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CHAPTER 2
FACTOR STRUCTURE OF THE BROADER AUTISM PHENOTYPE 

AND ITS DIAGNOSTIC VALIDITY: A STUDY USING THE DUTCH 

TRANSLATION OF THE AUTISM-SPECTRUM QUOTIENT (AQ)

This chapter is under revision as: Rosa A. Hoekstra, Meike Bartels, Daniëlle C. Cath, 
Dorret I. Boomsma. Factor structure of the broader autism phenotype and its diag-
nostic validity: a study using the Dutch translation of the Autism-Spectrum Quotient 
(AQ). Journal of Autism and Developmental Disorders, under revision.
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ABSTRACT

The factor structure of the Dutch translation of the Autism-Spectrum quotient 
(AQ; a measure to quantify autistic-like traits) was evaluated with confirmatory fac-
tor analyses in a large general population and student sample. The diagnostic validity 
of the AQ was examined in three matched patient groups (autism spectrum condi-
tions (ASCs), social anxiety, and obsessive-compulsive disorder). A two factor model, 
consisting of a “social interaction” factor and “attention to detail” factor could be 
identified. High total AQ and factor scores were specific to ASC subjects. Men scored 
higher than women and science students higher than non-science students. Internal 
consistency and test-retest reliability were high. The Dutch translation of the AQ is 
a reliable instrument to assess the broader autism phenotype.

Keywords: autism; factor analysis; validity; diagnosis; broader autism pheno-
type

INTRODUCTION 

Pervasive developmental disorders, of which the most common are autistic 
disorder, Asperger Syndrome (AS) and pervasive developmental disorder 
not otherwise specified (PDD-NOS), are characterised by a triad of impair-
ment: difficulties in reciprocal social interaction, communication, and the 

presence of stereotyped behaviour, interests, and activities (American Psychiatric 
Association, 2000). Together, these conditions are referred to as autism spectrum 
conditions (ASCs). This term reflects the assumption that (high functioning) autism 
and AS lie on a continuum reflecting severity of social communication disability, 
from classical autism at the most severe end of the spectrum, decreasing via high 
functioning autism (HFA), AS, and PPD-NOS into normal behaviour. Twin and 
family studies have shown that genes play a major role in the risk for ASCs (Rutter, 
2000). While a conservative estimate of the concordance rates of autism in monozy-
gotic twins is 60%, concordance in dizygotic twins is only 0-5% (Bailey et al., 995; 
Folstein & Rutter, 977). The huge disparity in concordance rates not only shows the 
strong heritability, but also suggests dominance and epistatic effects involving inter-
action among genes. Moreover, if one MZ twin has autism, not only is the likelihood 
of an autism diagnosis in the co-twin increased, but also the risk of other neurode-
velopmental difficulties affecting language and social interaction (Bailey et al., 995; 
Le Couteur et al., 996). This notion led to the idea that the same genetic variants 
affecting the risk for autism may lead to a broader phenotype of autistic traits, as 
reflected in an increased rate of social deficits, impairments in communication and 
language, a preference for routines and difficulty with change in non-autistic relatives 
of autistic individuals (Bailey et al., 998; Bolton et al., 994). Rather than a distinct 
disorder, it is now thought that the autism spectrum conditions as defined in the 
DSM-IV represent the upper extreme of one or more quantitative traits, and these 
traits may be continuously distributed in the population (Constantino & Todd, 2003; 
Piven et al., 997; Spiker et al., 2002). Studies using quantitative measurements of au-
tistic traits found elevated scores in relatives of autistic and pervasive developmental 
disorder patients (Bishop et al., 2004; Constantino et al., 2006) and high scores in 
children whose parents showed high (but sub-diagnosis) endorsement on autistic 
traits (Constantino & Todd, 2005). 

The quantitative approach to autistic traits has led to the development of the 
Autism-Spectrum Quotient (AQ, Baron-Cohen et al., 200). This self-administered 
questionnaire was developed to quantify autistic traits in individuals with normal 
intelligence. The AQ consists of 50 items, assessing personal preferences and habits. 
Subjects rate to what extent they agree or disagree with the statements on a 4-point 
Likert scale, with answer categories “definitely agree”; “slightly agree”; “slightly disa-
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gree” and “definitely disagree”. For approximately half the items an “agree” response 
is in line with autistic traits (e.g. item 23: “I notice patterns in things all the time”); 
for the other half a “disagree” response is indicative of an autistic trait (e.g. item : 

“I find social situations easy”). All the item scores are summed; a high AQ score in-
dicates a high autistic load, close to the autistic end of the autism spectrum. In the 
original version of the AQ (Baron-Cohen et al., 200), the 50 items were divided into 
5 theoretically derived subscales of 0 items each: social skills; communication; im-
agination; attention to detail; and attention switching. 

