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Abstract 

A new theoretical framework for understanding sex differences in psychological 

functioning has recently been proposed. This theory suggests that the relative balance of 

two little studied domains, empathising and systemising, are vital to gaining insight into 

psychological differences between males and females. Simon Baron-Cohen’s 

Empathising-Systemising (hereafter E-S) theory (Baron-Cohen, 2003) posits that two 

personality dimensions or factors explain the social and non-social features of autism 

spectrum conditions as well as sex differences in cognitive functioning. According to 

Baron-Cohen’s theory, the empathising domain encompasses both the cognitive and 

affective components of empathy and is reflected in an individual’s preference and 

propensity for empathising-related behaviours and experiences (Baron-Cohen, 2009). The 

systemising domain encompasses the predilection for analysing or constructing rule-based 

and predictable systems. The defining feature of systems is their dependence on 

regularities, input-output operations and if-then logical reasoning (Baron-Cohen, 2009). 

Baron-Cohen argues that differences in the relative balance of empathising and 

systemising tendencies drives the differences in behaviours between males and females, 

and between typically developing populations and individuals with autism spectrum 

conditions. Baron-Cohen also states that relative differences in systemising and 

empathising do not equate to differences in general intelligence (Baron-Cohen, 2005), but 

that these domains may drive interest, motivation and performance in a variety of ability 

areas that have, up until now, been conceived of as verbal and spatial ability. Baron-

Cohen suggests a fundamental biological mechanism at the root of this relative balance in 

dimensions is prenatal testosterone. 

The prenatal period of testosterone secretion is thought to produce a neurological 

basis for the differential psychological profiles typically exhibited between males and 

females. This thesis examines the manifestation of these psychological profiles in typically 

developing children and their potential relationship with a proximal marker of prenatal 
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testosterone concentration, the second-to-fourth digit ratio (2D:4D). The suitability of using 

the empathising and systemising dimensions as a stronger and more appropriate typology 

of cognitive and affective sex differences than the conventional verbal and spatial ability 

distinction is also investigated. Much of the literature and research into the E-S theory of 

sex differences is dominated by self-report measures of every-day characteristics, 

behaviours and preferences thought to reflect the empathising and systemising domains. 

To date no comprehensive analysis of this theory and the psychological profiles it predicts 

has been conducted using primarily performance-based measures of the empathising and 

systemising dimensions. Investigation of these dimensions using performance-based 

measures has the advantage of assessing an individual’s objective capacity rather than 

subjective judgments of their own behaviour and skills. Performance-based assessment of 

children this age also goes some way to avoid the complications of an individual’s 

expectations and perceived socially-desirable responses, thus giving a clearer indication of 

the orthogonality of the empathising and systemising dimensions in a performance-based 

context. 

Baron-Cohen’s E-S theory of sex differences is examined developmentally in a 

population of children aged between seven and ten years that has been collected over two 

years through the Project Kids Intellectual Development Study (Project K.I.D.S.). 

Answering these questions from a developmental perspective is advantageous because 

this particular population is in the middle of a critical period of physical, cognitive and 

neurological development, and children may in fact be better candidates for researching 

Baron-Cohen’s empathising and systemising domains as a result of this development and 

the ensuing individual differences. At this developmental juncture, children are passing 

through critical stages of development in reasoning ability and socialisation that have a 

great deal of impact on empathising ability. Similarly, at this age there is limited opportunity 

for enculturation of academic and scholastic stereotypes that have been posited by some 

to possibly influence sex differences in psychological functions. 
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This thesis examines Baron-Cohen’s empathising and systemising dimensions 

using performance-based measures and the 2D:4D finger ratio, and considers the 

possibility of these dimensions being a more appropriate typology of sex differences in 

psychological functions than the traditional sex differences conceptualisation of a verbal 

and spatial ability distinction. To date the literature concerning these domains 

demonstrates the inconsistent presence of differences in these areas between the sexes 

and those few differences that are consistently present are very specific sub-areas of the 

verbal and spatial domains. Consequently, the use of verbal and spatial abilities as an 

over-arching classifier of sex differentiated performance may be overly generalising. 

Empathising and systemising were found to exhibit a more consistent and coherent pattern 

of sex-differentiated performance than the traditional verbal and spatial ability distinction. 

Indeed the ‘brain types’ based on relative proportions of empathising and systemising 

specified by Baron-Cohen’s theory exhibited the same pattern of distribution here as they 

have in previous studies using questionnaire measures of empathising and systemising. 

Using structural equation modeling it was also found that although significant relationships 

were found between sex and both empathising and systemising, these relationships were 

not mediated by differences in the 2D:4D. Empathising and systemising were also found to 

be strongly related to verbal and spatial abilities respectively, reinforcing the need for 

empathising and systemising measures that do not primarily rely on verbal or spatial-like 

stimuli to properly discern the distinction between these domains. 

Baron-Cohen’s empathising and systemising dimensions were found to be a more 

consistent and coherent typology of sex differences in psychological functions in this 

typically-developing population however no influence of prenatal testosterone, as indicated 

by the 2D:4D, was found in these differences. The implications of these findings and the 

possibility of 2D:4D being too proximal a marker of prenatal testosterone to relate to 

differences in empathising and systemising are discussed as is the need for greater 

discrimination between the empathising, systemising verbal and spatial domains and the 
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necessity for empathising and systemising measures that are minimally influenced by 

verbal and spatial abilities. 
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In much of psychology, the study of psychological differences between males and 

females remains provocative due to the general acceptance that gender roles are socially-

maintained and psychology’s reticence to explain psychological sex differences 

biologically. Indeed, given that gender roles have changed noticeably within the last few 

decades, recent times have seen the tendency to deny the existence of all but the most 

undeniable biologically-based sex differences. However, a lack of any biologically-based 

psychological difference between the sexes would be somewhat remarkable and it seems 

naïve to conclude that humans could be the sole species in which sex differences in brain 

morphology and their consequences for behaviour and cognition do not exist. 

 

Conventional understanding of sex differences in psychological functions 

In 1974, Maccoby and Jacklin published a text in which they identified cognitive 

and personality variables that ever since have framed much of the research into sex 

differences in psychological functions. In their review of over a thousand published reports, 

they identified verbal, quantitative and spatial abilities as well as aggression as showing 

well-established sex differentiation (Maccoby & Jacklin, 1974). The most consistently 

studied sex differences in psychological functioning are typically quantified in terms of 

verbal and spatial abilities. We can now say that there are some well-established sex 

differences in specific cognitive functions in the verbal and visuo-spatial domains. 

Differences in cognition typically favouring males are consistently seen in tests of mental 

rotation, spatial navigation, embedded figures tests and some areas of mathematical and 

quantitative reasoning (Baron-Cohen, Knickmeyer, & Belmonte, 2005).  Differences in 

cognition typically favouring females are evident in tests of emotion recognition, social 

sensitivity, and some verbal abilities (Baron-Cohen et al., 2005). Consistent sex 

differences have been observed for some spatial and verbal abilities from the age of 10 

and in some instances earlier (Johnson & Meade, 1987). However, sex differences are not 

merely restricted to abstract performance in specific cognitive capacities but are also 
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manifested in other psychological behaviours that may reflect these specific abilities. One 

of the major issues with this distinction of sex-differentiated abilities is definitional. Both of 

the verbal and spatial domains are multidimensional and there is often a failure to 

distinguish between tasks within the verbal and spatial domains, leading to confusion 

regarding which specific abilities exhibit sex differences in performance. Some of the main 

findings in the literature of these domains are summarised below. 

 

Verbal Abilities 

Evidence from a wide variety of research suggests that, on average, females have 

greater verbal ability than males. However verbal ability is not a unitary concept and in fact 

applies to all components of language usage. Word fluency, grammar, spelling, reading, 

verbal analogies, vocabulary and oral comprehension are all subsumed under the 

umbrella of verbal abilities and the size and reliability of any sex differences depends on 

which of these aspects of language usage is being measured. Many of the inconsistencies 

that have drawn criticism upon research in this area are a result of the heterogeneity of the 

domains being measured. 

The verbal domain encompasses a wide range of different tasks, some of which 

show large differences between males and females and those that show little or no 

difference. There are also indication of sex differences in the prevalence of language 

related developmental disorders like stuttering and dyslexia (Corballis & Beale, 1983; 

Halpern, 2000). Adult women typically score higher than men on tests of spelling, grammar 

and verbal fluency (Feingold, 1996; Halpern, 2000). Perhaps the strongest sex difference 

favouring adult women is for verbal memory tasks, regardless of whether they are asked to 

recall unrelated lists of words or more meaningful material (Halpern, 2000). 

Of all the domains exhibiting sex differences, verbal ability may be the first in which 

they appear developmentally and a difference in developmental rate of acquisition may be 

the driver of adult sex differences. Research suggests that girls may talk at an earlier age, 
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and produce longer utterances than boys (Shucard, Shucard, & Thomas, 1987), and that 

females aged one to five years are more proficient in language skills than their male 

counterparts (Smolak, 1986). In one of the most detailed investigations of language 

development in children aged 2.5 to 4 years, Horgan (1975) found that girls spontaneously 

generated advanced linguistic forms at an earlier age than boys, and made fewer errors in 

language usage overall. The current consensus supports the idea that girls are more 

verbally precocious than males (Halpern, 2000). However, there is also evidence that girls 

maintain this advantage in verbal skills throughout their school years. Martin and Hoover 

(1987) examined the scores of nearly 10,000 children between the third and eighth grades 

on a battery of abilities and found that girls scored higher on tests of spelling, capitilisation, 

punctuation, language usage, reference materials and reading comprehension. Indeed the 

between-sex differences were substantial, for example, in the eighth grade, two-thirds of 

the highest scoring students on the language tests were female. Therefore, although there 

are consistent sex differences in acquisition of verbal abilities, there may not be consistent 

sex differences in many verbal abilities other than verbal fluency and spelling that remain 

in adulthood (Halpern, 2000). 

 

Spatial Abilities 

Like verbal ability, spatial ability is not a unitary concept and actually refers to a 

number of distinct abilities. Generally speaking spatial abilities refer to the ability to 

imagine what a figure would look like if it were rotated in space, or the ability to discern the 

relationships between shapes and objects. The distinction between verbal and spatial 

abilities was found in early factor analytic studies of the structure of intelligence and has 

been replicated many times. The structure and nature of spatial ability has also been 

studied and three separate factors consistently emerge: spatial perception (field 

independence), mental rotation and spatial visualisation (Halpern, 2000). Targeting, spatial 

orientation, spatial location memory and disembedding are also posited as distinct spatial 
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sub-types, and for all of these abilities (excluding spatial location memory under some 

circumstances) the sex difference favouring males can be large, sometimes approaching a 

full standard deviation (Kimura, 1999). Although most spatial tests exhibit an advantage for 

men, particularly imaginal rotation and targeting, generally women have been found to be 

better at recalling the positions of objects in an array, and remembering landmarks along a 

route. This may be a result of men navigating with reference to geometric properties of 

space, whereas women may more often use specific object cues to find their way 

(McBurney, Gaulin, Devineni, & Adams, 1997). 

Despite a long-standing belief that sex differences in spatial ability did not arise 

until puberty, evidence is emerging to suggest that the developmental pattern of spatial 

ability begins early and may in fact parallel that of adults (Halpern, 2000; Johnson & 

Meade, 1987). The reason for confusion over pre-pubertal existence of sex differences 

may in part be due to difficulties in comparing the performance of children and adults on 

the same tasks, and/or the possibility that girls have a faster rate of maturation before 

puberty than boys (Kimura, 1999). In general, differences favouring males can first be 

detected around age seven, however boys between three and five have been found to be 

more accurate at targeting and copying 3-dimensional models (McGuinness & Morley, 

1991). A male advantage in spatial rotation has also been found in four- and five-year olds 

(Rosser, Ensing, Glider, & Lane, 1984). Kerns and Berenbaum (1991) studied various 

spatial abilities in nine- to thirteen-year olds and found that all spatial tests showed a 

significant advantage for boys. Similarly, in a large-scale study of 1,800 students between 

kindergarten and year 12, Johnson and Meade (1987) found that male superiority in 

spatial skill appears around 10 years of age and persists throughout the school years. In 

all, it looks like spatial abilities exhibit a more consistent pattern of sex differences across 

development than verbal abilities, and that the differences in spatial abilities that do persist 

into adulthood may be of a greater magnitude than those for verbal abilities.  

 



 

 

6 

Magnitude of the differences and variability 

Although there is evidence for sex differences in some psychological functions, 

particularly in the region of verbal and spatial abilities, the magnitude of these differences 

is difficult to resolve. Cohen’s (1969) guidelines of effect size use standard deviation units 

to define small (.20), medium (.50) and large (.80) effects. However, given the arbitrary 

nature of this delineation, it must be noted that effect size should not be confused with 

importance, especially when the majority of research published in psychology deals with 

‘small’ effect sizes less than .20 (Riefer, 1990). The magnitude of sex differences in verbal 

ability is most likely the smallest. Maccoby and Jacklin (1974) found that the female 

advantage on verbals tests ranges from 0.1 to 0.5 standard deviation units, with the 

average difference being approximately 0.25 standard deviation units. On the other hand, 

sex differences in spatial abilities are the most robust with means for males and females 

differing by 0.45 standard deviation units. For specific subtypes of spatial ability there are 

varying effect sizes that range from small (d = .13) for spatial visualisation, to moderate (d 

= .64) for spatial perception and very large (d > 1) for 3-dimensional mental rotation 

(Halpern, 2000; Maccoby & Jacklin, 1974). This reinforces the evidence for a stronger and 

more consistent pattern of sex differences in spatial abilities rather than verbal abilities. 

 Studies have also shown consistently greater variance in the performance of men 

compared to that of women, with men more represented at the extremes of performance. 

Research suggests that men and women have statistically significant differences in 

average scores on tests of particular abilities which then even out when overall IQ scores 

are calculated. Colom and colleagues found that differences observed between males and 

females are in ‘ability in general’ rather than ‘general ability’ (Colom, Garcia, Juan-

Espinosa, & Abad, 2002). The suggestion of more men at the upper levels of performance 

in certain abilities is still possible despite the average ability levels of men and women 

being the same. Some observed difference in variability may be explained genetically as 

many brain-related genes are located on the X chromosome. Women have two copies and 
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men only one so a mutation in one X chromosome, whether positive or negative, will thus 

have a higher impact on males than in females as the second, presumably non-mutated 

copy may mitigate these effects. 

In all, although there is some evidence for a pattern of sex-differences that could 

be grouped into verbal and spatial abilities, the inconsistencies within this pattern beg the 

question of whether there is a more discriminant typology with which to classify sex 

differentiated psychological functioning. The traditional verbal-spatial distinction seems to 

have sprung from a classification of the content or stimuli within a group of measures 

which does not necessarily equate to ability itself. Although most of the consistent 

differences between males and females can be grouped into verbal and visuo-spatial 

categories, female advantages are seen in a small number of spatial abilities and this 

superior performance may actually be mediated by the use of verbally-based performance 

strategies. Similarly, along with the typical spatial tasks that exhibit a male advantage 

there may be some verbal abilities that demonstrate a male-advantage, perhaps as a 

consequence of visuo-spatial strategies lending an advantage to task performance in this 

instance. This suggests that our understanding of sex differences in cognitive abilities and 

psychological functioning may in fact benefit from an approach that emphasises sex 

differences in psychological ‘style’, the way we use or process information, rather than 

discrete cognitive abilities.  

Baron-Cohen’s E-S theory (Baron-Cohen, 2002) and the empathising and 

systemising dimensions that purportedly drive specific interests, preferences and 

behaviours provide a framework to further our understanding of sex differences in 

psychological functioning. Furthermore, Baron-Cohen’s E-S theory also focuses upon an 

area of sex-differentiated functioning that is not often associated with verbal and spatial 

abilities. In the E-S theory, empathy is recognised as an important psychological domain in 

which there are sizeable and consistent differences between males and females that 

persist throughout development and remain into adulthood. A novel feature of Baron-
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Cohen’s theory is the comprehensive integration of behavioural, cognitive and 

neurobiological aspects of psychological functioning that proposes a specific causal 

biological mechanism, namely, prenatal testosterone concentration. 

 

The Empathising-Systemising theory of sex differences 

Baron-Cohen’s Empathising-Systemising (E-S) theory suggests that the newly 

conceived dimensions of empathising and systemising might further our understanding of 

human sex differences in behaviour and psychological functions. Baron-Cohen 

concentrates on the relative balance between these dimensions and suggests that typical 

sex differences in behaviours, interests and cognitive abilities may actually reflect an 

individual’s psychological style as determined by the balance of their empathising and 

systemising tendencies. What makes Baron-Cohen’s approach unique is the integration of 

cognitive and personality dimensions - two domains that are usually conceived as 

independent domains of individual differences - and the proposal of a fundamental 

biological mechanism that underlies the development of these domains. In this sense the 

E-S theory is a unique multi-level theory which attempts to encompass behavioural, 

cognitive and neurobiological aspects of psychological functioning. Baron-Cohen also 

introduces the possibility of empathy, theory of mind and emotion recognition being a 

higher order category of abilities that is differentiated between the sexes, and may 

subserve the traditional verbal and spatial dichotomy. Thus the E-S theory is an attempt to 

reduce the fractured and sometimes inconsistent pattern of sex differences in both 

personality and cognitive functions into two underlying mental processes whilst 

simultaneously proposing a biological substrate for these processes. 

Any definition of empathising must consist of multiple components. The general 

consensus is that both empathy and empathising consist of two fundamental concepts; 

cognitive empathy and emotional empathy. The cognitive component of empathising 

usually refers to an individual’s intellectual or imaginative appreciation or awareness of the 
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mental state of another. At its most basic this component is simply the recognition of affect 

that is then cognitively interpreted. This particular component of empathising could also be 

referred to as affective perspective-taking, theory of mind or mentalising ability. The 

emotional component of empathising is the vicarious affective response to another and 

therefore corresponds more closely to the lay definition of what empathy or empathising is. 

An empathic, emotional response must be an appropriate response to the observed 

mental state of another. It may occur to match the other’s feelings, or go beyond matching 

the affect and be responsive to it as is the case with compassion to another’s suffering. 

The empathic response must also be directed towards another individual and not towards 

oneself. Empathising is essential for skilful functioning in social situations and the intrinsic 

dependence upon both the cognitive and affective components for successful participation 

in these settings is obvious. Competency in both cognitive and affective empathising 

abilities induces the understanding and, to some degree, prediction of the thoughts and 

feelings of another whilst simultaneously eliciting an appropriate emotional response. 

Thus, proficiency in empathising abilities endows the individual with greater aptitude for 

social situations, understanding of others intentions, reciprocal and cooperative 

communication styles (although the causal direction of this relationship could be argued), 

the ability to decode non-verbal communication and much more. Baron-Cohen contends 

that females spontaneously empathise more than males (Baron-Cohen, 2002) and that 

this ubiquitous proficiency is evidenced by greater female success, on average, in 

functions for which predictions of human behaviour are required, for example, social, 

communicative and caregiver roles (Baron-Cohen & Wheelwright, 2003; Baron-Cohen, 

Wheelwright, Hill, Raste, & Plumb, 2001; Baron-Cohen, Wheelwright, & Joliffe, 1997; 

Bosacki & Astington, 1999; Umberson, Chen, House, Hopkins, & Slaten, 1996). 

Systemising encompasses the predilection for analysing or constructing rule-based 

and predictable systems. The defining feature of systems is their dependence on 

regularities, input-output operations and if-then logical reasoning (Baron-Cohen, 2009). 
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The systemising construct does not simply equate to spatial or abstract reasoning abilities. 

Certainly many activities that can be classified as systemising in nature resemble spatial 

abilities, however the systemising domain encompasses a wide variety of systems 

including collectible, mechanical, numerical, abstract, motoric, natural and social systems. 

Baron-Cohen contends that males spontaneously systemise more often than females and 

this tendency is evident in behaviours, hobbies, occupations and academic areas 

frequently dominated by males. 

While empathising and systemising have some features in common, they are also 

poles apart. Both domains involve a degree of understanding of events and enable 

predictions, however the processes involved in gaining these understandings and 

predictions are vastly different. Where empathising is reliant upon inference and intuition of 

information from a transient and unpredictable source, systemising is dependent upon 

generating patterns of associations and systematic algorithms that then define rules used 

to make future predictions. Although both processes centre on predictions and both may 

be largely useful strategies in everyday life, there are situations in which empathising or 

systemising strategies would not be applicable, even disadvantageous. Empathising would 

not be useful when trying to understand a complex system and systemising would be of 

little use in trying to understand and make predictions of another person’s behaviour. 

Baron-Cohen advocates a model of sex differences in which an individual’s 

combination of empathising and systemising abilities are used to characterise what he 

refers to as the ‘male’ and ‘female’ brain types (Baron-Cohen, 2002). We all possess 

systemising and empathising skills; however, the degree to which we are proficient in them 

and the extent to which they are reflected in our cognitive capacities and behaviours is 

variable within the population. Baron-Cohen associates these proposed ‘male’ and ‘female’ 

brain types with patterns of behaviour that reflect specific cognitive profiles involving 

verbal, spatial and empathy abilities that are observable as early as 24 hours after birth 

and continue throughout development (Baron-Cohen, 2002).  
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Figure 1  The main brain types proposed by Baron-Cohen, illustrated on axes of 

empathising (E) and systemising (S) (taken from Baron-Cohen, 2002)  

 

These ‘brain types’ may be useful as a method of describing differences in sex-

typical behaviours, interests and aptitudes. According to the empathising-systemising 

model, individuals in whom empathising is more developed than systemising are referred 

to as type E. This profile is what Baron-Cohen (2002) calls the ‘female’ brain (see Figure 

1) as the majority of females (but not exclusively) are argued to fall in or near this 

category. Individuals in whom systemising is more developed than empathising are 

referred to as type S and Baron-Cohen (2002) identifies these individuals as having a 

‘male’ brain (see Figure 1) as typically the majority of males are within this category. The 

central claim of Baron-Cohen’s model is that on average, more males have a systemising 

brain type and more females an empathising brain type, hence the usage of ‘male’ and 

‘female’ as classifiers. Baron-Cohen also proposes a ‘balanced’ brain type, type B, found 
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in males and females in which empathising and systemising dimensions are relatively 

balanced. In an extension of the E-S theory, Baron-Cohen’s Extreme Male Brain (EMB) 

theory of autism proposes that an extreme version of the typical ‘male’ brain, the Extreme 

type S brain profile, explains the social and non-social features of autism spectrum 

conditions. To date there is little evidence for an identified population of Extreme type E 

brain individuals, however it has been conjectured that this may be because extreme 

empathisers would be less likely to stand out as dysfunctional in society. 

 

Orthogonality of the Empathising and Systemising dimensions 

The idea that the empathising and systemising dimensions are independent has 

lead to the hypothetical representation seen in Figure 1. There is continued speculation as 

to whether these domains are in fact independent and orthogonal or rather a single 

continuous dimension with empathising and systemising at opposing extremes. Figure 1 

suggests that if these dimensions are truly orthogonal then large-scale studies of individual 

differences in empathising and systemising would see individuals falling into each of these 

‘brain type’ quadrants. To date there is evidence for concentrations of ‘balanced’ 

individuals (Type B) and individuals with some degree of asymmetry between empathising 

and systemising tendencies (Types E and S). There is also evidence for the Extreme Type 

S in individuals with Autism Spectrum Disorders, however populations are yet to be 

identified as Extreme Type E or individuals that exhibit simultaneous severe deficits in both 

empathising and systemising. This later population may exist but not yet be specifically 

identified due to difficulties in evaluating them.  

Most research has found both very small positive and negative (Baron-Cohen, 

Richler, Bisarya, Gurunathan, & Wheelwright, 2003; Jarrold, Butler, Cottington, & Jimenez, 

2000; Nettle, 2007), or no correlation (Lawson, Baron-Cohen, & Wheelwright, 2004) 

between self-report measures of empathising and systemising suggesting that 

empathising and systemising behaviours are largely unrelated. A lack of correlation 
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between these dimensions is most likely to be consistent with the idea of orthogonal 

empathising and systemising dimensions that are used to categorise Baron-Cohen’s brain 

types. However, further clarification of the action of the empathising and systemising 

dimensions with non-self-report measures is needed to determine the nature of the 

relationship and potential orthogonality of these dimensions. Baron-Cohen posits that 

these independent dimensions are currently only defined at the psychometric and 

cognitive level, but that they should also correlate with neurological or physiological 

structural and functional differences (Baron-Cohen, 2009). It is likely that, when definitively 

identified, empathising and systemising will be found to have distinct neurological 

substrates. There is already growing evidence for neurological underpinnings of 

empathising with injuries to the dorsolateral prefrontal cortex resulting in deficits in 

judgements of other’s emotions, and damage to the ventromedial prefrontal cortex 

resulting in impairments in the planning of socially appropriate responses (Krueger et al., 

2009). The possible neurobiological substrates for systemising are more elusive. The 

brain’s right hemisphere has long been associated with the specialisation of visuo-spatial 

and mathematical skills (Halpern, 2000), however there is yet to be a definitive 

examination of a link between a specific region (or regions) and systemising abilities. With 

distinct neurobiological seats within the brain, it seems likely that whatever biological 

mechanism drives the development of the empathising and systemising dimensions 

(Baron-Cohen proposes prenatal testosterone) would act independently on these distinct 

brain sites. Independent effects of prenatal testosterone on distinct empathising and 

systemising brain regions would add credence to the idea of orthogonal dimensions and 

the consequent brain types that have been proposed.  

 

Sex differences in Empathising and Systemising 

Sex differences in empathising are evident in a variety of ways and from a very 

early age. Research has suggested that sex differences in empathising and its 



 

 

14 

developmental antecedents are observable within 24 hours of birth. A female preference 

for attending to social stimuli has been measured in 24-hour-old newborns (Connellan, 

Baron-Cohen, Wheelwright, Batki, & Ahluwalia, 2000) and females have also been found 

to make greater amounts of eye contact immediately after birth (Hittelman & Dickes, 

1979), and then at 12 months, 2 and 4 years of age (Lutchmaya, Baron-Cohen, & Raggatt, 

2002a; Podrouzek & Furrow, 1988). Early sex differences have also been found in 

empathising behaviours with young girls exhibiting more comforting, sad expressions and 

sympathetic vocalisations when observing distress in others (Hoffman, 1977). Girls have 

also been found to be better at evaluating the feelings and intentions of fictional 

characters, differentiating between the appearance and reality of emotion, and detecting 

social faux-pas’ (Baron-Cohen, O'Riordan, Jones, Stone, & Plaisted, 1999). One of the 

most apparent settings in which differences between young boys and girls emerge is in 

styles of play. Children as young as nineteen months prefer playmates of the same sex, 

reflecting the possibility that children are selecting playmates with similar social styles 

(Baron-Cohen, 2003). There is a great deal of evidence that in various settings boys 

consistently exhibit more physically aggressive, more egocentric, and less empathic styles 

of play whereas girls show greater concern for fairness, and will use verbal skills rather 

than physicality to bargain and persuade (Baron-Cohen, 2003). Even in pretend play, boys 

tend to focus more on lone, solitary characters, usually in conflict, and girls focus more 

social and family relationships (Sandberg & Meyer-Bahlburg, 1994).  

These apparent differences in empathy persist throughout development and into 

adulthood. For instance, on average, girls show more concern for fairness and cooperation 

whilst boys show less interest in sharing and endorse competition rather than intimacy 

(Charlesworth & Dzur, 1987; Knight, Fabes, & Higgins, 1989). A large number of studies 

also suggest that by as early as three years of age, girls are ahead of boys in their ability 

to infer the thoughts or feelings of others, that is, they are more advanced in ‘theory of 

mind’ or the cognitive component of empathy (Happe, 1995). In adulthood, women display 



 

 

15 

greater sensitivity to facial expressions, and are better at decoding non-verbal 

communication and nuances from facial expression or tone of voice (Hall, 1978). Women 

also report more frequently sharing the emotional distress of friends compared to men. 

There is also evidence to suggest that this greater empathic concern in females extends 

beyond primary and proximate relationships to complete strangers (Hoffman, 1977). 

Although both sexes exhibit aggression, males tend to show more direct physical 

aggression while females show more indirect or covert verbally aggressive tactics (Baron-

Cohen, 2002, 2003). 

Women are also more adept at identifying facial expressions, decoding non-verbal 

communication and detecting subtle nuances in tone and facial expression. Sex 

differences are also apparent when talking about communication styles. Females’ speech 

is more commonly described as more cooperative, more reciprocal and more 

collaborative, while males frequently produce more prohibitions, imperatives and direct 

assertions of power (Baron-Cohen, 2002, 2003). Boys are also found to be more 

‘egocentric’ in their speech and use language to assert social dominance and display 

social status (Baron-Cohen, 2002, 2003). In all there is a great deal of evidence to suggest 

that across development females display more frequent and more proficient empathic 

behaviour. 

Sex differences in systemising tendencies are also observable from an early age 

with boys showing play behaviours and preference for toys with strong constructional and 

mechanistic elements like vehicles and construction sets (Baron-Cohen, 2002; Jennings, 

1977). Throughout development boys exhibit superior performance in using directional 

cues in map-reading and map-construction (Galea & Kimura, 1993), intuitive physics 

(Baron-Cohen, Wheelwright, Spong, Scahill, & Lawson, 2001), mental rotation (Collins & 

Kimura, 1997), spatial visualisation and the Embedded figures tests (Voyer, Voyer, & 

Bryden, 1995), all of which possess strong systemising elements. Aside from these rather 

spatial functions, males have been found to be better at facets of motoric systems, like 



 

 

16 

throwing or catching and making judgements of object movement (Schiff & Oldak, 1990), 

organisable systems (Atran, 1994), and mechanical systems (Baron-Cohen, Wheelwright, 

Spong et al., 2001). 

A distinction is necessary between brain type as a psychological construct, and 

genetic or gonadal sex. As such, female sex and a male brain type (or aspects of it) are 

not mutually exclusive, merely uncommon (likewise male sex and a female brain type). 

These sex differences in brain type and empathising and systemising propensities exist at 

the level of populations rather than individuals, and although population differences may 

partially arise from experiential factors, experiments in animals and humans suggest an 

underlying biological foundation. Sexual dimorphisms may exist in specific brain areas that 

underlie some of the sex dependent psychological functions (Lustig, 1998). Baron-Cohen 

proposes that biology, whether neurogenetic or neuroendocrinal, plays a key role in the 

development of a ‘male’ or ‘female’ brain. It is in this context that Baron-Cohen (2003) 

proposed that an important variable in determining brain type and relative balance of 

empathising or systemising abilities is prenatal testosterone concentration. Prenatal 

testosterone is present in both males and females and is critically involved in the 

differentiation of internal and external sex organs as well as structures within the brain. 

Certainly evidence exists to suggest very early antecedents to sex-differentiated 

behaviours that points to a possible biological contribution to their development that acts 

before large amounts of enculturation and care-giver influence are possible. 

 

Sex differentiation in development 

The most obvious biologically-based sexual dimorphisms in humans are the 

primary and secondary sex characteristics and those features related to hormonal 

systems. Undeniable areas of dimorphism include gonadal differentiation, internal and 

external genital differentiation, breast differentiation, muscle mass and hair differentiation. 

Sex differentiation in the foetus is a complex process involving many genes including 



 

 

17 

some not linked to the sex chromosomes. The key to sexual dimorphism is the Y 

chromosome containing the ‘sex-determining region on Y’ (SRY) gene. The product of this 

gene is a protein that initiates a cascade of downstream genes influencing the 

development of rudimentary sexual organs. Specifically, this protein is a testis-determining 

factor acting upon initially indifferent primordial sex cells and whose presence instigates 

male development, or absence results in female development. 

Initially both male and female embryos possess two pairs of genital ducts: mesonephric 

ducts and paramesonephric ducts. As a consequence of differing gene expression and 

protein production, the mesonepheric ducts develop and the paramesonephric ducts 

regress in male embryos with the reverse being true for female embryos (see Figure 2). 

 

Figure 2 Development of the mesonephric and paramesonephric tissues in both 

males and females 
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Male differentiation. If an embryo is genetically male with an XY sex chromosome 

complex the SRY gene influences development and proliferation of the testis and 

associated structures (see Figure 3). Molecular regulation of male sex determination is 

controlled by the SRY gene. Expression of this gene leads to the production of müllerian-

inhibiting substance (MIS), causing regression of the paramesonephric ducts, and the 

production of testosterone which enters the cells of target tissues. Upon entering target 

tissue, testosterone may be converted by a 5α-reductase enzyme to dihyrdotestosterone. 

Both testosterone and dihydrotestosterone act to regulate transcription of tissue-specific 

genes. Specifically, testosterone mediates virilisation of the mesonephric ducts that 

develop into the vas deferens and epididymis, and dihydrotestosterone modulates 

differentiation of the male external genitalia. 

 

 

 

Figure 3 Differentiation of the primary sex organs 
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Female differentiation. In female embryos with two X chromosomes, the absence 

of the Y chromosome stimulates formation of the ovary and dysgenesis of primordial 

structures necessary for male differentiation (see Figure 3). As the female embryo 

produces no MIS, the paramesonephric ducts are retained and consequently develop into 

the uterine tubes and uterus. Molecular regulation of this process is still unclear but may 

involve estrogens produced by the maternal systems, placenta, and fetal ovaries. In the 

absence of testosterone, the mesonephric ducts regress and the previously indifferent 

external genitalia are stimulated by estrogens, thus differentiating into female external 

genitalia. 

 

Prenatal testosterone and the second-to-fourth-digit ratio (2D:4D) 

Hormonal systems are pivotal to the functioning of the human body, and in 

particular, endocrine function is critical throughout all stages of pregnancy from 

implantation and foetal development to birth. The effects of hormones upon body tissue 

are classified as either organisational or activational. Organisational hormone effects occur 

early in development and serve to permanently organise the brain so that it has the proper 

neural circuitry for later activational endocrine events. Once foetal testosterone reaches 

the brain it can be converted to estradiol or 5-alpha-dihydrotestosterone, after which it 

binds to a steroid protein carrier that directly affects DNA synthesis. As a result, these 

differences in DNA synthesis among cells in the brain lead to either growth or death of 

specific neural circuits. Thus the organising effect of testosterone is to masculinise or 

defeminise regions of the brain necessary for male functions. 

Activational hormone effects occur later in development, are typically transient and 

are superimposed on earlier organisational effects. Activational effects are often essential 

in order for the organ or tissue to perform its function. Most organisational effects occur 

during critical periods of development during which target tissue can be modified by 

environmental sources. These periods of sensitivity are adaptive in the sense that 



 

 

20 

development cannot be altered outside of this specific critical phase, largely protecting the 

individual’s development from potential disturbance. 

 

Prenatal testosterone and sexual differentiation of the brain 

The prenatal period of testosterone secretion is critical in that other than genital 

and gonadal influences, prenatal testosterone has many extragenital influences (Manning 

& Taylor, 2001) and is the major hormone responsible for the sexual dimorphism of non-

reproductive tissues (Bardin & Catterall, 1981). One of these bodies of tissue is the central 

nervous system itself (CNS; Csatho et al., 2003; Manning, Baron-Cohen, Wheelwright, & 

Sanders, 2001; Manning & Taylor, 2001). Consequently, the prenatal period of 

testosterone secretion is involved in organising the brain and contributing to its later 

functional potential (Rubinow & Schmidt, 1996). Sexual differentiation of the brain appears 

to follow the same pattern as other morphological tissues in that CNS tissue is 

masculinised by the presence of testosterone or feminised by its absence (Collaer & 

Hines, 1995). Brain organisation and its related patterns of functioning are permanently 

influenced by the hormonal events during this brief developmental window that takes place 

before the fourth foetal month (Kimura, 1999).  

