and fluid intelligence, Duncan and his colleagues tested the idea that the 

frontal lobes would be particularly important for reasoning and problem-solving (i.e. 
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“fluid” g) but much less important for learned and accumulated knowledge (i.e. 

“crystallised” g).  Duncan et al. (1995) found that frontal patients who had high 

average and superior Wechsler IQs nevertheless displayed impaired IQs derived 

from the Culture Fair Intelligence Test (Cattell & Cattell, 1960), which is a fluid 

intelligence test.  Duncan et al. (1995) showed that the frontal lobe paradox could not 

be used as evidence against the hypothesis that g and the frontal lobes are related.  

Third, Duncan et al. (1997) found that there were no relationships between 

executive function tests that could not be accounted for by performance on a test of 

fluid intelligence.  In one experiment, Duncan and his colleagues (1997) 

administered four traditional executive function tests as well as five non-executive 

tasks (e.g. memory tests) to 90 head-injured adults.  All the resulting correlations 

were low and positive and not much different from zero, suggesting each of the 

executive and non-executive tests had their own individual sources of variance plus 

some common element.  In a second experiment, they tested the hypothesis that the 

overall low positive correlations between the executive and non-executive tasks 

reflected the contribution of some general g factor.  They administered five new 

executive function tasks and two non-executive tasks in conjunction with a test of 

fluid intelligence to 24 of the 90 patients tested in experiment 1.  As in the first 

experiment, low positive correlations were obtained between each task.  However, 

the researchers found that partialling out Culture Fair Intelligence Test scores 

reduced all correlations to zero.  This suggested there was no relationship between 

any frontal or executive tasks that could not be accounted for by g.  

The fourth line of evidence is that both frontal lobe damaged patients and 

adult controls with low Culture Fair Intelligence Test IQs (i.e. adults without damage 

to their brains who were less clever members of the population) display a deficit in 
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the specific ability to organize behaviour in a purposeful goal-directed manner – a 

phenomenon that was called goal-neglect.  In a series of experiments, Duncan and 

his colleagues investigated the phenomenon of goal-neglect on a goal-neglect task.   

The goal-neglect task (herein known as the standard goal-neglect task, which 

is described in detail in chapter 2) consists of pairs of letters or numbers presented 

side by side in the middle of the computer screen for 200 ms followed by the 

presentation of another randomly chosen character pair after a 200 ms interval.  

There are three basic task requirements.  First, participants have to call out aloud the 

letters they see, ignoring the numbers.  Second, participants have to watch and report 

letters on one side only (left or right) depending on an initial task instruction telling 

them which side to attend to.  Third, participants have to watch out for the 

presentation of a particular target item (a cue) which, depending on what the cue is, 

means they have to either switch sides and call out aloud letters from the side 

previously unattended to or to remain calling out aloud letters on the same side that 

they are on.  The ability to switch or stay represents the specific goal requirement of 

the task.   

In their series of experiments, Duncan and his colleagues found that in groups 

of patients with frontal lobe damage (Duncan et al., 1996) and closed-head injuries 

(Duncan et al., 1996, 1997), as well as adults from the normal population (Duncan et 

al., 1996), the first and second requirements of the task were always met.  Patients 

and controls alike were able to attend to the correct side they were instructed to as 

well as call out aloud letters ignoring numbers.  The third task requirement, however, 

was often neglected.  This was always the case for patients with frontal lobe and 

closed-head injuries.  As expected, these individuals maintained calling reporting 

letters from the side they attended to first and were incapable of switching to the 
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other side when prompted.  This was despite their ability to re-iterate the task 

instructions, which demonstrated they had the knowledge and awareness of the task 

requirement.  Duncan et al. (1996) also observed that goal-neglect was exhibited by 

the normal adult controls who had low Culture Fair Intelligence Test scores.  Duncan 

et al. (1996) therefore concluded that in the normal adult population, goal-neglect 

was closely related to g.  To show that goal-neglect was a common feature of 

patients with damage to the frontal lobes and undamaged low g adults provided 

empirical support for the hypothesis that the basis of g was a frontal process. 

The evidence from several lines of research which links individual 

differences in g to the action control, or executive functions, of the brain’s frontal 

lobes appears compelling.  However, Duncan’s theory sits in contrast to theories that 

hypothesize g to be caused by differences in speed of information processing.  

However, as will be shown next, it is a theory that maps onto developmental theories 

that attribute age-related changes in intellectual functioning, or the development of g, 

to the development of executive functions of the frontal lobes.  

 

1.4 Development of g 

 

While the study of individual differences in g has been one of the central interests of 

psychology since its inception (Davis & Anderson, 1999), another has been the study 

of age-related increases in intellectual competence, or the development of g. It has 

long been known that performance on any battery of mental ability tests improves 

with age in children.  Moreover, as children grow older their proficiency on these 

tests increase in a similar way for all the tests, with a plateau around the late teens.  
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As indicated in Anderson’s map of the intellectual terrain (see Figure 1, p. 

15), theories about the development of intelligence abound.  Whatever the validity of 

these theories, Piaget's (e.g. 1983) Genetic Epistemology is the current dominant 

theory.  It remains the most comprehensive and influential theory of intellectual 

development to date, which, in turn, has “set the agenda regarding what 

[contemporary] theories of cognitive development should seek to explain” 

(Anderson, 1992, p.14). 

The roots of Piaget’s theory can be traced back to when he was working on 

the standardisation project for the Binet-Simon Scale.  The purpose of this scale of 

normal functioning was to identify the presence of intellectual disability by 

comparing children’s mental abilities relative to those of their normal peers.  This 

was reflected in the child's mental age. Whereas an IQ reveals a child’s level of 

intelligence relative to his of her same-aged peers (i.e. individual differences in g), 

the preferred measure of developmental change in reasoning ability, or the 

qualitative changes in thought, is mental age.  For example, a 6-year-old child who 

can pass all the tasks usually passed by 6-year-olds, but nothing beyond, would have 

a mental age that exactly matched his or her chronological age, 6.0.  To say a child 

has a mental age of 10 years means that he or she, irrespective of his or her 

chronological age, is able to perform tasks that the average 10-year old can (but 

unable to do the tasks an average 11-year old can).  The mental age of a child is 

simply determined by the ranking of the child’s absolute raw test score in the 

distribution of (unstandardized) scores. 

During a process of standardisation of the Binet-Simon Scale, Piaget 

observed that children of the same age were making similar kinds of mistakes and 

that the mistakes they made were very different from the mistakes that other groups 
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of older or younger children (who were all the same age within their group) were 

making.  It therefore occurred to Piaget that the understanding of the development of 

intelligence was based in these age-related differences in error patterns – not in what 

children got wrong, but how they got it wrong.   

According to Piaget (1983) the reasoning abilities of children were not just 

less accurate than adult reasoning abilities, they were qualitatively different.  Piaget 

believed that this was because intellectual development occurred in four distinct 

stages.  The sensorimotor stage begins at birth, and lasts until the child is 

approximately two years old.  At this stage, the child cannot form mental 

representations of objects that are outside his immediate view, so his intelligence 

develops through his motor interactions with his environment.  The preoperational 

stage typically lasts until the child is 6 or 7.  According to Piaget, this is the stage 

where true “thought” emerges.  Preoperational children are able to make mental 

representations of unseen objects, but they cannot use deductive reasoning.  The 

concrete operations stage follows, and lasts until the child is 11 or 12.  Concrete 

operational children are able to use deductive reasoning, demonstrate conservation of 

number, and can differentiate their perspective from that of other people.  Formal 

operations is the final stage.  Its most salient feature is the ability to think abstractly.  

A central tenet of Piaget's theory is that there are genetic constraints 

inherent in the ability to think.  No matter what level of input is given to a child, he 

or she cannot move out of one stage and into another.  “It is clear that maturation 

must have a part in the development of intelligence, although we know very little 

about the relations between the intellectual operations and the 

brain…[however]…the effects of maturation consist essentially of opening new 

possibilities for development, that is, giving access to structures that could not be 
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evolved before these possibilities were offered” (Piaget, 1983, p. 117).  That is, one 

(of several) fundamental requirements that is needed for the child to be able to reach 

higher levels of reasoning is having the biological equipment available.  One of the 

major theories that speculates on the cognitive mechanisms thought to be associated 

with biological maturation and consequent development of g corresponds to that 

already discussed in the explanation of individual differences in g, namely executive 

functions of the frontal lobes.  

 

1.5 Cognitive explanations of the development of g 

 

1.5.1Executive functions 

 

If individual differences in g is based in the way in which basic cognitive 

components are selected, implemented and organized, then the development or 

acquisition of these executive functions was deemed the causal factor for the increase 

in reasoning ability or intellectual competence displayed between birth and 

adulthood.  While research on executive functions in children is a relatively recent 

enterprise (Smith, Kates & Vriezen, 1992; V. Anderson, 1998), what evidence there 

is converges on the notion that developmental change in reasoning ability, or the 

development of g, corresponds to the development of executive functions and 

perhaps to biological maturation of the frontal lobes.  Indeed, there is a large body of 

research to show that the qualitative changes in thought that occur with age, reflected 

in age-related improvements on all sorts of cognitive and psychometric tasks, is 

based in development of executive functions. 
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In a series of experiments, Diamond and Goldman-Rakic (Diamond, 1985; 

Diamond, 1988; Diamond & Goldman-Rakic, 1989; Goldman-Rakic, 1987a) 

provided the first direct evidence that showed some executive function processes 

associated with the frontal lobes emerged late within the first year of life.  Diamond 

and Goldman-Rakic found that normal humans infants between 7½- and 12-months 

of age were able to perform Piaget’s classic A-not-B object permanence task.  In 

contrast adult rhesus monkeys with frontal lesions failed a delayed response task, 

which is the animal analogue of the human A-not-B task and used to test dorsolateral 

prefrontal function in primates.  

In two early studies, Passler, Isaac and Hynd, (1985) and Becker, Isaac and 

Hynd, (1987) found that while children as young as 6-years of age displayed 

‘strategic’ and ‘planning’ behaviour on traditional executive tasks used in adult 

neuropsychology, adult levels of performance was not achieved until 12-years of age.  

In a study designed to produce developmental norms for the Wisconsin Card 

Sorting Test (WCST: Heaton, 1981), Chelune and Baer (1986) tested 105 school 

aged children and found improvements in performance with increasing age up to 10-

years.  Thereafter, performance became indistinguishable from that of adults. 

Chelune and Baer (1986) also compared their aged norms with the test manual norms 

of adults with and without focal frontal lesions.  In comparison to normal adults, the 

6-year olds achieved fewer categories and made more perseverative errors.  Such 

performance, however, was equivalent to that demonstrated by adults with frontal 

lesions.  

Levin, Culhane, Hartmann, Evankovich, Mattson, Harward, Ringholz, 

Ewing-Cobbs, and Fletcher, (1991) tested 52 children in three age bands (7-8 years, 

9-12 years, 13-15 years) on six well-known executive function tasks. Using a 
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principal components analysis the researchers found a three-factor solution 

accounted for performance on all tasks.  Factors 1 and 3, labelled semantic 

association/concept formation and problem solving, respectively, showed gradual 

developmental improvements over the three age ranges.  Adult levels of performance 

were reached by 12 years of age on the impulse control and mental flexibility factor 

(factor 2).  

Anderson, Lajoie, and Bell (1995) tested 376 children aged 7-13 years on 

four tests of executive function for purposes of obtaining normative data.  Consistent 

with Levin’s et al. (1991) and Welsh’s et al. (1991) research, test performance 

continued to improve throughout childhood.  Moreover, there were significant 

correlations between the problem solving and planning tasks but weak relationships 

between the tests of concept formation.  Anderson and her colleagues concluded that 

executive functions comprise a set of separable processes that have different 

developmental trajectories.  

Similarly, Welsh, Pennington, and Groisser (1991a) who, in a study of 

executive function in 100 children aged 3-12, found that 6 executive measures 

clustered into 3 executive factors; factor 1 – speeded responding; factor 2 – 

hypothesis testing and impulse control; factor 3 – planning ability.  Welsh et al. 

(1991a) suggested such results supported a multidimensional model of executive 

function with different executive functions maturing at different stages.  In particular, 

the researchers argued that the ability to resist distraction was one of the first 

executive skills to mature, at around age 6.  At age 10, hypothesis testing and 

impulse control matured followed by motor sequencing and planning skills by age 

12.  
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Many other studies investigating the performance of normally developing 

children on different executive tasks (across different age ranges) have consistently 

produced similar results (e.g. Gyns & Willis, 1991; Weyandt & Willis, 1994). Recent 

research efforts have also demonstrated impaired executive functioning in children 

with a wide range of developmental psychopathologies and acquired brain injuries. 

The impetus for this research followed a comparative review on the clinical and 

experimental studies of focal frontal lobe damage in children and adults, in which 

Grattan and Eslinger (1991) concluded that there are both contrasting and 

complementary cognitive impairments.   

For example, Garth, Anderson and Wrennall (1997) studied the performance 

of 22 children with moderate to severe frontal lobe injuries in comparison to 22 age, 

gender and socioeconomic status matched controls on four executive function tasks 

(Twenty Questions, Matrix Analogies, Tower of London, Rey Complex Figure). The 

dependent measures of the executive tasks were task mastery (i.e. final task score), 

task rate (i.e. time to completion) and strategy use.  The children were divided into 

two groups: 1) children who sustained their injury before 6-years old and, 2) children 

who sustained their injury at or after 7 years old.  The researchers found task 

mastery, rate, and ability to implement strategies were reduced in children with 

moderate to severe frontal lobe injuries.  Children who sustained injuries before 6-

years of age were significantly impaired with respect to rate of task completion.  The 

authors concluded that frontal lobe injuries in childhood affect the normal 

development of executive functions.  

Pennington and Ozonoff (1996) recently conducted a meta-analysis of 18 

studies of executive functions in children with attention deficit hyperactivity disorder 

(ADHD).  ADHD is a developmental psychopathology characterized by executive 
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function impairments caused by structural and physiological abnormalities in the 

prefrontal cortex and other parts of the frontal system (Barkley, 1995, 1997; Denckla, 

1995; Pennington & Ozonoff, 1996; Sergeant & van der Meere, 1988).  Fifteen of the 

eighteen studies found a significant difference in performance between children with 

ADHD and controls on one or more executive function tasks.  Of the 60 executive 

function tasks that were used across the studies, significantly worse performance was 

displayed by the children with ADHD on 40 (67%) of them, with effect sizes ranging 

from .27 to 1.08.  

In an earlier study, Welsh, Pennnington, Ozonoff, Rouse and McCabe 

(1991b) tested the executive function performance of 11 preschoolers (mean age 4.5 

years) with phenylketonuria (PKU) who had been treated with a low phenylalanine 

diet from 2 – 4 weeks of age in comparison to a group of IQ and age matched 

controls. On tests of verbal fluency, visual search and the Tower of Hanoi, the PKU 

group was significantly impaired in comparison to the control group. On a test of 

motor planning, the PKU group also exhibited difficulties.  

In sum, there is a large body of developmental research that has established 

that there are improvements on executive function tasks with age.  Moreover, recent 

research has indicated that the developmental trajectories in executive function skills 

map closely onto the hierarchical and stage-like development or maturation of the 

frontal lobes.  The close parallel between acquired executive functions and the 

maturation of the brain, the frontal lobes in particular, provides the foundation for 

attributing these cognitive processes to be the basis of development of g.   

For most researchers, these empirical observations alone have served as the 

basis for hypothesizing that age-related changes in executive functions are 

responsible for age-related increases in reasoning ability, or the development of g.  
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However there is a dearth of empirical studies to date that have tested this 

relationship directly.  Within the developmental literature, there is only one study 

that has identified whether age-related changes in executive functions are associated 

with age-related changes in reasoning ability itself.   

 

1.6 Overview of thesis  

 

1.6.1 Summary of review so far 

 

Since the turn of the last century there have been many areas of research on human 

general intelligence but Spearman’s g remains the most influential.  The preferred 

measure of individual differences in g is the intelligence quotient (IQ).  At a 

cognitive level of explanation, there are two predominant cognitive information-

processing theories of individual differences in g competing for centre stage.  One 

theory attributes individual differences in g to differences in speed of information 

processing.  The other theory attributes individual differences in g to the executive 

functions of the frontal lobes.  Each theory is well supported empirically.  The 

central aim of this thesis is to test the idea that these two rival cognitive information-

processing theories of individual differences in g are in fact complementary.  It is 

argued that Duncan’s executive function theory of individual differences in g is a 

theory that actually accounts for the development of g while speed of information 

processing theories account for individual differences in g.  There are two main 

reasons which suggest that it may possible to reconcile the two contrasting theories 

of g in this way.  One is theoretical, the other empirical.  
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According to Anderson’s (1992, 1999, 2000) theory of the Minimal 

Cognitive Architecture, individual differences in g and development of g are not 

simply two manifestations of the same phenomena which correspond to a single 

theoretical dimension but actually reflect two separate dimensions of g which are 

underpinned by different cognitive processes.  On this account, it may therefore be 

possible to keep the two co-existing theories by showing that executive function 

theories of individual differences in g are actually correct for the developmental of g.   

Moreover, there are several studies that have investigated the cognitive 

functioning of normal developing children and children with certain developmental 

psychopathologies (e.g. attention deficit hyperactivity disorder) which show clear 

dissociations between IQ and performances on tests of executive functions.  If 

executive functions of the frontal lobes are the basis of individual differences in g (as 

measured by IQ), then children with executive function deficits should have impaired 

IQs.  This does not appear to be the case.  Individual differences in g and executive 

functions appear rather unrelated in children, which again suggests there may be two 

g’s – one related to individual differences and one to development.  

 

1.6.1.1 The Theory of the Minimal Cognitive Architecture 

 

The theory of the Minimal Cognitive Architecture (MCA: Anderson, 1992, 1999, 

2000) is a cognitive theory of intelligence which attempts to explain both individual 

differences in and the developmental of general intelligence. According to the theory 

of the MCA, “intelligence tests measure intelligence through assessing knowledge 

but that knowledge itself is acquired through different routes and these two routes are 
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differentially related to IQ differences and developmental change” (Anderson, 1992, 

p.11).   

The first route to knowledge acquisition is through the implementation of 

general-purpose problem-solving knowledge acquisition routines, or algorithms, 

generated by a pair of specific processors. Specific processors can be thought of as 

specialised mechanisms devoted to the processing of either verbal/prepositional (e.g 

Fodor, 1975; Pylyshyn, 1984) or visuo-spatial (e.g. Kosslyn, 1981, 1983; Paivio, 

1971) representations that form the basis of thought. Anderson argues that when 

someone is thinking they can be considered to be acquiring knowledge via the 

implementation of problem-solving algorithms. However, the complexity of 

someone’s thinking and the amount of knowledge that is acquired is constrained by 

the speed at which problem-solving algorithms can be implemented. Herein lies the 

source of individual differences in g. Individuals with high, or fast, processing speed 

can not only process information faster but can implement more complex general 

problem-solving algorithms allowing them to entertain more complex thoughts in 

order to deal with novel and difficult tasks and tasks with a high information load, 

leading to the accumulation of greater knowledge. In contrast, individuals with low, 

or slow, processing speed can only implement the simplest algorithms which 

constrains the knowledge systems they accumulate.  

The second route to knowledge acquisition reflects the acquisition of modules 

(Fodor, 1983). According to Fodor (1983), modules are special-purpose input 

systems that are innate, genetically specified, and independently functioning, 

designed to provide information about the environment (i.e. presents output data in 

the form of representations to the central, domain-general processes of thought for 

evaluation) in automatic, fast, autonomous, mandatory, and domain specific ways. 
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Each distinct module has a fixed, hard-wired neural architecture with its own unique 

processes. Modules are stimulus driven, therefore dumb (reflexive), inflexible and 

unintelligent. Furthermore, modules are informationally encapsulated and immune 

from top-down cognitive manipulation. Knowledge, therefore, is directly “given” to 

an individual without them having to think about it. On this account, Anderson 

hypothesises that the qualitative changes in intellectual performance between a child 

and an adult is the result of maturation of genetically specified, biologically 

programmed modules at different stages of development of the child. When new 

modules become available during development, the child becomes equipped with a 

set of cognitive processes which allows them to process information that they would 

have previously found impossible to do. 

Anderson’s two-dimensional model of g offers researchers the theoretical 

possibility to reconcile the two contrasting theories of individual differences in g. In 

the context of this model, individual differences in g is based in differences in speed 

of information processing while the development of g is based in the acquisition of 

“modules” central to executive functions.  

 

1.6.1.2 Previous studies 

 

The possibility that there may be an individual differences g and a developmental g 

that are underpinned by different cognitive processes is also borne out by Welsh et 

al.’s (1991) normative-developmental study of executive functions in children with 

undamaged brains.  As discussed earlier, this study showed that when the 

performances on a variety of executive function tasks across a wide age-range of 

children were factor analysed, different factors emerged.  This led Welsh and his 
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colleagues to conclude that executive functions are separable cognitive processes 

which have different developmental trajectories.  Welsh and his colleagues also 

investigated the relationship between executive functions and general intelligence.  

Welsh and his colleagues noted that in the adult neuropsychological literature it is 

well documented that frontal lobe damage generally spares intelligence as measure 

by Wechsler Intelligence Scales (e.g. Eslinger & Damasio, 1985; Hebb, 1939; 

Warrington, James & Maciejewski, 1986).  Welsh et al. (1991, p.145) also noted that 

(at that time in 1991) there was a complete lack of data on whether the lack of 

association between “psychometrically defined intelligence and executive function 

also holds for nonbrain-damaged human, either adults or children.”  In their sample 

of 40 children aged 6- to 12-years for whom IQ scores were available, Welsh et al. 

(1991) found that performance on the four executive function tasks they used were 

uncorrelated with IQ, as measured by the Iowa Test of Basic Abilities (a group 

administered intelligence test comprising Verbal, Quantitative, and Nonverbal 

Ability Scales).  The dissociation of executive function from IQ led Welsh and his 

colleagues to conclude executive function is a domain of cognition in normal human 

development that is relatively independent of IQ.  

Ardila, Galeano, and Rosselli (1998) tested 300 college students on a range of 

executive function tasks and the Wechsler Adult Intelligence Scale (WAIS).  Ardila 

et al. (1998) observed that Verbal Fluency tests presented a low (but significant) 

correlation with some WAIS verbal subtests, such as Information.  However, they 

noted that none of the Wisconsin Card Sorting Test (WCST) dependent variables 

correlated with any WAIS Indices or sub-test scores.  Ardila and his colleagues 

concluded that executive functions were independent of psychometric intelligence. 



 45

More recently, Ardila, Pineda, and Rosselli (2000) tested fifty 13- to 16-year-

old normal children on some executive function measures (i.e. WCST, verbal 

fluency, Trail Making test) and the WISC-R.  Few significant correlations were 

found between WISC-R scores and executive function measures.  For example, 

verbal fluency correlated with Verbal IQ and WCST perseverative errors correlated 

with Full scale IQ.  However, Ardila and his colleagues noted that the few significant 

correlations were rather low and there was a clear majority of nonsignificant 

correlations.  Ardila and his colleagues concluded that traditional intelligence tests 

like the Wechsler Scales do not properly evaluate executive functions and executive 

functions should not be included as elements of intelligent behaviour. 

In the developmental neuropsychological literature there is also evidence that 

shows a dissociation between executive function and individual differences in 

general intelligence.  There are many studies which show the executive function 

deficits associated with attention deficit hyperactivity disorder are unrelated to IQ 

(e.g. Prifitera & Dersh, 1993; Schwean, Saklofske, Yackulic & Quinn, 1993).  More 

recently, Crinella & Yu (2000) found that when the performances of children with 

and without ADHD on a range of conventional neuropsychological tests was 

subjected to a factor analysis, two of the largest factors that emerged met the criteria 

for a psychometric g factor and a separate executive function factor.   

In contrast, the 22 children who had sustained a moderate to severe frontal 

lobe injury studied by Garth et al. (1997) had significantly lower WISC-III IQs 

compared to the group of 22 aged-matched healthy controls.  Bases on the adult 

model, Garth et al. (1997) predicted that full-scale IQ would be unrelated to 

performance on the executive function tasks.  However, Garth and her colleagues 

found that the significant differences in executive function task performance between 
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the two groups (with the frontal group performing uniformly worse on all executive 

function measures) were eliminated when controlling for WISC-III full-scale IQ.  

Garth and her colleagues concluded the adult model does not apply to paediatric 

populations. 

Animal lesion studies have also shown that g does not have its basis in 

executive functions of the brain.  Crinella and Yu (2000) tested the hypothesis that g 

has its basis in executive functions by determining whether the brain structures in the 

rat that were identified as being part of the rodent executive function system 

overlapped with brain structures that were identified as critical for a “rat g”.  This 

was done by analysing data combined from earlier studies that (i) extracted a 

psychometric g factor from a battery of problem solving tasks (Crinella & Yu, 1995), 

and (ii) identified the rodent executive function system (Thompson, Crinella & Yu, 

1990).  Crinella and Yu (2000) assigned a g factor standard score, or “rat IQ”, to 

each of 544 rats (across the studies) which were bilaterally lesioned in 1 of 48 brain 

areas.  A median g factor score was then calculated for groups of rats with the same 

lesion type.  Fourteen brain structures were associated with g factor scores less than 

minus 1.33, which is equivalent to “rat IQs” less than 80.  Only four of these 

structures were part of the rodent executive function system.  Crinella and Yu (2000) 

showed that 1) lesions to any one of eight structures that comprise the rodent 

executive function system impairs performance on problem solving tasks but 2) as 

the g-loadings of the problems increase so too do the number of non-executive 

function brain structures.  Crinella and Yu (2000) concluded that executive functions 

are not the basis of g. 
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1.7 Proposed research  

 

In the context of Anderson’s theoretical two-dimensional model of intelligence and 

in light of some recent evidence which shows executive functions and IQ are 

dissociated, it is now possible to test the idea that the two predominant cognitive 

information processing theories of individual differences in g, namely speed of 

information processing and executive functions, are not mutually exclusive but 

complimentary, with one theory correct for the individual differences dimension of g 

and the other correct for the developmental dimension of g.  

To test this idea, several cognitive neuropsychological studies will be 

conducted.  The aim of this discipline is to articulate the functional architecture of 

human cognition.  “Specifically, whereas cognitive psychology generally involves 

systematic manipulation of variables in experiments involving non-brain damaged 

participants, cognitive neuropsychology is concerned with the impact of brain 

damage on task performance” (Dunn & Kirsner, 2003, p.1).  It is argued in this thesis 

that the patterns of data produced by groups of brain damaged and non-brain 

damaged adults and children on a wide range of psychometric and experimental tasks 

support the idea that there are two dimensions to g. 

Chapter 2 will lay out the basic methodology and analyses used in the studies.  

This includes a description and rationale for the selection of the intelligence tests, 

executive functions tasks, and speed of information processing measures that are 

common to all the studies.  There will also be a discussion of single and double 

dissociations, differential deficits, and Crawford, Garthwaite and Gray’s (2003) 

newly proposed operational definitions and statistical criteria for dissociations.  This 

will be followed with a brief review of effect size analysis and Zakzanis’ (2001) 
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newly proposed statistical criterion for determining whether any cognitive deficit is a 

central or core feature associated with particular brain damage or disorder. 

In Chapter 3 there will be a description of two studies.  The first study is an 

attempt to replicate Duncan’s (1995) and Duncan et al’s (1997) data.  Three high IQ 

adults with focal frontal lobe lesions and a group of patients with Frontotemporal 

dementia (FTD) will be administered several different standardized psychometric 

tests of intelligence. The aim is to determine whether the frontal damaged adults 

produce significantly lower scores on the fluid g intelligence test and whether the 

magnitude of any deficit exceeds the newly proposed statistical criterion to suggest 

that impaired fluid g is a core feature of frontal lobe damage.  The main empirical 

goal of the second study, is to examine intelligence, executive function, goal-neglect 

and speed of information processing in patients with FTD, Alzheimer’s disease, and 

a control group of adult that do not have damaged brains but have low fluid 

intelligence (i.e. low g controls).  One aim is to test the specific prediction that the 

link between low fluid g test scores and goal-neglect in (low g) adult controls is 

based on a speed of information processing confound that influences performance on 

Duncan’s standard goal-neglect task.  A second aim is to establish that the speed of 

information processing of frontal damaged adults remain intact.  The pattern of 

predicted data will suggest frontal processes and speed of information processing are 

dissociated.   

Chapter 4 details two developmental studies.  The main empirical goal of the 

first study is to examine intelligence, executive function and speed of information in 

a large group of normally developing children with undamaged brains and varying 

chronological ages.  A series of hierarchical multiple linear regressions will be used 

to determine the various statistical relationships scores on tests of executive function 
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and speed of information processing have with fluid intelligence test IQs (i.e. 

individual differences) and raw scores (i.e. development of g).  The second study 

investigates the phenomenon of goal-neglect task in this developmental context.  The 

aforementioned group of children will be tested on Duncan’s standard goal-neglect 

task, an experimentally slowed goal-neglect task (which is hypothesized to remove a 

speed of information processing confound), and a range of executive function and 

speed of information processing tasks.  The main aim is to see whether there are any 

age-related changes in goal-neglect and, if so, whether this is related to the 

development of g. 

Chapter 5 contains a series of studies that examine the neuropsychological 

sequelae of a large group of primary school children born with low birth weight 

(LBW) caused by preterm birth.  Recent neurological and neuropsychological 

evidence suggests the majority of LBW preterm children have a neuropsychological 

profile – namely impaired frontal systems and consequent executive dysfunction but 

“average” Wechsler IQs – that makes them particularly useful for testing the central 

idea of this thesis.  The first two studies in this chapter are exploratory and simply 

aim to establish empirically whether or not the neuropsychological sequelae of LBW 

preterm children recruited for the studies in this thesis display the aforementioned 

characteristics.  The main empirical goal of the third study is to examine intelligence, 

executive function and speed of information in these children.  A series of 

hierarchical multiple linear regressions will be used to determine the various 

statistical relationships scores on tests of executive function and speed of information 

processing have with fluid intelligence test IQs (i.e. individual differences) and raw 

scores (i.e. development of g).  The fourth study investigates the phenomenon of 

goal-neglect task in these children by testing them on Duncan’s standard goal-neglect 
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task and an experimentally slowed goal-neglect task.  The main aim is to see whether 

the “frontal” delay in these children is associated with increased goal-neglect and 

delays in the development of g. 

In chapter 6, there is one cognitive developmental neuropsychological study 

that is concerned with directly comparing the performances of LBW preterm children 

on the tests of intelligence, executive function, standard and slowed goal-neglect 

tasks, and inspection time tasks to the performances of a group of aged-matched 

normal birth weight full term children.   

 In the General Discussion in Chapter 7, the results of the studies are 

summarized and discussed in reference to whether they support the idea that there are 

two dimensions to g.  Some limitations of the studies are also mentioned along with 

suggestions for future directions in research. 
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Chapter 2: Thesis methodology and analyses 

 

This chapter has three main sections.  In the first section, there is an overview and 

description of each of the standardized psychometric tests and cognitive information 

processing tasks that will be common to all of the studies in this thesis.   

In the second section, a brief examination concerning the nature, logic and 

validity of dissociations will be provided.  Existing definitions of dissociations and 

the concerns about them will be discussed, as will new proposed formal criteria for 

deficits, strong and classical dissociations and double dissociations.  

In the third section there will be a discussion of some less well-known 

statistics that will be used to analyze some of the neuropsychological data.  This 

includes an outline of the proposed statistical procedures used to test for single and 

double dissociations.  It will also be argued that effect sizes and counternull values of 

effect sizes are appropriate statistics to use when interpreting neuropsychological 

data. 

 

2.1 Selection and description of measures 

 

2.1.1 Intelligence 

 

Intelligence testing has a long and honoured history and intelligence tests have 

become a fundamental part of a clinician’s test armamentarium.  There are numerous 

commonly used tests most of that have been developed from the various proposed 

theories of intelligence (see Spreen & Strauss, 1998, for lists and reviews of 

intelligence tests).  The most frequently used measures, those that are considered the 
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gold standards in intelligence testing, are the Wechsler Intelligence Scales.  Wechsler 

defined intelligence as, “the global capacity of the individual to act purposefully, to 

think rationally, and to deal effectively with his environment.”  In keeping with this 

definition of intelligence, Wechsler and his colleagues developed a series of scales 

that were made up of numerous sub-tests designed to measure various aptitudes and 

mental abilities.  The Wechsler Scales used in the studies of this thesis will be 

described below. 

 Whereas the Wechsler scales derive IQs from the aggregated performances 

across a range of different sub-tests, the other common method is to use a single test 

with test items that assess broad reasoning and problem solving abilities, or fluid g.  

The Culture Fair Intelligence Test (Cattell & Cattell, 1960) was developed to 

measure the broad construct of intelligence by testing an individual’s ability to see 

relations and analyze and reason about nonverbal stimuli.   

 Another aspect of intelligence testing, particularly with regard to assessing 

individuals who have sustained an insult to their brain through injury or disease (as is 

the case for several groups of adults and children studied in this thesis), is the 

assessment of premorbid intelligence.  A variety of options are currently used but the 

most common method in adults is based on single word reading of irregular words, 

as in the National Adult Reading Test (Nelson, 1982). 

 

2.1.1.1 The Wechsler Adult Intelligence Scale – Revised  

 

The Wechsler Adult Intelligence Scale – Revised (WAIS-R; Wechsler, 1981) 

consists of 11 subtests divided into two parts, Verbal and Performance.  The WAIS-

R consists of six verbal subtests and five performance subtests.  The Verbal subtests 



 53

are: Information, Comprehension, Arithmetic, Digit Span, Similarities, and 

Vocabulary.  The Performance subtests are: Picture Arrangement, Picture 

Completion, Block Design, Object Assembly, and Digit Symbol.  The scores derived 

from this test are a Verbal IQ (VIQ), a Performance IQ (PIQ), and a Full Scale IQ 

(FSIQ).  The FSIQ is a standard score with a mean of 100 and a standard deviation of 

15.  

Corrected split-half reliability coefficients for Verbal IQ (.95 to .97) and Full 

Scale IQ (.96 to .98), and their respective standard errors of about 2 points, are quite 

acceptable.  The reliability of Performance IQ is excellent, averaging .93, although 

the value of .88 at ages 16 to 17 is not ideal.  Subtest reliability coefficients average 

values exceed .80 for 9 of the 11 subtests.  Only Picture Arrangement (.74) and 

Object Assembly (.68) fall short of expectations.  Test-retest reliability coefficients 

affirm the excellent reliability of the Verbal and Full Scales, and show Performance 

IQ to be quite acceptable (.89 to .90).  Test-retest coefficients for the subtests 

confirm the reliability of all tasks except Object Assembly and Picture Arrangement.  

The total standardization sample, comprising 1,880 individuals, was carefully 

stratified on the variables of sex, race (white-nonwhite), geographic region, 

occupational group, educational attainment, and urban-rural residence.  The nine age 

groups ranged in size from 160 to 300.  

 In this thesis, the WAIS-R was initially used in screening or identifying 

suitable patients and controls for the studies.  The three adults with focal frontal 

lesions and patients with Frontotemporal dementia and Alzheimer’s disease who 

were finally recruited were first identified on the database of a clinic by their WAIS-

R IQ (which was derived by a clinical psychologist who tested the patient following 

their referral to the neuropsychology clinic).  These patients were then re-tested with 
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the WAIS-R as part of this study.  The adult controls who were finally recruited for 

the studies were selected from a large sample of volunteers who were all 

administered the WAIS-R as part of this thesis.  The full-scale IQ for each participant 

was used in the analyses. 

 

2.1.1.2 The Wechsler Intelligence Scale for Children – Third Edition  

 

Designed as a comprehensive measure of cognitive ability for children, the Wechsler 

Intelligence Scales for Children – Third Edition (WISC-III; Wechsler, 1991) is a 

collection of 13 distinct subtests divided into two scales – a Verbal Scale and a 

Performance Scale.  The six Verbal Scale tests use language-based items, whereas 

the seven Performance Scales use visual-motor items that are less dependent on 

language.  Five of the subtests in each scale produce scale-specific IQs, and the 10 

subtest scores produce a Full Scale IQ.  Each of the three IQ scales has an internal 

consistency reliability coefficient of .89 or above in the standardization group (N = 

2200) over the entire age range (6 to 16-years) covered by the scale.  Average 

internal consistency reliability coefficients, based on the 11 age groups, are .96 for 

the Full Scale IQ, .94 for the Verbal Scale IQ, and .90 for the Performance Scale IQ.  

The average subtest reliability coefficients range from a low of .70 for Object 

Assembly to a high of .86 for Vocabulary.  The average reliability coefficients range 

from .77 to .86 for the Verbal Scale subtests and from .70 to .85 for the Performance 

Scale subtests.  Test-retest stability coefficients were .95 for the Full Scale IQ, .93 

for the Verbal Scale IQ, and .90 for the Performance Scale IQ.  The WISC-III was 

standardized on a sample of 2,200 American children selected as representative of 

the population on the basis of the 1970 U.S. Census.  
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 In this thesis, the WISC-III was administered to 116 children ranging from 6- 

to 11-years-old and 139 low birth weight preterm children aged 7- to 9-years-old.  

Full-scale IQs were used in the analysis. 

 

2.1.1.3 The Culture Fair Intelligence Test 

 

The central measure of fluid g used in all of the experiments in this thesis is the 

Culture Fair Intelligence Test (Cattell & Cattell, 1960).  This form of the test was 

designed for 8- to 13-year-olds, high school educated adults, adults not selected for 

college, and adults over the age of 50.  The test consists of four types of spatial 

problems administered in the following order according to a set time: series 

completion – 12 items, 3 minutes; classifications (i.e. odd-one-out) – 14 items, 4 

minutes; matrices – 12 items, 3 minutes; and conditions (i.e. topology) – 8 items, 4 

minutes.  All four sub-tests of geometric figures are intended to give the widest range 

of perceptual relation-educing operations possible.  Each sub-test begins with three 

practice items.  Test items are graded in order of increasing difficulty following an 

“easy-to-grasp” item to start off with.  To score performance on the test, one point is 

given for each correct item.  A total score out of 46 is calculated.  

The test can be given either as a group test or as an individual test using 

exactly the same instructions and time limits.  The test is considered to have low 

knowledge dependence, thereby making it a reliable test for measuring intelligence 

despite socioeconomic status, educational background, and cultural upbringing of 

any participant.  According to the test manual, the test-retest reliability of Form A is 

0.76.  Based on a number of factor analyses summarized in the manual, the 

proportion of variance attributable to g (squared g correlation) for Form A is 0.66.  
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In this thesis, all participants (i.e. adult patients and controls, children, 

preterm children) were administered Scale 2, Form A of the Culture Fair Intelligence 

test.  IQs were used as the measure of individual differences in intelligence.  These 

were derived from the raw scores (i.e. scores out of 46) which were converted into 

IQs using the published manual’s table of norms (which have a mean of 100 and a 

standard deviation of 16).  Culture Fair Intelligence test raw scores were used as the 

measure of developmental changes in intelligence.  The ranking of a child’s absolute 

raw test score in the distribution of unstandarized scores provide the estimate of that 

child’s developmental level, or mental age, relative to different-aged peers. 

 

2.1.1.4 The National Adult Reading Test 

 

The National Adult Reading Test (NART; Nelson, 1982) was specifically designed 

to provide a means of estimating the premorbid levels of adults suspected of 

suffering from intellectual deterioration, such as Alzheimer’s disease.  The impetus 

for the test’s construction and standardisation was based, in part, on two studies that 

found word reading ability remained relatively unaffected in patients with dementia 

and an overall intellectual decline (Nelson & McKenna, 1975; Nelson & O’Connell, 

1978).  The NART is a reading test that comprises 50 words that are irregular, short 

in length, and do not follow normal grapheme-phoneme correspondence rules.  

Correct pronunciation of the word therefore requires familiarity, or previous 

exposure, to the word.  Correct pronunciation of the word cannot be deduced by 

problem-solving.  The task makes little demand on current cognitive capacity.  The 

NART test manual reported a high split half reliability (.93).  High levels of inter-

rater (.96 to .98) and test-retest (.98) reliabilities have also been reported (e.g. 
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O’Carroll, 1987; Crawford, Parker, Stewart, Besson, & De Lacey, 1989a; Schlosser 

& Ivison, 1989b).  The NART loads highly (.85) on g (Crawford, Stewart, Cochrane, 

Parker, & Besson, 1989b).  Nelson and Willison (1991) standardized the NART on a 

large English sample so that it is possible to convert error scores directly to WAIS-R 

IQs.  

 In this thesis, the NART was administered to the adult patients and controls 

studied in studies 1 and 2: the three adults with focal frontal lesions and their WAIS-

R and aged-matched controls; patients with Frontotemporal dementia and 

Alzheimer’s disease and their WAIS-R IQ and aged-matched controls.  IQs for each 

participant were derived from the published manual and used in the analyses. 

 

2.1.2 Executive function measures 

 

The measurement of executive function in both adults and children has been just as 

problematic as its definition.  In a thorough discussion of methodology in executive 

function research Burgess (1997) concluded that the assessment of executive 

function is fraught with numerous practical and theoretical demands.  The foremost 

problems relate to reliability and validity of measurement. 

If the executive aspect of task occurs when it is constrained to conditions of 

novelty or unfamiliarity then it logically follows that such tasks can only be 

performed once before losing this unique task demand (Burgess, 1997; Duncan, 

1995).  This therefore means that at a theoretical level, task reliability would be 

incalculable (Burgess & Shallice, 1993).  At a practical level, the test re-test 

reliability of executive tasks is indeed very low.  There is no assurance that someone 
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tested on an executive task on day one will perform at the same or similar levels on 

days two or three. 

A second source of measurement error relates to the non-random involvement 

of cognitive processes incidental to the processes in question.  To assess the 

functions of planning, organisation or inhibition, executive function tasks must 

therefore be sufficiently complex.  Consequently, such tasks will make more 

demands on cognitive processes or functions that are not intended to be measured but 

are nevertheless important for successful task performance (and related to different 

structures of the brain). Therefore, correlations between executive tests may simply 

reflect the degree of association between non-random incidental processes rather 

than the supposed overlap of executive processes. 

In light of the previous discussion, perhaps it comes as no surprise to find that 

most researchers question the validity of executive tasks.  Criterion validity, which is 

often sought in terms of its sensitivity to frontal lobe damage, is circular in argument 

– individuals with frontal lobe damage perform poorly on executive functions tasks, 

therefore executive functions are integrally related to the frontal lobes, therefore any 

task that frontal lobe patients fail is an executive task – and unsupported empirically.  

Construct validity is also questionable given the paucity of research on the cognitive 

processes involved in the tasks, as well as the influence on non-random, non-

executive processes on task performance. 

 Despite such methodological issues, there has been some attempt to delineate 

purely cognitive criteria for a test being a test of executive function.  Phillips (1997) 

proposed that any test of executive function should have the following 

characteristics: i) the test should be novel so that goal identification and strategic 

planning can be tapped; ii) the test should be effortful in terms of planning and 
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execution, requiring inhibitory control and monitoring; and iii) the test may involve 

working memory in order to coordinate concurring processing requirements.  

Following is a description of some of the more common tasks used to measure 

various executive functions in individuals.  

 

2.1.2.1 The Wisconsin Card Sorting Test 

 

The Wisconsin Card Sorting Test (WCST: Heaton, Chelune, Talley, Kay, & Curtis, 

1993) is the classic executive function test that was developed as a measure of the 

ability to form abstract concepts, to shift and maintain set, and to utilize feedback.  

As a measure of executive function it requires strategic planning, organized 

searching, the ability to use feedback to shift cognitive sets, goal-oriented behaviour, 

and the ability to inhibit impulsive responding (Heaton, et al., 1993).  The participant 

is given two packs of 64 cards on which are printed one to four symbols (i.e. triangle, 

star, cross or circle) in red, green, yellow or blue.  No two cards are alike.  The 

participant is required to place each card, one by one, under four stimulus cards – one 

red triangle, two green stars, three yellow crosses, and four blue circles – according 

to a principle the participant must deduce given feedback about whether cards were 

correctly or incorrectly placed.  For example, if the card sorting principle is colour, 

the correct placement of a red card, irrespective of the symbol or number, is under 

the one red triangle stimulus card. The test administrator would respond with 

“correct” on this occasion.  After ten cards have been sorted correctly in a row, the 

sorting principle is changed. The participant is not told of the change, the only 

indication being the test administrator saying “incorrect” to what were previously 

“correct” responses.  The first sorting principle is colour, which shifts to form, then 
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to number, returns to colour again, and so on.  Testing continues until all 128 cards 

are used or until six categories (i.e. six runs of ten correctly sorted cards in a row) 

have been achieved.   

 Milner (1963, 1971) first documented impaired WCST performance by 

patients with damage to the dorsolateral prefrontal cortex.  Frontal patients make 

more perseverative responses and perseverative errors in comparison to controls (e.g. 

Grafman, Jones, & Salazar, 1990; Janowsky, Shimamura, Kritchevsky, & Squire, 

1989).  Perseverations are defined as the continuation of sorting cards to one sorting 

principal despite feedback from the examiner that this course of action is not correct 

(because of a change in the sorting principle).  Some early studies have also found 

frontal patients achieved fewer categories relative to controls (e.g. Anderson, 

Damasio, Jones & Tranel, 1991; Drewe, 1974; Grafman, Vance, & Weingartner, 

1986).  Numerous structural (e.g. MRI) and functional (e.g. SPECT) imaging studies 

have supported the notion that the WCST is sensitive to frontal lobe function (e.g. 

Arnett, Rao, Bernardin, Grafman, Yetkin, & Lobeck, 1994; Heaton, et al., 1993; 

Stuss & Levine, 2001). 

Studies involving children have consistently documented, relative to the 

performance of adults and adolescents, higher numbers of perseverative errors and 

fewer categories achieved (e.g. Chelune & Baer, 1986; Welsh, Pennington, & 

Grossier, 1991).  Impaired WCST performance has also been consistently found in 

children with developmental disorders such as ADHD, autism and Tourette’s 

syndrome (Pennington & Ozonoff, 1996).  Age has the strongest relationship to 

WCST performance (Heaton, et al., 1993) with performance increases from 5 to 19 

years of age and performance stability between 20 to 50 years of age.  
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 In this thesis, all participants (i.e. adult patients and controls, children, 

preterm children) were administered the WCST.  The dependent variables used in the 

analyses were 1) number of categories achieved, 2) number of errors, and 3) number 

of perseverative errors. 

 

2.1.2.2 Stroop Test 

 

Originally developed by Stroop (1935) for studying verbal interference effects, the 

primary executive function measured by the task is the ability of someone to 

suppress, or inhibit, a habitual or over-learned and automatic verbal response (i.e. 

reading) in order to generate a conflicting response.  This is achieved by comparing 

how well someone is able to read out aloud as quickly as possible the ink-colour of 

words that spell out non-matching colours (e.g. call out “green” when the word RED 

is printed in GREEN) versus matching colours (e.g. call out “red” when the word 

RED is printed in RED).  The requirement is to ignore verbal content and name the 

colour in which the words are printed. 

Numerous variants of the task have been developed and used experimental 

studies for research purposes (e.g. Dodrill, 1978) or standardized and published for 

clinical use (e.g. Delis, Kaplan, & Kramer, 2001; Trenerry, Crosson, DeBoe, & 

Leber, 1989).  One version was designed specifically for children (Golden, 1978).  

Extensive normative data has also been collected with many different Stroop 

procedures (Mitrushina, D’Ella, & Boone, 1999).  

Both Perret (1974) found adult patients with left frontal lobe lesions exhibited 

greater interference effects than other patient or control groups.  Sensitivity to 

interference effects has also been documented in patients with dementia (e.g. Koss, 
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Ober, Delis, & Friedland, 1984).  Impaired Stroop performance has also been 

consistently found in children with ADHD and autism (Pennington & Ozonoff, 

1996).  

In this thesis, the Stroop task contained four conditions administered in fixed 

order.  In a baseline condition, participants were timed how long it took to read out 

aloud as fast as possible a list of 30 colour words (RED, GREEN and BLUE) printed 

in black ink.  In a second baseline condition, the times needed to call aloud the 

colour of a list of “Xs” (strings of 2 to 5 “Xs”) were also recorded.  In a congruent 

condition, participants were required to read out aloud the colour of a list of 30 

colour words printed in the congruent colour (e.g. the word RED printed in the 

colour red).  In an incongruent condition, participants were timed how long it took to 

call out aloud a 30 colour word list printed in conflicting, incongruent colours (e.g. 

the word RED printed in green ink).  In this thesis performance was measured by 

how long (seconds) it took participants to read the respective lists.  A Stroop 

interference ratio (i.e. a proportion of time that is attributable to interference) was 

calculated with the following formula: 

 
1.  interference = (incongruent minus baseline)/baseline.   

 
The baseline condition in the colour-word Stroop task was the colour condition. The 

stimuli were presented in 24-point Times New Roman font.  All participants (i.e. 

adult patients and controls, children, preterm children) were tested on this version of 

the task 

 

2.1.2.3 Verbal Fluency Test 
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Thurstone (1938) developed one of the first verbal fluency tests. Participants had to 

generate in a written format as many words as possible that started with a specific 

letter in a given time.  This means of assessing letter fluency was further developed 

and formalized by Benton and his colleagues who produced the Controlled Oral 

Word Association Test (COWAT: Benton & Hamsher, 1976; Spreen & Benton, 

1969) – best known as the “FAS” test – as part of the standardised Neurosensory 

Center Comprehensive Examination for Aphasia.  The task requires patients to orally 

generate a list of as many words as possible in 60 seconds for each of the letters F, A, 

and S.  Such phonological or letter fluency tests which require the generativity of 

word lists are some of the most popular tests of frontal damage.  The validity of such 

tasks is derived from the necessity of the patient “to use internalised knowledge in 

the absence of informative external cues” (Grafman, Partiot, & Hollnagel, 1995, 

p.349) to perform the task successfully.  This is considered classically executive.  

Damage to either the left or right sides of the frontal lobes in adults reduces 

the number of generated words in comparison to normal controls (e.g. Miceli, 

Caltagirone, Gainotti, Masullo, & Silveri, 1981), with adult patients with left frontal 

lesions producing even fewer words than those with right frontal lesions (e.g. Perret, 

1974; Ruff, Evans, & Marshall, 1986).  Pachana, Boone, Miller, Cummings and 

Berman (1996) also found patients with fronto-temporal dementia more impaired on 

the test compared to patients with Alzheimer disease. 

Verbal fluency tasks are some of the most commonly used measures of 

executive function in developmental research.  Welsh et al (1991) suggested that the 

frontal functions indexed by verbal fluency tasks are the latest of the prefrontal 

measure to mature, developing after 12-years of age in comparison to development 

of other executive abilities which occur as young as 6-years old.  Impaired 
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performance has also been found in children with developmental disorders such as 

ADHD, and Tourette’s syndrome (Harris, Schuerholz, Singer, Reader, Brown, Cox, 

Mohr, Chase, & Denckla, 1995; Pennington & Ozonoff, 1996).  

In this thesis, adult participants (patients and controls) were asked to generate 

three separate word lists that started with the letters “F”, “A” and “S”.  Participants 

had 60 seconds to generate as many words as possible for each letter.  The total 

number of correct, non-repeated words was used as the score for each participant.  In 

this thesis the children and preterm children were asked to generate as many words 

as possible from two semantic categories: “foods-that-you-can-eat” and “animals”.  