Studies using the AQ in England (Baron-Cohen et al., 200), and Japan 
(Wakabayashi et al., 2006) found significant higher AQ scores in subjects with an AS 
or HFA diagnosis, compared to scores in a student sample and a general population 
sample. Males obtained significantly higher scores than women, and science students 
scored significantly higher than students in the field of humanities and social scienc-
es. These findings are in line with the ‘extreme male brain’ theory of autism (Baron-
Cohen, 2002). According to this theory, normal sex differences in cognition, skills 
and interests are more profound in autism, autistic individuals doing extremely well 
on tasks in which men, on the average, do better than women, and performing poor 
on tasks in which women typically outperform men. For instance, men, on average, 
are better in tasks that require systemising (the drive to analyse a system in terms 
of rules and to predict the behaviour of the system). On the other hand, women are 
on average better in tasks requiring empathising (the drive to understand another’s 
mental state and appropriately respond to it). If empathising and systemising abilities 
are seen as two separate continuously distributed dimensions, autistic individuals 
would fall into the extreme systemising end of the scale, scoring extremely well on 
systemising tasks, and extremely poor in tasks requiring empathising (Baron-Cohen 
et al., 2005). Previous studies showed that relatives of autistic individuals more often 
choose their profession in fields in which high systemising skills are required, such as 
engineering (Baron-Cohen et al., 997), or mathematics (Baron-Cohen et al., 2007). 
Also, students with a parent in scientific occupations score significantly higher on 
the AQ (Austin, 2005).

Both the British (Baron-Cohen et al., 200) and the Japanese version (Kurita et al., 
2005) of the AQ reported a good test-retest reliability, and a moderate internal con-
sistency (Cronbach’s α varying from .63 to .78). However, two aspects of the psycho-
metric properties of the AQ merit further study. Firstly, the five domains of the AQ 
have been derived theoretically. Performing confirmatory factor analyses can extend 
our knowledge on the psychometric qualities of the AQ subscales by empirically test-
ing the goodness of fit of the 5 domain model. Austin (2005) conducted an explora-
tory factor analysis of the AQ in a group of 20 undergraduate students, and found 
evidence for three, rather than five factors, with a focus on social skills; details/pat-

terns; and communication/mind reading. The first aim of the current study is to ex-
amine the model fit of the 5 domain structure proposed by Baron-Cohen et al. (200) 
in a large student sample and a general population sample. Secondly, more research 
needs to be done on the diagnostic validity of the AQ. A short screening instrument 
for autistic traits is urgently needed since current diagnostic assessment involves 
lengthy interviews (the most widely used being the Autism Diagnostic Interview-
Revised, ADI-R (Lord et al., 994). It would be a great advantage if only those who 
are highly likely to have an ASC would have to go through the long diagnostic proc-
ess, and the AQ could be of help in making this selection. A good screening instru-
ment needs to be both specific (i.e. to be selective to ASC subjects and not to other 
patient groups or controls) and sensitive (i.e. to recognise ASC subjects as such and 
keep the number of ASC subjects who “slip through the net” (false negatives) to a 
minimum). A preliminary study on the AQ (Woodbury-Smith et al., 2005) reported 
satisfying ability of the AQ to distinguish between subjects with and without an AS/
HFA diagnosis, in a group of 00 referrals to a diagnostic clinic for adults suspected 
of having AS or HFA. To our knowledge, no studies including patients with other 
psychiatric diagnoses have been reported. The current paper includes a small sample 
of three different patient groups, one group with AS/HFA and PPD-NOS patients, a 
group of patients diagnosed with obsessive-compulsive disorder (OCD), and a group 
with social anxiety disorder (SAD). This way, it can be examined whether a high AQ 
score is specific to ASCs, or is common to psychiatric disorders in general. Lastly, 
this paper is the first to examine the psychometric properties of the AQ in a Dutch 
population. The characteristics of the Dutch AQ, including test-retest reliability and 
internal consistency, is studied in a large sample of students and subjects from the 
general population. 

METHODS

Participants
Four different groups participated in this study. The first group consisted of 965 

students from ) the Vrije Universiteit in Amsterdam (n=83), and 2) the Universiteit 
Twente in Enschede (n=52). During the break of one of their classes, the students 
were asked to complete the AQ. Students were recruited from the fields of humani-
ties (history and law; n=29), the social sciences (psychology, education, and com-
munication science; n=597) and natural and technical sciences (including mathemat-
ics, physics and information sciences; n=239). Participation rates varied from 65% to 
00%. The mean age of the students was 2.9 years (SD=3.69).



30

CHAPTER 2

31

FACTOR STRUCTURE OF THE BROADER AUTISM PHENOTYPE

The general population sample consisted of parents of twins who visited an infor-
mation day for parents of multiples. They were asked to either fill out the AQ imme-
diately or to return the questionnaire to our research group by mail. Out of the 500 
questionnaires that were handed out, 30 were returned, resulting in a participation 
rate of 62%. Mean age of the participants was 35.68 years (SD=6.33). The student and 
general population groups are not matched on age and IQ. However, the two groups 
are included for separate research purposes. The parent group serves as a normative 
sample, whereas the student sample is included to address differences in AQ scores 
in different fields of study.

