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Abstract Reliability and validity for three autism
instruments were compared for 190 children with low
functioning autism (LFA), 190 children with high func-
tioning autism or Asperger’s disorder (HFA), 76 children
with attention deficit hyperactivity disorder (ADHD), and
64 typical children. The instruments were the Checklist for
Autism Spectrum Disorder (designed for children with
LFA and HFA), Childhood Autism Rating Scale (CARS)
for children with LFA, and Gilliam Asperger’s Disorder
Scale (GADS). For children with LFA or ADHD, classi-
fication accuracy was 100% for the Checklist and 98% for
the CARS clinician scores. For children with HFA or
ADHD, classification accuracy was 99% for the Checklist
and 93% for the GADS clinician scores. Clinician—parent
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diagnostic agreement was high (90% Checklist, 90%
CARS, and 84% GADS).

Keywords Autism - Rating scales - Checklists -
CARS - GADS

Introduction

There is a critical need to identify children with autism at a
very young age so that they can access evidence-based
intervention that can significantly improve their outcomes
(Ventola et al. 2006) and that financially benefits society by
reducing the need for costly services later in life (Jacobson
et al. 1998). To make early identification easier to achieve,
valid screening and diagnostic instruments are needed that
are, ideally, simple and brief, available at no charge, cost
effective to administer, accurate when completed by both
clinicians and parents, appropriate for toddlers as well as
older children, and designed for individuals at both the low
and high ends of the autism spectrum.

The purpose of our study was to compare diagnostic
agreement, reliability, and validity for three autism
instruments that have some or most of these characteristics.
The instruments were the Checklist for Autism Spectrum
Disorder, Childhood Autism Rating Scale (CARS), and
Gilliam Asperger’s Disorder Scale (GADS). The Checklist
was chosen for the study because it is the only checklist or
rating scale designed to evaluate children with both low
functioning autism (LFA) and high functioning autism or
Asperger’s disorder (HFA). The CARS was selected
because, compared with other autism rating scales, it has
the best psychometric support for children with LFA
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(Eaves and Milner 1993; Morgan 1988; Rellini et al. 2004).
The GADS was used because it is the only scale for chil-
dren at the high functioning end of the spectrum appro-
priate for our study’s age range (early preschool through
adolescence). The three instruments were completed by
clinicians and parents for children with autism spectrum
disorder, attention deficit hyperactivity disorder (ADHD),
and typical development.

Checklist for Autism Spectrum Disorder

The Checklist for Autism Spectrum Disorder (see
“Appendix” or http://psychiatry.hmc.psu.edu) is com-
pleted by the clinician based on a 15- to 20-min structured
interview with the parent, information from the child’s
teacher or child care provider, observations of the child,
previous evaluations, and other available records. Infor-
mation from the teacher can be obtained by having the
teacher independently complete the Checklist prior to the
parent interview. If used to diagnose autism, the Checklist
should be administered by a qualified psychologist or
physician specialist (child psychiatrist, developmental
pediatrician, or pediatric neurologist) who has expertise
and experience with autism. During the parent interview,
the clinician specifically asks the parent if each of the 30
symptoms (as defined on the Checklist itself) was ever
present (either in the past or currently) or absent. Symp-
toms 1-30 are considered present if any sub-item under the
symptom is checked. Scores of 15 or higher are in the
autism range. Items are counted as present on the Checklist
even if they were only evident in the past. This is important
because, when conducting a structured interview with a
parent, counting symptoms of autism that were ever present
yields higher diagnostic validity than counting symptoms
that are only currently present (Lord et al. 1997). Further,
another study showed that symptoms during the preschool
years were more accurate than school age symptoms in
differentiating children with autism from those with a
language disorder (Mildenberger et al. 2001).

In a study of 143 children with autism, all children had
15 or more of the 30 Checklist symptoms (Mayes and
Calhoun 1999). Another study showed that all children
with clinical diagnoses of autism or Asperger’s disorder
had Checklist scores of 15 or higher, and all typical chil-
dren had <15 symptoms (Tryon et al. 2006). Children with
LFA and HFA both score in the autism range on the
Checklist (Mayes and Calhoun 2004). Norms are currently
available for 630 children with autism 1-16 years of age
with IQs ranging from 9 to 146. The mean Checklist score
is 22, with a range of 15-30 and a standard deviation of 3.
Diagnostic agreement was 100% between a psychologist
using the Checklist (with a cutoff score of 15) and a child

psychiatrist using DSM-IV criteria for 157 children with
autism (Mayes et al. 2001).