Words could begin with any letter. 

 

2.1.2.4 WISC-III Mazes Test 

 

The WISC-III Mazes sub-test (Wechsler, 1991) requires the child to solve ten paper-

and-pencil mazes that differ in level of complexity.  Each maze is presented 

separately.  All mazes are timed.  The number of errors made (e.g. wrong turns, 

crossing lines, coming to “dead-ends”) determines the child’s score, which ranges 

from 0 to 5.  To perform the task the child needs to attend to (and remember) task 

instructions, display visual-motor coordination and control for speed and accuracy 

(e.g. locating a correct route, avoiding blind alleys) – all of which constitute planning 

ability and perceptual organization.  Mazes is a relatively reliable sub-test (r = .70).  

In this thesis, the WISC-III Mazes was administered to the 116 children ranging from 

6- to 11-years-old. 
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2.1.3 Speed of information processing  

 

As discussed in chapter 1, speed of information processing theories of intelligence 

posit intelligence in terms of a low-level parameter of information processing and 

variations in the efficiency or speed of the basic information processing components 

is the basis of individual differences in g.  By the 1970’s, cognitive psychologists had 

developed a number of methods thought to measure the basic information processing 

operations.  All tasks were considered simple and knowledge-free and captured the 

rate or how long it took at an individual to process information in a reaction time.  

For example, Posner and Mitchell (1967) were one of the first lots of researchers 

who measured whether there were any differences in the time it took individuals to 

retrieve different sorts of information from semantic memory.  Participants were 

presented with pairs of letters (e.g. AA or Aa) and had to decide whether they were 

the same or different, depending on the experimental condition they were in.  In a 

name-identity condition, Aa equalled “same”.  In a physical-identity condition, Aa 

equalled different.  Posner and Mitchell (1967) found participants had longer 

reaction times in the name-identity condition, concluding that extra time was needed 

to retrieve the name code from long-term memory, and thereby establishing a 

methodology to access mental processes.  Recent advances in the measurement of 

speed of information processing, or mental speed, were seen in developments of even 

simpler Reaction Time (e.g. Jensen, 1980) and Inspection Time tasks (Vickers, 

1970). 

 

2.1.3.1 Inspection Time task 

 



 66

In this thesis, an inspection time (IT) task was used to estimate speed of information 

processing.  The task was administered to every adult and child participant recruited 

for each study. 

 

Task features 

 

The task was presented on a 486DX personal computer with a 14-inch VGA 

monochrome monitor (brightness held constant).  A purpose built response button-

box was built to replace the keyboard (which was kept to one side for use by the 

experimenter only).  The box contained a row of four gray keys above a second of 

two keys, one blue and one red. 

The IT task stimuli were presented in the form of line-drawn “aliens” with 

two antennae.  There were four alien stimuli: one alien with both antennae 1 cm in 

length (i.e. both antennae short), one alien with both antennae 2 cm in length (i.e. 

both antennae long), one alien with left antenna 2 cm in length and right antenna 1 

cm in length (i.e. left antenna long, right antenna short), one alien with right antenna 

2 cm in length and left antenna 1 cm in length (i.e. right antenna long, left antenna 

short).  The two aliens with short or long antennae were considered to be “SAME” 

and the two aliens with different length antennae were considered to be 

“DIFFERENT”.   

Backward masks were also used to overlay the antennae of aliens to eliminate 

post stimulus visual cues.  The mask consisted of two patterned masks, randomly 

selected from eight possible on each trial.  Each mask consisted of 5 vertical lines 

that were 3.5 cm in length equally spaced apart within 2.5 cm.  “Noise” was added to 

the vertical lines using a computer program developed in the laboratory.  The first 
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mask was presented for 42.6 ms and was then replaced by the second mask.  This 

was done to produce a dynamic masking effect. 

The inspection time task sequence was fixed.  When the space bar was 

pressed to begin the sequence, there was a 500 ms blank stimulus period followed by 

a 500-ms presentation of a white fixation cross.  The cross was a 1 cm horizontal and 

1 cm vertical line that also appeared 13 cm from the sides and 4 cm from the bottom 

of the screen.  A blank interval of 500 ms followed the presentation of the fixation 

cross, followed by stimulus presentation: one of the four possible IT aliens (which 

was exposed for a duration determined by a PEST procedure).  The backwards mask 

was finally displayed and remained on the screen ready for the next IT trial.  At this 

stage, participants were then required to press either the red or blue response button.  

The computer beeped on a correct response.  The participant began the next trial by 

pressing one of four gray buttons on the button-box.  

The screen background of the IT task was a planetary landscape, consisting of 

a mountain range, outlines of city skyscrapers on the horizon and two large cannons. 

Such features were developed so that the task resembled a video game in order to 

sustain attention and motivation, particularly for children (Anderson, 1989, 1992).  

 

Task procedure 

 

Participants were told that the game they were about to play consisted of shooting 

aliens.  They were shown diagrams of the four different aliens and with particular 

emphasis placed on describing the discriminating features of each alien – the 

antennae lengths.  Participants were told that they had to identify whether aliens were 

the “SAME” or “DIFFERENT”.  They were told to press the blue button of the 
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button box was they decided the antennae were the “SAME”, the red button if their 

decision was “DIFFERENT”.   

The task was divided into four blocks of 29 alien presentations (i.e. total of 

116 aliens).  The first four trials in each block were practice trials and were not used 

in the calculation of IT.  At the end of each block, the message "PRESS SPACE 

BAR TO BEGIN BLOCK" appeared enabling participants to take a short break 

before commencing the next block of 29 trials.  

 

Dependent measure 

 

The exposure duration of each alien stimulus was determined by the Parameter 

Estimation by Sequential Testing (PEST; Taylor & Creelman, 1967).  This procedure 

is an adaptive staircase method designed to present stimuli with a specific duration 

according to a predetermined level of accuracy.  If participants were scoring at a low 

level of accuracy, then the stimulus duration was increased by a specified step-size in 

milliseconds.  On each reversal of the staircase the step size was halved. This 

experiment used an accuracy level of 70%.  The initial step size was 113 ms (ie. 8 

frames x 14.2 ms). The final step size was 14.2 ms (1 frame).  The duration of the 

first two practice trials in the first block in each condition was set at 20 frames.  The 

practice trial stimuli in blocks two, three, and four were set at 142 ms (10 frames) 

longer that the duration at the end of the preceding block of trials.  A participant’s 

inspection time was calculated by averaging the duration of the final four reversals of 

the staircase.  
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2.1.3.2 Reaction Time task 

 

A reaction time (RT) task was used as a second speed of information processing 

measure.  A 2-choice RT task was developed from the IT task.  The IT stimuli were 

unmasked and each unmasked IT alien space invader stimuli remained on the screen 

until a response button was pressed.  Participants had to respond as quickly as 

possible by pressing either the blue or red button box key (according to whether the 

participant thought the antennae were the same or different) on presentation of an 

alien stimulus.  The next trial began once a response button was pressed.  The 

measure of RT was taken as the time between onset of the space invader stimulus 

and the pressing of a response button.   

 

2.1.4 The organization of goal-neglect behaviour 

 

2.1.4.1 Standard goal-neglect task 

 

The goal-neglect task, herein called the standard goal-neglect task, used in this thesis 

is the one developed by Duncan et al., (1996).  .  The task was administered to every 

adult and child participant recruited for each study. 

 

Task design 
 

 

Figure 2 displays the stimuli for one trial of the task.  Each trial begins with the word 

READY? presented in the middle of the screen.  This word disappears when the 

space bar is pressed and, after 500 ms, the words “WATCH LEFT” or “WATCH 
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RIGHT” appear, also in the middle of the screen.  This remains on screen for 1 

second followed by a blank interval of 1 sec before the trial begins.  The stimuli are 

pairs of letters or numbers presented side by side in the middle of a computer screen 

for 200 ms.  Number pairs were constructed by randomly and independently 

selecting from the number set 1 to 8, while letter pairs were randomly selected but 

without replacement from the alphabet excluding letters D, I, O, V, and W. 

 

 

              WATCH RIGHT 
 

                  2      3 
                 X     E 
               B     C 
                7      2 
                 4      4 
                H     A 

 time   ↓           L     Q 
                5      9 
                 3      8 

                             T     M 
                        + 
              8      5 
               N     F 
                 R     Y 
 
 
 

Figure 2. A sample stimulus sequence (1 trial) of the goal-neglect task. Each pair of letters or 
numbers is shown for 200ms and is separated from the next pair with a 200 ms blank interval. 

 
 

The distance between letters is .85 cm centre to centre.  Ten pairs are presented 

randomly (five letter pairs and five number pairs) each separated by a 200ms 

interval.  Following the presentation of the tenth pair of stimuli, a cue in the form of 

a plus sign, “+”, or a minus sign, “−”, appears in the exact centre of the screen.  The 

cue is presented for 200 ms and separated by 200 ms intervals preceding and 
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following letter/number pairs (i.e. the cue was simply part of the normal stimuli 

sequence).  Following the cue three more stimulus (letter/number) pairs are 

presented.  The first pair is always a number pair, the last two character pairs always 

letters.  

There are three basic task requirements.  First, participants have to call out 

the letters they see and ignore the numbers.  Second, participants have to call out the 

letters they see from either the left column or the right column only, depending on 

the initial task instruction, which is either “WATCH LEFT” or “WATCH RIGHT”.  

The third requirement depends on whether the cue is a “plus” sign or a “minus” sign.   

A “+” sign means the participant has to call out letters from the right-hand side 

following the cue irrespective of whether they attended to the right or left in the first 

place.   A “−” sign means the participant has to call out letters following the cue from 

the left-hand side, again, irrespective of whether they attended to the right or left in 

the first place.  A perfectly performed trial consists of reporting five different letters 

from the appropriate side for the first part of the trial (i.e. pre-cue) followed by two 

different letters from the appropriate side for the last part of the trial (i.e. post-cue).  

A trial that isn’t performed perfectly but is nonetheless considered a “passed” trial 

consists of reporting more letters from the appropriate side for the first part of the 

trial (i.e. pre-cue) followed by reporting at least one letter from the appropriate for 

the last part of the trial (i.e. post-cue) or reporting more letters from the appropriate 

side post-cue.  On these criteria, it is possible for a participant to call out letters from 

both sides of a trial but as long as more letters are reported from the appropriate side 

pre and post-cue the trial is considered valid. 

There are 12 trials in each block of trials.  The 12 trials are grouped into 3 

successive sub-blocks consisting of 4 trials each.  Within each sub-block half of the 
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trials (i.e. 2 trials) require the participant to call out aloud letters after presentation of 

the cue on the same side that they were calling out letters from prior to the 

presentation of the cue (i.e. WATCH RIGHT followed by “+” and WATCH LEFT 

followed by “−”). The other 2 trials in a sub-block require the participant to switch 

sides after the presentation of the cue (i.e. WATCH RIGHT followed by “−” and 

WATCH LEFT followed by “+”).  In each of the three sub-blocks, the 4 trials are 

presented in a different order.  

 Prior to running the experimental conditions each participant is given a 

practice trial.  Practice trials are unscored.  To pass the practice trial successfully, 

participants have to (a) report at least one letter, even if from the incorrect side (if no 

letters are reported participants are asked to respond on next practice trial), and (b) 

repeat the rule describing what they have to do on seeing the cue. Task instructions 

are read verbatim by the experimenter.  

Participant responses are recorded by the experimenter on a sheet that 

displays the stimuli sequence for an entire run of the goal-neglect task.  Scoring goal-

neglect task performance strictly follows the method devised by Duncan and his 

colleagues (1996).  

 

Task dependent measure  

 

The phenomenon of goal-neglect, or the degree to which a participant is able to 

organize their behaviour in a goal-directed manner, is measured by the number of 

failed sub-blocks on the goal-neglect task.  For example, a participant who fails all 

three sub-blocks is given a score of 3.  Such a score indicates the participant displays 

complete goal-neglect and suggests they suffer from a complete breakdown in the 
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frontal function responsible for goal-directed behaviour.  A participant who fails two 

sub-blocks is given a score of 2.  A participant who fails one sub-block is given a 

score of 1.  A participant who does not fail any sub-block (i.e. passes all three sub-

blocks) is given a score of 0.  This latter score suggests the individual has intact 

frontal lobe functioning.  The pass or failure of a sub-block, and the assignment of 

scores 0, 1, 2, and 3 (i.e. ordinal data) is determined by the number of trials that are 

failed within each sub-block.  

Each trial of the goal-neglect task is scrutinized for two types of errors: 

“invalid” errors and “valid” errors.  “Invalid” errors pertain to the improper 

adherence to the general task instructions.  Such errors include 1) attending to the 

incorrect side (e.g. watching the right side when directed to “WATCH LEFT”), 2) 

failing to report letters, at all, from any side (i.e. missed trials), 3) reporting letters 

equally from both sides, 4) reporting numbers only, 5) reporting both numbers and 

letters from one or both sides, etc.  Trials that exhibit these errors are considered 

failed trials. 

“Valid” errors pertain to the inability of the participant to organize their 

behaviour in a goal-directed manner by responding incorrectly to the “+” or “−” cue.  

Such errors include 1) failing to “switch” when required, or 2) “switching” when not 

required.  These errors reflect goal-neglect, and, as such, are the errors of central 

interest.   

 To determine whether a sub-block has been passed or failed, the pattern of 

“valid” and “invalid” errors on the four trials within each sub-block needs to be 

considered.  On the basis of Duncan’s et al. (1996) criterion, for a participant to pass 

a sub-block they have to satisfy two criteria: (1) they have to perform at least one 

“stay” trial (either “WATCH LEFT” followed by a “−” or “WATCH RIGHT” 
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followed by a “+”) and one “switch” trial (either “WATCH LEFT” followed by a 

“+” or “WATCH RIGHT” followed by a “−”) correctly (i.e. make no “valid” errors); 

(2) participants are not allowed to make “invalid” errors on the two correctly 

performed trials.  Any participant who satisfies these criteria in a sub-block (i.e. 

makes no “valid” and “invalid” errors) is given a score of 0 (i.e. no failure) for that 

sub-block.  If these criteria are not met, the participant is given a score of 1 (i.e. one 

failure) for that sub-block.  The 0s and 1s assigned to each sub-block is tallied for 

each participant to create their overall goal-neglect task score (i.e. total number of 

failed sub-blocks). 

 It is worth noting that on these criteria, it is possible for a participant to pass a 

sub-block (and be assigned a 0, for no failure, for that sub-block) and make “valid’ 

and/or “invalid” errors on the other one of the “switch” and/or “stay” trials that 

comprise the sub-block.  As long as two trials (one switch and stay) are performed 

correctly, the nature of the performance of the other two trials within a sub-block 

doesn’t matter.  What does matter, however, is if a participant fails a sub-block 

because of “invalid” errors. Accordingly, we introduced another criterion for 

inclusion.  

Following some pilot work with children, it became obvious that some 

participants failed sub-blocks because of “invalid” errors.  Therefore, for some 

participants, a score of 1 (i.e. a failed sub-block) reflected their failure to meet the 

initial task instructions.  That is, prior to the presentation of the cue, some 

participants attended to the wrong side, or called out numbers, etc.  As stated earlier, 

the dependent variable of central interest is the way in which the participant responds 

to the cue.  Therefore, in the analysis of goal-neglect task performance by the 

participants in this thesis, participants were screened to ensure that those who scored 
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1 for a failed sub-block did so for goal-neglect reasons (i.e. “valid” errors) and not 

because of non goal-neglect reasons (i.e. “invalid” errors).  The goal-neglect scores 

of participants who failed sub-blocks because they failed trials in each sub-block 

because they made “invalid” errors were excluded from further analysis.  

 

2.1.4.2 Slowed goal-neglect task 

 

The slowed goal-neglect task was the same in every respect to the standard goal-

neglect task except that the 10 pairs of letters or numbers that were presented side by 

side in the middle of a computer screen for 200 ms were each separated by a 400 ms 

interval (rather than the 200 ms interval used in the standard goal-neglect task).  

Following the presentation of the tenth pair of stimuli, a cue in the form of a plus 

sign, “+”, or a minus sign, “−”, appeared in the exact centre of the screen.  The cue 

was presented for 200 ms and separated by 400 ms intervals preceding and following 

letter/number pairs.  
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2.2 Statistical Analyses 

 

2.2.1 Dissociations, double dissociations and differential deficits  

 

The emphasis on the studies in this thesis is on testing for differences between 

groups on tasks considered to measure the two cognitive functions hypothesized to 

underpin individual differences in g (speed) and the development of g (executive 

functions).  To this end, Crawford’s et al. (2003) newly proposed operational and 

statistical criteria for dissociations will be used.   

 

2.2.1.1 Definition of a dissociation 

 

Dissociations play a central role in neuropsychology, helping single-case researchers 

identify separate mental processes and localize them in different areas of the brain 

(e.g. Crawford et al., 2003; Dunn & Kirsner, 2003; Ellis & Young, 1988; Shallice, 

1988).  There are two types of dissociations, single and double.  Dunn and Kirsner 

(2003) provide a detailed examination of the logical foundations of dissociation 

methodology but in essence the conventional criteria for a classical single 

dissociation requires that a patient is “impaired” on Task X and “within normal 

limits” on Task Y, whereas a classical double dissociation is said to occur when 

another patient shows the opposite pattern and is “impaired” on Task Y and “within 

normal limits” on Task X.  Crawford et al. (2003, p.357) argued that such definitions 

“continue to be defined very loosely”.  Crawford and his colleagues have argued that 

current definitions do not contain explicit or fully operational definitions as to what 
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constitutes a “deficit” or “impairment”, nor of what should be considered “normal”, 

“unimpaired” or “within normal limits”.  Crawford and his colleagues have therefore 

proposed fully explicit operational criteria for dissociations based on inferential 

statistical methods.  These are displayed in Table 1.   

For example, according to Crawford’s et al. (2003) operational definitions, a 

patient can be considered to have a “deficit” when his or her score on Task X is 

found to be significantly lower (using a modified t-test procedure) than the score on 

Task X obtained by a control or control sample.  If the test is not significant, then the 

patient can therefore be considered “normal” because of a score that is “within 

normal limits”.   

With respect to classical single dissociations, Crawford et al (2003) suggest 

that not only does a patient have to exhibit a deficit (according to their criteria) on 

Task X but his or her performance on a second task, Task Y, has to be within normal 

limits (i.e. not significantly different from controls) as well as significantly better 

than his or her performance on Task X.   

Crawford and his colleagues also propose an operational definition for what 

they call a differential deficit.  A differential deficit can be considered a classical 

single dissociation with the additional criterion that the patient also displays a deficit 

on Task Y.  A differential deficit therefore occurs when a patient meets the criteria 

for a classical single dissociation (i.e. deficit on Task X and significant difference 

between scores on Task X and Y) but the patient’s score on Task Y is also 

significantly lower than the score displayed by controls.  The presence of a 

differential deficit is considered particularly important because it suggests that the 

deficit displayed on Task X is central or unique to the brain damage or disorder 

because it causes a greater on Task X compared to the effect on Task Y.   
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Table 1. Crawford’s et al. (2003) proposed operational definitions of deficits and dissociations. 

Term / Construct Operational definition* 

Deficit 1)  Group 1 score is significantly lower than group 2 using 
Crawford & Howell’s (1998) method and a one-tailed test; p < 
0.05 or 0.01 depending on level of stringency considered 
appropriate. 

Within normal limits 1)  Group 1 score not significantly lower (p > 0.05, one-tailed) 
than Group 2 using Crawford & Howell’s (1998) method.  

Classical Dissociation 1)  Group 1 score on Task X significantly lower than Group 2 
(i.e., score meets the above criterion for a deficit 

2)  Group 1 score on Task Y not significantly lower than Group 2 
(i.e., score fails to meet criterion for a deficit and is therefore 
considered to be within normal limits). 

3)  Group 1 score on Task X significantly lower (p < .05; two-
tailed) than Group 1 score on Task Y using Crawford, Howell 
& Garthwaite’s (1998) test. The test is two-tailed to allow for 
the fact that the data are examined before deciding which task 
is X and which is Y) 

Strong Dissociation or 
Differential Deficit 

1)  Group 1 score on Task X significantly lower than Group 2 
(i.e., score meets above criterion for a deficit). 

2) Group 1 score on Task Y is also significantly lower than Group 
2 (i.e., score meets above criterion for a deficit). 

3)  Group 1 score on Task X significantly lower (p < .05, two-
tailed) than Group 1 score on Task Y using Crawford, Howell 
& Garthwaite’s (1998) test. 

Classical Double 
Dissociation 

1)  Group 1 meets the criterion for a deficit on Task X, and meets 
the criteria for a classical dissociation between this task and 
Task Y. 

2)  Group 2 meets the criterion for a deficit on Task Y and meets 
the criteria for a classical dissociation between this task and 
Task X. 

Strong Double 
Dissociation 

1) Group 1 meets the criterion for a deficit on Task X, and meets 
the criteria for a classical or strong dissociation between this 
task and Task Y. 

2) Group 2 meets the criterion for a deficit on Task Y and meets 
the criteria for a classical or strong dissociation between this 
task and Task X. 

3) Both dissociations are not classical (otherwise we have a 
classical double dissociation).  

* Because the studies in this thesis involve group-based data, Crawford et al’s (2003) use of the 
word “patient” has been replaced with “Group 1” and “Group 2”.  This makes it consistent 
with the hypotheses and predictions proposed in this thesis. 
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With respect to double dissociations, they occur when two patients meet the 

criteria for classical single dissociations but the tasks on which the deficit is observed 

are reversed (see Table 1). 

Crawford (personal communication 2004) also indicated that the same 

operational and statistical criteria can be applied to groups.  When considering 

group-based data, as is the case in the studies in this thesis, single dissociations and 

differential deficits are defined as occurring when a group of patients with a 

particular disorder display an impairment in one cognitive domain, reflected by a 

deficit on a particular task used to measure the cognitive function in question, that is 

significantly greater than the impairments they display in other cognitive domains, 

reflected by deficits on other cognitive tasks.  Double dissociations are defined as 

occurring when two patient groups each with a unique disorder exhibit opposite 

profiles on two contrasting cognitive domains, each of which is hypothesized to be 

central to one disorder and not the other.   

For example, in a study that investigated how basal ganglia degeneration in 

patient’s with Huntington’s disease affected their ability to recognise facial 

expressions of disgust, fear and sadness, Milders, Crawford, Lamb and Simpson 

(2003) cast doubt on whether previous research could be used to support the double 

dissociation between recognition of disgust and fear.  Whereas previous studies 

showed Huntington’s disease patient’s displayed a deficit in the recognition of 

disgust, Milders and his colleagues showed when testing for a differential deficit in 

disgust at the group level revealed patient’s were more impaired in being able to 

recognise fear rather than disgust.  Similarly, Crawford, Blackmore, Lamb, and 

Simpson (2000) showed that contrary to conventional wisdom the executive function 

deficits displayed by a group of patients with Huntington’s disease (which has led to 
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the Huntington’s disease frontal syndrome hypothesis) were not differentially greater 

than or did not exceed the deficits they exhibited on other (non-executive) tasks. 

 

2.2.1.2 Testing for differential deficits 

 

The operational criteria for dissociations proposed by Crawford and his colleagues 

are based on the pattern of results obtained from the application of three inferential 

statistics – two that test for the presence of deficits on Tasks X and Y, and one on the 

difference between X and Y.  For example, Baron and Treiman’s (1980) method of 

testing for differences in non-independent correlations is used as the statistic to 

establish whether the pattern of observed results displayed by a patient meets the 

operational criteria for a differential deficit.  Baron and Treiman’s (1980) method 

relies on William's (1959) test for significance between non-independent 

correlations: the correlation between the dichotomous variable of group membership 

(e.g. clinical versus control) and Test A (hypothesized to expose a differential 

deficit) is compared with the correlation of group membership and Test B.  If the 

former correlation is significantly higher than the latter, then this would indicate the 

presence of a differential deficit.  According to Crawford et al. (1997, 2000, 2003), 

this method, although not widely known, was endorsed by Strauss and Allred (1987) 

who, in a review of many methods used to identify differential deficits, concluded 

this one was the least problematic of all the techniques (e.g. analysis of covariance) 

and can be easily applied using standard neuropsychological measures. 

Baron and Treiman’s (1980) method involves numerous calculations which 

are reported to be tedious and prone to error (e.g. William’s (1959) test involves 
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calculating the determinant of a 3x3 correlation matrix).  Consequently, Crawford 

has written a program to perform this test.  The PC program diffdef.exe is for 

group-based research in neuropsychology and can be downloaded from the following 

address: http:www.psyc.abdn.ac.uk/homedir/jcrawford/differential-deficit.htm.  The 

program has also been placed on the Cortex web site (www.cortex-online.org).  The 

program requires the correlation between group membership (e.g. clinical versus 

control – in which the former group is arbitrarily coded as 0, the latter 1) and the 

scores on the task hypothesized to reveal the differential deficit, the correlation 

between group membership and the control task, the correlation between the two 

measures, and the total sample size (i.e. clinical plus control participants). 

 

2.2.2 Effect sizes  

 

This thesis also adopts the recent recommendation provided by the American 

Psychological Association’s (APA) Task Force on Statistical Inference who strongly 

advised researchers to “always provide some effect-size estimate when reporting a P 

value” (Wilkinson & The APA Task Force on Statistical Inference, 1999, p.599).  

The APA recommended effect size analyses to be included in studies because there 

was increasing concern with null hypothesis statistical significance testing.  

Decisions to “reject” or “fail to reject” null hypotheses are made on the basis of an 

arbitrarily determined p level, commonly .05.  It has been argued that this has caused 

researchers to misinterpret data and draw wrong conclusions (e.g. Cohen, 1988, 

1990; Rosnow & Rosenthal, 1996).  

Rosenthal and Rubin (1994) and Rosenthal, Rosnow and Rubin (2000) argue 

that researchers often make two common errors in particular.  One error is to 
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attribute a failure to reject the null hypothesis to there being no effect.  However, 

finding non-significance is not the same as finding no effect.  It is quite possible for a 

meaningful effect to be present but remain undetected because of a lack of power, 

which is a primarily due to a low number of participants.  For example, in a seminal 

neuropsychological study, Warrington and Weiskrantz (1970) compared the memory 

performance of amnesics to normal controls.  On a task of recognition memory, 

where participants were given explicit instructions to “remember” information that 

was presented earlier, normal control participants were much better than amnesics, 

with correct recognition scores of 13 versus 8, respectively.  However, on an indirect 

measure of memory, where participants were given a word stem such as “tri.....” and 

asked to complete it with the first word that came to mind, the normal controls were 

not significantly better than amnesics (an average of 16 versus 14.5 stems completed 

with studied words).  Contrary to what was predicted, and surprisingly, the results 

suggested amnesics were not impaired in one aspect of memory.  However, 

calculation of power revealed a dismal 11% probability of detecting what was 

considered a “medium” effect size.  The size of the effect indicated that the normal 

control participants performed better relative to the patient group, suggesting the 

patient group were indeed impaired in this aspect of memory.  

 The second common error often made is one that is of central to this thesis.  

Rosenthal et al. (2000) point out that researchers who obtain a statistically significant 

p value typically equate such a finding to be scientifically important.  Rosenthal et al. 

(2000) argued that to demonstrate that a patient group differs significantly from a 

normal control group on some variable does not in any way inform the researcher 

how much of a difference there is between the two groups being compared.  They 
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argued that only the magnitude of the deficit or improvement, indicated by the effect 

size, establishes the scientific importance of any results. 

By way of example, Zakzanis (2001) described two studies that investigated 

whether frontal lobe dysfunction was implicated in schizophrenia.  In one study, the 

performance (measured as the number of perseverative errors) of 117 patients with 

schizophrenia and 68 normal controls on the WCST was significantly different from 

each other at the .05 alpha level.  The finding that patients with schizophrenia were 

impaired on a neuropsychological task sensitive to frontal lobe functioning was taken 

to support the frontal/executive hypothesis of schizophrenia.  However, in a second 

study, the WCST performance of 10 patients and 10 controls was not significantly 

different.  This result was interpreted as failing to support the frontal/executive 

hypothesis of schizophrenia.  While the disparity between the results of the two 

separate studies reflects the many inconsistencies and contradictory findings that 

plagues neuropsychological research (Soper, Cichetti, Satz, Light, & Orsini, 1988), 

and the non-significant finding of the second study was due to low power, neither 

study gave an indication of the extent to which the frontal system was impaired in 

schizophrenia.  “Is it little or none?  Is it a defining characteristic of schizophrenia?” 

(Zakzanis, et al., 1999, p. 12).  Zakzanis and his colleagues argued that the scientific 

importance of any result can be shown by calculating effect sizes.  

 

2.2.2.1 Cohen’s d 

 

Although one of many ways that can be used to calculate effect sizes, Cohen’s d will 

be the preferred method for analyzing the neuropsychological data in this thesis, for 

several reasons.  First, Cohen’s d measures how much of a difference there is 
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between two groups (i.e. magnitude of deficit) by calculating the difference between 

patient and control means in pooled standard deviation units.  In a two-group design 

where the sample size N in each group is the same, the following formula is used: 

 

 

Second, because the pooled standard deviation is used, underlying 

assumptions of homogeneity of variance do not need to be met by sample groups.  

This problem besets most neuropsychological research where equal or proportional 

SD’s between patient and control groups is rare because of the heterogeneity of 

patients within a patient group (e.g. Lezak & Gray, 1991; Valdois, Joanette, 

Poissant, Ska, & Dehaut, 1990).  Indeed, the problems using null hypothesis 

significance testing in neuropsychological research has come under particularly 

close scrutiny ( Zakzanis, 1998a,b, 2001; Zakzanis et al., 1999).    

Third, estimates of distribution in overlap (OL%) associated with most values 

of d can be determined (Cohen, 1988).  The overlap statistic represents the amount 

of overlap in the distribution of test scores between patient and control groups.  

Thus, as the percentage of overlap decreases, the discriminability of the two groups 

being compared increases.  For example, when d = 0, which indicates no effect and 

the population distribution of each group is perfectly superimposed on each other, 

there is 100% overlap, or 0% non-overlap.  This suggests all patients obtained scores 

on a variable that were similarly obtained by the controls.  But when d = 3.0, there is 

only a 7.2% overlap, or 92.8% non-overlap, which suggests that almost all of the 

patients in the patient group obtained scores on a variable that were not obtained by 
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the controls.  That only 7.2% of patients obtained scores similar to controls would 

suggest the variable in question is sensitive to the presence of the patients’ 

dysfunction and reliably distinguishes them from normal healthy individuals.  For 

example, if the neuronal degeneration associated with the frontal and anterior 

temporal lobes is a core marker in found in patients within frontotemporal dementia 

(FTD), then it is a reasonable hypothesis to expect to find an effect size capable of 

completely discriminating patients from healthy controls, particularly in terms of the 

performance on executive function tasks.  It has been recently demonstrated using 

meta-analytic procedures that performance on tasks of semantic fluency and the 

number of categories achieved on the WCST correspond to effect sizes of 4.2 (OL% 

> 95) and 3.3 (OL% = 95.8), respectively. Therefore, performance on these 

measures may serve as clinical markers for FTD.  

When Cohen’s d and the corresponding percentage of overlap in distributions 

of scores were calculated for the two “schizophrenia” studies described above, a very 

different interpretation regarding the performance of patients with schizophrenia on 

the WCST can be made.  In the first study, d equalled 0.5, which corresponded to a 

67% overlap between patient and control test score distributions.  In the second 

study, d equalled 1.1, which corresponded to a 47% overlap.3  Such results suggest 

that at least half of patients with schizophrenia obtained the same number of 

perseverative errors on the WCST made by the controls.  In other words, only half of 

the patients obtained test scores that made them indistinguishable from controls.  The 

calculation of the effect sizes in the two studies suggests that the frontal-executive 

impairment in schizophrenia is not the core feature of the illness.  

                                                 
3 Interestingly, this second study, which wasn’t statistically significant, best supported the frontal-
executive hypothesis of schizophrenia.  
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In this thesis, percentages of overlap in the distributions of test scores will be 

used to ascertain whether any effect (i.e. deficit) is of a magnitude (i.e. < 5% overlap) 

that suggests is it a defining or central feature of a particular disorder.   

 

2.2.2.2 Eta squared 

 

When the experimental design in the studies of this experiment precludes the 

calculation of Cohen’s d effect sizes (e.g. 2 x 4 split-plot ANOVAs), effect size 

estimates will be reported in the form of eta squared.  Eta squared is calculated 

automatically as part of the SPSS General Linear Model functions.  Eta squared 

provides a relative measure of the strength of an independent variable.  Specifically, 

eta squared reflects the proportional amount of the total population variance 

accounted for by the experimental manipulation (i.e. the square of the correlation 

ratio, eta).  Conceptually, eta squared is similar to r2, which is the square of the 

correlation coefficient, Pearson’s r.  When the population means are all equal (i.e. no 

effect) eta squared is zero (Cohen, 1988).  When effects are present, the proportion of 

variance accounted for by population membership, eta squared, varies between 0 and 

1.0.  For example, if an obtained eta squared equalled .54, this value indicates that 

54% of the total variance is accounted for by the experiments. 

 

2.2.2.3 Null and counternull values  

 

Following the recommendations of Rosenthal and Rubin (1994) and Rosenthal, 

Rosnow and Rubin (2000), a new statistic – the counternull value of obtained effect 

size – will also be reported in some studies.  Rosenthal et al. (2000) and Rosenthal 
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and Rubin (1994) argue that calculating the null and counternull value of an obtained 

effect size is a way in which a researcher can also avoid making the two 

aforementioned errors.  Described as a new statistic, the null and counternull values 

of an effect size are, conceptually, related to confidence intervals.  A confidence 

interval is an estimate of the range (at a desired level of confidence – usually 95% or 

99%) which an obtained point estimate (i.e. score) may fall between.  The null and 

counternull value of an effect size is the range with which an effect size falls 

between.  The percentage probability that an obtained effect size falls within a 

particular null and counternull range can also be calculated. 

The range with which an obtained effect size falls between is the null value of 

the effect size (which is always zero) and the counternull value.  The counternull 

value is calculated with the following formula: 

 

EScounternull = 2ESobtained - ESnull 

 

The % probability that an obtained effect size falls between the null value and 

counternull value is 1 minus the obtained p value associated with the inferential 

statistic (i.e. 1 – p).  

For example, suppose that the mean difference between two independent 

groups on some variable was not significant (p = 0.15) but there was a medium effect 

size (Cohen’s d = 0.3).  Using the aforementioned formula,  

 

EScounternull = 2 x 0.3 – 0  
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which equals 0.6.  Therefore, the obtained effect size 0.3 is likely to be between 0 

and 0.6.  The probability that the effect size 0.3 falls between the null and 

counternull interval of 0 and 0.6 is 1 minus the obtained p value of 0.15, which 

equals 0.85.  Therefore, there is an 85% probability that the obtained effect size 0.3 

falls between 0 and 0.6.  

Rosenthal and his colleagues make the point that one should not make the 

error of equating a non-significant result (i.e. failure to reject the null hypothesis) 

with there being no effect.  As shown in the example, a “medium” effect size of 0.3 

was found not to be statistically different (p = 0.15) from the null value effects size 

of 0.  However, the counternull value also means that the obtained effect size 0.3 is 

not significantly different from an effect size 0.6.  There is the same probability that 

the effect size could be as small as 0 or as large as 0.6.  Clearly, the counternull value 

cautions one not to treat a non-significant result as indicating there is no effect.  

Rosenthal and his colleagues suggest that the counternull value also cautions 

one against making the error of attributing scientific or clinical importance to a 

statistically significant result.  For example, over-powered experiments (where N is 

very large) will undoubtedly achieve statistical significance despite the size of the 

effect.  If an obtained effect size is only, say, .03 (which is almost negligible), the 

null value effect size is 0 and the counternull effect size is .06.  Despite statistical 

significance, the size of the effect at its possible maximum (i.e. the counternull value 

0.06) is still almost negligible.  This suggests the result is not particularly important. 
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Chapter 3: Studies 1 and 2 

 

In this chapter, two neuropsychological studies that investigate the cognitive bases of 

individual differences in g will be described.  Groups of adults, two with known 

brain damage, two without, were tested on the range of psychometric and cognitive 

information processing tasks central to this thesis.   

The first study investigated the frontal lobe paradox.  As previously 

discussed, this is the observation that damage to the frontal lobes which causes 

executive dysfunction leaves Wechsler IQs relatively unaffected.  Duncan’s 

resolution of paradox forms part of the evidence that suggests that g may in large part 

be a reflection of executive functions of the frontal lobes.  This study had two aims.  

The first was to replicate the findings which show that frontal damaged adults with 

superior Wechsler IQs and executive dysfunction nonetheless display fluid g 

impairments.  The second aim was to see whether any fluid g deficit that is 

associated with frontal damage was of sufficient magnitude based on Zakzanis’ 

(2001) benchmark criteria to suggest that it is a core (cognitive) feature of the 

disorder.   

The second study investigated the relationship between individual differences 

in g and the executive functions of the frontal lobes, particularly the phenomenon of 

goal-neglect.  This study had two aims.  The first was to test the hypothesis that there 

is no relationship between individual differences in g and frontal lobe functioning 

(goal-neglect) in normal non-frontal damaged adults other than that which can be 

accounted for by a speed of information processing confound that influences 

performance on the goal-neglect task (which was used by Duncan and his colleagues 
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to establish the link between g and the frontal lobes).  The second aim was to see 

whether the damage to the frontal lobes impairs, or slows, speed of information 

processing.   

 

3.1 Study 1: Fluid g and the frontal lobes 

 

3.1.1 Introduction 

 
3.1.1.1 The frontal lobe paradox 

 

Duncan (1995) recently hypothesised that g was underpinned by the executive 

functions associated with the frontal lobes.  However, “standard views of the 

relationship between frontal functions and Spearman’s g reveal an immediate 

paradox” (Duncan et al., 1996, p.258).  On the one hand, individuals with frontal 

lobe damage exhibit significant executive function deficits.  As discussed in chapters 

1 and 2, the literature is replete with studies that have identified all manner of 

planning, abstract reasoning, and inhibition deficits caused by frontal damage.    

On the other hand, since Hebb’s (1939, 1945) reviews of the role of the 

frontal lobes in intelligence, the widely accepted view is that frontal lobe function 

and conventional intelligence are rather unrelated.  Indeed, the observation of “no 

effect” of frontal lobe damage on IQs derived from traditional psychometric 

intelligence tests (e.g. Wechsler intelligence tests) has been consistently reproduced 

(e.g. Eslinger & Damasio, 1985; Grafman, Jones, Martin, Salazar, Weingartner, 

Ludlow, Smutok & Vance, 1988; Lewis, Landis & King, 1956; Mettler, 1949, 

Milner, 1963; Shallice & Burgess, 1991; Valenstein, 1973; Warrington, James & 

Maciejewski, 1986).  This is despite etiology of frontal lobe damage.  
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If executive functions of the frontal lobes are considered to be the basis of g, 

then frontal damage should cause deficits in IQs derived from standardised tests of 

intelligence.  This appears not to be the case.  Current conventional wisdom is that 

the frontal lobes have little or no role in intelligence.  How does Duncan reconcile 

this frontal lobe “paradox” (Duncan et al. 1995, p. 262) with his hypothesis that g is 

related to the frontal lobes? 

Estimates of general intelligence, or g, are derived in two conventional ways. 

On way is to derive an IQ by averaging performance on a diverse range of sub-tests 

and standardising these means by age group.  The various Wechsler Intelligence 

Scales (e.g. Wechsler Adult Intelligence Scale – Revised; WAIS-R) are typical 

examples of this.  Another approach is to derive an IQ from a single test that has a 

strong correlation with the g factor.  Such tests of fluid intelligence measure the 

ability to solve problems, think abstractly and deal with novel situations with little or 

no dependence on prior knowledge.  Good examples of such tests are Raven’s 

Matrices (Raven, Raven, & Court, 1995) and the Culture Fair Intelligence Test 

(Institute for Personality and Ability Testing, 1973).  Duncan et al. (1995) argued 

that there were two problems using IQs derived from tests like the Wechsler scales 

that make them unsuitable for investigating changes in g after brain damage.  

According to Duncan, the first problem is that many of the Wechsler sub-tests 

can be categorized as knowledge-dependent, assessing, for example, general 

knowledge (e.g. who wrote Faust?), vocabulary (e.g. what does audacious mean?), 

and comprehension (e.g. why should people pay taxes?).  These forms of learning-

based knowledge, once acquired, are relatively immune to brain damage.  This is the 

basis for the development of reading and vocabulary tests like the National Adult 

Reading Test (NART), which is used to assess premorbid IQ in a range of disorders, 
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including dementia. Indeed, a recent meta-analysis of 17 studies that, in part, 

compared NART IQs of patients with Alzheimer’s disease (AD) and age and sex 

matched controls, the mean effect size was calculated to be –0.39, which is 

equivalent to a 27.4% non-overlap. In other words, across all studies, 72.6% of AD 

patients had NART IQs equivalent to normal healthy adults of the same age.  It 

therefore appears that such “tests of ‘crystallized intelligence’ may reflect g at the 

time of learning rather than g at the time of the test” (Duncan et al. 1995, p.262).  

The second problem that Duncan identified is that some individual sub-tests 

themselves have low g correlations.  For example, on the WAIS, the g loadings of 

the sub-tests range between .36 and .72 with highest loadings on the verbal based 

sub-tests (e.g. Vocabulary = .72, Information = .66) and lowest loadings on some of 

the performance based sub-tests (e.g. Picture Arrangement = .36, Digit Span Forward 

= .36) (Marshalek, Lohman, & Snow, 1983).  Loadings of .70 or greater are 

considered good measures of g, loadings of .50 to .69 are considered fair, and 

loadings below .50 are usually deemed poor.  It is therefore unsurprising to find that 

IQs derived from a test that averages performance across a variety of tests, some of 

which have poor g correlations, are not affected by frontal lobe damage.  

 In light of these two issues, Duncan et al. (1995) tested the idea that the 

frontal lobe paradox could be resolved by examining the effect of frontal lobe 

damage on IQs derived from a fluid intelligence test.  He hypothesized that frontal 

damage impaired fluid g relative to crystallized measures of g. 

 

3.1.1.2 Evidence for Duncan’s theory 
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Three studies have investigated the effect of frontal lobe damage on IQs derived 

from tests of fluid g.  Duncan et al. (1995) administered the Culture Fair Intelligence 

test to three “classic” frontal patients and compared the IQs derived from this fluid g 

test to their Wechsler IQs and the Culture Fair Intelligence test IQs of non-frontal 

damaged normal controls who were matched for age and Wechsler IQ.  Patient 1 was 

a 26-year old male teacher with a university degree who suffered severe bi-frontal 

damage from an open head injury when 23 years old.  Patient 2 was an engineer who 

had a left frontal lobectomy for removal of a tumour at age 49.  Patient 3 was a 52-

year-old male managing director of a software company who suffered a white matter 

infarction of the left frontal lobe, as well as other areas of infarction in the white 

matter of the left hemisphere.  In daily life, each patient exhibited “frontal 

personalities” such as impulsivity, disinhibition, disorganization, and 

bizarre/inappropriate behaviour.  None could return to work post injury.  They also 

displayed executive function impairments.  The Wechsler IQs of patients 1, 2 and 3 

were 128, 126, and 126, respectively.  

Two comparisons were made.  First, for each patient the Culture Fair 

Intelligence test IQs (which were 108, 97, and 88, for patients 1, 2 and 3, 

respectively) were 22 to 38 points lower than the Wechsler IQs.  Based on the 

published reliabilities of this test, the IQ discrepancy for each patient was significant.  

Second, the difference in Culture Fair Intelligence test IQ between each patient and 

their matched control (which were 128, 127, and 130, for controls 1, 2 and 3, 

respectively) was also significant.  Duncan et al. (1995) concluded that whatever 

characteristic is reflected in g, it seemed to be most important on IQ tests that 

indexed the ability to problem solve, to think abstractly and to deal with novel 

situations with little or no dependence on prior knowledge and without having to 
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average across subtests (i.e. fluid intelligence tests), and dependent on the integrity of 

the frontal lobes.  The main point of the study, however, was to show that preserved 

Wechsler IQs in patients with frontal damage – the frontal lobe paradox – could not 

be used as evidence against the hypothesis that g is synonymous with frontal 

functions.  

In another study, Duncan et al. (1996) compared the mean Culture Fair 

Intelligence test IQ of a group frontal patients to the mean IQ of a group of normal 

healthy adults matched for age, sex, socio-economic status, and premorbid IQ 

derived from the NART error score.  The group of ten frontal patients comprised 

three individuals who had localized frontal lesions and seven individuals who 

suffered from a severe closed-head injury.  The locations and extent of injuries were 

determined with magnetic resonance images.  The three individuals with focal frontal 

lesions included a 61-year old female who had surgical removal of the inferior and 

medial aspects of both frontal lobes to remove a frontal meningioma, an 18-year old 

male had a bifrontal neuroblastoma which required part removal of the inferior 

aspects of both frontal lobes, and a 46-year old male patient suffered an infarction of 

the medial aspect of both frontal lobes.  The seven closed-head injured patients 

included five individuals with extensive bilateral damage to the frontal lobes, a focal 

right frontal lesion in one individual, and a focal left frontal lesion in another 

individual.  In four cases, temporal and/or parietal lesions were also visible, although 

less than 25% of the lobe affected.  The ages of the 10 frontal patients ranged from 

21 to 55 years.  All patients exhibited classic “frontal” behaviours such as 

disorganization, passivity, and disinhibition.  The mean Culture Fair Intelligence test 

IQ of the group of 10 frontal patients was 9 IQ points lower than the mean IQ of 

controls.  The difference was significant, F(1, 9) = 14.8, p < .005.  Duncan et al 
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(1996) concluded that fluid g deficits are specifically associated with frontal lesions 

and executive dysfunction. 

Waltz, Knowlton, Holyoak, Boone, Mishkin, Santos, Thomas and Miller 

(1999) investigated the performance of six patients with prefrontal cortical 

dysfunction caused by frontotemporal dementia (FTD) on the Raven’s Standard 

Progressive Matrices (SPM; Raven, 1960).  This test is considered to be the best 

measure of fluid g (Carpenter, Just, & Shell, 1990).  FTD describes a clinical 

syndrome of behavioural disorder associated with frontotemporal cerebral atrophy 

(Brun, Englund, Gustafson, Passant, Mann, Neary 1994), usually beginning before 

the age of 65 years.  The syndrome has three main pathological substrates: in the 

frontal lobe degeneration type nerve cell loss and spongiform change is seen; in the 

Pick’s disease type, swollen or ‘ballooned’ neurones (Pick cells) and intraneuronal 

inclusion bodies (Pick bodies) are present; and in the third variant of the disease, 

spinal motor neurone degeneration occurs in association with frontal lobe 

degeneration type pathology (Neary & Snowden, 1996).  The core clinical features of 

these patients are the insidious onset of a selective loss of cognitive abilities, 

particularly executive functions, with the relative preservation in other domains such 

as episodic memory, orientation and visuo-perceptual function.  

In Waltz’s et al. (1999) study, the mean age of FTD patients was 65.4 years 

(SD = 4 years).  The mean WAIS-R IQ of the FTD patient group was 96 (SD = 6).  

Seven controls matched for age and level of education were also included in the 

study.  Waltz and her colleagues found that the patient and control groups did not 

differ in the percentage of correct responses made on the Raven’s matrices items 

with simple relational complexity, with performance above 80% in all cases.  

However, the mean percentage of correct responses on the more difficult Raven’s 
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matrices items of greater relational complexity for frontal patients (11±5%) was 

significantly lower than the performance on normal control subjects (86±6%), [F(4, 

28) = 14.53, p < .00001].  Waltz and her colleagues concluded that despite FTD 

patients having Wechsler IQs in the normal range, their problem-solving and 

reasoning skills (fluid g) were impaired.  

The findings of the three aforementioned studies suggest frontal lobe damage, 

irrespective of etiology of damage, impairs fluid g.  As mentioned, this is part of the 

empirical foundation Duncan and his colleague’s use for hypothesizing that g reflects 

frontal lobe functioning.  However, there is recent data to suggest that impaired fluid 

g is not necessarily a consequence of frontal lobe damage.  Crinella and Yu (2000) 

present three case studies of classic frontal patients who do not exhibit fluid g 

deficits.  Furthermore, it hasn’t yet been established whether the size or magnitude of 

the fluid g deficit exceeds Zakzanis’ (1998, 2001) newly proposed statistical 

benchmark for ascertaining whether the deficit is a core, unique, or defining feature 

of frontal damage.  Each of these counterarguments of the hypothesis that fluid g and 

frontal functions are related are discussed next. 

 

3.1.1.3 Evidence against Duncan’s theory 

 

Crinella & Yu (2000) presented three cases illustrative of the fact that frontal lobe 

damage that causes significant disruptions to a person’s day to day functioning as 

well as executive dysfunction deficits does not necessarily affect fluid g.  

Case 1 was that of a 24-year-old university physicist who was awarded a 

scholarship to a prestigious when 18-years of age.  He sustained bilateral lesions to 

the lateral convexities of frontal lobes following a “crunching tackle” in a touch 
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football game.  Damage to his brain was clearly evident on a magnetic resonance 

image.  Following his accident and rehabilitation, he failed all of his subjects and 

was incapable of maintaining friendships or relationships because of his erratic 

behaviour.  He was dismissed from university within the year.  On testing, he 

exhibited impaired performance on the Wisconsin Card Sorting Test (WCST).  

However, his IQ derived from the Raven’s progressive matrices was greater than the 

95th percentile.  

Case 2 was a 43-year-old physician who sustained contusions to the anterior 

poles of both frontal lobes.  On returning to work, he found it difficult to maintain his 

premorbid work routine, exhibiting, among many problems, increased fatigue and 

time needed for each consultation.  On testing, his WAIS IQ was 138.  On the WCST 

he displayed periodic loss of set. His Raven’s IQ exceeded the 90th percentile. 

Case 3 was a 28-year-old who suffered a closed head injury when he was 12-

years-old which caused bilateral tissue loss in frontal lobes.  His WAIS IQ at this 

time was 117.  He eventually graduated from college but struggled academically 

throughout.  Thereafter he was unable to maintain employment.  Socially, he was 

inappropriate and aggressive.  On testing as an adult, his WCST performance was 

charaterisized by an abnormally high number of perseverations.  His Raven’s IQ was 

above the 80th percentile. 

Crinella and Yu (2000) argued that such cases are not atypical of frontal lobe 

symptomatology.  They stated they have frequently observed clear dissociations 

between executive function deficits and fluid g in frontal lobe damaged patients in 

many neuropsychology clinics.  Crinella and Yu (2000) suggested that the 

discrepancy between their observations and Duncan’s findings may be accounted for 

by the exceptional heterogeneity of frontal patients.    
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Anatomically, the frontal lobes account for over one third of total brain mass 

with a complex and heterogeneous mass of networks and connections to all parts of 

the central nervous system (e.g. Walsh, 1978).  Correspondingly, it is a cerebral 

structure where different etiologies, locations, and extent of damage cause different 

kinds of cognitive deficits (Shallice & Burgess, 1991).  For example, the left frontal 

lobe is primarily involved with controlling movement related to language.  Lesions to 

this area produce marked verbal deficits (e.g. Milner, 1971).  Damage to the orbital 

region produces emotional and personality changes (e.g. Luria, 1966).  Bilateral 

frontal lesions can affect performance on some tasks where right or left unilateral 

lesions have no effect (Kolb & Wishaw, 1990).  Therefore, any group of frontal 

patients will be heterogeneous.  The patterns of cognitive deficits in a group will also 

likely to be considerably varied. 