The third group consisted of three subgroups of psychiatric patients, who were all 
adult outpatients recruited from the anxiety outpatient services of GGZ Buitenamstel 
in Amsterdam. All subjects were administered the Structured Clinical Interview on 
DSM-IV diagnoses (SCID-I; First et al., 996) to establish in-, and exclusion criteria. 
Subjects suffering from co-morbid depression, psychosis, substance abuse, mental 
deficiency or inability to read or speak Dutch were excluded. To exclude any risk of 
cognitive deficit and/ or below average intelligence, only patients who had success-
fully completed an educational degree were included in the study, and patient groups 
were matched on age (range 9 - 57 years), sex (0 males; 2 females in all groups) 
and educational level. The SCID-I does not contain a section on autism disorders, 
and at the time of data collection no validated Dutch version of either the Autism 
Diagnostic Observation Schedule-Generic (ADOS-G, Lord et al., 2000) or the ADI-
R (Lord et al., 994) was available for adult subjects. Therefore all subjects were as-
sessed on presence of ASCs according to DSM-IV criteria by two independent ex-
perienced clinicians and with the aid of a structured retrospective interview taken 
from one of the parents of the patients on early infant development in all domains of 
the spectrum of autistic conditions. The structured interview encompassed the fol-
lowing topics: age at onset of problem behaviour, contact and communication skills, 
stereotyped behaviour, development of speech and language, motor and sensory de-
velopment, particular interests and skills, ability to display imagination, resistance 
against change and unexpected events, and impulse control. Only subjects who had 
independently been diagnosed with an ASC by the two clinicians were included in 
the study; diagnoses were made independent of the AQ responses. Subjects meeting 
the inclusion criteria completed the AQ at home, after they had given written in-
formed consent, and returned the questionnaire during their next visit to the outpa-
tient service. The patient groups encompassed ) 2 patients with an autism spectrum 
condition (n=2 HFA; n=4 AS; n=6 PDD-NOS); 2) 2 patients with a “pure” obsessive-
compulsive disorder, 3) 2 patients with a “pure” generalised social anxiety disorder.

To obtain data on test-retest reliability, a group of 8-year-old twins and their 
brothers and sisters also filled out the AQ. These twin families participate in an ongo-

ing study on cognitive development in late puberty and completing the AQ was part 
of the test protocol. The first 7 participants of this study were re-contacted one to 
six months later, and were asked to fill out the AQ for a second time. 75 participants 
returned the questionnaire for the second time (64%). AQ scores of the responders 
in the retest did not significantly differ from the subjects who did not respond in the 
retest (F(, 5)=.066, p=.797.

The Dutch Autism-Spectrum Quotient 
The AQ was translated after permission from prof. Simon Baron-Cohen (SBC). 

The translation into Dutch was conducted by an official translator. Subsequently, a 
second translator translated the Dutch version back into English. After comparing 
the outcome of the retranslated version to the original text, and discussing discrepan-
cies in the retranslation with SBC, a final version was established (the Dutch version 
of the questionnaire is obtainable from the first author upon request). Total AQ and 
domain scores were based on the original 4-point Likert scale scores ( = “definitely 
agree” up to 4 = “definitely disagree”). For the items in which an “agree” response is 
characteristic for autism, the scoring was reversed (“definitely agree” scored 4 points; 

“slightly agree” 3 points, etc.; This was the case in item 2, 4, 5, 6, 7, 9, 2, 3, 6, 8, 9, 
20, 2, 22, 23, 26, 33, 35, 39, 4, 42, 43, 45, 46). All item scores were summed, resulting 
in a minimum total AQ score of 50 (no autistic traits) and a maximum score of 200 
(full endorsement on all autistic items). Note that in the majority of the reports us-
ing the British version of the AQ (Baron-Cohen et al., 200) the answer categories 
were dichotomised into “agree”/disagree” scores. In these studies, all item responses 
in line with the autism phenotype scored one point, resulting in a maximum total 
AQ score of 50. 

Missing answers and outliers
If more than 5 items were left blank (0% of the total number of items), the AQ 

was considered incomplete and the data were discarded in subsequent analyses (n=2 
in the student group (in the field of social sciences and humanities); n= 7 in the gen-
eral population group; none in the patient or twin family groups). Two social sci-
ences students and one subject from the general population group obtained a score 
> 60. Since these subjects completed the AQ anonymously, it could not be verified 
whether this reflected a true score. These outliers (deviation > 4 SD’s of the mean) 
were left out in subsequent analyses. This resulted in a final sample size of 96 in the 
student group and 302 in the general population group. 
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Statistical analyses
To examine the factor structure of the AQ, models were fitted on the student 

