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INTRODUCTION

Currently there are no brief, self-administered instruments for measuring the degree to which
an adult with normal intelligence has the traits associated with the autistic spectrum. In this
paper, we report on a new instrument to assess this: the Autism-Spectrum Quotient (AQ). Indi-
viduals score in the range 0-50. Four groups of subjects were assessed: Group 1: 58 adults with
Asperger syndrome (AS) or high-functioning autism (HFA); Group 2: 174 randomly selected
controls. Group 3: 840 students in Cambridge University; and Group 4: 16 winners of the UK
Mathematics Olympiad. The adults with AS/HFA had a mean AQ score of SB.8 §.5), sig-
nificantly higher than Group 2 controldi(= 16.4,SD = 6.3). 80% of the adults with AS/HFA
scored 32, versus 2% of controls. Among the controls, men scored slightly but significantly
higher than women. No women scored extremely highly (AQ scot¢ BHereas 4% of men

did so. Twice as many men (40%) as women (21%) scored at intermediate levels (AQ score
20+). Among the AS/HFA group, male and female scores did not differ significantly. The stu-
dents in Cambridge University did not differ from the randomly selected control group, but sci-
entists (including mathematicians) scored significantly higher than both humanities and social
sciences students, confirming an earlier study that autistic conditions are associated with scien-
tific skills. Within the sciences, mathematicians scored highest. This was replicated in Group 4,
the Mathematics Olympiad winners scoring significantly higher than the male Cambridge hu-
manities students. 6% of the student sample scoredB2he AQ. On interview, 11 out of 11

of these met three or more DSM-IV criteria for AS/HFA, and all were studying sciences/math-
ematics, and 7 of the 11 met threshold on these criteria. Test—retest and interrater reliability of
the AQ was good. The AQ is thus a valuable instrument for rapidly quantifying where any given
individual is situated on the continuum from autism to normality. Its potential for screening for
autism spectrum conditions in adults of normal intelligence remains to be fully explored.

KEY WORDS: Autism-Spectrum Quotient; Asperger syndrome; high-functioning autism; normal intel-
ligence.

(American Psychiatric Association [APA], 1994). As-
perger syndrome (AS) is defined in terms of the indi-

Autism is defined in terms of abnormalities in so- vidual meeting the same criteria for autism but with no
cial and communication development, in the presencehistory of cognitive or language delay, and not meeting
of marked repetitive behavior and limited imagination the criteria for Pervasive Development Disorder (PDD),

1 Departments of Experimental Psychology and Psychiatry, Univer-

(ICD-10; World Health Organization, 1994). Language
delay itself is defined as not using single words by 2 years

sity of Cambridge, Downing Street, Cambridge, CB2 3EB, United Of age, and/or phrase speech by 3 years of age. There

Kingdom.

is growing evidence that autism and AS are of genetic
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origin. The evidence is strongest for autism, and comesthe respondent records the abnormal or autistic-like be-
from twin and behavioral genetic family studies (Bai- havior either mildly or strongly (see below for scoring
ley et al.,1995; Bolton & Rutter, 1990; Folstein & Rut- each item; Abnormality poor social skill, poor com-
ter, 1977, 1988). Family pedigrees of AS also implicate munication skill, poor imagination, exceptional atten-
heritability (Gillberg, 1991). There is also an assump- tion to detail, poor attention-switching/strong focus of
tion, still under debate, that autism and AS lie @oi- attention). Approximately half the items were worded
tinuumof social-communication disability, with AS as to produce a “disagree” response, and half an “agree”
the bridge between autism and normality (Baron-Cohen, response, in a high scoring person with AS/HFA. This
1995; Frith, 1991; Wing, 1981, 1988). The continuum was to avoid a response bias either way. Following this,
view shifts us away from categorical diagnosis and to- items were randomized with respect to both the ex-
wards aquantitativeapproach. pected response from a high-scorer, and with respect
Currently there are no brief, self-administered to their domain.
instruments available for measuring where any given
individual adult, with normal intelligence, lies on this
continuum. Existing instruments, such as the ADI-R INSTRUMENT DEVELOPMENT
(Autism Diagnostic Interview) (Le Couteat al.,1989;
Lord, Rutter, & Le Couteur, 1994), the ADOS-G Items were selected from the domains in the “triad”
(Autism Diagnostic Observation Schedule) are fairly of autistic symptoms (APA, 1994; Rutter, 1978; Wing
time-consuming to administer, and the CARS (Child- & Gould, 1979), and from demonstrated areas of cogni-
hood Autism Rating Scale) which can be brief, is not tive abnormality in autism. The AQ as shown in the Ap-
self-administered (Schopler, Reichler, & Renner, pendix is the outcome of piloting multiple versions, over
1986). What is needed is a short, self-administered several years. The instrument was piloted on adults with
scale for identifying the degree to which any individ- AS or high-functioning autism (HFA), and age-matched
ual adult of normal 1Q may have “autistic traits” or controls. An early version was also interview-based, and
what has been called “the broader phenotype” (Bailey required the coding of responses. Following piloting,
et al., 1995). This would be useful for both scientific items which controls scored on as often, or more often,
reasons (e.g., establishing who is “affected” and who than did people with autism/AS were omitted.
is not, or the degree of caseness of an individual, in sci- Due to the concern over whether a condition like
entific comparisons), and potentially for applied rea- HFA or AS might impair one’s ability to understand
sons (e.g., screening for possibly affected individuals the items in the questionnaire, we checked compre-
to assist in making referrals for a full diagnostic as- hension with the patients in our pilot study. We did this
sessment). For both of these reasons, we developed thby calling some patients into our lab, selected at ran-
Autism-Spectrum Quotient (AQ). The instrument’s dom, where we had the opportunity to ask them about
name was chosen because of the assumption, mentionetheir responses. Comprehension of wording might be a
above, that there is an autism spectrum (Wing, 1888). greater problem in a less able population, but this in-
strument is designed for high-functioning individuals
who are perfectly able to read or discuss issues. For
caution, however, parents independently completed an
dAQ for their child with AS/HFA. A related issue is