 Apart from such neuroanatomical issues that make it difficult to definitively 

conclude that fluid g decrements are solely attributable to frontal damage, it hasn’t 

been established on statistical grounds whether impaired fluid g is a central, or core, 

feature of frontal lobe damage.  As discussed in chapter 2, Zakzanis and his 

colleagues argued that to demonstrate if a cognitive deficit associated with a disorder 

or a particular form of damage to the brain, then it was necessary to establish that the 

size or magnitude (e.g. Cohen’s d) of the performance deficit on the task used to 

measure the cognitive function exceeded his proposed new benchmark, which was a 

Cohen’s d greater than 3.0, equivalent to an overlap in the distribution of scores of  

no greater than 7.7%.  Zakzanis and his colleagues argued that to merely establish 

statistically significant results (e.g. p < .05) did not necessarily mean that the finding 

was scientifically important.  On this criterion, a specific cognitive impairment can 

be found to be associated with many disorders or different sorts of damage.  Of 



 99

crucial interest is to determine whether a specific cognitive deficit is associated with 

a particular disorder or form of brain damage to a greater extent than exhibited in 

other disorders or associated with other brain damage.  The fluid g decrements that 

appear associated with frontal lobe damaged have not been evaluated with regard to 

this new statistical benchmark. 

 

3.1.1.4 Predictions 

 

The aim of this study was to test the strength of Duncan’s claim that g has its basis in 

frontal lobe functioning, by 1) attempting to replicate his data and 2) using effect size 

analysis to establish the magnitude or extent to which frontal lobe damage impairs g. 

Two groups of frontal lobe patients were used.  

Following Duncan’s et al (1995) methodology, three patients “of exactly the 

kind classically taken to show that frontal functions are not central to g” (Duncan et 

al., 1995, p.262) – patients with focal frontal lesions, high average or superior 

Wechsler IQs, but impaired executive functions – were administered a test of 

premorbid intellectual functioning (i.e. NART), a traditional psychometric test of 

intelligence (i.e. WAIS-R), and a test of fluid intelligence (Culture Fair Intelligence 

Test).  

Following the methodology of Waltz, et al. (1999), patients with prefrontal 

cortical dysfunction caused by frontotemporal dementia (FTD) were administered the 

same intelligence tests.  

If the hypothesis that impaired fluid g is a core feature of frontal lobe damage 

then there are three major predictions  
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• Prediction 1: the Culture Fair Intelligence test IQs of the three patients with 

focal frontal lesions will be significantly lower than his or her Wechsler IQ 

and significantly lower than both the Culture Fair and Wechsler IQs of age, 

sex, and premorbid IQ matched non-frontal damaged controls 

• Prediction 2: the Culture Fair Intelligence test IQs of 10 patients with 

prefrontal cortical dysfunction caused by frontotemporal dementia (FTD) will 

be significantly lower than his or her Wechsler IQ and both the mean Culture 

Fair and Wechsler IQs of a group of age, sex, and premorbid IQ matched 

non-frontal damaged controls 

• Prediction 3: the magnitude of the Culture Fair Intelligence test IQ difference 

between the two groups will exceed Zakzanis’s (1998a,b) proposed heuristic 

(i.e. d > 3.0, OL% < 7.7) that serves as a benchmark criteria for determining 

whether the cognitive deficit for a particular disorder is a core feature of the 

disorder.  

 

3.1.2 Method 

 

3.1.2.1 Participants 

 

Following Duncan’s et al. (1995) methodology, three patients with damage to the 

prefrontal cortex caused by a closed-head injury were studied.  Following Waltz’s et 

al. (1999) methodology, ten patients with prefrontal cortical dysfunction that was 

caused by frontotemporal dementia (FTD) were also studied.  Each patient was 

matched on age and premorbid IQ with a control participant.  
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Frontal lesioned patients  

 

The three patients were recruited from a public clinic that provides a statewide 

neuropsychological assessment and rehabilitation service.  As per the policy of the 

Health Department of Western Australia, each patient assessed at the clinic is 

assigned a diagnosis according to the International Classification of Disorders (e.g. 

WHO, 1994).  Prior to 1999, the 9th edition (ICD-9) was used.  The 10th edition 

(ICD-10) currently stands.  To identify potential participants for this study, the clinic 

database was scrutinized for those individuals assigned an ICD-9 diagnosis 310.0 

(frontal lobe syndrome) or ICD-10 diagnosis F07.0 (organic personality disorder).  

The file of each patient was then scrutinized to determine whether they met the 

inclusion or exclusion criteria.  Inclusion criteria were that the participants had a 

Wechsler IQ greater than 115 and evidence on neuroimaging of damage to the frontal 

regions of the brain.  Exclusion criteria included a significant history of substance 

abuse and other medical conditions that affected cognition or the central nervous 

system.  Participants who were invited to participate in the study gave their written 

informed consent (or the consent of his or her caregiver) to do so.  A clinical 

summary of three patients finally selected is provided in Table 2.   

Each frontal patient had suffered a head injury.  In all cases, lesions to the 

frontal areas of the brain were clearly visible on various neuroimages.  All patients 

exhibited problems in daily life. The time since injury to participation in this study 

ranged from three to seven years.  Each patient was therefore given a full 

neuropsychological re-assessment similar to that which they received on their first 

presentation to the clinic, which was soon after their suffered from their injury.  This 

included an interview with the patient’s partner or spouse, an individual
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Table 2. Summary of clinical characteristics of the three closed-head injured frontal patients  

Patient Age at 
testing 

Sex Background Information and Presenting Problem 
 

Neuroimaging  
 

MC 45.7 M Management Consultant Engineer (Masters Degree) 
Motor vehicle accident in 1993 when 40 years old  
- bilateral loss of sense of smell  
- memory “difficulties” 
- increased anger and hostility resulting in an assault charge  
- ongoing anger management treatment at an adult outpatient clinic 
- unemployed and unable to maintain employment  

CT (1993): Extensive bi-frontal damage 
MRI (1996): Bilateral focal frontal atrophy and an 
area of high signal in the subcortical white matter in 
the right inferior frontal region 
 
 
 
 

MW 27.1 M Chemical Engineer – 3rd year undergraduate student 
Motor cycle accident in 1990 when 20 years old 
- found unconscious beside bike (estimated to be between 6 –12 hours)  
- intubated and ventilated in an intensive care unit for 10 days 
- prescribed anti-convulsants 
- started 4th year but withdrew because “unable to cope” 
- family reported him as more “outgoing” 
- unemployed but looking for work 

CT (1990): Severe right frontal contusion and small 
ischaemic lesion in the left thalamus. 
 
 
 

VF 26.8 M Factory Foreman 
Victim of an assault in 1994 when 24-years-old  
- found unconscious in home (time of LOC unknown) 
- underwent neurosurgery for a partial right frontal lobectomy 
- suffers from migraines 
- mood fluctuations, poor impulse control and “quick to anger” 
- unemployed and unable to maintain employment 
- has an itinerant lifestyle (e.g. lives in his car) 
- has been involved with the Justice system 

CT (1994): Right frontotemporal subdural 
haematoma with mass effect together with contusion 
of the right frontal lobe 
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interview with the patient, as well as formal testing of each person’s cognitive 

faculties, including intelligence, attention and concentration, memory and learning, 

visuo-spatial orientation and construction, sensorimotor functioning, executive 

functioning, and some aspects of language functioning.  Included in the test battery 

were the psychometric intelligence tests that were of central interest to this study, 

namely the National Adult Reading Test (NART), the Wechsler Adult Intelligence 

Test – Revised (WAIS-R), and the Culture Fair Intelligence test (Scale 2A). 

Table 3 provides a list of the executive function tests that were administered 

 

Table 3. Summary of each patient’s executive function test scores. 

 
 
Tests 

 
MC 

 
MW 

 
VF 

 
Norms* 

     
  Verbal Fluency      
       FAS (total words) 41 33 39 41.2 (12.1) 

       Animals (total words) 24 18 17 21.0 (4.2)  
Stroop  0.5 0.9 2.2 - 
  Wisconsin Card Sorting Test     
      Errors 26 38 43 24.1 (2.0) 
      Categories 6 4 3 5.2 (1.5) 
      Perseverative Errors 
 

14 22 16 12.9 (12.5) 

NB: The Stroop was developed for this thesis and for which there are no norms 

*Spreen & Strauss (1998) 

 

 

along with each patient’s test scores and normative data.  Performances on the tasks 

varied between patients. Patient MC did not appear to display major executive 

impairments, performing all the executive tasks normally.  Patients MW and VF also 

performed the verbal fluency task normally but had difficulty with the WCST.   
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Controls 

 

Controls for each frontal patient were selected from a large sample of volunteers who 

had previously been administered the NART and WAIS-R. These included 

psychology PhD and Masters students, general volunteers from the public, and 

partners of patients referred to the neuropsychology clinic. Controls were matched as 

closely as possible to each frontal patient on the basis of age, NART IQ, and 

Wechsler IQ.  

The Culture Fair Intelligence Test was also administered to each of the 

potential controls when they were tested on the NART and WAIS-R.  However, 

performances on this fluid g test were not scored, nor converted to an IQ, until they 

gave their consent to participate in the study after having been identified as being an 

appropriate control.  This was to minimize the potential of bias in the selection of 

controls.  

 

Frontotemporal Dementia (FTD) patients 

 

Five of the ten patients with frontotemporal dementia (FTD) were recruited from the 

aforementioned public clinic.  A number of potential participants were initially 

identified on the clinic database according to the broad ICD-9 diagnosis 290 (senile 

and presenile organic psychotic conditions) or the broad ICD-10 diagnostic 

categoreis F00 – F09 (organic, including symptomatic, mental disorders).  Each 

patient’s file was then scrutinized to identify those individuals who displayed 

symptomatology consistent with FTD from those who displayed features consistent 

with other disorders of the dementia syndrome who would have also been assigned 

the same ICD diagnosis (e.g. vascular dementia, Alzheimer’s disease).  Patients who 
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had a significant history of substance abuse and/or significant medical conditions that 

affected cognition or the central nervous system were not considered eligible for the 

study.  Those who consented to participate in the research were then referred to a 

consultant neurologist who determined whether or not they met the published 

consensus diagnostic criteria of the Lund and Manchester Groups (Brun et al., 1994).  

Following the neurological consultation, the five FTD patients were offered 

another appointment and individually tested in a session that lasted 1-2½ hours.  

Each patient was tested on the NART first.  Two patients who did not have the 

WAIS-R administered to them within 12 months of this appointment were then re-

tested on the instrument.  After the NART (and WAIS-R for two patients), the 

Culture Fair Intelligence test (Scale 2A) was administered.  Patients were then tested 

on the WCST, Verbal Fluency, and the Stroop.  

Another five patients with FTD were recruited from Fulbourn Hospital, 

Cambridge, England.  These patients were the longstanding patients of a senior 

neurologist (John R Hodges) who had diagnosed them according to locally 

developed diagnostic criteria (Gregory & Hodges, 1993, 1996; Gregory, Orrell, 

Sahakian, & Hodges, 1997) considered to be consistent with the consensus criteria 

developed by the Lund and Manchester groups (e.g. Brun et al., 1994).  

A clinical summary of each patient is provided in Table 4.  Each patient had 

extensive neuroimaging.  Significant frontal lobe damage was identifiable in each 

patient. In daily life, each patient displayed many frontal characteristics.  For two 

patients, their score on the Mini Mental State Examination (MMSE: Folstein, 

Folstein, & McHugh, 1975), a formalized mental status examination used to assess 

degree of dementia, was below 24 suggesting global intellectual decline had begun.



 

 

Table 4. Summary of clinical characteristics of the FTD patients 

Patient Age Sex Background Information and Presenting Problem 
 

MMSE Neuroimaging/EEG 

FTD 1 55 M Teacher 
1.4 maternal grandmother died of a stroke 
1.5 impaired working memory 
1.6 reduced comprehension, speed of processing and verbal learning 
1.7 dysarthria 
1.8 eye movement disorder 
1.9 neuromuscular syndrome (e.g. muscle wasting, brisk deep tendon  
   reflexes, significant weight loss). 

28 MRI (1998): Frontal and parietal symmetrical cortical atrophy 
with asymmetric enlargement of the lateral ventricles. 
SPECT (1997): Bilateral parietal lobe hypoperfusion with 
patchy reduction in perfusion within the frontal cortices. 
CT (1993): Marked asymmetry of the lateral ventricles with a 
degree of dilatation on the left, and slight prominence of the 
cortical sulci. 
EEG (1997): Generalised slowing of the cerebral rhythms. 
 

FTD 2 67 F Nurse (retired) 
1.10 personality change (e.g was shy,& reserved, now disinhibited) 
1.11 significant cognitive decline 
1.12 inability to follow task instructions 
1.13 anxious and depressed mood states 
1.14 amnesic syndrome  
 

23 SPECT (1996): Hypoperfusion in the frontal mesial region and 
thalamus bilaterally 
 

FTD 3 57 F Project Officer 
1.15 mother died in her 80s with “senile dementia” 
1.16 impaired memory 
1.17 agitation and confusion 
1.18 seizures and blank episodes 
1.19 hit by wooden projectile in the right frontal region  
 

30 MRI (1999): Unequivocal frontal lobe atrophy 
CT (1998): Unequivocal frontal lobe atrophy. 

FTD 4 55 M Salesman 
1.20 inappropriate behaviour coupled with marked mood swings 
1.21 memory deterioration  
1.22 lack of insight 
1.23 no longer able to referee Rugby Union games on weekends 
- significant weight gain 

28 MRI (1998): Significant cortico-subcortical atrophy with 
predominance of frontal cortex involvement 
CT (1998): Significant cortico-subcortical atrophy with 
predominance of frontal cortex involvement 
 
 
 

 
 



 

 

Table 4……continued 
Patient Age Sex Background Information and Presenting Problem 

 
MMSE Neuroimaging/EEG 

FTD 5 54 M Self-employed Cleaner 
1.24 denial 
1.25 compulsive behaviour and disinhibition 
1.26 increased emotionality 
1.27 reduced spontaneous speech and verbal fluency 
1.28 pout reflex and suppression of glabella tap 
1.29 significantly altered sleep pattern 

 

19 MRI (1999): Unequivocal frontal and temporal lobe atrophy. 
SPECT (1999): Widespread bilateral reduction in perfusion in 
the frontal and temporal lobes, and the inferior parietal lobe on 
the right. 
 

FTD 6 55 M Tradesman 
1.30 intolerant and meticulous 
1.31 increased agitation and non-compliant 
1.32 reduced engagement in activity and family life 
1.33 anterograde and retrograde memory difficulties 
1.34 disinhibted 
 

27 MRI (1999): Predominant frontal lobe atrophy 
SPECT (1999): Severe hypoperfusion in the frontal and left 
temporal regions 
 
 
 
 

FTD 7 56 M Businessman 
1.35 loss of judgement 
1.36 echolalic speech 
1.37 emotional lability 
1.38 reduced speech output 

- impulsivity and rule breaking behaviour on testing 

28 CT (1997): Moderate diffuse atrophy and a small ischaemic 
lesion in the right hemisphere 
MRI (1999): Predominant frontal lobe atrophy 
 
 
 
 

FTD 8 67 M Manager 
1.39 loss of interest in personal appearance 
1.40 significant weight gain 
1.41 no spontaneous conversation and word finding difficulty 
1.42 restriction in eye movements 
1.43 poor balance and limb rigidity 
1.44 attacks of loss of consciousness 

 

30 SPECT (1998): Marked reduction of tracer uptake in the left 
frontal region and at the contralateral frontotemporal passage. 
CT (1998): Marked ventricular dilatation of lateral and third 
ventricles 
 

 
 
 
 



 

 

 

 

 

 

Table 4……continued 
Patient Age Sex Background Information and Presenting Problem 

 
MMSE Neuroimaging/EEG 

FTD 9 57 M Security Guard 
1.45 grandiosity and exaggeration 
1.46 impaired abstract thinking 
1.47 verbally aggressive and disinhibited 
1.48 emotional lability 
1.49 job loss and marital break-up 

 

24 EEG (1998): Diffuse slowing, frontally predominant 
MRI (1998): Moderate frontal atrophy and widely enlarged 
Sylvian fissure 
SPECT (1999): Bilateral frontal lobe hypoperfusion 

FTD 10 53 M Clerk 
1.50 increased irritability, antisocial and inappropriate sexual behaviour 
1.51 loss of judgement 
1.52 apathetic 
1.53 rigid and highly stereotyped daily routine 
1.54 urinary incontinence 
1.55 job loss  
1.56 “rejected” by daughter 

 

28 SPECT (1995, 1998): Bifrontal hypoperfusion 
MRI (1995, 1998): Progressive frontal lobe atrophy 
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 An extensive amount of clinical and research data had been recently collected 

from these patients. This included WAIS-R Iqs and WCST and verbal fluency 

scores.  This data was taken from the patient’s file (with consent from the 

patient/caregiver and permission from the neurologist) and used for purposes of this 

study.  However, the WAIS-R was administered to 3 patients who had not been 

tested on the instrument within 12 months of participating in this study.  All patients 

were administered the NART, Culture Fair Intelligence test (Scale 2A), and the 

Stroop test. 

 

FTD Controls 

 

Controls for each FTD patient were selected from the aforementioned sample of 

volunteers who had previously been administered the NART, WAIS-R, and Culture 

Fair Intelligence test.  Controls were matched as closely as possible to each FTD 

patient on the basis of age, sex, and NART IQ.  Once identified, and after they had 

given their informed consent to participate in the study, these particular controls were 

then administered the executive function tasks in a second separate test session.  

They were tested on the WCST first, followed by the verbal fluency test and then the 

Stroop test. 

 

3.1.2.2 Participant characteristics 

 

Table 5 summarizes the demographics and executive function task performances of 

the two groups.  A series of independent t-tests was used to determine whether 
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groups differed significantly on the variables in question.  Cohen’s d effect sizes 

were calculated and estimates of overlap in the distribution of scores (OL%) 

associated with the values of d were found.  The two groups did not differ in age, 

t(18) = 1.67, p = .11 and the effect size, d = .41, suggests there is a 72.6% overlap in 

the ages of patients and controls.  Levels of education did not differ significantly 

between groups, t(18) = .25, p = .79; d = .21, power = .09.  

 

Table 5. Demographics of FTD patients and matched controls 

 FTD 
(n=10) 

Controls 
(n=10) 

Age (years) 
        Mean (SD) 
        Range 

 
57.8 (5.5) 

55-69 

 
62.2 (4.2) 

51-66 
Sex M/F 8/2 8/2 
Years of Education 
         Mean (SD) 
         Range 

 
10 (2.7) 

8-15 

 
10 (4.7) 

8-19 
Duration of Symptomatology (years)
         Mean (SD)      
         Range 

 
2.8 (1.9) 

1-6 

 
N/a 
N/a 

 
WCST – categories achieved 3.7 (1.9) 5.6 (0.8) 
WCST – errors 66.4 (27.8) 32.3 (20.4) 
WCST- perseverative errors 35.0 (26.8) 9.8 (6.0) 
Verbal Fluency 20 (10) 34 (12) 
Stroop 2.2 (0.4) 1.57 (0.8) 

 
Note. N/a = Not applicable 

 
 

 
There were significant group differences on all but one of the executive 

function tasks.  The number of categories achieved on the Wisconsin Card Sorting 

Test (WCST) differed significantly between groups, t(18) = 2.8, p = .01, d = .71, 

power = .77, with the FTD patients completing fewer categories than the controls.  

The number of errors made on the WCST also differed significantly between groups, 

t(18) = 3.07, p = .01, d  = .73, power = .85, with FTD patients making more errors than 

the controls.  Similarly, the number of perseverative errors on the WCST differed 
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significantly between groups with FTD patients making more perseverative errors than 

the controls, t(18) = 2.90, p = .01, d = .71, power = .78.  On the Verbal Fluency FAS 

test, there was no significant difference in the number of words recalled between 

groups, t(18) = .88, p = .40, d = .23, power = .13.  FTD patients were, however, more 

susceptible to the Stroop interference effect than the controls, t(18) = 2.26, p = .04, d = 

.57, power = .57.  Such data shows the FTD patients suffer from significant executive 

function impairments. 

 

3.1.2.3 Statistical analysis 

 

To determine whether any fluid g deficit is of a magnitude such that it could be 

considered a core feature associated with frontal lobe damage, effect sizes, 

percentages of overlap in distributions of scores, and counternull values of effect 

sizes were calculated.  The rationale and procedure for such analyses were discussed 

at length in chapter two.    

Also considered of particular importance in this study is evaluating whether 

differences between two scores (derived from two different tests), either for a single 

person or for a group of participants, are significant or not.  To evaluate whether the 

difference between two test scores of the same individual or group is significant or 

not, a consideration of test reliability and standard errors of measurement is needed.  

In this study, the differences between NART and WAIS-R Iqs, NART and Culture 

Fair Intelligence Test Iqs, and WAIS-R and Culture Fair Intelligence Test Iqs were 

calculated.  This required several steps. First, the standard error of the difference 

between two scores (i.e. σdiff1 = NART/WAIS-R IQ difference; σdiff2 = WAIS-

R/Culture Fair IQ difference; σdiff3 = NART/Culture Fair IQ difference) was 
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calculated from the standard errors of measurement of the two scores by the 

following formulas (Anastasi, 1995): 

 

 

 

 

in which σNART,  σWAIS-R and σCulture fair are the standard errors of measurement of each 

test.  These standard errors of measurement were calculated using the published 

reliability of each test and the following formulas: 
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The standard error of difference (i.e. σdiff1, σdiff2 and σdiff3) was then multiplied by 

1.96, which is the Z score that corresponds to an alpha level of .05.  

 

3.1.3 Results 

 

The results are presented in two sections. The first section presents an analysis of 

performance of the three patients with focal lesions to the prefrontal cortex on the 

crystallized and fluid tests of intelligence (i.e. the replication of Duncan’s et al. 

(1995) study).  

The second section contains the analyses of performance on the crystallized 

and fluid tests of intelligence of the ten patients with prefrontal cortical dysfunction 

caused by frontotemporal dementia (i.e. the replication of Waltz’s et al. (1999) 

study).  

 

3.1.3.1 Single frontal-lesion cases 

 

Table 6 displays the NART, WAIS-R and Culture Fair Intelligence test IQs of each 

closed-head injured frontal patient and matched control. The WAIS-R IQs of 
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Table 6. Intelligence test IQs of patients and controls. 

  
NART IQ 

  
WAIS-R IQ 

  
Culture Fair IQ 

Case Patient Control  Patient Control  Patient Control 
 
MC 

 
124 

 
119 

  
131 

 
129 

  
148 

 
148 

MW 116 115  117 129  158 148 
VF 
 

101 108  112 113  110 148 

 

 

patients MC and MW were, qualitatively, in the “very superior” range (Wechsler, 

1997).  The WAIS-R IQ of patient VF was in the “high average” range.   

In comparison to premorbid IQ estimates derived by the NART, WAIS-R IQs 

of the frontal patients were higher, ranging from 1 – 11 points higher.  To evaluate 

whether the IQ differences between the two tests were significant, the statistical 

procedure outline in the method section was followed.  Differences of 18 IQ points 

between the NART and WAIS-R were needed if the discrepancy was considered 

significant (p < .05).  Clearly, the WAIS-R IQ of each frontal patient was not 

significantly different from his own NART derived IQ, [MC: z = 0.4, ns; MW: z = 

.06, ns; VF: z = 0.69, ns.].  That current and premorbid estimates of IQ in the frontal 

patients were equivocal is consistent with current conventional wisdom that frontal 

damage does not impair (Wechsler) IQ.  

Contrary to what was predicted from the results of Duncan et al. (1995), the 

Culture Fair Intelligence Test IQs of the frontal patients were higher than their 

WAIS-R IQs, ranging from 4 – 61 points higher.  Based on published reliabilities of 

the tests, discrepancies greater than 16 IQ points between Culture Fair Intelligence 

test and WAIS-R IQs can be considered significant.  The Culture Fair Intelligence 

test IQ of patients MC and MW was significantly higher than his WAIS-R IQ, z = 
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1.06, p < .05 and z = 2.60, p < .001, respectively.  Patient VF did not show any 

significant IQ difference, z = .12, p = .64.   

Based on published reliabilities of the tests, discrepancies greater than 11 IQ 

points between Culture Fair Intelligence test and NART IQs can be considered 

significant.  The Culture Fair Intelligence Test IQ of patients MC and MW were 

significantly higher than his NART IQs, z = 2.20 p < .05 and z = 3.81 p < .001, 

respectively, which was not evident for patient VF, z = .81, ns.  Such data suggests 

the problem solving and reasoning abilities (i.e. fluid g) of these patients were not 

adversely affected by their frontal lobe damage.   

That there were no significant differences in Culture Fair Intelligence Test IQs 

between frontal patients MC and MW and his matched control also supports this 

assertion, [MC/control, z = 0.0, p = 1.0; MW/control, z = 0.6, p = .22].  The difference 

between patient VF and his matched control was significant, z = 2.4, p < .001, but 

VF’s lower Culture Fair Intelligence test does not appear to reflect impaired fluid g. 

For the controls, there were no significant differences between their NART 

and WAIS-R IQs, [MC’s control: z = 0.55, ns; MW’s control: z = 0.78, ns; VF’s 

control: z = 0.22, ns.].  However, like the frontal patients, the Culture Fair 

Intelligence test IQ of each control was significantly higher than his WAIS-R IQ, the 

discrepancy ranging from 19 – 35 points, [MC’s control, z = 1.18, p < .05; MW’s 

control, z = 1.18, p < .05; VF’s control, z = 2.18, p < .001].  

 

3.1.3.2 Group FTD data 

 

Table 7 displays the mean NART, WAIS-R and Culture Fair Intelligence Test 

derived IQs for the FTD patient and control groups while Table 8 displays the 
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magnitude of the effect size (i.e. Cohen’s d) as well as estimates of the percentages 

of overlap in the distribution of scores (OL%) associated with the values of d.  

Independent sample t-tests were used to determine if group differences between 

NART, WAIS-R and Culture Fair Intelligence Tests IQs displayed in Table 7 were 

significant.  

 

 

Table 7. Mean NART, WAIS-R and Culture Fair IQs for FTD patient and 
control groups. 

 FTD 
(n=10) 

Controls 
(n=10) 

   
National Adult Reading Test 

  
110 (12) 

 
109 (11) 

Wechsler Adult Intelligence Scales - Revised  99 (13) 110 (10) 
Culture Fair Intelligence Test 
 

84 (23) 112 (15) 

 
 

 

Table 8. Cohen’s d effect sizes, counternull values, and percentages of overlap (OL%) in 
distributions of NART, WAIS-R and Culture Fair IQs for FTD patient and control groups. 

     FTD:Controls 
(n=10) 

 

 
Cohen’s d 

(counternull-null range)

 
OL% 

(OL% range) 
   
National Adult Reading Test 

 
0.1 (0.2 – 0) 

 
92.3 (84.6 – 100) 

Wechsler Adult Intelligence Scales - Revised  1.0 (2.0 – 0) 45.0 (19.1 – 100) 
Culture Fair Intelligence Test 
 

1.5 (3.0 – 0) 29.3 (7.2 – 100) 

 
Note: The OL% ranges are the values associated with null and counternull values. 

 

The mean NART IQ difference between FTD patients and controls was not 

significant, t(18) = .34, p = .74, suggesting the IQs of FTD patients prior to the onset 

of disease were equivalent to the IQs of controls.  This was supported by the “small” 
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effect size and OL%, which indicates that less than one patient obtained a NART IQ 

that was different from any of the controls.  This was expected since FTD patients 

and controls were matched on premorbid IQ estimates.  

There was no significant group difference in WAIS-R IQs between the two 

groups, t(18) = 2.03, p = .06.  This suggests the Wechsler FSIQs of the patients were 

not affected by frontal lobe damage.  The non-significant t-test, however, could be a 

result of low power (power = .51) where there was only a 51% probability of 

detecting the effect size.  The magnitude of the Wechsler FSIQ difference between 

groups was large.  The associated percentage of overlap in the distribution of 

Wechsler IQs suggests approximately half of the FTD patients had WAIS-R IQs 

similar to that of matched normal controls.  That Zakzanis’s (2001) heuristic 

benchmark was not exceeded can be taken as evidence to suggest that impaired 

Wechsler IQ is not a strong feature of frontal lobe damage, which is consistent with 

the longstanding literature on the relationship between the frontal lobes and 

intelligence.  However, the finding also suggests that half of FTD patients obtained 

WAIS-R IQs unlike that obtained by controls.  Moreover, the counternull value and 

associated OL% suggests it is equally probable that as few as 19.1% of patients and 

controls have similar Wechsler IQs.  This appears contrary to the longstanding belief 

that frontal damage has no effect on Wechsler IQs.  On closer inspection of the data, 

however, only three FTD patients had WAIS-R IQs below the lowest WAIS-R IQ 

(IQ = 96) of all the controls (see Figure 3).  Of these three FTD patients, two had 

MMSE scores below 24.  Scores below 24 are considered to be abnormal for
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Figure 3. Wechsler IQs for FTD patients and controls as a function of MMSE score. 

 

 

dementia.  This suggests the low WAIS-R IQs of the two FTD patients may be 

attributed to more advanced stages of the dementing process rather than being due to 

frontal damage.   

MMSE = 24 

WAIS-R IQ = 96 
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Overall, the majority of FTD patients displayed Wechsler IQs similar to that 

of controls, suggesting intelligence remains relatively preserved despite frontal 

damage. 

The finding of theoretical importance was the significant difference in 

Culture Fair Intelligence Test IQs between the two groups.  The FTD patients had 

significantly lower Culture Fair Intelligence Test IQs compared to the control group,

t(18) = 2.77, p = .01.  This is consistent with Duncan’s et al. (1996) findings and the 

results of Waltz et al (1999).  However, the size of the IQ difference and OL% in the 

distribution of IQs did not exceed Zakzanis’s (2001) benchmark heuristic.  While the 

majority of FTD patients obtained Culture Fair Intelligence Test IQs unlike any 

obtained by the controls, the data suggests as many as three FTD patients had the 

same Culture Fair Intelligence Test IQ.  This degree in overlap in IQ suggests 

impaired fluid g is not a core cognitive feature of frontal lobe damage. 

 

Table 9. WAIS-R and Culture Fair Intelligence Test IQs of each FTD 
patient and the significance of the difference between them. 

 WAIS-R IQ CFIT IQ z p 
     

FTD 1 108 90 1.12 .05 
FTD 2 96 50 2.87 <.001 
FTD 3 89 100 -0.69 ns 
FTD 4 106 110 -0.25 ns 
FTD 5 77 52 1.81 <.01 
FTD 6 115 95 1.25 <.01 
FTD 7 85 61 1.50 <.01 
FTD 8 100 90 0.62 ns 
FTD 9 97 81 1.00 <.05 

FTD 10 119 114 0.31 ns 
 

 

Moreover, the 15 IQ point difference between the mean WAIS-R IQ and 

mean Culture Fair Intelligence Test IQ of the group of FTD patients is not greater 

than the 16 IQ points for it to be significant at the .05 alpha level, z = 0.94, ns. This 
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adds weight to the claim that fluid g is not necessarily impaired by frontal lobe 

damage.  Table 9 displays the differences between WAIS-R Culture Fair Intelligence 

Test IQs for each patient and whether it was significant or not. 

 

3.1.4 Discussion 

 

Duncan’s hypothesis that g has it’s basis in the executive functions of the frontal 

lobes was based, in part, on his findings that frontal lobe damage impaired 

performance on a test of fluid g.  The aim of this study was to see whether Duncan’s 

data was replicable, and, if so, whether any fluid g decrement associated with frontal 

damage was of sufficient magnitude where it could be claimed that this was a 

primary feature of such damage.  The findings of this study suggest performance on a 

test of fluid g like the Culture Fair Intelligence Test may be affected by frontal lobe 

damage but not in all cases.  

The replication of Duncan’s et al. (1995) study failed to confirm his results.  

The three patients investigated in this study had clearly identifiable frontal lobe 

damage, highly dysfunctional lives, executive function deficits (on some tests) and 

high average Wechsler IQs, but no fluid g deficit.  Each patient did not show any 

dissociation between their performance on the Culture Fair Intelligence test measure 

of g and a measure of g that averages scores on a range of sub-tests, some which 

assess the crystallized knowledge of the individual (i.e. WAIS-R).  Similarly, these 

patients did not show any dissociation between their fluid and premorbid g’s, the 

latter derived from a test that only assesses crystallized knowledge that is considered 

to be relatively immune from brain damage (i.e. the NART).  Such results suggest 

that the frontal lobe damage sustained by these patients did not affect either their 

problem-solving and reasoning abilities or crystallized knowledge base.  The three 
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frontal patients in this study displayed preserved “intelligences” despite damage to 

the frontal lobes.  

Finding a significant difference in mean Culture Fair Intelligence test IQ 

between the group of FTD patients and controls in this study, was consistent with 

Duncan’s et al (1996) and Waltz’s et al. (1999) studies.  On significance testing 

alone, such a finding supports the view that frontal lobe damage impairs fluid g.  

However, on other statistical criteria, the interpretation is very different.  The 

magnitude of fluid g impairment exhibited by the group of FTD patients associated 

with the significant t-test approached but did not exceed Zakzanis’s (2001) proposed 

heuristic, or benchmark criterion, that can be used to determine whether performance 

on a task reflects a primary or core cognitive deficit associated with a particular 

disorder or damage.  The percentage of overlap in the distribution of Culture Fair 

Intelligence test IQs between FTD patients and controls in this study was 29%, well 

above the proposed 5% benchmark criterion that is needed if one group is to be 

considered distinguishable from the other on the test.  Even though two-thirds of 

FTD patients obtained Culture Fair Intelligence test IQs that were distinguishable 

from the scores of the controls, this is not enough to make the claim that performance 

on the Culture Fair Intelligence Test will be impaired with frontal lobe damage.  In 

other words, the Culture Fair Intelligence Test cannot be considered a “clinical 

marker” that is useful for discriminating frontal patients from healthy controls. 

Contrary to the claims of Duncan and his colleagues, the data from this study 

suggests caution in concluding that fluid g is a necessary outcome of frontal lobe 

damage.  

Interestingly, the magnitude of fluid g impairment exhibited by the group of 

FTD patients in this study was similar to that exhibited by the group of frontal 

patients studied by Duncan et al. (1996).  Analysing his published data, the 
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percentage of overlap in the distribution of Culture Fair Intelligence test scores 

between Duncan’s groups of frontal patients and controls was calculated to be 34% 

(i.e. Cohen’s d = 1.3) with the same probability that it could be as little as 10.7% (i.e. 

null-counternull range = 0 – 2.6).  This suggests that 7 of the 10 frontal damaged 

patients in Duncan’s study, but as many as 9 patients, obtained IQs unlike that of the 

matched controls.  The corollary of this is that three patients and no less than one 

patient had a Culture Fair Intelligence Test IQ equivalent to that of a control.  Within 

Duncan’s own study there is data that is contrary to his conclusion. 

The differences between Duncan’s et al. (1995) three patients and the three 

patients in this study can probably be attributed to the fact that in any group of 

frontal damaged patients there is an “amorphous, varied group of deficits resulting 

from diverse etiologies, different locations, and variable extents of abnormalities” 

(Stuss & Benson, 1984, p.3).  Indeed, some individuals with frontal lobe damage 

suffer relatively little cognitive impairment of any sort, at least that which can be 

identified by laboratory based psychometric tests (e.g. Eslinger & Damasio, 1985).  

Two of the patients Duncan et al. (1995) studied had extremely large frontal lesions.  

The third had a lesion that extended beyond the frontal lobes.  These serious injuries 

suffered by Duncan’s et al. (1995) three frontal patients (i.e. an open head wound, a 

lobectomy for tumour removal, and a cerebral infarct) suggest major portions of the 

frontal lobes were lesioned.  It is quite possible, indeed highly likely, that such 

injuries also damaged areas of the brain beyond the frontal lobes.  If lesions extended 

to other brain areas or affected any frontal cortical and/or sub-cortical circuits, then 

any number of non-executive deficits that are required to perform a task such as the 

Culture Fair Intelligence test may be affected.  Even if the lesions were confined to 

the frontal lobes, but still extensive, non-executive areas of the frontal lobes may be 

affected (Crinella & Yu, 2000).  Duncan and his colleagues acknowledged this, 
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suggesting their frontal patients might have performed poorly on the fluid 

intelligence test for reasons unrelated to its strong g correlation.  Duncan et al. (1996) 

cautioned against accepting the findings of their studies wholeheartedly.  

An alternative explanation may be based in the Flynn effect.  The results of 

intelligence tests in different countries show that over the past century average IQ 

has been increasing at a rate about 3 points per decade.  The increase is most striking 

for tests of reasoning and problem-solving, or fluid g.  For example, the increase in 

Raven’s Progressive Matrices derived IQs is approximately 1.3 standard deviations 

per generation (30 years), half as much for Wechsler Intelligence Scale derived IQs 

(Flynn, 1987).  The Flynn effect associated with the Culture Fair Intelligence test is 

unknown.  Nonetheless, given that the test was standardized over 30 years ago, it 

may be the case that the norms are out of date thereby possibly inflating the IQs of 

the patients studied “today”.   

In this study, cleaving the notion of intelligence into fluid and crystallized 

forms did not resolve the frontal lobe paradox as attempted by Duncan and his 

colleagues.  Overall, the number of single case frontal lesioned or FTD patients in 

this study who did not display impaired fluid g test scores were too many, at least 

according to newly proposed statistics for interpreting neuropsychological test data, 

to suggest anything other than that impaired fluid g may be a likely but not a 

necessary outcome of damage to the frontal lobes.  Part of the empirical foundation 

Duncan used to support his hypothesis that g has its basis in the frontal lobes has not 

been supported.  The question is whether Duncan’s other line of evidence that 

supports his hypothesis that g has its basis in the frontal lobes – the link between g 

and goal-neglect – is replicable.  This is the focus of the next study.   
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3.2 Study 2: Fluid g, speed of information processing, the organization of 

goal-directed behaviour and the frontal lobes 

 

3.2.1 Introduction 

 

In this study, the relationships between individual differences in g, frontal lobe 

functioning, and speed of information processing was investigated.  This was done 

by testing two groups of patients (differentially impaired in the cognitive processes 

hypothesized to be the basis of g) and two groups of normal non-frontal damaged 

adults on the speed of information processing and goal-neglect tasks (both Duncan’s 

standard goal-neglect task and an experimentally slowed goal-neglect task).  One 

specific aim was to test the hypothesis that Duncan’s goal-neglect task confounds 

speed and executive functions influences on performance.  The second aim was to 

determine whether frontal lobe damage impaired speed of information processing.  

 

The organization of goal-directed behaviour 

  

As discussed in chapter 2, one of the characteristics of patients with frontal lobe 

damage is impaired goal-directed behaviour.  Damage to the frontal lobes appears to 

cause a split between knowledge and action, a discrepancy between what is known 

about how to perform a task and what is actually performed.  Recently, two studies 

have specifically examined this phenomenon of goal-neglect in strict experimental 

conditions.  

Duncan et al. (1996) administered their goal-neglect task to a group of 10 

patients who had frontal lobe damage to measure the extent of any impairment they 

had in the ability to organize behaviour in a goal-directed manner.  As Duncan and 
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his colleagues predicted, the performance of the group of frontal patients was 

significantly worse compared to a control group, F(1, 9) = 14.4, p < .005.  Despite 

the patients’ ability to reiterate the task instructions, demonstrating intact knowledge 

and understanding about the task, they failed to respond appropriately on 

presentation of the cue. In particular, the frontal patients did not “switch” sides when 

required to do so, clearly displaying the phenomenon of goal-neglect.   

In a second study, Duncan et al. (1997) administered the goal-neglect task to 

24 patients who sustained frontal lobe damage as a result of a closed head injury.   

The mean number of failed sub-blocks for the group was 1.9 (range 0 to 3), 

indicating that the majority of patients exhibited goal-neglect.  Moreover, Duncan 

and his colleagues found a significant correlation between performance on the goal-

neglect task and Culture Fair Intelligence Test Iqs, r = -.49, p < .05.  Duncan et al. 

(1997) concluded that the frontal lobes served both fluid g and the cognitive 

processes responsible for the organization of goal-directed behaviour.  

The findings of the two studies indicate that a deficit in a cognitive process 

responsible for the organization of goal-directed behaviour, which manifests as goal-

neglect, is a strong cognitive characteristic of patients with frontal lobe damage.  

That impaired fluid g also is a cognitive characteristic of frontal damaged patients (at 

least according to Duncan and his colleagues) suggests the two are basic to each 

other.    

 Duncan et al. (1996) also formally tested the phenomenon of goal-neglect 

among the normal population.  In one experiment, Duncan and colleagues observed 

that complete goal-neglect was displayed by individuals with low Culture Fair 

Intelligence test Iqs (i.e. Iqs less than 84).  In a second experiment that investigated 

more closely goal-neglect in individuals with low fluid intelligence test derived Iqs, 

Duncan and colleagues found another significant correlation between performance 
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on the task and IQ.  The findings of these two studies also suggest that a “deficit” in 

a cognitive process responsible for the organization of goal-directed behaviour, 

which manifests as goal-neglect, is a strong characteristic of individuals with low 

fluid g.  The association between low g and goal-neglect in the normal population 

also supports the hypothesis that g and the executive functions of the frontal lobes 

are synonymous. 

However, according to “speed” theories, individuals with low g are 

hypothesized to have slow speed of information processing characteristics.  To recap, 

individuals with slower processing speeds are constrained in the amount of 

information they can process because limited speed restricts the number of cognitive 

operations that can be performed on the presented information.  Accordingly, it could 

be argued that low g individuals find Duncan’s goal-neglect task particularly difficult 

because processing speed influences performance on the task as much as executive 

function factors.  The deficit in goal-directed behaviour displayed by low g normal 

adults could simply be due to speed of information constraints.  Duncan himself 

raised this possibility. Duncan et al. (1996, p.274-5) suggested, “the presentation rate 

of 400 ms/item (i.e. 200 ms stimulus presentation plus a 200 ms inter-stimulus 

interval) did make the task subjectively demanding, at least on the first few trials.  

Quite possibly this element of subjective demand is an important condition for 

encouraging goal-neglect; for example, concentrating closely on the stimulus stream 

might encourage the SSI [the + or – switch or stay cue] to be ‘forgotten.’  Though 

this is an important question, we shall not pursue it further in these experiments.”  

A simple test of the hypothesis that speed of information processing 

constraints influences performance on the standard goal-neglect task is to present a 

slowed version of the goal-neglect task.  If speed and executive function factors 

required to perform the standard goal-neglect task are confounded, then slowing the 
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rate of presentation of items should remove, or considerably lessen, the processing 

demands of the task.  Individuals with low g should therefore be better able to 

perform the slowed version of the task.  In contrast, patients with frontal lobe 

damage and consequent executive dysfunction should still fail the slowed task.  In 

other words, performance of the FTD patients and low g adult controls on the slowed 

goal neglect task will be dissociated. Given this hypothesis, and applying Crawford 

et al’s (2003) operational criteria for a classical dissociation, it is therefore predicted:  

 

• Prediction 1: The number of failed sub-blocks produced by the low g 

controls on the standard goal-neglect will not be significantly different 

than the group of FTD patients.  

• Prediction2: The number of failed sub-blocks produced by the low g 

controls on the slowed goal-neglect will be significantly lower (i.e. 

better) than the group of FTD patients.  

• Prediction 3: The number of failed sub-blocks produced by the low g 

controls on the slowed goal-neglect will be significantly lower (i.e. 

better) than the number of failed sub-blocks they produce on the standard 

goal-neglect task. 

 

A further test of the idea that (undamaged) low g adults and adults with 

frontal lobe damage fail the standard goal-neglect task for different reasons is to 

investigate the performances of the two groups on an inspection time task.  If low g 

undamaged adults have slow speed of information processing constraints then they 

should have long inspection times.  By contrast there is no reason to suppose that the 

FTD patients have impaired speed of information processing.  In terms of Crawford 
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et al’s (2003) operational criteria, the low g adult controls display a deficit in speed 

of information processing.  Given this hypothesis, it is predicted:  

 

• Prediction 4: The inspection times of the low g adult controls will be 

significantly longer (i.e. slower) than the FTD patients  

 

Another strong test of the idea that speed of information processing in FTD 

patients and low g adult controls is dissociated is to compare the performances of the 

FTD and low g groups on the inspection time task to a group of patients known to 

suffer from a globalized speed of slowing: patients with Alzheimer’s disease.  

Neuropathologically, AD is a progressive degenerative brain disorder characterized 

by neocortical atrophy, neuron and synapse loss (Terry, Peck, De Teresa, Schechter 

& Horoupian, 1991), and the presence of senile plaques and neurofibrillary tangles 

(Alzheimer, 1907; Terry & Katzman, 1983; Terry, Katzman, Bick, & Sisodia, 1999).  

The changes first involve the hippocampus and entorhinal cortex then spread to the 

neocortex (Braak & Braak, 1991; Braak & Braak, 1995; Hyman, Van Hoesen, 

Damasio, & Barnes, 1984).  Following temporal and parietal lobe pathology, neuron 

loss and neurofibrillary tangles occur in subcortical regions such as the basal 

forebrain cholinergic system (in particular the nucleus basalis of Meynert) and 

anterior �ingulated and extends to the association cortices of the frontal, temporal 

and parietal lobes (Arnold, Hyman, Flory, Damasio, & Van Hoesen, 1991; Braak & 

Braak, 1991; Hyman et al., 1984; Mann, Yates, & Marcyniuk, 1984; Vogt, Crino, & 

Vogt, 1992).  

Cognitively, AD is broadly characterized by a global intellectual decline, 

episodic memory loss (Huff, Becker, Bell, Nebes, Holland, Boller, 1987; Welsh, 

Butters, Hughes, Mohs, & Heyman, 1992), with additional deficits in attention, 
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executive functions, language and semantic knowledge (i.e. aphasia), abstract 

reasoning, and constructional and visuo-spatial abilities (Binetti, Magni, Padovani, 

Cappa, Bianchetti, & Trabucchi, 1996; Haxby et al., 1990; Lafleche & Albert, 1995; 

Perry & Hodges, 1999; Reid et al., 1996).  AD patients also suffer from a generalized 

slowing of speed of information processing (e.g. Nebes & Brady, 1992).  

The speed of information processing characteristics of patients with AD has 

been well established.  For example, Deary, Hunter, Langan and Goodwin (1991) 

investigated the performance of 11 AD patients and controls matched for age and 

intelligence on an inspection time (IT) task.  Deary et al. (1991) found AD patients 

had significantly longer inspection times than controls, which suggested that the 

speed of information processing cognitive operating characteristics of AD patients 

were significantly slower than normal healthily adults.  Relative to normal controls, 

patients with AD have also been found to exhibit slower simple and choice reaction 

times (Kluger et al., 1997b; Morris & Alcorn, 1995; Pate, Margolin, Friedrich, & 

Bentley, 1994; Pirozzolo, Christensen, Ogle, Hansch, & Thompson, 1981; Pirozzolo, 

Mahurin, Loring, & Appel, 1985; Reid, Broe, Creasey, Grayson, McCusker, Bennett, 

Longley, Sulway, 1996; Storandt & Hill, 1989; Teng, 1989).  

If speed of information processing in FTD patients and low g controls is 

dissociated then two predictions follow:   

  

• Prediction 5: The inspection times of the FTD patients will be 

significantly shorter (i.e. faster) than the inspection times of the AD 

patients. 

• Prediction 6: The inspection times of the low g adult controls will not be 

significantly different to the inspection times of the AD patients. 
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A more stringent test of the idea that executive function and the organization of goal-

directed behaviour (i.e. goal-neglect) is a separate dimension to speed of information 

processing would be to demonstrate the presence of double dissociation.  If FTD 

patients display impaired goal-neglect but intact speed of information processing 

whereas low g adult controls have slow speed of information processing but do not 

exhibit goal-neglect (at measured by performance on the slowed goal-neglect task), 

then, according to Crawford et al’s (2003) operational criteria for a classical double 

dissociation, two predictions follow:  

 

• Prediction 7: The FTD patients display a deficit on the slowed goal-

neglect task as well as dissociation in performance on this slowed goal-

neglect task and the inspection time task. 

• Prediction 8: The low g adult controls display a deficit on the inspection 

time task, as well as dissociation in performance on this inspection time 

task and the slowed goal-neglect task. 

 

3.2.2 Method 

 

3.2.2.1 Participants 

 

Forty-three participants were recruited for this study. In one group, there were ten 

patients who had been diagnosed with frontotemporal dementia. In another patient 

group, there were eight individuals diagnosed with early onset Alzheimer’s disease. 

A control group of ten normal adults was also recruited, as was another group of 

fifteen normal adults with low IQs.  
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Frontotemporal dementia (FTD) patients 

 

The ten patients with frontotemporal dementia in this study were those patients that 

were recruited and described in detail in Study 1.    

 

Alzheimer’s disease (AD) patients 

 

The eight patients with early onset Alzheimer’s disease (AD) were recruited from an 

adult outpatient neuropsychology clinic.  A clinical summary of each patient is 

provided in Table 10.  Potential participants were initially identified on the clinic’s 

database according to the broad ICD-9 diagnosis 290 (senile and presenile organic 

psychotic conditions) or the broad ICD-10 diagnostic categories F00 – F09 (organic, 

including symptomatic, mental disorders).  Each patient’s file was then scrutinized to 

identify those individuals who displayed symptomatology consistent with AD from 

those who displayed features consistent with other disorders of the dementia 

syndrome who would have also been assigned the same ICD diagnoses (e.g. vascular 

dementia, FTD).  Patients who had a significant history of substance abuse and/or 

significant medical conditions that affected cognition or the central nervous system 

were not considered eligible for the study.  

Those who consented to participate in the research were then referred to a 

consultant neurologist who determined whether or not they met the diagnosis of 

probable Alzheimer’s disease based on the published criteria of the National Institute 

of Neurological, Communication Disorders and Stroke/Alzheimer’s Disease and 

Associated Disorders Association (NINCDS/ADRDA) (McKhann, Drachman, 

Folstein, Katzman, Price, Stadlan, 1984). This included, in part, cognitive 



  

Table 10. Summary of clinical characteristics of AD patients. 

 Patient Age Sex Background Information and Presenting Problem MMSE Neuroimaging and EEG 
AD 1 57 M  

- memory dysfunction in relation to registration and recall  
- visuo-spatial impairment  
- expressive and receptive language deficits 
 

24 MRI (1997): NAD 
SPECT (1996): NAD 
CT (199?): Low density focus in left cerebral hemisphere. 
EEG (1997): Diffuse beta effect. 