These effects of testosterone upon the brain are adopted into Geschwind and 

Galaburda’s (1985) theory of cerebral lateralisation, according to which high levels of 

prenatal testosterone compromise development of the left hemisphere, whilst facilitating 

development of the right hemisphere. Baron-Cohen (2003) relates this differential 

development of the hemispheres to the typical ‘male’ brain type of superior systemising 

and poorer empathising. However, there is potential to extend this relationship between 

asymmetrical hemispheric development and a ‘male’ personality type, to a typically ‘male’ 

pattern of psychological functioning more generally.  

Many biological explanations of sex differences, like that of Geschwind and 

Galaburda, revolve around the central proposition that the right cerebral hemisphere has a 
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selective affinity for spatial and non-linguistic processing and thus typically lends itself to 

spatial functions and quantitative reasoning tasks. Geschwind and Galaburda (1985) 

identify testosterone as a neurochemical agent that precipitates variability in some 

cognitive functions through its influence on various critical sites in the developing brain. 

Geschwind and Galaburda’s complex model has received some criticism for attempting to 

account for a very wide scope of phenomena from myopia to deficiencies in immune 

systems and allergies. However, their proposition that testosterone is a critical agent in 

activating the cerebral circuitry that mediates certain cognitive skills has yet to be 

discounted. Hence, it is necessary to map and determine its effects in-utero, at puberty 

and any permutations of the two in concert. 

 

Prenatal testosterone and the 2D:4D  

A proximate biological marker of prenatal testosterone levels is the second-digit-to-

fourth-digit ratio (2D:4D), with research establishing it is an accurate window into prenatal 

androgen exposure effects (Manning, 2002) and is established by week 14 of foetal 

development (Garn, Burdi, Babler, & Stinson, 1975). Differentiation and development of 

the urogenital system and digits are both controlled by the Homeobox or Hox genes 

(Kondo, Zakany, Innis, & Duboule, 1997), and given that sex hormones like estradiol, 

progesterone and testosterone have a significant role in regulating Hox gene expression 

(Daftary & Taylor, 2006), it is believed that the development of digits, gonads and central 

nervous system may share causal factors (Kempel et al., 2005). The Hox genes are 

pivotal in vertebrate limb development with Hoxa and Hoxd being expressed in the growth 

and patterning of both the digits and genital bud (Kondo et al., 1997). Removal or 

disruption of Hox gene function results in concomitant loss of digit and genital-bud 

derivatives as is seen in hand-foot-genital syndrome (Kondo et al., 1997; Mortlock & Innis, 

1997) in which disruption of HoxA13 produces simultaneous malformations of the fingers, 

toes, urinary and reproductive systems. The Hox genes are also pivotal in the 
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development of the central nervous system through the differentiation of the forebrain, 

midbrain and hindbrain regions (Sadler, 2000). Specific mutations in HoxA result in a 

phenotype that includes gaze abnormalities, deafness, craniofacial malformations, 

hypoventilation, vascular malformations within the heart, mental retardation and autism 

spectrum disorder (Tischfield et al., 2005). 

2D:4D measurements are useful in samples for which prenatal amniocentesis 

information is not available, particularly as there is evidence supporting the relationship 

between 2D:4Ds and prenatal hormone concentrations. Lutchmaya and colleagues 

(Lutchmaya, Baron-Cohen, Raggatt, Knickmeyer, & Manning, 2004) examined the 

relationship between 2D:4D measured at the age of two and the concentration of foetal 

testosterone and estradiol measured via routine amniocentesis. They found that low 

2D:4D ratios were associated with high foetal testosterone concentration relative to foetal 

estradiol, and high 2D:4D ratios were associated with low foetal testosterone and high 

foetal estradiol. This relationship was found independently of sex and considered to reflect 

only the effects of foetal testosterone produced by the gonads and adrenals as maternal 

androgens are converted to estradiol within the placenta (Migeon & Wisniewski, 1998). 

The ongoing development of structures within the brain also occurs during this 

same surge in prenatal testosterone concentration and a relationship between prenatal 

sex hormones, neural development and 2D:4D is plausible. Males typically have lower 

values of 2D:4D (i.e. a longer fourth digit relative to second) than females (for review see 

Manning, 2002). This sex difference in 2D:4D ratio is robust across ethnic groups and 

across age, including the transition through puberty (Manning, 2002; Manning, Scutt, 

Wilson, & Lewis-Jones, 1998; Manning, Stewart, Bundred, & Trivers, 2004). There is also 

evidence for a primarily right-sided influence of androgens on 2D:4D which supports the 

proposed asymmetrical effects of testosterone on tissues sensitive to androgens and the 

CNS and is reminiscent of Geschwind and Galaburda’s theory (Benderlioglu & Nelson, 

2004). 
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Prenatal testosterone and sex differences in psychological functioning 

The prenatal period of testosterone secretion has been found to have various 

behavioural and psychological correlates. In particular, sex differences in spatial abilities 

are thought to relate to levels of androgens present prenatally. Much of this evidence 

comes from hormonal manipulation in other mammals and shows that female monkeys or 

rats exposed prenatally to higher than normal levels of testosterone show more male-

typical play behaviour as juveniles, greater male-typical sexual behaviour as adults and 

enhanced (male-typical) performance on spatial tasks. However, male rats or monkeys 

exposed to reduced prenatal androgens exhibit the opposite profile (Hines et al., 2003). 

Evidence reflecting similar hormonal influence on humans comes primarily from 

studies of atypical biological development in humans. Individuals with Androgen 

Insensitivity Syndrome are genetically and gonadally male but due to a genetic mutation 

they are not sensitive to testosterone at a cellular level and subsequently display the 

female-typical profile of being poor at tasks linked with systemising (Baron-Cohen, 2003). 

Also, male foetuses exposed to a synthetic female hormone (diesthylstilbestrol) to prevent 

miscarriage have been found to be more likely to enact more female-typical behaviours 

and play styles as toddlers (Baron-Cohen, 2003). Female infants with Congenital Adrenal 

Hyperplasia (CAH) are exposed to unusually high levels of testosterone in utero and 

consequently, despite being genetically female, are born genitally and gonadally male 

(Okten, Kalyoncu, & Yaris, 2002). Even after surgery and hormonal treatment, girls with 

CAH display male-typical behaviours, exhibited in styles of play; and male-typical patterns 

of cognition, such as superior spatial skills (Collaer & Hines, 1995).  

Other studies have correlated infants’ levels of prenatal testosterone as measured 

by amniocentesis with their subsequent behaviour. (Lutchmaya et al., 2002a; Lutchmaya, 

Baron-Cohen, & Raggatt, 2002b) reported that level of prenatal testosterone concentration 

was inversely related to the infant’s amount of eye contact at 12 months, and to the size of 

the infant’s vocabulary at 24 months of age; relationships that were independent of the 
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infant’s sex.  In a follow-up study when the children reached four years of age, those 

children with higher prenatal testosterone levels had lower social skills, poorer quality of 

social relationships and more restricted interests compared to children with lower prenatal 

testosterone (Knickmeyer, Baron-Cohen, Raggatt, & Taylor, 2005). At eight years old, 

prenatal testosterone levels were positively correlated with a questionnaire measuring 

systemising behaviours, and negatively correlated with a questionnaire measuring 

empathising behaviours (Auyeung et al., 2006). In an independent study, Grimshaw, 

Sitarenios, and Finegan (1995) found that pointed to the possibility that the higher a child’s 

prenatal testosterone level, the better his or her performance on a Mental Rotation test (a 

quintessential spatial task purportedly tapping systemising ability). A recent study using 

eye-tracking has found three- to four-month old boys whose finger lengths indicated higher 

exposure to prenatal testosterone exhibited preferential attendance to an animation of a 

ball rather than animation of a doll (Alexander, Wilcox, & Farmer, 2009). All the above 

evidence suggests that prenatal testosterone affects the developing brain and plays a role 

in determining behavioural patterns and later psychological functioning. 

 

2D:4D and sex differences in psychological functioning 

As well as the persuasive evidence of links between prenatal testosterone 

concentration and later psychological functions, evidence also exists to tie 2D:4D, a 

proximal marker of prenatal testosterone concentration, to Baron-Cohen’s E-S theory of 

sex differences. Remembering that Baron-Cohen associates a typically ‘male’ profile with 

higher levels of prenatal testosterone and subsequently lower 2D:4D, research has linked 

a lower, male-typical, 2D:4D with poorer social cognition consistent with lower empathising 

(Williams, Greenhalgh, & Manning, 2003), enhanced spatial ability (Manning, 2002), 

greater sporting and musical ability (Manning, 2002) and autism (a developmental disorder 

more commonly affecting males and associated with superior systemising and spatial 

ability (Manning et al., 2001)). Baron-Cohen contends that the concentration of 
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testosterone present in prenatal development shapes the relative equilibrium of the 

empathising and systemising dimensions, thus forming the basis for a ‘psychological style’ 

that subsequently influences an individual’s post-natal preferences, interests and everyday 

functioning. 

Given the evidence for relationships between prenatal testosterone levels and sex-

differentiated functions in humans, and the convenience of a proximal marker of prenatal 

testosterone, it is of interest to investigate associations of 2D:4D with psychological 

functions for which mean scores differ between the sexes, especially those for which a 

theoretical or empirical link to levels of sex hormones has been established. Similarly, as 

Baron-Cohen’s E-S theory is essentially a developmental theory of sex differences in 

psychological functioning it would be pertinent to examine these brain types and the role of 

prenatal testosterone as indicated by 2D:4D in a developing population. Much of the 

earlier research into Baron-Cohen’s E-S theory is predicated on self-report personality 

measures of empathising and systemising and a comprehensive analysis of Baron-

Cohen’s E-S theory, and the brain types it predicts, has not yet been done with 

performance-based measures of these dimensions.  

 

Measuring sex differences: self-report versus performance 

One of the goals of psychological measurement is to discriminate people on some 

dimension and the two most common methods are self-report through interviews and 

questionnaires, and performance-based measurement. In some settings one of these 

forms of measurement is usually more suitable than the other and despite the ease with 

which self-report information can be collected it is usually the more criticised of the two 

methods because of the likelihood of misperception or misrepresentation and subjectivity. 

While the information gathered through self-report is of past, present or predicted internal 

states of an individual, performance-based measurement gives an indication of an 

individual’s capacity for a particular function at a given time. Although performance-based 
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measurement is not error free, self-report has been demonstrated by several studies to be 

particularly prone to error introduced via common method variance, participant 

misunderstanding and both participant and experimenter expectations (Muckler & Seven, 

1992; Nisbett & Wilson, 1977).  

One particular criticism of using self-report measures when investigating sex 

differences is the effects of self-efficacy and social identity threat. Research in adult 

populations has shown that most men and women associate ‘maleness’ with science and 

mathematics domains and ‘femaleness’ with the liberal arts more easily than the reverse 

(Nosek et al., 2007). Adult males and females who endorse these stereotypes report less 

interest in the opposing sex-stereotyped area and are less likely to pursue careers in these 

domains (Hyde, Fennema, Ryan, Frost, & Hopp, 1990; Schmader, Johns, & Barquissau, 

2004). Similarly, Lawton (1996) suggests that women may have lower expectancies and 

confidence than men regarding their performance on tasks that are stereotyped as 

masculine abilities. Thus, regardless of their actual level of performance, the perceptions 

an individual has about their abilities to perform behaviours at a certain level (Bandura, 

1997; Schunk, 1984) help to determine what they do with the skills they may or may not 

possess (Pajares & Valiante, 1999), and influence their choice of activities, effort 

expended, and task persistence and accomplishments (Schunk & Gunn, 1986). 

Endorsement of these stereotypes may result in more divergent self-reports of 

stereotypically sex differentiated behaviours and interests between males and females and 

subsequently greater orthogonality between the empathising and systemising dimensions 

when assessed by this method. While examining and measuring sex differences in 

psychological functioning and particularly measures of empathising and systemising, this 

thesis will make an effort to avoid these issues via two strategies.  

Firstly, and as mentioned previously, this thesis will examine Baron-Cohen’s E-S 

theory in a typically developing sample of children aged between 7 and 10 years. 

Throughout primary school and by the age of 10, children’s awareness and endorsements 
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of social identity is being developed (Ambady, Shih, Kim, & Pittinsky, 2001). Although 

children are aware of sex categories by a very young age (Huston, 1987), the abstract 

concepts of masculinity and femininity and their respective characteristics are not usually 

incorporated into their own representations until the age of 10 (Eisenberg, Martin, & 

Fabes, 1996). At this primary-school age it is likely that any influence of internalisation of 

stereotypes or social identity threats relating to sex-differentiated performance would not 

be as consolidated as they are in adults. In this way there is less likelihood for either self-

efficacy or internalised stereotypes affecting children’s performance as they would have 

had less time and experience to develop and endorse them. 

Secondly, primarily performance-based measures of empathising and systemising 

will be used rather than self-report questionnaires assessing behaviours and interests that 

are thought to reflect empathising and systemising abilities. Performance-based measures 

of empathising and systemising should give a more accurate representation of an 

individual’s actual inherent capacity for empathising and systemising abilities. Thus the 

applicability of these domains in describing sex differences and the precise nature of what 

empathising and systemising capture when defined by performance-based measures will 

be examined in this thesis. Although self-report measures of empathising and systemising 

have been looked at simultaneously and used to investigate the brain types predicted by 

Baron-Cohen’s E-S theory in both adults and children (Auyeung et al., 2009; Goldenfeld, 

Baron-Cohen, & Wheelwright, 2005), there is a paucity of research looking at performance 

measures of empathising and systemising simultaneously and Baron-Cohen’s 

hypothesised brain types. 

One thing that must be taken into account with performance-based measurement 

is the covariance in cognitive abilities found when using performance-based assessment 

(Carroll, 1993a). Charles Spearman found that across a number of supposedly unrelated 

fields, children’s grades were positively correlated. Spearman proposed that this 

covariance reflected the influence of a general factor that underlies performance in all 



 

 

28 

ability tests (Nyborg & Sommerlund, 1992). This formed the basis for Spearman’s 

conceptualisation of general and specific intelligences, the former being the underlying 

general intelligence factor, and the latter the contribution to performance that is specific to 

the particular ability in question. Without taking this covariance into account, there may be 

limits placed on the amount of orthogonality between the empathising and systemising 

dimensions when assessed via performance-based measurement. Removing this 

covariance will also eliminate any possible confounding influences from the hypothesised 

sex differences in g proposed by Lynn (1999). 

This thesis will investigate the E-S theory and its brain types within a population of 

typically developing children using performance-based measures. The relative contribution 

of prenatal testosterone concentration, as indexed by the 2D:4D, in developing these brain 

types will also be examined. 

 

Aims and methodology 

 Baron-Cohen (2002) proposes the E-S theory as an alternative to the conventional 

yet inconsistent verbal/spatial conceptualisation of sex differences in psychological 

functions. Baron-Cohen argues that differences in the relative balance of empathising and 

systemising tendencies, as determined by differences in prenatal testosterone 

concentration, drives differences in behaviours between males and females, and between 

typically developing populations and individuals with autism spectrum conditions. An 

individual’s balance of empathising and systemising abilities is classified into one of five 

hypothesised brain types thought to reflect their interest, motivation and performance in a 

variety of areas. A useful proximal marker of prenatal testosterone concentration is the 

2D:4D which can be ideal in populations for which amniocentesis information is not 

available. 

Baron-Cohen’s framework introduces a novel perspective that allows us to 

examine sex differences in psychological functions in children with respect to the 
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contribution and interaction of personality and abilities traditionally not considered in the 

conventional sex difference literature. This thesis will examine the presence and 

manifestation of sex differences in psychological functions and Baron-Cohen’s 

hypothesised brain types in children using performance-based measures of empathising 

and systemising and will also investigate the possible contribution of prenatal testosterone, 

using a proximal physical marker, the second-to-fourth-digit ratio. 

This thesis aims to define Baron-Cohen’s empathising and systemising dimensions 

using performance-based measures to determine what these domains capture and the 

nature of their orthogonality. In this way this thesis endeavours to examine whether the 

empathising-systemising dimensions are a stronger typology of sex differences in 

psychological functions or just an alternative description to the traditional verbal-spatial 

dichotomy. These questions will be examined developmentally in a population of seven to 

ten year old typically developing children as Baron-Cohen’s E-S theory is yet to be 

extensively investigated in children with performance-based measures of empathising and 

systemising. Participants were 222 children between the ages of six and ten taking part in 

yearly Project K.I.D.S. studies at the Child Study Centre within the University of Western 

Australia. Children attended Project K.I.D.S. over a two-day period during which they were 

evaluated on a large number of psychological tasks and assessments. These measures 

included a number of verbal, spatial, systemising, and empathising tasks as well as 

measurements of 2D:4D and general intelligence.  

Many of the verbal and spatial measures in this thesis are sourced from subtests of 

the Wechsler Intelligence Scale for children, 4th edition (WISC IV) as it is one of the most 

widely used intelligence tests and also has an adult-equivalent known as the Wechsler 

Adult Intelligence Scale (WAIS) with many subtests that are comparable to those of the 

WISC. As well as an overall intelligence score, the WISC yields other more specific 

indices. Studies on earlier editions of the WISC in large samples of children have found 

that girls exhibited superior performance on the verbal indices of the WISC-R while boys 
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exhibited better performance on the spatial subtests that comprise the performance index 

(Lawson, Inglis, & Tittemore, 1987). The verbal measures assessed a range of skills from 

vocabulary-based knowledge to fluency of articulation and reasoning. The spatial tasks 

used will measure typical facets of spatial ability, for example pattern recognition, 

perceptual reasoning and the construction and rotation of figures. The systemising 

measures chosen were two prototypical examples of systemising, mental rotation and 

block design. In order to assess all aspects of empathising, a variety of measures were 

chosen including measures of emotion recognition, empathic behaviours and interests, 

and tests of theory of mind. All of the above measures are standard in either psychiatric 

assessment or developmental psychology. Measurements of prenatal testosterone, as 

indicated by 2D:4D ratios were calculated from photocopies of each child’s hands. A full 

and detailed description of the methodology of this thesis is outlined in Chapter 2. 

 

Experimental hypotheses and contents of chapters 

The analyses within this thesis will begin with an examination of the conventional 

methods of analysing sex differences in psychological functions (Chapter 3). The following 

chapters will examine the applicability of the empathising and systemising dimensions and 

the brain types predicted by Baron-Cohen’s theory. Chapter 4 will examine sex differences 

in performance-based empathising and systemising measures and the necessity for 

controlling confounding or contributing factors (like g) when using performance-based 

indicators of sex-differentiated functions as well as the applicability of the empathising and 

systemising brain types in a developing sample. After controlling for the influence of 

contributing factors like general intelligence, Chapter 5 will focus on the necessity to 

account for other factors like measurement error when using observed variables by 

defining latent constructs and the covariance of cognitive domains. In this chapter the 

empathising and systemising dimensions of interest will be examined using confirmatory 

factor analysis to generate latent constructs based on multiple observed variables, a 
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method that takes measurement error into account. Chapter 6 will then use Structural 

Equation Modeling to examine the relationships between the empathising-systemising 

latent constructs and the 2D:4D as well as examining the influence of the verbal and 

spatial ability domains on empathising and systemising respectively whilst accounting for 

variables like general intelligence.  

When examining the pattern of sex-differentiated performance within the verbal, 

spatial, empathising and systemising domains it is predicted that; 

1. When investigated using the traditional method of examining differences in group 

means, no clear picture of sex-differentiated performance will be observed between 

males and females for verbal and spatial abilities with advantages and 

disadvantages found in both domains for either sex. 

2. The newly proposed domains of empathising and systemising will exhibit clear and 

sizeable group differences between males and females. Performance-based 

indices of empathising and systemising will be significantly positively and 

negatively related to a proximate marker of prenatal testosterone, the 2D:4D, 

respectively.  

 

Auyeung and colleagues (2009) analysed the empathising and systemising brain 

types proposed by Baron-Cohen using parent-report behavioural information. The 

techniques used by Goldenfeld (2005) will be replicated in this thesis and the empathising 

and systemising dimensions will be indexed using performance-based measures. 

3. It is hypothesised that the proportion of individuals classified as having each of 

Baron-Cohen’s brain types in the previous studies using self- and parent- report will 

be replicated here. It was predicted that more females will exhibit the empathising 

brain type (Type ‘E’; greater empathising ability relative to systemising ability) and 

more males will exhibit the systemising brain type (Type ‘S’; greater systemising 

ability relative to empathising ability). 
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If the empathising-systemising theory is not just a redescription of the traditional 

verbal-spatial distinction but a more fundamental typology of sex differences then it is 

predicted that; 

4. After controlling for the influence of general intelligence, there will be no significant 

correlation between performance-based indices of empathising and systemising. 

5. The empathising, systemising, verbal and spatial domains will successfully identify 

representative latent constructs and display discriminant validity from each other, 

possessing both shared and unique components. 

6. Structural equation modeling will be used to elucidate the relationships between 

empathising, systemising and the 2D:4D whilst simultaneously accounting for 

influences of other variables like g, age and verbal and spatial abilities. It is 

hypothesised that, in support of Baron-Cohen’s E-S theory, when age, g, verbal 

and spatial abilities are controlled for, any relationships between sex and 

empathising and systemising will mediated by 2D:4D, a proximal marker of 

prenatal testosterone concentrations. 
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This chapter will provide details of the participants, apparatus, tasks and 

experimental procedure of this thesis. The apparatus and tasks are separated into 

measures of empathising, systemising, verbal and spatial abilities and 2D:4D 

measurements. The first section of this chapter will outline important methodological 

aspects of this thesis. 

 

Project K.I.D.S. 

Data for this thesis were collected via the Project Kids Intellectual Development 

Study (K.I.D.S.) over the course of a two-year period. This is an ongoing research 

programme investigating the biological and socio-cultural underpinnings of cognitive and 

emotional development in children. Project K.I.D.S. has been conducted at the University 

of Western Australia’s Child Study Centre facilities since 1995 with previous years being 

dedicated to the investigation of childhood developmental disorders as well as typically 

and atypically developing children. The last three years have specifically targeted typically 

developing children between the ages of seven and ten years in a longitudinal study. 

Project K.I.D.S. is unique in its efforts to marry two traditions of developmental psychology; 

standardised testing and Piagetian observation. In this way Project K.I.D.S. is an 

opportunity to investigate individual differences and variance in performance whilst utilising 

methods designed to produce optimal performance of the individual.  

Project K.I.D.S. is conducted over a two-week period in the July school holidays. 

One hundred and twenty children attend over this time for two consecutive days (24 

children per day). During these two days children participate in a number of cognitive, 

neurological and behavioural assessments that are framed as ‘puzzles’ and ‘games’ rather 

than ‘tests’ in order to create a testing environment that elicits optimal performance from 

the child. Upon completion of each activity, children are rewarded within a token economy 

system that emphasises effort rather than achievement. At the end of each day children 
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are given the opportunity to ‘trade’ their tokens for play and art-and-craft materials used 

during the afternoon ‘free time’. 

The tasks chosen for this thesis became a subset of tasks used in the larger 

Project K.I.D.S. study. Data for the current study were collected over a two-year period in 

2007 and 2008. Assessments were conducted by fully-trained researchers, including the 

author, completing fourth year undergraduate degrees or postgraduate masters or doctoral 

qualifications in psychology and had prior experience with children. 

Tasks chosen for inclusion in this thesis were selected on the basis of their being 

performance-based measures of empathising and systemising rather than the more 

frequently used self-report measures of these domains. A comprehensive analysis of the 

E-S theory of sex differences and the brain types it predicts has yet to be done using 

performance-based measures of empathising and systemising. 

One consequence of using performance-based measurement of an individual’s 

abilities is the positive intercorrelations between tests that frequently arise. Although 

individuals rarely perform equally well on all kinds of tests, it is well known that tests 

measuring different abilities tend to be positively correlated in such a way that people 

performing well on one measure are likely to do well on other measures too (Neisser et al., 

1996) and this has been conjectured to be a consequence of an underlying general 

intelligence or ability factor. Subsequently, this covariance in abilities found when using 

performance-based assessment must be taken into account when using performance-

based measurement (Carroll, 1993a). This thesis will investigate a performance-based 

reinvention of the E-S theory and the predicted brain types within a population of typically 

developing children. Performance measures of empathising and systemising will be 

examined whilst controlling for g and the covariance of abilities. 
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Controlling for g in performance-based measurement 

Charles Spearman developed the concept of a ‘monarchic’ factor of general 

intelligence through the study of correlations between mental tests. Spearman noted that if 

any two ‘mental’ tests were administered to a large enough sample, the correlation 

between the two would always be positive. Spearman surmised that this generality 

suggested that each test did not measure independent mental faculties, but that some 

simple structure must underlie this pervasive relationship. Two possible explanations 

emerged - firstly, that the positive correlations may reduce to a small set of distinct 

‘faculties’, or perhaps what is described more recently as ‘abilities’ or ‘modules’; or 

secondly, that the correlations may reduce to a single general factor that underlies an 

individual’s performance. 

Regardless of which of these explanations proved to be correct, Spearman 

acknowledged that neither many factors nor a single factor would explain all the variance 

in a group of mental tests. This shared variance aside, each test would possess its own 

unique ‘residual variance’ that is particular to the test itself and none other. Subsequently, 

Spearman reasoned a ‘two-factor’ theory of underlying structure with each test consisting 

of a unique component of specific information (s), and a uniform underlying factor that 

performed as a single cognitive essence and was labelled ‘general intelligence’ (g). Recent 

revivals in interest in g have also seen the development of the fluid/crystallised intelligence 

(gF-gC) distinction. Fluid intelligence (gF) drives an individual’s ability to think and act 

quickly, deal with novel situations and encode short-term memory. It has been described 

as the resource an individual uses when in a situation they have never encountered before 

and is relatively independent of education and acculturation. The crystallised intelligence 

factor (gC) has origins in learning and cultural experiences and is reflected in tests of 

general knowledge, use of language and a variety of acquired skills. When discussing 

general intelligence the g that is usually being referred to is gF and this is also the case for 

this thesis.  
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In this thesis it is necessary to control for covariance between abilities and the 

influence of g in order to discern the true nature of the empathising and systemising 

dimensions and their relationship to each other. This is especially pertinent given recent 

speculation that there may be sex differences in g. 

 

Sex differences in g 

Towards the end of the nineteenth century, Gustave Le Bon purported that the 

inferiority of women’s intelligence was so obvious it was not worthy of scientific debate, 

only the degree of inferiority needed to be decided upon. However, there later developed a 

majority consensus that there were no meaningful sex differences in average intelligence 

thanks largely to the work of Cyril Burt and Lewis Terman. A recent task-force investigating 

the nature of intelligence and established by the American Psychological Association 

concluded that no important sex differences are found in overall intelligence test scores 

and for those studies that do report sex differences, the direction is variable and effects 

are small (Held, Alderton, Poley, & Segall, 1993; Neisser et al., 1996). 

Although it has been suggested that a battery of omnibus intelligence tests are 

specifically constructed to eliminate advantages of one sex other another (Halpern, 2000), 

Halpern and LaMay (2000) have suggested that the heterogeneous nature of full scale 

scores masks group differences on certain subtests. So although there are is no 

advantage in overall intelligence to either sex, differential performance is evident on at 

least some of the abilities assessed with intelligence tests. 

A recent theory of developmental sex differences put forth up Richard Lynn 

contends that sex differences do exist in general intelligence, to the advantage of males 

(Lynn, 1999). Lynn previously defined intelligence as the average of verbal 

comprehension, reasoning and spatial abilities. However, more recently, Lynn has used 

Raven’s Progressive Matrices (a putative measure of fluid intelligence, or gF) to support 

his theory of sex differences in intellectual development. According to Lynn, an advantage 
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of between 4 and 5 IQ points exists in favour of males regardless of whether intelligence is 

defined as fluid intelligence or as the sum of reasoning, verbal and spatial abilities (Lynn, 

1999; Lynn, Allik, Pullmann, & Laidra, 2004; Lynn, Backhoff, & Contreras-Nino, 2004; 

Lynn, Fergusson, & Horwood, 2005).  

However, contrary to Lynn’s reports of sex differences in general intelligence, the 

consensus of the past 100 years of academic inquiry and research has established that 

any sex differences in overall or fluid intelligence are negligible (Halpern, 2000; Hedges & 

Nowell, 1995). Factor analyses on a large sample of data from the Progressive Matrices, 

(Lynn, Backhoff et al., 2004) revealed the presence of three factors Lynn and colleagues 

identified as Spearman’s g, abstract reasoning ability and visualisation ability. Of these 

factors, no statistically significant difference between the sexes was found for either the g 

or reasoning ability factors, however a significant advantage was found for males on the 

visualisation factor. Explanations for the advantage for males in the matrices tasks have 

been proposed by Abad and colleagues (2004) as being related to the visuo-spatial nature 

of the task itself hindering female performance. After removing the most heavily visuo-

spatial items on the Raven’s using differential item functioning analyses, the sex difference 

between males and females was reduced but still evident. However, it was thought that the 

remaining items were still highly dependent on visuo-spatial processing and subsequently 

the use of the mental rotation task (a quintessential measure of spatial and systemising 

abilities) from the Primary Mental Abilities battery as a statistical control saw the sex 

difference in matrices performance become non-significant. 

Although the overwhelming consensus is that sex differences in g do not exist, 

another consequence of controlling for g between performance-based measures in this 

thesis is that any possible sex differences in g that may exist are accounted for. In this 

way, there is little chance for the male advantage in general intelligence that Lynn 

proposes (if they exist) to confuse the presence of sex differences in performance-based 

measures of empathising or systemising. 
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Systemising and spatial ability 

A particular difficulty arises when selecting and distinguishing between measures 

representative of the systemising and spatial domains. Although the nature of systemising 

is clearly delineated, a grey area arises when differentiating performance-based measures 

of systemising with measures of spatial ability. Many of the most widely used performance-

based measures of systemising are also considered to be spatial ability measures and rely 

on spatial-like stimuli. However, the distinction between systemising ability and spatial 

ability more generally, arises in the way stimuli are operationalised. Although both domains 

primarily use graphic, symbolic or spatial stimuli, systemising is characterised by an 

analysis of rule-based and predictable systems whereas the spatial domain is not 

necessarily defined in this way. In this thesis both mental rotation and the Block Design 

subtest of the WISC-IV are utilised as systemising measures rather than spatial measures. 

In particular, the 2D- and 3D-rotaional elements in both mental rotation and Block Design 

largely differentiate these measures from the remaining spatial measures used here to 

represent the spatial domain. Although it can be argued that both mental rotation and 

Block Design assess spatial ability as well as systemising, the number of tasks that come 

under the umbrella of the spatial domain is large enough that reserving these two 

measures as systemising measures should not be a hindrance to measurement of the 

spatial domain or sex differences in spatial abilities. On the other hand, although Baron-

Cohen contends that the systemising domain encompasses a great deal more than merely 

spatial-like elements (eg, weather systems, politics, music, mathematics, mechanics and 

intuitive physics; Baron-Cohen, 2003), many of these systemisable fields are difficult to 

measure by standardised psychometric means, and this is especially so in children. The 

spatial measures used in this thesis are the Picture Completion, Symbol Search and 

Matrix Reasoning subtests from the WISC-IV. Although not as commonly used in the sex 

difference literature as rotational tasks, these measures are all considered spatial 

measures consisting of graphic or symbolic stimuli, and reportedly exhibit sex differences 
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in favour of males in some samples (Colom et al., 2002; Lynn, Raine, Venables, Mednick, 

& Irwing, 2005; van der Sluis et al., 2006). 

 

Measuring the 2D:4D ratio 

A great deal of evidence exists to suggest that the ratio of the length between the 

ring and index finger is sexually dimorphic, is determined during early fetal development, 

and is influenced by sex hormones, particularly prenatal testosterone concentration (see 

Manning, 2002 for review). In this way the 2D:4D may provide a permanent and easily 

accessible marker of prenatal hormonal events that occur during a critical periods of fetal 

development involving sexual differentiation of both the body and brain. The 2D:4D has 

been linked to a vast number of characteristics including ethnicity, handedness, 

personality characteristics, coronary heart disease, breast cancer, infectious diseases, 

athleticism, musical ability, fertility, schizophrenia and sexual preferences to name but a 

few (Manning, 2008). 

Males typically have lower values of 2D:4D (i.e. a longer fourth digit relative to 

second) than females (Manning, 2002). The sex difference in 2D:4D ratio is robust across 

ethnic groups and across age, including the transition with puberty (Manning, 2002; 

Manning et al., 1998; Manning et al., 2004) with a moderate effect size typically between 

.3 and .4 but in some instances higher (.66; Bailey & Hurd, 2005) However, there is 

substantial overlap between the sexes with respect to digit ratio and it is not uncommon for 

a man or woman to have a digit ratio that is typical of the opposite sex. 

Examination of human embryos and foetuses at different stages of development 

have shown that the relative lengths and adult proportions of the fingers are established by 

week 14 of fetal development (Garn et al., 1975). Differentiation and development of the 

urogenital system and the digits are both controlled by the genetic factors (Kondo et al., 

1997), and given that sex steroids have a significant role in regulating gene expression, it 

is believed that the development of digits and gonads share causal factors (Kempel et al., 
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2005). A recent study supports this link with fetal testosterone measured from routine 

amniocentesis confirming that the 2D:4D ratio at two years of age was significantly 

negatively associated with level of prenatal testosterone, and independently of sex 

(Lutchmaya et al., 2004). 

The 2D:4D is calculated by dividing the length of the index finger (digit two, or ‘2D’) 

by the ring finger (digit four, or ‘4D’). Thus, the ratio of index finger length to ring finger 

length is called the ‘2D:4D digit ratio’. Generally, males have a ring finger that is longer 

than their index finger while females typically have index and ring fingers of equivalent 

length. For males the index finger is generally about 96 percent of the length of the ring 

finger, which gives an average digit ratio for males of .96 (Manning, 2008). If fingers are of 

equivalent length or the index finger is longer than the ring finger, the digit ratio would be 

1.00 or greater. Males generally have a digit ratio below 1.00 and are classified as having 

a ‘low 2D:4D,’ whereas women generally have a digit ratio of about 1.00 or greater and are 

consequently classified as having a ‘high digit ratio.’ 