The AQ Was_deS|gnqu to be short, easy to US€, aNGyhether a condition like AS or HFA might impair the
easy to score. Itis shown in the Appendix. It comprises o o : : - .
subject’s ability to judge their own social or commu

50 questions, made up of 10 questions assessing 5 dif=. " : : .
ferent areassocial skill(items 1,11,13,15,22,36,44,45, Tcative behavior, due to subtle mind-reading problems
47,48);attention switchingitems 2,4,10,16,25,32,34, (baron-cohen, 1995; Baron-Cohen, Jolliffe, Morti-

37.43,46)attention to detailitems 5,6,9.12,19,23.28, more, & Robertson, 1997). If this occurred, th|_s woulq
29.30.49):communicatior(items 7,17,18,26.27,31,33, \cad & person to score lower on the AQ, rating their
35,38,39),'imagination(items 3 8’14,20,21724140,41, own behavior as more appropriate than it might really

42,50). Each of the items listed above scores 1 point ifbe' A_ny inaccuracies of this k_md WO.UId therefore, if
anything, lead to a conservative estimate of the per-

son’s true AQ score. However, to guard against false

2The term “quotient” is not used in the arithmetic sense (the result negatlve_s, W_e mCIUde(_j questions in both the social al”ld

of dividing one quantity by another) but as derived from the Latin COmMmunication domains that st about the person’s
root quotiens(how much or how many). preferencesrather than only asking them to judge their

DESIGN OF THE AQ
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own behavior. Piloting revealed that such able subjectsThey were drawn from 4,175 students sent an AQ, giv-
were certainly able to report on their own preferencesing a return rate of 20.1%. The return rates from the dif-
and what they find easy or difficult. Equally, items in ferent disciplines did not differ significantly. Group 3
the other domains ask about their attentional prefer-was included to test if they showed a similar profile to
ences or focus of attention (e.g., to dates, numbersthe randomly selected controls (Group 2, above), de-
small sounds). There is no reason to expect that a highspite the difference in both IQ and educational level of
functioning person with autism or AS would be at all the two groups. Group 3 also allowed us to test if sci-
impaired in being able to report faithfully on such entists differed from students in the humanities, given
items. The final version of the AQ has a forced-choice earlier reports (Baron-Cohest al., 1998) suggesting
format, can be self-administered, and is straightforward that autism is more common in families of physicists,
to score since it does not depend on any interpretationengineers, and mathematicians. Finally, Group 4 com-
in the scoring. prised 16 winners of the UK Mathematics Olympiad
(15 male, 1 female). They were included as a retest of
Subjects this same association. Their mean age was 17.4 years
(SD=1.0, range= 15.3-18.7).