AD 2 64 M  
- mother and aunt diagnosed with Alzheimer’s Disease (AD). 
- amnesic syndrome characterised by impairment in working, semantic and  
  autobiographical memory 

24 MRI (1999): Generalised cerebral cortical atrophy and post-
ischaemic deep white matter changes. 
SPECT (1998): Right posterior parietal and bilateral temporal 
hypoperfusion. 
CT (1997): atrophy of the medial temporal lobes and insula cortex.
 

AD 3 56 M  
 
- grandfather, both parents, an aunt and uncle died of “senile dementia”  
- another uncle on mother’s side died from Parkinson’s disease 
- impaired pursuit eye movements with saccadic intrusions 
- impaired working, episodic and semantic memory,  
- attention deficits  
- dyscalculia 
- depression 
 

22 SPECT (1997): Asymmetry in the internal capsules with reduced 
activity on the right. Reduced activity in the inferior left temporal 
lobe. Abnormalities in the structures of the right deep grey matter. 
CT (1994): NAD. 
EEG (1997): Excessive generalised slowing of the cerebral 
rhythms. 

AD 4 65 F  20 EEG (1998): Generalized slow wave activity 
 
 
 
 

 
 
 
 

 
 

 

 



  

Table 10…continued  

 Patient Age Sex Background Information and Presenting Problem MMSE Neuroimaging and EEG 
AD 5 64 F  

- working memory disorder 
23 SPECT (1997):  

SPECT (1999): Worsening in degree of cerebral perfusion. 
CT (1997): NAD. 
 

AD 6 67 M  
- impaired praxis with dressing apraxia. 
- involuntary movement of the left hand with presumed myclonus and   
  choreiform like movement. 
- visuo-spatial dysfunction. 
- impaired working and autobiographical memory 

16 MRI (1997): Bilateral medial temporal lobe atrophy with 
asymmetry of the Sylvian fissures. 
SPECT (1997): Significantly abnormal perfusion of the right 
temporal, parietal and occipital cortices. 
EEG (1997): Generalised slowing of the cerebral rhythms. 
 
 

AD 7 63 M  
- uncle on father’s side diagnosed with AD.  
- father has had a stroke 
- amnesic syndrome characterised by impairments in working, semantic   
  and autobiographical memory 
- confusion and disorientation 

24  
 
 
 
 
 
 

AD 8 62 F  
- mother had several strokes 
- amnesic syndrome characterised by impairments in working, semantic   
  and autobiographical memory 
- apraxia 
- agraphia 
 

16 CT (1997): Significant temporal lobe atrophy 
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impairment as documented by low Mini Mental State Examination scores (Folstein 

et. al., 1975), progressive worsening of memory identified with formal 

neuropsychological testing, impaired activities of daily living and altered behaviour, 

and neurological verification (e.g. CT scan or MRI) of progressive cerebral atrophy.   

 

Control group 

 

The 10 normal undamaged control participants were those that were recruited and 

described in detail in Study 1.    

 

Low g control group 

 

Ten adults with undamaged brains were selected from a database in which a large 

sample of volunteers from the public had previously been tested on some, but not at 

all, of the tests central to this thesis.  Thirty-two individuals had similar ages as the 

FTD patients.  Of these, the 15 that had Culture Fair Intelligence Test IQs less than 

90 were selected for analysis.  The inspection times and standard and slowed goal-

neglect tasks scores of these participants were also taken from the database and used 

in the analysis.  

 

3.2.2.2 Participant demographics 

 

Participant demographics are displayed in Table 11. A series of one-way analyses of 

variance (ANOVAs) showed the four groups did not differ in age, F(3, 39) = 2.12, p 

= .11; effect size (eta squared) = .14, power = .50, and level of education, F(2,25) = 
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.25, p = .79; effect size (eta squared) = .04, power = .09.  There was no significant 

difference between the two patient groups in terms of the duration of 

symptomatology, t(16) = .63, p = .551.  There was a significant difference between 

groups on the Mini Mental State Examination (MMSE), F(2, 25) = 19.73, p < .001; 

effect size (eta squared) = .63, power = 1.00.  Scheffe post-hoc tests revealed the AD 

group had significantly lower MMSE scores in comparison to both the FTD patient 

group and the control group, suggesting that AD patients had a greater level of 

dementia severity. MMSE scores suggested AD patients were, qualitatively, in the 

“moderate” dementia range while FTD patients were in the “mild” dementia range.  

 

 

Table 11. Characteristics of patient and control groups. 

 FTD 
(n=10) 

AD 
(n=8) 

Controls 
(n=10) 

Low g  
(n=15) 

Age (years) 
        Mean (SD) 
        Range 

 
57.8 (5.5) 

55-69 

 
62.8 (4.4) 

56-69 

 
62.2 (6.2) 

51-66 

 
64.8 (7.4) 

54-71 
Sex M/F 8/2 5/3 8/2 5/10 
Years of Education 
         Mean (SD) 
         Range 

 
10 (2.7) 

8-15 

 
11 (2.6) 

1-17 

 
10 (4.7) 

8-17 

 
- 
- 

Duration of Symptomatology (years)
         Mean (SD)      
         Range 

 
2.8 (1.9) 

1-6 

 
2 (1.4) 

1-5 

 
N/a 
N/a 

 
N/a 
N/a 

Mini Mental State Examination 
 

25.6 (3.9)  21.1 (3.6) - - 

Note. N/a = Not applicable 

 

 

3.2.2.3 Design, Materials, and Procedure 

 

On a subsequent day, the eight AD patients who were diagnosed with probable AD 

were tested individually in a session that lasted approximately 1-1½ hours.  The 

patients were first administered the NART, then the Culture Fair Intelligence test 
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(Scale 2A).  The WCST, verbal fluency and Stroop tasks followed. Patients were 

then administered the IT task.  The goal-neglect tasks were administered as the last 

tasks.  Four patients were tested on the standard goal-neglect task (as the penultimate 

task) before being tested on the slowed goal-neglect task as the last task.  The other 

four patients were tested on the slowed goal-neglect task (as the penultimate task) 

before being tested on the standard goal-neglect task as the last task.   

The ten FTD patients who that were identified and selected for Study 1 were 

administered the inspection and goal-neglect tasks in the same session they were 

tested on the intelligence tests and executive function tasks.  The goal-neglect tasks 

were administered as the last tasks.  Five patients were tested on the standard goal-

neglect task (as the penultimate task) before being tested on the slowed goal-neglect 

task as the last task.  The other five patients were tested on the slowed goal-neglect 

task (as the penultimate task) before being tested on the standard goal-neglect task as 

the last task.  The inspection time task was administered immediately prior to the 

administration of the goal-neglect tasks. 

The group of ten normal undamaged controls that were identified and 

selected for Study 1 were administered the inspection and goal-neglect tasks in the 

same session they were tested on the executive function tasks.  This was the (second) 

session that was arranged after they had been administered the psychometric 

intelligence tests (i.e. NART, WAIS-R, Culture Fair Intelligence Test).  After the 

participants had been administered the WCST, verbal fluency and Stroop test, they 

were tested on the inspection time task.  Five participants were then tested on the 

standard goal-neglect task (as the penultimate task) before being tested on the slowed 

goal-neglect task as the last task.  The other five participants were tested on the 

slowed goal-neglect task (as the penultimate task) before being tested on the standard 

goal-neglect task as the last task.   
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The administration of the intelligence tests, executive function tasks, and 

inspection time task reflects a simple one-way ANOVA design, with an independent, 

between groups factor.  Table 12 displays the IQ and executive function 

characteristics of the groups.  

 

Table 12. Cognitive characteristics of participants. 

 FTD 
(n=10) 

AD 
(n=8) 

Controls 
(n=10) 

Low g  
(n=15) 

 
NART IQ 

 
110 (12) 

 
104 (8) 

 
109 (11) 

 
- 

 
Culture Fair Intelligence Test IQ 

 
84 (23) 

 
62 (17) 

 
112 (15) 

 
67 (10) 

 
WCST - categories achieved 

 
3.7 (1.9) 

 
3.4 (2.1) 

 
5.6 (0.8) 

 
- 

WCST - errors 66.4 (27.8) 66.7 (24.0) 32.3 (20.4) - 
WCST- perseverative errors 35.0 (26.8) 39.9 (17.1) 9.8 (6.0) - 
Verbal Fluency 20 (10) 29 (10) 34 (12) - 
Stroop 
 

2.2 (0.4) 2.3 (0.7) 1.4 (0.8) - 

 

 

There was no significant difference between groups on a measure of 

premorbid IQ, F(2, 25) = 2.04, p = .15; effect size (eta squared) = .14, power = .38.  

This suggests FTD and AD patients had a level of intellectual functioning consistent 

with that of the matched controls prior to the onset of disease.  

 There was a significant Culture Fair Intelligence Test IQ difference between 

groups, F(3, 39) = 17.13, p < .01, eta squared = .57, power = 1.00.  The IQs of both 

patient groups and the group of low g normal undamaged adults were significantly 

lower in comparison to the normal control group.  The mean IQ of the group of AD 

patients was also significantly lower than the mean IQ of the FTD patient group.   

Performance on the tests of executive function were also analysed with a 

series of one-way ANOVAs and Scheffe post-hoc tests.  There were significant 

group differences on all three variables of the WCST.  The number of categories 

achieved differed significantly between groups, F(2, 23) = 4.6, p = .02, effect size 
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(eta squared) = .29, power = .72, with the AD patients completing fewer categories 

than the control subjects.  The number of errors made also differed significantly 

between groups, F(2, 23) = 6.22, p < .01, effect size (eta squared) = .35, power = .85, 

with AD patients and FTD patients making more errors than the controls.  Similarly, 

the number of perseverative errors differed significantly between groups, F(2, 23) = 

6.90, p < .01, effect size (eta squared) = .38, power = .89, with AD patients and FTD 

patients making more perseverative errors than the controls.  

On the Verbal Fluency test, there was no significant difference in the number 

of words recalled between groups, F(2, 23) = 0.88, p = .40, effect size (eta squared) = 

.05, power = .50.  

On the Stroop, AD patients were found to be the source of the significant 

group difference in performance, F(2, 23) = 4.42, p = .02, effect size (eta squared) = 

.28, power = .70.  Performance on the several tests of executive function suggest 

FTD and AD patients were indeed compromised in their frontal lobe functioning.  

The administration of the goal-neglect tasks reflects a 4 x 2 split-plot (mixed) 

ANOVA design.  There is a repeated measures factor on the goal-neglect tasks (with 

two levels – standard and slowed) and an independent groups factor (with four levels 

– FTD, AD, normal group, low g group).  The performance of the groups on these 

tasks is analysed in the next section. 

 

3.2.3 Results 

 

The results are presented in three sections.  The first section presents a thorough 

analysis of performance of the participants in the four groups on the standard and 

slowed goal-neglect tasks.  The aim is to see whether slowing the goal-neglect task 
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improves the performance of low g adults but makes no difference to FTD patients 

(i.e. hypotheses 1 and 2).  

In the second section, an analysis of inspection time task performance of the 

four groups is presented.  The aim is to see whether the speed operating 

characteristics of low g undamaged adults and FTD patients are consistent with what 

is predicted by speed theories of g (i.e. hypotheses 3 and 6).  

The third section contains the direct test of the double dissociation between 

FTD patients and undamaged low g adults on the goal-neglect and inspection time 

tasks (i.e. hypotheses 4 and 5).  

 

3.2.3.1 Goal-neglect tasks  

 

As discussed, the goal-neglect task involves three steps.  On each trial of the task, 

participants first have to attend to one column of stimuli as instructed (i.e.“WATCH 

LEFT” or “WATCH RIGHT”).  Participants are then required to call out letters, 

ignoring numbers.  Third, participants have to switch to the other column of stimuli, 

or stay on the same side they initially attended to, depending on the presentation of a 

specific cue.  It is this third requirement – the ability of the participant to organize 

their behaviour in a goal-directed manner by responding correctly to the “+” or “−” 

cue – that is the dependent variable of central interest.  Participants who do not 

“switch” or “stay” appropriately are considered to have failed the trial.  The number 

of “valid” failed trials in a sub-block then determines whether the sub-block has been 

failed or not.  The number of failed sub-blocks, or the goal-neglect task score (0 to 

3), reflects the degree of goal-neglect exhibited by the participant.  
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But as indicated earlier, participants can fail trials because they make 

“invalid” errors, such as initially attending to the wrong side, or calling out numbers.  

A participant’s goal-neglect task score may therefore comprise sub-blocks that have 

been failed for non goal-neglect reasons.  To ensure that any failed sub-blocks 

exhibited by a participant reflected an inability to respond appropriately to the cue 

(i.e. “valid” errors indicative of goal-neglect) rather than because they didn’t perform 

the task correctly in terms of the first two task requirements (i.e. “invalid” errors), an 

analysis of the first part of each trial for each participant was undertaken.  The aim of 

this pre-cue analysis was to 1) identify and delete the data of the participants who 

failed any sub-block because of “invalid” errors, and 2) just see how many “invalid” 

error trials there were for the participants who produced a valid goal-neglect task 

score.   

 

Pre cue analysis 

 

The data of one FTD patient and three AD patients were deleted from analysis.  

These three patients did not understand what to do, reflected in their inability to 

repeat the task instructions and their total unresponsiveness when the practice trials 

were run.     

All remaining FTD and AD patients and participants in the two control 

groups had their goal-neglect task performances examined trial by trial.  No one else 

was identified as having failed a sub-block because they had failed trials by making 

“invalid” errors.   

Table 13 displays the number of “invalid” errors made on trials for the 

remaining participants.  Clearly, participants in the control and low g groups had 

little trouble properly following the initial two task instructions.  They made very 
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few “invalid” errors on the trials of both the standard and slowed goal-neglect tasks.  

In comparison, FTD and AD patients made more “invalid” errors, particularly on the 

standard task. 

  

 

Table 13. The number and percentage of “invalid” errors made on trials on the standard and 
slowed goal-neglect tasks by participants in each group who performed the goal-neglects tasks 
validly. 

  
Group 

  

FTD 
(n=9) 

AD 
(n=5) 

Controls 
(n=10) 

Low g  
(n=15) 

Standard     
 
Missed completely  

 
8 (7.4%) 

 
1 (2.0%) 

 
2 (1.6%) 

 
5 (3.0%) 

Letters reported from incorrect side 4 (3.7%) 3 (5.0%) 0 9 (5.0%) 
Letters reported (equally) from both sides 3 (2.7%) 2 (3.3%) 0 0 
Numbers reported 3 (2.7%) 11 (18.3%) 0 0 
 
Total errors 
 

 
18 (17.0%) 

 
17 (28.3%) 

 
2 (1.6%) 

 
14 (8%) 

Slowed     
 
Missed completely  

 
4 (3.7%)  

 
3 (5.0%) 

 
0 

 
8 (4.0%) 

Letters reported from incorrect side 1 (0.9%) 4 (6.6%) 0 0 
Letters reported (equally) from both sides 2 (1.9%) 1 (2.0%) 0 1 (0.5%) 
Numbers reported 0 10 (16.6%) 1 (0.8%) 0 
 
Total errors 
 

 
7 (6.5%) 

 
18 (30.0%) 

 
1 (0.8%) 

 
9 (5.0%) 

 

   

 

To test whether the number of errors made differed significantly between 

groups for each task, a 2 x 4 split-plot ANOVA was performed.  There was one 

independent between-group factor with four levels (i.e. AD, FTD, low g, normal 

controls) and one repeated measures within-group factor (i.e. standard task, slowed 

task).  There was no main effect of Task, F(1, 21) = 3.31, p = .08, effect size (eta 

squared) = .14, power = .41.  There was a main effect of Group, F(2, 21) = 4.33, p = 

.03, effect size (eta squared) = .29, power = .69.  The AD patients produced 
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significantly more errors than the normal controls.  These results suggest AD 

patients had difficulty understanding the goal-neglect tasks but this did not affect the 

performance of the frontal patients and controls.  There was no significant 

interaction, F(2, 21) = 1.62, p =.22, effect size (eta squared) = .13, power = .30. 

 

Failed sub-blocks 

 

To examine whether frontal patients and low g undamaged adults share the common 

tendency of goal-neglect as identified by Duncan et al. (1996, 1997), the number of 

(validly) failed sub-blocks exhibited by the groups was analyzed.  To recap, if a 

participant fails to respond correctly to the cue on at least one trial that requires them 

to switch and one trial that requires them to stay, he or she scores a failed sub-block.  

This score reflects the degree of goal-neglect exhibited by the participant.  For 

example, participants who score three failed sub-blocks are considered to display 

complete goal-neglect.  

Table 14 shows the distribution of failed sub-blocks for each group on both 

the standard and slowed conditions of the goal-neglect tasks.  Seven (78%) of the 

nine FTD patients failed all three sub-blocks with two (22%) patients failing two 

sub-blocks.  The performance of FTD patients on the slowed task was also poor.  

The seven patients who displayed complete goal-neglect on the standard task also 

failed all three sub-blocks on the slowed task.  The two patients who failed two sub-

blocks on the standard task improved their performance by failing only one sub-

block on the slowed task.  All five patients (100%) with AD displayed complete 

goal-neglect on both the standard and slowed tasks.   
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Table 14. Distribution of the number of patients who failed 0, 1, 2 
or 3 sub-blocks on the standard and slowed goal-neglect tasks for 
each group. 

                                                 Sub-blocks 
Condition 
 

0 1 2 3 

Standard  
 
FTD (n=9) 
AD (n=5) 
Low g (n=15) 
Controls (n=10) 
 

 
 

0 
0 
3 
4 
 

 
 
0 
0 
2 
3 
 

 
 

2 
0 
3 
0 
 

 
 

7 
5 
7 
3 
 

Slowed  
 
FTD (n=9) 
AD (n=5) 
Low g (n=15) 
Controls (n=10) 

 
 

0 
0 
7 
7 

 
 
2 
0 
2 
2 

 
 

0 
0 
6 
0 

 
 

7 
5 
0 
1 

 

 

 

 The distribution of failed sub-blocks on the standard task for the control 

group was bi-modal.  Four (40%) controls did not fail any sub-blocks while three 

(30%) displayed complete goal-neglect.  Three (30%) other controls failed only one 

sub-block.  On the slowed task, only one control (10%) displayed complete goal-

neglect.  Two controls (20%) failed only one sub-block while seven (70%) did not 

fail any sub-block.  

 Compared with 47% of low g participants failing all three sub-blocks on the 

standard task, such complete task failure was not exhibited by any of these 

participants on the slowed version of the task.  Indeed, there was more than double 

the number of low g participants who did not fail any sub-block on the slowed task 

compared to the standard task. 

  Figure 4 shows the mean number of failed sub-blocks for each group on both 

versions of the goal-neglect task.  A 4 x 2 split-plot (mixed) ANOVA was used to
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Figure 4 . Mean number of failed sub-blocks on the standard and slowed goal-neglect tasks for 
each group. 

 

 

analyze the data.  There was one independent (between groups) factor with four 

levels (i.e. AD, FTD, Low g group, normal group) and one repeated measures 

(within groups) factor (i.e. standard task, slowed task).  There was a main effect of 

task, F(1, 35) = 8.55, p = .01, eta squared  = .5, power = .81, with the entire group of 

patients and controls (N = 39) displaying a significantly higher number of failed sub-

blocks on the standard task (M = 2.2, SE = 0.2) than on the slowed task (M = 1.7, SE 

= 0.2).  There was also a main effect of group, F(3, 35) = 11.67, p < .001, eta 

squared  = 1.0, power = 1.00.  Using Scheffe post-hoc tests, the comparisons of 

mean differences in performance between several groups were significantly 

different: AD patients (M = 3.0, SE = 0.4) and controls (M = 0.9, SE = 0.3); AD 

patients and low g participants (M = 1.4, SE = 0.2); FTD patients (M = 2.7, SE = 
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0.3) and controls; FTD patients and low g participants.  The latter finding is of 

particular theoretical importance.  It suggests that goal-neglect is not a strong 

characteristic of low g adults.  This is contrary to Duncan’s et al. (1996) research 

where low g adults exhibited a high number of failed sub-blocks.  The interaction 

was not significant, F(3, 35) = 2.06, p = .12, eta squared = .42, power = .48. 

Table 15 displays the magnitude of performance differences between groups on the 

standard and slowed conditions of the goal-neglect task in the form of effect sizes 

and percentages of overlap in the distribution of failed sub-blocks.   

 

 

Table 15. Cohen’s d effect sizes and percentages of overlap in the 
distribution of failed sub-blocks between groups on the standard and 
slowed conditions of the goal-neglect task. 

  
FTD 

 
Low g  

 
Controls 

 
 Standard task 
 
AD 

 
 

0.1 
(92%) 

 

 
 

1.7 
(25%) 

 
 

2.7 
(10%) 

FTD  0.7 
(57%) 

1.0 
(45%) 

 
Low g    0.6 

(62%) 
 

 Slowed task 
 
AD 

 
 

1.0 
(45%) 

 
 

4.3 
(< 2.0)* 

 
 

5.1 
(< 2.0)* 

 
FTD  1.8 

(23%) 
2.2 

(16%) 
 

Low g    0.4 
(73%) 

 
Note. The OL% appears in parenthesis. 

*Clinical marker criterion (d ≥ 3.0, OL% < 7.2) 
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On the standard task, the percentage of overlap in the distribution of the 

number of failed sub-blocks between the group of FTD patients and the group of low 

g adults suggests that only approximately half of the participants in each group had 

similar scores (i.e. 57% overlap).  This suggests that the phenomenon of goal-

neglect, a strong characteristic of all frontal patients, was not a characteristic 

displayed by all low g adults.  The counternull value associated with the obtained 

effect size (i.e. counternull = 2 x ESobtained = 2 x 0.7 = 1.4) indicates that the degree 

of overlap in the number of failed sub-blocks between groups could be as little as 

32%.  Moreover, the percentage of overlap in the distribution of the number of failed 

sub-blocks on the standard goal-neglect task between the low g adults and the 

normal control group suggests the majority of participants in each group display 

similar non goal-neglect performance characteristics (i.e. d = 0.6, OL% = 62).  The 

associated counternull effect size (1.2) suggests that no less than 38% of low g and 

normal adults could be expected to display numbers of failed sub-blocks that are 

different from each other. 

On the slowed goal-neglect task, the percentages of overlap in the number of 

failed sub-blocks between FTD patients and low g adults associated with the 

obtained and counternull effect sizes (1.8 and 2.6, respectively) are also of the 

magnitude that suggests goal-neglect is not a strong characteristic of low fluid g 

undamaged adults (i.e. 23% and 10.7%, respectively).  Furthermore, the 34% change 

in degrees of non-overlap between the two groups on the two tasks suggests some 

participants in the low g group responded to the slowing of the task with improved 

performance.  Furthermore, the degree overlap between the low g adults and the 

normal control group on the slowed task suggests the majority of participants in each 

group display similar non goal-neglect performance characteristics.  
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3.2.3.2 Inspection time task 

 

Figure 5 displays individual inspection times for each FTD and AD patient and each 

control.  The inspections times Patients AD7 (255 ms) and AD8, (454 ms) were 

identified as outliers and subsequently deleted from analysis.  The mean inspection 

times for each group have also been labelled.  There was a significant mean 

inspection time difference between groups, F(3, 37) = 10.08, p < .001, eta squared = 

.80, power = .91.  Scheffe post-hoc tests were used to identify which specific groups 

were significantly different from each other.  The group of AD patients had 

significantly longer inspection times (M = 98, SD = 29) compared to the group of 

FTD patients (M = 57, SD = 16).  The group of FTD patients and normal control 

group (M = 67, SD = 11) had significantly shorter inspection times in comparison to 

the low g group (M = 98, SD = 22).  There was no significant difference between the 

FTD patient and normal control groups.  The latter results suggest speed of 

information processing of the FTD patients is similar to that of their age and IQ 

matched (undamaged) controls but faster than undamaged adults from the lower end 

of the g distribution.   

Table 16 displays the effect size estimates and percentages of overlap in the 

distributions of inspection times between groups. Of theoretical importance, the 

percentage of overlap in the distribution of inspection times between the group of 

FTD patients and the group of low g undamaged adults is quite small (i.e. 15.7%).  

The majority of FTD patients have inspection times unlike that of low g undamaged 

adults.  The counternull value associated with the obtained effect size (i.e. 

counternull = 2 x ESobtained = 2 x 2.2 = 4.4) indicates that it is equally probable that 
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Figure 5. Individual inspection times for each AD and FTD patient and low g and control participants.

Mean IT AD = 98 ± 29ms 

Mean IT controls = 67 ± 11ms 

Mean IT FTD = 57 ± 16ms 

Mean IT low g = 98 ± 22ms 

Participant 
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the degree of overlap in inspection times between the two groups is only 0.3%.  This 

value clearly exceeds Zakzanis’ (2000) benchmark heuristic and indicates FTD 

patients are completely distinguishable from low g undamaged adults on the basis of 

inspection time. 

 

 

Table 16. Effect sizes and percentage of overlap (OL%) in distribution 
of inspection times between groups. 

 
               FTD           Low g     Controls  
 
  AD       1.8    0         3.4 
     (22.6%)           (100%)           (4.7%)*   
      
  FTD                 2.2         0.6  
                (15.7%)           (61.8%) 
 
  Low g                                  1.5 
            (29.3%) 
                         

Note. The OL% appears in parenthesis. 

*Clinical marker criterion (d ≥ 3.0, OL% < 7.2) 

 

3.2.3.3 Testing for differential deficits and dissociations  

 

Figures 6 and 7 illustrate the performances of the group of FTD patients on the goal-

neglect and inspection time tasks relative to the performances of the low g group on 

the same tasks.  The AD patient and control groups have also been included.  The 

pattern of performance suggest the presence of double dissociations on the goal-

neglect and inspection time tasks between the group of FTD patients and group of 

low g adults.  The FTD patients display high numbers of failed sub-blocks on both 

goal-neglect tasks but have short (fast) inspection times whereas the low g control
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Figure 6. Mean group levels of performance (Z scores) on the STANDARD goal-neglect and 
inspection time tasks. 
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Figure 7. Mean group levels of performance (Z scores) on the SLOWED goal-neglect and 

inspection time tasks. 
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have long (slow) ITs but fewer failed number of sub-blocks on both goal-neglect 

tasks.   

The presence of a double dissociation was directly tested by determining 

whether 1) the deficits FTD patients displayed on the goal-neglect tasks qualified as 

differential deficits, and 2) the deficit displayed by low g adults with undamaged 

brains on the inspection time task also qualified as a differential deficit.  Crawford’s 

PC program diffde.exe was used for this analysis.  The program was developed to 

perform Baron and Treiman’s (1980) method for testing whether two non-

independent correlations differed significantly from each other Table 17 displays the 

point-biserial correlations between group membership (FTD or control) and scores 

on the standard and slowed goal-neglect and inspection time tasks as well as the 

correlations between the tasks – data necessary to run the diffde.exe program.  

 

Table 17. Correlations between standard and slowed goal-neglect tasks and 
the inspection time task and with group membership (FTD versus control). 

 2 3 4 
 
1. Group Membership (FTD or control) 

 
-.64*** 

 
-.76* 

 
.28 

2. Standard goal-neglect task  .80 -.37 
3. Slowed goal-neglect task   -.35 
4. Inspection time task    
    

 
*p < .001, two-tailed. 

 
 
 

The absolute correlation between group membership (FTD or control) and the 

number of failed sub-blocks on the standard goal-neglect task was larger than the 

correlation between group membership and inspection times.  This difference was 

statistically significant; t(16) = 2.71, p = .016.  Similarly, the difference between the 

correlations of group membership and the number of failed sub-blocks on the slowed 
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goal-neglect task and group membership and inspection time was also significant; 

t(16) = 3.38, p = .003.  Such findings indicate that both goal-neglect tasks were 

significantly more sensitive to group differences than the inspection time task.  In 

other words, FTD patients displayed a single dissociation, or differential deficit, on 

the goal-neglect tasks. 

Table 18 displays the point-biserial correlations between group membership 

(low g or control) and scores on the standard and slowed goal-neglect and inspection 

time tasks as well as the correlations between the tasks.  The correlation between

  

 

Table 18. Correlations between standard and slowed goal-neglect tasks and 
the inspection time task and with group membership (low g versus control). 

 2 3 4 
 
1. Group Membership (low g or control) 

 
.29 

 
.22 

 
   .60** 

2. Standard goal-neglect task      .53** .22 
3. Slowed goal-neglect task   .35 
4. Inspection time task    
    

**p < .001, two-tailed 
 
 
 
 

group membership (low g or control) and inspection time was larger than the 

correlation between group membership and the number of failed sub-blocks on the 

standard goal-neglect tasks.  The difference, however, was not significant, t(22) = 

1.39, p = .18.  In contrast, the difference between the correlation of group 

membership and inspection time was significantly different from the correlation 

between group membership and the number of failed sub-blocks on the slowed goal-

neglect task, t(22) = 3.85, p = .039.  The data suggests low g adults display a 

differential deficit in inspection time. 
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3.2.4 Discussion 

 

An important part of the empirical foundation for Duncan’s hypothesis was his 

finding that frontal lobe damage adults with impaired fluid g and undamaged adults 

from the low end of the g distribution shared a tendency towards a breakdown in the 

organization of goal-directed behaviour, or goal-neglect.  The main aim of this study 

was to test the hypothesis that frontal damaged adults do indeed exhibit impaired 

goal-directed behaviour (i.e. goal-neglect), which is the basis of their impaired 

performance on tests of fluid g, but that the link between fluid g and goal-neglect in 

undamaged adults is based on a speed of information processing confound that 

influences performance on the task used to measure goal-neglect.  If so, this would 

suggest that the basis of (low) fluid g in undamaged adults is not underpinned by the 

same mechanism that appears to be the basis of low fluid g in frontal patients.   

Consistent with Duncan’s et al. (1996) findings, patients with damage to the 

prefrontal cortex in this experiment performed poorly on the standard goal-neglect 

task, displaying complete goal-neglect.  Irrespective of the etiology of frontal lobe 

damage, be it as a result of a neurodegenerative disease localized to the frontal and/or 

anterior temporal lobes performed (i.e. FTD), relatively pure frontal lesions (Duncan 

et al., 1996), closed-head injuries (Duncan et al., 1997), or Alzheimer’s disease (a 

disease that primarily affects the hippocampus and temporal lobes but nevertheless 

affects the frontal lobes and various parts of the complex system of frontal cortical 

and subcortical connections), goal-neglect was a strong feature of these patients.  On 

the basis of such results, it can therefore be concluded that to the extent that the 

(standard) goal-neglect task is a simple behavioural measure of goal-directed 

behaviour, this cognitive process is closely associated with the frontal functioning.  
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In contrast to Duncan’s et al. (1996) findings, and contrary to his statement 

that a deficit in goal-directed behaviour “is hardly ever seen among people whose 

Culture Fair scores are above the population mean but is almost universal at more 

than one standard deviation below the mean” (Duncan, 1995, p.176), goal-neglect 

was not a strong characteristic of the low g participants in this study.  The mean 

number of failed sub-blocks displayed by the group of low g adults on the standard 

goal-neglect task was significantly fewer than that exhibited by the group of FTD 

patients but similar to the number of failed sub-blocks displayed by the group of 

normal non-frontal damaged controls.  Furthermore, the percentages of distribution 

in overlap in the number of failed sub-blocks displayed between the low g and FTD 

groups (associated with the obtained and counternull effect sizes) indicated that no 

more than approximately half of participants in each group displayed similar goal-

neglect characteristics.  Moreover, no less than 38% of low g and normal non-frontal 

damaged adults are indistinguishable from each other on standard goal-neglect task 

performance.  This suggests low g adults do not have an impairment in a specific 

executive function of the frontal lobes. 

To show, as predicted, that the performance of low g adults significantly 

improved on the slowed task whereas the performance of the FTD patients remained 

equally poor as their standard goal-neglect task performance also supports this 

conclusion.  If low g adults are impaired in this specific executive function 

responsible for the organization of goal-directed behaviour because of a “deficit” in 

the neuroanatomy that subsumes this cognitive process, then such participants should 

display goal-neglect on any version of the goal-neglect task, in the way that frontal 

patients do.  This was not the case.  This suggests individuals with low fluid g levels 

performed more poorly on the standard task for reasons other than being due to a 
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frontal deficit.  In contrast, slowing the goal-neglect task did little to improve the 

performance of FTD patients.  The FTD patients maintained displaying goal-neglect 

despite the speed of information processing influence on the task being removed. 

Such a finding also suggests that the hypothesized factor that was responsible 

for low g adults performing poorly on the standard goal-neglect task was the fast 

presentation rate of stimuli.  The inspection times of the low g adults were 

significantly longer than the group of control participants which suggests their speed 

of information processing capabilities were indeed slow.  Indeed, the inspection 

times and hence speed of information processing characteristics of the low g 

undamaged adults appear similar to the patients with AD who are thought to suffer 

from a generalized slowing of processing speed.  Therefore, slowing the presentation 

rate of the goal-neglect stimuli without altering the specific task requirements 

“allowed” the low g participants to perform the necessary cognitive operations that 

were needed to produce successful task performance.  

The cognitive separability of low g adults and frontal patients suggests a 

reconciliation of the contrasting executive function and speed of information 

processing theories of g.  Although both groups displayed low fluid g, the groups of 

frontal patients and low g adults exhibited opposite profiles on the two contrasting 

cognitive domains.  Specifically, frontal damage is strongly associated with a deficit 

in the organization of goal-directed behaviour and not significantly associated with a 

speed of information processing deficit.  In contrast, low g was associated with a 

large speed of information processing deficit but not associated with a deficit in the 

organization of goal-directed behaviour.  Clearly, the double dissociation found in 

this chapter suggest that there are two dimensions to g – one related to executive 

functions and the other to speed of information processing.   
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Chapter 4: Studies 3 and 4 

 

In this chapter, a description of two cognitive developmental studies that investigate 

the intellectual (i.e. crystallized g and fluid g), executive function, and speed of 

information processing characteristics of a large group of primary school-aged 

children with varying ages, IQs, and stages of cognitive development will be 

provided.   

The first study was correlational and represented an attempt to dissociate the 

relevant cognitive factors that contribute significantly to performance on a test of 

fluid g.  A series of hierarchical multiple linear regressions was used to determine 

how well performance on the executive function and speed of information processing 

tasks accounted for individual differences in and the development of performance on 

the Culture Fair Intelligence Test of fluid g.  The aim was to see whether the 

development of g had its basis in executive functions while individual differences in 

g had its basis in speed of information processing, as hypothesized by Anderson’s 

theory of the Minimal Cognitive Architecture.  

The second study was experimental (rather than correlational) and tested the 

idea that Duncan’s executive function theory of individual differences in g mapped 

directly onto cognitive developmental theories of g.  This was done by seeing 

whether the performances of children on the standard and slowed goal-neglect tasks 

differentially related to individual differences and/or developmental changes in 

performance on a test of fluid g.  Specifically, the aim was to see whether goal-

neglect was a developmental phenomenon and linked directly to developmental 

changes in g, which would support the idea that Duncan’s theory of individual 
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differences in g is correct for the developmental dimension.  Another aim was to 

again see whether any relationship between individual differences in g and goal-

neglect task was based in a speed of information processing confound that influenced 

performance on the standard goal-neglect task. 

 

4.1 Study 3: Individual differences in g, the development of g, executive 

functions, and speed of information processing in primary school aged children 

 

4.1.1 Introduction 

 

Traditionally, individual differences and development changes in intelligence have 

been studied separately.  Each field has been considered essentially incomparable, 

being either complementary or mutually exclusive (Andrich & Styles, 1991).  If 

studying individual differences in g, you studied the mechanisms purported to 

underlie it. If studying developmental changes in g, then you studied how these 

mechanisms change with age.  Until Anderson’s theory of the minimal cognitive 

architecture was advocated, there was no theoretical reason to suppose that these two 

main conceptions, or variations, of g were theoretically separable dimensions.  

 With this theory in mind, it may be possible to directly test the idea that 

executive functions map onto the developmental dimension and speed of information 

processing maps onto the individual differences dimension by testing a large group 

of children with varying chronological ages, IQs, and stages of cognitive 

development on a range of standardized tests of intelligence, psychometric executive 

functions tasks, and speed of information processing tasks.  A series of hierarchical 

multiple linear regressions would then determine whether executive function or 
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speed of information processing tasks are better predictors of individual differences 

in performance on the Culture Fair Intelligence Test (i.e. IQs) and/or developmental 

changes in performance on the Culture Fair Intelligence Test (i.e. raw scores).  If 

individual differences in g are be found to be solely based in speed of information 

processing characteristics of cognition and the development of g is found to be solely 

based in executive functions, then two main predictions follow: 

 

• Prediction 1: Performance on the inspection time and reaction time tasks 

(but not executive function tasks) will account for a significant amount of 

explanatory variance in Culture Fair Intelligence Test IQs beyond the 

variance accounted for by performance on any other tasks 

•  Prediction 2: Performance on the executive function tasks (but not speed 

of information processing tasks) will account for a significant amount of 

explanatory variance in Culture Fair Intelligence Test raw scores beyond 

the variance accounted for by performance on any other tasks. 

 

4.1.2 Method 

4.1.2.1 Participants 

 

In this study, children from local Perth metropolitan primary schools were invited to 

participate in a day of activity during their school holidays.  Parental or guardian 

consent was obtained for 116 children (60 males, 56 females) who were given a 

range of psychometric tests and computer tasks on the day that they attended.  Table 

19 displays the sample characteristics.  All children had normal or corrected vision.  
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Table 19. Number of children and age distributions in each group. 

Age group Mean age (years) S.D. age (years) Min. – Max. age n 
 

6-year olds 
 

6.80 
 

0.11 
 

6.67 – 6.91 
 
6 

7-year olds 7.25 0.26 7.00 – 7.91 31 
8-year olds 8.52 0.32 8.00 – 8.91 19 
9-year olds 9.45 0.34 9.00 – 9.91 23 
10-year olds 10.52 0.25 10.08 – 10.91 19 
11-year olds 

 
11.29 0.25 11.00 – 11.67 18 

 

 

4.1.2.2 Apparatus, Materials and Procedure 

 

Each day of testing was divided into four time periods similar to that of a typical 

school day: from arrival in the morning to morning recess (9:30 am – 10:30 am); 

between morning recess and lunchtime (11:00 am – 12:30 pm); after lunch to 

afternoon recess (1:15 pm – 2:00 pm); afternoon recess to home time (2:15 pm – 

3:30 pm).  Testing occurred during these intervals. 

 

Inspection Time tasks 

 

The administration of the computer-based inspection time tasks occurred in the first 

period of the morning.  The tasks were administered as a group activity to four 

children in a fixed order: the standard inspection time task followed by a modified 

inspection time task4.  The children were informed that some of the aliens would try 

to be even “trickier” and would present themselves upside down before hiding 

                                                 
4 The modified inspection time task was a newly developed task pilot tested in a series of experiments 
unrelated to this thesis.  Its development was an attempt to produce an even “purer” measure of speed 
of information processing. 
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behind their shield.  The children were told they still had to try and determine if the 

antennae of these aliens were the same or different 

Each child was seated in front of a 486DX personal computer with a 14-inch 

VGA monitor.  A keyboard was present for use of the researcher to load programs, 

save and retrieve data.  A purpose built button-box sat on the table in front of the 

monitor and was used by the child for his or her responses.  For the each task, the 

children were told the game they were about to play involved “aliens”.  On an 

overhead projector, the children were shown the four different aliens (IT stimuli).  

They were told that their task was to determine which aliens had antennae that were 

the same length and those that had different length antennae, and that they had to do 

this before the aliens hid themselves behind a shield (i.e. the mask).  They were told 

to do this by pressing the blue button for the “same” aliens and red button for the 

“different” aliens.  For the modified inspection time task, the children were informed 

that some of the aliens would be even “trickier” and would present themselves upside 

down before hiding behind their shield.  The two IT tasks took the majority of 

children between 20 to 25 minutes to complete. 

 

Reaction time task 

 

The computer based RT task was also introduced and administered to four children 

as a group activity on the same computers used to run the IT tasks.  The children 

were told that this task was exactly the same as the alien tasks (IT tasks) they had 

played earlier, except for two important differences.  The children were told that 1) 

the four different aliens would not try to hide behind their shields (the mask) and 

would stay on the computer screen until they shot them and 2) they had to try and 
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shoot the aliens as quickly as possible by pressing either the blue button (if the 

antennae were same in length) or the red button (if the antennae were different in 

length).  The RT task took the majority of children approximately 10 minutes to 

complete. 

 

Intelligence tests  

 

The Culture Fair Intelligence test was administered as a group activity to four 

children at a time in a separate room.  Each child was seated at a separate table with 

one test protocol, two pencils and an eraser in front of them.  The children were read 

out the test instructions verbatim from the test manual.  The children completed the 

task in 15 minutes.  

The WISC-III was administered to each child individually in two 30 minute 

sessions lasted according to the standardized instructions published in corresponding 

test manuals.  

  

Executive Function tasks 

 

The WCST, Verbal Fluency, and Stroop tasks were administered in this order to 

every child individually in one test session that lasted approximately 20-30 minutes.  

The tasks were administered and scored according to the standardized instructions 

published in corresponding test manuals, as described in Chapter 2.  

 

4.1.2.3 Statistical analysis 
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Hierarchical multiple regressions were used as the main type of analysis to determine 

which of the speed and executive function tasks better accounted for individual 

differences or developmental changes in performance on the Culture Fair 

Intelligence test.  With hierarchical multiple regression, the independent variables are 

entered in different steps.  The regression reveals how well each independent 

variable predicts the dependent variable, controlling for all the other independent 

variables in the regression equation.  If independent variables are added to the 

regression on different steps, one can determine whether there is a significant 

increase in predictive power from adding a particular variable into the equation 

(Tabachnick & Fidell, 1989).  For example, if speed of information processing is 

uniquely and independently associated, or predictive, of IQ, then inspection time, 

when it is added into the regression equation last and after all other independent 

variables have been added to the equation (e.g. age, executive functions), should 

produce a significant incremental change in variance.  

 

4.1.3 Results 

 

The results are presented in three sections. The first section displays the descriptive 

statistics.  In the second section, the steps involved in a principal axis factoring 

(PAF) which was used to prepare the data for the regression analyses will be 

presented.  In the third and final section, the hierarchical regression analysis used to 

identify the underlying factors uniquely associated with individual differences in g 

and the development of g will be presented.  
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4.1.3.1 Descriptive statistics 

 

Table 20 summarizes the cognitive characteristics of the children in the six different 

age-groups.  A series of one-way analyses of variance (ANOVAs) and Scheffé post-

hoc tests were used to identify significant group differences in performance on the 

intelligence tests, executive function tasks, and speed of information processing 

tasks.  

 

Intellectual Characteristics 

 

The mean Wechsler IQ of the entire sample of children (n = 116) suggested the 

majority of children were more intelligent than “average” (M = 113, SD = 13).  

There were no significant Wechsler IQ differences between groups, F(5, 110) = 1.78, 

p = .12, eta squared = .08, power = .60. The mean Culture Fair Intelligence Test IQ 

of the entire sample of children was in the “very superior” range (M = 133, SD = 17), 

1.3 standard deviations above the mean WISC-III IQ of the group.  There were no 

significant Culture Fair Intelligence Test IQ differences between groups, F(5, 109) = 

1.14, p = .34, eta squared = .05, power = .39.  Based on the published reliabilities of 

the tests, the 20 point difference between the Wechsler and Culture Fair IQs is 

significant, z = 1.25, p < .05.  The size and direction of the IQ discrepancy was 

surprising given there is no theoretical reason or empirical evidence to suggest that 

problem solving and reasoning abilities in children are far superior than knowledge 

acquisition and learning skills.  The Flynn effect may be one explanation for the 

higher Culture Fair IQs. The test was published in the early 1970s hence the 

standardization sample is likely to be over 30 years old.  Flynn (1987) showed



 

Table 20. Cognitive characteristics of participants 

    
Age 

 

   

 
Tests 

Six 
(n=6) 

Seven 
(n=31) 

Eight 
(n=19) 

Nine 
(n=23) 

Ten 
(n=19) 

Eleven 
(n=18) 

 
pa 

 
Individual Differences in g 

       

  WISC – III IQ 106 (12) 114 (10) 115 (13) 118 (12) 110 (13) 110 (13) .123 
  Culture Fair Intelligence test IQ 94 (7) 104 (13) 97 (16) 100 (13) 103 (13)c 105 (15) .342 
 
Development of g 

       

  Culture Fair Intelligence test raw score 22.5 (2.0) 26.9 (4.9) 28.5 (5.2) 31.8 (3.9) 32.7 (5.2) 35.3 (4.0) <.001 
 
Executive Functions 

       

  Stroop interference ratio 1.28 (.70)b .92 (.48)h .84 (.58) .60 (.40)e .62 (.30) .70 (.62) .016 
  WISC-III Mazes 14.0 (4.7) 15.1 (4.2)h 16.5 (3.9) 20.0 (4.6) 18.1 (3.5) 19.9 (4.2)  
  Verbal fluency 7.7 (1.9) 9.6 (2.6) 10.8 (2.5) 11.0 (2.1) 11.8 (4.2) 12.5 (2.3) .001 
  WCST – categories achieved 5.2 (1.0) 4.8 (1.4) 4.7 (1.8) 4.8 (1.6)d 5.2 (1.4)c 4.8 (1.8) .01 
  WCST – perseverative responses 24.7 (10.7) 29.3 (14.1) 19.0 (9.6) 20.1 (12.3)d 15.6 (8.6)c 20.2 (14.9) .006 
        
Speed of information processing        
  Standard Inspection Time (ms) 72 (25) 66 (15)g 65 (14) 58 (19) 59 (16) 51 (14) .025 
  Modified Inspection Time (ms) 107 (10) 85 (22)f 70 (21) 66 (18) 70 (20) 69 (21) <.001 
   Reaction Time (ms) 905 (137) 785 (131) 698 (96) 634 (103)d 608 (78) 597 (58) <.001 
        

aANOVA 
bn=5; cn=18; dn=21; en=22; fn=28; gn=29; hn=30  
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that intelligence tests of this type display increases of approximately 3 IQ points 

every decade.   

As expected, clear significant age group differences were displayed in 

Culture Fair Intelligence Test raw scores, F(5, 110) = 13.54, p < .001, eta squared = 

.38, power = 1.0.  The mean number of correct items scored by the 9, 10, and 11-year 

olds were significantly higher than the 6 and 7-year olds.  The mean number 

ofcorrect items scored by the 11-year olds was also significantly higher than the 8-

year olds.  Such results show that with increasing age there are corresponding 

increases in problem solving and reasoning abilities. 

 

Executive Function Characteristics 

 

The data of three children (one 6, 7 and 9-year old) on the Colour-Word Stroop were 

deleted from analysis because these children were unable to do the task and it was 

discontinued.  There was a significant difference in the interference ratio between 

age groups, F(5, 107) = 2.92, p = .016, eta squared = .12, power = .84.  The 6-year 

olds were significantly more affected by the incongruent condition compared to the 9 

and 10-year olds.  

The Wisconsin Card Sorting Test data of five children (three 7-year olds, two 

9-year olds, and one 10-year old) were also deleted from analysis.  These children 

failed to achieve one category with most of the 128 responses being perseverative.  

This raised the question of whether these children had performed the test correctly.  

There was no difference between groups in the number of categories achieved 

suggesting most children, irrespective of age, were able to shift task set, F(5, 104) = 

.26, p = .93, eta squared = .01, power = .11.  However, there was a significant 

difference in the number of perseverative responses made, F(5, 103) = 3.46, p = .006, 
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eta squared = .14, power = .90.  The 7-year olds perseverated significantly in 

comparison to the 10-year olds, suggesting these younger children took longer to 

respond to feedback about their performance. 

On the WISC-III Mazes, one 7-year old failed to complete all 10 mazes. This 

score was deleted from analysis.  There was a significant difference between age 

groups on the ability to negotiate their way through mazes, F(5,114) = 5.80, p<.001.  

The 6- and 7-year olds took more time and made more errors when compared to the 

9- and 11-year olds. 

On the verbal fluency tasks, the generativity of words belonging to the 

categories “animals” and “foods-that-you-can-eat” also significantly differed 

between groups, F(5, 110) = 3.96, p = .001, eta squared = .16, power = .94.  The 6-

year olds generated significantly fewer words than the 11-year olds. 

 

Speed of Information Processing characteristics 

 

Five inspection times and two reaction times were deleted from analysis.  This 

included the performance of two 7-year olds on the standard IT task, three 7-year 

olds on the modified IT task, and the reaction times of two 9-year olds.  There was a 

significant difference between age groups on all tasks: Standard IT: F(5, 108) = 2.68, 

p = .025, eta squared = .11, power = .80; Modified IT: F(5, 107) = 6.29, p < .001, eta 

squared = .23, power = 1.0; RT: F(5, 107) = 17.59, p < .001, eta squared = .45, 

power = 1.0.  Scheffé post-hoc tests identified significant differences in performance 

on the Modified IT task between the 6-year olds and all other age groups and 

between the 7-year olds and 9-year olds.  The reaction times of the 6 and 7-year olds 

were significantly different from all the other age groups.  
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Table 21 displays the correlations between age, IQ, and the executive function and 

speed of information processing tasks.  Age correlated significantly with all tasks 

except the number of categories achieved on the WCST.  This suggests that as 

children grow older, there are developmental changes in fluid g (i.e. higher Culture 

Fair Intelligence Test raw scores), they are better able to inhibit automatic responses 

(i.e. a lower Stroop interference ratio), plan their way through mazes more efficiently 

(i.e. higher WISC-III Maze score), generate more phonemically or semantically 

related words (i.e. greater generativity of words – Verbal Fluency), and make fewer 

perseverative responses (i.e. fewer WCST perseverative responses).  However, it 

appeared that age was not related to the problem-solving component of the WCST 

(i.e. categories achieved) with children of all ages being able to, or equally unable to, 

achieve all six categories (which constitutes completed performance). The significant 

correlations between age and performance on the reaction time and inspection times 

tasks, suggests the speed of information processing characteristics of children 

become quicker with increasing age. 

The correlation between Wechsler and Culture Fair Intelligence test IQs was 

significant.  However, the size of the correlation was modest suggesting that the two 

tests of intelligence tap into different properties of the cognitive system.  

There were no significant correlations between Wechsler or Culture Fair 

Intelligence test IQs and performance on the executive function tasks.  This suggests 

that within a group of children of the same age successful performance on executive 

function tasks is not related to the intelligence of the child.  In contrast, Culture Fair 

Intelligence test raw scores correlated significantly with two executive function 

tasks; WISC-III Mazes, Verbal Fluency, and the number of



 

    

Table 21. Correlation matrix 

 2 3 4 5 6 7 8 9 10 11 12 

 
1. Age 

 
-.09 

 
.11 

 
.62** 

 
-.26**

 
.39** 

 
    .38**

 
.04 

 
   -.30**

 
   -.30**

 
   -.37**

 
  -.65**

            
2. WISC – III IQ  .45** .36** -.06 .27** -.15 .18 -.04 -.04 -.11 -.19* 
3. Culture Fair Intelligence test IQ   .79** 0 .16 .13 .03 -.11 -.08 -.06 -.19* 

            

4. Culture Fair Intelligence test raw score    -.15 .41**    .34** -.07    -.30** -.24* -.27*   -.54**
            
5. Stroop interference ratio     -.12 -.12 .13 .03 .11 .18 .19* 
6. WISC-III Mazes      -.12 -.05 -.09    -.30**   -.28**   -.42**
7. Verbal fluency       .07 -.23 0 -.15   -.41**
8. WCST – categories achieved           -.65** .01 .04 -.05 
9. WCST – perseverative responses         .06 .18   .34**
            
10. Standard Inspection Time (ms)             .47**  .22* 
11. Modified Inspection Time (ms)             .35**
12. Reaction Time (ms)            
            

*p < .05 
**p < .01 
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perseverative responses made on the WCST.  Such data suggests developmental 

changes in fluid g, or between age-group differences in fluid g, are associated with 

developmental changes in executive functions.  There were no significant 

correlations amongst the executive function tasks, which suggests that either the 

executive function tasks are measuring difference executive processes or they are 

unreliable.    