Inconsistencies in 2D:4D research (Puts, McDaniel, Jordan, & Breedlove, 2008; 

van Anders & Hampson, 2005) have largely been attributed to differences in measurement 

techniques. Measurements can be made either directly from the fingers themselves or 

indirectly using scanned images, photocopies or x-rays. There are also a number of 

different measurement tools with the most common being calliper, ruler and computer 

software however more recently the ‘tube’ method (Nicholls, Orr, Yates, & Loftus, 2008) 

and hand outline drawings (Bang et al., 2005) have also been suggested. Within the 

current catalogue of 2D:4D research, calliper measurements from either direct or indirect 

images of an individual’s hands are the most common measurement methods making up 

82.4% of the current literature (Kemper & Schwerdtfeger, 2009). Of these methods, 

indirect methods utilising photocopies, scans or x-rays were more popular than direct 

measurements with nearly 48% of the literature using this technique (Kemper & 

Schwerdtfeger, 2009) most likely do to the superior measurement precision it provides 
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(Voracek & Dressler, 2006; Voracek & Offenmuller, 2007) and the good-to-excellent 

measurement agreement found when used in conjunction with calliper measurements 

(Csatho et al., 2003; Voracek, Dressler, & Manning, 2007). A recent review comparing 

indirect methods of 2D:4D measurement for measurement precision (agreement across 

raters and interrater error) found that computer software measurements of scanned 

images had the highest interrater reliability, technical error of measurement (TEM; square 

root of the squared difference between two corresponding measurements divided by twice 

the sample size) and relative technical error of measurement (the TEM of a variable 

divided by the grand mean of a variable and multiplied by 100; Kemper & Schwerdtfeger, 

2009). However calliper measurements of printed images were the next most precise 

method of measurement and actually took significantly less time to measure (Kemper & 

Schwerdtfeger, 2009). 

Calliper measurements from photocopies of participant’s hands were the 

measurement method chosen for this thesis. Photocopies were taken due to previous 

research indicating that digital scanners are prone to error due to movement of the hands, 

resulting in difficulty discerning landmarks on some digits (Lutchmaya et al., 2004) and 

measurements of the fingers correlate with those taken from X-rays of the bones of the 

fingers (Manning, 2002). Each participant’s 2D:4D ratio was measured by two skilled 

experimenters, including the author, for each hand by taking two photocopies of the two 

hands face down. The lengths of the second and fourth digits were measured on the 

ventral surface of the right and left hands from the basal crease of the digit to the tip. 

When there was a band of several creases at the base of the digit, digit lengths were 

measured from the most proximal of these creases (Manning et al., 1998). Interrater 

reliability of measurements of digit ratios have been high in several previous studies 

(Kemper & Schwerdtfeger, 2009; Manning, Trivers, Thornhill, & Singh, 2000; S. M. Martin, 
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Manning, & Dowrick, 1999) and the same procedures for calculating reliabilities (based on 

the two measurements) were used in this thesis. 

Although right and left hand 2D:4Ds are usually very similar, there is some 

evidence that sex-related traits are expressed more strongly on different sides of the body 

(Manning, 2008). It has been hypothesised that for men the male form of a sex-related trait 

is more strongly expressed on the right-side of the body, however for females the reverse 

is true. In this way there is a chance for males to have lower right-hand 2D:4Ds than the 

left-hand and females to have higher left-hand 2D:4Ds than right-hand. Similar patterns 

have been found for other physical sex characteristics with females with a larger left breast 

performing better on tasks involving language and males with larger right testes scoring 

higher on traditional male-favouring tasks involving spatial judgments (Kimura, 1999; 

Manning, 2008). Similar studies with 2D:4D measurements are needed before conclusive 

patterns are found and for the present Manning advocates right-hand 2D:4D 

measurements as the most revealing and appropriate indicator of 2D:4D (Manning, 2008). 

In this way the main 2D:4D measurement used in this thesis is the right-hand 2D:4D, 

however the left-hand 2D:4D and the average between the left and right hand 

measurements were also calculated. 

 

General methodology  

The broad and multi-faceted nature of the empathising domain made it necessary 

to choose a variety of measures in order to fully encompass every aspect of empathy. The 

variety of measures used includes vocabulary-based measures of empathy and theory of 

mind, and vocabulary-limited performance measures of emotion recognition. Although the 

main focus is on performance-based measures, a self-report measure of empathising 

behaviours was also included to fully encompass the range of behavioural, cognitive and 

affective components of empathising. 
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The systemising domain was represented by measures of mental rotation and 

three-dimensional block design. There can be terminological difficulties when 

distinguishing between systemising and spatial tasks. Although some systemising tasks 

are spatial in nature, not all spatial tasks contain elements of systemising. Despite their 

relationship to the spatial domain, these are two of the strongest indicators of systemising 

abilities and have a consist history of being strongly sex-differentiated. 

The verbal tasks chosen for this thesis tap a wide range of the diverse subtypes of 

verbal ability. Similarly the spatial measures chosen were selected on the premise of 

tapping many facets of the spatial domain. This will make it possible to investigate sex 

differentiated performance in multiple aspects of both verbal and spatial abilities rather 

than just a single aspect. 

 

Participants 

Two-hundred and twenty-two participants were recruited from Primary schools that 

provided a representative socioeconomic cross-section within the Perth Metropolitan area. 

The target recruitment groups were children in grades two and four, and thus around 

seven and nine years of age respectively. The mean age of participating children was 8.37 

years (standard deviation 1.06 years) with 51.80 percent of the sample being male. A 

median-split was used to create ‘young’ and ‘old’ groups with the median age being 7.95 

years (see Table 1). Rather than separating participants into discrete age categories. a 

median-split was used to classify children into ‘young’ and ‘old’ groups as a number of 

children were very close to transitioning to the next age group and were thus difficult to 

classify. Similarly, the analysis of discrete age groups to examine specific development 

transitions was not a primary aim in this thesis. However, separating participants into two 

groups determined by median-split enables full use of the whole sample, which is very 

important for future analyses, and retains the possibility of excluding broader 
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developmental confounds that may interfere with the research questions of primary 

interest. 

 

Table 1       Participant details for whole sample and age-split sub-samples. 

 ‘Young’ 

(Age < 7.95 years) 

‘Old’ 

(Age > 7.95 years) 
 

Male 54 61 115 

Female 57 50 107 

 111 111 222 

Mean Age 

(years) 
7.42 9.35  

 

Every attempt was made to ensure the sample was compromised of only typically 

developing children. Parents were asked to identify if their child had any medical or 

psychological conditions prior to registering for Project K.I.D.S. Children whose parents 

are uncertain of potential diagnosis for their child, or children that researchers identified as 

having a potential diagnosis were excluded from future analyses. 

 
 
Apparatus, tasks and materials 

Three methods of task delivery were employed in this thesis; group-administered 

tasks, individually-administered tasks and computer tasks. Group administered tasks were 

conducted in controlled, child-appropriate settings with no less than two and no more than 

four children completing a task together, and no more than two administrators present at 

any one time. Individually-administered tasks took place in a one-on-one situation between 

the child and the administrator in a comfortable and controlled room. 
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Computer-administered tasks were conducted in two rooms specially designed as 

child-friendly computer rooms with a maximum of either four children (Room A) or six 

children (Room B) tested together at any one time. There was always one administrator for 

every two children present.  Computers were standard PCs that ran all computer-

administered tasks through MatLab version 7.2 software (Mathworks, 2006). Responses to 

all computer administered tasks are collected via a ‘button box’ (Figure 4) with a top row of 

two primary response keys (blue and red) and a bottom row of four ‘continuation’ buttons 

akin to the ‘spacebar’ function on a standard computer. The meaning and function of both 

the response and continuation keys can be changed depending on the programming of 

each task. The button box technology is used frequently throughout Project K.I.D.S. and 

children quickly become proficient and adept at using this method of response. 

 

Figure 4  General button box configuration. The two top buttons act as response 

buttons and the bottom row of four buttons are continuation buttons that function in similar 

fashion to a standard keyboard spacebar 

 

Empathising measures 

Murdoch Empathy Children’s Scale (Cardillo et al., 2000). The Murdoch Empathy 

Children’s Scale (MECS) has been regularly used in Project K.I.D.S. since 2000 and is a 
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measure of complex emotion and mental state comprehension. Children are presented 

with 12 pictographic stimuli and are asked to ascribe to each image one of six pre-

identified emotions or mental states. The 12 visual stimuli consist of simple line drawings 

of events with either single or multiple characters’ faces left blank. Once presented with 

individual stimuli, children are prompted with a series of test questions; an identification 

question (“how do you think this boy/girl feels”), a justification question (“can you tell me 

why this girl feels (previous response)?”), an explanation question (“please tell me more 

about what is happening”) and a pro-social behaviour question (“What would you do, if you 

were that girl?”). 

Prior to administration of the visual stimuli and test questions, children are asked to 

identify six mental and emotion states that are used to respond to the identification 

question. These states are; sad, happy, angry, surprise, afraid, and relaxed. Responses to 

all test questions are scored in such a way that complexity, appropriateness, pro-social 

behaviour and positive intervention and justification are rewarded with higher scores and 

reflect greater empathic ability.  

Scores for the identification question are dependent upon the appropriateness and 

complexity of the emotion identified. Simple and complex appropriate responses are 

awarded one and two points respectively, while inappropriate responses are awarded zero 

points. For the justification question, inappropriate responses or responses that are 

inconsistent with the emotion identified in the previous question result in a deduction of 

one point. No response or repetition of the emotion identified in the first question is 

awarded no points. Responses including an appropriate description of the scene (eg. the 

girls hair is being pulled) are awarded one point, while complex descriptive responses that 

also involve a justification (eg. the girls hair is being pulled and it hurts so she gets angry) 

are awarded two points. For the explanation question, no response or repetition of 

previous response are given no points. If additional information is offered (eg. maybe the 
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boy is her brother) and is appropriate, one point is given, whereas two points are awarded 

if additional information is given that is appropriate and provides reasoning to character’s 

actions or insight into their motivation (eg. he pulled her hair because she stole his truck 

and broke it). Lastly, for the pro-social behaviour question, ‘no response’ is scored as zero, 

while statement of an action that differs from the emotion identified earlier (eg. I would be 

sad if my brother pulled my hair) is awarded one point. Responses that indicate pro-social 

behaviour or positive intervention (eg. I would not have stolen the truck, or, I would stop 

her from crying and help her up) are given two points, while responses that offer complex 

justification for actions or emotions (eg. I would tell my mum because he hurt me but that I 

broke his truck) are awarded three points. All points awarded for these items are collated 

and the resultant total score is used. 

Emotion Vocabulary Test (Dyck, Ferguson, & Shochet, 2001). The Emotion 

Vocabulary Test (EVT) is an individually administered measure of the ability to define 

emotion words (e.g., What does the word happy mean?). The current study utilised the 

short form of the EVT that consists of 12 items. The response format of the EVT is open-

ended and experimenters may query the initial response given by the child to resolve any 

ambiguities. Responses are then scored on a three-point scale against conceptual criteria 

and prototypical examples. Responses are scored zero, one or two points depending on 

the correctness of the definition and the level of content within the child’s response. Total 

scores are then calculated by summing the points awarded for all items. 

Happé Strange Stories test (Happe, 1994). The Strange Stories test is an 

advanced theory of mind task that assesses the ability to provide context-appropriate 

mental state explanations to characters in 12 short vignettes. Each vignette represented a 

different type and these types comprised of Lie, White Lie, Joke, Pretend, 

Misunderstanding, Persuade, Appearance/Reality, Figure of Speech, Sarcasm, Forget, 

Double Bluff, and Contrary Emotions. The original version of this task consists of 2 
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examples of each type however due to time restrictions only the first of the two examples 

for each type was selected for administration in this thesis. Accompanying each story are 

two (one story consisted of three) test questions; a comprehension question (“was it true, 

what X said?”) and a justification question (“why did X say that?”). The comprehension 

question is a method of establishing whether the child has understood the story. Each of 

the stories and their questions was presented individually on A4 sheets of white paper with 

simple black and white drawing of the major characters within each story. 

Responses are scored in accordance with the procedures used previously that are 

described in detail elsewhere (Jolliffe & Baron-Cohen, 1999). Essentially, responses to the 

justification question are scored as either correct or incorrect. A response could be scored 

incorrect due to errors about facts in the story or an inappropriate inference about 

character’s actions. Justifications are also scored on whether they involved mental or 

physical states. Character’s actions can often be given correct justifications using either 

mental or physical states. One score is given for each story and participants are scored on 

their ‘best’ response. Correct justifications take precedence over incorrect and usage of 

mental states take precedence over usage of physical states. 

Emotion Recognition Task. A computerised version of a facial emotion 

recognition task (Baron-Cohen et al., 1997) was developed using Matlab version 7.2 

(Mathworks, 2006) software. Stimuli consist of an actress posing 10 ‘basic’ emotions (eg. 

happy, sad, angry, disgust) and 10 ‘complex’ mental states (eg. scheming, guilt, 

interested, arrogant). 

Stimuli are presented on the screen as black and white photographs and under 

each photo a target word describing the emotion/mental state being posed and an 

alternative foil word is presented. For this thesis, some target and foil words were swapped 

for simpler synonyms to be suitable for children of ages seven and above. The original and 

adapted items are presented in Table 2. 
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Table 2  The original (Baron-Cohen et al., 1997) and child-appropriate adapted items 

for the computerised emotion recognition task. Original items are presented in the left 

column and any adaptations are shown on the right 

Original Adapted 

Surprise - 

Happy - 

Angry - 

Afraid Scared 

Disgust Yuck! 

Sad - 

Distress Upset 

Scheming Sneaky 

Arrogant Stuck-up 

Guilt Guilty 

Thoughtful Thinking 

Quizzical Curious 

Flirting Cheeky 

Bored - 

Sleepy - 

Disinterested - 

Interested - 
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Each target word and its foil has the same valence. Participants are instructed to 

look at each face carefully and then choose the word they think best expresses what the 

person in the picture is thinking or feeling. Responses are made via the button box, and 

the function of the two response keys is changed from the standard configuration of 

‘SAME/DIFFERENT’ to ‘LEFT/RIGHT’ (see Figure 5). 

 

Figure 5  Button box configuration. For this task the two top buttons act as response 

buttons representing the displayed word on the left and the displayed word on the right 

 

If a child thinks the correct response is the word on the LEFT, they are instructed to 

press the blue response key, and if they think it is the word on the RIGHT they are 

instructed to press the red response key. An example of one of the test items is presented 

in Figure 1. Prior to presentation of the test stimuli, two practice items depicting a popular 

cartoon character are presented in a format identical to that described above. Participants 

are given an unlimited amount of time to make responses. Correct responses are awarded 

one point and each participant’s final score was calculated at the percentage of total 

correct responses. 
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Figure 6  Example item from the computerised emotion recognition task 

 

Bryant Empathy Questionnaire (Bryant, 1982).  The Bryant Empathy 

Questionnaire (BEQ) is a child-appropriate extension of the Mehrabian and Epstein adult 

measure of emotional empathy (Mehrabian & Epstein, 1972). Children complete the 22 

item questionnaire individually as an experimenter reads the questions allowed. Children 

then respond by circling their agreement or disagreement with a particular statement. 

Responses are scored in such a way that higher scores reflect greater empathy and one 

point is awarded to each ‘empathic’ response. 

 

Systemising measures 

Block Design subtest of the WISC IV (Wechsler, 2003).  This subtest is a 

measure of spatial perception, visual abstract processing and problem solving. The child is 
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asked to put together red-and-white blocks in accordance with modelled or printed two-

dimensional geometric patterns. Each trial was timed and some of the more challenging 

patterns award bonuses for speed. Items were considered incorrect as a result of faulty 

construction, rotation exceeding 30 degrees or exceeding the allowed time limit. Total 

points are then collated and converted to scaled scores. 

Mental Rotation Task - Letter, Abstract figure and 3-D block conditions. A 

computerised mental rotation task (MRT) was developed for the current study using 

Matlab version 7.2 (Mathworks, 2006). The MRT consists of three blocks of trials with each 

block presenting a different form of mental rotation stimuli; letter, abstract figure and three-

dimensional cube structures. Examples of each are presented in Figure 7. 

 

Figure 7  Example item from the computerised mental rotation task 

 

The letter and abstract figure blocks each consist of 30 trials presented in random 

order. In both of these blocks three stimuli are presented ten times, and twice at each of 

five different 45 degree rotation intervals ranging between 90 and 270 degrees. In the 

letter block, the letters F, L and R are presented. For the block consisting of three-

dimensional cube structures, ten trials are presented. 

Each trial consists of a target figure being presented on the left of the screen which 

children are then asked to match to the figure presented on the right. Children are asked to 

‘in your mind, turn the shape on the right to see if it matches the one on the left’. If children 

think they are the SAME they are instructed to press the blue response key on the button 
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box, and if the figures are DIFFERENT (did not match) they press the red response key  

(see Figure 8). After a response is made, the child can press any one of the row of 

continuation buttons to proceed to the next trial. 

 

 

Figure 8  Button box configuration for the mental rotation task. For this task the 

button box configuration is the same as the standard button box with ‘same’ and ‘different’ 

response buttons 

 

Prior to presentation of the test stimuli, two practice trials are presented using the 

letter G. At the end of each individual practice trial feedback is given and the stimuli 

became animated, demonstrating the rotation principle and why the figures are either 

matching or not. Children have the opportunity to repeat the practice trials if they wish and 

are given unlimited time to answer each of the test items. Each block is separated by 

feedback screens encouraging the child to continue and providing instructions for the 

following block. Correct responses are awarded one point and each participant’s final 

score was calculated as the percentage of total correct responses. 
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Verbal measures 

Information subtest of the WISC-IV (Wechsler, 2003).  This measure consists 

of a series of orally-presented questions that tap the child’s knowledge about common 

events, objects, places, and people. One point is awarded for a correct response and zero 

points awarded for incorrect or no response. Administration and scoring for every WISC IV 

subtest was conducted in accordance with the standardised instructions and 

administration guidelines contained within the WISC-IV manual. Each subtest included 

age-appropriate start points, prompts and queries, discontinue rules, and reversal rules 

where appropriate. As in all WISC IV subtests used in the current study, the number of 

correct responses was summed to create a total raw score. Rather than converting WISC-

IV raw scores into age-scaled scores, the raw scores were used throughout this thesis in 

order to remain consistent with the empathising and systemising measures for which there 

are no age-scaled scores available. 

Similarities subtest of the WISC IV (Wechsler, 2003). Similarities is a test of 

abstract verbal reasoning that consists of a series of orally presented pairs of words for 

which the child explains the similarity of the common objects or concepts they represent. 

Using a marking key as reference, responses are scored either zero, one or two points 

depending on the accuracy and degree of abstraction and elaboration contained within 

their answer.  

Vocabulary subtest of the WISC IV (Wechsler, 2003).  The Vocabulary subtest 

involves a series of orally presented words which the child orally defines. This subtest is 

dependent upon the degree to which one has learned, been able to comprehend and 

verbally express vocabulary. The first four items are presented as picture items, and all 

remaining items are presented as printed words read aloud by the researcher. Responses 

are scored zero, one or two points depending on the correctness of the definition and the 

level of content within the child’s response.  
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Verbal Fluency subtest of the British Ability Scale (Elliot, 1983). This is a 

measure of the fluency of verbal production of elements of a particular category. Children 

are asked to name as many things to eat, and then animals, in two 30 second intervals. 

The total number of correct, unique responses is summed. 

  

Spatial measures 

Picture Completion subtest of the WISC IV (Wechsler, 2003).  This subtest 

assesses the ability to quickly perceive visual details. The child is presented with a set of 

colourful pictures of common objects and scenes each of which is missing an important 

part. Children are subsequently asked to identify the missing part by pointing and/or 

naming within a time limit of 20 seconds per item, which is undisclosed. A correct 

response within 20 seconds scores one point, an incorrect response or a response after 

the 20 second limit has expired score zero points. Points are then collated to a total raw 

score. 

Symbol Search subtest of the WISC IV (Wechsler, 2003). Symbol Search assesses 

visual perception and speed via a series of paired groups of symbols, each pair consisting 

of a target group and a search group. The child scans the two groups and indicates 

whether or not a target symbol appears in a search group within a specified time limit of 

120 seconds. Two forms are used for different ages with Symbol Search A administered to 

children aged six to seven and Symbol Search B administered to children aged eight to 

sixteen. Both forms contain sample items which the child completes prior to beginning the 

test items. The total raw score is the number of correct responses minus the number of 

incorrect responses.  

Matrix Reasoning subtest of the WISC IV (Wechsler, 2003). The child is 

presented with incomplete matrices of increasing complexity and is required to select the 

missing portion from five response options. The child may respond verbally or simply by 
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pointing. Correct responses are scored one point and incorrect or no response are scored 

zero points. 

 

2D:4D measurements 

2D:4D ratio. Each participant’s 2D:4D ratio was measured twice for each hand by 

taking two photocopies of the two hands face down. The lengths of the second and fourth 

digits were measured on the ventral surface of the right and left hands from the basal 

crease of the digit to the tip. When there was a band of several creases at the base of the 

digit, digit lengths were measured from the most proximal of these creases (Manning et al., 

1998). One participant with an injury to the wrist was not included in the current study 

because of a cast on his forearm. Digit ratios were measured from each of the two 

photocopies using digital callipers (to the nearest 0.01 mm). Repeatabilities of 

measurements of digit ratios have been high in several previous studies (Manning et al., 

2000; S. M. Martin et al., 1999)  and the same procedures for calculating repeatabilities 

(based on the two measurements) were used for this thesis. 

 

Measure of g 

Cattell Culture Fair Intelligence Test – Scale 2, Form A (CCFIT; Cattell & Cattell, 

1960). Fluid intelligence is independent of previous learning experience and instruction 

and is thought to reflect an individual’s natural problem-solving and abstract reasoning 

ability.  The CCFIT is thought to be one of the most pure measures of fluid intelligence 

(Duncan, Burgess, & Emslie, 1995) as it is largely non-verbal and requires only that 

participants be able to perceive relationships in shapes and figures. This test involves 

inductive reasoning and is designed to reduce the effect of verbal fluency, cultural climate, 

and educational level on the measurement of fluid or general intelligence. The non-verbal 

nature of this measure reduces the bias found in more crystallised measures due to 
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differential verbal abilities between individuals. Particularly amongst children there is often 

a large degree of variability in verbal aptitude during development and the CCFIT is a 

measure of general intelligence that reduces these potential discrepancies as much as 

possible.  

Each scale of the CCFIT contains four subtests, involving different perceptual 

tasks, so that the composite intelligence score avoids spurious reliance on a single ability. 

Of the three scales in the Culture Fair series, the current study employed Scale 2 Form A 

as it is most suited to group administration to children between the ages of seven and 

nine. This scale consists of four subtests; Series, Classification, Matrices, and Conditions. 

The number of items and allotted time for each subtest are given in Table 3. 

 

Table 3  Number of items and time allotted in minutes per subtest for the Cattell 

Culture Fair Intelligence Test Scale 2, Form A 

 Number of Items Time Allotted (mins) 

Test 1. Series 12 3 

Test 2. Classifications 14 4 

Test 3. Matrices 12 3 

Test 4. Conditions 8 2.5 

 
 

The ‘Series’ subtest requires the participant to complete a sequence in which the 

final items are missing by selecting one of multiple response options. The ‘Classifications’ 

subtest requires participants to select one of five alternatives that is deemed the odd one 

out. The ‘Matrices’ subtest consists of two by two matrices that contain three drawings 

following a pattern and one empty square. Participants are required to select one of 

multiple response options to fill the empty square and complete the pattern. The 

‘Conditions’ subtest consists of geometric pattens constructed with lines, shapes and dots. 
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The participant is required to select one of multiple response options in which it is possible 

to replicate the positioning of the dot/s in the target figure. 

Participants are verbally administered standardised instructions under the guise of 

a ‘code-cracking’ exercise and presented with two practice trials before each subtest. 

Participants are encouraged to complete all items of each subtest within the specified time 

limit and asked to guess if they are unsure of the answer. It is also possible for participants 

to change their responses on a particular subtest but only within the specified time limit. 

Table 4 shows the reliabilities and validities pertaining to Scale 2 Form A of the 

Cattell Culture Fair Intelligence Test as reported in the test manual (Cattell & Cattell, 

1960). The correct responses from each subtests are collated and the raw scores then 

used in their unadjusted form. 

 

Table 4  Reliability and validity of the Cattell Culture Fair Intelligence Test, Scale 2 

Form A. (Cattell & Cattell, 1960) 

 Method of evaluation 
Average reliabilities across samples 

Reliability 

 Consistency over items .76 

 Consistency over parts .67 

 Consistency over time .73 

Validity 

 Concept Validity .81 

 Criterion Validity .70 

 
Procedure 

All participants were recruited and assessed in compliance with the University of 

Western Australia Human Research Ethics Committee’s guidelines and procedures.  
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Recruitment 

During the initial phase of recruitment, government primary schools in the Perth 

Metropolitan area were contacted to ask permission to distribute information packs directly 

to children and their families. A large number of schools were contacted in this initial phase 

and information packs were distributed to children in grades two to five for those primary 

schools willing to participate. Attempts were made to target primary schools that included a 

wide range of socioeconomic statuses. Information packs included a Project K.I.D.S. 

brochure, letter to parents, registration and consent forms, a Project K.I.D.S. DVD targeted 

at both parents and children, and reply-paid envelopes. 

After parents completed and returned registration and consent forms they were 

contacted again by phone to confirm their interest and registration details, follow-up any 

special considerations regarding their child’s attendance (if applicable) and consequently 

confirm their booking and days of attendance. Parents of children with any reported 

special needs, disabilities or developmental disorders were contacted to ascertain the 

nature of their child’s condition and the consequences it may have for their participation 

and enjoyment. In order to prevent their exclusion from the activity programme, these 

children were invited to attend Project K.I.D.S. and participate in all activities; however 

their data was not collated for inclusion in later analyses. In the event that a child exhibited 

performance or behaviour that elicited concerns from a researcher, the programme 

coordinator was informed and parents contacted if necessary. In all approximately 120 

children participated each year in both 2007 and 2008 with concerted attempts made to 

recruit equal numbers of seven and nine year olds and an equal split of the sexes. Across 

both cohorts, ten children participated that did not fall into the discreet age groups of seven 

and nine however they were included as their chronological age fell very close to one of 

these age groups.  
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Structure of Project K.I.D.S. 

In both 2007 and 2008 approximately 120 children were tested over a two-week 

school holiday period. A maximum number of 24 children attended each day for two 

consecutive weekdays. Children were split into two streams (Project K.I.D.S. A and Project 

K.I.D.S. B) of 12 and again attempts were made to maintain an even age and sex split 

within these streams. Each day was structured in a child-friendly format with all tasks and 

measures ensconced in an overarching ‘space’ theme and inter-planetary colonisation 

story for the two consecutive days. Children’s performance was rewarded via a token-

economy system, whereby effort and enthusiasm are emphasised rather than material 

performance. At the conclusion of each day’s activities children traded in their tokens for 

art and play materials. The child-appropriate format and token economy system are 

especially important to minimise fatigue effects on performance, maximise a child’s 

interest and motivation, to reward concerted effort and thus elicit real rather than contrived 

or competitive performance. 

The two different streams in Project K.I.D.S. run on differing timetables and 

alternate days. Children allocated to the Project K.I.D.S. A stream were switched to the 

Project K.I.D.S. B timetable on their second day and vice versa. Throughout the two days 

children moved between a variety of different settings; including group activities, paired 

activities and individual activities. This constant rotation ensures fatigue and boredom are 

minimised and task-related communication between groups is limited.  

The Project K.I.D.S. A stream timetable (see Appendix A) was divided into nine 30 

minute sessions. These sessions were grouped into three blocks (of three sessions each) 

and separated by morning tea, lunch and afternoon tea breaks. The Project K.I.D.S. B 

stream timetable (see Appendix B) was divided into 25 minute sessions with morning tea, 

lunch and afternoon tea breaks. Throughout both streams children alternated between 

group and individual settings for computer and group-administered tasks (eg. Culture Fair 
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Intelligence Test), and individually administered tasks (eg. WISC-IV). Both timetables were 

structured such that the most cognitively demanding and challenging tasks were 

scheduled for morning sessions in both streams. 

All tasks were administered by fully-trained researchers with prior experience with 

children and in accordance with standardised procedures and administration guidelines. 

Training was conducted over a four month period and administrators were instructed in 

each of the settings present in Project K.I.D.S. as well as the general principles of child-

based psychometric assessment and standardised administration. All children were 

identified with numerical code numbers and any issues relevant to testing, or comments on 

a child’s performance were noted and recorded for future reference if required. In the 

weeks following both Project K.I.D.S. 2007 and 2008 all tests and data were triple-scored 

by independent scorers. All finalised data were then entered into SPSS for further 

analysis.  

Data Screening 

Prior to analysis, all study variables were examined through various SPSS 

programmes for accuracy of data entry, missing values, and fit between their distributions 

and the assumptions of multivariate analysis. 

 

Accuracy of Input, Missing Data, and Distributions 

The minimum and maximum values, means and standard deviations of each of the 

variables were inspected for plausibility. All values appeared to be reasonable. Means and 

standard deviations of all measures are presented in Table 5. 
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Table 5  Mean and standard deviations of all measures 

 N % Missing M (SD) 

g  

Cattell 220 .90 28.98 (6.88) 

Empathising measures 

MECS 220 .90 77.20 (11.35) 

Bryant 220 .90 12.56 (3.40) 

EVT 222 0 8.94 (4.07) 

Strange Stories 220 .90 11.26 (1.17) 

ERT 215 3.20 80.58 (11.87) 

Systemising measures 

Block Design 219 1.40 10.79 (2.79) 

MRT 214 3.60 72.40 (14.30) 

Verbal measures 

Information 222 0 11.10 (3.05) 

Similarities 220 .90 10.97 (3.17) 

Vocabulary 221 .50 11.24 (2.78) 

Verbal Fluency 217 2.30 4.57 (1.18) 

Spatial measures 

Picture Completion 221 .50 10.80 (2.50) 

Symbol Search 219 1.40 10.68 (2.95) 

Matrix Reasoning 220 .90 11.50 (2.64) 

2D:4D measurements  

2D:4D right 215 3.20 .957 (.03) 

2D:4D left 215 3.20 .962 (.03) 

Note – Cattell = Cattell Culture Fair Intelligence Test; MRT = Mental Rotation test; MECS = Murdoch Empathy Children’s 
Scale; Bryant = Bryant Empathy Questionnaire; EVT = Emotion Vocabulary test; ERT = Emotion Recognition test; 
2D:4Dright = right hand second-to-fourth-digit ratio; 2D:4Dleft = left hand second-to-fourth-digit ratio. 
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Transformation 

Due to the large sample size, skewness and kurtosis were examined visually using 

histograms. All study variables appeared approximately normal apart from the Strange 

Stories test which exhibited strong negative skewness possibly due to a ceiling effect on 

the test. A number of attempts were made to correct the Strange Stories variable by using 

reflection and square-root transformation, reflection and logarithmic transformation and 

reflection and inverse transformation. Inspection of histograms showed that all three 

transformations did little to improve skewness or kurtosis of the variable. Upon calculation 

of correlations between all study variables the reflected and transformed Strange Stories 

variables showed little difference to the correlations calculated for the original 

untransformed data and so the untransformed data were retained for ease of 

interpretation. 

 

Univariate and Multivariate Outliers 

Univariate outliers were examined by converting all scores to z scores. Three 

cases with extremely low z scores (z < -3.29) on the Strange Stories variable were found 

to be univariate outliers. As mentioned previously, a number of different transformations 

did little to influence the distribution of the Strange Stories variable. These three outliers 

were then truncated to values one point lower than that of the next lowest score. After 

truncation two of the cases were still extreme and overall no affect on the distribution itself 

so the original values were retained. 

No multivariate outliers were found using Mahalanobis distance (with a critical chi-

square value of 42.31 for df = 18, p <. 001). 

 

Analytic strategy of this thesis and proceeding chapters 

The following chapters will examine sex differences in the verbal and spatial 

domains by analysing the size of group differences between males and females. Baron-



 

 

65 

Cohen’s empathising and systemising domains, the predictions arising from his E-S theory 

and the contribution of the proximal marker of prenatal testosterone, the 2D:4D, will also 

be examined in the following chapters. 

Chapters 3 to 6 will detail a series of progressive analyses conducted to examine 

the nature of sex differences in psychological functions in a typically developing 

population. Chapter 3 will examine sex differences in psychological functioning using the 

conventional quantification of sex differences as being differentiated on the basis of verbal 

and spatial abilities. This traditional conceptualisation will be examined in a battery of 

verbal and spatial measures using typical analyses comparing the size of mean group 

differences between males and females. General intelligence will also be examined for sex 

differentiated performance to assess Lynn’s proposition of a male advantage in this 

domain. Chapter 4 will then examine sex differences in measures tapping empathising and 

systemising abilities as well as investigating the applicability of Baron-Cohen’s proposed 

brain types in a population of typically-developing children using performance-based 

measures of the empathising and systemising domains. To date these ‘brain types’ have 

only been examined using self-report behavioural data. Chapter 5 will examine the 

influence of general intelligence in the relationship between performance-based indices of 

empathising and systemising as well as use modeling to investigate the discriminablity 

between the empathising, systemising, verbal and spatial domains. Chapter 6 will use 

structural equation modeling to examine the relationships between the verbal, spatial, 

empathising and systemising domains as well as their relationships with general 

intelligence and prenatal testosterone as indicated by the 2D:4D ratio. 
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Chapter 3 – SEX DIFFERENCES IN VERBAL AND SPATIAL ABILTIES AND g 
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This chapter will explore sex differences in the traditional verbal and spatial 

domains, as well as sex differences in general intelligence and is an initial exploration into 

the suitability of the verbal-spatial distinction in a typically developing sample. Sex 

differences in cognition are traditionally quantified in terms of verbal and spatial ability 

rather than general intelligence. While we can now say with some certainty that there are 

no sex differences in general intelligence, there is evidence for sex differences in some 

psychological domains like verbal and visuo-spatial abilities. The pattern of sex differences 

that emerges in this chapter may provide support for this traditional distinction however it is 

also possible that it may exhibit the inconsistent pattern of differentiation that is seen 

across the literature. If this is the case, this may be evidence that the verbal and spatial 

typology of sex differences is overly simplistic and too great a generalisation. Any 

developmental changes in sex differences in these abilities will also be investigated. Some 

researchers have suggested that there are changes in maturational rate between young 

children with girls accelerating in their development at eight years old. This premise will be 

investigated by splitting the current sample into ‘young’ and ‘old’ groups to observe 

potential developmental differences in any of the measures here. 

 

Exploratory Hypotheses 

The aim of the current chapter is to investigate sex differences in a number of 

measures reflecting general intelligence, verbal and spatial abilities. Given the current 

catalogue of research and the current academic consensus, it is predicted that;  

1. No sex differences will be observed in measures of general intelligence. 

2. Girls will, on average, perform better at verbal ability measures.  

3. Boys will, on average, perform better at spatial measures. 
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Method 

Participants 

Participants were 222 children with an average age of 8.37 years, 115 of which 

were boys and 107 girls. Detailed information regarding these participants is provided in 

Chapter 2. 

 

Tasks 

All study tasks used in this chapter are described in full in Chapter 2. The tasks 

used in this chapter are as follows; 

Verbal Measures 

� Information subtest of the WISC-IV – orally-presented questions that assess a 

child’s knowledge about common events, objects, places and people. Correct 

responses are awarded one point with a maximum possible score of 33. 

� Similarities subtest of the WISC-IV – a measure of abstract verbal reasoning in 

which a child explains the similarity between two objects or concepts. Responses 

are scored between zero and two points on the basis of accuracy and degree of 

elaboration of a response with a maximum possible score of 44. 