Four groups of subjects were tested: Group 1 com-
prised 58 adults with AS/HFA (45 male, 13 female). Method
This sex ratio of 3.5:1 (M:F) is similar to that found in
other samples (Klin, Volkmar, Sparrow, Cicchetti, & Participants were sent the AQ by post, and they
Rourke, 1995). All subjects in this group had been di- were instructed to complete it as quickly as possible
agnosed by psychiatrists using established criteria for(to avoid thinking about responses too long), and to
autism or AS (APA, 1994). They were recruited via sev- complete it on their own. Participants in Group 2 had
eral sources, including the National Autistic Society the option to complete this anonymously or not. To con-
(UK), specialist clinics carrying out diagnostic assess- firm the diagnosis of adults in Group 1 being high func-
ments, and advertisements in newsletters/web pages fotioning, 15 were randomly selected and invited into the
adults with AS/HFA. Their mean age was 31.6 years lab for intellectual assessment using four subtests of
(SD=11.8, range= 16.5-58.3). They had all attended the WAIS-R (Wechsler, 1958). The four subtests of the
mainstream schooling and were reported to have an IQWAIS-R were Vocabulary, Similarities, Block Design,
in the normal range. See below for a check of this. Theirand Picture Completion. On this basis, all of these had
mean number of years in education was 1&D € a prorated IQ of at least 85, that is, in the normal range
2.41). Thirty-two had higher educational qualifications (M = 106.5,SD= 8.0), and did not differ significantly
(university degrees). Their occupations reflected their from the subsamplen(= 15) selected from Group 1
mixed socioeconomic status (SES). Because we could(t test,p > .5), M = 105.8,SD=6.3).
not confirm age of onset of language with any reliabil-
ity (due to the considerable passage of time), these in-
dividuals are grouped together, rather than attempting
to separate them into AS versus HFA. The final sample “Definitely agree” or “slightly agree” responses
of 58 were those who responded from a larger samplescored 1 point, on the following items: 1, 2, 4, 5, 6, 7,
of 63. Group 2 comprised 174 adults selected at random9, 12, 13, 16, 18, 19, 20, 21, 22, 23, 26, 33, 35, 39, 41,
(76 male and 98 female). They were drawn from 500 42, 43, 45, 46. “Definitely disagree” or “slightly dis-
adults sent the AQ by post, giving a return rate of 34.8%. agree” responses scored 1 point, on the following items:
They were all living in the East Anglia area. Their mean 3, 8, 10, 11, 14, 15, 17, 24, 25, 27, 28, 29, 30, 31, 32,
age was 37.0 yearSP=7.7, range= 18.1-60.0). Their 34, 36, 37, 38, 40, 44, 47, 48, 49, 50.
mean number of years in education was 18D £
2.34). 89 had university degrees, and their mix of oc-
cupations was similar to that Group 1. In Groups 1 and
2, 15 individuals were randomly selected from the in-
dividuals who had returned an AQ and invited into the
lab to check prorated 1Q, using four subtests of the Mean total and subcategory AQ scores from each
WAIS-R (see below). Group 3 comprised 840 students group are displayed in Table I. Comparing Groups 1 and
in Cambridge University (454 male, 386 female). Their 2 using an ANOVA of total AQ score by Group and
mean age was 21.0 yeaB(= 2.9, range= 17.6-51.1). Sex, we found, as predicted, that there was a mégntef

Scoring the AQ

RESULTS

AS/HFA Versus Controls, and Sex Differences
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Table I. Mean AQ and Subscale Scores by Group

n Communication Social Imagination Local details Attention switching Total AQ
Group 1
AS/HFA
M 58 7.2 7.5 6.4 6.7 8.0 35.8
SD 2.0 1.9 2.1 2.3 1.8 6.5
AS/HFA males
M 45 7.2 7.4 6.2 6.6 7.7 35.1
SD 2.0 2.0 2.2 2.3 1.9 6.9
AS/HFA females
M 13 7.3 7.9 7.0 6.9 8.9 38.1
SD 2.1 1.4 15 2.1 1.0 4.4
Group 2
Controls
M 174 2.4 2.6 2.3 5.3 3.9 16.4
SD 1.9 2.3 1.7 2.3 1.9 6.3
Control males
M 76 2.8 2.8 2.7 5.2 4.3 17.8
SD 2.0 25 1.9 2.3 1.9 6.8
Control females
M 98 2.1 2.3 1.9 5.4 3.6 15.4
SD 1.8 2.2 15 2.3 1.8 5.7
Group 3
Students
M 840 2.9 2.3 25 5.3 4.5 17.6
SD 2.0 2.2 1.9 2.2 2.0 6.4
Student males
M 454 3.2 2.6 2.9 5.3 4.7 18.6
SD 2.0 2.3 2.0 2.1 2.0 6.6
Student Females
M 386 2.7 2.0 2.0 5.4 4.3 16.4
SD 1.8 2.0 1.7 2.3 2.0 6.1
Group 4
Olympiad
M 16 3.0 5.1 4.9 6.6 4.9 24.5
SD 2.3 3.2 25 2.3 1.9 5.7

of Group,F(1, 228)= 328.9,p = .0001; the AS/HFA ences in IQ and educational level between the two
group scoring higher than the controls, and a two-way groups. Combining Groups 2 and 3, men and women
interaction of Groupx Sex,F(1, 228)=6.01,p = .015; differed on all subscales except local detditegts, all

the control males scoring significantly higher than the p <.0001).