The Checklist was developed to provide a comprehen-
sive list of all core and associated symptoms of autism in
order to help educate families and professionals regarding
autism and all of its comorbid features. As noted, the
Checklist is completed using parent and teacher report,
clinical observations of the child, and early history of
autistic symptoms. A diagnosis of autism should not be
based solely on observations of the child because some
symptoms occur at a low frequency and may not be
observed and because some symptoms are more apparent
during early childhood than later, making a parent inter-
view a critical component of the diagnosis (Ozonoff et al.
2005).

Another goal in designing the Checklist was to create a
single measure that applies to children with both LFA and
HFA. Studies show that most, if not all, children with a
clinical diagnosis of Asperger’s disorder actually meet
DSM-IV criteria for autism (Eisenmajer et al. 1996;
Howlin 2003; Manjiviona and Prior 1995; Mayes et al.
2001; Miller and Ozonoff 1997; Szatmari et al. 1995;
Tryon et al. 2006). Research attempting to differentiate
autism and Asperger’s disorder suggests these subgroups
differ only in symptom severity or IQ (Miller and Ozonoff
2000; Myhr 1998; Ozonoff et al. 2000), indicating they are
not separate disorders. Further, diagnostic agreement for
autism spectrum disorder is excellent, whereas agreement
for the DSM-IV pervasive developmental disorder sub-
types is far lower (Mahoney et al. 1998; Stone et al. 1999;
Volkmar et al. 1994). Many clinicians and researchers now
concur that autism is a spectrum disorder and that Asper-
ger’s disorder is not a separate and distinct disorder, but is
at the high functioning or mild end of the autism continuum
(Eisenmajer et al. 1996; Frith 2004; Macintosh and Dis-
sanayake 2004; Manjiviona and Prior 1995; Mayes and
Calhoun 2003; Mayes et al. 2001; Miller and Ozonoff
2000; Myhr 1998; Ozonoff et al. 2000; Prior et al. 1998;
Schopler 1996, 1998; Wing 1998).

Childhood Autism Rating Scale

The Childhood Autism Rating Scale (CARS; Schopler
et al. 1986) consists of 15 items rated on a 7-pt scale from
normal to severely abnormal. Raters can include “physi-
cians, special educators, school psychologists, speech
pathologists, and audiologists” who are “trained through
brief written and/or videotaped instruction to administer
the CARS” (Schopler et al. 1986, p. 6). Raters base their
ratings on observations, parent report, and relevant medical
records (Schopler et al. 1986, p. v). The purpose of the
CARS is “to identify children with autism and to
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distinguish them from developmentally handicapped chil-
dren without autism” (Schopler et al. 1986, p. 1). In the
standardization sample of 1,606 children with autism, 71%
had IQs below 70 and 17% had IQs from 70 through 84.
The CARS is appropriate for children of all ages, including
preschoolers. The range of scores on the CARS is 15-60.
Scores of 30 or higher are in the autism range. Percent
agreement between the CARS and clinical diagnoses was
87% in the normative sample.

Independent psychometric support for the CARS is
excellent. According to Ozonoff et al. (2005), studies
report high criterion-related validity, interrater and test—
retest reliability, and internal consistency, even when the
CARS is completed by raters with little knowledge about
autism or training on the CARS. Studies show that the
CARS has better diagnostic validity than other autism
rating scales (Eaves and Milner 1993; Rellini et al. 2004).
CARS classification accuracy for children with autism
(2-22 years of age) was 98% in a study by Eaves and
Milner (1993) and 92% in a study by Sevin et al. (1991). In
samples of children with autism and other disorders,
agreement between the CARS and DSM-IV diagnoses was
100% in one study (Rellini et al. 2004) and 88% in another
study (Perry et al. 2005). In studies of individuals with
suspected autism, diagnostic agreement between the CARS
and the Autism Diagnostic Interview-Revised (ADI-R) was
86% (Pilowsky et al. 1998) and 67% (Saemundsen et al.
2003). A study of toddlers who failed the Modified
Checklist for Autism in Toddlers (M-CHAT), showed that
diagnoses using the CARS, Autism Diagnostic Observation
Schedule-Generic (ADOS-G), and DSM-IV clinical judg-
ment agreed with each other, but not with the ADI-R
(Ventola et al. 2006). Teal and Wiebe (1986) demonstrated
that CARS scores significantly differentiated children with
autism from children with mental retardation and no aut-
ism. However, research shows a significant negative cor-
relation between CARS scores and both IQ and mental age
(Perry et al. 2005; Pilowsky et al. 1998).