� Vocabulary subtest of the WISC-IV – a measure of verbal comprehension and 

expression in which the child orally defines words. Responses are awarded 

between zero and two points with a maximum of 68 points possible. 

� Verbal Fluency - a measure of how many related members of a specific category a 

child can verbally name within a limited time-period. The total raw score is the sum 

of appropriate and unique responses provided by a child for two categories. 

Spatial Measures 

� Picture Completion – measures a child’s ability to quickly perceive visual details. 

One point is awarded for correct identification of the missing feature in each trial 

with a maximum total raw score of 38 possible. 
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� Symbol Search – measures visual perception and search speed. The total raw 

score for this subtest is the number of correct trials minus the number of incorrect 

trials. Symbol Search A is used for children up to 7 years and has a maximum raw 

score of 45 whereas as Symbol Search B for children 8 years and above has a 

maximum raw score of 60. 

� Matrix Reasoning – measures abstract problem solving and perceptive reasoning 

by asking the child to complete incomplete matrices of increasing complexity. One 

point is awarded for each correct identification of the missing matrix segment with a 

maximum score of 35. 

General Intelligence Measures 

� The Cattell Culture Fair Intelligence Test – a non-verbal index of fluid intelligence 

that measures inductive reasoning and perception of relationship between figures 

and shapes. The Cattell Culture Fair consists of four subtests. Correct responses 

are summed to calculate a total raw score across the four subtests with maximum 

possible raw score of 46. 

 

 

Mean differences between males and females 

Means, standard deviations, standard error and t-tests for all males and females on 

all study variables are presented in Table 6. No sex differences were found for g measured 

by the Cattell Culture Fair Intelligence Test. 

Of the verbal measures, only Information shows a significant difference between 

males and females, while Vocabulary comes close. Unexpectedly, both differences are to 

the advantage of males, but with only a small effect size (d = .29 and .24 respectively). For 

the spatial measures, Matrix Reasoning showed a small female superiority (d = 0.16), 

however this difference failed to reach significance. 

 



 

 

70 

Table 6  Descriptive statistics for males and females and t-tests of sex differences 

for verbal and spatial measures and general intelligence. Negative t values indicate a 

higher female mean 

 M (SD) SE  

 M F M F t p 

g 

Cattell 28.79 (7.35) 29.19 (6.36) .69 .62 -.43 .67 

Verbal measures 

Information 11.52 (3.02) 10.65 (3.03) .28 .29 2.14 <.05 

Similarities 10.99 (3.15) 10.95 (3.21) .30 .31 .09 .93 

Vocabulary 11.56 (3.02) 10.90 (2.47) .28 .24 1.77 .08 

Verbal Fluency 4.48 (1.18) 4.67 (1.17) .11 .12 -1.17 .24 

Spatial measures 

Picture Comp. 10.80 (2.65) 10.80 (2.33) .25 .23 -.01 .99 

Symbol Search 10.64 (2.82) 10.72 (3.10) .26 .30 -.21 .84 

MatrixReasoning 11.30 (2.55) 11.73 (2.73) .24 .27 -1.23 .22 

Note – NM = number of male participants, NF = number of female participants 
Cattell: NM = 115, NF = 105; WISC Full IQ: NM = 113, NF = 104; Information: NM = 115, NF = 107; Similarities: NM = 114, NF = 
106; Vocabulary: NM = 115, NF = 106; Verbal Fluency: NM = 114, NF = 103; Picture Completion: NM = 115, NF = 106; Symbol 
Search: NM = 114, NF = 105; Matrix Reasoning: NM = 115, NF = 105. 

 

In order to investigate the developmental pattern of sex differences in cognitive 

abilities, the total participant group was separated into ‘young’ and ‘old’ using a median 

split for age. The mean age for the ‘young’ group was 7.42 years, and for the ‘old’ group, 

9.35 years. t-tests between males and females were again calculated for these two new 

groups for all study variables. The means, standard deviations, standard error and t-tests 

between males and females on all study variables for the ‘young’ group are presented in 
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Table 7. 

No differences between the sexes were observed for the Cattell in this ‘young’ 

group. Male superiority on Information was no longer significant for the ‘young’ group, 

however the effect size increased (from .29 to .34). The male advantage remained for 

Vocabulary (d = .23), however again it was not significant. In this ‘young’ group, females 

showed superior verbal fluency (d = .28) however it was not significant in this instance. Of 

the spatial measures, the small female advantage for Matrix Reasoning was also in the 

‘young’ group (from -.16 to -.03). 
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Table 7  Descriptive statistics for ‘young’ males (n = 54) and females (n = 57) and t-

tests of sex differences for verbal and spatial measures and general intelligence. Negative 

t values indicate a higher female mean 

 M (SD) SE  

 M F M F t p 

g 

Cattell 26.59 (6.47) 26.31 (5.99) .88 .81 .24 .81 

Verbal measures 

Information 11.57 (3.30) 10.53 (2.88) .45 .38 1.78 .08 

Similarities 10.24 (3.41) 10.84 (3.08) .46 .41 -.98 .33 

Vocabulary 11.52 (2.72) 10.93 (2.45) .37 .33 1.20 .23 

Verbal Fluency 4.42 (1.12) 4.76 (1.29) .15 .17 -1.50 .14 

Spatial measures 

Picture Comp. 10.70 (2.79) 10.71 (2.34) .38 .31 -.02 .98 

Symbol Search 11.00 (3.08) 11.21 (3.11) .42 .42 -.36 .72 

Matrix Reas. 11.50 (2.78) 11.59 (2.53) .38 .34 -.18 .72 

Note – NM = number of male participants, NF = number of female participants 
Cattell: NM = 54, NF = 55; Information: NM = 54, NF = 57; Similarities: NM = 54, NF = 57; Vocabulary: NM = 54, NF = 56; Verbal 
Fluency: NM = 53, NF = 55; Picture Completion: NM = 54, NF = 56; Symbol Search: NM = 53, NF = 56; Matrix Reasoning: NM = 
54, NF = 56. 

 

The means, standard deviations, standard error and t-tests between males and 

females on all study variables for the ‘old’ group are presented in Table 8. 

As in the ‘young’ group, a small male superiority on Information (d = .23) and 

Vocabulary (d = .25) that was significant in the whole sample was not significant for the 

‘old’ group. The female superiority for Verbal Fluency in the ‘young’ group was not found in 

the ‘old’ group (d = .03). Unlike the ‘young’ group, females in the ‘old’ group showed a 
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small superiority for Matrix Reasoning (d = .31). Cohen’s d statistics for all groups (all 

participants, ‘young’ and ‘old’) are given in Table 9. 

 

Table 8  Descriptive statistics for ‘old’ males (n = 61) and females (n = 50) and t-

tests of sex differences for verbal and spatial measures and general intelligence. Negative 

t values indicate a higher female mean 

 M (SD) SE  

 M F M F t p 

g 

Cattell 30.74 (7.58) 32.36 (5.17) .97 .73 -1.29 .20 

Verbal measures 

Information 11.48 (2.77) 10.80 (3.21) .36 .45 1.19 .24 

Similarities 11.67 (2.74) 11.08 (3.39) .35 .48 1.00 .32 

Vocabulary 11.59 (3.28) 10.86 (2.52) .42 .36 1.29 .20 

Verbal Fluency 4.54 (1.25) 4.56 (1.03) .16 .15 -.10 .92 

Spatial measures 

Picture Comp. 10.89 (2.54) 10.90 (2.34) .33 .33 -.03 .98 

Symbol Search 10.33 (2.55) 10.16 (3.03) .33 .43 .31 .76 

Matrix Reas. 11.11 (2.33) 11.90 (2.97) .30 .42 -1.55 .12 

Note – NM = number of male participants, NF = number of female participants 
Cattell: NM = 61, NF = 50; Information: NM = 61, NF = 50; Similarities: NM = 60, NF = 49; Vocabulary: NM = 61, NF = 50; Verbal 
Fluency: NM = 61, NF = 48; Picture Completion: NM = 61, NF = 50; Symbol Search: NM = 61, NF = 49; Matrix Reasoning: NM = 
61, NF = 49. 
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Table 9 Cohen’s d for differences between males and females for all participants, 

‘young’ (n = 111) and ‘old’ (n = 111). Negative values indicate superior performance in 

females 

 All Young Old 

g 

Cattell -.06 .05 -.25 

Verbal measures 

Information .29 .34 .23 

Similarities .01 -.19 .19 

Vocabulary .24 .23 .25 

Verbal Fluency -.16 -.28 -.02 

Spatial measures 

Picture Comp. 0 0 0 

Symbol Search -.03 -.07 .06 

Matrix Reasoning -.16 -.03 -.30 

 

 

Discussion of sex differences in verbal and spatial abilities 

This chapter examined sex differences in the traditional distinction between verbal 

and spatial domains. The pattern of sex differences that emerges may provide support for 

the traditional distinction of verbal and spatial abilities, or point to the E-S theory of sex 

differences as an alternative explanation of sex differences in psychological functions. 

Possible developmental changes in sex differences in these abilities were also 

investigated. 
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It was predicted that;  

1. No sex differences would be observed in measures of general intelligence. 

2. Girls would, on average, perform better at both verbal. 

3. Boys would, on average, perform better at spatial measures.  

 

General intelligence 

No significant sex differences were found in general intelligence however, the 

effect sizes suggest a small female advantage in the older group for the Cattell Culture 

Fair. This may lend support to Richard Lynn’s theory of accelerated development in girls 

after age 8. At this stage the reason for this small female advantage in the Cattell Culture 

Fair in the older group can only be speculated. One possible explanation for this small 

advantage could be found in the research examining the differential influences of testing 

environment between the sexes. There is some conjecture that group testing 

environments like classrooms may elicit superior performance in younger females as they 

are more likely to be compliant with adult instruction and exhibit greater responsiveness 

than boys in these settings (Serbin, Zelkowitz, Doyle, & Gold, 1990). The Cattell Culture 

Fair is administered in a mixed-sex group setting while most other measures in Project 

K.I.D.S. are administered individually or in pairs. Thus, one possible explanation for this 

small female advantage may be that it is an artefact of the Cattell Culture Fair being 

administered in a setting resembling a classroom unlike most other measures conducted 

within Project K.I.D.S. Another possibility that some small advantages have been found for 

females in inductive reasoning (Colom et al., 2002). At this stage it is difficult to distinguish 

which, if any, of these possibilities may have been at work in this situation. 

 

Verbal abilities 

Of the verbal measures, the only test that exhibited significant differences was the 

Information subtest of the WISC-IV. Unexpectedly, males exhibited superior performance 
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in this test which contradicts the prediction that females would perform better. Similarly a 

small male advantage was found for the Vocabulary subtest of the WISC-IV, again this 

goes against the original predictions. It also may be the case that the sample of children 

that typically attend Project K.I.D.S. tend to possess slightly higher IQs than the typically-

developing population. In this sample the mean IQ was around half a standard deviation 

higher than the population average, which may be due to either the testing environment in 

Project K.I.D.S. eliciting above average performance from the children, or a sampling bias 

in the children whose parents agree to send their children to a University-run research 

program. These higher than average IQs may result in a masking of the typical female 

superiority in verbal measures. It has been suggested that there is a greater degree of 

variability in male cognitive performance and the greater preponderance of males from the 

upper end of the distribution in this instance may also be a contributing factor to the higher 

than predicted male performance in both Vocabulary and Information.  

However, a review by Kimura (1999) concluded that there may in fact be no sex 

differences in the verbal comprehension category of the verbal domain. Richard Lynn also 

presents evidence that males obtain higher means than females on the Information 

subtest of the WISC that Lynn suggests is a consequence of a male advantage in 

crystallized intelligence, which both Vocabulary and Information rely on. This male 

advantage has been shown in three American and European standardization samples 

(Born & Lynn, 1994; Jensen & Reynolds, 1983; Lynn & Mulhern, 1991) with effect sizes 

ranging between .3 and .39. There are two possible explanations for this difference, firstly 

that by its content the WISC Information subtest is actually biased in favour of males; 

secondly, that the Information subtest largely involves crystallized intelligence, and males 

may have greater crystallized intelligence than females. Lynn favours this second option 

(Lynn, Irwing, & Cammock, 2002). 
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Spatial abilities 

No male advantages were found for any of the spatial measures chosen. No 

differences between males and females were found for either the Picture Completion or 

Symbol Search subtests of the WISC-IV. However an unexpected small female advantage 

was found for Matrix Reasoning (.30) in the ‘old’ group. Recall the female advantage in 

Cattell Culture Fair performance and the previous research citing a female advantage in 

inductive reasoning, for Matrix Reasoning at least, the spatial component of this task may 

have less impact than the inductive reasoning elements and as such the fact the females 

scored higher in this instance is not unusual particularly when the similarities between the 

Cattell Culture Fair and Matrix Reasoning are taken into account. Thus, female 

advantages in inductive reasoning look to be a more likely explanation for these 

unexpected female advantages than differential influences of testing environment between 

males and females mentioned previously. The female advantage may in fact support 

Richard Lynn’s argument of accelerated development in girls from the age of eight. If 

Lynn’s sex-differentiated developmental trajectories are real, they may be reflected in the 

development of areas like inductive reasoning and spatio-motor processing rather than 

intelligence or spatial abilities more generally. 

 

Conclusions 

There is no cohesive pattern of sex differences in the verbal and spatial domains to 

support this distinction being an appropriate typology of sex-differentiated psychological 

functioning. In regards to verbal abilities the only consistency with previous research is a 

small female advantage in verbal fluency however no other verbal measures exhibited a 

female advantage. In fact there is a male advantage for two verbal measures. One 

possible explanation that may account for this unexpected result is Richard Lynn’s 

proposal of a male advantage in verbal measures that utilise crystallised knowledge, 

specifically, acquired verbal and comprehension knowledge that is influenced by learning 
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and experiential factors.   

As with the verbal tasks, the spatial measures did not exhibit the pattern of male 

advantage that was expected. Indeed for Matrix Reasoning an unexpected female 

advantage was found. However, this may be a consequence of female developments in 

inductive reasoning capacities rather than any gains in spatial ability more generally. 

Consistent with this unexpected pattern of male advantages in some verbal measures and 

female advantages in some spatial measures, Colom and colleagues (2002) have recently 

identified subtest performance differences between the sexes by comparing the 

performance of over 4,000 young men and women on two intelligence tasks (the 

Differential Aptitude Test and the Primary Mental Abilities task) in 1979 or 1995. As is the 

case here, advantages for women were found in inductive reasoning and advantages for 

men in verbal reasoning.  

Given these inconsistencies in the conventional verbal and spatial ability 

categorisation it may be that the sex-linked divisions are not as fundamental as first 

thought. In this context it may be that Baron-Cohen’s E-S theory may be a more 

appropriate typology of sex differences in psychological functions. The literature to date 

shows that although sex differences do exist, the measures in which they appear 

consistently are very specific tasks and cannot be generalised to a sex-differentiated 

domain of performance. 

Looking at sex differences from this perspective also has the advantage of 

examining an often neglected domain of sex-differentiated performance, that of 

empathising ability. Although sex differences in empathising abilities are noted, only 

recently has this area been proposed as representing a domain of sex differences in 

psychological function. Along with empathising abilities, Baron-Cohen proposes 

systemising as another domain exhibiting sex differences in performance and prevalence 

and that the relative balance of these domains represents a specific brain type that 

influences an individual’s everyday preferences, propensities and abilities. This idea of sex 
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differences in psychological style may be more appropriate and representative than the 

traditional distinction between verbal and spatial ability that has proven to be inconsistent 

and potentially inappropriate for a developing population.  

The next chapter will examine sex differences in multiple performance-based 

measures thought to reflect the empathising and systemising domains as well as 

measurements of a proximal marker of the biological mechanism behind the relative 

balance of these abilities, the 2D:4D. To date empathising and systemising have largely 

been investigated using self- or parental-report observations of behaviours thought to 

reflect these domains. By examining these domains with performance-based measures it 

will also be possible to investigate the orthogonality of the domains themselves. Chapter 

Four will also examine the proportions of individuals falling into Baron-Cohen’s E-S brain 

types in order to assess appropriateness of empathising and systemising domains as a 

new typology of sex differences in psychological functions and the applicability of Baron-

Cohen’s brain types as a tool with which to categorising individual’s of a particular 

psychological style. 
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Chapter 4 – SEX DIFFERENCES IN EMPATHISING, SYSTEMISING, 2D:4D AND 

BRAIN TYPES 
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The previous chapter found that there was no coherent pattern of sexually-

differentiated verbal and spatial abilities in a typically developing population of children. 

For both verbal and spatial abilities there were unexpected advantages for males and 

females respectively. If the conventional verbal and spatial ability distinction is not an 

appropriate categorisation of average male and female differences, Baron-Cohen’s E-S 

theory and its consequent brain types may be a more appropriate alternative typology of 

sex differentiated performance and behaviour. This chapter will contain an extensive 

analysis of Baron-Cohen’s theory and the empathising and systemising dimensions.  

Rather than restricting his theory to traditionally conceptualised verbal and spatial 

differences, Baron-Cohen posits two dimensions that drive the relative balance, in interest 

or performance, between males and females. Detailed description of this theory and these 

dimensions can be found in Chapter one, but the summary is as follows: empathising is 

defined as the drive to analyse and identify other people’s emotions and to respond to 

them appropriately, and systemising is defined as the drive to build, explore and analyse 

systems. Baron-Cohen posits that the drive to empathise is stronger in females and cites 

that female superiority in many manifestations of socio-communicative, empathy, theory of 

mind, and emotion recognition skills as evidence for this. On the other hand the drive to 

systemise is stronger in males and individuals exhibiting this tendency are typically 

interested in the workings of systems, and the extraction of underlying rules and laws that 

govern the behaviour of these systems. Baron-Cohen cites the male superiority in tests of 

mental rotation, spatial visualisation, intuitive physics and higher incidence of males with 

autism spectrum conditions as examples in support of this proposition.  

Baron-Cohen’s premise is that although overall intelligence is not higher in one sex 

or the other, the relative strengths in specific domains are different between the sexes 

(Baron-Cohen, 2005). Baron-Cohen proposes that a possible biological determinant of the 

different balance of abilities is prenatal testosterone, with increased levels of prenatal 

testosterone resulting in a typical ‘male’ profile of greater sympathising relative to 



 

 

82 

empathising abilities, and decreased levels of prenatal testosterone concentration resulting 

in a typical ‘female’ profile of greater empathising rather than systemising abilities. The 

second-to-fourth-digit ratio is proposed as a proximal marker of prenatal testosterone 

concentrations in the absence of amniocentesis measures and will be useful in 

investigating these profiles. 

In this chapter, performance-based measures of Baron-Cohen’s empathising and 

systemising domains and a putative biological marker of prenatal testosterone will be 

investigated for sex differences in expression. The empathising and systemising domains 

are most often examined using questionnaires assessing everyday preferences and 

behaviours thought to reflect these dimensions. For adults these questionnaires have been 

self-report, and for children they have been parent-report. To date the male and female 

‘brain-types’ have only been investigated using self-report questionnaires in adults and 

parent-report behavioural observations in children and the current chapter will attempt to 

recreate Baron-Cohen’s brain types using performance-based in this typically-developing 

sample of children. This chapter will also examine the relationships between empathising, 

systemising and 2D:4D measurements in order to test the orthogonality of performance-

based measures of empathising and systemising and their relationship with a marker of 

prenatal testosterone. 

The first section of this chapter will examine the size of mean group differences 

between males and females on various measures of empathising and systemising and 

2D:4D measurements as well as the interrelationships between these measures. The 

second half of this chapter will involve an examination of Baron-Cohen’s Empathising and 

Systemising domains and the consequent ‘brain types’ that have evolved from them by 

creating performance-based indicators of the empathising and systemising dimensions. 

The question of orthogonality of the empathising and systemising dimensions 

arises regardless of whether these domains are measured using behavioural reports or 

performance-based measures. Baron-Cohen’s theory suggests that the empathising and 
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systemising domains are essentially orthogonal to each other, and this idea is suggested 

in more detail in Chapter 1. The behavioural and questionnaire measures previously used 

to examine the empathising and systemising dimensions have found either very small 

positive and negative (Baron-Cohen et al., 2003; Jarrold et al., 2000; Nettle, 2007), or no 

correlation (Lawson et al., 2004). When it comes to performance-based measures 

however, the empathising and systemising dimensions may not exhibit this same 

orthogonality due to an underlying communality arising from the influence of g in cognitive 

performance in general. Although Baron-Cohen suggests that the empathising and 

systemising domains are independent of intelligence, this may not necessarily be the case 

when they are examined using performance-based measures in a population that may be 

more dependent on general intelligence at this stage of development. 

Specific methodological considerations relevant to measurements of 2D:4D were 

discussed in Chapter two. One of these issues is whether there are sex differences in the 

physical expression of sex-related traits. There is some evidence that sex-related traits are 

expressed more strongly on different sides of the body (Manning, 2008) and it has been 

hypothesised that for men the male form of a sex-related trait is more strongly expressed 

on the right-side of the body, however for females the reverse is true. In this way there is a 

chance for males to have lower right-hand 2D:4Ds than the left-hand and females to have 

higher left-hand 2D:4Ds than right-hand. Although the consensus at the moment is to use 

right-hand 2D:4D measurements, if this differential pattern of expression does occur there 

may be important implications about which hand is most representative of each sex. Along 

with sex differences in 2D:4D measurements and their relationship with measures of 

empathising and systemising this differential pattern of expression of 2D:4D will be 

examined in this chapter. 

  

Hypotheses 

The first half of this chapter will examine sex differences in empathising and 
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systemising using performance-based measures of these dimensions as well as the 

relationship between these domains. Given the existing catalogue of research and the 

predictions from Baron-Cohen’s E-S theory, it is hypothesised that;  

1. Females will, on average, perform better at empathising measures than males.  

2. Males will, on average, perform better at systemising measures than females. 

3.  Empathising and systemising measures will be uncorrelated with each other.  

 

The developmental pattern of sex differences in these domains will also be 

investigated by using a median-split to create a ‘young’ and an ‘old’ group. It is 

hypothesised that; 

4. There will be no differences between age groups for measures of empathising and 

systemising. 

 

Sex differences in a proximate marker of prenatal testosterone, the second-to-

fourth-digit ratio (2D:4D) will also be investigated along with the possibility that sex-related 

traits (in this instance 2D:4D) are differentially expressed in opposite sides of the body. 

The relationship between measurements of 2D:4D and empathising and systemising 

abilities will also be examined. It is expected that;  

5. Girls will exhibit a significantly higher digit ratio than boys and, 

6. Males will have a lower 2D:4D in their right hand and females will have a higher 

2D:4D in their left hand, 

7. 2D:4D measurements will be negatively correlated with measures of systemising 

and positively correlated with measures of empathising. 

 

 

 

 



 

 

85 

Method 

Participants 

Participants were 222 children with an average age of 8.37 years, 115 of which 

were boys and 107 girls. Detailed information regarding these participants is provided in 

Chapter 2. 

 

Tasks 

All study tasks used in this chapter are described in full in Chapter 2. The tasks 

used in this chapter are as follows; 

 

Empathising Measures 

� Murdoch Empathy Children’s Scale – a verbally-based measure of complex 

emotion and mental state comprehension. The MECS produces a single index 

score with a maximum total of 108 possible. 

� Emotion Vocabulary – a measure of the ability to verbally define emotion words.  A 

single total score is produced with a maximum total score of 36. 

� Strange Stories - an ‘advanced’ theory of mind task that assesses a child’s ability 

to provide context-appropriate mental state explanations to characters in 12 short 

vignettes. 

� Emotion Recognition Task – a computerised task that assess a child’s ability to 

identify emotion and mental state expressions. Twenty stimuli are presented and 

total scores indicate the percentage of correct responses. 

� Bryant Empathy Questionnaire – a self-report measure of empathising behaviours 

and preferences. This questionnaire consists of 22 questions with a maximum 

score of 22 and higher scores reflecting ‘greater’ empathy. 

Systemising Measures 

� Block Design – measures spatial perception, visual abstract processing and 
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problem solving using red-and-white blocks to replicate a 2-dimensional pattern. As 

this is a WISC-IV subtest scores adjusted for age were calculated however the 

original raw scores were used as scaled scores were not available for other 

measures of empathising and systemising. The Block Design subtest produces a 

single raw score with a maximum of 68 that includes points awarded in the event of 

a time bonus on individual trials. 

� Mental Rotation test - a measure of both two-dimensional and three-dimensional 

rotation ability using letter, abstract figure and cubical structure stimuli. A total 

score of the 70 trials is given as a percentage of the total number of correct trials. 

2D:4D measurements 

� 2D:4D ratio – a proxy physical indication of prenatal testosterone levels measured 

by dividing the length of the second (index) finger by the fourth (ring) finger. 2D:4D 

measurements were calculated for the right hand and left hand. 

 

Digit ratios 

The repeatability or intra-class correlation coefficient (r1) was calculated for the 

right-hand and for the left-hand 2D:4D ratio using measurements from the two photocopies 

of each hand.  Values for r1 were high for the two hands (right hand: r1 = .97, p < .006; left 

hand: r1 = .97, p < .006). The mean of the two ratios for each hand was then taken. The 

Pearson correlation coefficient calculated for the right-hand and left-hand mean 2D:4D 

ratios was also high and significant (r = .68, p < .006). 

There is also evidence that testosterone-linked physical traits are more strongly 

expressed on the right side of the body in males and in the left side for females. 

Accordingly 2D:4D ratios for the right hand and left hand for males and females were 

compared in a mixed between-within-subjects ANOVA with sex as the between subjects 

variable and right and left 2D:4D as the within subjects variable. Main effects of sex 

(F(1,213) = 16.81, p < .001) and hand (F(1,213) = 7.27, p < .01) were significant with 
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males exhibiting lower digit ratios and both males and females exhibiting lower digit ratios 

in their right hand and higher in their left as seen in Figure 9. No significant interaction was 

found between sex and right and left hand 2D:4D (F(1,213) = 1.54, ns). 

 

Figure 9  Right- and left-hand 2D:4Ds for males and females 

 

Mean differences between males and females 

Means, standard deviations, standard error and t-tests for all males and females on 

empathising, systemising and 2D:4D measures are presented in Table 10.  

For the systemising measures, Block Design exhibited a small male advantage (d = 

.26) that did not reach significance (p = 0.06) and Mental Rotation also showed a small 

male superiority (d = .20). 

Of the empathising measures, the Murdoch Empathy Children’s Scale (MECS) and 
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the Bryant Empathy Questionnaire exhibited significant differences between the sexes in 

favour of females. The Emotion Recognition Task also exhibited a female advantage that 

did not reach significance (p = 0.06). Both the MECS and the Bryant exhibited medium 

effects (d = .39 and .59 respectively) and the Emotion Recognition Task showed a small 

advantage for females (d = .26). The Emotion Vocabulary test and Strange Stories both 

exhibited very small advantages for females (d = .06 and .02 respectively), which did not 

reach significance.  

Both the right- and left-hand 2D:4D ratios exhibited significant differences between 

the sexes with females displaying larger 2D:4D ratios (d = .60 and .45 respectively).  
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Table 10  Descriptive statistics for males and females and t-tests of sex differences 

for empathising, systemising and 2D:4D measures. Negative t values indicate a higher 

female mean 

 M (SD) SE  

 M F M F t p 

Systemising measures 

Block Design 11.13 (2.93) 10.42 (2.59) .28 .25 1.90  .06 

MRT 73.80 (14.82) 70.90 (13.64) 1.41 1.34 1.48 .14 

Empathising measures 

MECS 75.12 (10.75) 79.48 (11.56) 1.00 1.13 -2.89 <0.01 

Bryant 11.63 (3.31) 13.56 (3.22) .31 .31 -4.37 <.001 

EVT 8.81 (4.18) 9.07 (3.96) .39 .38 -.49   .62 

Strange Stories 11.25 (1.22) 11.27 (1.18) .11 .11 -.18 .86 

ERT 79.09 (11.81) 82.14 (11.78) 1.13 1.15 -1.90 .06 

2D:4D measurements 

2D:4Dright .947 (.033) .967 (.034) .003 .003 -4.25 <.001 

2D:4Dleft .955 (.030) .970 (.030) .003 .004 -3.21 <.005 

Note – NM = number of male participants, NF = number of female participants 
Block Design: NM = 114, NF = 105;Mental Rotation Task: NM = 111, NF = 103; Murdoch Empathy Children’s Scale: NM = 115, 
NF = 105; Bryant Empathy Quotient: NM = 114, NF = 106; Emotion Vocabulary Test: NM = 115, NF = 107; Happé Strange 
Stories: NM = 114, NF = 106; Emotion Recognition Test: NM = 110, NF = 105; Right 2D:4D: NM = 113, NF = 102; Left 2D:4D: 
NM = 113, NF = 102. 

 

In order to investigate the developmental pattern of sex differences in cognitive 

abilities, the total participant group was separated into ‘young’ and ‘old’ using a median 

split for age. The mean age for the ‘young’ group was 7.42 years, and for the ‘old’ group, 

9.35 years. t-tests between males and females were again calculated for these two new 

groups for all study variables. The means, standard deviations, standard error and t-tests 

between males and females for empathising, systemising and 2D:4D measures for the 

‘young’ group are presented in Table 11. 
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The male advantage for both Block Design and Mental Rotation was reduced (d = 

.19 and .14 respectively) and did not reach significance. 

The MECS and the Bryant Empathy Questionnaire again showed significant and 

moderately sized advantages for females (d = .41 and .66 respectively), while the Emotion 

Vocabulary Test, Strange Stories and Emotion Recognition Task showed small 

advantages for ‘young’ girls (d = .21, .22 and .15 respectively).  

Again, the right- and left-hand 2D:4D measurements were both significantly larger 

in females (d = .64, .48 respectively). 

Table 11 Descriptive statistics for ‘young’ males (n = 54) and females (n = 57) and t-

tests of sex differences for empathising, systemising and 2D:4D measures. Negative t 

values indicate a higher female mean 

 M (SD) SE  

 M F M F t p 

Systemising measures 

Block Design 10.60 (2.72) 10.09 (2.63) .37 0.35 1.00 .32 

MRT 68.71 (14.56) 66.84 (11.70) 2.00 1.59 .73 .46 

Empathising measures 

MECS 72.72 (11.26) 77.75 (13.19) 1.53 1.78 -2.14 <.05 

Bryant 10.81 (3.13) 12.88 (3.15) .43 .42 -3.45 <.001 

EVT 7.17 (3.28) 7.82 (2.80) .45 .37 -1.14 .26 

Strange Stories 10.83 (1.46) 11.11 (1.06) .20 .14 -1.13 .26 

ERT 76.92 (10.49) 78.64 (12.30) 1.45 1.66 -.77 .44 

2D:4D measurements 

2D:4Dright .950 (.036) .972 (.033) .005 .005 -3.18 <.01 

2D:4Dleft .958 (.032) .974 (.034) .004 .005 -2.36 <.05 

Note – NM = number of male participants, NF = number of female participants 
Block Design: NM = 53, NF = 56; Mental Rotation Task: NM = 53, NF = 54; Murdoch Empathy Children’s Scale: NM = 54, NF = 
56; Bryant Empathy Quotient: NM = 53, NF = 57; Emotion Vocabulary Test: NM = 54, NF = 57; Happé Strange Stories: NM = 
54, NF = 56; Emotion Recognition Test: NM = 52, NF = 55; Right 2D:4D: NM = 54, NF = 52; Left 2D:4D: NM = 54, NF = 52. 
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The means, standard deviations, standard error and t-tests between males and 

females on empathising, systemising and 2D:4D measures for the ‘old’ group are 

presented in Table 12.The male advantage for both Block Design and Mental Rotation 

remained (d = .27 and .18 respectively) but did not reach significance. 

The MECS (d = .43) and the Bryant Empathy Questionnaire (d = .61) again 

showed significant moderate advantages for females, while the small female advantage in 

the Emotion Vocabulary Test and Strange Stories seen in the ‘young’ group was not 

found. However, in the ‘old’ group, the Emotion Recognition Task showed a significant 

medium-sized advantage for females (d = .48). Both the right- and left-hand 2D:4D ratios 

exhibited significant differences between the sexes with females displaying larger 2D:4D 

ratios (d = .52 and .41 respectively). Cohen’s d statistics for all groups (all participants, 

‘young’ and ‘old’) are given in Table 13. 
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Table 12 Descriptive statistics for ‘old’ males (n = 61) and females (n = 50) and t-

tests of sex differences for empathising, systemising and 2D:4D measures. Negative t 

values indicate a higher female mean 

 M (SD) SE  

 M F M F t p 

Systemising measures 

Block Design 11.59 (3.05) 10.80 (2.52) .39 .36 1.47 .15 

MRT 78.44 (13.57) 75.38 (14.32) 1.78 2.05 1.13 .26 

Empathising measures 

MECS 77.25 (9.89) 81.38 (9.30) 1.27 1.32 -2.25 <.05 

Bryant 12.34 (3.33) 14.35 (3.15) .43 .45 -3.21 <.01 

EVT 10.26 (4.38) 10.50 (4.59) .56 .65 -.28 .78 

Strange Stories 11.62 (.78) 11.46 (1.16) .10 .16 .84 .40 

ERT 81.03 (12.66) 86.00 (9.95) 1.66 1.41 -2.24 <.05 

2D:4D measurements 

2D:4Dright .945 (.031) .962 (.034) .004 .005 -2.76 <.01 

2D:4Dleft .952 (.029) .966 (.039) .004 .006 -2.11 <.05 

Note – NM = number of male participants, NF = number of female participants 
Block Design: NM = 61, NF = 49; ; Mental Rotation Task: NM = 58, NF = 49; Murdoch Empathy Children’s Scale: NM = 61, NF = 
50; Bryant Empathy Quotient: NM = 61, NF = 49; Emotion Vocabulary Test: NM = 61, NF = 50; Happé Strange Stories: NM = 
60, NF = 50; Emotion Recognition Test: NM = 58, NF = 50; Right 2D:4D: NM = 59, NF = 50; Left 2D:4D: NM = 59, NF = 50. 
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Table 13 Cohen’s d for differences between males and females for all participants, 

‘young’ (n = 111) and ‘old’ (n = 111) on empathising, systemising and 2D:4D measures. 

Negative values indicate superior performance in females 

 All Young Old 

Systemising measures 

Block Design .26 .19 .28 

MRT .20 .14 .22 

Empathising measures 

MECS -.39 -.41 -.43 

Bryant -.59 -.66 -.62 

EVT -.06 -.21 -.05 

Strange Stories -.02 -.22 .16 

ERT -.26 -.15 -.44 

2D:4D measurements 

2D:4D Right -.60 -.64 -.52 

2D:4D Left -.45 -.48 -.41 

 

 

Correlations between empathising, systemising and 2D:4D 

Pearson correlations were calculated amongst measures of empathising, 

systemising and 2D:4D are presented in Table 14. Partial correlations controlling for age 

were also calculated as scores on many of these measures are not standardised and 

adjusted for age. These partial correlations are presented in Table 15. Correlations 

between all study variables can be found in Appendix C. 

The Bonferroni rule for adjusting alpha levels was used for the correlations 

calculated in this chapter. On the rationale that the more coefficients to be tested, the more 



 

 

94 

conservative the test should be, the significance cut-off level was set at .05 / 9, where 9 is 

the number of variables to be tested. Thus, the significance level applied to the coefficients 

tested in this chapter is .006. The Bonferroni adjustment assures that the overall chance of 

making a Type I error is still less than the nominal alpha level (.05). This conservative rule 

is very stringent when testing a large number of coefficients.  