control femalest(= 2.56,df = x, p <.01). There was

no difference between mean AQ scores of men and
women with AS/HFA. Group means on each subscore
are also shown in Table |. See also Figs. 1 and 2 for Table Il shows the AQ scores for subjects in Group
graphic displays of the Group and Sex differences. The3, broken down according to their Degree/area of study.
AS/HFA group differed from Group 2 on all subscores We compared students studying Science (i.e., physical
(t tests,p < .0001). Comparing the students (Group 3) sciences, biological science$mathematics, computer

to the randomly selected controls (Group 2), there was

no main effect of Grougs(1, 1010)= 3.2,p=.07, and S

no Groupx Sex interactionf(1, 1010)= 0.042,p = 3 Physical sciences included physics, physical natural sciences, chem-
.84; but there was a significant effect of SE{,, 1010) Ertlrcyé QSZLZ??;ICsiﬂrggigﬁgonz'ociegf:' engineering, mineral sci-
= ]j9'4’p =.0001, males scoring higher than femal_es' 4Biolo’gical sciences incI’uded %pori)rlnental psychology, neurophys-
This means that on the AQ the students do not differ iojogy, biological natural sciences, biology, bioanthroplogy, neuro-
from the general population sample, despite the differ- science, and molecular ecology.

Scientists Versus Nonscientists
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Fig. 1. AQ scores in AS/HFA group and controls (Groups 1 and 2).
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Fig. 2. AQ scores in male and female controls (Group 2).
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Table Il. Mean AQ and Subscale Scores for Students (Group 3) Studying Different Degrees

n Communication Social Imagination Local details Attention switching Total AQ
Sciences
All
M 454 3.1 2.6 2.7 5.5 4.6 18.5
SD 2.0 2.3 2.0 2.2 2.0 6.8
Male
M 284 3.2 2.9 3.1 5.4 4.7 19.3
SD 2.1 25 2.1 2.1 2.0 6.8
Female
M 170 2.8 2.1 2.1 5.6 4.4 17.1
SD 1.8 2.1 1.7 25 2.0 6.5
Humanities
All
M 276 2.8 2.0 2.1 5.2 4.5 16.7
SD 1.9 2.0 1.8 2.2 2.1 5.9
Male
M 119 3.3 2.1 2.4 5.2 4.7 17.7
SD 1.9 2.0 1.8 2.0 2.2 5.8
Female
M 157 25 2.0 1.9 5.2 4.3 15.9
SD 1.9 2.0 1.8 2.3 2.0 5.8
Social Sciences
All
M 110 2.7 1.8 2.4 5.2 4.3 16.4
SD 1.7 1.9 1.9 2.1 1.9 5.8
Male
M 51 2.8 1.8 2.8 5.2 4.5 17.1
SD 1.8 1.8 2.0 2.3 1.8 6.1
Female
M 59 2.6 1.9 1.9 5.2 4.2 15.8
SD 1.7 2.0 1.7 2.0 2.0 5.5

science, engineering, medicih@nd nonspecific sci-  There was no significant interaction of SexDegree,
encé), versus Humanities (i.e., classics, languages, law,F(2, 834)= 0.32,p =.73).
architecture, philosophy, English, theology, history, or
musi_c), versus the Soci_a_l Scien_ces (i.e., geography, €CONifferences Between Types of Science
nomics, social and political sciences, archaeology and
anthropology, land economy, or management). There We then tested if there were differences between
was a main effect of DegreE(2, 834)=5.8,p = .003, the different types of scientists, or between male and fe-
scientists scoring higher than both humanities and so-male scientists, in Group 3. The six types of Sciences
cial scientists, who did not differ from each other. This (i-e., excluding the nonspecific category), by Sex, were
confirms an earlier report of an association between sci-compared in one ANOVA. There was a main effect of
ence/maths skills, and autistic conditions (Baron-Cohen type of Sciencef(5, 331)=7.8,p <.0001, but no main
et al., 1998). There was also a main effect of $¢X, effect of Sex,F(1, 331)= 3.0,p = .08, and no Sex
834)=11.4,p=.001, males scoring higher than females Science-type interactiof(5, 331)=27.3,p=.62). The
over all, replicating the sex difference found in Group mean AQ’s and subscale scores (&i# for each type
2 above. Scientists differed from nonscientists on two of science are shown in Table Ill. Student Neuman
subscales (social and imaginatidrtgsts,p < .0001). Keuls tests showed that mathematicians scored higher
than engineers, physical and computer sciences, who
S L . . scored higher than medicine and biology. Analyzed dif-
6Me'dlcme included poth medicine and .veterlnary science. _ferently, mathematicians scored significantly higher
This last category included those subjects who simply listed their ’ o . .
Degree as natural sciences, which could have been any of thethan the nonmathematician scienti$tl, 450)= 16.9,
sciences. p = .0001. Subscale differences were not compared
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Table Ill. Mean AQ and Subscale Scores for Student Scientists (Group 3) Studying Different Subjects