The relationships between IQ and performance on the speed tasks were 

variable.  Inspection time did not correlate with either Wechsler or Culture Fair 

Intelligence test IQ whereas reaction times did. 

Developmental changes in intelligence were related to developmental 

increases in speed of information processing.  Culture Fair Intelligence test raw 

scores correlated significantly with inspection and reaction times.  

 

4.1.3.2 Principal axis factoring 

 

Principal axis factoring (PAF) was used to prepare the data for the regression 

analyses.  The aim was to reduce the number of executive function and speed of 

information processing tasks into fewer variables.  PAF with oblique rotation was 

performed separately on the five executive function tasks and three speed of 

processing information tasks.  PAF was used (as opposed to a principal components 

analysis) because PAF analyses covariance.  That is, only the shared variance 

between tasks is analyzed with the unique and error variance associated with each 

individual task being separated out.  Consequently, PAF is considered to be the 

factor analytic technique of choice for isolating the common (theoretical) structures 

that underpin performance on different tasks.  Since there is an increasing belief in 
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the heterogeneity of executive functions (e.g. Duncan et al., 1997) and a concern 

regarding the validity of test measures (e.g. Rabbitt 1997), and given the lack of any 

significant correlation between the measures used in this study (see Table 4.3), only 

the aspects that were common to each task was of interest.  Regression solutions 

would have been clouded if unique and error variance was also explained in terms of 

a factor. For similar reasons oblique rotation was used.  This form of rotation allows 

factors to take up any position in the factor space so that factors can be correlated 

with each other. This method of factor analysis and rotation is said to “reflect reality” 

(Boone, Ponton, Gorsuch, Gonzalez & Miller, 1998). 

PAF was conducted on the five executive functioning variables.  Two factors 

were extracted.  The final communality estimates showed the three factors explained 

60.4% of variance in the variables.  Following oblique rotation, Verbal Fluency, the 

Stroop interference ratio and WISC-III Mazes loaded highly on factor 1, with the 

number of categories achieved and perseverative errors on the WCST loading highest 

on factor 2.  Table 22 shows the factor loadings (those > .50).   

 
 

Table 22. Rotated factor (PAF) patterns for the five 
executive function measures. 

 Factor 1 Factor 2 
 
Verbal Fluency 

 
  .67 

 
 

Stroop interference ratio -.57  
WISC-III Mazes  .72  
WCST – categories achieved   .91 
WCST - perseverative responses  -.89 
 
Variance explained (%) 
 

 
34.8 

 
25.7 

Note: Only the highest loadings (i.e. > .50) within a column 

are displayed and were used in the interpretation of the 

identity of the factor. 
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Factor 1 may be interpreted as an executive function factor (EF1) associated 

with inhibition, or having to do the tasks at speed.  Factor 2 may be interpreted as 

another executive function factor (EF2) associated with set-shifting or abstraction.   

PAF was also conducted on the three speed of information processing 

variables.  One factor was extracted, so no rotation was performed.  Performances on 

the two IT tasks and RT task loaded highly on the factor (see Table 23) explaining 

56.3% of variance in the variables.  This factor was interpreted as a speed of 

information processing factor. 

 

 

Table 23. Rotated factor (PAF) patterns for the 
three speed of information processing measures. 

 Factor 1 
 
Inspection time (1) 

 
.65 

Inspection time (2)   .75 
Reaction time   .84 
 
Variance explained (%) 
 

 
 56.3 

 

 
 

Table 24 displays the Pearson (r) correlations between age, Culture Fair 

Intelligence test raw scores and IQs, the two executive function factors (EF1, EF2), 

and the speed of information processing factor (SOP).  Age and developmental 

changes in fluid g (i.e. Culture Fair Intelligence test raw score) correlated 

significantly with one executive function factor and the speed of information 

processing factor. EF2 and SOP also correlated with each other.  The correlations 

between IQ and all variables in question were low and not significant.  
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Table 24. Correlations between age, fluid intelligence, and the executive function and speed 
of information processing factors 

 2 3 4 5 6 
 
1. Age 

 
   .62** 

 
.11 

 
.13 

 
    .58** 

 
    -.56**

2. Culture Fair Intelligence test raw score      .79** .16     .46**     -.44**
3. Culture Fair Intelligence test IQ   .06 .14 -.14 
4. EF1     0 -.05 
5. EF2         -.41**
6. SOP      
      

** p < . 001 

 

 

4.1.3.3 Regression 

 

To determine the various unique and predictive relationships age, executive 

functioning and speed of information processing had with both developmental 

changes and individual differences in reasoning ability, a series of regressions were 

performed, as displayed in Table 25.  On regressions 1 and 6, a simple multiple 

regression was performed where all four variables (i.e. age, EF1, EF2, and SOP) 

were entered into the equation simultaneously.  The amount of variance accounted 

for in the criterion variable by all four variables (control variables) is displayed in the 

R2 column.  On regressions 2 to 5, a two-step hierarchical regression was conducted.  

The first step of the regression consisted of entering three variables (the control 

variables) into the equation.  The amount of variance accounted for in the criterion 

variable by the three control variables is displayed in the R2 column.  On the second 

step of the regression, the fourth variable (the predictor variable in question) was 

entered into the equation.  The amount of variance the predictor variable accounted 

for over and above that already accounted for by the control variables is displayed in 

the R2column.  The significance of the change in R2 is provided by the p value. 

 



 

    

Table 25. Regression Analyses 

 
Regression 

number 
 

 
Culture Fair 

Intelligence Test

 
Age 

 
EF1 

 
EF2 

 
SOP 

 

 
R2 

 
R2 

 
p 

         
1 criterion control control control control .412** - - 
2 criterion predictor control control control .290** .123 <.001 
3 criterion control predictor control control .401** .011 .180 
4 criterion control control predictor control .379** .033 .058 
5 criterion control control control predictor .405** .007 .298 
         

6 criterion control control control control .024 - - 
         

Note: Bold type = Culture Fair Intelligence Test raw scores  

Normal type = Culture Fair Intelligence Test IQs  

R2= the variance in the criterion variable accounted for by the control variables 

R2 = the variance the predictor variable accounts for in the criterion variable in addition to the control variables 

** p < .001 
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Predicting developmental change in fluid g 

 

In regressions 1 to 5, Culture Fair Intelligence Test raw scores were used as the 

“developmental” dependent (criterion) variable.  In regression 1, all variables (i.e. 

age, EF1, EF2, and SOP) were entered into the equation simultaneously.  A 

significant 41.2% of variance in Culture Fair Intelligence Test raw scores was 

accounted for.  In regression 2, the two executive function factors and speed of 

information processing factor were regressed on the first step. Together these 

controlvariables accounted for a significant 29% of variance in Culture Fair 

Intelligence Test performance.  In step two, age was entered into the equation.  There 

was a significant 12.3% increment invariance accounted for, suggesting age was a 

unique and independent contributor to Culture Fair Intelligence Test performance 

over and above that accounted for by executive functioning and speed of information 

processing.  This finding also suggests other age-related factors (e.g. memory) 

contribute to developmental changes in fluid g.  In regression 4, the set-shifting, 

abstraction executive function factor (EF2) accounted for a nearly significant 3.3% 

of variance in Culture Fair Intelligence Test performance over and above the 

significant 37.9% initially accounted for by the control variables that were entered 

into the regression equation on the first step.  Speed of information processing and 

the inhibition executive function factor (EF1) did not significantly account for any 

unique variance in Culture Fair Intelligence Test performance, as revealed in 

regressions 5 and 2, respectively.   

 

Predicting individual differences in fluid g 
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In regression 6, all variables (i.e. age, EF1, EF2, and SOP) were entered into the 

equation simultaneously and regressed on Culture Fair Intelligence Test IQs, which 

was used as the “individual differences” dependent (criterion) variable.  A 

nonsignificant 2.4% of variance in IQ was accounted for by all the variables in 

question.  Consequently, no further regressions were performed.   

 

4.1.4 Discussion 

 

It was argued that if the cognitive basis of individual differences in g is solely 

attributable to differences in speed of information processing, then the first step was 

to evaluate the extent to which performances on the processing speed tasks, such as 

inspection time and reaction time, accounted for performance on the Culture Fair 

Intelligence test over and above the executive function and age-related factors that 

also contribute to performance on the fluid g test.  The hierarchical regression 

analysis also served the function of removing the (shared) executive function and 

age-related factors that influence performance on the speed of information 

processing tasks.  Contrary to expectations, even the simple correlations between the 

most valid processing speed measure (i.e. inspection time) and IQ were not 

significant, let alone there being any unique relationship.  Such a finding is contrary 

to the individual differences literature.  As discussed in the introductory chapter, 

there is a long history of research in psychology that demonstrates IT tasks correlate 

with IQ (e.g. see Jensen, 1998, for a review).  In this study, the correlations between 

IT and IQ were not significant; less expectedly they were essentially zero.   

However, consistent with the literature, a significant correlation between 

reaction time and IQ was observed.  The ability to execute a speeded simple motor 

response appears to share some relationship with high-level problem solving and 
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reasoning.  This finding, however, is subject to the longstanding criticisms of such 

reaction time studies. Indeed, when principal axis factoring was used to extract the 

processing speed component of reaction time task performance (that was also 

common to performance on the inspection time tasks) from non-speed factors (i.e. 

unique and error variance), the resulting speed of information processing factor did 

not correlate with either the Wechsler and Culture Fair Intelligence test IQs.  It 

appears the non-speed components of reaction time task performance are the basis of 

the relationship with IQ.  Overall, the findings of this study do not support the 

hypothesis that individual differences in g has its basis in differences in speed of 

information processing.  

As predicted, there was no link between executive functions and individual 

differences in g.  Consistent with the findings of Welsh et al (1991), the only other 

developmental study that has investigated the relationship between IQ and executive 

functions, all of the executive function tasks used in this study were uncorrelated 

with Wechsler IQ (except for, unsurprisingly, the Mazes sub-test of the WISC-III).  

Similarly, there were no significant correlations between executive functions and 

Culture Fair Intelligence test IQs.  The lack of associations between the two 

measures of individual differences in g and executive functions suggest executive 

function is a domain of cognition in normal development which is relatively 

independent of IQ.  

In contrast to the IQ data, the pattern of executive function, processing speed, 

age and developmental changes in g data were more promising.  It was argued that if 

the cognitive basis of developmental changes in g is solely attributable to executive 

functions, then performances on the range of traditional psychometric executive 

function tasks were expected to be uniquely associated with absolute scores, or raw 

scores, on a test of fluid g, but performances on the speed of information processing 
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tasks wouldn’t. Both parts of this prediction were met.  However, only the first part 

appears to have any validity.  

Consistent with a broad range of literature on the development of executive 

functions (e.g. Anderson et al., 1995; Becker et al., 1987; Levin et al., 1991; Passler 

et al., 1985), there were significant correlations between the chronological ages of 

the children in this study and their performances on all the executive function tasks 

administered.  The age-related improvements in executive task performance indicate 

gains in executive functions with increasing age.  

The executive function task performances of the children in this study also 

converge with views that suggest different executive skills develop or emerge at 

different stages of a child’s development (e.g. Welsh et al., 1991).  For example, by 

age 10 the children in this study were displaying adult levels of performance on the 

WCST, a task that measures the executive ability to alter a course of action and adopt 

a new one in response to feedback about the inappropriateness of the initial strategy.  

This finding was first observed by Chelune and Baer (1986) and Welsh et al. (1991).  

In contrast, 9-year olds demonstrated significantly better performance than their 

younger age peers on the Colour-Word Stroop task, which was used to measure the 

executive ability to inhibit an automatically elicited response so that a novel, more 

considered response can be made.  Similarly, the planning abilities of 9-years olds to 

negotiate sets of Mazes were significantly better than the younger children whereas 

best performance on the verbal fluency tasks appeared to be the domain of the oldest 

group of children (i.e. 11-year olds).  

While there were strong parallels between the developmental executive 

function literature and performance of the children on the executive function tasks in 

this study, the attempt to directly link age-related changes in executive function with 

age-related changes in performance on the Culture Fair Intelligence Test was only 
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partially successful.  As argued in Chapter 1, a failing of previous research has been 

the lack of directly establishing whether developmental changes (or impairments) in 

executive functions is directly related to age-related changes in performance on tests 

of intelligence.  In this study, there was no relationship between executive function 

and development changes in fluid g when age (and the functions associated with age 

such as memory, visuospatial and perceptual processing, language, etc.) and speed of 

information processing speed were partialled out of the relationship.  It appears that 

the executive function component(s) that are common to performance on the Stroop, 

Verbal fluency, and Mazes tasks (i.e. one of the executive function factors) share 

little in common with performance on the Culture Fair intelligence test.  There was, 

however, the suggestion that the executive function skills associated with successful 

WCST performance are also associated with the ability to solve harder problem 

solving and reasoning tasks.  

Overall, there was only tentative support for the hypothesis that executive 

functions are the basis of developmental changes in g and not the basis of individual 

differences in g.  The findings of this study do not bear on what role speed of 

information processing plays in individual differences or developmental changes in 

g.  Despite using a methodology that deliberately allowed the interaction of all the 

important variables in question, this statistical attempt to dissociate performances on 

a range of broad and course psychometric tasks (with notorious reliability and 

validity problems) and experimental laboratory-based speed of information 

processing tasks did not produce unambiguous findings that clarified the 

dimensionality issue.  “Substantive hypothesis testing is best approached by 

following an experimental strategy in which the putative casual variables can be 

manipulated by the experimenter rather than merely sampled as they occur in 

participants” (Baddeley, Della Sella, Gray, Papagno, & Spinnler, 1997, p.64).  This 
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is the approach adopted in the next study, which investigates the performance of 

children on the standard and experimentally slowed goal-neglect tasks. 

 

4.2 Study 4: The relationship between individual differences in g and the 

development of g and the organization of goal-directed behaviour in primary 

school aged children 

 
4.2.1 Introduction 

 

In this experimental study, the phenomenon of goal-neglect will be investigated in a 

developmental context.  The aim is to see whether developmental changes in the 

ability to organize behaviour in a goal-directed manner predict developmental 

changes in intelligence.  If so, then this would suggest Duncan’s executive function 

theory of individual differences in g also maps onto executive function theories of 

cognitive development.  If it could also be simultaneously shown that individual 

differences in g are linked to speed of information processing characteristics of 

cognition, then Duncan’s executive function theory of g can be reconciled with speed 

theories of g.  The pursuit of these aims will be done by focusing on the performance 

of children on both the standard and slowed goal-neglect tasks.  

To recap, the standard goal-neglect task was developed as a simple 

behavioural but “pure” measure of a specific frontal lobe function responsible for the 

organization of goal-directed behaviour.  The validity of this task was established in 

the previous chapter.  Patients with frontal lobe damage displayed complete goal-

neglect.  However, the findings of the previous chapter also suggested performance 

on the standard goal-neglect task taxed the speed of information processing 

characteristics of cognition as much as it required intact frontal lobe functioning and 
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executive functions.  In contrast, performance on the experimentally slowed goal-

neglect task appeared to primarily index frontal lobe functioning without tapping into 

speed demands.  Patients with frontal lobe damage remained displaying impaired 

performance on the slowed task whereas undamaged low g individuals exhibited 

relatively normal performance.  

Although the phenomenon of goal-neglect has not been investigated in 

children, the evidence suggests the executive function processes that are responsible 

for the organization of goal-directed behaviour, as measured by the goal-neglect 

tasks, are closely related to the frontal lobes.  If the ability to organize behaviour in a 

goal-directed manner depends on the integrity of the frontal lobes, then one would 

expect this cognitive process to be age-related.  With increasing age and concomitant 

maturation of the frontal lobes, the ability of children to organize their behaviour in a 

goal-directed manner should also increase. Given this hypothesis, then it is predicted: 

 

• Prediction 1: Performances on the standard and slowed goal-neglect 

tasks will be significantly related to chronological age. 

 

If Duncan’s executive function theory of individual differences in g maps 

onto executive function theories of the development of g, then the ability to organize 

behaviour in a goal-directed manner should also relate to developmental changes in 

g.  Given this hypothesis, then it is predicted: 

 

• Prediction 2: Performance on the standard and slowed goal-neglect tasks 

will correlate significantly with Culture Fair intelligence test raw scores  
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Furthermore, if executive functions underpin the development of g then any 

relationship between differences in g and the ability to organize behaviour in a goal-

directed manner should be accounted for by a speed of information processing 

confound that influences performance on the standard goal-neglect task.  Given this 

hypothesis, then it is predicted: 

 

• Prediction3 4: Performance on the standard goal-neglect task will 

correlate significantly with Culture Fair intelligence test IQ but 

performance on the slowed goal-neglect task will not. 

 

4.2.2 Method 

 

4.2.2.1 Participants 

 

The participants in this study were the group of 116 children aged between 6 and 11-

years (60 males, 56 females) that was described in the previous study.  

 

4.2.2.2 Procedure 

 
 
The goal-neglect tasks were one of the many tests that the children completed 

throughout the day of testing.  The tasks were not scheduled into the day at any fixed 

time.  Any child who was “at a loose end” or had finished one of the psychometric 

tests early (or quickly) was tested individually on both goal-neglect tasks on a 

computer in a different computer room.  Each child was seated in front of a computer 
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and read the task instructions.  They were then asked to repeat the instructions (or the 

gist of them) to demonstrate that they understood what they had to do.  They were 

then given a practice trial. Both tasks were administered and scored according to the 

procedures detailed in chapter 2.  On completion of the second goal-neglect task, 

children were asked again to repeat the task instructions and demonstrate they 

understood what they just had to do. 

The Culture Fair Intelligence Test (Form 2A) IQs and raw scores that were 

derived in the previous study were used for analysis in this study.  

 

4.2.2.3 Design 

 

In this repeated measures design, both the standard goal-neglect task (Duncan et al., 

1996) and the experimentally slowed goal-neglect task were administered to every 

child in an individual test session that lasted approximately between 5 to 10 minutes.   

The order of presentation was counterbalanced so that when the study was 

completed, half the children in each age group had received the standard goal-neglect 

task first followed by the slowed goal-neglect task, and vice versa.  In total, 54 

children were administered the standard goal-neglect task first followed by the 

slowed goal-neglect task, and vice versa for 62 children.  

 

4.2.3 Results 

 

There are four components to the analysis of goal-neglect task performance.  The 

first part of task analysis involved identifying and deleting from analysis the data of 

any child who failed a sub-block because they did not perform the task according to 

instruction, previously described in length in chapter 2 as making “invalid errors” 
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(e.g. watching left when instructed to “WATCH RIGHT”).  This was to ensure that 

the final data set with which the hypotheses would be evaluated accurately reflected 

the ability or inability of a child to perform the tasks in the manner intended and not 

due to any other non goal-neglect reasons (e.g. confounds, “invalid” errors).  The 

second part of analysis investigates whether any practice effects were present.  Since 

children performed both goal-neglect tasks, one after the other, there was a concern 

that performance on the task performed second was unduly influenced by prior 

exposure to the task performed first.  In the third section, a description of the errors 

made by the children who performed the task validly will be presented.  The fourth 

and final section concerns the phenomenon of goal-neglect and the data with which 

the hypotheses could be evaluated.  In this last section, the relationships with 

performances on these tasks with age, developmental changes in g and individual 

differences in g is presented and interpreted in terms of whether the hypotheses of 

this study were met or not.  

 

4.2.3.1 Goal-neglect task performance 

 

Pre-cue analysis 

 

The first step in goal-neglect task analysis was to identify any child who failed any 

one of the three sub-blocks on each task because they made “invalid” errors.  This 

was done by scrutinizing trial-by-trial, searching for errors that included 1) attending 

to the incorrect side (e.g. watching the right side when directed to “WATCH 

LEFT”), 2) failing to report letters, at all, from any side (i.e. missed trials), 3) 

reporting letters equally from both sides, 4) reporting numbers only, 5) reporting 
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both numbers and letters from one or both sides.  Trials that exhibited these errors 

were considered failed trials.   

On the standard goal-neglect task, there was one 7-year old who reported 

letters from the incorrect side on two trials and letters from both sides (equally) on 

five other trials, one 8-year old who reported letters from the incorrect side on five 

trials and letters from both sides (equally) on four other trials, and one 9-year old 

who reported letters from the incorrect side on five trials and letters from both sides 

(equally) on one other trial.  The data for these three children were removed from 

further analyses. 

On the slowed goal-neglect task, there were three 6-year olds who made a 

total of 29 “invalid” errors (i.e. 10 trials missed completely, letters reported from the 

incorrect side on 8 trials, and letters from both sides equally on 11 trials) and four 7-

year olds who reported a total of 28 “invalid” errors (i.e. 10 trials missed completely, 

letters reported from the incorrect side on 9 trials, and letters from both sides equally 

on 9 trials).  The data for these seven children were removed from further analyses. 

 

Practice effects 

 

Another concern regarding goal-neglect task performance was whether a child’s 

performance on the task that they did second was influenced by practice effects, 

having already performed either the standard or slowed goal-neglect task first.  The 

interest in goal-neglect task performance, and in executive function task performance 

in general, is when it is constrained to novel behaviour.  A task that is unpractised 

and unfamiliar (i.e. novel) is considered to tax executive functions more validly.  To 

investigate whether the order of presentation affected goal-neglect task performance, 

a 2 x 2 split-plot ANOVA was calculated on the number of failed sub-blocks for the 
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51 children who performed the standard goal-neglect task first followed by the 

slowed goal-neglect task, and the 56 children who performed the slowed goal-neglect 

task first followed by the standard goal-neglect task.  There was one repeated 

measures or within group factor (i.e. standard task and slowed task) and one 

independent or between groups factor (i..e. order of presentation – children who 

received either the standard or the slowed task first followed by the other).  

Figure 8 display the pattern of results.  There was a significant main effect of 

task, F(1, 105) = 21.72, p < .001, eta squared = .17, power = .99.  In general, children  
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Figure 8. Mean number of failed sub-blocks on the standard and slowed goal-neglects tasks as a 
function of order of presentation 

 

 

failed significantly more sub-blocks on the standard goal-neglect task (M = 1.90, SE 

= .11) than on the slowed goal-neglect task (M = 1.37, SE = .11).  A significant main 
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effect of order of presentation was also found, F(1, 105) = 4.86, p = .03, eta squared 

= .04, power = .59.  In general, children made significantly fewer errors on the tasks 

that were performed second (M = 1.43, SE = .14) in comparison to the tasks that 

were performed first (M = 1.84, SE = .14).  Such a finding suggests practice effects 

influenced performance on the goal-neglect task such that being exposed to either the 

standard or slowed goal-neglect tasks first improved performance on the goal-neglect 

task that was performed immediately after it.  There was also a significant 

interaction, F(1, 105) = 2.86, p = .04, eta squared = .04, power = .54.  On the 

standard goal-neglect task, the children who performed this task first failed more 

sub-block than the children who performed this task second, after they had done the 

slowed goal-neglect task (M = 2.22, SE = .16 and M = 1.58, SE = .15, respectively).  

The degree of improved performance was greater than the degree of improved 

performance demonstrated by the children who performed the slowed goal-neglect 

task second (M = 1.27, SE = .16) relative to the children who performed the slowed 

goal-neglect task first (M = 1.47, SE = .17). 

 

Table 26. Group descriptive statistics 

 
Variables 

Standard task first 
(n=51) 

Slowed task first 
(n=55) 

 
Age  

 
8.7 (1.5) 

 
8.6 (1.6) 

 
WISC-III (short form) IQ 

 
115 (12.6) 

 
112 (12.5) 

Culture Fair Intelligence test IQ 133 (14.8) 132 (17.9) 
Culture Fair Intelligence test raw score 30.3 (5.7) 30.0 (5.8) 
 
Stroop interference ratio 

 
.7 (.5) 

 
.8 (.6) 

WISC-III Mazes 17.7 (4.9) 17.1 (4.3) 
Verbal fluency 10.9 (3.0) 10.7 (3.0) 
WCST - categories 4.8 (1.6) 4.8 (1.6) 
WCST - perseverative responses 20.4 (11.5) 22.8 (14.0) 
 
IT1 (ms) 

 
61 (17.4) 

 
61 (16.5) 

IT2 (ms) 73 (22.0) 77 (22.7) 
RT (ms) 684 (164) 666 (122) 
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To overcome the problem of the practice effect on goal-neglect task 

performance, the data was split into two groups: children who were presented the 

standard goal-neglect task first (n=51) and children who were presented the slowed 

goal-neglect task first (n=55).  Table 26 displays the age and cognitive characteristics 

of the two groups of children.  A series of independent t-tests showed there were no 

significant differences between the two groups. 

 

Errors 

 

 
Table 27 displays the numbers, percentages, and nature of the “invalid” pre cue 

errors made by children on the standard and slowed goal-neglect tasks whose 

performances were valid, in that their performances reflected the way in which the 

task was intended to be performed.   

Table 27. The number and percentage of “invalid” errors made on trials on the standard and slowed 
goal-neglect tasks by children in each age group who performed the goal-neglects tasks validly. 

 Age Group   

Six Seven Eight Nine Ten Eleven 

Standard (n=51)       
 
Missed completely  

 
4 

 
2 

 
1 

 
2 

 
0 

 
1 

Letters reported from incorrect 
side 

9 14 11 11 9 5 

Letters reported from both sides 3 10 2 2 0 0 
Numbers reported 0 9 3 1 0 0 
 
Total errors  
(percentage) 
 

 
16  

(2.6%) 

 
35  

(5.7%) 

 
17 

(2.8%) 

 
16 

(2.6%) 

 
9 

(1.5%) 

 
6 

(1.0%) 

Slowed (n=55)       
 
Missed completely  

 
- 

 
0 

 
0 

 
2 

 
0 

 
4 

Letters reported from incorrect 
side 

- 6 12 13 5 4 

Letters reported from both sides - 2 1 0 0 0 
Numbers reported - 1 1 0 0 0 
 
Total errors 
(percentage) 

 
- 
- 

 
9 

(1.3%) 

 
14 

(2.1%) 

 
15 

(2.2%) 

 
5 

(0.7%) 

 
8 

(1.2%) 
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On the standard task, of the 612 trials that were administered (i.e. three sub-

blocks of four trials performed by 51 children) a total of 99 trials (16.1%) were 

performed incorrectly.  The 7-year-olds made the most errors, primarily reporting 

letters from the incorrect side or from both sides.  The type of error most common to 

each age group was the reporting of letters from the incorrect side. 

On the slowed task, of the 672 trials that were administered (i.e. three sub-

blocks of four trials performed by 56 children) a total of 51 trials (7.6%) were 

performed incorrectly.  The 8- and 9-year-olds made the most errors, primarily 

reporting letters from the incorrect side.  This type of error was also common to each 

age group. 

To investigate whether there were any group differences in the number of 

errors made a 2 (task: standard and slowed) x 6 (age group: 6, 7, 8, 9, 10, 11) 

between-groups ANOVA was performed on the total number of error trials.  There 

was a main effect of task, F(1, 95) = 4.58, p = .04, eta squared = .05, power = .56.  In 

general, children made more errors on the standard goal-neglect task (M = 2.4, SE = 

.3) than on the slowed goal-neglect task (M = 1.0, SE = .2).  A main effect of age 

was also found, F(5, 95) = 3.95, p < .01, eta squared = .17, power = .94.  In general, 

the 6-year olds made more errors (M = 5.3, SE = 1.0) compared to the 7-year-olds 

(M = 1.9, SE = .3), 8-year-olds (M = 1.9, SE = .4), 9-year-olds (M = 1.6, SE = .4), 

10-year-olds (M = .8, SE = .4), and 11-year-olds (M = .8, SE = .4).  Using Scheffé 

post-hoc tests, the mean number of trials performed incorrectly by the 6-year-olds 

was significantly more in comparison to the 9-, 10-, and 11-year-olds.  The age x 

task interaction was not significant, F(4, 95) = 1.35, p = .26, eta squared = .05, power 

= .11.  
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Goal-neglect 

 

Table 28 shows the distribution of the number failed sub-blocks on the standard and 

slowed goal-neglect tasks.  On the standard task, only seven participants passed all 

three sub-blocks (i.e. 14%).  The distribution is heavily skewed with 32 of the 50 

children failing all three sub-blocks indicating 68% of children displayed goal-

neglect.  In contrast, on the slowed task, 13 children passed all three sub-blocks (i.e. 

24%) with only 16 of the 55 children failing all three sub-blocks (i.e. 29%).  

Table 28. Distribution of failed sub-blocks for the 
standard and slow goal-neglect tasks.  

                                    Number failed sub-blocks 
 0 1 2 3 
 
Standard (n=50) 

 
7 

 
6 

 
5 

 
32 

Slowed   (n=55) 13 20 6 16 
 

 

Table 29 shows the distribution of the number of failed sub-blocks on each 

task for each age group.  On the standard task, there was no evidence of any child

 

Table 29. Distribution of the number of failed sub-blocks on the 
standard and slowed goal-neglect tasks for each age group. 

                                                       Sub-blocks 
 0 1 2 3 

Standard 
 
Six  (n=3) 
Seven (n=12) 
Eight (n=8) 
Nine (n=10) 
Ten (n=10) 
Eleven (n=8) 
 

 
 

0 
0 
0 
2 
1 
4 

 
 
0 
1 
1 
3 
1 
1 

 
 

1 
1 
1 
0 
1 
1 

 
 

2 
10 
6 
5 
7 
2 

Slowed  
 
Seven (n=15) 
Eight (n=10) 
Nine (n=12) 
Ten (n=9) 
Eleven (n=10) 
 

 
 

1 
2 
4 
3 
6 

 
 
6 
5 
3 
5 
3 

 
 

0 
2 
3 
1 
0 

 
 

8 
1 
2 
0 
1 
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passing all three sub-blocks until 9-years of age. Seventy percent of the 10-year-olds 

still failed all three sub-blocks.  At 11 years of age the majority of children (62.5%) 

passed more than 1 sub-block. On the slowed task, successful performance was 

displayed by some 7-year-olds although the majority of them (53%) still displayed 

complete goal-neglect.  With increasing age, the number of failed sub-blocks 

decreased such that by aged 9 and 10 the majority of children passed more sub-

blocks than they failed.   

To investigate the relationship between goal-neglect and age, the mean 

number of sub-blocks failed on the standard and slowed goal-neglect tasks for each 

age group was plotted.  Figure 9 shows clear developmental trends in performance 

on both tasks with fewer number of failed sub-blocks evident with increasing age.  

The Spearman’s rho correlations between age and the number of failed sub-blocks on 

the standard and slowed goal-neglect tasks were significant, r = -.38, p < .01, and r = 

-.43, p<.001, respectively.  Such findings suggest the phenomenon of goal-neglect 

diminishes with age and is not a strong characteristic of older children.  

A 2 x 6 between-groups samples ANOVA was also used to examine the main 

effects and interactions of task (standard, slowed) and age (6, 7, 8, and 9) as they 

related to the number of failed sub-blocks.  There was a main effect of task, F(1, 

96)= 23.04, p < .001, eta squared = .19, power = .98.  In general, children failed 

significantly more sub-blocks on the standard goal-neglect task (M = 2.2, SE = 0.2) 

compared to the slowed goal-neglect task (M = 1.2, SE = 0.1).  There was a main 

effect of age, F(5, 96) = 5.20, p < .001, eta squared = .21, power = 1.0.  Scheffé post-

hoc tests indicated the group of 7-year olds failed significantly more sub-blocks (M = 

2.4, SE = 0.2) in comparison to the 11-year olds (M = 0.9, SE = 0.2).  The interaction 

was not significant, F(5, 104) = 1.33, p =.26.  
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Figure 9. Mean number of failed sub-blocks for the standard and slowed goal-neglect tasks as a function of age group.
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To investigate the relationship between goal-neglect task performance and 

developmental changes in g, the mean number of failed sub-blocks for each task 

were plotted as a function of bins of z-transformed Culture Fair Intelligence test raw 

scores.  Following Duncan's et al. (1996) procedure, each (child’s) score on the 

Culture Fair Intelligence test was converted into a z-score.  The z-scores were then 

grouped into bins with a width of 0.5.  For example, children who scored 30 to 33 on 

the Culture Fair Intelligence Test were placed in the 0.5 z-score bin.  Children who 

scored 26 to 29 would be placed in the –0.5 z-score bin. In the extreme bin (z-score - 

2.00) were children who scored either below 17. 

Figure 10 displays the mean number of failed sub-blocks on the standard and 

slowed goal-neglect tasks as a function of z-transformed Culture Fair Intelligence 

Test raw scores.  As predicted, the Spearman’s rho correlations between 

performances on the standard and slowed goal-neglect tasks and Culture Fair 

Intelligence Test raw scores were significant, r = -.51, p < .001 and r = -.37, p < .001, 

respectively.  Such findings suggest the phenomenon of goal-neglect is a strong 

characteristic of children with low Culture Fair Intelligence Test raw scores 

associated with lower stages of cognitive development.  

To investigate the relationship between goal-neglect task performance and 

individual differences in g, the mean number of failed sub-blocks for each task was 

plotted as a function of bins of z-transformed Culture Fair Intelligence test IQs.  

Following the aforementioned procedure, the Culture Fair Intelligence test IQs of the 

children were grouped into z-score bins with a width of 0.5.  For example, children 

with IQs of 100 to 107 were placed in the 0.5 z-score bin.  Figure 11 displays the 

mean number of failed sub-blocks on the standard and slowed goal-neglect tasks as a 

function of z-transformed Culture Fair Intelligence Test IQs.  
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Figure 10. Mean number failed sub-blocks for standard and slowed goal-neglect tasks as a function of Culture Fair Intelligence Test raw score 
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Figure 11. Mean number of failed sub-blocks on the standard and slowed goal-neglect tasks as a function of Culture Fair Intelligence test IQ. 
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On the standard goal-neglect task, there was a close relationship between 

performance and IQ.  The ability to pass a sub-block was not displayed by children 

with Culture Fair z-scores at or below -1.5, which is equivalent to Culture Fair 

Intelligence Test IQs ≤ 92.  The correlation between standard goal-neglect task 

performance and Culture Fair Intelligence Test IQ was significant, r = -.37, p = .007.   

This suggests children with higher fluid g were better able to perform the standard 

goal-neglect task.  

On the slowed task, the number of failed sub-blocks across the IQ bins was 

largely the same.  There was no significant relationship between slowed goal-neglect 

task performance and IQ, r = -.18, p = .19.  This suggested that children throughout 

the fluid g distribution were equally likely to pass or fail the slowed goal-neglect 

task. 

 

Novelty 

 

Another important feature of the children’s performances on the goal-neglect tasks 

was “resolution to novelty”.  Once a child passed a sub-block, the child continued to 

pass subsequent sub-blocks.  On the standard task, there were 14 children in total 

who passed either the first or second sub-block (excluded from analysis were 40 

children who failed all 3 sub-blocks or passed the 3rd – and last – of the 3 sub-

blocks).  Of these children, only two failed one sub-block that followed the first 

passed sub-block. In Duncan’s et al (1996, p.273) words, “performance took the 

form of 0…n failed sub-blocks followed by immediate transition to consistent 

success.”  On the slowed task, 33 children passed either the 1st or 2nd sub-block.  Of 
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these, 10 failed one sub-block and one child failed two sub-blocks that followed their 

first passed sub-block(s).  There was a significant correlation between age and 

number of failed sub-blocks following a first passed sub-block, r = -.35, p = .04, 

suggesting the transition to success wasn’t that immediate for children but came with 

increasing age.   

 

4.2.4 Discussion 

 

The hypothesis that the organization of goal-directed behaviour was an age-related 

function was well supported.  As predicted, performance on both the standard and 

slowed goal-neglect tasks was significantly related to chronological age.  The greater 

number of failed sub-blocks, or goal-neglect, was more prevalent among the younger 

children and less a feature of the older children.  To the extent that increasing age is 

associated with maturation of the frontal lobes and various frontal systems, the age-

related improvements in performance on the goal-neglect task further supports its 

utility and validity as a measure of an action control function of the frontal lobes.  

The findings are also consistent with the broad developmental neuropsychological 

literature which has established beyond doubt that there is a strong relationship 

between improvements in performance on a wide range of executive function tasks 

and maturation of various biological factors of the frontal lobes.  

The finding that there was a significant relationship between age and 

“resolution to novelty ” and the presence of a significant practice effect also supports 

this assertion.  If one major role of the frontal lobes is to make itself redundant by 

integrating and assuming control of a new, specific behaviour into some larger 

scheme of behaviour, then the evidence suggests this occurs in older children with 
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relatively mature frontal lobes.  Once a child passed a sub-block on either goal-

neglect task, the child continued to pass subsequent sub-blocks, indicating goal-

neglect was restricted to behaviour before the first correct trial.  However, it was the 

older children who demonstrated an early ability to pass the first sub-block.  The 

transition to success wasn’t that immediate for younger children but came with 

increasing age.  

The hypothesis that the organization of goal-directed behaviour was 

associated with developmental changes in g was also was supported.  As predicted, 

performances on both the standard and slowed goal-neglects tasks were related to 

age-related changes in the number of items scored correctly on the Culture Fair 

Intelligence test.  Children who exhibited lower stages of cognitive development, or 

younger mental ages, evident by their low test raw scores (i.e. unstandardized scores) 

displayed higher levels of goal-neglect than their more cognitively developed peers.  

Such findings suggest the frontal lobe functions associated with organization of goal-

directed behaviour are synonymous with developmental changes in g.  It appears 

Duncan’s executive function theory of individual differences in g is consistent with 

executive function theories of developmental changes in g.  

As predicted, performance on the standard goal-neglect task was related to 

Culture Fair IQs.  Children with better problem-solving and reasoning abilities 

relative to their aged-peers displayed significantly fewer numbers of failed sub-

blocks.  The phenomenon of goal-neglect was not such a strong characteristic of 

these children with higher fluid g.  Such a finding is consistent with the adult 

literature (e.g. Duncan et al., 1996, 1997) and supports the hypothesis that the 

organization of goal-directed behaviour is synonymous with individual differences in 

g.  
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However, the performance of children on the experimentally slowed goal-

neglect task suggests the link between IQ and performance on the standard goal-

neglect task is mediated by a speed factor that is confounded with performance.  As 

predicted, removing the hypothesized speed confound from the standard goal-neglect 

task by halving the presentation rate of task stimuli to produce a slowed version of 

the task, removed the link with individual differences in g.  That is, the number of 

failed sub-blocks, or goal-neglect, displayed by children on the slowed goal-neglect 

task was not related to their IQ.  Despite children finding the slowed task easier to 

perform than the standard goal-neglect task, the phenomenon of goal-neglect was 

still clearly evident among children with high IQs as much as it was evident among 

the children with low IQs.  

Contrary to the attempt of the first study in this chapter where attempts were 

made to delineate the various relationships, the experimental approach employed in 

this chapter was successful with regard to showing that the speed and executive 

function theories can be considered complimentary rather than mutually exclusive.  

Performance on Duncan’s standard goal-neglect task was related to both individual 

differences g and developmental changes in g.  Such evidence alone supports 

theories that attribute executive functions of the frontal lobe to individual differences 

and developmental changes in intelligence.  However, performance on the slowed 

goal-neglect task, which took into account an hypothesized speed of information 

processing confound, was only related to developmental changes in g (i.e. the IQ 

relationship was removed).  This suggests that there is no link between goal-neglect 

and individual differences in g that cannot be accounted for by a speed of 

information processing variable that confounds performance on the standard gaol-

neglect task.  This finding further supports executive function theories of 
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developmental changes in g but casts a shadow of doubt over part of Duncan’s 

empirical basis used for hypothesizing that individual differences in g are based in 

the executive function of the frontal lobes.  

  

Chapter 5: Studies 5, 6, 7 and 8 

 

The studies in this chapter investigated the intellectual, executive function, and speed 

of information processing characteristics of a group of primary school-aged children 

born low birth weight (LBW) caused by premature birth.  Developmentally, the brain 

of the LBW preterm child is affected by a wide range of direct and indirect insults, 

such as hypoxia, ischemia, or disturbed myelination associated with periventricular 

leukomalacia (Dammann & Levinton, 1998; Taylor, Klein & Hack, 2000).  Recent 

neuropsychological and neurological evidence suggests the prefrontal cortical and 

sub-cortical circuits in particular are especially vulnerable to such pre- and perinatal 

events.  Yet, Wechsler IQs of LBW preterm children are typically in the “average” 

range.  It therefore could be that, at least in regard to the hypotheses of this thesis, 

LBW preterm children are impaired or delayed in the cognitive processes 

hypothesized to be the basis of the development of g.   

The first two studies in this chapter were exploratory.  In these, the 

neuropsychological sequelae associated with low birth weight and preterm birth was 

investigated.  The aim was to ensure that such children are useful for specifically 

testing the dimensionality of g hypothesis (in the way that frontal damaged adults 

are).  The aim of the first exploratory study was to consider and question one current 

conventional belief about LBW preterm children which presents a serious challenge 

to the utility of such children being able to test the hypotheses of this thesis.  The 
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standard view is that LBW preterm children suffer from intellectual impairments (i.e. 

lowered IQs).  In the first exploratory study, published LBW IQ data was re-analyzed 

in terms of effect sizes, counternull values and percentages of overlap in the 

distribution of scores.  The aim was to recast the reported (statistical) IQ deficits in 

terms of Zakzanis’ (2001) criteria to show that LBW preterm children do not suffer 

from intellectual impairments, at least characterized by Wechsler type intelligence 

tests.  The second exploratory study investigated the cognitive characteristics of a 

large group of LBW preterm children that were recruited for this study.  Of interest 

was determining whether this particular group of children displays the cognitive 

characteristics that make them appear like neurodevelopmental analogues of frontal 

damaged adults.  Of particular interest was seeing whether such children displayed 

impaired fluid g relative to more crystallized forms of g as well as executive function 

deficits.  The speed of information processing characteristics of these children will 

also be investigated.  

The aims of the final two cognitive neuropsychological studies in this chapter 

were to specifically investigate the cognitive bases of individual differences and 

developmental changes in g.  The third study was correlational and a statistical 

attempt to dissociate the relevant cognitive factors that contributed significantly to 

performance on a test of fluid g.  Following the methodology used in the study of a 

primary school-aged children in the last chapter, a series of hierarchical multiple 

linear regressions was conducted to determine whether executive function or speed 

of information processing tasks were better predictors of individual differences 

and/or developmental changes in performance on the Culture Fair Intelligence Test.  

The fourth study was experimental (rather than correlational) and specifically tested 

the idea that Duncan’s executive function theory of individual differences in g maps 
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directly onto cognitive developmental theories of g.  This was done by focussing on 

the performances of LBW preterm children on the standard and experimentally 

slowed goal-neglect tasks.  If the organization of goal-directed behaviour measured 

by the goal-neglect tasks is a frontal mediated process, then performance should be 

influenced by the neuropathology associated with LBW preterm birth.  

 

Study 5: Neuropsychological sequelae of primary school-aged children born low 

birth weight associated with preterm birth 

 
5.1.1 Introduction 

 

Conventionally, infants who are born with birth weights less than 2500 g, 1500 g, 

and 1000 g, caused principally by premature or preterm birth (e.g. Paneth, 1995; 

Picard, Del Dotto, & Breslau, 2001), are defined as low birth weight (LBW), very 

low birth weight (VLBW) and extremely low birth weight (ELBW), respectively 

(Picard, et al., 2001; Taylor, Klein, & Hack, 2000).  

Such children are at considerable risk for brain impairments, cognitive 

deficits, and behavioural problems.  Circuits connecting frontal regions of the brain 

to other cortical and sub-cortical regions are considered especially vulnerable (Epsy, 

Stalets, McDiarmid, Senn, Cwik, & Hamby, 2002; Lou, 1996).  Cognitively, a recent 

meta-analysis of case-control studies found that the mean IQs of LBW preterm 

children are significantly lower than the IQs of full term normal birth weight children 

despite being within the “average” range (Bhutta, Cleves, Casey, Cradock, & Anand, 

2002).  Several studies have also shown that such children exhibit significant 

executive function deficits.  LBW preterm children also show an increased incidence 

of ADHD (Bhutta, et al., 2002), which a developmental disorder where involvement 
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of the prefrontal cortex has been well established.  With these types of brain 

dysfunction and cognitive deficits, LBW preterm children appear particularly useful 

for exploring the dimensionality hypothesis.  Indeed, the neurological and 

neuropsychological sequelae of LBW preterm children are reminiscent of adults with 

frontal lobe damage.  It is therefore argued that the pattern of associations and 

dissociations on the tests of intelligence, executive functions and speed of 

information processing displayed by LBW preterm children will bear on whether 

there are two dimensions to intelligence.  

Despite the apparent appeal for using this group, their utility for this thesis 

needs to be further investigated.  As stated, it is current belief that LBW have an 

intellectual impairment, at least with regard to their same-aged normal birth weight 

full term peers.  The presence of such a deficit, in addition to the known executive 

function impairments that LBW children display, would make it impossible to 

discriminate between alternative cognitive theories of g.  This presents a significant 

challenge for their inclusion and study.  In any case, inclusion of this group was also 

predicated on the hypothesis that they may be analogues of frontal adults, in whom 

IQs remain intact despite executive function impairments.  The aim of this first 

study, therefore, is to consider and question the reasons for supposing LBW preterm 

children have impaired general intelligence.  But first, further discussion of the 

neuropathology and cognitive deficits associated with LBW preterm birth follows.  

 

Neuropathology 

 

The major cause of brain insult in LBW preterm children is periventricular 

leukomalacia (PVL: Back, Luo, Borenstein, Levine, Volpe, & Kinney, 2001; Inder, 



203  

Huppi, Warfield, Kikinis, Zientara, Barnes, Jolesz, Volpe, 1999; Perlman, 1998; 

Volpe, 1995, 1998).  PVL is a condition in which the brain’s cerebral white matter is 

damaged, possibly from decreased oxygen or blood flow to the brain (i.e. hypoxic-

ischaemic injury) that may have occurred before, during, or after delivery.  The 

major pathological feature of PVL appears to be a chronic disturbance of myelination 

(Back et al., 2001; Back & Volpe, 1999; Inder et al., 1999), which is strongly 

implicated in the development of the frontal lobes (Klinberg, Vaidya, Gabrieli, 

Moseley, & Hedehus, 1999; Staudt, Krageloh-Mann, & Grodd, 2000).  

Myelin is the material that makes up the myelin sheath of nerve axons. 

Myelin formation and myelination (i.e. the acquistion, development or formation of 

the myelin sheath around a nerve fibre) does not begin until early in the third 

trimester of pregnancy, which is usually concurrent with the birth of LBW preterm 

infants (Back et al., 2001).  Thereafter, it has a protracted course of development.  

The number of conventional imaging studies which provide qualitative evidence for 

subsequent impairment in myelination caused by PVL is increasing (e.g. Skranes, 

Vik, Nilsen, Smevik, Andersson, & Brubakk, 1997; Welch & Byrne, 1990).  More 

recently, the myelination effect of PVL on subsequent cerebral cortical neuronal 

development has been established. Marin-Padilla (1997) studied the brains of 

children (who had died) and found that extensive white matter lesions affected the 

structural and functional development of cerebral gray matter, and these changes 

correlated with neurologic sequelae (e.g. epilepsy, cerebral palsy) and poor school 

outcome.  Inder et al. (1999) showed this was also the case in living infants.  Using a 

new and advanced quantitative three-dimensional magnetic resonance imaging 

technique, Inder et al (1999) studied the brains of 10 preterm infants with PVL (mean 

gestational age at birth; M = 28.7, SD = 2.0 weeks) and 14 full term infants within 
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the first 16 days of their life.  Inder and her colleagues found that preterm infants had 

a marked reduction in the volume of total brain myelinated white matter in 

comparison to controls.  It is also known that there is a decline in incidence of PVL 

at ~32 weeks which coincides with the onset of myelination in the periventricular 

white matter (Back et al., 2001). 

 Myelin is also strongly implicated in frontal lobe development.  A 

computational analysis of structural magnetic resonance images in 111 children and 

adolescents aged 4 to 17 years revealed age-related increases in white density matter 

in fiber tracts, caused by increases in the myelination of axons, constituting the 

frontotemporal pathways (among others) (Paus, Zijdenbos, Worsley, Collins, 

Blumenthal, Giedd, Rapaport, & Evans, 1999).  Paus et al (1999) concluded that 

such structural maturation of this brain region and its connecting pathways plays a 

major role in cognitive development.  In another MRI study, Klinberg et al (1999) 

investigated the progressive myelination of axons and anisotropy in frontal white 

matter.  In five adult males (aged 20 to 31 years), anisotropy in the central white 

matter of the frontal lobe was significantly higher than in seven male children (aged 

8 to 12 years), suggesting more myelination in adults. Klinberg et al (1999) 

concluded that the time course of prefrontal maturation makes it possible that 

myelination is a basis for the gradual development of prefrontal functions, such as 

increased working memory capacity.  In a recent meta-analysis of 11 MRI studies 

which have investigated normal myelination in children, Staudt et al (2000) found 

that the studies principally agreed on the timing of myelination for most of the 

regions of the brain.  Myelin was visible in the frontal lobes at seven months of age, 

whereas it was visible in all other brain regions considerably earlier.    
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In conclusion, PVL in the LBW preterm infant appears to affect subsequent 

cerebral cortical neuronal development by seriously disturbing the protracted course 

of myelination.  The circuits connecting frontal regions of the brain to other cortical 

and sub-cortical regions, because of their own protracted development, are therefore 

considered especially vulnerable to the chronic disturbance of myelination (Epsy et 

al., 2002).  The executive function deficits displayed by LBW children also suggest 

this. 

 

Executive function characteristics 

 

There is little published literature on executive functions in LBW preterm children.  

However, the few studies are consistent in that they show LBW children perform 

poorly in comparison to full term normal birth weight controls on a range of 

executive function tasks.  

Some findings of the Stockholm Neonatal Project have recently been 

published (Bohm, Katz-Salamon, Smedler, Lagercrantz, & Forssberg, 2002).  This is 

a population based follow-up study of 182 very LBW preterm children (birthweight, 

M = 1043, SD = 261 g; gestational age, M = 27, SD = 14.8 weeks).  Bohm et al 

(2002) found that these children at 5½-years of age were impaired relative to 125 full 

term children on six executive functions sub-tests of the NEPSY, which is a 

developmental neuropsychological test battery (Korkman, Kirk, & Kemp, 1998), and 

one sub-test of the WWPSI.  In general, the LBW children demonstrated poorer 

abilities relative to controls in finding words that belonged to the concept in question 

and to maintain the idea of the tasks (i.e. verbal fluency) and discovering underlying 
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principles and strategies that could be used to solve problems efficiently and 

effectively. 