All five empathising measures are significantly positively correlated with each other 

apart from Strange Stories with the Bryant Empathy Questionnaire and the Emotion 

Vocabulary and Recognition Tests with the Murdoch Empathy Children's Scale and the 

Bryant Empathy Questionnaire. After controlling for age, small positive relationships mostly 

remain and the correlation between the Bryant Empathy Questionnaire and the Murdoch 

Empathy Children’s Scale remains significant. 

The systemising measures are significantly positively correlated with each other 

with smaller positive relationships also found with some of the empathy measures. After 

controlling for age, nearly all of the positive relationships are reduced and only the 

relationship between Block Design and the Murdoch Empathy Children’s Scale remains 

significant. 

Although very small positive relationships can be seen between right-hand 2D:4D 

measurements with the Bryant and Emotion Recognition Test, none of the relationships 

between right- or left-hand 2D:4D measurements and measures of empathising and 

systemising reached significance. After controlling for age there was very little change in 

these relationships other than an increase in the size of the relationship between the 

Bryant and right-hand 2D:4D. 
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Table 14  Correlations between empathising, systemising and 2D:4D measures 

 

*p < .006, **p < .001 

 

 

 

 

 

 

 

 

 

 

 BD MRT MECS Bryant EVT Str St ERT 

2D4D 

Right 

2D4D 

Left 

BD --         

MRT .47** --        

          

MECS .20* .18 --       

Bryant .00 .12 .23** --      

EVT .18 .20* .23** .23** --     

Str St .19* .21* .24** .12 .21* --    

ERT .13 .27** .20* .17 .29** .26** --   

          

2D4D Right -.01 .04 -.03 .13 .01 -.04 .09 --  

2D4D Left .02 .00 .01 .04 -.05 .00 .05 .67** -- 
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Table 15 Correlations between empathising, systemising and 2D:4D measures for all 

participants controlling for age 

 

*p < .006, **p < .001  

 

 

Discussion of sex differences in empathising, systemising and 2D:4D 

The first half of this chapter aimed to examine sex differences in empathising and 

systemising using performance-based measures of these dimensions as well as the 

relationship between these domains. It was predicted that;  

1. Females would, on average, perform better at empathising measures than males.  

2. Males would, on average, perform better at systemising measures than females. 

3.  Empathising and systemising measures would be uncorrelated with each other.  

 BD MRT MECS Bryant EVT Str St ERT 

2D4D 

Right 

2D4D 

Left 

BD --         

MRT .46** --        

          

MECS .21* .09 --       

Bryant -.04 .05 .17 --      

EVT .12 .06 .14 .15 --     

Str St .17 .13 .20* .05 .09 --    

ERT .07 .18 .17 .12 .21* .19 --   

          

2D4D Right .01 .10 .02 .18 .08 -.02 .13 --  

2D4D Left .05 .05 .05 .07 .00 .04 .08 .67** -- 
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Differences between age groups in the pattern of sex differences in these domains 

were also investigated using a median-split to create a ‘young’ and an ‘old’ group. It was 

predicted that; 

4. There would be no differences in the pattern of sex differences in empathising or 

systemising. 

 

Consistent with Baron-Cohen’s E-S theory, significant sex differences were found 

in the Murdoch Empathy Children’s Scale, the Bryant Empathy questionnaire and the 

Emotion Recognition task. For the separate age-groups, sex differences in the MECS and 

the Bryant remained in both ‘young’ and ‘old’ whereas a sex difference in the Emotion 

Recognition task was only found in the ‘old’ group. Although significant sex differences 

were not found in the Emotion Vocabulary test and the Strange Stories test, there may be 

ready explanations for this. In the case of the Emotion Vocabulary test, equivalent 

performance between males and females on this measure may be a consequence of the 

superior male performance in the Vocabulary and Information subtests of the WISC-IV 

found in Chapter three. The empathising component of the Emotion Vocabulary test may 

not be distinguishable or significant enough to override the general vocabulary and verbal 

comprehension component and thus elicit a female advantage in performance. In support 

of this, Kimura (1999) suggests that verbal comprehension may be a sub-area of the 

verbal domain that does not exhibit sex-differentiated performance.  

On the other hand, it may be that at this stage of development the Strange Stories 

measures is only giving an absolute measure of theory of mind ability, such that it merely 

indicates whether theory of mind is present or not, rather than giving a nuanced  spectrum 

of individual differences. Although Strange Stories has consistently proven to be a good 

test of advanced theory of mind, the nature of the concept of theory of mind may itself be 

better defined in terms of absoluteness rather than degrees. It seems difficult to imagine a 
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child having ‘some’ theory of mind rather than ‘all’ or ‘none’. The ceiling effect in 

performance that can be observed in the current sample may be evidence for this, and 

thus, a sex difference would be unlikely at this age. For samples of this age and above, a 

more suitable measure of advanced theory of mind may need to be developed. Taking into 

account the possible ceiling effect in performance and the non-normality of the Strange 

Stories distribution that was discussed in Chapter 2, this measure was not used in further 

analyses. 

As predicted, Block Design and Mental Rotation both exhibited male advantages 

across both age-groups. In fact, the difference in favour of males, although still small, is 

larger in the ‘old’ group thus going against the idea of accelerated cognitive and physical 

maturation in girls. This supports the idea that sex differences in spatial abilities, 

particularly those that show large differences in adults, are present before the age of ten. 

Although these effect sizes (ranging between .14 and .28) may seem smaller than the 

usual reported for spatial abilities (around .45), Linn and Petersen (1986) have noted that 

for some spatial abilities effects sizes are smaller in children than in adults. 

Empathising measures are positively correlated with each other however not all 

these relationships were significant. Given that there are many different aspects of 

empathy, and the measures selected in this thesis were selected to tap as many different 

aspects of empathy as possible, this pattern of correlations is not surprising. Similarly, the 

relationship between the systemising measures is also positive and significant. The 

predicted lack of relationship between empathising and systemising measures was largely 

not supported. Although no relationships were seen between some empathising and 

systemising measures, there is a trend of small positive relationships between some, one 

of which was significant. This is not necessarily evidence against Baron-Cohen’s E-S 

theory and is likely support for the presence of a g-type factor underlying measures of 

empathising of systemising when using performance-based measurement.  

Sex differences in a proximate marker of prenatal testosterone, the second-to-
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fourth-digit ratio (2D:4D) were also be investigated along with the possibility that sex-

related traits (in this instance 2D:4D) are differentially expressed in opposite sides of the 

body. This may have implications for which 2D:4D (right or left hand) is the most 

appropriate representation of males and females. The relationship between measurements 

of 2D:4D and empathising and systemising were also examined. It was expected that;  

5. Girls would exhibit a significantly higher digit ratio than boys and, 

6. Males would have a lower 2D:4D in their right hand and females a higher 2D:4D in 

their left hand, 

7. 2D:4D measurements would be negatively correlated with measures of systemising 

and positively correlated with measures of empathising. 

 

Females were found to have significantly larger 2D:4D ratios regardless of which age 

group they fell into. The sex difference in 2D:4D ratio was also largest for the right-hand 

compared to the left-hand which is consistent with previous findings. This is further 

evidence of the early presence of the sex difference in 2D:4D ratio and its developmental 

stability. The prediction of lower right-hand 2D:4Ds for males and higher left-hand 2D:4Ds 

was supported here. However it is still difficult to distinguish whether this is a consequence 

of differential expression of sex-related traits or an indication that 2D:4Ds are lower in the 

right hand for both sexes for other reasons. More detailed investigation of this phenomena 

is needed before more conclusive judgements can be made. The suggestion from 

previous research looking into differential expression of sex-related traits is that the right 

side of the body is related ‘male’ traits and the left side is related to ‘female’ traits. 

Correlations with empathising and systemising measures here suggest that, at least in 

relation to 2D:4D, this is not the case. Right-hand 2D:4Ds were not more strongly 

correlated with systemising measures and left-hand 2D:4Ds were not more strongly 

related to empathising measures. Indeed, although the relationships found between right-

hand 2D:4D and empathising and systemising were only small, they were not at all present 
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with the left-hand. For the present Manning advocates right-hand 2D:4D measurements as 

the most revealing and appropriate indicator of 2D:4D (Manning, 2008) and when 

considered with the evidence presented here, right-hand 2D:4Ds were considered the 

most appropriate indicator for use with both males and females, and the empathising and 

systemising domains in this thesis. 

The lack of significant correlations between 2D:4D and empathising and 

systemising measures found here may be a consequence of the performance-based 

measurement of these domains with a developing population. Previous research has 

found intelligence not to be correlated with measurements of 2D:4D and the potentially 

dominating influence of a general intelligence factor in the performance of children may be 

masking possible relationships between 2D:4D and empathising and systemising. It is also 

possible that the empathising and systemising domains are not fully developed or 

distinguishable at this stage and don’t become so until the time at which other cognitive 

domains become distinct from each other. There is only conjecture at what point this may 

occur, and the reasons behind it, but the influence of circulating hormones is a viable 

candidate. It is possible that prenatal hormones lay down the groundwork for a ‘circuitry’ or 

degree of potentiation that is not fully developed or realised until the circulating hormones 

of puberty come into play and exert their influence. This may also have bearing upon the 

debates of what age sex differences can be consistently identified. 

 

Conclusions 

What may be evident from the first half of this chapter is that the influence of an 

underlying communality may be complicating or confounding the relationships between 

these measures. The underlying cognitive essence, g, suggested by Spearman, may be 

masking the relationships between the components unique to each ability (the Spearman’s 

s for each measure).  The developmental differentiation hypothesis suggests that during 

earlier development some general intellectual capacity has a primary influence in cognitive 
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performance (Duncan, Phillips, & McLoed, 2006). Across development this influence is 

reduced somewhat as specific abilities are developed and become distinct from each 

other. This may also explain the lack of significant correlations between 2D:4D and the 

performance-based measures it was predicted to be related to, as these abilities may not 

become fully distinct until later in development. The relationship between specific abilities 

and the proximate marker of prenatal testosterone may at this point in developmental be 

masked by the overarching influence of this g factor. 

These preliminary analyses suggest that the possibility of Baron-Cohen’s E-S 

theory being a more appropriate classification of sex differences in psychological functions 

has some support at this stage. A distinct and consistent pattern of male and female 

advantages were found between the systemising and empathising measures. In order to 

more closely examine the empathising and systemising ‘brain types’ predicted by Baron-

Cohen’s theory the sex and proportion of the people being classified into each of these 

brain-types will be investigated. 

 

Empathising and Systemising Brain Types 

In the remaining section of this chapter, Baron-Cohen’s male and female ‘brain-

types’ will be examined using some of the above measures of empathising and 

systemising. The ‘male’ and ‘female’ brain types have as yet only been investigated using 

behavioural and questionnaire measures and the current chapter will recreate the 

empathising and systemising dimensions and the consequent brain types using 

performance-based measures in children. Baron-Cohen suggests that the sex-typical 

differences in self-reported behaviours and interests may reflect an individual’s 

psychological style and that the assignment of empathising and systemising brain types 

and the relative balance of these domains is a useful way to classify sex-typical 

differences in psychological functions in both adults and children. If this is the case then 

brain types quantified by performance-based measures should exhibit the same pattern of 
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distribution as the those quantified by behavioural measures with more females exhibiting 

a typically-female brain type and more males exhibiting a typically-male brain type. Not 

only have these brain types not been replicated using performance measures in adults, but 

their presence in a typically developing population of children is also yet to be investigated.  

Baron-Cohen’s five brain types classify individuals based on the relative balance of 

empathising and systemising tendencies with individuals possessing ‘balanced’ 

empathising and systemising abilities (Type B), more developed empathising relative to 

systemising (Type E), or having more developed systemising abilities relative to 

empathising (Type S). Extreme Type E and extreme Type S were also created to classify 

individuals with a significant discrepancy between the empathising and systemising 

domains in their respective directions. Studies to date using behavioural and questionnaire 

data have found larger proportions of females exhibiting the empathising ‘brain-types’ and 

larger proportions of males exhibiting the systemising ‘brain-types’ in both adults and 

children. 

 Research examining the E-S theory in adults has found that if adults are given 

self-report measures of empathy and systemising, results from the general population fit 

the posited brain types well (Goldenfeld et al., 2005). More males have been found to have 

the brain Type S (54%) and more females were found to have a brain of Type E (44%). In 

an extension of the E-S theory that posits autism spectrum conditions as an extreme form 

of the male brain Type S, more people with autism or Asperger syndrome were found to 

have an extreme of the male brain (65%) labelled extreme Type S. 

In a similar study with children, (Auyeung et al., 2009) asked parents to fill out 

parent-report measures of the child’s empathising and systemising behaviours and 

preferences. Results showed significant differences in scoring patterns between boys, girls 

and children with autism spectrum conditions. Again, more girls were found to have brain 

Type E (42%) and more boys were found to have the brain Type S (46%). As in the adult 

population, children with autism spectrum conditions were largely found to have either 
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brain Type S (51%) or Extreme Type S (47%). The authors suggest that this close 

resemblance in ‘brain type’ proportions between children and adults is consistent with their 

being determined at an early age. However it is important to emphasise that both studies 

are based on either self-report or parent-report of behavioural tendencies and these 

patterns of brain types are yet to be confirmed using cognitive or neuropsychological 

techniques. The remaining half of this chapter will investigate these brain types in children 

using data collected from performance-based measures of empathising and systemising 

rather than parent-report behavioural questionnaires. 

These ‘brain types’ have previously been examined using the Empathy Quotient 

(EQ) and Systemising Quotient (SQ). These self-report questionnaires were designed to 

measure sex-typical behaviours and tendencies in typical adults and contain a series of 

statements assessing interests, attitudes and life experiences related to empathising and 

systemising. Previous studies of sex differences in these domains have found that adult 

women score significantly higher on the EQ and adult men score significantly higher on the 

SQ (Wheelwright et al., 2006). Research into parent-report versions of these 

questionnaires in a typically-developing population of children have found similar results 

with girls scoring significantly higher on the EQ and boys scoring significantly higher on the 

SQ (Auyeung et al., 2009). Baron-Cohen proposes that the EQ and SQ assess the 

empathising and systemising dimensions as they are reflected in the behaviours, interests 

and everyday preferences of an individual. Those people reporting a greater 

preponderance of systemising behaviours relative to empathising behaviours are also 

thought to exhibit a psychological style that is also reflected in their performance in these 

domains, demonstrating greater systemising abilities relative to empathising abilities. 

Indeed, EQ and SQ scores have shown to be better predictors of career choice and 

degree choice than an individual’s sex (Billington, Baron-Cohen, & Wheelwright, 2007). 

Multiple measures of each dimension were chosen to ensure that a variety of 

aspects of both empathising and systemising are covered by this performance-based 
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estimation of these domains. Block Design and the Mental Rotation task were used as 

performance-based indices of systemising. Both of these tasks are quintessential 

systemising tasks tapping the constructional, rotational and elemental analyses features of 

systemising and much previous research has demonstrated that Block Design and Mental 

Rotation are consistently highly dependent on systemising ability in both adults and 

children (Baron-Cohen, 2002). 

The Murdoch Empathy Children’s Scale and the Emotion Recognition task were 

used as performance-based indices of empathising. Although the Bryant Empathy 

Questionnaire is a child-report questionnaire of empathising behaviours rather than a strict 

performance-based measure, it was included to ensure that behavioural aspects of 

empathising were represented in this estimation of empathising ability. Although theory of 

mind is thought to fall under the domain of empathising and be developmentally more 

advanced in females compared to males, the Strange Stories was not chosen as a 

performance-based measure of empathising as the task was not normally distributed in 

this population and exhibited a large ceiling effect in performance. The Emotion 

Vocabulary test was also not included to keep the number of empathy tasks close to the 

number of systemising tasks. However, the three tasks chosen cover many aspects of 

empathising, like sensitivity to and identification of emotion, use of emotion vocabulary, 

empathy-related behaviours and social practices, aspects of theory of mind and sensitivity 

to social and empathy dilemmas (Baron-Cohen, 2002). 

In order to examine performance-based indices of empathising and systemising, 

the z-scores of the chosen empathising and systemising tasks were averaged to create 

compound empathising and systemising scores. From these compound scores a 

difference score is calculated to examine the proportion of children falling into each of the 

specific ‘brain types’. Similar techniques have been used by Goldenfeld, Baron-Cohen and 

Wheelwright (2005) and Auyeung and colleagues (2009) to investigate Baron-Cohen’s five 

brain types in behavioural and questionnaire information. 



 

 

105 

The aim of the remaining half of this chapter is to examine the proportion of 

children falling into each of Baron-Cohen’s brain types when they are estimated with 

predominantly performance-based and how these proportions compare to those found in 

previous studies using self-report and parent-report measures in adults and children 

respectively. The relationship between these dimensions and right-hand 2D:4D will also be 

examined. 

 

Hypotheses 

It is predicted that; 

1. Females will score higher on the index of empathising, and males will score 

higher on the index of systemising. There will also be sex differences in the 

difference score (D = (S – E ) / 2) with males exhibiting higher and positive 

scores representing more developed systemising abilities relative to 

empathising abilities.  

2. The proportions of males and females in each of the five cognitive ‘brain 

types’ would not be significantly different to the proportions reported in 

Wheelwright and colleagues (2006) and Auyeung and colleagues (2009).  

3. Measurements of right-hand 2D:4D would be positively related to the 

empathising dimension and negatively related to the systemising 

dimension. 

 

Brain Types Analysis 

For these analyses participants were required to have full data sets for all of the 

tasks chosen to represent the empathising and systemising domains. Of the total sample 

of 222 children, 209 were included in the current analysis with an average age of 8.41 

years, 109 of which were boys and 100 girls. Of this sample, 49.3% were categorised as 

‘young’ and 50.7% categorised as ‘old’ using a median-split of age. 
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The empathising and systemising measures chosen to examine Baron-Cohen’s 

brain-types were converted to z-scores. These z-scores are then averaged to create 

empathising and systemising compound scores. Z-scores from the Murdoch Empathy 

Children’s Scale, the Emotion Recognition task and the Bryant Empathy Questionnaire 

were averaged to create the Empathising compound score. Z-scores from the Block 

Design subtest of the WISC IV and the Mental Rotation task were averaged to create the 

Systemising compound score. Descriptive statistics of males and females for the 

Empathising and Systemising dimensions are presented in Table 16. Independent 

samples t-tests were conducted to examine sex differences in these dimensions. Females 

were significantly higher on the Empathising dimension (d = -.60) while males were 

significantly higher on the Systemising dimension (d = .30). Similarly to Goldenfeld et al 

(2005) a difference score (D) was calculated using the standardised empathising and 

systemising compound scores. D (difference between the empathising and systemising 

scores) = (S – E) / 2. A significant positive correlation (r  = .26, p < .001; see Table 17) was 

found between the Empathising and Systemising compound scores. No significant 

correlations were found between right-hand 2D:4D and the empathising, systemising and 

E-S difference scores. Given that these indices are not standardised for age, partial 

correlations were then calculated controlling for age related variance. Most of the 

correlations were unchanged however a significant positive relationship was found 

between empathising and the right 2D:4D. 
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Table 16 Descriptive statistics and t-tests between males and females on 

Empathising and Systemising and E-S Difference Score. Higher Empathising and 

Systemising scores indicate greater ability. A positive E-S difference score indicates 

greater systemising 

 Males Females    

 Mean (SD) Mean (SD) t p d 

Empathising -.187 (.622) .203 (.684) -4.34 <.05 -.60 

Systemising .115 (.886) -.136 (.816) 2.14 <.001 .30 

E-S Diff (D) .158 (.459) -.166 (.429) 5.26 <.001 .73 

 

 

Table 17 Correlations with and without controlling for age between empathising, 

systemising, E-S difference score and right-hand 2D:4D 

 Empathising Systemising E-S Difference 

Empathising --   

Systemising .26** --  

E-S Difference -.49** .72** -- 

2D:4D Right .09 .03 -.05 

Controlling for age 

Empathising --   

Systemising .17* --  

E-S Difference -.54** .74** -- 

2D:4D Right .15* .06 -.04 

*p < .05, **p< .01 
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A scatter-plot displaying the distribution of scores for males and females on the 

Empathising and Systemising cognitive dimensions is presented (Figure 10). 
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Figure 10  Scatter-plot and linear trend lines of male and female scoring pattern on the 

Empathising and Systemising dimensions 

 

The technique used by Goldenfeld and colleagues (2005) to examine ‘brain types’ 

with the above difference (D) scores was used here. Baron-Cohen’s five ‘brain types’ were 

numerically assigned using percentiles. The Extreme Type E was classified as D scores in 

the lowest 2.5%. Those with a ‘brain type’ Type E were classified as falling between the 

2.5th and 35th percentile. The balanced ‘brain type’ Type B were identified as those falling 

between the 35th and 65th percentiles. The Type S ‘brain type’ are those individuals falling 

in between the 65th and 97.5th percentiles. The highest 2.5% were classified as the 
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Extreme Type S.  Table 18. shows the proportion of male and female participants that fell 

into each ‘brain type’ classification and also presents findings from similar studies 

investigating ‘brain types’ in a large sample of typically developing children and adults 

using behavioural and questionnaire data.  

 

Table 18 Percentage of children within each of the cognitive ‘brain types’. Data from 

similar studies using questionnaire measures in typically developing children (Auyeung et 

al., 2009) and adults (Wheelwright et al., 2006) is also presented 

Brain 

type 

D 

percentile 

Brain type 

boundary 

Females Males Typical 

girls
a 

Typical 

boys
a 

Typical 

women
b 

Typical 

men
b 

   n = 100 n = 109 n = 675 n = 581 n = 1,038 n = 723 

Extreme 

E 

x < 2.5 D < -.94 4 .9 4 .5 4.3 .1 

Type E 2.5 ≤ x < 

35 

-.94 ≤ D < -

.19 

40 25.7 41.9 20.3 44.8 15.1 

Type B 35 ≤ x < 65 -.19 ≤ D < 

.21 

36 24.8 31.7 29.5 29.3 30.3 

Type S 65 ≤ x < 

97.5 

.21 ≤ D < 

.89 

19 45 21.2 45.6 20.7 49.5 

Extreme 

S 

x ≥ 97.5 D ≥ .89 1 3.7 1.2 4.1 .9 5 

a Data from Auyeung et al. (2009) 

b Data from Wheelwright et al. (2006) 

 

Chi-square tests of independence were conducted in order to examine whether the 

proportions of individuals falling within each brain type were significantly different to the 

proportions found in previous research with self- and parent-report measures for adults 

and children. The critical chi-square for these tests was χ2 (4) = 9.49, p < .05. The 

proportion of males falling into each of the of brain types using performance-based 

measures of empathising and systemising in this study were not significantly different to 

the proportions observed using self-report measures of empathising and systemising in 

adults (χ2 (4, n = 832) = 4.35, n.s) or parent-report measures of empathising and 
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systemising in children (χ2 (4, n = 690) = 1.18, n.s.). Similarly, for females, there were no 

significant differences between the proportions falling into each brain type using 

performance measures and the proportions observed using self-report measures of 

empathising and systemising in adults (χ2 (4, n = 1138) = 1.05, n.s) or parent-report 

measures of empathising and systemising in children (χ2 (4, n = 775) = .45, n.s.). The most 

obvious trend that can be seen in all three studies in Table 18 is the pattern of ‘double 

dissociation’ between proportions of males and females for Baron-Cohen’s five brain 

types. In all three studies a preponderance of females are pushed towards the ‘female’ 

brain types, Type E and Extreme Type E, compared to males predominantly clustered 

towards the ‘male’ brain types of Type S and Extreme Type S. 

 

Discussion of Empathising and Systemising Brain Types 

In order to replicate the studies investigating Baron-Cohen’s empathising and 

systemising ‘brain types’ it was predicted that boys would score higher on the systemising 

dimension and lower on the empathising dimension. Importantly, it was predicted there 

would be sex differences in the E-S difference score with males exhibiting higher and 

positive scores representing the more developed systemising abilities relative to 

empathising abilities. It was also predicted that the proportions of males and females in 

each of the five cognitive ‘brain types’ would be similar to the proportions reported by 

Wheelwright and colleagues (2006) and Auyeung and colleagues (Auyeung et al., 2009). 

The relationships between empathising, systemising, the E-S difference scores and right-

hand 2D:4D were also examined. 

The sex differences in the empathising and systemising dimensions and E-S 

difference scores were all found and were all in the expected directions. Girls were found 

to be higher in empathising and boys were found to be higher in systemising. A sex 

difference was also found in the E-S difference score with boys exhibiting higher and 

positive difference scores which represent better systemising in boys relative to their 
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empathising. 

Baron-Cohen’s theory suggests that the empathising and systemising dimensions 

are orthogonal to each other and previous research investigating these dimensions with 

the EQ and SQ have found them to be uncorrelated (r = -.03, p > .05; Auyeung et al., 

2009) or weakly negatively correlated (Baron-Cohen et al., 2003; Wheelwright et al., 

2006). In this instance, when estimated with performance-based indices, the empathising 

and systemising dimensions were found to be significantly positively correlated (r  = .26, p 

< .001). The orthogonality between self-reported empathising and systemising and the 

unexpected positive relationship between performance-based estimations of these 

dimensions may be explained by the developmental differentiation hypothesis mentioned 

in preceding section of this chapter (pg 98-99). With the hypothesised greater dependence 

on general intelligence earlier in development, an underlying g factor may create a 

communality in performance-based measures of empathising and systemising that is not 

observed when using self-report measures of these same dimensions. As was mentioned 

previously, there may be less differentiation between males and females at this stage in 

development due to a greater reliance on an underlying general intelligence component 

rather than the components unique to specific domains that may develop later. This 

positive correlation between performance-based measures of empathising and 

systemising may be reduced later in development to a level similar to that found between 

the self-report estimations of empathising and systemising as the influence of an 

underlying general intelligence factor is reduced and the differentiation and development of 

specific abilities takes place. 

The pattern of proportions for males and females across the five ‘brain types’  

using largely performance-based indices of empathising and systemising replicates the 

proportions found by Wheelwright (2006) and Auyeung (2009) using behavioural indices. 

The only difference is a slight increase in the Balanced brain type in the girls and a slightly 

higher proportion of boys falling in the Type E brain type. This is most probably a result of 
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general intelligence being common to the performance of empathising and systemising 

behaviours measured in this way and thus creating an underlying communality between 

the empathising and systemising dimensions resulting in comparable performance levels 

across the two domains. Regardless, the dimensions of empathising and systemising 

utilised here produce the same double dissociative pattern - with more males falling into 

the ‘male’ brain types and more females falling towards the ‘female’ brain types - in Baron-

Cohen’s brain types that also appear when measuring self-reported interests in and 

preferences for empathising and systemising. The close resemblance between proportions 

of males and females falling within each ‘brain type’ in the current study, and the 

proportions found by Auyeung and colleagues (2009) in children and Wheelwright and 

colleagues (2006) in adults could be seen as further evidence of the early appearance of 

these ‘brain types’ in cognitive performance as well as personality style. This is further 

possible evidence that Baron-Cohen’s empathising and systemising brain types may thus 

be a more appropriate form of classification of psychological style. Although there is an 

increased frequency of individuals classified as having relatively balanced empathising 

and systemising in this developing population, the brain types may become more 

differentiated and distinct across development and into adulthood as the specificity of the 

individual abilities or domains they measure are developed. 

Although positive and negative relationships were predicted between right-hand 

2D:4D and the empathising and systemising dimensions respectively, only a significant , 

but small, positive relationship was found between empathising and right 2D:4D. As 

mentioned early, the contribution of general intelligence to performance on these 

dimensions may be confounding potential relationships between 2D:4D and empathising 

and systemising. 

 

Conclusions 

At this point there is support for empathising and systemising being dimensions 
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upon which males and females are consistently differentiated, and this differentiation is 

more uniform and persuasive than the patterns of male-female differences found in the 

verbal and spatial domains in Chapter 3. Using these dimensions as a basis for 

categorising males and females into specific brain types representative of their 

psychological styles also seems appropriate given the very similar proportions of 

individuals falling into each of these categories regardless of whether they are defined 

behaviourally or by performance measures. However questions remain regarding the 

possible confounding influence of general intelligence when using performance-based 

measures and the effects this may have on the orthogonality of the empathising and 

systemising dimensions, and the lack of strong correlations with measurements of 2D:4D. 

 

General Conclusions 

Analyses from the current and preceding chapter show that; 

1. There is no coherent and consistent pattern of sex differentiated 

performance for verbal and spatial abilities. Within both of these domains 

different male and female advantages were observed. This suggests that 

either the verbal/spatial distinction is inappropriate and an uninformative 

classification of sex-differences or that a pattern of sex differences in 

performance only exists for specific subareas of these domains. 

Regardless of which of these might be true, what is clear is that the verbal 

and spatial dichotomy is confused. 

2. On the other hand, there are consistent sex differences seen in a variety of 

measures of empathising and systemising and measurements of right- and 

left-hand 2D:4D. This suggests that Baron-Cohen’s E-S typology predicts a 

more uniform pattern of sex differences in psychological functions than the 

verbal/spatial distinction. 

3. In support of Manning’s proposition, the right-hand 2D:4D is the most 
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useful indicator of the two hands of relationships with empathising and 

systemising variables. 

4. The brain types predicted by Baron-Cohen’s theory are a useful form of 

categorising the relative balance of empathising and systemising abilities. 

The double dissociation previously reported between males and females 

for these brain types was replicated here using performance-based 

indicators of empathising and systemising. The proportions of individuals 

falling into each of these brain types found using these measures were not 

significantly different to the proportions found using self-report measures of 

empathising and systemising behaviours. 

5. A number of things point to the potentially confounding influence of a 

general intelligence factor. The small relationships between measures of 

2D:4D and empathising and no relationship with systemising, and the 

significant positive relationship between the empathising and systemising 

dimensions are potentially due to the influence of g in performance-based 

measurement. 

 

What is emerging so far is an encouraging but slightly confused picture. The 

empathising-systemising dimensions appear a more uniform and useful form of 

categorising sex differences than the traditional verbal-spatial ability distinction examined 

in Chapter 3, however before the empathising-systemising theory can be further 

advocated, several points need to be clarified. The orthogonality of the empathising and 

systemising domains must be further examined while taking into account any covariance 

of these dimensions that may arise from the influence of g. Similarly, the positive 

correlation between empathising and systemising found in this chapter resembles the 

positive correlations repeatedly found between subtests of verbal and spatial ability 

(Duncan et al., 1995). This raises the question of whether the empathising/systemising 
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distinction is just a new manifestation of the verbal/spatial ability distinction or whether the 

empathising-systemising domains are identifiably distinct from verbal and spatial domains. 

At what point do these two approaches become distinct from each other? There have been 

suggestions that the verbal and empathising domains are highly related and that success 

in the later is usually contingent upon skill in the former. In the same vein, to what degree 

are spatial abilities and systemising really distinct from each other? At a quick glance it is 

difficult to isolate psychometric and performance-based measures of systemising from 

measures of spatial ability. Given this, it is necessary to determine whether the verbal and 

empathising domains and spatial and systemising domains are discriminant enough from 

each other to support the idea that empathising and systemising make unique 

contributions to the categorisation of sex differences.  

To move forward with our understanding of the empathising-systemising theory, 

these issues must be clarified and to do this Structural Equation Modeling (SEM) will be 

used. In order to determine the shared and unique components of each of the 

empathising, systemising, verbal and spatial domains, the following chapter will examine 

the discriminant validity between these domains using SEM modeling techniques. Each of 

these dimensions will be represented by latent constructs and then examined 

independently using one-factor congeneric models to assess the suitability of each latent 

construct and its respective measures. Following this, measurement models will be 

analysed to simultaneously examine the discriminability of the verbal, spatial, empathising 

and systemising constructs from each other. Chapter 6 will then look at the structural 

relationships between these latent constructs to examine the possibility of an underlying g 

factor mediating the positive relationship between empathising and systemising when they 

are measured via performance-based indicators. 
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Chapter 5   CONTROLLING FOR g AND THE DISCRIMINANT VALIDITY OF THE 

EMPATHISING, SYSTEMISING, VERBAL AND SPATIAL DOMAINS 
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The orthogonality of the empathising and systemising domains can be further 

examined while taking into account the covariance of these dimensions that may arise 

from the influence of g. Similarly, the positive correlation between empathising and 

systemising found in the previous chapter resembles the positive correlations repeatedly 

found between performance measures of verbal and spatial ability. This raises the 

possibility that the covariance between empathising and systemising is likely to be g and 

that the empathising-systemising distinction may be a newer reiteration of the verbal-

spatial distinction. There have been suggestions that the verbal and empathising domains 

are highly related and that success in the later is usually contingent upon skill in the 

former. Given this, it is necessary to determine whether the verbal and empathising 

domains are discriminant from each other in order to support the idea that empathising 

makes a unique contribution to the categorisation of sex differences.  

Particularly for battery tests like the Wechsler Adult Intelligence Scale and the 

WISC, there frequently arise positive correlations between subtests across all indices 

(Duncan et al., 1995). These positive relationships are hypothesised to represent the 

influence of an underlying general intelligence factor. The influence of verbal components 

(in varying magnitude) in all the empathising tasks used in this thesis necessitates an 

investigation into the nature of the relationship between empathising and systemising 

when general intelligence is held constant, and the ability of empathising to be 

distinguished from the verbal domain. Both of these are necessary support to Baron-

Cohen’s E-S theory being held as a more fundamental typology of sex differences in 

psychological functions and not a reinvention of the conventional distinction of sex 

differences in verbal and spatial abilities. 

It is unknown how orthogonal the empathising and systemising domains will be 

when general intelligence is controlled for. It is possible that when general intelligence is 

held constant, the relationship between performance-based indices of empathising and 

systemising will resemble that seen between behavioural indices of these domains. 
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However it is also possible that when general intelligence is controlled, performance-based 

indices of empathising and systemising will exhibit a similar pattern to that of verbal and 

spatial abilities when general intelligence is held constant. Lynn has argued that a strong 

negative correlation exists between verbal and spatial abilities when general intelligence is 

held constant (Lynn, 1987). However, Lynn’s hypothesis has been suggested to be merely 

a statistical artefact of the analytic techniques he used (Vernon, 1990). Lynn’s technique 

involved extracting the first unrotated factor from a battery of verbal and spatial subtests 

and then partialling out this factor from the same subtests, however, Ashton and Vernon 

(1995) used two independent measures of general intelligence and then partialled out 

these measures from a different battery of WAIS verbal and spatial subtests. This second 

technique found that regardless of the measure of general intelligence used, once it had 

been held constant, the relationship between the verbal and spatial subtest was reduced 

to zero rather than become strongly negative as was the case using Lynn’s technique. It is 

possible that when general intelligence is held constant between performance-based 

measures of empathising and systemising the resulting relationship between these 

dimensions will resemble the analyses of Ashton and Vernon. 

General intelligence is usually measured using either of two techniques. 