n Communication Social Imagination Local details Attention switching Total AQ

Biological sciences

M 31 2.7 15 1.7 4.7 4.2 14.9

SD 2.0 1.5 1.4 2.4 2.1 5.7
Computer science

M 23 3.4 3.7 3.4 5.7 4.8 211

SD 2.4 3.0 1.9 1.8 1.9 7.7
Engineering

M 77 2.9 2.3 3.0 5.4 4.3 17.9

SD 1.8 2.1 2.5 2.2 1.7 5.6
Mathematics

M 85 3.8 3.6 3.3 5.8 5.1 215

SD 2.0 25 1.8 1.9 2.0 6.4
Medicine

M 69 25 1.4 2.0 5.2 4.2 15.4

SD 1.6 1.6 1.6 2.4 1.9 5.0
Physical sciences

M 47 3.0 3.4 3.1 5.4 4.6 19.6

SD 2.3 2.8 1.9 2.2 2.3 7.8
Nonspecific science

M 122 3.0 2.6 2.6 5.6 4.7 18.5

SD 2.0 2.1 1.9 2.4 2.1 7.2

within the science types in order to avoid multiple sta- child’s self-report. This shows that scores in Group 1
tistical testing. To retest the finding from Group 3 that are, if anything, more conservative than would be es-
mathematicians score significantly higher than controls, timated by another judge.
the final analysis compared Group 4 (Maths Olympiad)
versus male humanities students from Group 3. Group
4 scored significantly higher than the male humanities
studentst(133)= —-4.42,p = .0001. There were no dif- An item analysis (percentage of each group scor-
ferences between Group 4 and mathematicians froming on each item) is shown in Table IV. On only 2 items
Group 3,t(99) = -1.7,p = .09. Mean AQ and subscale out of 50 (items 29 and 30) did controls score more
scores from Group 4 are shown in Table I. than adults with AS/HFA, strongly confirming the
value of these items for discriminating HFA/AS versus
controls established at the pilot phase. These two items
were conservatively retained in the analysis since, if
anything, they served to reduce the size of group dif-
To establish test-retest reliability, 17 students ferences. The internal consistency of items in each of
from Group 3 were asked to complete a second AQ the five domains was also calculated, and Cronbach’s
2 weeks after the first administration. Scores from the alpha coefficients were all moderate to high (Commu-
first and second AQs did not differ statisticalt{]6) nication=.65; Social=.77; Imagination= .65; Local
= 0.3,p =.75) and were strongly correlated< .7, Details = .63; Attention Switching= .67). Regarding
p =.002). To test if self-report by adults with AS/HFA the decision to score “slightly agree” and “definitely
was leading to inflated scores, all subjects in Group 1 agree” responses using 1 point only, a reanalysis dif-
were asked if a parent could also compete an AQ onferentiating these in terms of 1 versus 2 points led to
them. Twenty-two of these families agreed to do this. the same pattern of results overall.
The parent version of the AQ omitted 10 items out of
50 (items 3, 5, 6, 8, 12, 20, 23, 27, 36, and 42), since
these could only be answered subjectively. The mean
difference in AQ score between self-report and parent Percentage of each group scoring at or above each
report for the 40-item AQ was 2.8 poinS{= -0.6), AQ score is shown in Table V, and the same analysis
parents scoring their child more highly than their for science versus nonscience students in Group 3, in

Item Analysis and Internal Consistency

Test—Retest Reliability, and Self Versus Parent
Report

Determining a Useful Cutoff
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Table IV. Item Analysis for Groups 1-3