group data using confirmatory factor analyses in LISREL. To take into account that 
the items of the questionnaire were measured on an ordinal scale, the diagonally 
weighted least square procedure was used. Firstly, a one factor solution incorpo-
rating all items was fitted. Secondly, a five factor model, based on the 5 domains as 
suggested by Baron-Cohen et al. (200), was fitted. The results from this analysis 
showed high correlations between 4 domains (see results section), and a hierarchi-
cal model was fitted to the data, allowing these domains to cluster together. Next, 
the fit of these models was evaluated in the general population sample, to check 
whether the same model fits best in a non-student population. Lastly, the best fit-
ting model was applied to the combined student and general population samples 
(n=263) to obtain factor loadings and the factor correlation. To evaluate model 
fit, several model fit statistics were inspected: The χ2 test statistic; Goodness of Fit 
Index (GFI); Adjusted Goodness of Fit Index (AGFI); Parsimony Goodness of Fit 
Index (PGFI); Expected Cross Validation Index (ECVI) and Standardised Root Mean 
Square Residual (SRMR) (see Schermelleh-Engel et al. (2003) for a comprehensive 
review of several fit indices and their use).

Group differences in total AQ score and factor scores, and the validity and reli-
ability of the scale were analysed using SPSS. Group differences were tested using 
mixed model multivariate analysis of variance (MANOVA). The mixed linear model 
is an expansion of the general linear model and permits non-constant variability in 
the data. This way, it was possible to test for group differences in variables with un-
equal variances and unequal group sizes. In the student sample, overall sex differ-
ences and differences between students from different fields were explored. Effects of 
sex and age were studied in the general population sample. Furthermore, AQ score 
differences between patient groups and the general population sample were tested. 
To further examine the range of scores in the different patient groups, a frequency 
distribution was tabulated.

Internal consistency was assessed in the student and general population using 
Cronbach’s alpha. Test-retest reliability was calculated using Pearson’s correlation in 
the 8-year-old twins and their brothers and sisters (n=75). These participants are 
genetically related. In order to use all available data and to satisfy the independent 
observations assumption for statistical testing, the test-retest analysis was performed 
using structural equation modelling in the computer programme Mx (Neale et al., 
2006). 

RESULTS

Factor analysis
Firstly, a  factor model incorporating all 50 factors was fitted using confirmatory 

factor analysis in the student population. As can be seen in Figure , 90% of the items 
show positive factor loadings in this one factor solution. Subsequently, the 5 domain 
structure as suggested by Baron-Cohen et al. (200) was tested. The domains “Social 
skills”; “Communication”; “Attention switching”; and “Imagination” were highly cor-
related (correlations varying from r=.53 to r=.84), indicating a considerable overlap 
between these domains, and suggesting that a model allowing these domains to 
cluster together may fit the data better. To examine this, a hierarchical model, en-
compassing  higher order factor, existing of 4 lower order domains (“Social skills”; 

“Communication”; “Attention switching”; and “Imagination”) and one separate fac-
tor “Attention to detail” was fitted to the data. Fit statistics of the different models 
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FIGURE 1: Factor loadings of all items of the AQ on the one factor solution in the 
student population sample. Items are in the same order of appearance as in the 
questionnaire. 
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are given in Table . The hierarchical factor model had the lowest χ2 value and the 
highest PGFI (a higher value indicates superior fit) suggesting that this model fitted 
the data best. The highest values for ECVI, GFI and AGFI (a higher value indicates a 
better fit) were found in the 5-domain model. However, the differences with the hier-
archical model were very small. Since the hierarchical model is a more parsimonious 
model (df=70 vs. df=65), this model was chosen as the best fitting model. Lastly, 
the fit of all three models was tested in the general population sample. Similar to the 
student sample, the fit indices were the best for the 5 domain model. However, fit 
indices for the 5 domain model and the hierarchical model were very similar. Since 

the hierarchical model is the more parsimonious model, this model was chosen as 
the best fitting model.

The hierarchical factor model
The best fitting model (as depicted in Figure 2) consists of one higher order factor, 

encompassing the 4 lower order domains Social skills; Communication; Attention 
switching; and Imagination”, and one separate factor Attention to detail. Item con-
tent and loadings can be found in Table 2. The items loading of the first higher order 
factor mainly focus on social situations, difficulties in communication with others, 
and empathic abilities. This factor was called “Social interaction”. The second factor 
is the domain “Attention to detail” and mainly consists of items assessing interests 
in patterns and details. For both factors, similar to the total AQ score, a high factor 
sum score implies a high autistic load. The correlation between the 2 factors as as-
sessed in the combined student and general population sample (n=263) was found 
to be r=.9 (p<.00). 

Internal consistency and test-retest reliability
In the combined student and general population sample, we found the internal 

consistency of the total AQ score to be satisfactory (Cronbach’s alpha=.79,). The in-
ternal consistency of the factor scores Social interaction and Attention to detail were 

TABLE 1. Summary of the fit statistics of the different factor model structures.