In an earlier study, Harvey, O’Callaghan and Mohay (1999) examined the 

executive function skills of 30 5-year old children (M = 5.2 years) with extremely 

low birth weights (i.e. <1000 g).  In comparison to 50 age and sex-matched controls, 

the scores of the extremely LBW children on executive function tests of planning, 

sequencing and inhibition (e.g. Tower of Hanoi, Finger Sequencing test, Finger 

Tapping test), were significantly poorer. 

More recently, Epsy et al., (2002) investigated the executive function 

characteristics of pre-school children aged between 2 and 3 years (M = 3.25 years) 

who were born preterm (M gestational age = 32.4 ± 2.2 weeks) with low birth 

weights (M = 1774, SD = 484 g).  Of particular interest to Epsy and her colleagues 

were the performances of such children on two delayed-response-type tasks (i.e. 

Delayed Alternation and Spatial Reversal tasks) where their relation to prefrontal 

cortical function has been established, at least in well-controlled animals studies (e.g. 

Goldman-Rakic, 1987; Goldman Rosvold, Vest, & Galkin, 1971; Meunier, 

Bachevalier, & Mishkin, 1997; Mishkin, 1964;) and studies of children with 

prefrontal dysfunction such as phenylketonuria (e.g. Diamond, Prevor, Callender, & 

Druin, 1997).  In comparison to full term controls, the LBW preterm preschoolers 

performed (significantly) more poorly on both executive (i.e. working memory, 

mental shifting and flexibility) tasks.  Epsy et al (2002) concluded that early 

detectable impairments in executive functions are evident in young LBW preterm 

children.  Moreover, Epsy and her colleagues suggested this was due to the 

developmental immaturity of the dorsolateral prefrontal circuits.  
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Another recent study found adolescent LBW preterm children also display 

executive function deficits (Rushe, Rifkin, Stewart, Townsend, Roth, Wyatt, & 

Murray, 2001).  Rushe and his colleagues found that word generativity skills (i.e. 

performance on Verbal Fluency tasks) of 14 and 15-year old children who were born 

preterm (M gestational age = 29.6 ± 1.8 weeks) with low birth weights (M = 1229, 

SD = 284 g), were significantly poorer than controls.  In contrast, the group of LBW 

preterm adolescents performed no worse than their full term peers on other executive 

function tasks (e.g. Trails B of the Trail making test).  

The adverse consequences of LBW preterm birth on executive function skills 

are clearly evident, particularly in the young child.  There is also some evidence to 

suggest that some executive function impairments persist into adolescence, with 

improvement in others.  However, there is no data on the executive function 

characteristics of primary school-aged children.  In contrast, the intellectual 

characteristics of LBW children have been comprehensively studied. 

  

Intellectual characteristics 

 

Of all neuropsychological sequelae, the intellectual characteristics of LBW preterm 

children have received the most attention.   For example, between 1980 and 2001, 

there were 227 studies of LBW children that included IQ data as part of their 

investigations.  However, according to Bhutta et al., (2002) who planned to perform 

a meta-analysis on this data, the vast majority of the studies had methodological 

flaws that undermined the conclusions about the long-term effects of LBW on 

intelligence test scores.  Indeed, Bhutta et al (2002) found there were only 15 case-
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controlled studies that were also methodologically sound enough to be included in 

their final meta-analysis.  

Bhutta and his colleagues extracted the differences between the mean IQs of 

LBW cases and controls and calculated weighted mean differences (WMDs)5.  All 15 

studies demonstrated significant IQ differences, derived from predominantly 

crystallized measures of g, like the Wechsler Intelligence Scales.  The pooled 

weighted mean difference in IQs among the 1556 LBW cases and 1720 controls was 

significant, with the controls having higher IQs than the preterm cases (WMD = 

10.9, z = 13.14, p < .001).  This is approximately two-thirds of a standard deviation 

lower than the IQs of normal birth weight controls. Bhutta et al (2002) concluded 

children who are born preterm are at risk for reduced IQs and their immaturity at 

birth is directly proportional to the mean IQ at school age.  

 In a more recent study, Andersen and Doyle (2003) and other members of the 

Victorian Infant Collaborative study group measured the Wechsler IQs of a group of 

8-year-old children born during the 1990s with birth weights less than 1000 g 

(ELBW) or earlier than 28 weeks gestation.  The mean WISC-III IQ of the group of 

298 ELBW or preterm children (M = 95.5 SD = 16.0) was a significant 9.4 IQ points 

lower than the mean IQ displayed by a group of 262 normal birth weight controls (M 

= 104.9, SD = 14.1).  Anderson et al (2003) concluded that such children, despite 

being born in a time when significant advances in perinatal care had taken place, 

nevertheless continued to display cognitive impairments, as measured by the 

Wechsler intelligence scale. 

                                                 
5 This is a method of meta-analysis used to combine measures on continuous scales (such as weight), 
where the mean, standard deviation and sample size in each group are known. The weight given to 
each study (e.g. how much influence each study has on the overall results of the meta-analysis) is 
determined by the precision of its estimate of effect and is equal to the inverse of the variance.  
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 Clearly, investigations of the intellectual status of LBW preterm children 

have produced an impressive array of results that are remarkably consistent.  On the 

basis of omnibus statistical tests of significance, groups of LBW preterm children 

display significantly lower mean Wechsler IQs than controls.  On closer inspection 

of the data, however, two other features are apparent.  One, the mean Wechsler IQs 

of the groups of LBW children that have been studied are in the “average” range.  

Two, the size of the IQ discrepancies between the LBW and control groups do not 

appear to be very large.  These observations raise the possibility that different 

conclusions about the intellectual functioning of LBW preterm children may be 

drawn when the published data is analyzed in ways other than using omnibus 

statistical tests of significance.  This is the purpose of this study.  

 

Hypotheses 

 

The aim of this study is to reconsider the reasons for supposing LBW preterm 

children have impaired general intelligence by asking focused questions of the 

published data.  As discussed in chapter 2, conclusions that are solely based on 

statistically significant results may be misleading.  Experiments that are 

“overpowered” (i.e. large N) will detect effects that under any other reasonable 

conditions would not be identified.  Moreover, a distinction between statistical 

importance and scientific/theoretical importance has been made.  If intellectual 

impairment is indeed a characteristic of LBW preterm children, then the following 

prediction can be made:  
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• Prediction 1: The published Wechsler IQ differences between the groups of 

LBW preterm children and controls that have been studied will be of a 

magnitude that exceeds Zakzanis’ (2001) proposed heuristic that serves as a 

benchmark for determining that a cognitive deficit for a particular disorder is 

a core feature of the disorder. 

 

5.1.2 Method 

 

5.1.2.1 Selection of studies 

 

In this study, the IQ data of nine published studies will be reanalyzed in terms of 

effect sizes and counternull values.  The selected studies come from two sources: 1) 

the studies used by Bhutta et al (2002) in their meta-analytic study, and 2) one other 

more recently published study that was identified in a literature search.  

Bhutta et al (2002) provide comprehensive descriptions of their selection 

methods, data extraction, and statistical methods.  In summary, Bhutta and his 

colleagues conducted a MEDLINE search between 1980 and November 2001 using 

numerous terms synonymous with low birth weight and preterm birth.  They 

included studies for their meta-analysis if they 1) had a case-control design, 2) 

reported IQ data, 3) performed evaluations on children 5-years on over, and 4) had 

an attrition rate less than 30%.  As stated, from the 227 studies that were reviewed, 

only 15 studies with IQ data met their selection criteria.  These studies are displayed 

in Table 30. 

For this study, an extra selection criterion was introduced.  Included were only those 

studies that used a Wechsler intelligence test to derive IQs (i.e. WPPSI, WISC-R, 
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WISC-III, WISC-III-R).  Of the 15 studies Bhutta and his colleagues selected for 

their meta-analytic study, only 8 studies met this extra selection criterion.  Excluded 

from this analysis were the 7 other studies that used intelligence tests that appeared 

to be more a “fluid” intelligence measures, such as the British Ability Scales.  The 

characteristics of the participants in the final nine selected case-control studies are 

displayed in Table 30. 

 

5.1.2.2 Statistical methods 

 

To determine the magnitude and importance of the IQ difference between LBW 

preterm children and controls, Cohen’s d effect sizes, non-overlap percentages in 

distributions of scores, and null-counternull value ranges were calculated.  For each 

study, Cohen’s d was calculated by deriving the difference in mean IQ for each 

group and dividing this by the pooled standard deviation. The mean differences were 

also pooled across studies to compute an overall mean IQ difference between LBW 

preterm children and controls.  Each individual and pooled effect size estimate was 

then converted into an estimate of distribution nonoverlap percentage (NOL%) using 

Cohen’s published tables.  This value represents the extent to which LBW preterm 

children obtained IQs that were not obtained by controls.   

For each effect size estimate, the null-counternull range was calculated. 

Taking into assumption that the published studies derived their mean group IQs on a 

symmetric reference distribution (e.g. the normal or t distribution), the obtained 

effect size fell halfway between the null value of the effect size and the counternull 

value.  That is, for each effect size, the null value was 0 and the counternull value 

was simply twice the obtained effect size. 



  

Table 30. Selected case-control studies 

 
Source 

 

 
N 

 
Years of Birth 

 
Birth weight, g 

 
Gestational age 

 
Age at evaluation

 
Test 

 
Mean IQ (SD) 

McDonald et al (1989) 
Cases 
Controls 

 
44 
44 

 
1975 – 1979 
1975 – 1978 

 
1776 (510) 
3359 (481) 

 
31.4 (3.0) 

40 

 
5 
5 

 
WPPSI 
WPPSI 

 
113 (21) 
124 (13) 

Sommerfeldt et al (1993) 
Cases 
Controls 

 
62 
62 

 
1981 – 1982 
1981 – 1982 

 
1251 (166) 
3650 (490) 

 
31 (2.6) 

40 

 
8 
8 

 
WISC-R 
WISC-R 

 
93.2 (16) 

104.2 (14) 
Levy-Shift et al (1994) 

Cases 
Controls 

 
90 
90 

 
NA 
NA 

 
1190 (209) 
3225 (334) 

 
29 (2.3) 
39 (1.2) 

 
13 
13 

 
WISC-R 
WISC-R 

 
105.1 (10.5) 
114.4 (9.8) 

Sommerfeldt et al (1995) 
Cases 
Controls 

 
51 
55 

 
1986 – 1988 
1986 – 1988 

 
1555 (368) 

> 3000 

 
32 (3) 

40 

 
5 
5 

 
WPPSI-R 
WPPSI-R 

 
97 (14) 
104 (14) 

Botting et al (1998) 
Cases 
Controls 

 
138 
163 

 
1980 – 1983  
1980 – 1983  

 
< 1500 
> 2500 

 
NA 
40 

 
12 
12 

 
WISC-III 
WISC-III 

 
89.7 (17.2) 
97.8 (17.4) 

Stjernqvist & Svenningsen (1999) 
Cases 
Controls 

 
61 
61 

 
1985 – 1986  
1985 – 1986  

 
1042 (242) 
3648 (533) 

 
27.1 (1.0) 
40.1 (1.4) 

 
10.5 
10.6 

 
WISC-III-R 
WISC-III-R 

 
89.8 (15.1) 

106.5 (15.1) 
Saigal et al (2000)  

Cases 
Controls 

 
150 
124 

 
1977 – 1982 
1977 – 1982 

 
833 (126) 
3395 (483) 

 
27 (2.4) 

40 

 
14 
14 

 
WISC-R 
WISC-R 

 
89 (19) 
102 (13) 

Rickards et al (2001) 
Cases 
Controls 

 
120 
41 

 
1980 – 1982 
1980 – 1982  

 
1167 (215) 
3417 (432) 

 
29.3 (2) 
39.9 (1) 

 
14 
14 

 
WISC-III 
WISC-III 

 
96.2 (15.5) 
105 (13.3) 

Anderson et al (2003) 
Cases 
Controls 

 
258 
220 

 
1991 – 1992 

NA 

 
< 1000 
> 2499 

 
< 28 
NA 

 
8.7  
8.9  

 
WISC-III 
WISC-III 

 
95.5 (16) 

104.9 (14.1) 
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5.1.3 Results 

 

Table 31 displays the effect size analysis data calculated for each study.  This 

includes the differences in mean IQs between the LBW preterm and control groups 

and associated and confidence intervals for these differences, Cohen’s d effect sizes 

and associated null-counternull ranges, and percentages of distribution of non-

overlap.  

 

Table 31. Effect size analysis for studies comparing IQ differences between LBW preterm and 
control groups 

 
Source 

 
Mean Difference* 

(95% CI) 

 
Cohen’s d 

(Null-Counternull 
range) 

 
OL% 

(OL% range) 

 
McDonald et al (1989) 

 
11.00 (-0.9 – 22.9) 

 
.40 (0 – 0.80) 

 
72.6 (0 – 52.6) 

Sommerfeldt et al (1993) 11.00 (3.3 – 18.7) .48 (0 – 0.96) 67.0 (0 – 46.0) 
Levy-Shift et al (1994) 9.30 (6.0 – 12.0) .60 (0 – 1.20) 61.8 (0 – 47.8) 
Sommerfeldt et al (1995) 7.00 (3.9 – 10.1) .33 (0 – 0.66) 78.5 (0 – 59.0) 
Botting et al (1998) 8.10 (4.2 – 12.0) .31 (0 – 0.62) 78.7 (0 – 67.9) 
Stjernqvist & Svenningsen 
(1999) 

16.70 (11.4 – 22.0) .74 (0 – 1.48) 54.8 (0 – 29.0) 

Saigal et al (2000)  13.00 (9.2 – 16.8) .51 (0 – 1.02) 66.8 (0 – 44.6) 
Rickards et al (2001) 8.80 (3.9 – 13.7) .40 (0 – 0.80) 72.6 (0 – 52.6) 
Anderson et al (2003) 9.40 (6.7 – 12.1) .41 (0 – 0.82) 72.6 (0 – 52.8) 
 
Overall 
 

 
10.48 (6.7 – 12.7) 

 
.46 (0 – 0.96) 

 
69.6 (0 – 46.0) 

* Control mean IQ minus LBW mean IQ 

 

 The IQ differences for the majority of studies were remarkably similar.  Six 

of the nine studies show LBW children as groups tend to display IQs eight to eleven 

points lower than the controls.  Moreover, the direction of the IQ difference was the 

same.  Groups of controls always displayed higher mean IQs than the groups of 

LBW preterm children.  Overall, LBW children displayed IQs approximately two-

thirds of a standard deviation lower than controls.  The percentages of overlap in the 
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distribution of IQs between the groups were also high, ranging from 54.8% to 78.7%.  

This suggests that the majority of LBW preterm and controls in each of the studies 

obtained similar Wechsler IQs.  When taking into account the percentages of overlap 

in the distribution of IQs associated with the counternull effect size values, all but 

one study suggests that no less than approximately half of LBW preterm children 

have Wechsler IQs that are indistinguishable from age-matched controls.  As Figure 

12 shows, the size of the Wechlser IQ differences do not come close to approaching, 

let alone exceeding, Zakzanis’ (2000) benchmark heuristic. 

 

 

 

 

0 1 2 3

Effect size (Cohen's d)
 

Figure 12. Effect size (Cohen’s d) and the null-countenull range 

 

 
 

95% NOL  
(i.e. 5% overlap) 

0% NOL  
(i.e. 100% overlap) 
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5.1.4 Discussion 

 

The aim of this study was to challenge the current belief that LBW preterm children 

suffer from intellectual deficits compared to their full term normal birth weight peers.  

It was argued that such a belief was misleading because it was predicated on the use 

of omnibus tests of statistical significance which, according to Zakzanis (2001, 

p.666), often “fail to tell the truth, the whole truth and nothing but the truth”.  

Accordingly, it was suspected that the difference in IQs between LBW and control 

groups were not of a sufficient magnitude that warranted claims that LBW children 

suffer from intellectual impairments.  This appeared to be the case.   

 When the IQ data from the published studies were reanalyzed in terms of 

effect sizes and associated percentages of nonoverlap in distributions, only about 

one-third of LBW children displayed a Wechsler IQ that was different from the 

controls.  Put another way, the clear majority of LBW preterm and normal birth 

weight control children (i.e. 70%) had Wechsler IQs that were indistinguishable from 

each other.  The magnitude of the effect in some studies suggested that as many as 

79% of LBW children had IQs similar to that of controls.  Even in the study with the 

largest IQ difference, approximately half of the children in each group were 

indistinguishable from each other on IQ alone.  Such effect sizes and distributions of 

nonoverlap in IQs do not come close to exceeding Zakzanis’ (2001) proposed 

heuristic marker for neuropsychological research.  Even the percentages of 

nonoverlap in distributions of IQs at each of the counternull values do not approach 

the 95% NOL criterion.  Indeed, even at these upper or maximum estimates of effect 

size, most studies still show that approximately 50% of LBW children and controls 

have similar IQs.  Clearly, the recasting of the published Wechsler IQ data in terms 
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of effects sizes and counternull values suggest LBW children do not suffer from 

intellectual impairments, at least not in the way it is thought. 

 In the context of this thesis, such findings are important.  A 10-point 

difference in Wechsler IQs between LBW preterm children and normal birth weight 

controls is not theoretically important.  The cognitive neuropsychological approach 

is founded on the principle that one of the ways to understand how the brain carries 

out mental operations is to study people who have developed specific deficits as a 

result of damage to the brain.  If the clear majority of LBW preterm display similar 

average Wechsler IQs to that of their controls then this suggests estimates of general 

intelligence, or g, derived by averaging performance across numerous tasks (some of 

which are knowledge-based and considered to be relatively immune to brain damage) 

do not appear to be affected by the neurological complications associated with LBW 

and preterm birth.  The decision to study LBW children on the basis that they could 

prove useful to delineate cognitive theories of g appears vindicated.  

The findings of this study also suggest that Wechsler Intelligence Scales do 

not properly characterize the intellectual status of LBW preterm children.  Duncan et 

al (1995) recently argued, and showed, that fluid g intelligence tests are most suitable 

for investigating the neuropsychological underpinnings of g.  On psychometric 

grounds, such tests may be best for identifying any intellectual deficit that a LBW 

child may have.  LBW children who display relatively intact Wechsler IQs relative to 

their peers may nevertheless exhibit impaired fluid g.  This is investigated in the next 

study. 
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5.2 Study 6: g, executive functions, and speed of information processing in 

primary school-aged children born low birth weight associated with preterm 

birth 

 

5.2.1 Introduction 

 

In this study, the specific neuropsychological sequelae of a group of LBW preterm 

children was investigated.  As summarized in the introduction section of the previous 

study, the main type of brain dysfunction in LBW preterm children is periventricular 

leukomalacia (PVL).  PVL affects neuronal development in the cerebral white matter 

by impairing myelination.  The frontal regions of the brain are the last to undergo 

myelination, so are adversely affected by PVL.  PVL insult to the frontal lobes 

appears to be one major contributing factor to the executive function deficits 

displayed by LBW preterm children.  It is also current belief such children have 

intellectual impairments.  But as the last study showed, the majority of LBW children 

have IQs that are similar to controls.  In any case, the IQs of LBW preterm children 

are in the “average” range.  Moreover, the observed executive function deficits 

appear substantially greater than any Wechsler IQ deficit.  Indeed, similar to other 

developmental psychopathologies (e.g. ADHD, PKU), LBW preterm children appear 

to display a dissociation between executive functions and intelligence.  

 

Executive function characteristics 

 

If the LBW preterm children recruited for this study have a delay in frontal 

functioning then the following is predicted: 
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• Prediction 1: primary school-aged LBW children will display significantly 

poorer scores on a range of traditional executive function tests in 

comparison to age-appropriate levels of performance (i.e. published age-

standardized norms). 

 

Intellectual characteristics 

 

In light of the findings of the meta-analysis performed on the last study, it is also 

predicted: 

 

• Prediction 2: The Wechsler Intelligence Scale IQs of LBW children in this 

study will be in the average range and no different from the IQs displayed 

by the majority of children in the population (i.e. published age-

standardized norms). 

 

However, if LBW preterm children with frontal delay and executive dysfunction also 

display impaired fluid g, then the following is predicted: 

 

• Prediction 3: The Culture Fair Intelligence Test IQs of LBW children will 

be significantly lower in comparison to the population parameters and also 

significantly lower than their Wechsler IQs 

 

Speed of information processing 
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There is no published literature on the speed of information processing 

characteristics of LBW children.  But in the general cognitive developmental 

literature, normal school-aged children show clear developmental trends in 

performance on speed of information processing tasks.  

Kail (1986) examined developmental changes in speed of information 

processing in three experiments.  In experiment 1, 144 8-15 year old students and 48 

18-21 year old undergraduates were tested on a mental rotation task in which they 

judged whether pairs of letters presented at different orientations were identical or 

mirror images, and on a name retrieval task in which they judged if pairs of pictures 

were identical physically or had the same name.  Results indicated that both 

increases with age in the speed of mental rotation and speed of name retrieval were 

well described by exponential functions.  The rate of developmental change was 

comparable for the 2 tasks.  

Nettelbeck and Wilson (1985) tested groups of 7 to 18-year olds on an 

inspection time task.  In their cross-sequential study that ruled out cohort and 

practice effects, Nettelbeck and Wilson (1985) found the trend of decreasing 

inspection time (which reflects faster speed of processing) with increasing age was 

significant.  When high-, average-, and low-IQ groups were compared, it was found 

that the average- and high-IQ groups showed improvements in the inspection time 

task performance with age, but the low-IQ group did not (Wilson & Nettelbeck, 

1986).  Significant decreases in inspection time with age have also been found in the 

5 to 6 and 7 to 8 year age ranges with the largest decrease occurring between the ages 

of 8 and 11 (Nettelbeck & Vita, 1992; Wilson & Nettelbeck, 1986).  These findings 

were taken to indicate that inspection time was more closely associated with age, or 

development, than with intelligence, or IQ.  On this account, it is expected that LBW 

children will show age-related changes, or age-group differences, in inspection times.  
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  However, Anderson (1989, 1992, 1999, 2000) has argued that age-related 

changes on reaction time and inspection time tasks do not necessarily suggest speed 

is changing with age.  Anderson argued that such tasks have components, such as 

executive functions, that may be sensitive to development and unrelated to speed but 

nevertheless contribute to speeded performance.  The reaction time task, for 

example, “leaves plenty of room for strategic differences to account for the 

developmental change usually cited as evidence for changes in processing speed” 

(Anderson, 1992, p.158).  

Anderson, Nettelbeck and Barlow (1997) tested this hypothesis by comparing 

the RTs in 7- and 11-year old children under two task conditions with different 

response selection demands.  In a low demand task condition where only one finger 

was used to register a reaction time there were no significant changes in RTs with 

age.  In a high demand task condition where reactions were made by different 

fingers, age related changes emerged.  

 Anderson (1989b) earlier tested this ‘response selection demand’ hypothesis 

on an inspection time task.  He contrasted the effect of increasing the visual 

processing demands of an inspection time task with the effect of increasing response 

selection demands to see whether either of these influenced age differences on 

performance.  One hypothesis was that it if age differences on the inspection time 

task was a function of how fast the inspection time stimuli were encoded, then 

increasing the visual processing demands would affect the performance of younger 

children, thereby providing evidence that changing processing speed was indeed the 

source of cognitive developmental change.  The other hypothesis was that if age 

differences on the inspection time task are a function of how a child is able to choose 

among available responses, then increasing the response demands should affect 

younger children more.  Results supporting the latter hypothesis were obtained.  
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Increasing the visual processing demands increased inspection times of sixteen 8-

year olds and sixteen 12-year olds equally, but increasing the response selection 

demands significantly increased inspection times of the younger compared to the 

older children.  It appeared that the way in which responses were made after the 

visual discrimination stimulus was encoded affected inspection time performance in 

children.  

If executive function factors account for developmental changes in 

performance on the processing speeds tasks, then it is expected that the frontal 

impairments and executive dysfunction associated with low birth weight and preterm 

birth will compromise any age-related improvements in performance these children 

may gain on such tasks.  Given this hypothesis, the following is predicted: 

 

• Prediction 4: The age-group differences in inspection times will not be 

significant.  

 

5.2.2 Method 

 

5.2.2.1 Participants 

 

In this study, 139 primary school-aged children (53 seven-year olds, 52 eight-year 

olds, 34 nine-year olds) born with birth weight less than 2500 g and less than 32 

weeks gestation participated.  The children were recruited from the outpatient clinic 

of a local Children’s Hospital, which has coordinated and maintained the long-term 

care and follow-up of each child since they were born.  Parental or guardian consent 

was given for each child to attend a day of activity and testing during their school 
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holiday period.  The characteristics of the entire group of LBW children are 

displayed in Table 32.  There was a very strong relationship between gestational age 

and birth weight, with lower birth weights associated with shorter gestational ages, r 

= .79, p < .001.  

 

Table 32. Characteristics of the entire group of 
LBW preterm children 

 
 

Low birth weight preterm 
children 
(n = 139) 

 
Birth weight (g) 

 
1297 (421) 

Gestational age (years) 29.0 (2.4) 
Age 8.35 (.65) 

Male/Female 78/61 
 

 

Table 33 displays the characteristics of each age-group of LBW children.  There was 

a significant difference in birth weight between the age groups, F(2, 136) = 4.03, p = 

.02, eta squared = .06, power = .74.  Using Scheffe post hoc tests,

 

Table 33. Characteristics of children grouped on the basis of chronological 
age. 

 
 

7-year olds 
(n = 53) 

8-year olds 
(n = 52) 

9-year olds 
(n = 34) 

 
Birth weight 

 
1198 (402) 

 
1294 (393) 

 
1455 (454) 

Gestational age 26.3 (1.7) 29.3 (1.6) 31.1 (.9) 
Age 7.66 (.21) 8.51 (.31) 9.17 (.24) 

Male/Female 30/23 27/25 21/13 
 
 

the 7-year olds were identified as being born significantly lighter than the 9-year old 

children.  There was also a significant difference in gestational age between the age 

groups, F(2, 136) = 4.89, p = .01, eta squared = .07, power = .80.  Using Scheffe post 

hoc tests, the 7-year olds were identified as being born significantly earlier than the 
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9-year old children.  Such data indicates that, in general, children with the lower 

chronological ages were also the children who had the lower birth weights and 

shorter gestational ages.  

 

5.2.2.2 Apparatus, Materials and Procedure 

 
 
The test materials and procedures followed those that were administered and 

implemented for testing of the 6- to 11-year old primary school-aged children 

described in the previous chapter.  Each LBW child attended the Child Study Centre 

at UWA for one day and tested on a range of intelligence, executive function, and 

speed of information processing tasks. 

 

Psychometric tests  

 

Children were individually administered the Wechsler Intelligence Scale for Children 

– Third edition (WISC-III), the Wisconsin Card Sorting Test (WCST), verbal fluency 

and Stroop tests in individual test sessions.  Normative data for the WISC-III and 

WCST was obtained from the published test manuals.  Norms for the verbal fluency 

test was obtained from Spreen and Strauss’ (1998) compendium of 

neuropsychological tests.  The Culture Fair Intelligence Test (Form 2A) was 

administered as group activity.  Culture Fair Intelligence Test IQs were derived from 

the published table of norms.  

 

 

Computer tasks 
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The computer-based standard and modified inspection time tasks were presented on 

486DX personal computers with a 14-inch VGA monitor to four children at a time.  

A keyboard was present for use of the researcher to load programs, save and retrieve 

data.  Purpose built button-boxes sat on the table in front of the monitor and was used 

by the child for his or her responses.  The children always performed the standard 

inspection time first followed by the modified task. 

 

5.2.2.3 Statistical analysis 

 

A series of one-way analyses of variance (ANOVAs) and Scheffe post hoc tests will 

be used to identify significant group differences in performance on the intelligence 

tests, executive function tasks, and speed of information processing tasks.  A series 

of one-sample t-tests will be used to identify whether the performances of children in 

the different age groups on these tasks differed significantly from published 

normative data. 

Cohen’s d effect sizes and distributions of non-overlap percentages will also 

calculated to determine whether any observed deficits in test scores could be 

considered to be of a magnitude that suggested the cognitive impairment is a central 

feature of low birth weight preterm birth. 

 

5.2.3 Results 

 

The results are divided into three main sections.  The first section is an analysis of 

Wechsler and Culture Fair IQs.  The second section focuses on executive function 

task performance.  An analysis of inspection time data is presented in the third 

section.  Each section draws on the data presented in Table 34, which summarizes 
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the cognitive characteristics of the three different age groups of LBW children and 

how their performances on some tasks compared to published normative data.  

 

5.2.3.1 Intellectual characteristics 

 
 
The mean Wechsler IQ of the entire sample of LBW children (N = 139) was in the 

“average” range, M = 106, SD = 13.  This was significantly higher than the published 

mean Wechsler IQ of the normal population, which is 100 (SD = 15), t(138) = 5.4, p 

< .001.  The mean Wechsler IQs of each age-group were also significantly higher 

than the population parameters, t(52) = 2.7, p < .01, t(51) = 5.5, p < .001, and t(33) = 

5.9, p < .001 for the 7-, 8- and 9-year olds, respectively.  There were, however, no 

significant Wechsler IQ differences between age-groups, F(2, 136) = 0.46, p = .65, 

eta squared = .01, power = .12. 

Despite statistically significant IQ differences, such findings suggest the sample of 

LBW children in this study closely resembled the normal population of children. 

Indeed, when considering the magnitude of difference (i.e. Cohen’s d) and the 

percentage of non-overlap in distributions (NOL%) between the mean IQ of the 

entire group of LBW children and the IQs of the Wechsler standardization sample, 

both groups appeared indistinguishable, d = 0.4, NOL% = 27.  Culture Fair 

Intelligence test IQs were not calculated for one 7-year old because they did not 

complete one of the four sub-sections that is part of the Culture Fair Intelligence test.  

The mean Culture Fair Intelligence Test IQ of the remaining sample of 138 LBW 

children (M = 120, SD = 20; min = 75, max = 163) was 1.3 standard deviations 

higher the population mean of 100 (SD = 16).  The 20 point IQ difference is 



  

 
 

Table 34. Descriptive statistics and normative data 

  
 

   
Group 

   

  
Seven-year olds 

  
Eight-year olds 

  
Nine-year olds 

 
Tests 

 
M(SD) 

 
Norms 

  
M(SD) 

 
Norms 

  
M(SD) 

 
Norms 

Intelligence         
Wechsler IQ 102 (13) 100 (15)  107 (13) 100 (15)  106 (13) 100 (15) 
Culture Fair Intelligence test IQ 118 (23) 100 (16)  123 (19) 100 (16)  118 (16) 100 (16) 
Culture Fair Intelligence test raw score 22 (7) N/A  26 (6) N/A  27 (5) N/A 
 
Executive Functions 

        

Stroop interference ratio 1.5 (1.0) N/A  1.5 (.9) N/A  1.4 (.8) N/A 
Verbal fluency 8.7 (2.3) 12.2 

(2.8) 
 9.7 (2.1) 11.7 

(3.0) 
 10.3 (2.3) 13.9 (3.8) 

WCST – categories achieved 3.2 (2.3) 4.4 (1.7)  4.1 (1.8) 4.7 (1.6)  4.4 (1.9) 5.0 (1.3) 
WCST – perseverative responses 54 (42) 28.3 

(21.0) 
 32 (24) 24.0 

(16.9) 
 30 (29) 19.2 

(10.5) 
Speed of information processing         
Standard Inspection Time (ms) 72 (19) N/A  65 (22) N/A  67 (21) N/A 
Modified Inspection Time task (ms) 84 (20) N/A  80 (23) N/A  76 (18) N/A 
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significant, t(137) = 11.9, p < .001.  Over half of the group of LBW preterm children 

displayed Culture Fair IQs unlike those obtained by the standardization sample, d = 

1.1, NOL% = 59%. The mean Culture Fair Intelligence Test IQs of each age-group 

were also significantly higher than the population parameters, t(51) = 5.7, p < .001, 

t(51) = 3.9, p < .001, and t(33) = 2.7, p < .001 for the 7-, 8- and 9-year olds, 

respectively.  There were no significant Culture Fair Intelligence Test IQ differences 

between groups, F(2, 135) = 0.45, p = .64, eta squared = .01, power = .12.  

The mean Culture Fair Intelligence Test IQ of the entire sample of LBW 

children was also considerably higher than the mean Wechsler IQ of the group. 

Based on the published reliabilities of the tests, the 14 point difference between the 

Wechsler and Culture Fair Intelligence test IQs was significant, z = 2.0, p < .05.  

The performances of the LBW children on the Culture fair Intelligence test 

suggests that their reasoning and problem-solving skills or fluid g abilities are 

considerably stronger than 1) their knowledge acquisition skills (i.e. crystallized g), 

and 2) the fluid g abilities of the standardization sample.  The high Culture fair IQs 

could also reflect the Flynn effect.   

There was a significant difference in Culture Fair Intelligence Test raw scores 

between the age groups of LBW children, F(2, 135) = 7.8, p < .001, eta squared = 

.10, power = .94.  The mean number of correct items scored by the 8- and 9-year olds 

was significantly higher than the 7-year olds.  Such a finding suggests that with 

increasing age, LBW children display a modicum increase in problem solving and 

reasoning abilities. 

 

5.2.3.2 Executive function characteristics 
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The data of two children (one 7-year old and one 9-year old) on the Colour-Word 

Stroop were deleted from analysis because these children were unable to do the task 

and it was discontinued.  There was no significant differences in the interference 

ratio between age-groups, F(2, 134) = .20, p = .82, eta squared < .01, power = .08.  In 

general, the LBW children in each age group found the ability to inhibit an automatic 

response equally difficult.  

On the verbal fluency task, there was a significant age-group difference in the 

mean generativity of words belonging to the categories “animals” and “foods-that-

you-can-eat”, F(2, 136) = 5.7, p < .01, eta squared = .08, power = .86.  The 7-year 

olds generated significantly fewer words than the 9-year olds.  In comparison to the 

normative data, the 7-, 8- and 9-years olds generated significantly fewer words than 

expected for their ages, t(52) = 10.8, p < .001; t(51) = 6.6, p < .001; and t(33) = 8.9, p 

< .001, respectively.  

On the Wisconsin Card Sorting Test, there was a difference between age-

groups in the number of categories achieved, F(2, 136) = 4.23, p = .02, eta squared = 

.06, power = .73.  The group of 7-year olds performed significantly worse than the 9-

year olds.  There was also a significant age-group difference in the number of 

perseverative responses made, F(2, 136) = 8.3, p < .001, eta squared = .11, power = 

.96.  The 7-year olds perseverated significantly more in comparison to the both the 8- 

and 9-year olds, suggesting these younger children took longer to respond to 

feedback about their performance.  In comparison to normative data: the 7-year olds 

completed fewer categories and made significantly more perseverative errors, t(52) = 

3.7, p < .01 and t(52) = 4.5, p < .001, respectively; the 8-year olds completed fewer 

categories and made significantly more perseverative errors, t(51) = 2.2, p = .03 and 

t(51) = 2.3, p = .02, respectively; the 9-year olds completed a normal amount 
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categories but made significantly more perseverative errors, t(33) = 1.8, p = .08 and 

t(33) = 2.2, p = .04, respectively.  

Overall, such findings suggest this group of primary school-aged LBW 

children suffer from significant executive function deficits. 

 

5.2.3.3 Speed of information characteristics 

 

The inspection times on the standard and modified tasks for two 7-year olds, three 8-

year olds and four 9-year olds were calculated to be three standard deviations from 

the mean.  These scores were treated as outliers and deleted from analysis.  The 

inspection times for seven children were not collected (due to extenuating 

circumstances that occurred on the day of their attendance).  

There was no significant between age-group differences in inspection times 

derived from both tasks, F(2, 126) = 1.72, p = .31, eta squared = .02, power = .25 and 

F(2, 121) = 1.50, p = .22, eta squared = .02, power = .32, for the standard and 

modified tasks, respectively.  Such findings suggest the LBW children in each age 

group display similar speed of information processing characteristics. 

 

5.2.4 Discussion 

 
 
In this study, the executive function, intellectual and speed of information processing 

characteristics of three groups of primary school-aged LBW preterm children were 

investigated.  The aim was to see whether such children, in which the prefrontal 

circuits appear particularly affected, displayed a pattern of impaired and intact 

cognitive processes similar to that displayed by adults with frontal lobe damage.  It 

was argued that, if so, such children would be useful to include in a cognitive 
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developmental neuropsychological study that explored the possibility that speed of 

information processing is a separate domain to executive function  

 

Executive Functions 

 

As expected, primary school-aged LBW preterm children displayed significant 

executive function impairments.  In comparison to published normative data, the 7-, 

8- and 9-year old LBW preterm children obtained significantly poorer scores on 

several common executive function tasks.  In particular, it appears the executive 

functions associated with mental flexibility and set shifting, measured by the WCST, 

and word generativity, measured by Verbal Fluency, are impaired.  Previous 

executive function studies of LBW children have focussed mainly on the 

preschooler, aged 5-years (e.g. Harvey et al., 1999) and younger (e.g. Epsy et al., 

2002).  The younger aged LBW preterm children in those studies showed increased 

propensity for perseverative responding and poor set shifting abilities.  Although the 

executive function tasks used in this study were different to those used in other 

published studies, the findings of this study nevertheless suggest that such executive 

function impairments persist into middle childhood.  

 The findings of this study also suggest there are developmental changes in 

some executive function skills in LBW children.  There is no published data about 

the time course of executive function development in LBW preterm children but the 

9-years olds in this study, although impaired relative to their peers, nonetheless 

demonstrated significantly better performance on WCST and VF in comparison to 7-

year old LBW children.  This suggests some age-related gains in some executive 

functions.  However, the effect size and distribution of non-overlap in WCST 

performances between the 7-year old LBW children and the standardization sample 
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(i.e. d = 0.8, NOL% = 47.4), for example, was not that larger than that displayed by 

the 9-year olds (i.e. d = 0.7, NOL% = 43).  It appears any age-related changes in 

executive function skills are minimal.  To the extent that the executive function tasks 

in this study correspond to the frontal regions of the brain, such findings suggest 

LBW preterm children are “frontally delayed”. 

 

Speed of Information Processing 

 

 LBW preterm children did not display age-related changes in their speed of 

information processing characteristics.  The mean inspection times of each group of 

LBW preterm children were similar.  To the extent that the standard and modified 

inspection time tasks measure the speed operating characteristics of cognition, LBW 

preterm children show this to be a non-developing function, at least across the three-

year age range studied.  With increasing age, there does not appear to be increases in 

speed of information processing.  Such a finding is contrary to the developmental 

literature.  Numerous studies have clearly established that in normal undamaged 

children faster performances on reaction time and inspection time tasks (i.e. shorter 

reaction times, shorter inspection times) are associated with increasing age (e.g. Kail, 

2000).  Such data formed the empirical basis for theories that suggest developmental 

changes in g have its basis in age-related increases in processing speed.  But 

Anderson (1988) argued that speed of information processing did not change with 

age and the age-related increases in performance on speed tasks were due to 

developmental changes in executive functions which were unrelated to processing 

speed but influenced performance on the task.  The neuropsychological data from 

this study provides tentative support for Anderson’s claim.  
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 However, if executive functions influence the performance of children on 

speed of information processing tasks like inspection time, then older children with 

requisite executive functions would be expected to be conferred certain advantages, 

hence produce quicker, or shorter, inspection times than their younger counterparts.  

This was not the case for the older LBW preterm children, who displayed inspection 

times no quicker than their younger counterparts.  In a group of children with known 

executive function impairments, and possible frontal delay, age-related changes in 

performance on two speed of information processing tasks were removed.  

 What is unclear from the data, however, is whether processing speed itself is 

compromised by low birth weight and preterm birth.  Moreover, how is speed of 

information processing related to individual differences and developmental changes 

in g in LBW preterm children?  Such data may bear on the dimensionality of g issue.  

The main focus of the following study and part of that explored in the next chapter 

investigates these issues.   

  

Intelligence 

 

In contrast to their executive function deficits, the LBW children in this study did not 

exhibit intellectual impairments, at least with regard to Wechsler IQs.  The Wechsler 

IQs of the LBW preterm children in this study were in the “average” range.  Indeed, 

the Wechsler IQs of the LBW preterm children appear indistinguishable from that of 

the Wechsler standardisation sample, as suggested by the magnitude of the IQ 

discrepancy (and distribution of non-overlap).  Such a finding is consistent with the 

data on LBW preterm children.  In the 15 studies that Bhutta et al (2002) considered 

worthy of their meta-analytic review, the 8 studies that derived IQs using various 

Wechsler scales also showed the IQs of groups of different aged LBW children were 
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in the “average” range.  As suggested by the analysis of published Wechsler IQ data 

in the previous study, it appears estimates of general intelligence, or g, derived by 

averaging performance across numerous tasks, some of which are knowledge-based 

and considered to be relatively immune to brain damage, do not appear to be affected 

by the neurological complications associated with LBW and preterm birth. 

 In the adult literature, intact Wechsler IQs accompanied by executive 

function impairments caused with frontal lobe damage was taken as evidence to 

suggest the frontal lobes played little role in intelligence.  This posed a problem for 

executive function theorists of intelligence.  Duncan and his colleagues (1995, 1996) 

resolved this frontal lobe paradox by showing that when intelligence was measured 

by fluid ability tests (e.g. Culture Fair Intelligence test) such patients displayed 

impaired intelligence.  In this study, the apparent little impact of prefrontal damage 

in LBW children on Wechsler IQs relative to executive function impairments also 

poses a paradoxical problem for executive function theorists of intelligence.  But 

unlike Duncan and his colleagues’ success in resolving the frontal lobe paradox in 

adults, there did not appear to be a major impact of LBW and preterm birth on a test 

of fluid intelligence, at least on the individual differences dimension.  Contrary to 

what was predicted, children born with low birth weight associated with preterm 

birth did not appear to have impaired fluid g when considered in terms of IQ.  On the 

contrary, in comparison to Wechsler IQs, the groups of LBW children in this study 

displayed significantly higher Culture Fair Intelligence test IQs.  

 The direction and degree of the Culture Fair and Wechsler IQ difference in 

LBW preterm children is unlike that displayed by frontal damaged adults.  The 

majority of adults studied by Duncan and his colleagues and those investigated in the 

first study of this thesis displayed significantly lower Culture Fair IQs.  But before it 
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can be concluded that LBW children are not neurodevelopmental analogues of 

frontal damaged adults, two points need to be considered. 

 First, it is unclear to what extent the Flynn effect has affected the Culture Fair 

IQs of LBW children.  As discussed in previous chapters, there appears to be a 

general trend of increasing IQ each year.  The data collected from studies of normal 

undamaged participants show that for virtually every type of intelligence test there is 

an average increase of over 3 IQ points per decade.  The question is whether the 

Flynn effect for LBW preterm children (or for any neuropsychological population for 

that matter) occurs to the same extent as for normal full term children.  To firmly 

conclude that LBW preterm children do not have impaired fluid g it will be 

necessary to establish that the difference between Wechsler and Culture Fair IQs in 

LBW preterm children is of the same magnitude displayed by age and Wechsler IQ 

matched normal full term children.  This will be one focus of analysis in the next 

chapter but presently underscores the need for caution interpreting Culture Fair 

Intelligence test IQs.  

 Second, it is unclear whether LBW preterm children have impaired fluid g 

when considered in terms of cognitive development, or mental age.  While the data 

suggests that with each year of development most LBW children appear able to solve 

more inductive reasoning items in comparison to their younger counterparts 

(indicative of modicum developmental changes in fluid g), it is unclear whether the 

frontal dysfunction associated with low birth weight and preterm birth causes a 

cognitive developmental delay with regard to reasoning, problem solving and fluid g 

abilities.  Visual inspection of the Culture Fair Intelligence test raw score data 

suggest this may be the case.  The mean score exhibited by the group of 9-year old 

LBW preterm children (27±5) was the same as the mean score displayed by the 

group of 7-year old normal full term children (27±5) studied in chapter 4.  This 
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suggests there is a developmental lag of about two years LBW preterm children have 

with regard to fluid g ability.  The reasoning and problem solving abilities of the 9-

year old LBW preterm children appear equivalent to those displayed by 7-year old 

full term normal children.  On this (developmental dimension) account, LBW 

preterm children do indeed appear to have impaired fluid g, which is characteristic of 

frontal adults.  

 

Summary 

 

The main aim of this study was to identify some specific neuropsychological 

sequelae of LBW preterm children with regard to establishing their 

neuropsychological utility for exploring the dimensionality of g issue.  The findings 

of the present study suggest LBW preterm children suffer from significant executive 

function impairments indicative of frontal delay contrasted with normal Wechsler 

IQs.  These cognitive characteristics alone resemble the cognitive phenotype of 

frontal damaged adults.  Unlike frontal damaged adults, LBW preterm children did 

not appear to exhibit impaired individual differences in fluid g (i.e. IQ), at least in 

reference to the published standardized Culture Fair Intelligence test norms.  

However, it is unclear whether the magnitude of the Flynn effect in LBW preterm 

children is the same as it is for normal full term children.  Comparatively, LBW 

preterm children may yet display relative impairments in fluid intelligence test 

derived IQs.  In any case, there is strong evidence to suggest LBW preterm children 

display impaired or delayed developmental changes in fluid g.  The speed of 

information processing characteristics of LBW preterm children do not appear to 

increase with age but it is unclear whether processing speed is slower than normal 

full term age-matched peers.  The findings suggest LBW preterm children display 
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some cognitive characteristics – conclusions about other aspects of their cognition 

can only be done in respect of control data – that will be useful for testing hypotheses 

about the cognitive basis of individual differences and developmental changes in g. 

Investigating the nature of the relationships between intelligence, executive functions 

and speed of information processing in the LBW preterm child is the focus of the 

next study.  

 

5.3 Study 7: Investigation of the links between individual differences in g, the 

development of g, executive functions, and speed of information processing in 

primary school-aged children born low birth weight associated with preterm 

birth 

 

5.3.1 Introduction 

 

This study investigates the performances of the large group of primary school-aged 

low birth weight (LBW) preterm children on the range of standardized tests of 

intelligence, psychometric executive functions tasks, and speed of information 

processing tasks.  A hierarchical regression analysis was used to see whether LBW 

preterm children exhibited patterns of associations between executive functions, 

speed of information processing, individual differences in g, and developmental 

changes in g.  

If individual differences in g are be found to be solely based in speed of 

information processing characteristics of cognition and the development of g is found 

to be solely based in executive functions, then two main predictions follow: 
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• Prediction 1: Performance on the inspection time and reaction time tasks 

(but not executive function tasks) will account for a significant amount of 

explanatory variance in Culture Fair Intelligence Test IQs beyond the 

variance accounted for by performance on any other tasks 

•  Prediction 2: Performance on the executive function tasks (but not speed 

of information processing tasks) will account for a significant amount of 

explanatory variance in Culture Fair Intelligence Test raw scores beyond 

the variance accounted for by performance on any other tasks. 

 

5.3.2 Method 

 

In this study, the data that was collected from the group of 139 primary school-aged 

low birth weight (LBW) preterm children in the previous study was subjected a 

series of hierarchical multiple regression analyses.  The first part in determining 

whether executive functioning and speed of information processing were uniquely 

associated with either individual differences and/or developmental changes in g will 

be to regress all of the independent control variables (i.e. age, executive function 

tasks, inspection time tasks) simultaneously on the dependent criterion variable (i.e. 

Culture Fair IQs or raw scores).  If the amount of variance accounted for in the 

criterion variable by all of the control variables is significant, a series of two-step 

hierarchical regressions will then be performed on the data.  In these analyses, all but 

one of the dependent variables will be entered into the regression first, followed by 

entry of the previously omitted dependent variable in the second step.  Of interest is 

whether there is a significant change in the amount of variance that is accounted for 

by the variable entered on the second step.  Each executive function and speed of 

information processing variable will be entered on the second step.
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5.3.3 Results 

 

5.3.3.1 Descriptive statistics 

 

Table 35 displays the correlations between age, IQ, and the executive function and 

speed of information processing tasks.  Age correlated significantly with Culture Fair 

Intelligence test raw scores, indicating LBW preterm children undergo 

developmental changes in novel reasoning and problem-solving abilities.  However, 

according to Cohen’s (1977) criteria, the magnitude of this correlation is  “medium” 

and suggests only moderate gains in such fluid g skills.  

The correlations between age and performances on the executive function 

tasks suggest there are age-related changes in some executive function skills.  There 

was no correlation between age and Colour-Word Stroop task, contrasted with 

significant age-related changes in performance on the WCST and Verbal Fluency 

executive function tasks.   

There was no significant correlation between age and performance on the 

standard inspection time task.  There was a significant but “small” correlation 

between age and performance on the modified IT task.  

There was a significant and “large” correlation between Wechsler and 

Culture Fair Intelligence test IQs, although perhaps not to the degree where a child’s 

IQ derived from one test corresponds closely to an IQ derived from the other.   

There were significant and “medium” correlations between Wechsler and Culture 

Fair Intelligence test IQs and performance on the executive function tasks, except for 

the Colour-Word Stroop task.  This suggests that successful performance on some 

executive function tasks is related to the intelligence of the LBW preterm child.



  

     

 

 

 

Table 35. Correlation matrix 

 2 3 4 5 6 7 8 9 10 
 
1. Age 

 
- 

 
- 

 
.38** 

 
-.01 

 
  .29**

 
  .29**

 
   -.32**

 
  -.17 

 
-.19* 

          
2. WISC–III IQ  .58** .57** -.04    .24**    .37**    -.33**    -.23** -.22* 
3. Culture Fair Intelligence test IQ   .93** -.04 .19*   .31**    -.26**  -.23* -.20* 
4. Culture Fair Intelligence test raw score    -.01  .26**  .38**    -.36**    -.29**   -.28**
          
5. Stroop interference ratio     .04 .02 -.10  .17  .04 
6. Verbal fluency       .17* -.15 -.07 -.07 
7. WCST – categories achieved          -.78**   -.21*   -.22* 
8. WCST – perseverative responses          -.21*    -.31**
          
9. Inspection Time – task 1 (ms)             .35**
10. Inspection Time – task 2 (ms)          
          

*p < .05 
**p < .01 
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Similarly, Culture Fair Intelligence test raw scores correlated significantly 

with two executive function tasks, suggesting developmental changes in reasoning 

and problem solving abilities are associated with developmental changes in some 

executive functions.  

Apart from a significant but “small” correlation between the ability to 

generate words and achieve categories, there were no significant correlations among 

the remaining executive function tasks.  This suggests the executive function tasks 

are measuring difference executive processes (or are simply unreliable).   

Developmental changes in g were related to speed of information processing. Culture 

Fair Intelligence test raw scores correlated significantly with both inspection time 

tasks.  

The two IT tasks did not correlate as much as expected. 

 

5.3.3.2 Regression 

 
Table 36 displays the series of regressions.   