Baron-Cohen, Wheelwright, Skinner, Martin, and Clubley

Group 1 Group 2 Group 3
AS/HFA Controls Students
Item (h=58) (h=174) = 840)
1 67.2 36.2 29.2
2 81.0 31.6 36.0
3 32.8 13.2 17.9
4 91.4 55.7 65.4
5 79.3 59.2 50.8
6 65.5 55.2 49.9
7 65.5 19.0 27.1
8 37.9 6.9 21.0
9 58.6 38.5 23.6
10 81.0 25.9 40.1
11 86.2 31.0 34.5
12 96.6 79.9 75.1
13 74.1 25.3 13.8
14 60.3 38.5 40.0
15 77.6 29.9 19.8
16 82.8 52.3 64.4
17 74.1 32.8 29.0
18 58.6 38.5 36.0
19 58.6 39.1 47.4
20 60.3 14.4 15.1
21 58.6 18.4 12.5
22 84.5 31.0 26.0
23 81.0 54.6 71.4
24 60.3 32.2 23.9
25 81.0 32.8 37.6
26 81.0 35.1 45.0
27 81.0 20.7 24.9
28 69.0 35.6 43.0
29 48.3 54.6 65.0
30 58.6 73.0 65.6
31 67.2 10.3 14.5
32 70.7 17.8 28.2
33 63.8 10.9 12.7
34 65.5 22.4 17.6
35 60.3 19.0 29.0
36 74.1 19.0 27.3
37 69.0 16.1 38.9
38 87.9 33.9 38.7
39 81.0 23.6 36.2
40 77.6 20.7 23.8
41 81.0 25.3 18.3
42 84.5 32.2 36.2
43 81.0 61.5 65.4
44 75.9 14.9 9.9
45 84.5 27.6 35.2
46 93.1 69.5 59.0
a7 56.9 19.5 11.0
48 72.4 20.7 25.1
49 50.0 40.8 43.0
50 87.9 25.9 41.0

Table VI. Considering Table V, and using the rule that

the AS/HFA group scored at this level, while only 2%
of controls did so; 32 also seems to be a useful cut-
off for distinguishing females with AS/HFA (92.3%
scoring at this point or above) versus control females
(1% of whom score at this point or above).

Normal Sex Differences on the AQ

Table V also shows that control females never
score as high as 34whereas 3.9% of control males
do. Note also that at AQ score®2@here are twice as
many males (40%) as females (21%) in the control
group scoring at this intermediate point on the scale.
This suggests that there is not only a sex difference on
the AQ overall (as reflected in the male mean AQ being
higher than the female mean), and a sex difference at
high levels on the AQ (reflected in the sex ratio in
Group 1 being 3.5:1), but that significantly more males
than females in the general population show moderate
levels of “autistic traits” (i.e., those traits that people
with AS or HFA tend to endorse on the AQ).

Validation of the AQ Among Controls

We cannot determine the rate of false negatives in
Group 2 (general population controls), as the majority
of these completed the AQ anonymously. To validate
the AQ in Group 3, we called in for clinical interview
all subjects scoring 32 of whom 11 agreed to be in-
terviewed. Using DSM-IV criteria for autistic disorder,
an experienced clinician (S.B-C.) sought to establish
the number of criteria each subject met. The clinician
remained blind to the AQ score of the subject being in-
terviewed. Of the 11 subjects scoring+t3Z met cri-
teria for HFA or AS. No diagnoses were actually made
for two reasons: No parent was present to provide in-
dependent developmental data, and because none of
those meeting criteria complained of any current un-
happiness. Indeed, many of them reported that within
a University setting their desire not to be sociable, to-
gether with their desire to pursue their narrow or repet-
itive interests (typically mathematics and computing)
was not considered odd, and was even valued. Of the
other 4, all met at least three criteria. In all 11 cases
however, there was evidence from self-report of sig-
nificant impairment in functioning during the school
years (social isolation, being bullied, and difficulty in
making friendships).

a useful CUtOff_V_VOUId discriminate the gro_u_ps with as - Only DSM-1V criteria were applied, as for individuals of this age
many true positives and as few false positives as pos- it was not appropriate to also use instruments such as the ADI-R

sible, an AQ score of 32was chosen, since 79.3% of

or the ADOS (Lorcet al.,1994).
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Table V. Percentage of Subjects in Groups 1 and 2 Scoring at or Above each AQ Score