Best fitting model is shown bold faced.

Student sample (N=961)

1 factor model (50 items)
5-domain

Baron-Cohen et al.
higher order factor model

χ2 14574.788
(p=0.0)

11793.341
(p=0.0)

11755.716
(p=0.0)

df 1175 1165 1170
ECVI 1.432 1.443 1.438
AIC 200.000 220.000 210.000
GFI 0.694 0.732 .730

AGFI 0.668 0.706 .705
PGFI 0.640 0.668 .670

SRMR 0.0939 0.0904 .0907

General population (n=302)

1 factor model (50 items)
5-domain

Baron-Cohen et al.
higher order factor model

χ2 5855.664
(p=0.0)

5365.023 
(p=0.0)

5414.112
(p=0.0)

df 1175 1165 1170
ECVI 4.568 4.601 4.585
AIC 200.000 220.000 210.000
GFI 0.435 0.534 .525

AGFI 0.387 0.490 .483
PGFI 0.401 0.488 .482

SRMR 0.112 0.107 .107

Social skill Att switching Imagination Att detailCommunication

Social interaction Att detail

.87 .79 1.0 .64 1.0

r = .19

FIGURE 2: Path diagram of the best fitting model with the factor correlation and the 
standardised estimates of the factor loadings on the underlying domains, as esti-
mated in the combined student and general population sample. Att switching = 
Attention switching; Att detail = Attention to detail.  
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respectively α=.82 (40 items) and α=.64 (0 items). The test-retest reliability, as as-
sessed in 75 young adults recruited in the twin family study, was .78 for the total AQ 
score; .77 for the Social interaction factor; and .66 for the Attention to detail factor. 

Students: effects of sex and field of study
Table 3 shows the mean total AQ and factor scores in the student sample, sepa-

rated by field of study. Effects of sex and field of study on the factors Social inter-
action and Attention to detail score were tested using a mixed model MANOVA. 
Since these two factors together make up the total AQ score (incorporating all 50 
items), sex and field of study effects on the Total AQ score could be tested within the 
same MANOVA, by simply examining the effect on the sum of the two factors. The 
MANOVA of Social interaction and Attention to detail by sex, field of study showed 
a significant main effect of field of study (F=4.407, p<.00) and a significant sex x 
field of study interaction effect (F=5.922, p=.003). Within the different fields of study, 
the sex effect was not significant (F=.396, p=.530). The (natural and technical) sci-
ence students scored significantly higher than the students engaged in a humani-
ties or social sciences degree (t=8.640, p<.00). The social sciences students scored 
significantly lower than the humanities and science students (t=4.482, p<.00). The 
effect of field of study was significant both in the Social interaction factor (F=28.25, 
p<.00) and in the Attention to detail factor (F=5.336, p=.005). 

TABLE 2. Item content and loadings on the 5 domains in the best fitting structure, 
ordered per higher order factors and lower order domains.

Higher order factor Social Interaction
Item 

 nr
Domain 
loading

Social skill
1 I prefer to do things with others rather than on my own .358

11 I find social situations easy .718
13* I would rather go to a library than a party .356
15 I find myself drawn more strongly to people than to things .537
22* I find it hard to make new friends .643
36 I find it easy to work out what someone is thinking or feeling .450
44 I enjoy social occasions .748
45* I find it difficult to work out people’s intentions .499
47 I enjoy meeting new people .734
48 I am a good diplomat .232

Attention switching
2* I prefer to do things the same way over and over again .256
4* I frequently get strongly absorbed in one thing .186
10 I can easily keep track of several different people’s conversations .481
16* I tend to have very strong interests .172
25 It does not upset me if my daily routine is disturbed .366
32 I find it easy to do more than one thing at once .486
34 I enjoy doing things spontaneously .755
37 If there is an interruption, I can switch back very quickly .382
43* I like to plan any activities I participate in carefully .144
46* New situations make me anxious .547

Communication
7* Other people frequently tell me that what I have said is impolite .279
17 I enjoy social chit-chat .283
18* When I talk, it isn’t always easy for others to get a word in edgeways -.116
26* I don’t know how to keep a conversation going .608
27 I find it easy to “read between the lines” .419
31 I know how to tell if someone listening to me is getting bored .290
33* When I talk on the phone, I am not sure when it’s my turn to speak .560
35* I am often the last to understand the point of a joke .293
38 I am good at social chit-chat .463
39* People tell me that I keep going on and on about the same thing .209

Imagination
3 Trying to imagine something, I find it easy to create a picture in my mind .599

8 Reading a story, I can easily imagine what the characters might look like .576
14 I find making up stories easy .441
20* Reading a story, I find it difficult to work out the characters’ intentions .481
21* I don’t particularly enjoy reading fiction .241
24 I would rather go to the theatre than a museum .235
40 When younger, I enjoyed playing games involving pretending with other children .454
41* I like to collect information about categories of things .229
42* I find it difficult to imagine what it would be like to be someone else .380
50 I find it easy to play games with children that involve pretending .602