Gilliam Asperger’s Disorder Scale

The Gilliam Asperger’s Disorder Scale (GADS) is a
32-item instrument rated on a 4-point scale (from never to
frequently observed) for individuals three through 22 years
of age. The GADS is completed by someone who “has had
regular and sustained contact with the subject for at least
two weeks” including “parents, classroom teachers, edu-
cational diagnosticians, psychological associates, psychol-
ogists, and others who are familiar with the instrument”
(Gilliam 2001, p. 9). The second printing of the GADS
includes the Parent Interview Form, containing questions
about the child’s language and cognitive development. As
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stated in the GADS manual, “the child should have at least
average cognitive and language development” for a diag-
nosis of Asperger’s disorder (Gilliam 2001, p. 4). The
GADS was designed to help professionals “differentiate
those persons who are likely to have Asperger’s Disorder
from those who do not” (Gilliam 2001, p. 6). The author
acknowledges that there is no single agreed upon definition
of Asperger’s disorder, that the validity of Asperger’s
disorder as distinct from other pervasive developmental
disorder subtypes is controversial, and that “confusion
exists in differentiating persons with Asperger’s disorder
from persons with autism who have higher levels of
intelligence” (Gilliam 2001, p. 1).

The 32-item GADS is divided into four subscales,
yielding standard scores that are based on ratings for
children with diagnoses of Asperger’s disorder in the
normative sample. The total of the four subscale standard
scores is converted into an Asperger’s quotient using a
table in the manual. The manual states “If the subject’s
Asperger’s Quotient is 80 or above, the person probably
has Asperger’s Disorder” (Gilliam 2001, p. 18). The
GADS normative sample consisted of 371 individuals with
Asperger’s disorder. Scales were completed by 253 par-
ents, 59 educational personnel, 18 relatives, 10 psycholo-
gists, 7 speech clinicians, and 24 other raters. IQ scores
were available for only 33 of the individuals. Parents,
teachers, and other personnel in school districts and treat-
ment centers were contacted and asked to complete the
GADS on individuals “diagnosed as having Asperger’s
Disorder” (Gilliam 2001, p. 21). Diagnoses were not
independently confirmed.

The GADS manual reports adequate internal consis-
tency for the four subscales (coefficient alphas > .70).
Median correlations between individual subscale items and
the subscale total were .56 to .68. The manual reports an
interrater reliability coefficient of .89 for the Asperger’s
quotient and a test—retest reliability coefficient of .93 for
the Asperger’s quotient for 10 individuals rated by teachers
2 weeks apart. Asperger’s quotients were significantly
higher for 371 individuals with diagnoses of Asperger’s
disorder (M 101) than for 50 individuals with autistic dis-
order (M 72), 28 with other diagnoses including “attention
deficit hyperactivity disorder, mental retardation, emo-
tional disturbance, and learning disabilities” (M 77), and
26 “nondisabled” individuals (M 67) (Gilliam 2001, p. 28).
Using the Asperger’s disorder quotient and the four sub-
scale scores, discriminant analysis classified individuals
with and without Asperger’s disorder with 83% accuracy.
A computer literature search failed to disclose any pub-
lished studies reporting validity and reliability data for the
GADS. A review article (Campbell 2005) stated that pub-
lished scales for Aperger’s disorder, including the GADS,
have significant psychometric weaknesses.
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Purpose

The purpose of our study was to compare diagnostic
agreement, reliability, and validity for the Checklist for
Autism Spectrum Disorder, Childhood Autism Rating
Scale (CARS), and Gilliam Asperger’s Disorder Scale
(GADS) completed by clinicians and parents for children
with autism spectrum disorder, attention deficit hyperac-
tivity disorder (ADHD), and typical development. We
selected ADHD as a clinical comparison group because
ADHD is a common childhood disorder that, together with
autism, comprises a large portion of referrals for child
diagnostic evaluations. Children with ADHD and autism
have many overlapping features, including inattention,
overactivity, mood and behavior problems, early language
delay, and difficulty with social skills (de Boo and Prins
2007; Mayes and Calhoun 1999, 2007; Miniscalco et al.
2007; Van der Oord et al. 2005). These shared symptoms
can complicate a differential diagnosis. Therefore, deter-
mining if Checklist, CARS, and GADS scores can differ-
entiate between HFA, LFA, and ADHD is of clinical value.