AS/HFA AS/HFA males AS/HFA females Controls Control males Control females
AQ Score f=58) (nh = 45) (h=13) h=174) h=76) (h=98)
0 100 100 100 100 100 100
1 100 100 100 100 100 100
2 100 100 100 100 100 100
3 100 100 100 100 100 100
4 100 100 100 100 100 100
5 100 100 100 98.3 97.4 99.0
6 100 100 100 96.6 97.4 95.9
7 100 100 100 96.0 97.4 94.9
8 100 100 100 93.7 96.1 91.8
9 100 100 100 90.2 93.4 87.8
10 100 100 100 85.1 89.5 81.6
11 100 100 100 81.6 85.5 78.6
12 100 100 100 77.0 78.9 75.5
13 100 100 100 71.8 73.7 70.4
14 100 100 100 65.5 89.7 62.2
15 100 100 100 60.9 68.4 55.1
16 100 100 100 54.0 63.2 46.9
17 100 100 100 47.1 57.9 38.8
18 100 100 100 40.6 51.3 32.7
19 98.3 97.8 100 36.8 48.7 27.6
20 96.6 95.6 100 29.3 39.5 21.4
21 96.6 95.6 100 24.7 329 18.4
22 96.6 95.6 100 19.0 25.0 14.3
23 96.6 95.6 100 16.7 22.4 12.2
24 94.8 93.3 100 13.8 18.4 10.2
25 94.8 93.3 100 9.8 14.5 6.1
26 94.8 93.3 100 8.0 13.2 4.1
27 69.7 86.7 100 4.0 6.6 2.0
28 89.7 86.7 100 4.0 6.6 2.0
29 86.2 82.2 100 4.0 6.6 2.0
30 64.5 80.0 100 2.9 5.3 1.0
31 82.8 77.8 100 2.9 5.3 1.0
32 79.3 75.6 92.3 2.3 3.9 1.0
33 70.7 66.7 84.6 2.3 3.9 1.0
34 63.8 60.0 76.9 1.7 3.9 0
35 62.1 57.8 76.9 0.6 1.3 0
36 53.4 46.7 76.9 0.6 1.3 0
37 50.0 46.7 61.5 0.6 1.3 0
38 43.1 37.8 61.5 0 0 0
39 36.2 33.3 46.2 0 0 0
40 27.6 24.4 38.5 0 0 0
41 22.4 22.2 23.1 0 0 0
42 22.4 22.2 23.1 0 0 0
43 19.0 17.8 23.1 0 0 0
44 13.8 13.3 15.4 0 0 0
45 5.2 4.4 7.7 0 0 0
46 1.7 2.2 0 0 0 0
47 1.7 2.2 0 0 0 0
48 1.7 2.2 0 0 0 0
49 0 0 0 0 0 0
50 0 0 0 0 0 0




Baron-Cohen, Wheelwright, Skinner, Martin, and Clubley

14
Table VI. Percentage of Subjects in Group 3 Scoring
or at Above Each AQ Score
Science Nonscience
AQ Score 6= 454) = 386)
0 100 100
1 100 100
2 100 100
3 100 99.7
4 100 99.2
5 99.3 99.2
6 96.7 99.0
7 98.2 97.9
8 97.4 96.4
9 96.9 94.0
10 93.4 90.4
11 89.4 85.2
12 85.5 81.6
13 81.5 73.3
14 75.1 67.9
15 70.3 62.4
16 62.1 54.7
17 55.5 46.6
18 51.3 39.4
19 46.0 32.6
20 39.6 29.0
21 32.6 23.6
22 30.2 194
23 26.2 16.3
24 23.8 12.7
25 19.2 10.6
26 15.4 8.3
27 12.3 6.7
28 10.4 4.1
29 8.1 3.1
30 7.7 2.6
31 5.3 1.6
32 4.6 1.3
33 3.3 0.5
34 2.4 0.3
35 15 0.3
36 1.1 0
37 0.9 0
38 0.7 0
39 0.7 0
40 0.4 0
41 0.4 0
42 0.4 0
43 0.2 0
44 0.2 0
45 0 0
46 0 0
47 0 0
48 0 0
49 0 0
50 0 0

DISCUSSION

We have described a new self-assessment screen-
ing instrument, the Autism-Spectrum Quotient (AQ),
for measuring the degree to which an individual of nor-
mal intelligence shows autistic traits. As predicted,
adults with AS/HFA scored significantly higher on the
AQ than matched controls. 80% scored above a criti-
cal minimum of 32, whereas only 2% of controls did
so. This demonstrates that the AQ has reasonable face
validity, since the questionnaire purports to measure
autistic spectrum traits, and people with a diagnosis in-
volving these traits score highly on it. AQ scores from
a general population sample and a Cambridge student
sample were not significantly different, implying that
IQ and SES do not appear to influence AQ. The AQ
can also be said to have reasonable construct validity,
in that items purporting to measure each of the five do-
mains of interest (social, communication, imagination,
attention to detail, and attention switching) show mod-
erate to high alpha coefficients. Future work needs to
test the false negative rate by carrying out diagnostic
assessments on a larger number of subjects in the con-
trol group than was possible here. The AQ has excel-
lent test-retest reliability. The group differences be-
tween the AS/HFA group versus controls are if
anything conservative, given that parents score their
child with AS/HFA higher than they score by self-
report. Within the control group, men score slightly but
significantly higher than women, both overall, and at
intermediate and high levels of autistic traits. This is
consistent with the extreme male brain theory of autism
(Asperger, 1944; Baron-Cohen & Hammer, 1997;
Baron-Cohen, Wheelwright, Stone, & Rutherford,
1999) and may have implications for the marked sex
ratio in AS (Wing, 1981). Finally, scientists score higher
than nonscientists; and within the sciences, mathemat-
ics, physical scientists, computer scientists, and engi-
neers score higher than the more human or life-centered
sciences of medicine (including veterinary science) and
biology. This latter finding replicates our earlier stud-
ies finding a link between autism spectrum conditions
and occupations/skills in maths, physics, and engineer-
ing (Baron-Coheret al, 1998). Our recent single-case
studies of very high-achieving mathematicians, physi-
cists, and computer scientists with AS show that this
condition need not be any obstacle to achieving the high-
estlevelsinthese fields. Converging evidence for a link
between AS and talent in physics has been reported in
an unselected sample of children with AS (Baron-Cohen,
Wheelwright, Spong, Scabhill, & Lawson, in press).