TABLE 2, continued

Note: * designates a reverse-scored item

Factor Attention to detail
Item 

 nr
Domain 
loading

5* I often notice small sounds when others do not .252

6* I usually notice car number plates or similar strings of information .584

9* I am fascinated by dates .754

12* I tend to notice details that others do not .148

19* I am fascinated by numbers .920

23* I notice patterns in things all the time .508

28 I usually concentrate more on the whole picture, rather than the small details .118

29 I am not very good at remembering phone numbers .120

30 I don’t usually notice small changes in a situation, or a person’s appearance -.135

49 I am not very good at remembering people’s date of birth .120
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General population: effect of sex and age
Mean total AQ and factor scores in the general population sample are shown in 

Table 3, separated by sex. A MANOVA of Social interaction and Attention to detail 
by sex with age showed a significant sex effect (F=5.554, p=.09), men scoring sig-
nificantly higher than women. The effect of age was not significant (F=.455, p=.500). 
Contrast tests showed that the sex effect was significant in both the total AQ score 

 TABLE 4. Frequency distribution of the total AQ score in the general population 
sample and three patient groups. The ASC group is separated for AS, HFA and PDD-
NOS diagnoses.

Note: ASC = autism spectrum condition; SAD = social anxiety disorder; OCD = obses-
sive-compulsive disorder; AS = Asperger syndrome; HFA = high functioning autism; 
PDD-NOS = pervasive developmental disorder not otherwise specified. 

Total AQ score General population ASC SAD OCD

50-75 100 100 100 100

76-80 99.7 100 100 100

81-85 97.7 100 100 100

86-90 95.0 100 91.7 100

91-95 89.4 100 91.7 100

96-100 76.8 100 83.3 100

101-105 61.9 100 83.3 83.3

106-110 45.4 100 75 75

111-115 30.1 100 PDD-NOS 50 58.6

116-120 15.9 91.7 PDD-NOS 50 58.3

121-125 7.9 83.3 PDD-NOS 41.7 41.7

126-130 3.3 66.7 PDD-NOS 33.3 25

131-135 1.0 58.3 PDD-NOS 8.3 8.3

136-140 0 50 8.3 8.3

141-145 0 50 8.3 0

146-150 0 50 HFA 0 0

151-155 0 41.7 AS 0 0

156-160 0 25 0 0

161-165 0 25 0 0

166-170 0 25 AS/HFA 0 0

171-175 0 8.3 0 0

176-180 0 8.3 0 0

181-185 0 8.3 AS 0 0

186-200 0 0 0 0

TABLE 3. Mean total AQ and factor scores per group and sex. Means in the student 
group separated per field of study.

Note: ASC = autism spectrum condition; SAD = social anxiety disorder; OCD = ob-
sessive-compulsive disorder. a 1 subject sex unknown; b 12 subjects sex unknown; c 
4 subjects sex unknown; d 5 subjects sex unknown. In general population sample: 
outlier score = 167 left out of the analysis; in student sample: 2 outliers score= 165 
and 161 left out of the analysis.

Group Sex N
Total AQ score 

(SD)

Social 
interaction 
factor (SD)

Attention to 
detail factor 

(SD)

Humanities
students

Total 128a 104.46 (12.35) 80.71 (11.88) 23.76 (3.99)

♂ 39 105.54 (12.94) 81.77 (12.91) 23.77 (3.44)

♀ 88 103.99 (12.13) 80.24 (11.43) 23.75 (4.24)

Social 
sciences
students

Total 594b 99.07 (11.19) 75.41 (10.09) 23.66 (4.26)

♂ 123 101.32 (12.16) 77.32 (11.17) 24.00 (4.21)

♀ 459 98.47 (10.84) 74.91 (9.73) 23.56 (4.28)

Natural and 
technical 
sciences 
students

Total 239c 109.66 (13.37) 85.41 (12.54) 24.26 (4.53)

♂ 203 109.41 (13.73) 85.53 (12.80) 23.89 (4.49)

♀ 32 111.28 (10.81) 84.69 (10.87) 26.59 (4.08)

General 
population

Total 302d 104.20 (11.29) 79.88 (10.68) 24.32 (4.97)

♂ 137 105.66 (10.99) 81.52 (10.98) 24.14 (4.78)

♀ 160 102.93 (11.50) 78.49 (10.25) 24.44 (5.18)

ASC 10♂, 2♀ 12 142.25 (22.01) 114.83 (19.12) 27.42 (5.29)

SAD 10♂, 2♀ 12 114.17 (16.64) 95.50 (15.01) 18.67 (5.16)

OCD 10♂, 2♀ 12 114.83 (12.55) 91.50 (14.07) 23.33 (6.49)
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(t=2.006, p=.046) and in the Social interaction factor (t=2.46, p=.04), but not in 
the Attention to detail factor (t=-.55, p=.607). 