Methods
Sample

Our sample comprised 190 children with diagnoses of
autism and full scale IQs below 80 (low functioning aut-
ism), 190 children with diagnoses of autism or Asperger’s
disorder and full scale IQs of 80 or above (high functioning
autism), 76 children with ADHD, and 64 typical children.
The most common IQ tests administered were the WISC-
IV, WPPSI-III, and Bayley Mental Scale. Children with
autism or ADHD were patients evaluated in our diagnostic
clinics by licensed PhD psychologists, board certified child
psychiatrists, or a board certified developmental pediatri-
cian using DSM-1V criteria. Typical children were children
without a diagnosis of autism or other neuropsychiatric
disorder recruited from colleagues and daycare centers.
Sixty-one percent of the children with LFA, HFA, and

ADHD had an independent confirmatory diagnosis. Com-
parisons of Checklist, CARS, and GADS clinician and
parent scores for children with and without independent
diagnoses yielded nonsignificant differences (p > .01) for
16 of the 18 scores. CARS clinician scores for children
with LFA and Checklist parent scores for children with
HFA were higher for children with versus without an
independent diagnosis. Demographic data for the sample
are presented in Table 1. Children with ADHD were older
than children with autism (r = 4.4, p < .0001), and chil-
dren with autism had lower 1IQs than children with ADHD
(t = 6.9, p < .0001). IQs were not available for the typical
children. Comparisons of frequencies showed significant
differences for parent occupation (> = 77.8, p < .0001)
and gender (y* = 64.0, p < .0001) and a nonsignificant
difference for race (*> = 5.9, p > .05).

Instruments and Procedure

For the children with autism or ADHD (n = 456), the
Checklist, CARS, and GADS were completed by clinicians
who conducted the diagnostic evaluations or provided
ongoing services to the children. All clinicians had exten-
sive experience and expertise with autism and ADHD.
Clinicians included two licensed PhD psychologists, three
board certified child psychiatrists, one board -certified
developmental pediatrician, and one certified school psy-
chologist working at a school for children with autism.
Clinicians used information from a variety of sources to
complete the instruments, including an interview with the
parent, observations of the child, teacher report, and a
review of records. A subset of parents of the clinical
children and the parents of typical children (n = 229)
independently completed the same instruments for their
children. Parents of the clinical children completed the
instruments prior to the interview with and diagnostic
feedback from the clinician. Agreement between two cli-
nicians calculating scores on the completed parent and
clinician Checklist, CARS, and GADS was 100% for a
random subset of 10 children.

Table 1 Demographic data for children (1-16 years) with low functioning autism (LFA), high functioning autism or Asperger’s disorder (HFA),
attention deficit hyperactivity disorder (ADHD), and typical development (n = 520)

LFA (n = 190) HFA (n = 190) ADHD (n = 76) Typical (n = 64)
Age M 5.5 (SD 3.3) M 6.1 (SD 3.2) M 7.6 (SD 3.1) M 6.8 (SD 4.2)
1Q M 53 (SD 17) M 105 (SD 15) M 103 (SD 17) NA
Male (%) 85 85 71 41
Parent professional (%) 30 40 53 94
White (%) 91 93 86 84
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Data Analyses

Overall classification accuracy (percentage of children with
and without autism correctly identified), sensitivity (num-
ber of children with autism scoring in the autistic range
divided by the total number of children with autism),
specificity (number of children without autism scoring in
the nonautistic range divided by the total number of chil-
dren without autism), positive predictive power (number of
children with autism scoring in the autistic range divided
by the total number of children scoring in the autistic
range), and negative predictive power (number of children
without autism scoring in the nonautistic range divided by
the total number of children scoring in the nonautistic
range) were calculated to assess the validity of the instru-
ments in identifying children with and without clinical
diagnoses of autism. Pearson correlation coefficients, the
effect size statistic r* (explained variance), and percent
agreement were used to indicate the degree of relationship
between scores. Independent r-tests, Ancova (covarying
age, gender, and parent occupation), and Cohen’s d effect
size were calculated to determine the statistical and clinical
significance of differences in scores between diagnostic
groups. A Bonferroni correction was used when multiple
comparisons were made. Clinician and parent scores were
compared using dependent r-tests. The significance of
differences in variable frequencies between groups was
calculated using chi-square or Fisher’s exact test.