Psychometrically speaking, g is defined as an individual’s general ability to perform well, or 

less well, at a variety of tasks. In this way g is often estimated as average performance 

across a battery of diverse subtests like those in the WISC or WAIS (Duncan et al., 1995), 

or alternatively, the first factor of an unrotated Principal Components Analysis (Jensen & 

Weng, 1994; Reeve & Blacksmith, 2009). Despite the robustness of this technique, two 

things must be considered. Firstly, some of the information assessed by the WISC 

subtests relies on acquired crystallised knowledge (Cattell, 1971) which may be 

independent and insensitive to fluctuations in the levels of underlying fluid g across 

development and secondly, some individual subtests in these batteries can have fairly low 

g correlations (Marshalek, Lohman, & Snow, 1983). A second technique to estimate g is to 
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use tests of fluid intelligence that have strong g correlations without being averaged across 

a number of subtests. Tests of this nature also minimise the reliance of learned crystallised 

knowledge. The Cattell Culture Fair is one such measure with low dependence on learned 

knowledge and high correlations with estimations of g from large scale factor analyses 

(Carroll, 1993b; Duncan et al., 1995). In an attempt to control for the influence of general 

intelligence, both techniques of estimating g will be used in this chapter. Firstly a 

psychometric g-factor will be extracted by conducting an unrotated Principal Components 

Analysis on the battery of WISC subtests used in this thesis. Secondly the Cattell Culture 

Fair Intelligence test will be used as a measure of g that is less reliant on acquired 

knowledge. 

This chapter will examine the role of g in the significant positive relationship 

between indices of empathising and systemising and the discriminant validity between the 

empathising, systemising, verbal and spatial domains. The possibility of an underlying 

general intelligence factor mediating the positive relationship between empathising and 

systemising when they are measured via performance-based indicators will be examined 

using mediated regression and two different estimations of g. Each of the empathising, 

systemising, verbal and spatial dimensions will be examined to assess the suitability of the 

underlying construct and following this, measurement models will be analysed to examine 

the discriminant validity between empathising and verbal ability and systemising and 

spatial ability.  

 

Hypotheses 

The aim of the current chapter is to examine the relationship between 

performance-based indices of empathising and systemising when variance in g is 

accounted for, and to assess the discriminant validity between empathising and verbal 

ability and systemising and spatial ability domains. 

Given the hypothesis that the covariation between empathising and systemising is 
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caused by an underlying g factor, it is predicted that; 

1. The significant positive correlation between the empathising and 

systemising domains will be reduced when either measure of general 

intelligence is controlled for. Previous research would predict the 

relationship between empathising and systemising to be weak and negative 

or not present. However it is unknown what this correlation will be after 

controlling g when using performance-based indicators of empathising and 

systemising. 

2. Empathising and systemising measures will successfully identify their 

respective latent constructs.  

3. Empathising, systemising, verbal and spatial constructs will display 

discriminant validity, with measures being most strongly related to their 

respective domains. Although latent constructs representing these domains 

may be correlated, discriminant and distinguishable constructs will 

demonstrate that the empathising, systemising, verbal and spatial domains 

consist of unique and distinct components. 

 

Method 

Participants 

Participants were 222 children with an average age of 8.37 years, 115 of which 

were boys and 107 girls. Detailed information regarding these participants is provided in 

Chapter 2. 

 

Tasks 

All measures in this chapter are described in full in Chapter 2. The tasks used in 

this chapter are as follows; 
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Empathising measures 

� Murdoch Empathy Children’s Scale – a verbally-based measure of complex 

emotion and mental state comprehension. The MECS produces a single index 

score with a maximum total of 108 possible. 

� Emotion Recognition Task – a computerised task that assess a child’s ability to 

identify emotion and mental state expressions. Twenty stimuli are presented and 

total scores indicate the percentage of correct responses. 

� Bryant Empathy Questionnaire – a self-report measure of empathising behaviours 

and preferences. This questionnaire consists of 22 questions with a maximum 

score of 22 and higher scores reflecting ‘greater’ empathy. 

Systemising Measures 

� Block Design – measures spatial perception, visual abstract processing and 

problem solving using red-and-white blocks to replicate a 2-dimensional pattern. As 

this is a WISC-IV subtest scores adjusted for age were calculated however the 

original raw scores were used as scaled scores were not available for other 

measures of empathising and systemising. The Block Design subtest produces a 

single raw score with a maximum of 68 that includes points awarded in the event of 

a time bonus on individual trials. 

� Mental Rotation test - a measure of both two-dimensional and three-dimensional 

rotation ability using letter, abstract figure and cubical structure stimuli. A total 

score of the 70 trials is given as a percentage of the total number of correct trials. 

Verbal Measures 

� Information subtest of the WISC-IV – orally-presented questions that assess a 

child’s knowledge about common events, objects, places and people. Correct 

responses are awarded one point with a maximum possible score of 33. 

� Similarities subtest of the WISC-IV – a measure of abstract verbal reasoning in 

which a child explains the similarity between two objects or concepts. Responses 
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are scored between zero and two points on the basis of accuracy and degree of 

elaboration of a response with a maximum possible score of 44. 

� Vocabulary subtest of the WISC-IV – a measure of verbal comprehension and 

expression in which the child orally defines words. Responses are awarded 

between zero and two points with a maximum of 68 points possible. 

� Verbal Fluency - a measure of how many related members of a specific category a 

child can verbally name within a limited time-period. The total raw score is the sum 

of appropriate and unique responses provided by a child for two categories. 

Spatial Measures 

� Picture Completion – measures a child’s ability to quickly perceive visual details. 

One point is awarded for correct identification of the missing feature in each trial 

with a maximum total raw score of 38 possible. 

� Symbol Search – measures visual perception and search speed. The total raw 

score for this subtest is the number of correct trials minus the number of incorrect 

trials. Symbol Search A is used for children up to 7 years and has a maximum raw 

score of 45 whereas as Symbol Search B for children 8 years and above has a 

maximum raw score of 60. 

� Matrix Reasoning – measures abstract problem solving and perceptive reasoning 

by asking the child to complete incomplete matrices of increasing complexity. One 

point is awarded for each correct identification of the missing matrix segment with a 

maximum score of 35. 

General intelligence measure 

� The Cattell Culture Fair Intelligence Test – a non-verbal index of fluid intelligence 

that measures inductive reasoning and perception of relationship between figures 

and shapes. The Cattell Culture Fair consists of four subtests. Correct responses 

are summed to calculate a total raw score across the four subtests with maximum 

possible raw score of 46. 
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Analysis 

Consistent with recommendations from Hu and Bentler (1999) the measures of 

goodness-of-fit reported in this chapter are the chi-square (χ2) statistic, normed chi-square 

(χ2 / df), the Root-Mean Square Error of Approximation (RMSEA), standardised Root 

Mean-square Residual (SRMR), the Comparative Fit Index (CFI), and the Tucker-Lewis 

index (TLI). For successful model fit the following criteria must be met: a non-significant χ2  

statistic, a normed χ2 between 1 and 3, ideally an RMSEA value less than .05 (however 

less than .08 is acceptable; Browne & Cudeck, 1992), SRMR values less than .05, CFI 

values greater than .95, and TLI values greater than .95. 

If fit indices are not adequate, changes may be made to the model, providing the 

changes can be justified theoretically and statistically. However, before making any 

changes to any measurement models, the following statistical elements will be considered. 

i. Inspection of standardised residuals covariance matrix. Values in this matrix 

that exceed 2.0 indicates that the model being tested fails to account for 

much of the variance shared between a particular item pair. 

ii. Inspection of modification indices. 

iii. Inspection of the sample correlations and eigenvalues. Item correlations 

exceeding .8 can indicate possible item redundancy while eigenvalues can 

provide some idea of the number of factors that might be appropriate for the 

model. 

iv. Inspection of the size and significance of factor coefficient parameter 

estimates. Indicators with non-significant or low factor coefficients could be 

removed. 

When constructing one-factor congeneric models for each latent construct it is ideal 

to have at least four indicator variables (individual measures) in order to test each 
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construct individually, however in the instance that one or more constructs have less than 

four indicators it is possible to test constructs simultaneously in one model. This will be the 

case for the empathising, systemising and spatial constructs. Once each construct has 

been examined, a series of measurement models comprising different combinations of 

constructs will be investigated. Respecification of any model based on statistically driven 

suggestions will only be undertaken if it is also theoretically driven and appropriate. 

 

Results 

As reported in the previous chapter, the correlation between empathising and 

systemising indices was moderate (r = .26), but positive and significant. This correlation 

resembles those commonly seen between indices of verbal and spatial performance. At 

this point it is necessary to distinguish whether this correlation is an artefact of the 

influence of a general intelligence factor or representative of a “real” relationship between 

measures of empathising and systemising. 

Mediated regression will be used to determine if the relationship between 

empathising and systemising is being mediated by general intelligence. General 

intelligence will be quantified by two methods. Firstly, the Cattell Culture Fair Intelligence 

Test will be used as an indicator of fluid general intelligence. Secondly, factor analysis will 

be used to extract a g factor from the measures used to create the empathising and 

systemising indices. 

Controlling for g 

In order to extract a psychometric g-factor a principal components analysis was 

conducted on the raw scores of all WISC-IV subtests excluding Block Design (an indicator 

of Systemising). The first unrotated factor was extracted and taken as an index of the 

underlying g factor. A scree plot supported the hypothesis of a single factor and the first 

unrotated factor had an eigenvalue of 4.07 and explained 45% of the variance. The 

second estimation of g that will be used is the Cattell Culture Fair. 
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Correlations between Empathising, Systemising, the Cattell Culture Fair and the 

extracted g factor are presented in Table 19. Both the Cattell Culture Fair and the g factor 

had significant positive correlations with empathising and systemising and in both 

instances the correlation was higher with systemising than with empathising. The Cattell 

Culture Fair and the g factor were also significantly positively correlated.  

 

Table 19 Correlations between empathising, systemising and two different measures 

of g 

 Empathising Systemising Cattell g factor 

Empathising --    

Systemising .26** --   

Cattell .33** .58** --  

g factor .33** .59** .55** -- 

 

In order to assess the possible mediation of some study variables on others, a 

series of standard multiple regression analyses was conducted. According to Baron and 

Kenny (1986), four conditions must be met to show evidence of mediation. Firstly the 

independent variable must be related to the dependent variable. Secondly, the 

independent variable must be related to the proposed mediator. Third, the proposed 

mediator must be related to the dependent variable. The significant correlations presented 

in Table 19. show that these three conditions have been met. Finally, for full mediation, the 

direct effect (identified by the regression weight) of the independent variable on the 

dependent variable must become non-significant when the influence of the potential 

mediator has been controlled. As in Figure 11, independent variables are presented to the 

left of each triangle, dependent variables to the right and mediator variables at the apex of 

each triangle. The parameter value of each regression line (arrow) between the 

independent variable and the mediator is the correlation between these variables. The first 
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value for the remaining arrows is also the correlation between the two connected 

variables, however the second value is the beta-weight produced when the independent 

variable and the mediator variable are use to predict the dependent variable. Full 

mediation is represented by correlations and beta weights between the independent and 

dependent variables being shown in red, indicating that the direct effect of the independent 

variable upon the dependent variable has become non-significant. 

 

Mediation of the empathising/systemising relationship by the Cattell.  

To test the mediating effect of the Cattell on the relationship between empathising 

and systemising indices, the systemising compound score and the Cattell were entered 

into a regression equation predicting the empathising compound scores. Outcomes of this 

mediation analysis are shown in Figure 11 and full details of the regression analysis are 

presented in Table 20. Only the regression weight for Cattell was significant. Thus the 

relationship between empathising and systemising was fully mediated by the Cattell. 

Altogether 11.3% of the variance in empathising was predicted by systemising and the 

Cattell (F (2,205) = 13.10, p < .001). 

 

Figure 11  Diagram of the Cattell mediating the relationship between Empathising and 

Systemising index scores 
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Mediation of the empathising/systemising relationship by an underlying g factor 

To test the mediating effect of an underlying g factor on the relationship between 

empathising and systemising indices, the systemising compound score and the first factor 

extracted from a factor analysis of the measures constituting the empathising and 

systemising indices were entered into a regression equation predicting empathising 

compound scores. Outcomes of this mediation analysis are shown in Figure 12 and full 

details of the regression analysis are presented in Table 20. Only the regression weight for 

the g factor was significant. Thus the relationship between empathising and systemising 

was fully mediated by the g factor. Altogether 11.4% of the variance in empathising was 

predicted by systemising and g (F (2,201) = 12.87, p < .001). This almost exactly 

replicates the earlier analysis using an alternative measure of g. 

 

Figure 12  Diagram of a g factor mediating the relationship between Empathising and 

Systemising index scores 
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Table 20 Outcomes of multiple regression analyses showing @ weights, associated p 

values, and full-model R2 values 

Criterion Predictors β p Full model R2 

Empathising    .11 

 Systemising .10 .23  

 Cattell .27 <.001  

Empathising    .11 

 Systemising .10 .20  

 g factor .26 <.001  

 

The mediation analyses above show that regardless of which technique is used to 

estimate g, the significant positive correlation between empathising and systemising is fully 

mediated by an underlying general intelligence factor. The rest of this chapter will further 

examine these domains and their relationship and the degree of distinction between the 

empathising, systemising, verbal and spatial domains using statistical modeling 

techniques. Prior to modeling analyses, all study variables were examined through various 

SPSS programmes for missing values, and fit between their distributions and the 

assumptions of multivariate analysis after any missing values were imputed. 

 

Missing Values Analysis 

All study variables, excluding the WISC-IV Information subtest and the Emotion 

Vocabulary Test, were found to have missing cases, however none of these variables 

possessed more than 5% missing cases. Little’s MCAR test was non-significant – χ2 (368) 

= 348.93, p = .76) - and missing values were imputed using the Expectation Maximisation 

method. Means and standard deviations of all study variables both before and after 

imputation are presented in Table 21. 
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Table 21 Mean and standard deviations of all measures both before and after 

imputation 

 Original After Imputation 

 N % Missing M (SD) M (SD) 

g 

Cattell 220 .90 28.98 (6.88) 28.97 (6.88) 

Empathising measures 

MECS 220 .90 77.20 (11.35) 77.25 (11.32) 

Bryant 220 .90 12.56 (3.40) 12.56 (3.38) 

EVT 222 0 8.94 (4.07) 8.94 (4.07) 

ERT 215 3.20 80.58 (11.87) 80.31 (11.82) 

Systemising measures 

Block Design 219 1.40 10.79 (2.79) 10.81 (2.78) 

MRT 214 3.60 72.40 (14.30) 72.33 (14.10) 

Verbal measures 

Information 222 0 11.10 (3.05) 11.10 (3.05) 

Similarities 220 .90 10.97 (3.17) 10.93 (3.20) 

Vocabulary 221 .50 11.24 (2.78) 11.24 (2.78) 

Verbal Fluency 217 2.30 4.57 (1.18) 4.58 (1.17) 

Spatial measures 

Picture Comp. 221 .50 10.80 (2.50) 10.81 (2.49) 

Symbol Search 219 1.40 10.68 (2.95) 10.69 (2.93) 

Matrix Reas. 220 .90 11.50 (2.64) 11.51 (2.63) 

Note. MRT – mental rotation task; MECS – Murdoch Empathy Childrens Scale; Bryant – The Bryant Empathy Questionnaire; 
EVT – Emotion Vocabulary Test; ERT – Emotion Recognition Task. 

 

Normality and Univariate and Multivariate Outliers after imputation 

Due to the large sample size, skewness and kurtosis were examined visually using 
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histograms. All study variables appeared approximately normal. Univariate outliers were 

examined by converting all scores to z scores. Because the Strange Stories task was not 

used in these analyses, the three cases previously identified as having low z scores on 

this variable are not in these data. No other extreme z scores were found. No multivariate 

outliers were found using Mahalanobis distance (with a critical χ2 value of 42.31 for df = 

18, p <. 001). 

 

Congeneric and independent-cluster models 

Independent-cluster and one-factor congeneric models are the most basic form of 

measurement models and represent the regression of a set of observed measures onto a 

latent construct. A successful and well-fitting model demonstrates that the indicators 

contributing to the construct encompass the theoretical domain and are uni-dimensional, 

and goodness-of-fit statistics for the model give an indication of the content validity of the 

construct. One of the conditions of this is the absence of correlated error terms between 

indicators. 

One-factor congeneric models for each latent construct were analysed 

independently, where possible, to examine the stability of each latent domain. In the event 

that a latent construct could not be examined in a one-factor congeneric due to an 

insufficient number of indicators, a latent construct was examined in combination with 

another construct. Following specification of congeneric models, the latent constructs were 

tested collectively in independent-cluster models and constructs were allowed to co-vary. 

Constructs were examined in this step-wise fashion to observe how the variance that is 

partitioned in each model changes with the addition of each construct and its 

representative indicators. In this way it is possible to examine the stability (or lack thereof) 

of each construct and the discriminant validity between the constructs.  
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Empathising – Systemising 

To test one-factor congeneric models of latent constructs, the construct itself must 

have four or more indicators. As the systemising construct has two indicators, and 

empathising three, the empathising and systemising constructs must be analysed together 

rather than as separate one-factor models. A two-factor independent-cluster model with 

two indicators for the Systemising latent construct and three indicators for the Empathising 

latent construct was specified to simultaneously assess the stability of each construct as 

well as the discriminant validity between the Empathising and Systemising domains. 

Intercorrelations between latent constructs in this model were allowed to be freely 

estimated. Figure 13 shows the standardised parameter estimates for the Empathising and 

Systemising measurement model. For all model diagrams, ellipses represent latent 

constructs and rectangles represent observed variables. Observed variables also possess 

unique error terms represented by circles. 
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Figure 13  Two-factor independent-cluster model for Empathising and Systemising 

abilities 

 

The Empathising-Systemising independent-cluster measurement model has the 

following fit statistics: χ2(4) = 6.176, p = .186; χ2/df = 1.54; RMSEA = .05; SRMR = .03; CFI 

= .98; TLI = .96. The factor coefficients were all significant at p < .001 and ranged from a 

low of .35 to a high of .74. The factors themselves were significantly positively correlated (r 

= .59). The data was a good fit to the model, and inspection of the standardised residual 

covariance matrix showed that all of the standardised residual co-variances were less than 

two in magnitude. The structure coefficients (Table 22) for Empathising and Systemising 

show that although the direct effects of the indicators on their respective constructs is 

appropriate (all indicators load significantly and of a sufficient magnitude) there are 

sizeable indirect effects of the systemising indicators on the Empathising construct. This 

suggests that the two constructs may not exhibit discriminant validity. This may be a 



 

 

133 

consequence of an underlying g factor, as was suggested by the mediation models in 

Chapter 4. Regardless, we can see that the systemising construct is represented well by 

both the mental rotation test and Block Design. Similarly the empathising construct is 

represented well by the MECS, the Bryant Empathy Questionnaire and the test of emotion 

recognition, which are all quite different measures of empathising ability. The 

intercorrelation between the empathising and systemising constructs is higher (.59) than 

the Pearson correlation previously reported (.26). This is a consequence of the method by 

which variance is partitioned in these types of analyses and the exclusion of error 

variance. This increased correlation, and the evidence from the previous mediation 

analyses using empathising and systemising index scores, is further grounds for 

uncovering the relationship between latent empathising and systemising constructs using 

techniques that can examine the contribution of g whilst simultaneously accounting for 

error variance. Before doing this however it is necessary to examine the stability of the 

remaining domains of interest, verbal and spatial ability, and their discriminability from 

each and from the empathising and systemising domains. 

 

Table 22  Factor pattern and structure coefficients for empathising and systemising 

abilities 

 EMPATHISING SYSTEMISING 

 P S P S 

MECS empathy .47 .47 0a .28 

Bryant empathy .35 .35 0a .21 

Emotion Recognition .51 .51 0a .30 

Block Design 0a .44 .74 .74 

Mental Rotation 0a .44 .74 .74 

 
Note. P = pattern coefficient; S = structure coefficient. 
a. Parameters fixed at reported levels in specifying the model (absence of pathways drawn between these variables) 
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Before including verbal abilities in a three-factor measurement model to examine 

it’s relationships with the empathising and systemising constructs, a one-factor congeneric 

model for verbal abilities was specified to examine the stability of the verbal ability 

construct independently. 

 

Verbal 

A one-factor congeneric model with four indicator items was specified to capture 

the verbal ability latent construct. Figure 14 shows the standardised parameter estimates 

for the one-factor congeneric model of verbal ability. 
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Figure 14  One-factor congeneric model for verbal ability 

 

The verbal ability one-factor model has the following fit statistics: χ2 (2) = .277, p = 

.871; χ2 /df = .14; RMSEA = .000; SRMR = .006; CFI = 1.00; TLI = 1.01. These fit indices 

all suggest that the one-factor congeneric model for verbal ability successfully fits the data. 
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The sample correlations range from a low of .146 to a high of .766, which suggests that 

item redundancy is not a problem. The eigenvalues of the model also suggest that the 

one-factor solution is appropriate. In all the current data successfully fits the one-factor 

congeneric model for verbal ability. Although all four indicators are significantly loading on 

the verbal ability latent construct, the parameter estimate for verbal fluency is much 

smaller than the parameter estimates of the Information, Similarities and Vocabulary 

subtests. The construct being defined here is primarily being represented by these three 

measures; however elements of verbal fluency are also being captured within this 

construct. Although a case could be made for removing verbal fluency as an indicator of 

the verbal construct, the case for removal is not strong enough to justify the loss of breadth 

in the consequent verbal construct that is then represented. As has been mentioned 

previously, the verbal domain is wide-ranging and multifaceted and it is important to 

represent as many aspects of this domain as is possible. 

 

Empathising – Systemising – Verbal ability 

A three-factor independent-cluster model with two indicators for the Systemising 

latent construct, three indicators for the Empathising latent construct and four for the 

verbal ability construct specified above was analysed to assess the discriminant validity 

between these three domains. Factor intercorrelations in this model were allowed to be 

freely estimated. Figure 15 shows the standardised parameter estimates for the 

Empathising, Systemising and verbal ability measurement model.  
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Figure 15  Three-factor independent-cluster model for empathising, systemising and 

verbal abilities 

 

The empathising-systemising-verbal abilities independent-cluster measurement 

model has the following fit statistics: χ2 (24) = 58.38, p = .000; χ2/df = 2.43; RMSEA = .08; 

SRMR = .06; CFI = .95; TLI = .92. These fit indices indicate that the empathising-

systemising-verbal measurement model does not fit the data well. The factor coefficients 
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are all significant and ranged from .21 to .89. The factors are also significantly correlated 

with each other with the highest correlation between empathising and verbal ability. There 

is also one standardised residual over two (4.919) between verbal fluency and the 

Murdoch Empathy Children’s Scale. All three constructs exhibit moderate to high 

correlations between each other with the highest factor intercorrelation being between 

empathising and verbal ability. The structure coefficients presented in Table 23 show that 

all three constructs exhibit discriminant validity as the structure coefficients for the verbal 

measures are highest for the verbal latent construct, as is the case for systemising and 

empathising measures and their respective constructs. 

 

Table 23 Factor pattern and structure coefficients for verbal ability, systemising and 

empathising 

 VERBAL SYSTEMISING EMPATHISING 

 P S P S P S 

Information .85 .85 0a .56 0a .66 

Similarities .84 .84 0a .56 0a .64 

Vocabulary .89 .89 0a .59 0a .69 

Verbal Fluency .21 .21 0a .14 0a .16 

Block Design 0a .57 .86 .86 0a .47 

Mental Rotation 0a .42 .64 .64 0a .35 

MECS Empathy 0a .35 0a .25 .46 .46 

Bryant Empathy 0a .26 0a .18 .34 .34 

Emotion Recognition 0a .41 0a .29 .54 .54 

 
Note. P = pattern coefficient; S = structure coefficient. 
a. Parameters fixed at reported levels in specifying the model (absence of pathways drawn between these variables) 

 

The standardised residual over two (4.919) between verbal fluency and the 

Murdoch Empathy Children’s Scale suggests that something about this relationships is not 
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being captured in the current model. Inspection of the modification indices of this model 

suggests that correlating the residual error terms of verbal fluency and the MECS would 

result in a discrepancy reduction of around 28. Although a relationship between these 

variables was not specifically hypothesised, it is not theoretically implausible given the 

nature of the two tasks. Verbal fluency involves fluent production of conceptual information 

and elaboration and similarly, more elaborate and detailed verbal justifications of character 

intentions in the MECS are usually associated with better performance in this measure. As 

was the case for the model in Figure 14, it was felt that simply removing verbal fluency 

would greatly reduce the representativeness of the verbal construct, and instead the three-

factor measurement model was respecified with correlated residuals between verbal 

fluency and the MECS. Figure 16 shows the standardised parameter estimates for the 

respecified three-factor measurement model of empathising-systemising-verbal ability. 
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Figure 16  Respecified three-factor independent-cluster model for empathising, 

systemising and verbal abilities 

 

Following respecification, the model has the following fit statistics: χ2 (23) = 28.241, 

p = .207; χ2 /df = 1.23; RMSEA = .032; SRMR = .038; CFI = .992; TLI = .99. These fit 

indices suggest the model fits the data well. The factor coefficients all remain significant 

and range from .20 to .90. The factor intercorrelations also remain stable and largely 

unchanged and for this respecified model there are no standardised residuals over two. As 

was the case in the Empathising-Systemising model in Figure 13, the structure coefficients 

for the respecified Empathising-Systemising-Verbal ability model show that although the 

direct effects (pattern coefficients) of the indicators on their respective constructs are 
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appropriate (all indicators load significantly and of a sufficient magnitude) again we are 

seeing sizeable indirect effects of the verbal ability and systemising indicators on the 

Empathising construct. As previously, this suggests that the three constructs in question 

are not entirely separable from each other. This is further evidence of the possible 

interplay between these constructs and g and adds to the argument for controlling for 

these variables in order to examine the interrelationships of these constructs more closely. 

Now that the empathising, systemising and verbal constructs have been defined, the last 

latent construct remaining to be examined is for spatial ability. 

 

Table 24 Factor pattern and structure coefficients for verbal ability, systemising and 

empathising 

 VERBAL SYSTEMISING EMPATHISING 

 P S P S P S 

Information .85 .85 0a .56 0a .67 

Similarities .84 .84 0a .55 0a .66 

Vocabulary .90 .90 0a .59 0a .71 

Verbal Fluency .20 .20 0a .13 0a .16 

Block Design 0a .57 .86 .86 0a .47 

Mental Rotation 0a .42 .64 .64 0a .35 

MECS Empathy 0a .34 0a .24 .51 .51 

Bryant Empathy 0a .27 0a .19 .34 .34 

Emotion Recognition 0a .41 0a .28 .51 .51 

Note. P = pattern coefficient; S = structure coefficient. 
a. Parameters fixed at reported levels in specifying the model (absence of pathways drawn between these variables) 

 

Empathising – Systemising – Verbal – Spatial ability 

An independent one-factor congeneric model of the spatial latent construct could 

not be conducted as the number of spatial indicator variables was less than four. For this 
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reason, a spatial latent construct with three spatial indicators was added to the model 

specified above to create a four-factor independent-cluster model to simultaneously 

assess the stability of the spatial ability construct as well as the discriminant validity 

between all of the empathising, systemising, verbal and spatial domains. The spatial 

construct was only included in this stage, rather than being included in the previous model, 

in order to observe how the variance that is partitioned in each model changes with the 

addition of each construct and its indicator variables. In order for this to be clear, it is 

necessary to examine each construct individually were possible and examine the 

discriminant validity between constructs in a step-wise fashion. Factor intercorrelations in 

this model were allowed to be freely estimated. Figure 17 shows the standardised 

parameter estimates for the Empathising, Systemising and verbal, and spatial ability 

measurement model. 
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Figure 17  Four-factor independent-cluster model for empathising, systemising, verbal 

and spatial abilities 

 

The empathising-systemising-verbal-spatial independent-cluster measurement 

model has the following fit statistics: χ2 (47) = 71.87, p = .011; χ2 /df = 1.53; RMSEA = 

.049; SRMR = .05; CFI = .97; TLI = .96. These fit indices give an indication that the 

empathising-systemising-verbal-spatial measurement model does not fit the data well. 

Apart from the Symbol Search coefficient, all other coefficients are significant and range 

from .20 to .88. The factor coefficient for Symbol Search is small (.05) and not significant 
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and indicates that this particular measure is not representative of the spatial construct in 

this instance. Although the stimuli that make up the Symbol Search subtest are spatial in 

nature, it is also a measure of motor speed. This may be an explanation why this particular 

measure does not form a cohesive spatial ability construct with the other spatial measures 

used in this thesis.  

There is also one standardised residual over two (2.39) between Symbol Search 

and verbal fluency, however Symbol Search has a number of high standardised residual 

covariances that approach two. The structure coefficients presented in Table 25. shows 

that these constructs are highly correlated, yet all four constructs exhibit discriminant 

validity. The four latent factors are also significantly correlated with each other with the 

highest correlation now between systemising and spatial ability.  
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Table 25 Factor pattern and structure coefficients for the four-factor spatial and 

verbal ability, systemising and empathising model 

 SPATIAL VERBAL SYSTEMISING EMPATHISING 

   P S P S P S 

Picture Completion .66 .66 0a
 .52 0a

 .63 0a
 .47 

Symbol Search .05 .05 0a
 .04 0a

 .05 0a
 .04 

Matrix Reasoning .73 .74 0a
 .58 0a

 .70 0a
 .53 

Information 0a .68 .86 .86 0a .56 0a .68 

Similarities 0a .66 .84 .84 0a .55 0a .67 

Vocabulary 0a .69 .88 .88 0a .58 0a .70 

Verbal Fluency 0a .16 .20 .20 0a .13 0a .16 

Block Design 0a .84 0a .57 .88 .88 0a .47 

Mental Rotation 0a .60 0a .41 .62 .62 0a .33 

MECS Empathy 0a .30 0a .33 0a .22 .42 .42 

Bryant Empathy 0a .25 0a .27 0a .18 .34 .34 

Emotion Recognition 0a .38 0a .42 0a .28 .53 .53 

 
Note. P = pattern coefficient; S = structure coefficient. 
a. Parameters fixed at reported levels in specifying the model (absence of pathways drawn between these variables) 

 

Given the non-significant coefficient between Symbol Search and the spatial ability 

construct, and the numerous high standardised residuals, Symbol Search was identified as 

a poor indicator of the spatial construct and removed. Following this, the four-factor 

measurement model was respecified with Symbol Search removed. Figure 18 shows the 

standardised parameter estimates for the respecified four-factor measurement model of 

empathising-systemising-verbal-spatial ability. 
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Figure 18  Respecified four-factor independent-cluster model for empathising, 

systemising, verbal and spatial abilities 

 

The respecified empathising-systemising-verbal-spatial independent-cluster 

measurement model has the following fit statistics: χ2 (37) = 50.78, p = .07; χ2/df = 1.37; 

RMSEA = .04; SRMR = .038; CFI = .98, TLI = .98. These fit indices all indicate that the 

now respecified empathising-systemising-verbal-spatial measurement model fits the data 

well. All factor coefficients are significant and again range from .20 to .88.  

There are now no standardised residuals over two and the highest intercorrelation 

between latent constructs remains between systemising and spatial ability however all the 



 

 

146 

latent constructs are moderately or highly correlated. Consistent with the previous models 

in this chapter, the structure coefficients for the respecified Empathising-Systemising-

Verbal-Spatial ability model suggest that although the direct effects (pattern coefficients) of 

the indicators on their respective constructs are appropriate (all indicators load significantly 

and of a sufficient magnitude) again we are seeing sizeable indirect effects of some latent 

constructs on others. This reinforces the possible influence of a general intelligence factor 

that was hinted at previously in this chapter through the meditational analyses and 

emphasis the need to control for this factor in order to capture the true nature of the 

relationships between Empathising, Systemising, Spatial and Verbal abilities and the other 

key variables of interest in this thesis. 

 

Table 26  Factor pattern and structure coefficients for the respecified spatial and 

verbal ability, systemising and empathising model 

 SPATIAL VERBAL SYSTEMISING EMPATHISING 

 P S P S P S P S 

Picture Completion .66 .66 0a
 .52 0a

 .63 0a
 .47 

Matrix Reasoning .73 .73 0a
 .58 0a

 .70 0a
 .53 

Information 0a .68 .86 .86 0a .56 0a .68 

Similarities 0a .66 .84 .84 0a .55 0a .67 

Vocabulary 0a .69 .88 .88 0a .58 0a .70 

Verbal Fluency 0a .16 .20 .20 0a .13 0a .16 

Block Design 0a .84 0a .57 .88 .88 0a .47 

Mental Rotation 0a .60 0a .41 .62 .62 0a .33 

MECS Empathy 0a .30 0a .33 0a .22 .42 .42 

Bryant Empathy 0a .25 0a .27 0a .18 .34 .34 

Emotion Recognition 0a .38 0a .42 0a .28 .53 .53 

 
Note. P = pattern coefficient; S = structure coefficient. 
a. Parameters fixed at reported levels in specifying the model (absence of pathways drawn between these variables) 
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Discussion 

The aim of the current chapter was to examine the relationship between 

performance-based indices of empathising and systemising when g is held constant, and 

to assess the discriminant validity between empathising, systemising, verbal and spatial 

ability domains. 

Given the hypothesis that the covariation between empathising and systemising is 

the result of g, it was predicted that; 

1. The significant positive correlation between the empathising and 

systemising domains would be reduced when either measure of general 

intelligence was controlled for. Previous research would predict the 

relationship between empathising and systemising to be weak and negative 

or not present. 

Both mediation analyses above show that regardless of which technique is used to 

estimate g, the positive relationship between indices of empathising and systemising is 

fully mediated by an underlying general intelligence factor. After both mediations the 

relationship between empathising and systemising is reduced to a small positive, but non-

significant, correlation.   

It was also predicted that; 

2. Empathising, systemising verbal and spatial measures would successfully 

identify their respective latent constructs. 

3. Empathising, systemising, verbal and spatial constructs will display 

discriminant validity, with measures being most strongly related to their 

respective domains. Although latent constructs representing these domains 

may be correlated, discriminant and distinguishable constructs will 

demonstrate that the empathising, systemising, verbal and spatial domains 

consist of unique and distinct components. 
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The prediction of distinct empathising and systemising constructs was supported. 

The two-factor independent cluster model examining empathising and systemising abilities 

using measures traditional assessing these domains was found to successfully fit the data. 

Again we see a positive correlation between the empathising and systemising domains 

which the mediation analyses earlier in this chapter suggest is an artefact of an underlying 

g factor in performance-based measurement. 

The prediction of discriminant validity between empathising, systemising, verbal 

and spatial constructs was not supported despite the four-factor model of empathising, 

systemising, verbal and spatial abilities fitting the data well. All four constructs were 

correlated with particularly high correlations between systemising and spatial ability and 

verbal and empathising ability. Again, g may be at work here and result in the high 

intercorrelations between these domains. However there remains the issue of a lack of 

many currently available empathising measures that are not heavily reliant on verbal 

ability. Thus, when attempting to detect individual differences in empathy, individual 

differences in verbal ability may be confusing the picture. Similarly, the line between 

systemising and spatial abilities remains blurry, particularly when trying to measure 

systemising in children, a population for which there are few (if any) performance-based 

measures of systemising that are predominantly free from a spatial component. The high 

intercorrelation between the systemising and spatial latent constructs suggests that, 

although these domains are theoretically dissociable, at this stage they appear very similar 

psychometrically. 