Patient groups vs. general population; differences between patient groups
Mean total AQ and factor scores in the different patient groups are shown in 

Table 3. A mixed model MANOVA of Social interaction and Attention to detail by 
Diagnosis revealed significant differences between the patient groups and the general 
population sample (effect diagnosis: F=9.66; p<.00). Contrast tests showed that 
the subjects diagnosed with an ASC (t=6.894, p<.00), the subjects diagnosed with 
OCD (t=2.53, p=.022), and the subjects diagnosed with SAD (t=2.243, p=.040) all 
scored significantly higher on the total AQ score than the general population sam-
ple. OCD and SAD patients did not differ in total AQ score (t=-.0, p=.93). The 
ASC subjects however obtained significantly higher total AQ scores than the OCD 
(t=3.990, p<.00) and SAD patients (t=3.999, p<.00). Moreover, the ASC subjects 
scored the highest on the Social interaction factor. Their score on the Social interac-
tion factor was significantly higher than the scores of the general population (t=6.572, 
p<.00), the OCD sample (t=3.557, p=.002), and the SAD group (t=2.878, p=.009). 
Lastly, the ASC group scored significantly higher on Attention to detail factor com-
pared to the general population group (t=2.0, p=.036), the OCD patients (t=.996, 
p=.047), and the SAD sample (t=4.277, p<.00)

Specificity and sensitivity
The significant differences between patient groups indicate that a high total AQ 

score is specific to people in the autism spectrum and not for psychiatric patients 
in general. This observation is confirmed when we take a closer look into the fre-
quency distribution of the total AQ score in the general population, the ASC group, 
the group of subjects diagnosed with a social anxiety disorder, and the OCD group 
(Table 4, and Figure 3). A high total AQ score (>45) is specific to ASC subjects, nei-
ther subjects from other patient groups, nor subjects from the general population 
obtain scores in this segment. At a cut off-score of >45, the AQ is highly sensitive to 
ASC subjects with many autistic traits: all ASC subjects with an AS or HFA diagnosis 
score in this range. This cut-off score however is not sensitive to ASC subjects with 
a milder form of autism: Subjects with a PDD-NOS diagnosis obtain scores in the 
range of 4-34. However, scores in this range (>0) are still higher than the major-
ity of the other psychiatric patients and the general population. 

DISCUSSION

The Autism-Spectrum Quotient is a valid and reliable instrument to assess indi-
vidual differences in autistic-like traits. The Dutch AQ was found to have good psy-
chometric properties, with an internal consistency of α=.79 (similar to the results 
of Austin, 2005, α=.82 in a British student population), and a test-retest reliability of 
.78. Confirmatory factor analyses indicated that the original domains (as designed 
by Baron-Cohen et al., 200) Social skills, Communication, Attention switching, and 
Imagination were highly correlated. Rather than four separate domains, we propose a 
hierarchical model allowing these domains to cluster together. This way, one general 

“Social interaction” factor (incorporating the four highly correlated domains) could 
be identified, together with a small second factor, consisting of items focusing on 
a preference for details and patterns (the domain “Attention to detail”). Previously, 
an exploratory factor analysis performed in a British student population, suggested 
three underlying factors within the AQ, encompassing social skills, details/patterns, 
and communication/ mind reading (Austin, 2005). Our confirmatory factor analy-
sis suggests that, rather than separating the factors social skills and communication/
mind reading, one broader factor assessing (problems with) social interaction fits the 
data better. Our Social interaction factor not only includes the domains Social skills, 
Communication, and Imagination, but also the domain Attention switching, which 
at first thought may seem surprising. As put forward by Courchesne and colleagues 
(994), difficulties in attention switching make it harder to keep track of social infor-
mation. Social interaction usually involves frequent and rapid changes in the source 
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FIGURE 3: AQ scores in the general population and the three patient groups. All 
subjects scoring >145 were diagnosed with Asperger syndrome or high function-
ing autism. ASC = autism spectrum condition; SAD = social anxiety disorder; OCD = 
obsessive-compulsive disorder. 
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of information (visually or auditory information, change in objects or actions, etc.), 
and it requires the ability to follow the flow of social cues (words, gestures, postures, 
background context, etc). The marked deficit in attention switching in ASC subjects 
may directly harm their social and communication abilities, which explains why this 
domain is included within the Social interaction factor. 

A small but significant correlation (r=.9) was found between the two factors in 
our study. This result is in agreement with a British twin project (Ronald et al., 2005) 
studying both social and non-social behaviours characteristic for autism. They found 
that both behaviours were highly heritable, but were only weakly correlated to one 
another (r=.5-.29). The internal consistency of our factors was .82 (Social interac-
tion) and .64 (Attention to detail). The test-retest reliability was satisfactory, with 
r=.77 for the Social interaction factor, and r=.66 for the Attention to detail factor. Our 
results indicate that future studies using the AQ to assess autistic traits should focus 
on the total AQ score and the 2 factor scores, rather than examining differences and 
similarities in the 5 original domains. The power to detect differences will be higher 
using the 2 factors; this could be of importance especially in linkage or association 
studies into autistic traits. 