We wish to underline that the AQ is not diagnos-
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tic, but may serve as a useful instrument in identifying scores above 32 on the AQ, and is suffering some dis-
the extent of autistic traits shown by an adult of normal tress, we suggest this merits a referral to an expert clin-

intelligence. A score of 32appears to be a useful cut-
off for distinguishing individuals who have clinically

ician for a full diagnostic assessment. A limitation of
this instrument is that it may not be appropriate for pa-

significant levels of autistic traits. Such a high score on tients with low 1Q, since the AQ assumes reading com-
the AQ however does not mean an individual has AS or prehension skills. Future work could include adminis-
HFA, since a diagnosis is only merited if the individual tering the AQ to other psychiatric control groups, in
is suffering a clinical level of distress as a result of their order to further determine its specificity, and to repli-
autistic traits. As shown in the subsample of students incate the current results from Group 1 with patients di-

Group 3 above, 80% of those scoringr32et DSM-1V

agnosed using standardized instruments. We suggest the

criteria for HFA, but did not merit a diagnosis as they AQ fills a gap for a brief assessment instrument for

were not suffering any significant distress. If an adult HFA/AS in adults of normal intelligence.

APPENDIX

The Autistic-Spectrum Quotient

1.

2.

11.
12.
13.
14.
15.

16.

17.
18.

19.
20.

21.
22.
23.
24,
25.

26.

| prefer to do things with others rather
than on my own.

| prefer to do things the same way over
and over again.

. If I try to imagine something, | find it very

easy to create a picture in my mind.

. | frequently get so strongly absorbed in one

thing that | lose sight of other things.

. | often notice small sounds when others do not.
. | usually notice car number plates or similar

strings of information.

. Other people frequently tell me that what I've

said is impolite, even though | think it is polite.

. When I'm reading a story, | can easily imagine

what the characters might look like.

. | am fascinated by dates.
. In a social group, | can easily keep track of

several different people’s conversations.

| find social situations easy.

| tend to notice details that others do not.

| would rather go to a library than a party.

| find making up stories easy.

| find myself drawn more strongly to people
than to things.

| tend to have very strong interests, which

| get upset about if | can’t pursue.

| enjoy social chit-chat.

When | talk, it isn’t always easy for others to
get a word in edgeways.

| am fascinated by numbers.

When I'm reading a story, | find it difficult to
work out the characters’ intentions.

| don't particularly enjoy reading fiction.

| find it hard to make new friends.

| notice patterns in things all the time.

| would rather go to the theatre than a museum.

It does not upset me if my daily routine

is distubed.

| frequently find that | don’t know how to keep
a conversation going.
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27.
28.

29.
30.

31.

32.
33.

34.
35.
36.

37.

38.
39.

40.

41.

42.

43.
44.
45.
46.
47.
48.
49.

50.

| find it easy to “read between the lines” when
someone is talking to me.

| usually concentrate more on the whole picture,
rather than the small details.

| am not very good at remembering phone numbers.

| don’t usually notice small changes in a situation,
or a person’s appearance.

I know how to tell if someone listening to me

is getting bored.

| find it easy to do more than one thing at once.
When | talk on the phone, I'm not sure when it's
my turn to speak.

| enjoy doing things spontaneously.

| am often the last to understand the point of a joke.

| find it easy to work out what someone is
thinking or feeling just by looking at their face.
If there is an interruption, | can switch back to
what | was doing very quickly.

| am good at social chit-chat.

People often tell me that | keep going on and
on about the same thing.

When | was young, | used to enjoy playing games
involving pretending with other children.

| like to collect information about categories
of things (e.g. types of car, types of bird,
types of train, types of plant, etc.).

| find it difficult to imagine what it would be
like to be someone else.

| like to plan any activities | participate in carefully.
| enjoy social occasions.

| find it difficult to work out people’s intentions.
New situations make me anxious.

| enjoy meeting new people.

| am a good diplomat.

| am not very good at remembering

people’s date of birth.

| find it very easy to play games with

children that involve pretending.

Baron-Cohen, Wheelwright, Skinner, Martin, and Clubley
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