 

Predicting developmental change in fluid g 

 

In regressions 1 to 5, Culture Fair Intelligence Test raw scores were the dependent 

(criterion) variable.  In regression 1, all the independent variables (i.e. age, executive 

function and inspection time tasks) were entered into the equation simultaneously.  A 

significant 23% of variance in Culture Fair Intelligence Test raw scores were 

accounted for.  In regression 2, all the executive function and speed of information 

processing tasks were regressed on the first step.  Together these control variables 

accounted for a significant 19% of variance in Culture Fair Intelligence Test



  

 

Table 36. Regression Analyses 

 
Regression 

number 
 

 
Culture Fair 
Intelligence 

Test 

 
Age 

 
Colour-
Word 
Stroop 

 
Verbal 

Fluency 

 
WCST-
categories 
achieved 

 
WCST-

pr 

 
Standard

IT 

 
Modified 

IT 

 
R2 

 
R2 

 
p 

            
1 criterion control control control control control control control .23** - - 
2 criterion predictor control control control control control control .19** .04 .02 
3 criterion control predictor control control control control control .23** 0 .88 
4 criterion control control predictor control control control control .21** .01 .15 
5 criterion control control control predictor control control control .21** .02 .18 
6 criterion control control control control predictor control control .23** 0 .71 
7 criterion control control control control control predictor control .21** .01 .22 
8 criterion control control control control control control predictor .21** .01 .23 
            
9 criterion control control control control control control control   .11 - - 
            

 

Note: Bold type = Culture Fair Intelligence Test raw scores 

Normal type = Culture Fair Intelligence Test IQs 

R2= variance in the criterion variable accounted for by the control variables 

R2 = variance the predictor variable accounts for in the criterion variable in addition to the control variables 

** p < .001 
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performance.  In step two, age was entered into the equation.  There was a significant 

increment in variance of 4.0% accounted for, suggesting age was a unique and 

independent contributor to Culture Fair Intelligence Test performance over and 

above that accounted for by executive functioning and speed of information 

processing tasks.  Such a finding suggests other age related factors (e.g. memory, 

language) contributes to developmental changes in fluid g.  In regressions 3 to 8, 

each one of the executive function and speed of information processing tasks was 

regressed on the second step.  No significant increments in variance were obtained 

for any single task over and above what was accounted for collectively by all other 

tasks when they were entered into the regression equation on the first step.  

 

Predicting individual differences in fluid g 

 

In regression 9, all the independent variables were entered into the equation 

simultaneously and regressed on Culture Fair Intelligence Test IQs.  A non-

significant 11% of variance in IQ was accounted for by all the variables in question.  

Consequently, no further regressions were performed.   

 

5.3.4 Discussion 

 

Whereas normal full term children studied in the Chapter 4 showed a complete 

dissociation between executive functions and Wechsler IQ, there was a modest 

correlation between executive functions and Wechsler IQ in the LBW preterm 

children studied in this thesis.  Crinella and Yu (2000) also found modest correlation 

between executive functions and a factorial estimate of g (derived from a battery of 

neuropsychological tests, including the WISC) in children with Attention Deficit 
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Hyperactivity Disorder (r = .23, r = .24), which is a developmental psychopathology 

characterized by executive dysfunction (e.g. Barkley, 1995, 1997; Sergeant & van de 

Meere, 1998) caused by structural and physiological abnormalities in the prefrontal 

cortex and associated connections.  Broadly conceived, it therefore appears that the 

LBW preterm children in this study share similar cognitive features with children 

diagnosed with ADHD.  Such data alone suggests performance on executive function 

tasks in such children is associated with intelligence.  This supports theories that 

attribute individual differences in g to executive functions.  However, Crinella and 

Yu (2000) make the point that the executive function deficits that characterize 

ADHD do not appear to affect IQ.  Indeed, the majority of research has shown that 

children with ADHD have normal Wechsler IQs (Prifitera & Dersh, 1993; Schwean, 

Saklofske, Yackulic & Quinn, 1993).  Similarly, the LBW preterm children in this 

study displayed significant executive function deficits accompanied by Wechsler IQs 

in the normal range.  Although a complete dissociation between executive functions 

and IQ is not apparent in LBW preterm children (as it is for normal full term 

children), the relative magnitude of the executive function deficit relative to the 

normal Wechsler IQs is stronger contrary evidence for executive function theories of 

individual differences in g.  In any case, the regression analysis revealed that there 

was no association of significance between executive functions and Culture Fair 

Intelligence test IQs that could not be accounted for by other factors.  

While such data appears to fail to support executive function theories of 

individual differences in g, which is one step in the reconciliation process, there 

wasn’t strong evidence to support the hypothesis that executive functions are the 

basis of developmental changes in g.  The attempt to directly link age-related 

changes in executive function with developmental changes in g was not successful.  

When factors such as age (and the functions associated with age such as memory, 
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visuospatial and perceptual processing, language, etc.) and processing speed that 

contribute to both developmental changes in g and to developmental changes in 

executive functions were partialled out of the relationship between executive 

functions and developmental changes in g (using the regression analyses), no 

statistically significant unique relationships were obtained.  It appears that the 

executive function component(s) that are common to performance on the Stroop, 

Verbal fluency, and Wisconsin Card Sorting tasks share little in common with 

developmental changes on the Culture Fair intelligence test. 

Consistent with the literature that has investigated the performances of 

undamaged children on speed of information processing tasks, a significant 

correlation between inspection time and IQ was observed in LBW preterm children.  

This suggests the speed at which the LBW child can encode and discriminate simple 

visual aspects of stimuli appears to share some relationship with high-level problem 

solving.  Such data alone support the idea that increases in processing speed are the 

basis of individual differences in g.  However, there does not appear to be any 

relationship between performance on the inspection time tasks and IQ other than that 

which can be accounted by executive functions that influence task performance.  

When the (shared) executive function and age-related factors that influence 

performance on the speed of information processing tasks were removed from 

association between inspection time and individual differences in g in the 

hierarchical regression analysis, the positive correlation was rendered non-

significant.  The speed of information processing characteristics of the LBW preterm 

child does not appear related to individual differences in fluid g. 

 Furthermore, there were no relationships between developmental changes in 

g and inspection time.  Despite significant first order correlations between inspection 
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times and Culture Fair Intelligence test raw scores, there were no unique associations 

to suggest that developmental changes in g has its basis in processing speed. 

 Overall, despite using a methodology that deliberately allowed the interaction 

of all the important variables in question in a group of children that displayed 

specific neuropsychological deficits, the findings of this study do not bear on what 

role executive functions or speed of information processing plays in individual 

differences and developmental changes in g.   

 

Study 8: The relationship between individual differences in g and the 

development of g and the organization of goal-directed behaviour in primary 

school aged children 

 

5.4.1 Introduction 

 

In this study, the performances of LBW preterm children on the standard and slowed 

goal-neglect tasks will be investigated.  With regards to performance on Duncan’s 

standard goal-neglect task, the evidence from the peer reviewed literature as well as 

data from several studies in this thesis, suggest this is closely related to 1) the 

integrity of the frontal lobes, 2) individual differences in g, 3) chronological age, and 

4) developmental changes in g, or mental age.  Adults with frontal lobe damage 

caused by trauma or neurodegenerative diseases displayed a complete breakdown in 

the ability to organize behaviour in a goal-directed manner (i.e. complete goal-

neglect).  Goal-neglect was also a characteristic of young children with young frontal 

lobe maturation, children with low fluid g IQs, and children at early stages of 

cognitive development (i.e. low mental ages).  
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With regards to performance on the experimentally slowed goal-neglect task, 

the data from several studies in this thesis suggest this is also closely related to 1) the 

integrity of the frontal lobes, 2) chronological age, and 3) developmental changes in 

g, or mental age.  Again, goal-neglect was a strong characteristic of frontal damaged 

adults, young children, and children at earlier stages of cognitive development.  But 

in contrast to performance on the standard task, there does not appear to be any 

relationship between performance on the slowed goal-neglect task and IQ (i.e. 

individual differences in g).  The removal of the IQ relationship when slowing the 

goal-neglect task suggested that a speed of information processing confound 

influences standard goal-neglect task performance.  

Together, the goal-neglect task data suggests that these executive function 

processes that are responsible for the organization of goal-directed behaviour 

(measured by the goal-neglect tasks) are indeed related to the frontal lobes (hence 

chronological age in children) as well as being the basis of developmental changes in 

g (and not individual differences in g).  Therefore, Duncan’s executive function 

theory of individual differences in g appears able to be recast in terms of executive 

function theories of developmental changes in g.  It is argued that another strong test 

of this idea is to show that goal-neglect is a characteristic of LBW preterm children 

who display frontal system neuropathology.  

If the ability to organize behaviour in a goal-directed manner depends on the 

integrity of the frontal lobes, then it is predicted that LBW preterm children would 

not be able to organize their behaviour in a goal-directed manner, irrespective of 

their chronological age.   

 

• Prediction 1: Performances on the standard and slowed goal-neglect 

task will not be significantly related to chronological age. 
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It is also predicted that slowing the rate of presentation of the standard goal-

neglect task to produce a slowed version will make no difference to the performance 

of LBW children who have a deficit in the neuroanatomy that underpins this 

cognitive function:  

 

• Prediction 2: the group of LBW preterm children will produce a similar 

numbers of failed sub-blocks on the standard and slowed goal-neglect 

tasks. 

 

If Duncan’s executive function theory of individual differences in g is able to be 

recast in terms of developmental executive function theories of g, then the ability to 

organize behaviour in a goal-directed manner should relate to developmental changes 

in g in LBW preterm children.  Furthermore, there should be no relationship between 

the ability to organize behaviour in a goal-directed manner and individual differences 

in g other than that which can be accounted for by a speed of information processing 

confound that influences performance on the standard goal-neglect task.  Given these 

hypothesis, two predictions follow: 

 

• Prediction 3: Performance on the standard and slowed goal-neglect tasks 

will correlate significantly with Culture Fair intelligence test raw scores  

• Prediction 4: Performance on the standard goal-neglect task will correlate 

significantly with Culture Fair intelligence test IQ but performance on the 

slowed goal-neglect task will not. 
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5.4.2 Method 

 

5.4.2.1 Participants 

 

One hundred and thirty-seven of the 139 LBW children that were described in the 

previous study participated in this study.  Two children who could not read were not 

tested on the goal-neglect tasks.  

 

5.4.2.2 Design and Procedure 

 

In this repeated measures design, both the standard goal-neglect task (Duncan et al., 

1996) and the experimentally slowed goal-neglect task were administered to every 

child in an individual test session that lasted approximately between 5 to 10 minutes.  

The order of presentation was counterbalanced so that half the number of children in 

each age group were administered the standard goal-neglect task first followed by the 

slowed goal-neglect task, and vice versa.  In total, 69 were administered the standard 

goal-neglect task first followed by the slowed goal-neglect task, and vice versa for 

the other 68 children.  Both tasks were administered and scored according to the 

procedures detailed in chapter 2.  Each child received only one practice trial that was 

administered on the task that the child performed first.  The Culture Fair Intelligence 

Test (Form 2A) IQs and raw scores that were derived in the previous study were used 

for analysis in this study. 
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5.4.3 Results 

 

Goal-neglect task performance was analyzed in four parts.  The first section 

describes the procedure involved in identifying and deleting from analysis the data of 

children who failed sub-blocks because they made “invalid errors” (e.g. watching left 

when instructed to “WATCH RIGHT”).  The second part of the analysis was 

concerned with identifying practice effects.  In the third section, a description of the 

errors made by the children who performed the task validly will be presented.  The 

fourth and final section concerns the phenomenon of goal-neglect.  In this last 

section, the relationships with performances on these tasks with age, developmental 

changes in g and individual differences in g is presented and interpreted in terms of 

whether the hypotheses of this study were met or not.  

 

5.4.3.1 Goal-neglect task performance 

 

Pre-cue analysis 

 

The first step in analysis was to identify any child who failed any one of the three 

sub-blocks by making the following errors on trials: 1) attending to the incorrect side 

(e.g. watching the right side when directed to “WATCH LEFT”), 2) failing to report 

letters, at all, from any side (i.e. missed trials), 3) reporting letters equally from both 

sides, 4) reporting numbers only, 5) reporting both numbers and letters from one or 

both sides.  

On the standard goal-neglect task, 12 children (i.e. 18%) failed sub-blocks for 

non goal-neglect reasons.  There were five 7-year olds who made a total of 35 

“invalid” errors (i.e. 3 trials missed completely, letters reported from the incorrect 
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side on 16 trials, letters from both sides equally on 15 trials, and numbers only 

reported on 1 trial), four 8-year olds who reported a total of 31 “invalid” errors (i.e. 1 

trial missed completely, letters reported from the incorrect side on 9 trials, and letters 

from both sides equally on 21 trials), and three 9-year olds who reported a total of 28 

“invalid” errors (i.e. 12 trials missed completely, letters reported from the incorrect 

side on 3 trials, and letters from both sides equally on 13 trials).  The goal-neglect 

data for these 12 children were removed from further analyses. 

 On the slowed goal-neglect task, 20 children (i.e. 30%) failed sub-blocks for 

non goal-neglect reasons.  There were fourteen 7-year olds who made a total of 116 

“invalid” errors (i.e. 13 trials missed completely, letters reported from the incorrect 

side on 16 trials, and letters from both sides equally on 87 trials, and numbers only 

reported on 10 trials), four 8-year olds who reported a total of 34 “invalid” errors (i.e. 

3 trials missed completely, letters reported from the incorrect side on 1 trial, and 

letters from both sides equally on 30 trials), and two 9-year olds who reported a total 

of 20 “invalid” errors (i.e. letters reported from the incorrect side on 8 trials, and 

letters from both sides equally on 12 trials).  The goal-neglect data for these 20 

children were removed from further analyses. 

 

Practice effects 

 

Another concern regarding goal-neglect task performance was whether a child’s 

performance on the task that they did second was influenced by practice effects, 

having already performed either the standard or slowed goal-neglect task first.  As 

stated earlier, the executive function component of any task is strongly taxed when it 

is novel.  To investigate whether the order of presentation affected goal-neglect task 

performance, the mean number of failed sub-blocks for the standard and slowed 
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goal-neglect tasks was plotted as a function of order of presentation, which are 

displayed in Figure 13. 

 

Standard
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Figure 13. Mean number of failed sub-blocks on the standard and slowed goal-neglects tasks as 
a function of order of presentation 

 

 

 

A 2 (Task: standard, slowed) x 2 (Order: task performed first, task performed 

second) split-plot ANOVA was calculated on the number of failed sub-blocks.  There 

was a main effect of task, F(1, 103) = 7.87, p = .01, eta squared = .07, power = .79.  

In general, LBW children failed significantly more sub-blocks on the standard goal-

neglect task (M = 2.30, SE = .10) than on the slowed goal-neglect task (M = 2.00, SE 

= .11).  No main effect of order of presentation was found, F(1, 103) = 1.56, p = .21, 

eta squared = .01, power = .24.  Such a finding suggests that the performance of 

LBW children on the task they performed second (M = 2.04, SE = .14) was not 
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significantly affected by their performance on the task they did first (M = 2.27, SE = 

.13).  That is, there were no practice effects.  There was no significant interaction, 

F(1, 103) = .09, p = .77, eta squared = .001, power = .06.  

Despite the lack of practice effects, to maintain the design that was used in 

chapter 4, the LBW children were split into two groups on the basis of task 

presentation: those who performed the standard task first (n=56) and those who 

performed the slowed task first (n=49).  A series of independent t-tests was 

performed on the demographic, intelligence, executive function and speed of 

information processing variables of the two groups.  There were no significant 

differences between the two groups. 

 

Errors 

 

Table 37 displays the numbers, percentages, and nature of the “invalid” pre cue 

errors made by children on the standard and slowed goal-neglect tasks whose 

performances were valid, in that their performances reflected the way in which the 

task was intended to be performed.   

On the standard task, of the 672 trials that were administered (i.e. 3 sub-

blocks of 4 trials performed by 56 children) a total of 99 trials (14.7%) were 

performed incorrectly.  The 7- and 8-year olds made the most errors, primarily 

reporting letters from the incorrect side or reporting letters equally from both sides.  

On the slowed task, of the 588 trials that were administered (i.e. 3 sub-blocks 

of 4 trials performed by 49 children) a total of 74 trials (12.6%) were performed 

incorrectly.  Again, the 7- and 8-year olds made the most errors, primarily reporting 

letters from the incorrect side or reporting letters equally from both sides.  
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Table 37. The number and percentage of “invalid” errors made on 
trials on the standard and slowed goal-neglect tasks by children in 
each age group who performed the goal-neglects tasks validly. 

Age Group  

Seven Eight Nine 

Standard (n=56)    
 
Missed completely  

 
6 

 
4 

 
3 

Letters reported from incorrect side 18 16 14 
Letters reported from both sides 11 22 3 
Numbers reported 1 0 1 
 
Total errors  
(percentage) 
 

 
36 

(5.4%) 

 
42 

(6.3%) 

 
21 

(3.1%) 

Slowed (n=49)    
 
Missed completely  

 
3 

 
3 

 
1 

Letters reported from incorrect side 15 20 9 
Letters reported from both sides 12 9 1 
Numbers reported 0 1 0 
 
Total errors 
(percentage) 

 
30 

(5.1%) 

 
33 

(5.6%) 

 
11 

(1.9%) 
 

 

To investigate whether there were any group differences in the number of 

errors made a 2 (task: standard and slowed) x 3 (age group: 7, 8, 9) between-groups 

ANOVA was performed on the total number of error trials.  There was no main 

effect of task, F(1, 99) = .25, p = .61, eta squared < .01, power = .08.  There was no 

main effect of age, F(2, 99) = 1.30, p = .27, eta squared = .03, power = .28.  The was 

no significant interaction, F(2, 99) = .01, p = .99 , eta squared < .01, power = .05.  

 

Goal-neglect 

 

Table 38 shows the distribution of failed sub-blocks on the standard and slowed goal-

neglect tasks across the three age groups.  On the standard task, only four children 

(7.1%) passed all three sub-blocks.  The distribution is heavily skewed with 35 of the 

56 children failing all three sub-blocks, indicating 62.5% of children displayed goal-
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neglect.  Similarly, the distribution of performance on the slowed goal-neglect task is 

skewed.  Twenty-three of the 49 children (47%) failed all 3 sub-blocks while only 8 

children (16%) performed the task successfully.  Eleven children failed one sub-

block but passed two.  Seven children failed two sub-blocks and passed one sub-

block. 

 

Table 38. Distribution of failed sub-blocks for the 
standard and slow goal-neglect tasks. 

                                 Number failed sub-blocks 
 0 1 2 3 
 
Standard (n=56) 

 
4 

 
3 

 
14 

 
35 

Slowed   (n=49) 8 11 7 23 
 

 

Table 39 shows the number and distribution of failed sub-blocks on each task made 

by children in each age group.  On the standard task, the clear majority of 7- and 9-

year olds failed all three sub-blocks as did nearly half of the 8-year olds.  The 8-year 

olds also showed a greater propensity to pass at least one sub-block than the 7- and 

9-year olds.  On the slowed task, there was an increase in the number of children in 

each age group that passed more sub-blocks.  

 

Table 39. Distribution of the number of failed sub-blocks on the 
standard and slowed goal-neglect tasks for each age group. 

                                                               Sub-blocks 
 0 1 2 3 
Standard 
 
Seven (n=17) 
Eight (n=23) 
Nine (n=16) 
 

 
 

1 
2 
1 

 
 
1 
2 
0 

 
 

2 
8 
4 

 
 

13 
11 
11 

Slowed  
 
Seven (n=16) 
Eight (n=21) 
Nine (n=12) 

 
 

3 
4 
1 

 
 
3 
3 
5 

 
 

1 
6 
0 

 
 

9 
8 
6 
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 To investigate the relationship between goal-neglect and age, the mean 

number of sub-blocks failed on the standard and slowed goal-neglect tasks for each 

age group was plotted, as displayed in Figure 14.  The Spearman’s rho correlation 

between the chronological ages of the children and the number of failed sub-blocks 

on the standard goal-neglect task was not significant, r = -.20, p =.15.  Similarly, 

there was no significant relationship between chronological age and performance on 

the slowed goal-neglect task, r = -.15, p = .31.  It appears older children performed 

no better than younger children on either task. 

A 2 x 3 between-groups ANOVA was also used to examine the main effects 

and interactions of task (standard, slowed) and age (7, 8, and 9) as they related to the 

number of failed sub-blocks.  There was no main effect of age, F(2, 99) = 0.65, p = 

.52, eta squared = .01, power = .16.  There was a main effect of task, F(1, 99) = 6.54, 

p = .01, eta squared = .06, power = .72.  It appears that, in general, the LBW children 

failed more sub-blocks on the standard goal-neglect task (M = 2.5, SD = 0.9) 

compared to the slowed goal-neglect task (M = 1.9, SD = 1.2).  There was no 

interaction, F(2, 99) = 0.19, p = ..82, eta squared < .01, power = .08.  This suggests 

that the differences in the number of failed sub-blocks displayed by the 7-, 8- and 9-

year old LBW children on the standard (M = 2.6, SD = 0.9; M = 2.2, SD = 1.0; M = 

2.6, SD = 0.8, respectively) and slowed goal-neglect tasks (M = 2.0, SD = 1.3; M = 

1.8, SD = 1.2, M = 1.9, SD = 1.2, respectively), were similar. 

To investigate the relationship between goal-neglect task performance and 

developmental changes in g, the mean number of failed sub-blocks on each task was 

plotted as a function of z-transformed Culture Fair Intelligence test raw scores.  That 

is, each child’s score on the Culture Fair Intelligence test was converted into a z-

score and then grouped into bins with a width of 0.5.  This procedure followed 
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Figure 14. Mean number of failed sub-blocks for the standard and slowed goal-neglect tasks as a function of age group 
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Duncan's et al. (1996) analysis of data (which they used to make IQ bins, which is 

done next).  So, for example, children who scored between (and including) 30 to 33 

on the Culture Fair Intelligence Test were placed in the 0.5 z-score bin, while 

children in the z-score of -0.5 achieved scores of between (and including) 26 to 29.  

As Figure 15 displays, on the standard goal-neglect task, there was a close 

relationship between performance and raw score.  The children who scored more 

correct items on the Culture Fair Intelligence Test scores, which is indicative of 

higher levels of cognitive development, demonstrated a better ability to pass sub-

blocks.  The Spearman’s rho correlation between standard goal-neglect task 

performance and Culture Fair Intelligence Test raw score was significant, r = -.35, p 

= .01.  

In contrast, there was no strong relationship between performance and raw 

score on the slowed goal neglect task, r = -.20, p = .71.  This suggested that children 

were equally likely to pass or fail the slowed goal-neglect task irrespective of their 

stage of cognitive development. 

To investigate the relationship between goal-neglect task performance and 

individual differences in g, the mean number of failed sub-blocks on each task was 

plotted as a function of z-transformed Culture Fair Intelligence test IQs.  Following 

Duncan's et al. (1996) analysis, the Culture Fair Intelligence test IQs of each child 

were grouped into z-score bins with a width of 0.5 according to their IQ.  For 

example, children with an IQ of 100 to 108 would be placed in the 0.5 z-score bin, 

while a z-score of 1.0 would reflect an IQ between 109 and 116.  The mean number 

of failed sub-blocks on each task was then calculated for each z-score bin.  Figure 16 

displays the mean number of failed sub-blocks on the standard and slowed goal-

neglect tasks as a function of Culture Fair Intelligence Test IQ.
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Figure 15. Mean number of failed sub-blocks for the standard and slowed goal-neglect tasks as a function of z-transformed Culture Fair Intelligence Test raw score.
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Figure 16 Mean number of failed sub-blocks on the standard and slowed goal-neglect tasks as a function of z-transformed Culture Fair Intelligence test IQs. 
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On the standard goal-neglect task, there was a significant relationship between 

performance and IQ, Spearman’s rho correlation r = -.27, p = .04.  This suggests 

children with higher fluid g were better able to perform the standard goal-neglect 

task.  On the slowed task, there was no significant relationship between slowed goal-

neglect task performance and IQ, r = -.17, p = .25.  This suggested that children 

throughout the fluid g distribution were equally likely to pass or fail the slowed goal-

neglect task 

 

5.4.4 Discussion 

 

It was argued that if the ability to organize behaviour in a goal-directed manner 

depends on the integrity of the frontal lobes then LBW preterm children with frontal 

system neuropathology would exhibit goal-neglect irrespective of their chronological 

age and whether they performed the standard or slowed goal-neglect task.  It was 

also argued that goal-neglect should be found to be linked to age-related changes in 

performance on a test of fluid g and any relationship between goal-neglect and IQ 

should be found to be related to processing speed.  

 The first thing to note about the performance of this group of LBW preterm 

children on each of the standard and slowed goal-neglect tasks was the very high 

error rate.  A high percentage of children violated two basic task instructions (i.e. 

called out aloud letters ignoring numbers and/or attended to the incorrect side) 

rendering their performances invalid with regard to determining whether they 

displayed “true” goal-neglect and impaired organization of goal-directed behaviour.  

Eighteen percent of children did not satisfy the necessary performance criteria on the 
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standard goal-neglect task.  Twenty-nine percent of children failed to perform the 

two basic task instructions on the slowed goal-neglect task.  

 One possible explanation for this high error rate could be due to LBW 

preterm children having some cognitive or language-based difficulty that 

compromised their ability to simply adhere to straightforward task instructions.  

Receptive language difficulties, poor comprehension and abstract verbal reasoning as 

well as attention and/or working memory problems are common among such 

children.  Such impairments may have afflicted the children in this study.  Support 

for this assertion comes from the finding that the majority of children (i.e. 65%) who 

performed the slowed goal-neglect task first – where there was a far greater error rate 

– had extremely low birth weights (i.e. < 1000 g).  Children with lower birth weights 

have an increased risk from suffering from a range of developmental disorders 

(Picard et al., 2000).  It therefore appears, by chance, the potentially more 

cognitively compromised group of children performed the slowed goal-neglect task 

first. 

For the majority of children who satisfied the two basic task requirements, 

goal-neglect was a strong feature of their performance.  As predicted, the 

organization of goal-directed behaviour was not an age-related function with very 

few LBW preterm children displaying unimpaired performances on both the standard 

and slowed goal-neglect tasks.  The greater number of failed sub-blocks, or goal-

neglect, was no more a feature of the younger LBW preterm children than it was for 

the older children.  Chronological age did not confer the LBW preterm child any 

advantage towards the ability to organise behaviour in a goal-directed manner.  Such 

data is further evidence which shows this cognitive function depends on the integrity 

of the frontal lobes.  
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The hypothesis that LBW preterm children would perform equally poorly on 

the slowed task as they did on the standard task was not supported.  It was argued 

that if LBW preterm children have a deficit in the neuroanatomy that underpins this 

cognitive function, then irrespective of the speed of presentation of the goal-neglect 

task items, such children would nevertheless remain impaired with regards to the 

ability to “switch” or “stay” on presentation of the specific cue.  This was certainly 

the case for adults with frontal lobe damage.  But the group of LBW preterm children 

as a whole performed relatively better when the speed confound from the standard 

goal-neglect task was removed.  Given the heterogeneity of LBW preterm children, 

this is perhaps not surprising.  In any group of LBW preterm children there is bound 

to be varied deficits, diverse etiologies, and variable extents and locations of 

abnormalities.  It is therefore possible that some children may have found the slowed 

task easier. In any case, despite relatively better performance on the slowed goal-

neglect compared to the standard task, goal-neglect was still a strong feature of LBW 

preterm children.  Comparison with a control group would indicate just how so.  

Despite the phenomenon of goal-neglect being a strong characteristic of the 

group of LBW preterm children, their performance on the standard goal-neglect task 

was related to individual differences in g.  As predicted, LBW preterm children with 

better reasoning or problem solving abilities relative to their same aged peers 

produced fewer numbers of failed sub-blocks.  Such data taken alone is consistent 

with theories that attribute executive functions, Duncan’s theory of the organization 

of goal-directed behaviour in particular, to individual differences in g.  However, 

there was no relationship between individual differences in g and performance on the 

standard goal-neglect that could not be accounted for by a speed of information 

processing confound.  As predicted, when the standard goal-neglect task was slowed, 
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the relationship between goal-neglect and IQ was removed indicating requisite speed 

of information processing capabilities is needed to perform the standard task 

(probably as much as executive functions are needed) and that this cognitive process 

provides the link with individual differences in g.  Such data again shows that part of 

Duncan’s empirical foundation for hypothesizing that the organization of goal-

directed behaviour is the basis of individual differences in g is problematic.  

Besides, the data also supports executive function theories of developmental 

changes in g.  The performance of LBW preterm children on the standard goal-

neglect task was also related to age-related changes in performance on the Culture 

Fair Intelligence test.  Children who were able to solve more items on this test – 

children at higher stages of cognitive development – made fewer errors than their 

younger mentally aged peers.  Unfortunately, this finding was not borne out on the 

slowed goal-neglect task.  Contrary to expectations, the performance of LBW 

preterm children on the slowed goal-neglect task was not related to developmental 

changes in g.  Removing the speed confound in the standard task which removed the 

IQ relationship also removed the relationship with cognitive development.  

 In sum, the performance of LBW preterm children on the standard goal-

neglect task was not related to age but significantly associated with individual 

differences in performance on a test of fluid g (i.e. IQ) and age-related changes in 

performance on a test of fluid g (i.e. mental age).  Such findings support both 

executive function theories of individual differences and developmental changes in g.  

Performance on the slowed goal-neglect task was not related to age, IQ or mental 

age.  The first two of these latter findings can be taken to support executive function 

theories of developmental changes in g.  However, the fact that slowed goal-neglect 

data did not correlate with anything may suggest performance on the slowed goal-
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neglect task in the LBW preterm child depends on other cognitive and non-cognitive 

factors not measured in this study.  Clarification of these results will be attempted by 

analyzing this data in comparison to age and IQ matched controls, which is the 

purpose of the study in the next chapter.  

 

Chapter 6: Study 9 

 

In this analytical study, the intellectual, goal-neglect, and speed of information 

processing characteristics of the previously described groups of low birth weight 

preterm and full term children will be directly compared to each other.  Each set of 

psychometric and chronometric data produced by LBW preterm children and normal 

full term children bore independent evidence about the independent contribution of 

executive function and speed of information processing to fluid g.  The logic of the 

study in this chapter is to use the performances of typically developing children as 

the control group against which the LBW preterm children are compared – just as 

was done for the adult patients with frontal lobe damage studied in Chapter 3.  It is 

argued that a stronger test of the idea that there are two dimensions to g would be to 

show that executive function and speed of information processing in LBW preterm 

children are dissociated.  

 

Study 9: Fluid g, speed of information processing and the organization of goal-

directed behaviour: Comparisons between low birth weight preterm children 

and children born full term 
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6.1.1 Introduction 

 

The purpose of this study is to test the hypothesis that LBW preterm children are like 

the group of FTD patients studied in Chapter 3 and will have a deficit in executive 

function (manifesting as goal-neglect) but intact speed of information processing.  

Put another way, it is hypothesized that LBW preterm children are delayed along the 

developmental dimension of g but not along the individual differences dimension.  

The delay along the developmental dimension is hypothesized to be attributable in 

cognitive terms to deficits in the executive functions of the frontal lobes and, in terms 

of intelligence, reflected in lowered fluid g.  The non-delay along the individual 

differences dimension is reflected in normal speed of information processing and 

“average” (crystallised) IQs.  This will be tested by analyzing the performances of 

the two groups of chronologically age-matched children on the Wechsler and Culture 

Fair Intelligence tests, executive function tasks, an inspection time task, and the 

standard and slowed goal-neglect tasks.  

 

Predictions 

 

If there are two dimensions to g, where executive functions and seed of information 

processing are dissociated, and low birth weight associated with preterm birth causes 

a cognitive developmental delay by (in part) delaying the maturation of the frontal 

lobes, then several predictions follow: 

 

• Prediction 1: The Wechsler IQs of LBW preterm children will not be 

significantly different from Wechsler IQs of full term children. 
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• Prediction 2:  The Culture Fair Intelligence Test IQs of LBW preterm 

children will be significantly lower than the Culture Fair Intelligence Test IQs 

of full term children. 

• Prediction 3: The Culture Fair Intelligence Test raw scores of LBW preterm 

children will be significantly lower than the Culture Fair Intelligence Test 

raw scores of full term children. 

 

If developmental delay in LBW preterm children is attributable to deficits or delays 

in the maturation of other frontal cognitive processes, then such children would also 

be expected to show impaired organization of goal-directed behaviour (i.e. goal-

neglect).  This should be reflected in dissociation in performance on the standard and 

slowed goal-neglect tasks between LBW preterm and full term children.  That is, the 

phenomenon of goal-neglect should be evident in both groups of children when they 

are administered the standard goal-neglect task but the LBW preterm children will 

show significantly less improvement on the slowed goal-neglect.  Like adults with 

frontal damage, LBW preterm children will not benefit from lessen the processing 

demands on the standard goal-neglect task by removing the speed of information 

processing confound. Given this hypothesis, and applying Crawford et al’s (2003) 

operational criteria for a classical dissociation, several predictions follow  

 

• Prediction 4: The number of failed sub-blocks produced by the LBW preterm 

children on the standard goal-neglect task will not be significantly different 

than the full term children.  
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• Prediction 5: The number of failed sub-blocks produced by the LBW preterm 

children on the slowed goal-neglect task will be significantly higher (i.e. 

worse) than the full term children.  

• Prediction 6: The number of failed sub-blocks produced by the full term 

children on the slowed goal-neglect will be significantly lower (i.e. better) 

than the number of failed sub-blocks produced by these full term children on 

the standard goal-neglect task. 

 

Finally, it is be necessary to rule out the possibility that any cognitive developmental 

delay of the LBW preterm child has its basis in slowed speed of information 

processing.   

 

• Prediction 7: The inspection times of LBW preterm children will be the same 

as the inspection times of full term children. 

 

6.1.2 Method 

 

6.1.2.1 Participants 

 

Low birth weight preterm children 

 

In this study, the data that was collected from the group of 139 primary school-aged 

low birth weight (LBW) preterm children described in the studies of the previous 

chapter were included for analysis.   
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Full term children  

 

In this study, the data of 73 full term children (31 seven-year olds, 19 eight-year olds, 

23 nine-year olds) were selected from the group of 116 primary school-aged children 

that were described in the studies of chapter 4.  These children were selected on the 

basis that they matched the chronological ages of the LBW preterm children.  Their 

data was merged onto a SPSS database with the data of the LBW preterm children.  

 

Participant characteristics 

 

Table 40 displays the age characteristics of the two groups of children selected for 

this study.  Using an independent samples t-test, the mean age of the entire group of 

LBW preterm children was not significantly different from the mean age of the entire 

group of 73 full term children, t(210) = 0.67, p = .50.  

 

Table 40. Group characteristics of LBW preterm and 
full term children 

 
Age (years) 

Preterm 
(n = 139) 

Full term 
(n = 73) 

 
Mean (SD) 
Range 

 
8.27 (1.0) 

7.0-9.9 

 
8.35 (.65) 

7.3-9.5 
   

 

 

6.1.2.2 Design and Analyses 

 

In true experimental design, the LBW preterm and full term children who were 

studied separately in the series of experiments described in chapters 4 and 5 were 

randomly assigned to small groups and tested on all tasks during the course of the 
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day they attended the unit for testing.  In this comparative study, which pools the 

data of the two different groups together, there is the possibility that pre-existing 

group differences that are irrelevant to birth status may account for any obtained 

significant differences in test performances.  The LBW preterm and full term 

children were recruited from different settings, so each group could experience a 

“unique local history” (Cook & Campbell, 1979, p.53) that might affect outcome 

variables.  For example, LBW preterm birth is associated with low socio-economic 

status (Paneth, 1995; Taylor et al., 2000).  It is more than likely that the full term 

children who were given consent to participate in the study came from more 

advantaged families with greater financial and (arguably) intellectual resources than 

the majority of the families with LBW preterm children who presented themselves 

for research.   

In research where pre-existing groups are studied, the conventional strategy 

to ensure that observed differences between groups on variables under investigation 

reflects true group differences and not the result of any irrelevant pre-existing group 

differences is to correct or control for initial group differences on a potential 

covariate.  Analysis of covariance (ANCOVA) is the statistic of choice in such non-

equivalent group designs when pre-existing group differences have the potential to 

modify relationships between the independent and dependent variables (Cook & 

Campbell, 1979).  ANCOVA does this by statistically matching the groups under 

investigation on the covariate, then examining group differences on the dependent 

variables as if they were the same group.  IQ is a typical covariate that is considered 

important to control for to ensure that deficits between groups cannot be attributed by 

pre-existing group differences in intelligence.   
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However, Miller and Chapman (2001) argue that it is often inappropriate to 

control for pre-existing group differences on a variable such as IQ especially when 

the lower IQs of a particular group is a central feature or meaningfully related to that 

group.  With regard to neuropsychological research Miller and Chapman (2001, 

p.45) state “IQ would be very likely to be meaningfully related to brain damage, so 

using IQ as a covariate would disrupt any comparison of brain-damaged and control 

groups’ performance: IQ differences would certainly be part of group differences in 

brain-damage status.  As a consequence, removing variance associated with IQ 

would alter the diagnostic group variable substantially.”   

 Because of the differing opinions about whether or not to covary IQ, the 

conservative approach of reporting all main and interaction effects with and without 

controlling for Wechsler IQ was adopted.  This was a strategy used by Wilcutt, 

Pennington, Boada, Ogline, Tunick, Chhabildas and Olson (2001) in their study of 

the cognitive deficits in reading disability and attention deficit hyperactivity disorder.  

Consequently, to identify omnibus significant group differences in 

performance on the fluid g intelligence test, executive function tasks, and speed of 

information processing tasks, a series of 2 x 3 between-groups ANOVAs and 

ANCOVAs using Wechsler IQ as the covariate were used.  There were two factors 

associated with Group (i.e. LBW preterm children, full term children) and three 

factors associated with Age (i.e. 7-years, 8-years, 9-years).  Simple effects analyses 

were used as a post-hoc measure for further analyzing significant main effects and 

interactions. 

To analyze goal-neglect task performance, a 2 x 3 x 2 ANOVA and 

ANCOVA with Wechsler IQ as the covariate was used.  There were two factors 

associated with Group (i.e. LBW preterm children, full term children), three factors 
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associated with Age (i.e. 7-years, 8-years, 9-years), and two factors associated with 

Task (i.e. standard goal-neglect task, slowed goal-neglect task). 

In addition to the aforementioned multivariate statistics, the presence of 

meaningful effects was also be determined by converting data to Cohen’s d effect 

sizes and percentages of overlap in the distribution of test scores.   

 To directly test the presence of dissociations, Crawford’s PC program diff.exe 

was used to calculate whether the differences between two non-independent 

correlations were significant. 

 

6.1.3 Results 

 

The results are presented in four main sections.  The first three sections describe the 

analyses of 1) individual differences in g, 2) developmental changes in g, and 3) 

performance on the goal-neglect tasks.  The fourth section focuses solely on testing 

for dissociations between groups on the goal-neglect and inspection time tasks. 

Within the first three main sections, there are two sub-sections of analyses.  

The first sub-section is an analysis of unadjusted data using ANOVAs followed by 

the conversion of data to effect sizes and percentages of overlap in distribution of 

scores.  The second sub-section is an analysis of adjusted data using ANCOVAs 

controlling for Wechsler IQ, followed by conversion of the adjusted data to effect 

sizes and percentages of overlap in distribution of scores.   

 

6.1.3.1 Individual differences in g 

 

Wechsler IQ 
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The Wechsler IQs of the different groups of children are displayed in Figure 17. A 2 

x 3 between-groups ANOVA [(Group: LBW preterm, normal full term) x (Age: 7, 8, 

9)] was used to test for significant differences.  There was a main effect of group, 

F(1, 206) = 48.96, p < .001, eta squared = .19, power = 1.0.  The mean Wechsler IQ 

for the entire group of LBW preterm children (N = 139) was in the “average” range, 

M = 106, SD = 13.  This was contrasted with a significantly higher mean Wechsler 

IQ for the entire group of the 73 full term children, M = 116, SD = 12.  There was no 

main effect of age, F(2, 206) = .61, p = .55, eta squared = .01, power = .15.  There 

was no significant interaction, F(2, 206) = .25, p = .78, eta squared = .002, power = 

.09.   
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Figure 17. Mean Wechsler IQs for each group of LBW preterm and full term children 
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The magnitude of the IQ difference (i.e. Cohen’s d) and the percentage of 

overlap in distributions of Wechsler IQs (OL%) between the two groups suggests 

approximately half of the children in each group are indistinguishable from each 

other on IQ alone, d = 0.83, OL% = 51.3.  Furthermore, when comparing the two 

groups of children across the three different ages, as displayed in Table 41, no less

 
Table 41. Differences in mean IQs, Cohen’s d effect sizes, 
and percentages of overlap (OL%) in distribution of 
Wechsler IQs between the groups of LBW preterm and full 
term children 

 Full term 
normal 

7-year olds 

Full term 
normal 

8-year olds 

Full term 
normal 

9-year olds 
 

LBW  
preterm 

7-year olds 
 

 
+9 

0.78 
(53.8) 

 
+10 
0.80 

(52.6) 

 
+12 
1.0 

(44.6) 
 

LBW  
preterm 

8-years olds 
 

+7 
0.58 

(63.2) 

+8 
0.62 

(60.8) 

+10 
0.87 

(49.7) 

LBW  
preterm 

9-years olds 
 

+8 
0.67 

(58.4) 

+9 
0.69 

(57.5) 

+11 
0.96 

(46.1) 

Note:  Differences in mean Wechsler IQs were calculated 

by subtracting the mean raw score of the groups presented 

down the side column of the Table from the groups 

presented in the row across the top of the Table. 

Differences in mean IQs are displayed in the top row of 

each cell, effect sizes in the second row below the raw 

score differences, percentages of overlap in distribution of 

scores are in parentheses. This procedure applies to all the 

Tables in the remainder of this chapter. 

 

 

than approximately half, and up to almost two-thirds, of LBW preterm and full term 

children shared similar Wechsler IQ distributions (i.e. full term 9-year olds and LBW 
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preterm 7-year olds, and, full term 7-year olds and LBW preterm 8-year olds, 

respectively).  Therefore, on Zakzanis’ (2001) criteria, the size of the IQ 

discrepancies are not of a magnitude to suggest impaired Wechsler IQ is a central 

characteristic of LBW preterm children.   

 

Culture Fair Intelligence test IQ 

 

Analyses of unadjusted means 

 

Figure 18 displays the Culture Fair Intelligence Test IQs of the different age-groups 

of LBW preterm and full term children.  The mean Culture Fair Intelligence test IQ  
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Figure 18. Mean (95%CI) Culture Fair Intelligence test IQs for each of the LBW preterm and 
full term age groups. 
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of the entire group of normal full term children was in the “very superior” range, M = 

133, SD = 17.  The mean Culture Fair Intelligence test IQ of the entire group of 

LBW preterm children was in the “high average” range, M = 120, SD = 20. A 2 x 3 

between-groups ANOVA was used to test for main effects and interactions.  AS 

predicted, the difference in Culture Fair IQs between the two groups (i.e. the main 

effect of group) was significant, F(1, 204) = 5.18, p = .02, eta squared = .03, power = 

0.62.  There was no main effect of age, F(2, 204) = .52, p = .60, eta squared = .004, 

power = .11, and no significant interaction, F(2, 204) = 0.41, p = .66, eta squared = 

.01, power = .12.  

 To further investigate individual differences in performance on the test of 

fluid g, effect sizes and percentage of overlap in distribution of scores were 

calculated, as displayed I Table 42. 

 

Table 42. Differences in mean IQs, Cohen’s d effect sizes, 
and percentages of overlap (OL%) in distribution of 
Culture Fair IQs between the groups of LBW preterm and 
full term children. 

 Full term 
normal 

7-year olds 

Full term 
normal 

8-year olds 

Full term 
normal 

9-year olds 
 

LBW  
preterm 

7-year olds 
 

 
+17 
0.90 

(48.4) 

 
+15 
0.73 

(55.7) 

 
+15 
0.83 

(51.3) 
 

LBW  
preterm 

8-years olds 
 

+12 
0.67 

(58.4) 

+10 
0.50 

(66.6) 

+10 
0.65 

(59.4) 

LBW  
preterm 

9-years olds 
 

+17 
1.30 

(34.7) 

+15 
0.88 

(49.2) 

+15 
1.00 

(44.6) 

 

 

 

The mean difference in Culture Fair IQ between the entire groups of LBW 

preterm and full term children was converted into an effect size and percentage of 
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overlap in distribution of IQs, d = 0.70, OL% = 57.0.  The finding indicates just over 

half of the children in each group have similar Culture Fair IQs.  The degree of 

shared distributions or amount of overlap in Culture Fair IQs is similar to the overlap 

in distribution of Wechsler IQs, suggesting the degree of impaired Culture Fair IQ in 

LBW preterm children is no larger than any Wechsler IQ deficit.  This also appears 

to be the case for each age group.  No less than one-third and up to two-thirds of 

LBW preterm children are indistinguishable from their full term peers in terms of 

their Culture Fair IQ. 

 

Analyses controlling for Wechsler IQ 

 

Figure 19 displays the adjusted Culture Fair Intelligence Test IQs of the different 

age-groups of LBW preterm and full term children when controlling for Wechsler 

IQs. A 2 x 3 between-groups ANCOVA, with Wechsler IQs as the covariate, was 

used to test for main effects and interactions.  The Wechsler IQ covariate was 

significantly related to Culture Fair IQs, F(1, 204) = 79.30, p < .001, eta squared = 

.28, power = 1.0.  When taking this relationship into account (in which the mean 

Wechsler IQs of the two groups were adjusted to 109), the difference in Culture Fair 

IQs between the two groups (i.e. the main effect of group) remained significant, F(1, 

204) = 5.18, p = .02, eta squared = .03, power = 0.62.  The mean adjusted Culture 

Fair Intelligence test IQ of the entire group of normal full term children was in the 

“very superior” range, M = 128, SD = 16.9.  The mean adjusted Culture Fair 

Intelligence test IQ of the entire group of LBW preterm children was in the “high 

average” range, M = 123, SD = 16.6.  There was no main effect of age, F(2, 204) = 

.52, p = .60, eta squared = .004, power = .11, and no significant interaction, F(2, 204) 

= 0.41, p = .66, eta squared = .01, power = .12.  
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This pattern of main effects and (non) interaction derived by ANCOVA 

controlling for Wechsler IQ is the same pattern obtained when unadjusted Culture 

Fair IQ means were analyzed using ANOVAs.  This suggests that pre-existing group 

differences in Wechsler IQ do not account for the statistical difference between 

groups on a measure of fluid g. 
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Figure 19. Estimated marginal mean Culture Fair Intelligence Test IQs for each of the LBW 

preterm and full term age groups controlling for Wechsler IQ. 

 

 

6.1.3.2 Developmental changes in g 

 

Analyses of unadjusted means 

 

A 2 x 3 ANOVA was used to analyze the mean Culture Fair Intelligence Test raw 

scores of the groups of LBW preterm and full term children, as displayed in Figure 
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20.  There was a significant main effect of group, F(1, 205) = 27.1, p < .001, eta 

squared = .12, power = 1.0.  In general, the full term children scored significantly 

more correct items in comparison to the preterm LBW children (M = 29.0, SD = 5.1 

and M = 24.8, SD = 6.1, respectively).  There was also a main effect of age, F(2, 

205) = 12.46, p < .001, eta squared = .11, power = .96.  In general, the nine year olds 

(M = 28.8, SD = 5.0) scored significantly higher than the eight year olds (M = 26.4, 

SD = 5.5) who scored significantly higher than the seven year olds (M = 23.9, SD = 

6.6).  There was no significant interaction, F(2, 205) = .65, p = .52, eta squared = .01, 

power = .16.  
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Figure 20. Mean (95%CI) Culture Fair Intelligence test raw scores for each of the LBW preterm 

and full term age groups. 
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 To further investigate developmental changes in fluid g, the difference in 

Culture Fair raw scores between the group of LBW preterm children and group of 

full term children was converted to an effect size and percentage of overlap in 

distribution of scores.  The main effect of group was large, indicating that just over 

half the LBW preterm and full term children in their respective groups solved similar 

numbers of correct items on the Culture Fair Intelligence test, d = .75, OL% = 54.8. 

 Table 43 displays the magnitude of raw score differences between all the 

groups of LBW preterm and full term children (of similar and different chronological 

ages).  The degrees of overlap varied across the different age groups.  Of note, the 

magnitude of the difference in Culture Fair Intelligence test raw scores between the 

group of 9-year old LBW preterm children and the group of 7-year old full term 

children was very small.  This almost complete overlap in distribution of scores 

indicates that the oldest LBW preterm children are performing at similar levels of the 

youngest full term children on a test of fluid g.   

 

 

Table 43. Differences in mean raw scores, Cohen’s d 
effect sizes, and percentages of overlap (OL%) in 
distribution of Culture Fair raw scores for groups of LBW 
preterm and full term children 

 Full term 
normal 

7-year olds 

Full term 
normal 

8-year olds 

Full term 
normal 

9-year olds 
 

LBW  
preterm 

7-year olds 
 

 
       +4.6 

0.8 
(52.6) 

 
       +6.2 

1.0 
(54.6) 

 
       +9.5 

1.8 
(12.6) 

 
LBW  

preterm 
8-years olds 

 

       +1.3 
0.3 

(82.0) 

       +2.9 
0.5 

(64.2) 

       +6.2 
1.3 

(34.7) 

LBW  
preterm 

9-years olds 
 

       -0.1 
0.1 

 (92.3)* 

       +1.1 
0.2 

(84.0) 

      +4.4 
1.0 

(44.6) 
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Analyses controlling for Wechsler IQ 

 

Figure 21 displays the estimated marginal means of Culture Fair Intelligence test raw 

scores for each group of LBW preterm and full term children when controlling for 

Wechsler IQ.  A 2 x 3 ANCOVA, with Wechsler IQ as the covariate, was used to test 

for main effects and interactions.   
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Figure 21. Estimated marginal mean Culture Fair Intelligence Test raw scores for each of the 

LBW preterm and full term age groups controlling for Wechsler IQ. 

 

 

Wechsler IQ was significantly associated with Culture Fair test raw scores, 

F(1, 204) = 80.4, p < .001, eta squared = .28, power = 1.0.  There was a significant 

main effect of group, F(1, 204) = 6.16, p = .01, eta squared = .03, power = 0.70.  On 

group adjusted Wechsler IQs, the full term children scored significantly more correct 
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items in comparison to the preterm LBW children (estimated marginal mean, M = 

27.5, SD = 0.6 and estimated marginal mean, M = 25.6, SD = 0.4, respectively).  

There was also a main effect of age, F(2, 205) = 12.46, p < .001, eta squared = .11, 

power = .96.  The nine year olds (estimated marginal mean, M = 28.8, SD = 5.0) 

scored significantly higher than the eight year olds (estimated marginal mean, M = 

26.4, SD = 5.5) who scored significantly higher than the seven year olds (estimated 

marginal mean, M = 23.9, SD = 6.6).  There was no significant interaction, F(2, 205) 

= .65, p = .52, eta squared = .01, power = .16. 

 

Table 44. Differences in mean raw scores, Cohen’s d effect 
sizes, and percentages of overlap (OL%) in distribution of 
Culture Fair raw scores for groups of LBW preterm and full 
term children 

 Full term 
normal 

7-year olds 

Full term 
normal 

8-year olds 

Full term 
normal 

9-year olds 
 

LBW  
preterm 

7-year olds 
 

 
+2.4 
0.51 

(66.1) 

 
+3.7 
0.80 

(52.6) 

 
+6.6 
1.40 

(31.9) 

LBW  
preterm 

8-years olds 
 

-0.5 
0.11 

(91.6) 

+0.9 
0.18 

(86.7) 

+3.7 
0.77 

(53.9) 

LBW  
preterm 

9-years olds 
 

+2.0 
0.42 

(71.4) 

-0.6 
0.12 

(90.9) 

+2.2 
0.47 

(68.4) 

 

 

Table 44 displays the magnitude of adjusted raw score differences between 

all the groups of LBW preterm and full term children.  Despite controlling for pre-

existing group differences in intelligence (i.e. Wechsler IQ), some of the older 

groups of LBW preterm children displayed levels of performance on the Culture Fair 

Intelligence test equivalent to full term children a year younger than themselves.  