Group differences in AQ scores were in line with previous studies using the AQ 
(Austin, 2005; Baron-Cohen et al., 200; Wakabayashi et al., 2006). Males scored 
higher than females on total AQ score and the Social interaction factor, although no 
sex difference on the Attention to detail factor was found. Similar to Baron-Cohen 
et al. (200) and Austin (2005), science students obtained significantly higher scores 
than humanities and social science students. In our study, students studying a social 
science degree in turn scored significantly lower than humanities students. Rather 
than a remarkable discrepancy with the British results (no differences between hu-
manities and social sciences students), this probably reflects differences in the stu-
dent sample. In our sample of social science students, “soft” social science degrees 
like psychology and education were overrepresented. Had “harder” social sciences, 
such as economics been included, the difference in AQ score might not have been 
significant. 

Subjects diagnosed with an ASC scored significantly higher on the total AQ than 
the general population and the other patient groups. This is a satisfying result, con-
sidering the potential symptom overlap between these patient groups and ASCs. The 
overlap between ASC subjects and SAD patients entails problems with social inter-
action in both groups; the overlap between ASC and OCD subjects encompasses 
repetitive behaviours that occur in both groups. Relatives of autistic individuals are 
reported to have up to 0-fold higher rates of social phobia compared to control 
families (Piven & Palmer, 999; Smalley et al., 995). Similarly, an increased inci-
dence of OCD is found in autism relatives (Bolton et al., 998), and the occurrence 

of obsessive-compulsive traits in parents of an autistic child is significantly more 
likely if the child displays strong repetitive behaviour (Hollander et al., 2003). Recent 
research suggests that a common genetic pathway, the serotonin transporter gene, 
could explain the association between OCD and rigid compulsive behaviours in au-
tism (Ozaki et al., 2003; Sutcliffe et al., 2005). Our study however shows that high 
AQ scores are specific to the ASC patients. ASC patients scored significantly higher 
than the other patient groups on both the Social interaction factor and the Attention 
to detail factor.

Moreover, all subjects with an AS/HFA diagnosis could successfully be distin-
guished from the other samples, no subjects without an ASC diagnosis obtained 
a score >45. However, the difference is less clear-cut for subjects with PDD-NOS. 
These subjects still obtained higher scores than the majority of the other patients 
and the normal population, but the specificity was not as good as for the AS/HFA 
patients. For clinical practice, it could be advised to use two cut-off points: if the aim 
is to identify subjects with strong autistic characteristics and to keep the number of 
false positives (i.e. subjects falsely classified in the autism group) to a minimum, it 
would be advisable to choose >45 as the cut-off point. If the researcher also wants 
to trace subjects with milder autistic traits (and keep the number of false negatives 
down) the cut-off point should be decreased to >0. Using a lower cut-off score, 
further diagnostic testing is needed, since a considerable percentage of subjects with 
other psychiatric disorders also score within this range.

Two previous studies on the AQ in adults (Baron-Cohen et al., 200; Woodbury-
Smith et al., 2005) have suggested cut-off points for ASC diagnosis. These studies 
used dichotomised item scores, resulting in total AQ scores between 0 and 50. To ex-
amine how our proposed cut-off points compare to the ones suggested by Woodbury-
Smith et al. (cut-off point ≥26) and Baron-Cohen et al. (≥32), we reran our analyses 
using the dichotomised item scores. We found that all AS/HFA subjects scored ≥32 
(range 33-48), whilst only one of the OCD patients (range 3-32), one of the SAD 
patients (range 2-33) and none of the subjects from the normal population (range 
5-3) scored above this point. The PDD-NOS subjects in our sample had a total AQ 
score in the range 24-30, only half of them (3 out of 6) scoring ≥26. It should be noted 
however, that Woodbury-Smith et al. (2005) chose their cut-off point to optimally 
distinguish AS patients from non-AS subjects. Their study did not aim to include 
PDD-NOS diagnoses. The AS subjects in our study all scored above the threshold of 
≥26. It should be stressed that our study into the specificity of the AQ are prelimi-
nary results. Sample sizes of the patient groups were small. Future studies in clini-
cal samples should more extensively explore the diagnostic validity of the AQ, and 
should especially focus on the differences between severely impaired ASC patients 
and mildly impaired PDD-NOS subjects. 
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In conclusion, this study shows that the AQ is a reliable instrument for screening 
autistic traits in the general population. Rather than 5 domains, the AQ can be di-
vided into 2 reliable sub factors, focusing on difficulties in social interaction and on 
marked interests and attention to details and patterns. Results in small patient sam-
ples suggest satisfactory discriminative properties of the AQ with other psychiatric 
disorders, but future studies are needed to further examine this.
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