 

Conclusions 

The current chapter has shown that; 

1. As suggested by the analyses in the previous chapter, the positive 

relationship between performance-based measures of empathising and 

systemising is fully mediated by the influence of an underlying g factor. 
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2. Empathising, systemising, verbal and spatial abilities are difficult to 

dissociate from each other psychometrically. 

A question mark remains over the true separability of the spatial and systemising 

domains, and the verbal and empathising domains. However, what is evident from the 

current and preceding chapters is that to gain a clear picture of the precise nature of sex 

differences in psychological functions, particularly in a developing population, and the 

relationships between the key variables of interest here, there are a number of variables 

that need to be accounted for in order to clarify this picture. This thesis has examined 

individual elements of this question whilst controlling for things like age and an underlying 

g factor. However, in order to truly elucidate the relationships between empathising, 

systemising and the 2D:4D, the variables of interest in this thesis, it appears that it is 

necessary to control for variables like general intelligence, age and the influences of verbal 

and spatial abilities. Structural equation modeling makes this possible. The following 

chapter will use structural equation modeling to examine the relationships between 

empathising, systemising, and the 2D:4D whilst concurrently examining their relationships 

with age, general intelligence and verbal and spatial abilities. Using structural models to 

examine these relationships also allows measurement error and the covariance of these 

domains to be accounted for. 

The key point of interest in this modelling will be the relationship between sex and 

empathising and systemising abilities when age, g, verbal and spatial abilities are 

accounted for, and whether this relationship is mediated by the proximal indicator of 

prenatal testosterone, the 2D:4D ratio. However, also of interest will be the relationships 

between the systemising and spatial, and empathising and verbal domains and the degree 

to which they can be discriminated when g and age are taken into account. 
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Chapter 6   STRUCTURAL EQUATION MODELING OF THE RELATIONSHIPS 

BETWEEN EMPATHISING, SYSTEMISING AND THE 2D:4D 
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The preceding chapters of this thesis show that to determine the nature of 

relationships between empathising, systemising and the 2D:4D, it is necessary to control 

for the confounding influence of other variables. This thesis has examined individual 

elements of this question whilst controlling for things like age and an underlying g factor. 

The previous chapters also show that to further examine how empathising and systemising 

manifest, and whether they can be dissociated from spatial and verbal abilities when 

assessed by performance-based measures, it is necessary to taken into account the 

relationship between all four domains. However, in order to fully elucidate the relationships 

between empathising, systemising and the 2D:4D (the primary variables of interest in this 

thesis) it is now clear that it is necessary to control for variables like g, age and their 

covariance with verbal and spatial abilities simultaneously. Structural equation modeling 

makes this possible and using this technique allows for both measurement error and 

covariance between latent variables to be accounted for. This chapter will use structural 

equation modeling to examine the relationships between empathising, systemising, and 

the 2D:4D whilst simultaneously controlling for the influence of age, g, verbal and spatial 

abilities.  

 

What is structural equation modeling? 

Structural equation modeling (SEM) is a statistical technique designed to examine 

and estimate the hypothetical predictive relationships between a number of variables of 

interest. SEM uses a combination of two statistical techniques; path analysis, to examine 

the structural relationships between variables, and factor analysis to measure theoretical 

latent constructs. Although similar in purpose to multiple regression, SEM has the power 

take into account modeling of interactions, nonlinearities, correlated independents, 

measurements error, correlated error terms, and multiple latent independents each 

measured by multiple indicators. 

Particularly relevant to the questions being addressed in this thesis, SEM has the 
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advantage of using confirmatory factor analysis to construct latent variables representative 

of the empathising, systemising, verbal and spatial domains (as was seen in Chapter 5). 

This allows the user to account for measurement error in the measures used to define the 

latent construct and thus model relationships between these constructs after accounting 

for this error. Similarly, there are advantages to testing models overall rather than 

individual elements and the ability to model mediating variables like 2D:4D, the ability to 

model error terms. A particular advantage to using SEM is the ability to test alternative 

models and compare their ability to explain a set of data using assessments of model fit. In 

this chapter alternative models will be tested to examine the mediating effects of 2D:4D on 

the relationship between sex and empathising and systemising whilst simultaneously 

accounting for the contributions of age, g, verbal and spatial abilities. The key index of the 

suitability of alternative models in this chapter will be a combination of model fit and 

changes in parameter values of variables in the mediation portion of the model diagrams. 

 

Aims and hypotheses 

After the successful confirmatory factor analyses of the measurement models in 

the previous chapter, it is now possible to use path analysis to examine the structural 

relationships between the identified empathising and systemising latent constructs and 

other variables of interest in this thesis. Using SEM it is possible to examine one of the 

principal elements of Baron-Cohen’s theory, that sex differences in empathising and 

systemising are a consequence of differences in prenatal testosterone concentration. 

Analyses from Chapters 4 and 5 suggest that whilst holding g and age effects constant, 

sex will significantly negatively relate to systemising abilities and be significantly positively 

related to empathising abilities. The first model specified in this chapter will tease apart the 

relationships between sex and empathising and systemising whilst simultaneously 

controlling for age and g.  

Following this, a second model will be tested that includes 2D:4D as a mediating 
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variable in the relationships between sex and empathising and systemising with g and age 

again accounted for. Baron-Cohen’s theory states that sex differences in psychological 

functions can be categorised as differences in the relative balance of empathising and 

systemising abilities, and that this relative balance is a consequence of prenatal 

testosterone concentrations. Baron-Cohen’s theory proposes that biological sex and an 

‘opposing’ sex brain-type are not mutually exclusive, only that males have a male brain-

type (and vice-versa) more frequently due to the typical manifestation of prenatal 

hormones in utero. Thus it is hypothesised that prenatal testosterone concentration, 

indicated by the 2D:4D, would mediate the relationships between sex and empathising and 

systemising. 

The preceding analyses in this thesis suggest that, although not consistently 

exhibiting the expected sex differences in performance (Chapter 3), the verbal and spatial 

domains have very strong relationships with empathising and systemising respectively 

(Chapter 5). Structural equation modeling will also be used examine whether the 

relationships between 2D:4D, age, g and empathising and systemising are influenced by 

the verbal and spatial domains. The possibility that any relationships between 

empathising, and g, age, and 2D:4D are influenced by verbal abilities will be examined by 

specifying a model in which verbal abilities mediates these relationships. A similar model 

will also be specified to examine the mediating influence of spatial abilities on the 

relationships between systemising, and g, age, and 2D:4D. It is hypothesised that the 

verbal and spatial domains will mediate any age or g relationships with empathising and 

systemising respectively, however the verbal and spatial domains will have no influence on 

the relationships between empathising and systemising and the 2D:4D. 

 

Method 

Participants 

Participants were 222 children with an average age of 8.37 years, 115 of which 
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were boys and 107 girls. Detailed information regarding these participants is provided in 

Chapter 2. 

 

Tasks 

All measures in this chapter are described in full in Chapter 2. Again the raw scores 

of each measure were used in this chapter rather than the scaled scores. This was 

necessary as not all the measures used in this thesis are scaled and adjusted for age. The 

empathising, systemising, verbal and spatial measures in this chapter were treated as 

indicators of their respective latent variable constructs and are summarised below; 

 

Empathising indicators 

� Murdoch Empathy Children’s Scale – a verbally-based measure of complex 

emotion and mental state comprehension. The MECS produces a single index 

score with a maximum total of 108 possible. 

� Emotion Recognition Task – a computerised task that assess a child’s ability to 

identify emotion and mental state expressions. Twenty stimuli are presented and 

total scores indicate the percentage of correct responses. 

� Bryant Empathy Questionnaire – a self-report measure of empathising behaviours 

and preferences. This questionnaire consists of 22 questions with a maximum 

score of 22 and higher scores reflecting ‘greater’ empathy. 

Systemising indicators 

� Block Design – measures spatial perception, visual abstract processing and 

problem solving using red-and-white blocks to replicate a 2-dimensional pattern. As 

this is a WISC-IV subtest scores adjusted for age were calculated however the 

original raw scores were used as scaled scores were not available for other 

measures of empathising and systemising. The Block Design subtest produces a 

single raw score with a maximum of 68 that includes points awarded in the event of 
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a time bonus on individual trials. 

� Mental Rotation test - a measure of both two-dimensional and three-dimensional 

rotation ability using letter, abstract figure and cubical structure stimuli. A total 

score of the 70 trials is given as a percentage of the total number of correct trials. 

Verbal indicators 

� Information subtest of the WISC-IV – orally-presented questions that assess a 

child’s knowledge about common events, objects, places and people. Correct 

responses are awarded one point with a maximum possible score of 33. 

� Similarities subtest of the WISC-IV – a measure of abstract verbal reasoning in 

which a child explains the similarity between two objects or concepts. Responses 

are scored between zero and two points on the basis of accuracy and degree of 

elaboration of a response with a maximum possible score of 44. 

� Vocabulary subtest of the WISC-IV – a measure of verbal comprehension and 

expression in which the child orally defines words. Responses are awarded 

between zero and two points with a maximum of 68 points possible. 

� Verbal Fluency - a measure of how many related members of a specific category a 

child can verbally name within a limited time-period. The total raw score is the sum 

of appropriate and unique responses provided by a child for two categories. 

Spatial indicators 

� Picture Completion – measures a child’s ability to quickly perceive visual details. 

One point is awarded for correct identification of the missing feature in each trial 

with a maximum total raw score of 38 possible. 

� Matrix Reasoning – measures abstract problem solving and perceptive reasoning 

by asking the child to complete incomplete matrices of increasing complexity. One 

point is awarded for each correct identification of the missing matrix segment with a 

maximum score of 35. 
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Control variables 

� Age – the chronological age of each child. 

� The Cattell Culture Fair Intelligence Test – a non-verbal index of fluid intelligence 

that measures inductive reasoning and perception of relationship between figures 

and shapes. The Cattell Culture Fair consists of four subtests. Correct responses 

are summed to calculate a total raw score across the four subtests with maximum 

possible raw score of 46. In this chapter the individual subtest scores will be used 

as indicators for a general intelligence latent construct rather than the total raw 

score. In order to represent the Cattell Culture Fair as a latent construct indicated 

by its four subtests and test the stability of this construct, a one-factor congeneric 

model with the four subtests as indicators was specified. Figure 19 shows the 

parameter estimates of the one-factor congeneric model of the Cattell Culture Fair. 

 

Figure 19 One-factor congeneric model with parameter estimates of the Cattell 

Culture Fair Intelligence Test. 

  

The Cattell Culture Fair one-factor model has the following fit statistics: χ2 (2) = 

2.76, p = .251; χ2 /df = 1.38; RMSEA = .04; SRMR = .02; CFI = .99; TLI = .99. These fit 

indices all suggest that the one-factor congeneric model for verbal ability successfully fits 

the data. The eigenvalues of the model also suggest that the one-factor latent construct 
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representative of the Cattell is appropriate. 

Other variables of interest 

� Right 2D:4D – a putative proximal marker of prenatal testosterone levels - the ratio 

of the length of the second (index) finger by the fourth (ring) finger of the right hand 

was used in this chapter. 

� Sex – the biological sex of each child. For these analyses, males are coded as 0 

and females are coded as 1. 

 

Analysis 

SEM was conducted using AMOS 17 software to investigate the relationships 

suggested by previous analyses between sex, empathising, systemising and 2D:4D whilst 

controlling for age, g, verbal and spatial abilities. Latent variables for empathising and 

systemising were constructed in the previous chapter and these latent constructs were 

found to display some discriminant validity between each other, as well as from verbal and 

spatial ability. 

As in the previous chapter, and consistent with recommendations from Hu and 

Bentler (1999) the measures of goodness-of-fit reported are the chi-square (χ2) statistic, 

normed chi-square (χ2 / df), the Root-Mean Square Error of Approximation (RMSEA), 

standardised Root Mean-square Residual (SRMR), the Comparative Fit Index (CFI), and 

the Tucker-Lewis index (TLI). For successful model fit the following criteria must be met: a 

non-significant χ2 statistic, a normed χ2 between 1 and 3, an RMSEA value less than .05 

(however less than .08 is acceptable), SRMR values less than .05, CFI values greater than 

.95, and TLI values greater than .95. However, the purpose of the modeling in this chapter 

is primarily to estimate the size and significance of parameters rather than to test model fit 

per se. 
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Results 

Information regarding descriptive statistics, missing values analysis, normality and 

outliers is presented in the previous chapter. 

 

Sex, empathising and systemising 

The first model examines the hypothesised relationship between sex and 

empathising and systemising with the added advantage of simultaneously controlling for 

the influence of g and age. This model is presented in Figure 20. Ellipses represent latent 

variables, and rectangles represent observed variables. Absence of a line connecting 

variables indicates a hypothesis that there will be no direct relationship between these 

variables. For the sake of clarity and ease of interpretation, subsequent model figures will 

not display the indicators of latent variables. Paths are considered significant when p < 

.001.  

The primary focus in these model diagrams is the area enclosed by the dotted red 

line (see Figure 20) that will, in later models, contain the mediation portion of each model. 

Specifically of interest are any changes in the parameter values of these effects when the 

2D:4D mediator variable is introduced. The model below describes the relationships 

between sex and empathising and systemising whilst also accounting for the influence of 

age and g on these domains. No lines were drawn between sex and either age or g in the 

models presented in this chapters as there were no hypothesised relationships between 

these variables. However, a model not presented here was specified with relationships 

between sex and age and sex and g in order to check for possible suppressor 

relationships between these variables. No relationships were found between sex and age 

or sex and g, and for the purposes of clarity these variables were identified as unrelated in 

the models specified in this chapter. 
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Figure 20 Structural equation model specifying relationships between sex and 

empathising and systemising dimensions whilst controlling for the influence of g and age 

 

The above model was successfully run in AMOS and produced the following fit 

indices: χ2(39) = 70.55, p< .005; χ2/df = 1.81; RMSEA = .06; SRMR = .05; CFI = .95; TLI = 

.92. Although the chi-square statistic is significant and the TLI just below the acceptable 

level, the remaining indices were considered to adequately meet the previously stated 

criteria of reasonable model fit. Parameter estimates are shown on the model in Figure 21. 

All paths were significant. There are significant positive relationships between both age 

and g and the empathising (age → empathising = .35; g → empathising = .46) and 

systemising (age → systemising = .35; g → systemising = .61) latent constructs. 

Importantly, the paths between sex and empathising (.48), and systemising (-.16) are also 

significant with the path between sex and empathising being stronger. Recall that sex was 

coded as male = 0 and female = 1 and it is apparent that in support of Baron-Cohen’s 

predictions, and previous analyses of this thesis, higher systemising is associated with 
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being male and higher empathising is associated with being female, even when age and g 

are accounted for. 
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Figure 21  Structural equation model with parameter estimates specifying relationships 

between sex and empathising and systemising dimensions whilst controlling for g and age 

 

Are sex effects on empathising and systemising mediated by 2D:4D? 

A second model was then specified to examine Baron-Cohen’s proposition that 

these relationships between sex and empathising and systemising are mediated by 

differences in prenatal testosterone concentration, indicated by the 2D:4D. As in the 

previous model, the influence of age and g on empathising and systemising are accounted 

for. This model is presented in Figure 22. Of interest are the changes, if any, in the 

parameter estimates of the paths between sex and systemising and sex and empathising. 

If the relationship between sex and systemising or sex and empathising is mediated by the 
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2D:4D, the significant parameter estimates for the sex → systemising and sex → 

empathising paths would be reduced to non significant values. At the same time, the 

parameter estimates of the paths between sex and 2D:4D, and between sex and both 

systemising and empathising must be significant for the sex effects on empathising and 

systemising to be mediated by the 2D:4D. 

SYSTEMISING
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2d4d

Age

g

Sex

 

Figure 22  Structural equation model specifying the mediating influence of 2D:4D in 

the relationships between sex and empathising and systemising dimensions 

 

The above model was successfully run in AMOS and produced the following fit 

indices: χ2(47) = 81.76, p< .005; χ2/df = 1.74; RMSEA = .06; SRMR = .05; CFI = .94; TLI = 

92. Again, the fit indices are mixed. As in the previous model, the chi-square statistic is 

significant, similarly the CFI and TLI are just below the cut-off criteria specified by Hu and 

Bentler (1999). However the normed chi-square, RMSEA and SRMR are considered 

adequate. Parameter estimates are shown on the model in Figure 23. Again there are 
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significant positive relationships between both age and g and the empathising (age → 

empathising = .35; g → empathising = .46) and systemising (age → systemising = .36; g 

→ systemising = .61) latent constructs. As expected there is also a significant positive 

relationship between sex and the 2D:4D (.28) meaning that ‘higher’ sex (i.e. being female) 

is associated with higher 2D:4D. Critically, the relationships between sex and empathising 

and sex and systemising are not mediated by the 2D:4D in this model. With the inclusion 

of the 2D:4D as a mediating variable, the paths between sex and empathising (.45) and 

sex and systemising (.-17) remain significant. These parameters are almost unaltered from 

their values in the previous unmediated model (see Figure 21; sex → empathising = .48; 

sex → systemising = -.16). Not only this, and despite the significant path between sex and 

2D:4D, the paths between 2D:4D and both empathising (.08) and systemising (.07) are 

very small and not significant, indicating that the 2D:4D does not even partially mediate 

sex effects on either empathising or systemising. As a result, the hypothesis that sex 

differences in empathising and systemising are a consequence of its actions on prenatal 

testosterone concentrations indicated by the 2D:4D is not supported. Although the 

expected relationships between empathising, systemising and the 2D:4D were not found 

here the relationships that were found between these domains and sex will continue to be 

examined in the following models of this chapter. Rather than examining the mediating 

influence of verbal/spatial abilities on the relationships between empathising/systemising, 

and g, age, and 2D:4D, it is now hypothesised that the verbal and spatial domains will 

mediate any age or g relationships with empathising and systemising respectively, 

however the verbal and spatial domains will have no influence on the relationships 

between empathising and systemising and sex.  
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Figure 23  Structural equation model with parameter estimates specifying the 

mediating influence of 2D:4D in the relationships between sex and empathising and 

systemising dimensions 

 

Discriminating between empathising and verbal ability 

Analyses from the preceding chapter in this thesis (Chapter 5) showed that both 

empathising and systemising were highly covaried with verbal and spatial abilities 

respectively. Although both empathising and systemising displayed some unique elements 

distinct from verbal and spatial abilities, it is important to distinguish where the unique and 

shared components lie in relation to age, g, and sex influences.  At times the distinction 

between what constitutes verbal ability and empathising, or spatial ability and systemising 

can seem arbitrary so it is necessary to examine how much the verbal and spatial domains 

contribute to empathising and systemising respectively. In this way it may be possible to 

tease apart the issue of primacy between verbal abilities and empathising and spatial 
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ability and systemising, as it relates to age, g, and sex.  Firstly, a model will be specified to 

examine the position of verbal abilities in the relationships between g, age, sex and 

empathising. As was seen above in Figure 23, empathising exhibited significant 

relationships with age, g, and sex. The verbal ability construct will be used as a mediating 

variable between empathising and age, g, and sex to examine the extent of the covariance 

between these domains. This model is represented in Figure 24. If the pathways between 

empathising and g, age or sex become non-significant in this model, and the pathway 

between the verbal and empathising constructs is significant and sizeable, then this points 

to the possibility that the empathising domain possess little that is distinct from verbal 

ability.  

Sex

Age

g

EMPATHISINGVERBAL

 

Figure 24 Structural equation model specifying the possible mediating influence of 

verbal ability on the relationships between g, age, sex and empathising 

 

The above model produced the following fit indices: χ2(59) = 109.36, p< .001; χ2/df 

= 1.85; RMSEA = .06; SRMR = .07; CFI = .95; TLI = .93. Parameter estimates are 

indicated on the model in Figure 25 and only significant pathways are shown on this 
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model. The significant positive pathways between empathising and g (.46) and age (.35) 

seen in Figure 23, are reduced to non-significant levels in this model. However, the 

significant pathway between sex and empathising remains at the same time that no 

significant correlation appears between sex and verbal abilities. As was suggested by the 

measurement models produced in Chapter 5, the strong significant relationship between 

empathising and verbal abilities remains. Although the prior relationships between 

empathising and age and g appear to be mediated by verbal abilities, Figure 25 shows 

there is a distinct component of empathising that exhibits a significant relationship with sex 

and that does not involve verbal ability. 

Sex

Age

g

.42

.94

EMPATHISING

.51

VERBAL

.49

.34

.73

.55

 

Figure 25 Structural equation model with parameter estimates showing the mediating 

influence of verbal ability on the relationships between g, age and empathising 

 

 

Discriminating between systemising and spatial ability 

As was the case with the verbal and empathising domains, analyses from Chapter 

5 showed that systemising was very highly covaried with spatial abilities. Indeed the basis 

for discrimination between the spatial and measureable aspects of systemising is 
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ambiguous. Like the previous models examining the empathising and verbal constructs, 

the model in Figure 26 will examine the possible mediating influence of spatial abilities in 

the relationships between g, age, sex and systemising.  As was seen above in Figure 23, 

systemising exhibited significant relationships with age, g, and sex. The spatial ability 

construct will be used as a mediating variable between systemising and age, g, and sex to 

examine the extent of the covariance between these domains. This model is represented 

in Figure 26. If the pathways between systemising and g, age or sex become non-

significant in this model, and the pathway between the spatial and systemising constructs 

is significant and sizeable, then this would indicate that the systemising domain possess 

little that is distinct from spatial ability. 

SYSTEMISINGSPATIAL

Sex

Age

g

 

Figure 26 Structural equation model specifying the possible mediating influence of 

spatial ability on the relationships between g, age, sex and systemising 

 

The model shown above in Figure 25 was attempted in AMOS and negative 

variance estimates were produced for the residuals of both the spatial and systemising 

latent constructs. The SRMR index could not be calculated and the model was possibly 
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unidentified. The negative variance estimates were thus constrained to zero and a non-

significant path between sex and the spatial construct (sex → spatial = .00) was removed. 

The resulting model (showing significant parameter estimates) in Figure 27 produced the 

following fit indices: χ2(33) = 77.59, p< .001; χ2/df = 2.35; RMSEA = .08; SRMR = .05; CFI 

= .94; TLI = .92.  

The significant positive pathways between systemising and g (.61) and age (.36) 

seen in Figure 23, are both reduced in this model however, only the pathway between 

systemising and age is reduced to a non-significant level. As well as this significant 

pathway between systemising and g (.41), the pathway between systemising and sex (-

.18) also remains significant. As the measurement models produced in Chapter 5 

suggested, the strong significant relationship between systemising and spatial abilities 

remains. Although the prior relationships between systemising and age appear to be 

mediated by spatial abilities, Figure 27 shows that systemising has relationships with both 

sex and g that are distinct from the spatial domain. 
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Figure 27 Structural equation model with parameter estimates showing the mediating 

influence of spatial ability on the relationships between g, age and systemising 

  

Discussion 

In this chapter SEM was employed to examine the precise nature of empathising 

and systemising and their relationships with sex and 2D:4D whilst simultaneously 

accounting for potentially confounding influences from a number of variables. Also the 

discriminability of the verbal, spatial, empathising and systemising domains was further 

examined using SEM. 

The first model specified in this chapter examined the relationships between sex 

and empathising and systemising whilst simultaneously controlling for age and g. It was 

hypothesised that whilst holding g and age effects constant, sex would significantly 

negatively relate to systemising abilities and be significantly positively related to 

empathising abilities. The significant parameter estimates between sex, empathising and 

systemising supported this and this model confirmed the suspected sex differences in the 

empathising and systemising dimensions. 
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A second model was then specified that included 2D:4D as a mediating variable in 

the relationships between sex and empathising and systemising with g and age again 

accounted for. Following the predictions from Baron-Cohen’s theory, it was expected that 

prenatal testosterone concentration, indicated by the 2D:4D, would mediate the 

relationships between sex and empathising and systemising. Analyses in Chapter 4 

indicated a potential relationship between empathising and 2D:4D however the parameter 

estimates in this model between 2D:4D, empathising and systemising were not significant 

even when potential confounding influence from age and g were controlled. The pathways 

between sex, empathising and systemising however remained significant. This suggests 

that the relationship between 2D:4D and empathising found in Chapter 4 is a consequence 

of 2D:4Ds relationship with sex and not the other way around as Baron-Cohen’s theory 

proposes.  

Analyses from preceding chapters suggested a great deal of covariance between 

verbal ability and empathising, and spatial ability and systemising. As the expected 

relationships between 2D:4D and empathising and systemising were not supported, the 

possibility that any relationships between empathising or systemising, and g, age, and 

2D:4D were mediated by verbal or spatial abilities respectively could not be examined. 

Rather, the relationships found between empathising, systemising and sex, were 

examined instead. It was then hypothesised that the verbal and spatial domains would 

mediate any age or g relationships with empathising and systemising respectively, 

however the verbal and spatial domains would have no influence on the relationships 

between empathising, systemising and sex.  

In regards to empathising, and as expected, verbal ability did indeed mediate the 

influence of age and general intelligence on empathising. At the same time, verbal ability 

exhibited a high positive correlation with empathising (.73) indicating that what we are 

measuring in this empathising construct consists of a great deal of verbal ability. Although 

it is difficult to isolate the measurement of empathising without a verbal component, the 
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distinction between these domains is indicated by the expected significant relationship 

between sex and empathising that is not mediated by verbal ability. Although the verbal 

and empathising domains are highly related, there is an element of empathising unique 

from verbal ability that has a particular relationship to sex. 

A somewhat similar result was found for systemising and spatial ability. Once again 

the spatial construct mediated the influence of age on systemising ability, indicating that 

age related differences in systemising are a consequence of developmental progression in 

spatial ability. Where empathising and systemising differ however is that spatial ability only 

partially mediates the influence of g on systemising, reducing the pathway between the g 

and systemising from .61 to .41 yet remaining significant. What the model in Figure 27 

indicates is that there is a unique relationship between g and systemising that is distinct 

from the relationship between g and spatial ability. What this relationship is can only be 

speculated at this point but it could be that the rotational elements of Block Design and 

mental rotation that distinguish these as systemising measures rather than more general 

spatial measures could place unique demands on general intelligence, resulting in only 

partial mediation via spatial abilities here. This relationship between g and systemising has 

also reduced the size of the relationship between the systemising and spatial domains 

however it still remains significant and strong, demonstrating the continued difficulty in 

psychometrically distinguishing between these two domains. However, as was the case 

with empathising, systemising exhibits a significant negative relationship with sex that is 

not found between sex and spatial ability. Once again, there is an element of systemising 

that is unique from spatial ability but that has a particular relationship to sex. 

The models in this chapter indicate that, contrary to the predictions of Baron-

Cohen’s theory, the sex differences in empathising and systemising observed in this 

typically developing population are not a consequence of differences in 2D:4D. Sex 

appears to make a unique contribution to empathising and systemising that is independent 

of its relationship to the 2D:4D and independent of both verbal and spatial abilities 
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respectively. There are also no sex effects on either the verbal or spatial latent constructs, 

however these constructs make large contributions to empathising and systemising 

respectively. Verbal and spatial abilities were also found to mediate the influence of age on 

empathising and systemising, as well as fully and partially mediating the influence of g on 

empathising and systemising respectively. What these models suggest is that empathising 

and systemising each possess a component that is unique from the influences of g, verbal 

and spatial abilities and is directly related to sex rather than the 2D:4D. Whether there is 

another variable, other than 2D:4D, that mediates this relationship between sex and 

empathising and systemising cannot be determined here. A question also remains over 

whether it is possible to filter the unique elements of empathising and systemising abilities 

away from the verbal and spatial domains however this may boil down to a measurement 

issue as current measures of empathising and systemising in any age group, but 

particularly in children, are largely centred around verbal and spatial stimuli. 
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Chapter 7   GENERAL DISCUSSION 
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Baron-Cohen’s Empathising-Systemising theory (Baron-Cohen, 2003) posits that 

two personality dimensions or factors explain the social and non-social features of autism 

spectrum conditions as well as sex differences in psychological functioning. Baron-Cohen 

argues that differences in the relative balance of empathising and systemising tendencies 

drives the differences in behaviours between males and females, and between typically 

developing populations and individuals with autism spectrum conditions. Baron-Cohen 

also argues that relative differences in systemising and empathising do not equate to 

differences in intelligence (Baron-Cohen, 2005), but that these domains may drive interest, 

motivation and performance in a variety of psychological functions. A fundamental 

biological mechanism thought to be at the root of this relative balance in dimensions is 

prenatal testosterone. The prenatal period of testosterone secretion is thought to produce 

a neurological basis for the differential psychological styles typically exhibited between 

males and females. 

This thesis examined the manifestation of these psychological profiles in typically 

developing children and their potential relationship with a proximal marker of prenatal 

testosterone concentration, the second-to-fourth digit ratio (2D:4D). Much of the literature 

and research into the E-S theory of sex differences is dominated by self-report and 

behavioural measures thought to reflect the empathising and systemising domains. This 

thesis is the first comprehensive analysis of Baron-Cohen’s theory using predominantly 

performance-based measures of the empathising and systemising dimensions. Part of the 

goal of this thesis was to investigate the suitability of using the empathising and 

systemising dimensions as a more appropriate typology of sex differences than the 

traditional verbal-spatial distinction. The independence and orthogonality of the 

empathising and systemising dimensions was also investigated as well as the possibility 

that any correlation between these domains is a confound with g as a consequence of 

using performance-based measures. 

A number of verbal, spatial, empathising, systemising and general intelligence 
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measures were administered to 222 typically developing children as well as 2D:4D 

measurements being taken.  The mean age of participating children was 8.37 years 

(standard deviation 1.06 years) with 51.80 percent of the sample being male. A median-

split was also used to create ‘young’ and ‘old’ groups with the median age being 7.95 

years. A series of analyses were conducted to investigate the suitability of both the 

verbal/spatial and empathising/systemising categorisation of sex differences in 

psychological functions. These analyses examined the coherency and consistency of sex 

differences in the verbal and spatial domains, sex differences in empathising and 

systemising and their relationships with 2D:4D measurements. The applicability of 

categorising individuals into each of Baron-Cohen’s predicted brain types using 

performance-based measures of empathising and systemising was also investigated. 

These analyses culminated in the use of structural equation modeling to examine the 

relationships between empathising, systemising, age, g, and sex and the influence of 

verbal and spatial abilities in these relationships. 

 

Thesis aims and hypotheses 

Baron-Cohen (2002) proposes the E-S theory as an alternative to the traditional yet 

inconsistent verbal/spatial conceptualisation of sex differences in psychological functions. 

Baron-Cohen’s framework introduces a novel perspective that allows us to examine sex 

differences in psychological functions in children with respect to the contribution and 

interaction of personality and performance abilities traditionally not considered in the 

conventional sex difference literature. 

This thesis aimed to investigate Baron-Cohen’s empathising and systemising 

dimensions using performance-based measures to determine what these domains capture 

and the degree of their relationship to each other, if any. In this way this thesis 

endeavoured to examine whether the empathising-systemising dimensions are a more 

fundamental classification of sex differences in psychological functions than the current 
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consensus, or just another way of talking about the more traditional verbal-spatial abilities 

distinction. 

Baron-Cohen’s theory was thus examined on a number of levels, namely; 

• The presence of a consistent pattern of sex differences in empathising and 

systemising domains compared to the pattern of differences arising 

between verbal and spatial abilities. 

• The orthogonality of these domains and their ability to classify individuals 

into specific ‘brain types’. 

• Their relationship with a proximal marker of prenatal testosterone, the 

2D:4D ratio. 

The analyses within this thesis began with an examination of the conventional 

methods of analysing sex differences in verbal and spatial abilities (Chapter 3). The 

chapters following this examined the empathising and systemising dimensions, sex 

differentiated performance in these dimensions and the brain types predicted by Baron-

Cohen’s theory. Chapter 4 investigated the pattern of sex differences between the 

empathising and systemising domains and the 2D:4D ratio, and the brain types predicted 

by Baron-Cohen that are predicated on the relative balance of these domains. Chapter 5 

examined the necessity for accounting for confounding or contributing factors (like g) when 

using performance-based indicators of empathising and systemising to uncover the nature 

of the relationship between them as well as the discrete nature and possible discriminant 

validity between these domains and verbal and spatial abilities. In Chapter 6 these 

analyses culminated in the use of structural equation modeling to examine the 

relationships between the empathising-systemising dimensions, and sex whilst accounting 

for potentially confounding variables like g, age, and covariance between these domains 

and verbal and spatial abilities. 

This thesis explored a number of hypotheses and predictions arising from the 

Empathising-Systemising theory of sex differences; 
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1. The E-S theory is more fundamental to sex differences than the more 

traditional verbal and spatial distinction. Consequently the sex effect would 

be larger and clearer for the empathising and systemising domains than for 

the verbal and spatial domains. 

2. Performance-based indices of empathising and systemising would be 

significantly positively and negatively related to a proximate marker of 

prenatal testosterone, the 2D:4D, respectively. 

3. Aeuyung (2009) analysed the Empathising and Systemising brain types 

proposed by Baron-Cohen using parent-report behavioural information. The 

techniques used by Goldenfeld (2005) were replicated in this thesis and the 

empathising and systemising dimensions were indexed using performance-

based measures. It was predicted that the proportion of individuals 

classified as having each of Baron-Cohen’s brain types in the previous 

studies using self- and parent- report would be replicated here. It was also 

predicted that more females would exhibit the Empathising brain type (Type 

‘E’; greater empathising ability relative to systemising ability) and more 

males would exhibit the Systemising brain type (Type ‘S’; greater 

systemising ability relative to empathising ability). 

4. After controlling for the influence of general intelligence, there would be no 

significant correlation between performance-based indices of empathising 

and systemising. 

5. The empathising, systemising, verbal and spatial domains would 

successfully identify representative latent constructs and also display 

discriminant validity from each other, possessing both shared and unique 

components. 

6. Structural equation modeling would be used to elucidate the relationships 

between empathising, systemising and the 2D:4D whilst simultaneously 
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accounting for influences of other variables like g, age and verbal and 

spatial abilities. It was predicted that, in support of Baron-Cohen’s E-S 

theory, when age, g, verbal and spatial abilities were accounted for, any 

relationships between sex and empathising and systemising would be 

mediated by 2D:4D, a proximal marker of prenatal testosterone 

concentrations.  

 

Sex differences in psychological functions 

Chapters 3 and 4 examined sex differences in the conventional verbal and spatial 

abilities and general intelligence as well as Baron-Cohen’s empathising and systemising 

domains. Despite some claims to the contrary in the literature (Lynn, 1999), no differences 

in general intelligence were predicted. In line with the long-established view of observable 

sex differences in verbal and spatial abilities, it was predicted that females would, on 

average, perform better at verbal measures and males would, on average, perform better 

at spatial measures.  

 Aligned with the findings of previous research, no significant sex differences were 

found in general intelligence in this thesis. A small effect size indicating some advantage 

for ‘older’ females for the Cattell may lend support to Richard Lynn’s theory of accelerated 

development in girls after age 8. However, this sudden increase in female performance 

levels between ‘young’ and ‘old’ groups is seen in only one other measure, the Matrix 

Reasoning subtest of the WISC. Similarities are evident between these tasks in their 

spatial and inductive reasoning components, the latter of which has been found to exhibit 

female advantages in performance (Colom et al., 2002). However the lack of substantial 

developmental shifts in performance for all other tasks suggests that Lynn’s differential 

maturational trajectories are not likely to be present, particularly when other measures 

either maintain a male advantage across age groups or swing from a female advantage in 

the ‘younger’ group to comparable performance between males and females in the ‘older’ 
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group. 