There were almost complete overlaps in the distribution of the number of items 
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correctly solved on the Culture Fair test between the group of 8-year old LBW 

preterm children and the group of 7-year old full term normal children, and between 

the group of 9-year old LBW preterm children and the group of 8-year old full term 

children.  

6.1.3.3 Speed of information processing 

 

Analyses of unadjusted means 

 

Figure 22 displays the mean inspection times for each group of LBW preterm and 

full term children.  There were no significant main effects or interaction: F(1, 194) = 

2.48, p = .12, eta squared = .01, power = .35 and F(2, 194) = 1.79, p = .17, eta 

squared = .02, power = .37, and F(2, 194) = .56, p = .58, eta squared = .01, power =  

full term
pre term

Group

Error Bars show 95.0% Cl of Mean

7 8 9
Age group

0

25

50

75

100

In
sp

ec
tio

n 
tim

e

 

Figure 22. Mean (95%CI) inspection times for each of the LBW preterm and full term age 
groups. 
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.14, for Group, Age, and Group x Age, respectively.  Such results suggest all the 

children in this study, despite their birth weight, gestational age, chronological age, 

and cognitive status, have similar inspection times. 

The magnitude of the mean IT difference and the percentage of overlap in 

distribution of ITs between the two groups of LBW preterm and full term children 

also indicates there is a large overlap in the two distributions of ITs, d = 0.24, OL% = 

82.7.  The percentages of overlap in distribution of inspection times were also 

calculated for each of the three different aged LBW preterm and full term groups of 

children.  Complete overlap was evident for all ages.  On Zakzanis’ (2002) criteria, 

LBW preterm and full term children essentially have indistinguishable ITs.  

Because of the absence of significant group differences in ITs and the high 

percentages of overlap in distributions of ITs between groups, analysis of adjusted 

data using ANCOVAs was not performed. 

 

6.1.3.4 Goal-neglect task performance 

 

Analysis of goal-neglect data usually consists of several steps.  First, children who 

failed the goal-neglect tasks (i.e. children who were assigned scores of 3 for failing 

all three sub-blocks) for non goal-neglect reasons are identified and removed from 

analysis.  The second part of analysis investigates whether any practice effects are 

present and whether there is a need to subsequently analyse data as a between-groups 

design.  Third, a description of the errors made by the children who performed the 

task validly is presented to see whether any group differences in goal-neglect can be 

attributed to, say, differences in reading ability (or other such factors).  This is 
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followed by the final analysis where the phenomenon of goal-neglect itself is 

examined.   

For the purposes of this study, only the pre-cue error analysis of the sub-

sample of full term children (i.e. the 73 seven, eight and nine-year olds selected from 

the 116 six to eleven-year olds) has been performed.  The first two steps were done 

as part of the separate analyses of goal-neglect task performances of the LBW 

preterm children (N = 105) and full term children in studies 4 (chapter 4) and 8 

(chapter 5).  Therefore, the goal-neglect data in this study has been “cleaned” with 

respect to these issues.  

 

Error analysis 

 

In this sub-sample of full term children who were selected for analysis, there were 30 

who performed the standard goal-neglect task first.  A total of 360 trials were 

administered (i.e. 3 sub-blocks of 4 trials performed by 30 children).  Of these, 10 

trials (2.8%) were missed completely (i.e. no letters or numbers reported at all from 

either side) and letters were reported from the wrong side on 36 trials (10%).  Of 

these only 14 trials (3.9%) actually violated the scoring procedure.  Numbers were 

reported on 35 trials (9.7%) but only 13 trials (3.6%) violated the scoring procedure.  

Overall, a total of 37 trials (10.2%) were performed incorrectly.  

  For 37 full term children who performed the slowed goal-neglect task first a 

total of 44 trials were administered (i.e. 3 sub-blocks of 4 trials performed by 37 

children).  Of these, 7 trials (1.6%) were missed completely (i.e. no letters or 

numbers reported at all from either side) and letters were reported from the wrong 

side on 31trials (7%).  Letters were reported from both sides on 24 (5.4%) trials. Of 

these only 3 trials (<1%) actually violated the scoring procedure.  Numbers were 
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reported on 41 trials (9.2%) but only 2 trials (<1%) violated the scoring procedure.  

Overall, a total of 43 trials (9.7%) were performed incorrectly.  

A 2 x 2 x 3 ANOVA [i.e. (group: full term vs preterm LBW) x (task: standard 

vs slowed) x (age: 7, 8, 9)] was performed to determine whether the error rates 

between the two groups were significantly different.  There was only a significant 

main effect of task, F(1, 159) = 5.07, p = .01, eta squared = .05, power = .78.  The 

total number of errors made on the standard goal-neglect task (M = 2.0, SD = 2.1) 

was significantly greater than on the slowed goal-neglect task (M = 1.3, SD = 1.6).  

 

Goal-Neglect (Analyses of unadjusted means) 

 

Figure 23 displays the mean number of failed sub-blocks on the standard and slowed 

goal-neglect tasks made by the groups of LBW preterm and full term children.  A 2 x 

2 x 3 independent sample (3-Way) ANOVA [i.e. (group: full term vs preterm LBW) 

x (task: standard vs slowed) x (age: 7, 8, 9)] was performed on the goal-neglect data. 

There was only one significant effect, which was a main effect of task, F(1, 160) = 

16.74, p < .001, eta squared = .10, power = .98.  There were a significantly higher 

number of failed sub-blocks made on the standard task (M = 2.40, SD = 1.0) in 

comparison to the slowed task, (M = 1.78, SD = 1.2).  There was a trend towards a 

main effect of age, F(2, 160) = 2.74, p = .06, eta squared = .03, power = .54, with the 

mean number of failed sub-blocks made by the 7-year olds (M = 2.34, SD = 1.1) 

close to being significantly higher in comparison to both the 8- and 9-year olds (M = 

1.97, SD = 1.1 and M = 1.90, SD = 1.1, respectively).  There was no main effect of 

group, with the LBW preterm (M = 2.18, SD = 1.1) and normal full term children (M 

= 1.95, SD = 1.1) making similar numbers of failed sub-blocks, F(1, 160) = 1.94, p =
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Figure 23. Mean number of failed sub-blocks on the standard and slowed goal-neglect tasks displayed by each group of LBW preterm and full term children 
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.17, eta squared = .01, power = .28.  There were no significant two- and three-way 

interactions. 

To further investigate goal-neglect task performances, data were converted to 

effect sizes and percentages of overlap in distribution of scores.  On the standard 

goal-neglect task, the difference in the mean number of failed sub-blocks between 

the two groups of children was almost zero, indicating an almost complete overlap in 

the distribution of the number of failed sub-blocks, d = 0.03, OL% = 99.9.  When 

comparing the distributions in the number of failed sub-blocks between the three 

different LBW preterm and full term age groups, as displayed in Table 45, the 

degrees of overlap ranged from no less than half to almost complete overlap.   

 

 

Table 45. Differences in the mean number of failed sub-
blocks, Cohen’s d effect sizes, and percentages of 
distribution in overlap (OL%) on the standard goal-neglect 
task for each group of LBW preterm and full term children 

 Full term 
normal 

7-year olds 

Full term 
normal 

8-year olds 

Full term 
normal 

9-year olds 
 

LBW  
preterm 

7-year olds 
 

 
+0.16 
0.21 

(84.6) 
 

 
+0.04 

.05 
(96.1)* 

 

 
-0.79 
0.72 

(56.1) 

LBW  
preterm 

8-years olds 
 

+0.53 
0.68 

(58.0) 

+0.41 
0.49 

(67.2) 

-0.42 
0.37 

(74.3) 

LBW  
preterm 

9-years olds 
 

+0.19 
0.26 

(81.3) 

+.07 
.09 

(93.1)* 

-0.76 
0.71 

(54.4) 
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On the slowed goal-neglect task (see Table 46), the difference in the mean 

number of failed sub-blocks between the two groups of children was moderate with 

almost two-thirds of LBW preterm children obtaining similar numbers of failed sub-

blocks like that displayed by the full term children, d = 0.58, OL% = 62.7.  The 

magnitude of the differences in performances between the three different age groups 

ranged from negligible to moderate indicating that there is still considerable overlap 

in the distribution of the number of failed sub-blocks displayed by LBW preterm and 

full term children.   

 

 

Table 46. Differences in the mean number of failed sub-
blocks, Cohen’s d effect sizes, and percentages of 
distribution in overlap (OL%) on the slowed goal-neglect 
task for each group of LBW preterm and full term children 

 Full term 
normal 

7-year olds 

Full term 
normal 

8-year olds 

Full term 
normal 

9-year olds 
 

LBW  
preterm 

7-year olds 
 

 
0 
0 

(100)* 
 

 
-0.80 
0.73 

(55.7) 

 
-0.67 
0.58 

(62.7) 

LBW  
preterm 

8-years olds 
 

+.10 
0.09 

(93.1)* 

-0.70 
 0.67 
(58.4) 

-0.57 
0.51 

(66.1) 

LBW  
preterm 

9-years olds 
 

+.08 
.07 

(94.6)* 

-0.72 
0.69 

(57.4) 

-0.61 
0.55 

(64.2) 

 

* No effect 

 

Because of the absence of significant group differences in goal-neglect task 

performances and the high percentages of overlap in distributions of the number of 

failed sub-blocks displayed by the LBW preterm and full term children on both the 
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standard and slowed tasks, analyses of adjusted data using ANCOVAs was not 

performed.  

 

6.1.3.5 Direct tests for dissociations 

 

To illustrate the presence of any dissociations, the performances of the entire group 

of LBW preterm children on the goal-neglect and inspection time tasks were plotted 

in comparison to the performances of the entire group of full term children on the 

same tasks, as displayed in Figure 24.  The possibility that single dissociations 

between performances on the goal-neglect and inspection time tasks were displayed 

at each different age level was also explored, as displayed in Figures 25, 26 and 27.  

Direct tests for dissociations were done using Crawford’s PC program diffde.exe.  

The program was developed to perform Baron and Treiman’s (1980) method for 

testing whether two non-independent correlations differed significantly from each 

other.  

The point-biserial correlation between group membership (LBW preterm or full 

term) and the number of failed sub-blocks displayed on the standard goal-neglect 

was computed as was the point-biserial correlation between group membership and 

the inspection time.  The correlation between group membership and (standard) goal-

neglect (-.03) was effectively zero and similar to the zero correlation between group 

membership and inspection time (-.06).  Not surprisingly, the difference between the 

correlations was not statistically significant, t(80) = .15, p = .88.  Such a finding 

suggests there is no dissociation between speed of information processing and 

performance on the standard goal-neglect task In LBW preterm children.   
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Figure 24. Mean group levels of performance (Z scores) on the standard and slowed goal-neglect tasks and inspection time task for the entire groups of LBW 

preterm and full term children.
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Figure 25. Mean group levels of performance (Z scores) on the standard and slowed goal-neglect tasks and inspection time task for the groups of 7-year old 

LBW preterm and full term children. 
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Figure 26. Mean group levels of performance (Z scores) on the standard and slowed goal-neglect tasks and inspection time task for the groups of 8-year old 

LBW preterm and full term children. 
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Figure 27. Mean group levels of performance (Z scores) on the standard and slowed goal-neglect tasks and inspection time task for the groups of 9-year old 

LBW preterm and full term children.
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The point-biserial correlation between group membership (LBW preterm or full-

term) and the number of failed sub-blocks displayed on the slowed goal-neglect was 

also computed as was the point-biserial correlation between group membership and 

the inspection time.  The correlation between group membership and (slowed) goal-

neglect (.14) was not significantly different from the correlation between group 

membership and inspection (.14), t(79) = .04, p = .96.  Such a finding also suggests 

LBW preterm children are no more impaired on the slowed goal-neglect task in 

comparison to their performance on the inspection time task. 

There were no significant differences between the two non-independent 

correlations at each age level. 

 

 

6.1.5 Discussion 

 

The aim of this study was to directly examine the cognitive profile of LBW preterm 

children and full term children on a battery of intelligence, executive function and 

speed of information processing tasks.  The primary goal was to test for a significant 

dissociation between LBW preterm and full term children on 1) measures of 

crystallized and fluid g and, 2) measures of goal-neglect and speed of information 

processing.   

 

Intelligence 

 

That LBW preterm children had significantly lower mean Wechsler IQs in 

comparison to age-matched groups of normal full term children was contrary to what 

was predicted.  However, the question whether this suggests Wechsler IQ is 
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meaningfully related to the neuropathology associated with low birth weight and 

preterm birth remains unclear.   

Bhutta et al’s (2002) meta-analysis of Wechsler IQ data (study 5, Chapter 5) 

showed significantly reduced IQs in LBW preterm children in comparison to 

controls.  However, it was also shown in study 5 (Chapter 5) that the significant 

Wechsler IQ differences between LBW preterm and control groups were due to 

overpowered studies.  When the IQ data was reanalysed in terms of effect sizes and 

percentages of overlap in the distribution of scores, the magnitudes of the Wechsler 

IQ differences between group were small and theoretically unimportant.  It was 

therefore concluded that Wechsler IQs do not properly capture the intellectual status 

of LBW preterm children because it appears that the knowledge-based sub-tests that 

make up the Wechsler Scale are relatively unaffected by the neuropathology of LBW 

preterm birth.  Consistent with the findings obtained and the conclusions drawn from 

this reanalysis, the magnitudes of the IQ differences and the percentages of overlap 

in distributions of Wechsler IQs between the groups in this study suggests no less 

than approximately half of the children in any age-group are distinguishable from 

each other on IQ.   

It is also likely there was a sampling problem with the full term children.  

Those children who participated were those whose parents responded to a general 

invitation posted to schools within the Metropolitan area.  As discussed earlier, it is a 

strong possibility that these parents come from the upper end of the normal 

distribution of IQs.  In contrast, the LBW preterm children were selected … so more 

closer and accurate representation of the population and normal distribution of IQs.   

Indeed, Wechsler IQs of the LBW preterm children were predominantly in the 

“average” range.  The Wechsler IQ difference between the two groups in this study is 

therefore likely to be based on factors irrelevant to birth status. 
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In comparison to their Wechsler IQs, the group of preterm children in this 

study exhibited significantly lower Culture Fair Intelligence test IQs.  When deriving 

an intelligent quotient by averaging performance across a range of different mental 

ability tests (e.g. Wechsler Scales), LBW appears to have little impact relative to its 

effect on abstract reasoning and problem-solving, or fluid g.  LBW preterm children 

displayed statistically significant lower Culture Fair Intelligence test IQs than full 

term children.  The LBW preterm children still displayed low fluid g even when the 

pre-existing Wechsler IQ group differences were controlled. 

Similarly, LBW preterm children displayed significantly lower numbers of 

correctly solved items on the Culture Fair Intelligence test.  When considering the 

developmental dimension and the age-related changes in reasoning and problem 

solving ability (as opposed to individual differences), LBW preterm children did 

display impaired fluid g. If the mental age of a child is determined by the ranking of 

the child’s absolute raw test score in the distribution of (unstandardized) scores, then 

the performance of LBW preterm children on the Culture Fair Intelligence test 

suggests they are at an earlier stage of cognitive development relative to their full 

term peers.  Indeed, the effect size data and percentages of overlap in distributions of 

Culture Fair Intelligence test raw scores between the different groups of LBW 

preterm and full term children show there is a clear developmental lag, at least one 

and perhaps two years.  On unadjusted data, the 9-year old LBW preterm children 

were indistinguishable from 7-year old full term children in terms of their 

distributions of Culture Fair raw scores.  When controlling for pre-existing Wechsler 

IQ differences, the 8-year and 9-year old LBW children displayed a level of 

cognitive development, at least with regard to problem-solving and fluid g reasoning 

abilities, similar to that displayed by 7-year and 8-year old normal full term children, 

respectively. 
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Zakzanis (2000) argued that when the percentage of overlap in the 

distributions in scores on a test between two groups is less than 7.7% (or greater than 

92.3% non-overlap in scores), the impaired cognitive processes measured by the test 

can be considered a unique or core deficit of the disorder exhibited by the group 

under investigation.  It is argued here that when the percentages of overlap in the 

distributions in scores on a test between two groups is greater than 92.3% (or less 

than 7.7% non-overlap in scores), the cognitive processes measured by the test can 

be considered common to each group.  To “turn around” Zakzanis’ criteria and show 

that two different groups of children (e.g. LBW preterm and full term) who also 

differ in chronological ages but nevertheless have identical distributions on a variable 

that is sensitive to age-related changes in brain functioning, suggests they have 

similar levels of cognitive development.  “The developmental vulnerability of the 

immature [LBW] brain” (Bhutta, et al. 2002, p.733) appears to cause a delay in the 

reasoning and problem-solving and fluid g abilities of the older LBW preterm child.   

 

Speed of information processing 

 

On all statistical criteria, there were no inspection time (IT) differences between any 

group of LBW preterm and full term children.  To the extent that the inspection time 

task is an estimate of speed of information processing, the data suggests LBW 

preterm children do not suffer from any speed of information processing deficit.  

 

Goal-Neglect 

 

In two studies that separately investigated the performances of a group of full term 

and a group of LBW preterm children on the standard goal-neglect task (i.e. study 4 
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in chapter 4, and study 8 in chapter 5, respectively), very few children in either group 

displayed unimpaired performances.  Therefore it was not surprising to find that 

when the standard goal-neglect task data of the two groups were directly compared 

with each other, there were no significant differences in the number of sub-blocks 

that were failed.  The full term and LBW preterm children found the standard goal-

neglect task equally difficult.  Indeed, as indicated by the effect size analysis, the 

performances of the LBW preterm and full term children are indistinguishable from 

each other.  

 Contrary to what was predicted, the performance of the LBW preterm 

children on the slowed goal-neglect task wasn’t significantly worse than the full term 

children.  As a group, the LBW preterm children did not produce significantly 

numbers of failed sub-blocks than that produced by the group of full term children.  

While slowing the task to remove the hypothesized speed confound caused 

significant improvements in performance in both groups of children in comparison to 

their performances on the standard goal-neglect task, it did not do so differentially.  

There was a trend in the data (see Figure 23) which showed that the 8- and 9-year-

old full term children benefited from the removal of the speed confound whereas the 

7-year-old full term children didn’t, with their performance more like the 7-, 8-, and 

9-year-old LBW preterm.  This trend, however, was not captured by significance 

testing.   

 

Dissociations 

 

Crawford’s et al (2003) criteria for a classical dissociation are based on the pattern of 

results obtained from the application of three inferential tests: two to test for the 

presence of deficits on Tasks X and Y, and one on the difference between X and Y.  
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Therefore, the presence of a dissociation was directly tested by determining whether 

the number of failed sub-blocks displayed by the LBW preterm children on the 

standard and slowed goal-neglect tasks were significantly lower in comparison to full 

term children and significantly different from their (LBW preterm) inspection times.  

This pattern of data was not found.  The LBW preterm were no worse than full term 

children on measures of goal-neglect nor were their performances on the goal-neglect 

tasks worse than their inspection time task performance.  Contrary to the hypothesis, 

the organization of goal-directed behaviour and speed of information processing in 

LBW preterm children is not dissociated.  

 

Summary  

 

In comparison to full term children, the LBW preterm children appear to have a 

lower IQ and mental age, reflected in lower scores obtained on a test of fluid 

intelligence.  The individual differences and developmental lag in fluid g coexists 

with marked deficits in a range of executive functions, as measured by traditional 

psychometric tests.  Such data provides strong empirical support for executive 

function theories of developmental changes in g.  However, contrary to prediction, 

the developmental lag in g was not associated with a specific deficit in the frontal 

lobe function responsible for the organization of goal-directed behaviour, at least 

measured by the goal-neglect tasks.  Therefore this attempt to show that Duncan’s 

specific executive function theory of individual differences in g is correct for the 

developmental dimension of g by showing children with a neuropsychological 

disorder that affects various frontal systems failed.  However, the study was 

successful to the extent that the cognitive delay and executive dysfunction displayed 
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by LBW preterm children was shown not to be based on a speed of information 

processing deficit.   

 
Chapter 7: Summary and General Discussion 

 

There are three main sections in this chapter.  The first section is an overview of the 

thesis.  This outlines the study of general intelligence, the theories that speculate on 

the cognitive underpinnings of individual differences in g and the development of g, 

the possibility that there may be two g’s, and the proposed research.  Also included 

in this first section are three sub-sections that summarize the major findings of each 

study and how they bear on the issue with respect to reconciling the two opposing 

theories of individual differences in g.  In the second section, some suggestions for 

future directions in research are presented.  The third and last section comprises a 

concluding paragraph. 

 

The question of dimensionality 

 

As discussed in the introduction, since the early 1900s the study of individual 

differences in g, or within-age differences in reasoning ability, measured by the 

intelligent quotient (IQ), has been a major area of research on human general 

intelligence.  From a cognitive perspective, leading theories of individual differences 

in g attribute intelligence differences between same-aged individuals to differences 

in speed of information processing variables (e.g. Jensen, 1982).  These theories are 

contrasted with theories that attribute individual differences in g to the executive 

functions of the frontal lobes.  A specific contemporary theory of this sort suggested 

that the frontal lobe function responsible for the organization of goal-directed 
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behaviour was the basis of individual differences in g (e.g. Duncan, 1995).  It was 

argued that despite the two theories of individual differences in g both having strong 

empirical bases there appeared two main reasons for considering the possibility that 

they were complimentary rather than contradictory or opposing theories.  

First, it was noted that executive function theories of individual differences in 

g mapped closely onto developmental theories which attribute age-related changes in 

intelligence, or the development of g, to the development of executive functions of 

the frontal lobes.  The study of development of g, or between-age differences in 

reasoning ability, which is measured by a child’s mental age, has been another major 

area of research on human intelligence.  There is a vast literature that shows there are 

improvements in executive functions with increasing age.  It has also been 

established that the acquisition of executive functions with age is associated with the 

biological maturation of the frontal lobes.  For most researchers, these empirical 

observations alone has served as the basis for hypothesizing that age-related changes 

in executive functions is responsible for the development of fluid g.  However there 

were no empirical studies to date that tested this relationship directly.   

Second, Anderson (1992, 1999) developed a two-dimensional theory of 

general intelligence which suggested that the maturation of executive function 

modules associated with the frontal lobes was responsible for development of g 

while differences in speed of information processing accounts for individual 

differences in g.  In addition to a theoretical framework that posits two dimensions to 

g, there are also several developmental psychopathological studies and animal 

studies which empirically show dissociation between executive functions and IQ 

(e.g. Crinella & Yu, 2000; Welsh et al., 1991). 

It was therefore argued that by simultaneously administering a range of tests 

of intelligence, executive function and speed of information processing to several 
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different groups of adults and children, some of which suffered specific 

neuropsychological disorders, that caused specific impairments in the cognitive 

processes hypothesized to be the basis of, would produce patterns of data that could 

see whether individual differences in g (speed of information processing) and the 

development of g (executive functions) are dissociated.  A summary of the major 

findings of each study and how they bear on this issue will be presented next. 

 

Summary of findings 

 

The summary of findings is divided into two sections.  The first section summarizes 

major findings of each study alone with respect to whether executive function and 

speed of information processing theories of individual differences in g or the 

development of g are supported or not.  The second section summarizes the overall 

pattern of data to see whether the idea that executive functions and speed of 

information processing are dissociated and that there are two dimensions to g. 

 

7.2.1 Executive function theory of individual differences in g 

 

Evidence for: 

 

1. Goal-neglect is related to individual differences in fluid g in adults with frontal 

lobe damage  

 

A major part of Duncan’s empirical foundation were his findings that individuals 

with frontal lobe damage and consequent low fluid intelligence test derived IQs 

exhibited impaired goal-directed behaviour, as measured by the number of failed 
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sub-blocks on the standard goal-neglect task.  Termed goal-neglect, this phenomenon 

was also clearly exhibited by two groups adults with compromised frontal lobe 

functioning that were studied in study 2 in this thesis.  Patients with frontotemporal 

dementia, a neurodegenerative diseases that affect various frontal regions and 

systems of the brain, found the task extremely difficult to do.  To the extent that 

Duncan’s standard goal-neglect task is a simple behavioural measure of a complex 

process of action that structures the successive selection of constraints at multiple 

levels of abstraction to achieve a desired goal, the findings of this thesis also indicate 

this process is indeed related to the integrity of the frontal lobes. 

 

2. Goal-neglect is related to individual differences in fluid g in children 

 

Duncan and his colleagues also made the claim that individual differences in g is 

related to executive functions of the frontal lobes on the basis of their studies which 

showed strong correlations between Culture Fair Intelligence IQs and the number of 

failed sub-blocks on the standard goal-neglect task literature (e.g. Duncan et al., 

1996, 1997).  Adults with undamaged brains who came from the low end of the 

(Culture Fair) IQ distribution performed most poorly on the standard goal-neglect 

task with fewer failed sub-blocks exhibited by those with higher fluid g IQs.  

Consistent with this adult data was the findings that performance on the standard 

goal-neglect task in children was related to their Culture Fair IQ.   

In study 4, there was a clear relationship between the Culture Fair 

Intelligence Test IQs of children born full term and the number of failed sub-blocks 

they produced on the standard goal-neglect task.  There was a similar significant 

association between fluid g test derived IQs and goal-neglect in children born pre-

term with LBWs.  Such data suggests that the ability to organize behaviour in a goal-
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directed manner, or goal-neglect (as measured by performance on the standard goal-

neglect task), is significantly associated with the problem-solving and reasoning 

abilities, or fluid g skills, of the child.  These data support the hypothesis that the 

organization of goal-directed behaviour, an action control executive function of the 

frontal lobes, is synonymous with individual differences in g.  

 

3. Executive functions related to individual differences in fluid g in LBW preterm 

children 

 

Part of the rationale for pursuing the hypotheses proposed in this thesis was the 

evidence in the adult and child literature which showed executive functions and IQ 

were somewhat independent of each other.  In the adult literature, frontal lobe 

damage which produces significant executive function impairment does not appear to 

produce a declined in general intelligence, at least when derived by various Wechsler 

Intelligence Scales.  Clear dissociations between executive functions and various 

standardized psychometric IQs have also been found in healthy normal developing 

children (Welsh et al., 1991), adolescents (Ardila, et al., 1998), young adults (Ardila, 

et al., 2000), and children with ADHD (e.g. Crinella & Yu, 2000).  However, more in 

line with the findings of Garth et al. (1997) who found lowered Wechsler IQs in 

children with frontal lobe damage to be based in their executive function deficits, a 

dissociation between executive functions and Wechsler IQ was not found in LBW 

preterm children.  Moreover, there was a significant relationship between fluid g and 

executive function in LBW preterm children. 

Garth and her colleagues argued that the adult frontal lobe paradox does not 

appear to apply to populations of children with disorders that affect the integrity of 

the frontal system.  Frontal lobe damage early in life does not appear to spare IQ.  
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The executive function skills of LBW preterm children studied in this thesis were 

clearly related to their Wechsler IQ.  The executive function skills of LBW preterm 

children were also found to be clearly associated with their reasoning and problem-

solving abilities, or fluid g skills.  The extent to which executive functions appears to 

influence the general intelligence of the LBW preterm child is support for executive 

function theories of individual differences in g.    

 

Evidence against: 

 

1. Frontal lobe damage which causes executive function impairment does not 

necessarily impair fluid g in adults 

 

In 1995, Duncan and his colleagues published a seminal study that caused a major 

rethink among neuropsychologists about the relationship between general 

intelligence and the frontal lobes.  Duncan et al. (1996) showed that when IQs are 

derived by averaging performances across a variety of different sub-tests like the 

Wechsler intelligence scales, they do indeed remain relatively unaffected by frontal 

lobe damage – a finding consistent with conventional wisdom.  In contrast, Duncan 

and his colleagues showed that frontal lobe damage and consequent executive 

function impairment impairs IQs when they are derived from reasoning and problem-

solving tests like the Culture Fair Intelligence Test.  Duncan et al. (1996) concluded 

that the frontal lobe paradox was an artefact of measurement and, therefore, could 

not be used as evidence against his hypothesis that executive functions of the frontal 

lobes is the basis of individual differences in g.   

The three patients recruited for Study 1 in this thesis who, on neuroimaging, 

displayed damage to the frontal lobes and, on testing, exhibited high average NART 
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and WAIS-R IQs, did not exhibit a fluid g decrement.  On the contrary, the Culture 

Fair Intelligence test IQs of these three patients were higher than their NART and 

WAIS-R IQs and, in two cases, no different from the Culture Fair Intelligence test 

IQs of age and NART/WAIS-R matched controls.  In sum, Duncan’s et al. (1996) 

findings were not replicated.  Rather the findings of Study 1 supported Crinella and 

Yu’s (2000) assertion that because of the incredible heterogeneity of frontal patients, 

un-impaired fluid g is as much a feature of patients with frontal damage as impaired 

fluid g is.   

Duncan and his colleagues also provided empirical support to show that IQs 

derived from a fluid intelligence test like the Culture Fair Intelligence test are 

impaired by frontal lobe damage in their 1996 study.  Duncan, et al. (1996) showed 

that mean Culture Fair Intelligence Test IQ of a group of 10 patients who sustained 

frontal lobe damaged due to a lesion or closed-head injury was significantly lower 

than the mean Culture Fair Intelligence Test IQ of a group of matched controls.  

However, with respect to effect size analysis and a proposed benchmark statistical 

criterion for objectively determining whether a cognitive deficit is a central or core 

feature associated with a particular disorder of form of damage to the brain, 

Duncan’s data was reinterpreted very differently.  The percentage of overlap in the 

distribution of Culture Fair Intelligence Test IQs between the two groups was 

sufficiently large (i.e. 34%) to indicate that the number of frontal patients who had 

Culture Fair Intelligence Test IQs similar to that as some controls was such that it 

could not be concluded that impaired fluid g was a defining cognitive characteristic 

of frontal lobe damage.   

A group of 10 patients with prefrontal cortical dysfunction caused by 

frontotemporal dementia (FTD) in Study 1 of this thesis also produced a group mean 

IQ on the Culture Fair Intelligence test that was significantly lower than their NART 
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and Wechsler IQ and to the mean Culture Fair Intelligence Test IQ of a group of 

controls.  Such group data alone is consistent with Duncan’s et al. (1996) findings 

and supports the assertion that frontal lobe damage impairs fluid g.  However, again 

with respect to Zakzanis’ (2001) criterion, the percentage of overlap in the 

distribution of Culture Fair Intelligence Test IQ between the two groups was large 

enough (i.e. 29%) to suggest that frontal damaged patients cannot be reliably 

differentiated from controls on the basis of fluid g test scores alone.  Moreover, on 

closer inspection of the patient data, 4 of the 10 FTD patients displayed no difference 

between their WAIS-R and Culture Fair Intelligence Test IQs.    

 In sum, damage to the frontal lobes can produce lowered scores on tests of 

intelligence that derive IQs from reasoning and problem-solving items but this is not 

a necessary consequence.  Whereas every patient in all studies displayed executive 

function impairment, not all displayed impaired fluid g.  

 The finding that LBW preterm children were distinguishable from their age-

matched peers in terms of their Culture Fair Intelligence Test IQs also suggests the 

frontal neuropathology associated with preterm birth does not impair fluid g.  

Although LBW preterm children displayed statistically significant lower Culture Fair 

Intelligence test IQs than full term children, the magnitude of Culture Fair IQ 

differences, or the percentages of overlap in the distribution of Culture Fair IQs, did 

not exceed Zakzanis’ proposed benchmark heuristic.  Nor were they greater than the 

overlap in the distributions of Wechsler IQs between the two groups.  Moreover, 

when controlling for Wechsler IQs, the overlaps in distributions of Culture Fair IQs 

were lessened considerably.  Such data suggests LBW preterm children do not suffer 

from impaired fluid g.  

 

2. Executive functions not related to fluid g in full term children 
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As predicted, there was no link between executive functions and individual 

differences in g in normally developing children aged 6- to 11-years old.  Consistent 

with the findings of Welsh and his colleagues and Ardila and his colleagues, 

Wechsler IQs were not related to performance on executive function tasks.  Of most 

prominence was the finding that performance on executive function tasks was not 

related to fluid g, as measured by the Culture Fair Intelligence test.  The lack of 

associations between the crystallised and fluid measures of individual differences in 

g and executive functions suggest executive function is a domain of cognition in 

normal development which is relatively independent of IQ.  

 

3. Goal-neglect is not shown in low g adult groups 

 

An important part of Duncan’s empirical basis – his observation that adults with low 

fluid intelligence test derived IQs also display goal-neglect or impaired goal-directed 

behaviour – was not replicated in this thesis. Contrary to Duncan’s findings, the 

adults with low Culture Fair Intelligence test IQs studied in study 2 of this thesis did 

not display levels of goal-neglect on the standard goal-neglect task to the extent that 

the frontal patients did.  An impaired ability to organize goal-directed behaviour was 

not shown to be a strong characteristic of normal low g adults by the very same 

method with which Duncan and his colleagues used to observe such a relationship.  

Perhaps of greatest significance with respect to challenging Duncan’s theory 

was the finding that his standard goal-neglect task confounded executive function 

and speed of information processing factors that significantly influenced 

performance on the task.  On the slowed goal-neglect task, which was developed to 

remove the hypothesized speed of information processing variable, the low g adults 
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not only improved their performance with respect to their standard goal-neglect task 

scores but also demonstrated levels of performance similar to age-matched control 

with relatively higher (i.e. average) IQs.  This ability to resolve goal-neglect was not 

a feature of the frontal patients who still displayed complete goal-neglect on the 

slowed version.  Such a finding clearly demonstrates that adults with the same level 

of fluid g but without frontal damage fail Duncan’s standard goal-neglect task for 

very different reasons.  A hypothesis supported by this thesis is that adults with 

frontal lobe damage fail the standard goal-neglect task because of impairments in the 

frontal lobes that are the basis of the executive function responsible for the 

organization of goal-directed behaviour.  Adults with undamaged brains, despite 

having fluid intelligence test derived IQs similar to frontal damaged adults, appear to 

fail the standard task because of speed of information processing constraints.  This 

suggests that there is no link between goal-neglect and low fluid g in normal adults.  

The pattern of goal-neglect task in children also suggests that there the link 

between individual differences in g and the ability to organize behaviour in a goal-

directed manner can be explained by a speed of information processing confound 

that influences performance on the goal-neglect task.  In groups of normal children 

with undamaged brains and LBW preterm children, there were significant 

relationships between IQ and performance on the standard goal-neglect task.  These 

findings alone are consistent with Duncan’s hypothesis that executive functions on 

the frontal lobe are the basis of individual differences in g.  However, in both groups 

of children there was no link between individual differences in g and goal-neglect as 

measured on the slowed version.  The relationship between IQ and goal-neglect was 

removed when the goal-neglect task was slowed.   

In sum, Duncan’s hypothesis that the basis of individual differences in g is a 

frontal lobe function responsible for the organization of goal-directed behaviour was 
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seriously challenged by the findings of this thesis.  The next step was to test whether 

his theory mapped specifically onto the development of g.   

 

7.2.2 Executive functions and the development of g  

 

Evidence for: 

 

1. Age-related improvements in executive function are associated with mental age 

 

Are age-related changes in performance on a test of fluid intelligence with age-

related changes in executive functions?  Groups of children were recruited and tested 

on a range of tests of intelligence, executive functions and speed of information 

processing within a single experiment.   

 With regards to this first general strategy, the age-related changes in 

performance on the a range of traditional executive function tasks displayed by the 

primary-school aged children studied in study 3 was consistent with the 

developmental literature on normal healthy children.  So too were the findings that 

there were significant age-related changes in performance on a test of fluid 

intelligence.  Whereas previously documented age-related changes in performance 

on executive function tasks have been used to speculate only on the cognitive 

underpinnings of development of g, this thesis explicitly linked improved executive 

function task performance to age-related changes in intelligence itself, as 

demonstrated in the hierarchical regression analysis.  Developmental changes in fluid 

g were closely associated with the acquisition of certain executive skills. 

 Also consistent with the general developmental neuropsychological literature, 

the LBW preterm children studied in studies 6 and 9 displayed clear deficits in 
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comparison to published norms and age-matched peers on a range of traditional 

executive function psychometric tasks.  The LBW preterm children also displayed a 

developmental delay with regard to their fluid g.  Unfortunately, the attempt to link 

these two observations was not successful.  The low mental ages of the LBW preterm 

child, reflected in low raw scores on the Culture Fair Intelligence Test, were not 

specifically (nor uniquely) linked to executive dysfunction.  It was argued that other 

cognitive domains, such as memory or language, may have the primary relationship 

in the cognitive development of the LBW preterm child. 

 Nevertheless, the pattern of relationships between intelligence and executive 

functions in children broadly supports theories which attribute development of g to 

age-related changes in executive functions. 

 

2. Goal-neglect is associated with mental age in normal children 

 

In typically developing children, the organization of goal-directed behaviour 

associated was an age-related function that was directly associated with the 

development of g.  As predicted, the performance of these children on both the 

standard and slowed goal-neglect tasks was significantly related to age-related 

changes in performance on a test of fluid intelligence.  It therefore appears that the 

executive function ability to organize behaviour in a goal-directed manner is 

associated with increasing age and concomitant maturation of the frontal lobes.   

 

Evidence against: 

 

1. Goal-neglect is not linked to mental age in LBW preterm children 
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It was predicted that because it is likely that LBW preterm children suffered 

neuropathology that affected various frontal systems, their developmental delay in g 

would be linked to an impaired ability to organize behaviour in a goal-directed 

manner.  This did not appear to be the case.  While performance on the standard 

goal-neglect task was associated with development of g, performance on the slowed 

goal-neglect task was not.  The greater number of failed sub-blocks, or goal-neglect, 

was no more a feature of the younger LBW preterm children than it was for the older 

children.  Moreover, LBW preterm children did not display a differential deficit in 

goal-neglect when compared to full term children.   

 

7.2.3 Speed of information processing theories of individual differences in g 

 

Evidence for: 

 

1.  There is no relationship between goal-neglect and fluid g other than that which 

can be accounted for by a speed of information processing confound that influences 

performance on the standard goal-neglect task. 

 

Adopting the premise that performance on the standard goal-neglect task was 

influenced by speed of information processing factors that caused the IQ 

relationship, it logically followed to experimentally partial out the effects of this 

hypothesized speed variable from the executive function component of the task.  As 

discussed earlier, slowing the goal-neglect task had the effect of improving the 

performance of adults with undamaged brains and removing altogether the 

relationship between individual differences in g (i.e. IQ) in groups of children.  This 

suggests that slowing the task decreased the speed of information processing load to 
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an extent which allowed adults and children with slow speed of information 

operating characteristics the time to process information, something they were unable 

to do on the fast standard goal-neglect task.  In sum, for these groups of subjects, the 

standard goal-neglect task is likely to be a measure of speed of information 

processing and that is why performance is associated with fluid g. 

 

2. IT is related to individual differences in fluid g in adults. 

 

A speed of information processing task (inspection time) was used to test speed of 

information theories of individual differences in g.  In study 2, adults with low 

Culture Fair Intelligence test IQs were identified as having significantly long, or 

slow, inspection times.  This indicated such adults were constrained with regard to 

the ability to process information speedily.  Moreover, the speed of information 

processing characteristics of this low g group was similar to that of a group of 

patients with Alzheimer’s disease, who were suffering from a neurodegenerative 

disease responsible for a global slowing of cognitive speed and overall decline in 

general intellectual functioning.  Such a finding suggests there is a close association 

between the speed with which and individual can process “bits” of information and 

intelligence.  Individuals with slower mental speeds caused by normal biological 

constraints or a disease, process information slowly and, consequently, have lower 

IQs. 

 

Evidence against: 

 

1. Speed of information processing not related to IQ in children. 
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The direct testing of normal healthy children and LBW preterm children on the speed 

of information processing inspection time tasks produced data contrary to speed 

theories of individual differences in g.  In contrast to all published research which 

has clearly demonstrated relationships between the reaction times and inspection 

times of children and their IQ, the pattern of inspection time and IQ data produced by 

the children studied in the experiments of this thesis suggests there is no relationship 

between individual differences in g and speed of information processing.   

 

7.2.4 Are there two dimensions to g? 

 

Clearly, findings from each of the studies alone could be used to support or negate 

executive function and speed of information processing theories of individual 

differences in g or the development of g.  For example, the dissociation between 

crytallised (i.e. Wechlser) and fluid (i.e. Cattell) IQs and executive functions in 

normal healthy children is evidence contrary to executive function theories of 

individual differences in g whereas the significant association between IQ and 

executive functions displayed by LBW preterm children supports such a theory.  

Similarly, the lack of any relationship between inspection time and IQ in children 

fails to support speed theories of individual differences in g whereas experimentally 

slowing a task to remove an hypothesized speed confound produced strong data that 

supports such a theory.  It was therefore argued that a stage had been reached where 

it was needed to test contrasting theories general intelligence directly.  Indeed, Davis 

and Anderson (1999) argued that in the absence of pitting theories against each other 

simultaneously so that the two (or more) models for comparison can be examined in 

terms of their interaction with different cognitive tasks and the different predictions 

they make, most experiments and investigations of general intelligence are not 
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theory-neutral and serve the purpose of furthering a particular theoretical position by 

gathering data to test how well a single theory accounts for such data.  For example, 

speed theories generate speed data and are unable to make comment on executive 

functioning theories that generate “executive” data.  Theories and models particular 

to one domain of inquiry are only good at accounting for their own data and cannot 

account for data generated by theories from other domains (Davis & Anderson, 

1999). 

 With respect to testing the idea that executive function and speed of 

information are separate domains that underpin two different dimensions of g 

(individual differences and developmental change), Table 47 displays the predictions 

that a particular theory would have with regards to the pattern of data produced on 

executive function and speed of information processing tasks (as well as whether the 

predictions were met or not).  As indicated in cell one (column one, row one), if 

executive functions were the basis of individual differences in g, then performances 

on both the standard and goal-neglect tasks should be related to fluid g whereas 

inspection time would not.  This pattern of data was not found.  In contrast, executive 

function theories of cognitive development were well supported (cell four – column 

one, row two).  In fact, the pattern of data that was simultaneously collected in 

several studies only supported Duncan’s hypothesis to the extent that the ability to 

organize behaviour in a goal-directed manner is associated with impaired fluid g in 

adults who have sustained damage to their frontal lobes.  However, Duncan’s theory 

was seriously undermined to the extent that i) frontal lobe damage or delay does not 

necessarily impair fluid g, ii) adults with low fluid g did not exhibit goal-neglect, 

and, iii) a speed of information processing confound in his standard goal-neglect task 

appears to be the basis of any link between individual differences in g in normal 

populations.



 

 

Table 47. Hypotheses/predictions and the central findings of the studies in this thesis. 

  
Theories of intelligence (g) 

 
Domain of study 

 
1a 

 
2b 

 
3c 

 
Individual 
differences  

 
 

 
Standard goal-neglect task associated with 
Culture Fair Intelligence test IQs 
 
Slowed goal-neglect task associated with 
Culture Fair Intelligence test IQs 
 
Inspection time tasks not associated with 
Culture Fair Intelligence test IQs 

 
 
√ 
 
 
× 
 
 
√ 

 
Standard goal-neglect task associated with 
Culture Fair Intelligence test IQs 
 
Slowed goal-neglect task not associated 
with Culture Fair Intelligence test IQs 
 
Inspection time tasks associated with 
Culture Fair Intelligence test IQs 

 
 
√ 
 
 
√ 
 
 
× 

 
Standard goal-neglect task associated with 
Culture Fair Intelligence test IQs 
 
Slowed goal-neglect task not associated 
with Culture Fair Intelligence test IQs 
 
Inspection time tasks associated with 
Culture Fair Intelligence test IQs 

 
 
√ 
 
 
√ 
 
 
× 

 
 

Cognitive 
development  

 
 

 
Standard goal-neglect task associated with 
Culture Fair Intelligence test raw scores 
 
Slowed goal-neglect task associated with 
Culture Fair Intelligence test raw scores 
 
Inspection time tasks not associated with 
Culture Fair Intelligence test raw scores 

 
 
√ 
 

 
√ 
 
 
√ 

 
Standard goal-neglect task associated with 
Culture Fair Intelligence test raw scores 
 
Slowed goal-neglect task not associated with 
Culture Fair Intelligence test raw scores 
 
Inspection time tasks associated with 
Culture Fair Intelligence test raw scores 

 
 
√ 
 
 
× 
 
 
× 

 
Standard goal-neglect task associated with 
Culture Fair Intelligence test raw scores 
 
Slowed goal-neglect task associated with 
Culture Fair Intelligence test raw scores 
 
Inspection time tasks not associated with 
Culture Fair Intelligence test raw scores 

 
 
√ 
 
 
√ 
 
 
√ 

a Executive function theories of g 
b Speed of information processing theories of g 
c Anderson’s (1998) two dimensional Theory of the Minimal Cognitive Architecture (MCA)  
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   In fact, the latter finding strongly supports speed of information processing 

theories of individual differences in g.  In sum, the overall pattern of data suggests 

executive function and speed of information processing are dissociated (cells 3 and 6 

– column three, rows 1 and 2, respectively).  In turn, this sits comfortably with the 

hypothesis that there are two dimensions to g. 

 

Future directions for research 

 

Ideas for future directions of research have been broadly delineated into two main 

groups: ideas that are more general and theoretical in nature contrasted with ideas 

that pertain to experimentally methodology. 

 

Theoretical ideas  

 

From their respective beginnings, the study of individual differences in g and the 

development of g proceeded along two very different paths.  Each field was simply 

deemed a different and separate area of research with little attempt to relate them 

(Davis & Anderson, 1999).  Research on individual differences in g has been 

primarily concerned with IQ and the mechanisms purported to underlie it, while the 

study of the development of g was concerned with mental age and how the proposed 

underlying mechanisms changed with age.  Consequently, current models of 

intelligence that speculate on either individual differences in g or development of g 

only have strengths in different parts of the agenda.  Indeed, as Anderson’s (1999) 

map of the intellectual terrain graphically illustrates, the field of human intelligence 

comprises many experimental and correlational psychologists who study either the 
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biological, structural or developmental areas of intelligence at either a measurement 

(i.e. psychometric) or theoretical (i.e. cognitive or biological) level of explanation.  

This thesis has perhaps demonstrated that theoretical advances can be made by 

adopting the methodological approach of integrating psychometric, cognitive, 

developmental and neuropsychological data within one or a few experiments.  The 

pattern of results should alert researchers to the idea that confirmation or negation of 

one or other alternative models of individual differences in g or the development of g 

can only be done by simultaneously giving the opportunity for the two dimensions to 

interact differently with “pure” cognitive measures constructed out of complex 

theory.  Furthermore, it appears that conducting research at a cognitive level of 

explanation is most appropriate for investigating theories of general intelligence.  

This makes possible the ability to pit different theories against each other and exploit 

the different predictions they make.  Without such, “we will never be in the position 

to tell which, if any, of the range of theories presented is superior to others” (Davis & 

Anderson, 1999). 

 It will also be argued that further understanding of the role of the frontal 

lobes in human general intelligence could be enhanced with a meta-analysis of 

historical findings of the relationship between IQ and frontal lobe injury, which date 

back from today to single case studies and animal and human experiments in the 

1800’s.  There is a clear need to 1) conduct a thorough review of all the literature 

(e.g. PSYCHINFO and MEDLINE searches), 2) decide a priori criteria for inclusion 

of studies into a meta-analysis (e.g. case-control design) eliminating those that are 

methodologically flawed, and 3) delineate studies on the basis of i) etiology of 

frontal damage, ii) location of damage, and iii) the type of intelligence test used (e.g. 

WAIS, WAIS-R, Stanford-Binet IQ, Army Intelligence Test).  In the absence of such 
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a study that clarifies a complex and heterogeneous array of data and allows one to 

base his or her view on an empirical basis, current views of the relationship between 

general intelligence and the frontal lobes remain purely clinical lore. 

 

Methodological ideas 

 

Future investigations of the proposed hypotheses in this thesis may be enhanced by 

the inclusion of more, or other, cognitive information processing tasks (e.g. The 

Attentional Blink task: Husain, Shapiro, Martin, & Kennard, 1997).  Since most tasks 

are impure measures of cognition – at a rudimentary level, almost any task is going 

to require multiple abilities, such as visual processing, memory, and motor 

programming – performance on any single task, be it a theoretically constructed 

cognitive information processing task designed to measure a specific function or a 

standardized test designed to assess a specific mental ability, may reflect variance in 

more than one cognitive variable.  In this thesis, such a problem was demonstrated 

with the standard goal-neglect task, which confounded speed and executive 

functions.  The mixed findings with regards to the inspection time task also highlight 

the difficulty of finding a pure measure of processing speed.  Psychometric executive 

function tasks are also known to tap many non-executive processes incidental to their 

main purpose to a greater extent than other non-executive tasks do (Burgess, 1997).  

Consequently, it will be important to look for converging evidence by using a diverse 

range of tasks all linked to a given cognitive process or neural circuit system.  

Impairment (or an improvement) on one task might be due to diverse causes but 

converging results from diverse tests may be clearer. 
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  The manipulation of the goal-neglect task in these studies proved very 

successful for dissociating the effect of executive function and speed of information 

processing. Other manipulations of the goal-neglect task may produce interesting 

data.  However, some caution is also warranted.  Tasks that appear similar, or 

considered to require similar abilities, often turn out to measure quite different 

cognitive processes.  Small changes in a task, or inclusions of different tasks thought 

to measure the same processes, could have considerable effects on performance and 

cause dramatic changes to results.  For these reasons it will be necessary to 

differentiate the variable of interest from other potentially confounding variables 

with experimental manipulation rather than mere statistical dissociation.  

A possible solution to this problem could be the development of purer tasks 

that reliably and validly tap a single isolable cognitive process.  An ultimate goal 

would be to develop a “super-task” that reliably, validly, and simultaneously 

measures several specific isolable cognitive processes under investigation.  It would 

then be possible to test the different predictions of different theories of intelligence 

by manipulating certain variables (e.g. age, IQ) and seeing how this affects 

performance on the “super-task”. 

 It may also prove beneficial to use, for example, physiological measures of 

processing speed (e.g nerve conduction velocity, brain event-related potentials, 

functional brain imaging) in addition to the cognitive measures of speed.  This would 

represent ultimate converging evidence; the more dissimilar the tasks that are linked 

to the same neural system the more convincing the findings.  

This thesis has demonstrated that when using cognitive information 

processing tasks that are underpinned by substantial cognitive theory, correspond to 

neuroanatomical regions of the brain, and relate significantly with psychometric 
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measures of intelligence, it allows one to go beyond merely analysing data specific to 

one theory.   

 

Conclusion 

 

Any search after the “nature of intelligence” has shown itself to have a prospect of 

success when, and only when, it becomes merged into the greater quest after the 

scientific “principles of cognition” (Spearman, 1923, p.32). 
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