Chapter 3 also showed that there is no consistent pattern of sex differentiated 

performance for verbal and spatial abilities. Within both of these domains differing patterns 

of male and female advantage were seen. Indeed the largest male advantage in these 

measures was for the Information subtest of the WISC-IV. Unexpectedly, males exhibited 

superior performance in this test. Similarly a small male advantage was found for the 

Vocabulary subtest of the WISC-IV, again this goes against the predictions that would 

arise from the verbal/spatial classification of sex differences. However these 

inconsistencies have been reported previously and a review by Kimura (1999) suggests 

that there may in fact be no sex differences specifically in the verbal comprehension 

category of the verbal domain. Lynn also presents evidence that males obtain higher 

means than females on the Information subtest of the WISC-IV and Lynn suggests that 

this is a consequence of a male advantage in learned crystallised knowledge, which both 

Vocabulary and Information rely on. Chapter 3 also shows that a small female advantage 

was found for verbal fluency in this thesis and is supported by similar findings in previous 

studies. What makes verbal fluency different from Vocabulary and Information is its fluid 

and generative component. The latter are primarily accessing cumulative acquired general 

knowledge that is accessed and verbally reported while the former is reliant upon novel 

and inductive reasoning between verbally-administered concepts. The Similarities subtest 

of the WISC-IV shows no advantage for males or females and this may be a consequence 

of its being reliant upon both fluid reasoning and crystallised knowledge elements. Both 

the evidence from this thesis and previous research suggests that there is no global 

female advantage in verbal ability, and the strongest evidence of superior performance 

arises in only one specific sub-area of verbal ability. 

Chapter 3 also demonstrated that no male advantages were evident for any of the 

spatial measures chosen and although these tasks are not commonly utilised to validate 

male advantages in spatial abilities, there are published reports of male advantages in 
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these tasks (Colom et al., 2002; Lynn, Raine et al., 2005; van der Sluis et al., 2006). No 

differences between males and females in either age group were found for either the 

Picture Completion or Symbol Search subtests of the WISC-IV. However, as mentioned 

earlier, an unexpected small female advantage was found for Matrix Reasoning from the 

WISC-IV in the ‘older’ group. This mimicked the pattern seen in performance of the Cattell 

Culture Fair. In the case of Matrix Reasoning at least, the spatial component of this task 

may be less pervasive than the inductive reasoning elements and as such the fact the 

females scored higher in this instance is not unusual particularly when the similarities 

between the Cattell Culture Fair and Matrix Reasoning are taken into account. Thus, a 

female advantage in inductive reasoning looks to be a more likely explanation for these 

unexpected female advantages than the suggestion in Chapter 3 of an influence of testing 

environment that affects males and females differently, depending on whether a task is 

administered individually, in pairs or in a mixed-sex group setting. In sum, the much 

claimed sex differences in verbal and spatial abilities do not appear to be robust enough to 

show up in this sample of children. 

The findings from some previous research and preliminary analyses conducted in 

Chapter 3 may point to another form of classifying differences in psychological functions 

between males and females. At the very least it is obvious that the verbal and spatial 

ability distinction of sex differences exhibits an inconsistent presentation of sex-differences 

or that a pattern in performance only exists for specific subareas of these domains. 

Regardless, the verbal and spatial dichotomy is not robust or perhaps no psychologically 

coherent. A possible alternative, yet admittedly post-hoc, interpretation of the pattern of 

sex differences observed in Chapter 3 is that of male and female performance being 

differentiated on the basis of a fluid versus crystallised ability. Essentially this would 

equate to female advantages in tasks requiring inferential reasoning of novel and changing 

stimuli independent of acquired knowledge, while males would exhibit superior 

performance on measures necessitating the use of acquired skills, knowledge and 
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experiential rules. Notably, this is somewhat reminiscent of the underlying principles of 

Baron-Cohen’s E-S theory of sex differences and although it manifests through unique 

dimensions in Baron-Cohen’s theory, the underlying premise is similar. Empathising ability 

is built upon the capacity to deduce, interpret and appropriately respond to novel and 

dynamic social stimuli. On the other hand systemising ability utilises the predictable rule-

based systems acquired through experience and learning. Furthermore, this distinction is 

supported by the consistent pattern of sex differences in measures of empathising and 

systemising found in Chapter 4. 

Sex-differentiated performance was consistently observed between measures of 

empathising and systemising. This shows, at least in this instance, that Baron-Cohen’s E-

S typology predicts a more consistent pattern of sex differences in psychological functions 

than the verbal and spatial ability distinction. Consistent with this and Baron-Cohen’s E-S 

theory, significant sex differences in favour of females were found in the Murdoch Empathy 

Children’s Scale, the Bryant Empathy questionnaire and the Emotion Recognition task. 

The lack of sex difference for Emotion Vocabulary is an anomaly given the strong sex –

differentiated performance seen in the other empathising tasks. However, there is a 

possibility that the anticipated difference between males and females is being confounded 

by the anomalously high verbal ability measured in the males of this sample. There is little 

to distinguish crystallised knowledge of emotion vocabulary from that of non-emotion 

vocabulary and the superior performance of females that has been previously reported for 

emotion vocabulary may arise from the incidence in usage and expression of these terms 

rather than knowledge of their meaning.  Both systemising measures, Block Design from 

the WISC-IV, and the Mental Rotation test, exhibited male advantages across both age-

groups. The difference in favour of males is larger in the ‘older’ group and is further 

argument against Lynn’s idea of accelerated general intellectual maturation in females and 

support for the existing evidence of the early presence of sex differences typically seen in 

adults (Johnson & Meade, 1987). It is important to remember the methodological concerns 
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addressed in Chapter 2 (and discussed in more detail below) in dissociating between 

measures of systemising and spatial ability. It can be argued that these systemising 

measures could also be classified as spatial measures, however their inclusion in the 

group of spatial measures used here would still not result in robust support for the verbal 

and spatial ability distinction and merely reinforces the need for systemising measures that 

do not utilise spatial stimuli. 

Table 27 summarises the measures exhibiting male and female advantages across 

both age groups in this thesis. Although an unexpected mixture of empathising, 

systemising and verbal measures exhibiting male and female advantages is evident, what 

hasn’t previously been considered is the possibility that the verbal ability domain contains 

both empathising and systemising elements and the outcome of this is an inconsistent 

pattern of differences between males and females. A greater male proficiency for 

categorising or ‘systemising’ learned general knowledge could be reflected in their superior 

performance in verbally-articulated measures of general knowledge whereas a female 

proficiency for fluid and dynamic verbal expression and production would explain superior 

performance in measures of verbal fluency. Although traditionally proposed as a domain of 

female advantage, describing the verbal domain in terms of Baron-Cohen’s empathising 

and systemising dimensions could suggest the traditionally-conceived female advantage 

could be misleading. Language is a particularly complex system based on rules and 

regularities that is used within a dynamic and fluid vehicle of expression. Although not 

specifically addressed in Baron-Cohen’s original description of these domains, systemising 

could be a successful strategy of categorising the underlying structure of language while 

skill in empathising would allow for the successful employment of language ability in 

dynamic social settings. Systemising originated from Baron-Cohen’s suggestion of 

superior ‘folk physics’ in males and people with autism, however it may be necessary for 

measurement of systemising to be stretched beyond the predominantly visuo-spatial 

domain. The systemising domain could follow the lead of the piece-meal processing 
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element of Uta Frith’s  (1989) Weak Central Coherence theory which predicts piece-meal 

processing in some verbal tasks as well as the more frequently used visuo-spatial 

measures. However the consistent difference between male and female performance on 

measures of empathising and systemising lends more support to Baron-Cohen’s E-S 

categorisation of sex differences than the traditionally-held view of differences in verbal 

and spatial abilities. 

 

Table 27  Tasks exhibiting consistent male or female advantage across both ‘young’ 

and ‘old’ age groups 

Male advantage Female advantage 

Information (V)  MECS (Emp) 

Vocabulary (V) Bryant (Emp) 

Block Design (Sys) Emotion Recognition (Emp) 

Mental Rotation (Sys)  

 

 

The empathising and systemising dimensions 

This thesis replicated the expected sex differences in measures of empathising and 

systemising found in previous research. Importantly these sex differences were found 

using largely performance-based measures whereas the majority of previous research in 

this area has utilised self- and parent-report measures of empathising and systemising 

behaviours. In Chapter 1 it was conjectured that endorsement of sex-role stereotypes and 

expectations may result in greater reported differences between males and females than 

would be seen in measures based on performance alone. The questionnaire measure of 

empathising used in this thesis did have the largest difference between males and females 

(.59, in favour of the latter), and this is on par with the effect sizes found in studies of 
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typical children using parent-report questionnaires (.56 for the Empathising Quotient in 

Auyeung et al., 2009). As expected, the differences between males and females for 

performance-based measures of both empathising and systemising were slightly smaller, 

but nevertheless robust. One of the aims of this thesis was to conduct what may be the 

first comprehensive analysis of the empathising and systemising domains using 

performance-based measures. However what is apparent is that in order to gain a clear 

picture of the relationship between the empathising and systemising domains when using 

performance measures, it is necessary to control for the contribution of several variables 

like g, age and covariance with other cognitive domains. This begs the question of whether 

the assumption that performance measures are the best measure of psychological 

functioning is necessarily accurate. Indeed, if the brain types predicted by the 

Empathising-Systemising theory are an indication of an individual’s psychological style 

then the depth and breadth of the influence of this style may be equally reflected in both 

self-report and performance measures, but is actually more straightforward to measure 

using self-report questionnaires. 

Composite indices of empathising and systemising were created to compare these 

dimensions directly. As expected, females exhibited higher empathising index scores and 

males produced higher systemising index scores. Using these indices to examine the brain 

types predicted by Baron-Cohen’s theory, a greater proportion of females fell into the 

‘female’ brain classification of greater empathising relative to systemising abilities. 

Similarly a greater proportion of males were classified as having a ‘male’ type brain of 

relative stronger systemising than empathising abilities. Importantly, the double 

dissociation previously reported between males and females for these brain types using 

questionnaire measures was replicated here using performance-based indicators of 

empathising and systemising. The proportions of individuals falling into each of the brain 

types found using these measures were also found not to differ from those proportions 

previously reported. This is further evidence in support of the fundamental nature of the 
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empathising and systemising dimensions, and supports the brain types predicted by 

Baron-Cohen being useful forms of categorisation. In this way the empathising and 

systemising dimensions and the brain types appear a more consistent and more 

appropriate typology of sex differences in psychological functions than the traditional 

verbal and spatial distinction examined in Chapter 3. 

There has been speculation as to whether the empathising and systemising 

dimensions are in fact as independent and orthogonal as Baron-Cohen suggests in Figure 

1 or rather a single continuous dimension with empathising and systemising at opposing 

extremes. However, a single continuous dimension does not allow for individuals with both 

high systemising and empathising simultaneously. It is not yet certain how the 

independence or continuity of these domains would present itself. Most research has 

found both very small positive and negative (Baron-Cohen et al., 2003; Jarrold et al., 2000; 

Nettle, 2007), or no correlation (Lawson et al., 2004) between self-report measures of 

empathising and systemising, suggesting that empathising and systemising behaviours 

are largely unrelated. This suggests that independent empathising and systemising 

domains are more likely than a single continuous dimension with polar ends.  

This thesis included the first attempt to recreate indices of the empathising and 

systemising domains using performance-based measures and thus examine their possible 

independence. The small positive correlations between the individual measures of 

empathising and systemising, and the significant positive relationship (r = .26*, p < .05) 

appearing between the empathising and systemising indices in Chapter 5, resemble the 

relationship frequently seen between many measures of verbal and spatial ability and 

pointed to an underlying covariance between these dimensions. Given the use of 

performance-based measurement, it was hypothesised that the confounding influence of 

an underlying general intelligence or g factor was present. Indeed, mediation analyses in 

Chapter 6 showed that regardless of which technique is used to estimate g, the significant 

positive correlation between empathising and systemising is fully mediated by an 
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underlying general intelligence factor. This evidence, in combination with previous 

research using self-report measures, provides support for independent empathising and 

systemising dimensions rather than a single continuous one and also emphasises the 

need to account for general intelligence when using performance-based measures of 

empathising and systemising. If the empathising and systemising domains are indeed 

independent this also supports the likelihood of distinct and separable neurobiological 

seats within the brain that would thus differentially respond to Baron-Cohen’s proposed 

biological agent, prenatal testosterone.  

The presence of an underlying covariance due to g indicates the need to consider 

the influence of general intelligence when examining these domains using performance-

based measures. A further consideration is the possibility that this influence is particularly 

strong for a developing population. The developmental differentiation hypothesis suggests 

that the influence of general intelligence is strongest in children and that g explains a 

decreasing proportion of variance in specific abilities across development (Duncan et al., 

2006; Juan-Espinosa, García, Colom, & Abad, 2000). However, what limited research has 

been conducted in this area has found little evidence for the proposed decrease in the 

over-arching influence of a g factor before the age of16. As a result, Escorial and 

colleagues (2003) have also proposed the indifferentiation hypothesis which suggests a 

largely stable structure of abilities until adolescence. Adolescence and puberty then see a 

dramatic shift in the type and levels of circulating hormones within an individual that may 

prove crucial to this story. It may be that at this critical period of development the sudden 

peak in activating sex hormone concentration triggers the further development and 

differentiation of the tissues that have previously been organised during surges in prenatal 

hormones. If this is the case, this may be the point at which the influence of g is decreased 

to the advantage of the development of specific abilities and consequently sex differences 

in specific domains develop to a degree akin to the size of sex differences seen in adults. 
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Empathising, systemising and the 2D:4D 

Significant sex differences were found for both the right and left hand 2D:4D in both 

the ‘young’ and ‘old’ age groups. The sex-differential effect was also largest in the right 

hand 2D:4D. In support of Manning’s proposition, the right-hand 2D:4D is the most useful 

indicator of the two hands of relationships with empathising and systemising variables. Of 

the psychological measures examined in this thesis those showing the strongest 

relationship with 2D:4D were the empathising measures. 

The structural equation modeling in Chapter 6 showed that the sex differences in 

empathising and systemising are not a consequence of variability in 2D:4D in this sample. 

Similarly there are unique elements of empathising and systemising that are distinct from 

contributions of g, verbal and spatial abilities that exhibit a significant relationship with sex. 

Although there is pre-existing evidence for a relationship between prenatal testosterone 

and the relative lengths of the 2nd and 4th digits (Lutchmaya et al., 2004; Manning, 2002), 

this ratio is still only a proximal indication of the concentration of prenatal testosterone. 

Ideally, in future this cognitive study of this scale and depth could be researched in a 

population for which there are amniocentesis measures of the prenatal hormone 

environment as this thesis suggests the 2D:4D may be too proximal an indicator. Aside 

from this lack of relationship being an issue of measurement, there is a significant 

relationship between empathising and systemising and sex, and it remains to be seen 

what the cause of this relationships is. The significant relationship indicating males having 

higher systemising abilities and this was shown not to be a consequence of any sex 

differences in spatial abilities as no relationship between spatial ability and sex was found. 

Similarly, no significant regression path between sex and verbal abilities was found to 

mediate the significant relationship between sex and empathising. One possibility that can 

only be speculated at in this thesis, and does not necessarily fit within the E-S theory, is 

that these unique components of empathising and systemising that are exhibiting 

relationships with sex are experiential in cause. Another possibility is that the relationships 



 

 

187 

between empathising, systemising and sex that appear may still reflect the influence of 

prenatal testosterone concentration, or another biologically-driven dimorphism between 

males and females, that the 2D:4D simply does not express. 

 

Systemising and spatial ability 

A difficulty remains in the definitional distinction between the systemising and 

spatial domains. In this thesis it is difficult to empirically or psychometrically distinguish 

between the measures chosen to be representative of systemising and other performance-

based measures of spatial ability. Although Baron-Cohen puts forward a multi-dimensional 

definition of systemising that could theoretically be tested in a variety of ways, many of 

these dimensions are either difficult to define psychometrically or difficult to assess in 

children. What remains unanswered is which categorisation out of spatial or systemising is 

primary in describing a psychological function? The term ‘spatial’ (as with ‘verbal’) is best 

used to describe a specific type of stimuli rather than a group of related abilities, and there 

is no evidence for a consistent overall male advantage in the processing of spatial stimuli, 

only in instances when these stimuli may be being processed in a certain way. 

Systemising could then be thought-of as a male-dominated method in which some stimuli 

(usually spatial but not necessarily) are most usefully operationalised rather than merely 

describing the stimuli itself. Similarly, empathising may be a typically female-preferred 

method of processing for which some stimuli are particularly suited. Herein lies the utility of 

Baron-Cohen’s brain types to describe a particular individual’s propensity to employ a 

systemising or empathising ‘mechanism’ for dealing with information, whatever this 

information may be. In certain instances one of these mechanisms is better equipped to 

comprehend and utilise information that the other is not. Nowhere does Baron-Cohen say 

that it is not possible to ‘systemise’ verbal or emotional stimuli but that it may be the least 

effective form of doing so. In its extreme, this tendency to systemise non-systemisable 

stimuli is reminiscent of the global processing deficits, or ‘weak central coherence’ (Frith, 
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1989), seen in autism spectrum disorders. In the same way empathising may be a 

possible mechanism of operationalising any stimulus but is ideally suited to socio-

emotional stimuli. 

Putting aside the definitional complexities between the systemising and spatial 

domains for a moment, there remains the issue of the contribution of general intelligence 

to systemising ability. In this thesis there remained a relationship between general 

intelligence and systemising even after the contribution of a spatial domain had been 

accounted for. This raises the issue of the relatedness of systemising measures and proxy 

measures of g or fluid intelligence like the Cattell Culture Fair Intelligence Test, as the 

sustained relationship between these domains after controlling for spatial ability was 

unexpected. Both mental rotation and Block Design are perhaps the most common 

psychometric measures of systemising ability in both adults and children. However, the 

use of a different type of systemising task that is less dependent on the same type of 

visuospatial-like stimuli used to measure general intelligence and spatial abilities. 

However, it may not be possible to reduce the association between systemising, spatial 

abilities or general intelligence based on the methods of measurement currently used. 

 

The future of the E-S theory 

What is clear at this stage is that although the verbal-spatial division is traditionally 

used to describe sex-differentiated performance, it is yet to account for the degree of 

inconsistencies and the non-conformity of many cognitive tasks that fall under the umbrella 

of these domains. The advantage of a verbal-spatial distinction is the obvious accessibility 

of a classification based on the stimuli used to test it. However previous research 

suggests, and the analyses of this thesis confirm, that this categorisation is an over 

simplification of the sex differences observed in many cognitive tasks. Indeed, describing a 

theory by the stimuli used to test it rather than the psychological function in question 

seems backwards. However, a more appropriate focus would be differences in the 
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spontaneous or automatic processing preference that resembles a cognitive ‘style’. Baron-

Cohen’s empathising-systemising theory of cognitive sex differences identifies the 

apparent patterns of cognitive sex differences by focusing on the optimal cognitive style 

necessary to complete a certain task. Rather than describing groups of stimuli that are 

conjectured to elicit sex differences in performance, when described in the fashion of 

cognitive styles or mechanisms by which it is possible to operationalise information, Baron-

Cohen’s empathising-systemising theory appears a more appropriate method of describing 

sex-preferential performance patterns. However both the empathising and systemising 

domains need to be further clarified. Too much of the empathising domain is reliant upon 

measures dominated by verbal components and these verbal components may be diluting 

the appearance of sex differences in empathising and empathy-related tasks. Similarly, the 

systemising domain needs further specification in order to more clearly distinguish it from 

both spatial abilities and the possible influence of general intelligence, as well as allow the 

possibility of verbal systemising tasks. 

There are a few points that must be considered when thinking about the 

applicability and transferability of these findings. Firstly, the nature of the sample of 

children being examined by research in Project K.I.D.S must be taken into account. 

Although the recruitment procedures of Project K.I.D.S. are designed to tap a wide ranging 

cultural and socioeconomic demographic there is always the danger of a selection bias in 

the children whose parents choose to enrol in a university-based research programme. 

These programmes may include an over-representation of University of Western Australia 

staff and families from the surrounding suburbs and consequently the average 

standardised full-scale IQ of typically-developing children attending Project .K.I.D.S. is 

sometimes slightly higher (around half a standard deviation) than the population average. 

Similarly, the males in this sample exhibited, on average, an anomalously higher verbal 

ability than is typically seen in this type of research. 

The Empathising-Systemising theory is not exclusively a developmental theory and 
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certainly the issue of the transferability of these findings to adult populations must be 

considered. These findings have shown the importance of accounting for the variance 

attributable to confounding variables and most importantly for performance measures of 

empathising and systemising, the need to control for the influence of a general intelligence 

factor. As such, the necessity of using this technique in an adult population may become 

important when taking into account ideas like the developmental differentiation hypothesis 

(Duncan et al., 2006) which argues that cognitive abilities become more divergent or 

specialised across development as the over-arching influence of general intelligence is 

reduced. Although the influence of general intelligence will always need to be considered 

when using performance measures, the size of this influence may be reduced in adult 

populations. Lastly, the choice of tasks used in this thesis must also be taken into account. 

Would the same pattern (or as robust a pattern) of sex-differentiated performance in 

empathising and systemising measures and proportions of individuals falling into specific 

brain types emerge if we replaced the tasks of this thesis with an entirely new test battery? 

This may also have consequences for the ability to discriminate between the verbal, 

spatial, empathising and systemising domains particular if non-spatial measures of 

systemising and non-verbal measures of empathising are developed and included.  

 

Conclusions 

Empathising and verbal ability, and systemising and spatial ability have been found 

to be psychometrically difficult to distinguish as a result of the similarities between the 

typical methods of measuring these domains. What is also evident is that to gain a clear 

picture of the precise nature of sex differences in psychological functions in typically 

developing children there are a number of variables that must be held constant for this 

picture to appear. 

Although it may always be necessary to control for a g factor and the covariance of 

abilities when investigating sex differences in performance in children, ultimately these 
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controls may become less necessary with the development of empathising and 

systemising measures that are less dependent on aspects of verbal and spatial abilities 

respectively. Ideally a measure of empathising should be developed that is predominantly 

free of a verbal component either via an empathising version of the Intuitive Physics test, 

something akin to a picture sequencing task appropriate for older children and adults or 

through the use of psychophysical measures of reaction time or eye-gaze as is seen in the 

emotion processing research into individuals with autism. A kind of psychophysical 

empathising task measuring physical reactions elicited from empathic stimuli may also 

give a indication of an individual’s natural capacity or an underlying biological contribution 

to preferences for this type of psychological processing or functioning. It is also important 

to develop measures of systemising that are free of spatial elements as much as is 

possible. This may mean developing measures closely related to more of Baron-Cohen’s 

other potential systems including collectible, mechanical, numerical, motoric, natural and 

social systems rather than abstract and mental rotational systems. It may also be possible 

to develop measures of verbal systemising. 

The particular role of prenatal testosterone in Baron-Cohen’s E-S theory is not 

supported in this thesis when investigated using a proximal marker of prenatal 

testosterone, the 2D:4D. Despite its presentation clearly being sex-differentiated, this 

marker was not related to either empathising or systemising when extraneous variables 

were controlled for. However this does not discount a role for prenatal testosterone in the 

development of empathising and systemising, merely that its possible role is difficult to 

discern using a proximal indicator. If prenatal testosterone is a primary biological 

determinant of the relative balance of empathising and systemising, it may be necessary to 

study longitudinally any changes that occur in these abilities during the pubertal surge in 

circulating testosterone. Uncovering the underlying neural substrates that are organised by 

prenatal testosterone and examining any changes that take with the increase in activating 

testosterone may be the key to understanding differences and development in the pattern 
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of empathising and systemising performance in both adults and children. 

There still remains a tension between the empathising/systemising and 

verbal/spatial distinctions and it may be that these are not comparable distinctions but 

operating on different levels, with the former focussing on the type of processing and the 

later, the domain. Baron-Cohen’s theory would suggest the empathising and systemising 

dimensions may be an appropriate representation of an underlying cognitive architecture 

sitting in between a level of biological determinants and resultant behaviour. The verbal 

and spatial ability distinction may appear a more convenient form of classifying the 

behaviour produced from this empathising-systemising architecture purely as a 

consequence of their being the modes of expression that the empathising and systemising 

dimensions usually require. At the very least the verbal-spatial distinction of abilities has 

not produced a coherent pattern in this thesis, and the previous catalogue of research into 

these abilities is littered with inconsistencies and those patterns of differentiation that 

appear consistently are only in specific sub-areas of verbal and spatial abilities. Thus as 

an over-arching form of classification this distinction is largely uninformative. Contrarily, the 

empathising-systemising distinction makes specific predictions regarding the presence and 

presentation of patterns of male and female advantage in abilities that have been upheld in 

this thesis. The coherency of these patterns indicates this typology may be both a more 

informative and more appropriate classification of sex-differentiated psychological 

functions. 

In sum, this thesis has four primary conclusions. Firstly, the empathising and 

systemising domains and the brain types predicted from these domains produce a more 

coherent and robust pattern of sex differentiated performance than the verbal and spatial 

domains. Secondly, the 2D:4D is not explaining the sex effects on empathising and 

systemising in this sample. Thirdly, the systemising domain is difficult to measure in such a 

way that it is clearly differentiated from both the spatial domain and the stimuli found in the 

proxy measures used to estimate g. Lastly, if what Baron-Cohen’s Empathising-
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Systemising theory describes really is an indication of an inherent psychological style then 

making a distinction between self-report or performance measures may not be so 

important, and the use of self-report measures may reduce the need to consider potential 

confounds when estimating the empathising and systemising domains. 
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APPENDIX A  

Project K.I.D.S. A stream timetable. Pink highlighted sections indicate tasks and 

measures specific to this thesis. 

 

 

 

TIME 
8.30-
9.15 

STORY & ORIENTATION 

Super Puzzles  

SP1 
 

• WCST  

• STROOP 

•  Digit Span 

SP2 
 

• WCST 

• STROOP 

• Digit Span 

SP3 
 

• WCST 

• STROOP 

• Digit Span 

SP4 
 

• WCST 

• STROOP 

• Digit Span 
 

Computer Room (4) 
 

• Inspection Time 
• Zap’em 
• Goal Neglect  
 

Group Room (2) 
 

• Cattell Culture Fair  

9:15-
9:45 

1 2 3 4 5    6    7    8 9    10    11    12 

9:45-
10:15 

5 6 7 8 9   10   11   12 1    2    3    4 

10:15-
10:45 

9 10 11 12 1    2    3    4 5    6    7    8 

10:45-
11:30 

MORNING BREAK 

 SP1 
 

• Picture 
Comp  

• Vocabulary 

• Block 
Design 

SP2 
 

• Picture 
Comp 

• Vocabulary 

• Block 
Design 

SP3 
 

• Picture 
Comp 

• Vocabulary 

• Block 
Design 

SP4 
 

• Picture 
Comp 

• Vocabulary 

• Block 
Design 

Computer Room (2) 
 

• Attentional Blink 
• Computer STROOP  
 

Group Room (4) 
 

• Visual Acuity  

• Colour Blindness 

• Anthropomorphic 
Measurements 

• Relationship 
Questionnaire 

11:30-
12:00 

1 2 3 4 5    6    7    8 9    10    11    12 

12:00-
12:30 

5 6 7 8 9   10   11   12 1    2    3    4 

12:30-
1:00 

9 10 11 12 1    2    3    4 5    6    7    8 

1:00-
2:00 

LUNCH BREAK 

 SP1 
 

• MECS  

• Matrix 
Reasonin
g  

• Verbal 
Fluency 

SP2 
 

• MECS 

• Matrix 
Reasonin
g 

• Verbal 
Fluency 

SP3 
 

• MECS 

• Matrix 
Reasonin
g 

• Verbal 
Fluency 

SP4 
 

• MECS 

• Matrix 
Reasonin
g 

• Verbal 
Fluency 

Computer Room (2) 
 

• Go-No-Go 

• Stop Signal 
 

Group Room (4) 
 

• SS & Coding                       
• TOWRE  
• Ball throw task  
 

2:00-
2:30 

1 2 3 4 5    6    7    8 9   10   11   12 

2:30-
3:00 

5 6 7 8 9   10   11   12 1    2    3    4 

3:00-
3:30 

9 10 11 12 1    2    3    4 5    6    7    8 

3:30-
4:30 

FINISH 
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APPENDIX B  

Project K.I.D.S. B stream timetable. Yellow represents the B1 substream of 6 

children, and green represents the B2 substream of the remaining 6 children 

 

 

 

 

 

TIME 
(25min 
time 
slots) 

ERP 
Caps  
 

(50min) 

ERP 
Task  
 

(50min) 

ERP 
Wash 
 

(25min) 

Task 1 
Indiv 
 

(25min) 
 
• Letter 
No 
Seq 
• Info 
• Sim 

Task 2 
Pairs   
 

(25min) 
 

• TROG  
• 
NEPSY  
 

Task 3  
Pairs/Grp  

 
 (50min) 

 
• Resil.Q 
• 
PersonQ 
• Meien Q 
• Self-
Concept 
 

 
BREAK 

Task 5 
Grp- 
Indiv  
(25min) 

 
• Emot 
Vocab 
• 
Strange 
Stories 

Task 6 
Grp-
Comp  
(25min) 

 
• MRT 
• Emot. 
Regulation 

Task 7 
Comp 
& Grp  
(25min) 

 
• AIT  
• Bryant 
 

Task 8 
Grp-Comp  

 
(25min) 

 
• Emotion 
Recognition 
• Digit 
Presentation 

9.15-
9.40 

  3, 4 5, 6   7, 8, 9, 
10, 11, 
12 

   

9.40-
10.05 

 
1, 2 

  5, 6 3, 4    7, 8, 9, 10, 
11, 12 

  

10.05-
10.30 

   7, 8, 9, 
10, 11, 

12 

    

10.30-
10.55 

 
3, 4 

 
1, 2 
 

   

 
 

5, 6 

   7, 8, 9, 
10, 11, 
12 

 

10.55-
11.20 

1, 2        7, 8, 9, 10, 
11, 12 

11.20-
11.45 

 
5, 6 

 
3, 4 

   1, 2      

11.45-
12.10 

 3, 4 1, 2   

7, 8, 9, 
10, 11, 
12     

12.10-
12.35 

 
5, 6 
  9, 10 11, 12      

12.35-
1.00 

 
7, 8 
  5, 6 11, 12 9, 10 

 
1, 2, 3, 4 

      

1.00-
1.25 

       

1.25-
1.50 

 
9, 10 
 

 
7, 8 
    

 
11, 12 
 

1, 2, 3, 
4,  
5, 6     

1.50-
2.15 

7, 8        1, 2, 3, 4, 
 5, 6 

2.15-
2.40 

 
11, 12 

 
9, 10 
   7, 8     1, 2, 3, 

4, 
 5, 6 

 

2.40-
3.05 

 9, 10 7, 8   1, 2, 3, 
4, 

 5, 6 

    

3.05-
3.30 

 

 
11, 12 
 

     1, 2, 3, 4,  
5, 6 

  

3.30-
3.55 

  11, 12   

 
7, 8, 9, 10 

 1, 2, 3, 
4, 

 5, 6 
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APPENDIX C 

 

Table 28 Pearson correlations for all study variables 

 

 

 

 

 

 

 

 

 

 

 CCFIT WISC 
IQ 

Info Sim Vocb VF PictC Cod BD SS 
 

MtxR MRT Mecs Brynt EVT Str 
St 

ERT 2D4D 
Ave 

CCFIT --                  

WISC 
IQ 

.53* --                 

                   

Info .29* .69* --                

Sim .29* .60* .55* --               

Vocb .26* .63* .63* .59* --              

VF .18 .30* .15 .16 .16 --             

                   

PictC .37* .50* .24* .17 .19 .21 --            

Cod .04 .37* .02 -.11 -.01 .19 .14 --           

BD .50* .62* .23* .26* .29* .17 .35* .21 --          

SS .26* .56* .19 .11 .18 .15 .19 .31* .36* --         

MtxR .49* .65* .36* .33* .23* .13 .32* .11 .41* .35* --        

MRT .49* .38* .22* .26* .20 .14 .17 .11 .47* .14 .33* --       

                   

Mecs .18 .26* .20 .26* .27* .40* .09 .00 .20 .07 .13 .18 --      

Brynt .22* .04 .12 .16 .13 -.03 .02 -.14 .00 .01 .11 .12 .23* --     

EVT .23* .31* .36* .46* .46* -.05 .01 -.11 .18 .05 .13 .20 .23* .23* --    

Str St .30* .20 .16 .19 .28* .11 .17 -.07 .19 -.04 .15 .21 .24* .12 .21 --   

ERT .31* .29* .25* .34* .21 .21 .15 .02 .13 .09 .16 .27* .20 .17 .29* .26* --  

                   

2D4D 
Ave 

-.01 .03 .03 .08 -.01 -.07 .06 -.05 -.01 .02 .07 .02 -.01 .10 -.02 -.02 .08 -- 

2D4D 
Right 

-.01 .05 .05 .10 -.01 -.05 .07 -.04 -.01 .03 .07 .04 -.03 .13 .01 -.04 .09 .92* 
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Table 29 Pearson correlations for all study variables controlling for age 

 

 

 CCFIT WISC 
IQ 

Info Sim Vocb VF PictC Cod BD SS 
 

MtxR MRT Mecs Brynt EVT Str 
St 

ERT 2D4D 
Ave 

CCFIT --                  

WISC 
IQ 

.50* --                 

                   

Info .25* .70* --                

Sim .18 .60* .58* --               

Vocb .24* .69* .62* .63* --              

VF .15 .31* .10 .15 .14 --             

                   

PictC .31* .48* .22 .15 .28* .29* --            

Cod .08 .37* .04 -.06 .07 .28* .16 --           

BD .45* .63* .27* .24* .34* .18 .36* .17 --          

SS .34* .57* .16 .17 .28* .18 .18 .33* .37* --         

MtxR .53* .64* .33* .28* .23 .14 .29* .12 .45* .35* --        

MRT .43* .37* .23 .22 .19 .08 .19 .12 .43* .16 .38* --       

                   

Mecs .17 .37* .27* .32* .30* .33* .24* .05 .20 .11 .29* .11 --      

Brynt .16 .04 .12 .15 .06 -.01 -.04 -.12 -.01 .04 .10 .08 .24* --     

EVT .05 .39* .41* .45* .49* -.11 .00 .00 .14 .20 .24* .08 .21 .16 --    

Str St .25* .21 .15 .18 .26* .05 .26* -.07 .16 -.04 .23 .12 .22 .03 .15 --   

ERT .19 .25* .25* .28* .22 .22 .15 .07 .01 .09 .17 .17 .23 .16 .18 .23 --  

                   

2D4D 
Ave 

.00 .04 .00 .10 .01 -.02 .07 -.10 .01 .03 .05 .07 .06 .12 -.10 .02 .10 -- 

2D4D 
Right 

-.02 .05 .02 .14 .02 .02 .06 .02 -.03 .05 .03 .08 .05 .14 .04 -
.03 

.11 .91* 