Results
Classification Accuracy

The percentages of children scoring at or above the autism
cutoffs on the Checklist, CARS, and GADS are presented
in Table 2. Using clinician scores and the recommended
autism cutoff for each instrument, 100% of children with
LFA were correctly identified using the Checklist and 97%
were identified with the CARS. However, 88% of the
children with LFA scored in the Asperger’s disorder range
on the GADS. Among children with HFA, 99% were
correctly identified using the Checklist and 75% were
identified using the CARS. For the GADS, 92% of the
children with HFA scored at or above the cutoff. For
children with ADHD, none were identified as having aut-
ism with the Checklist or CARS and only 4% were mis-
classified with the GADS. As shown in Table 2, diagnostic
validity using the parent scores was not quite as high but
was still very positive, and none of the typical children
scored in the autistic range on any of the instruments
completed by parents. The percentages of children scoring
at or above the autism cutoff on the three instruments did

@ Springer

Table 2 Percent of children scoring at or above the autism cutoff on
the Checklist for Autism Spectrum Disorder, Childhood Autism
Rating Scale (CARS), and Gilliam Asperger’s Disorder Scale
(GADS)

Checklist CARS GADS

Clinician scores

LFA (n = 190) 100 97 88

HFA (n = 190) 99 75 92

ADHD (n = 76) 0 0 4
Parent scores

LFA (n = 36) 94 89 72

HFA (n = 55) 87 46 74

ADHD (n = 74) 11 6 19

Typical (n = 64) 0 0 0

LFA low functioning autism, HFA high functioning autism/Asper-
ger’s disorder

not differ significantly between clinicians and parents for
LFA (x* or Fisher’s p > .01) but did for HFA (4* or
Fisher’s p < .01).

Table 3 presents classification accuracy percentages for
children with autism or ADHD. Statistics for the Checklist
included children with LFA and HFA because the Check-
list is for both groups. Statistics for the CARS were only
for children with LFA, because the CARS was not stan-
dardized on children with HFA. Similarly, statistics for the
GADS were only for children with HFA, because the
GADS was not designed for LFA. Overall classification
accuracy for parents was lower than for clinicians, but still
high. None of the typical children had parent Checklist,
CARS, or GADS scores in the autism range. For each
instrument, sensitivity, specificity, positive predictive
power, and negative predictive power percentages were
similar to each other, indicating that none of the instru-
ments disproportionately over- or under-identified children.

Agreement Between Instruments

Percent agreement between the Checklist and CARS for
children with LFA and between the Checklist and GADS
for children with HFA is reported in Table 4. For the
sample with LFA or ADHD, there was 98% diagnostic
agreement between clinicians using the Checklist and
CARS. For the sample with HFA or ADHD, percent
agreement was 94% between the Checklist and GADS
clinician scores. For children with LFA, HFA, or ADHD,
correlations between clinician scores on the three instru-
ments were highly significant (.70 for the CARS and
GADS, .81 for the Checklist and GADS, and .82 for the
Checklist and CARS, p < .0001, explained variance

>48%). Percent agreement between instruments for the
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Table 3 Classification accuracy percentages for clinician and parent scores for children with autism or ADHD

Overall accuracy Sensitivity Specificity Positive Negative
predictive power predictive power
Clinician scores
LFA versus ADHD
Checklist 100 100 100 100 100
CARS 98 97 100 100 94
HFA versus ADHD
Checklist 99 99 100 100 97
GADS 93 92 96 98 82
Parent scores
LFA versus ADHD
Checklist 91 94 89 81 97
CARS 93 89 94 89 94
HFA versus ADHD
Checklist 88 87 89 85 90
GADS 78 74 81 72 83

Table 4 Percent agreement between instruments on diagnosis of
autism versus no autism

Table 5 Clinician and parent Scores on the Checklist, CARS, and
GADS

Percent agreement

Checklist and CARS

Clinician scores

LFA and ADHD sample 98
Parent scores

LFA and ADHD sample 88

LFA and typical sample 95

Checklist and GADS

Clinician scores

HFA and ADHD sample 94
Parent scores

HFA and ADHD sample 76

HFA and typical sample 88

parent scores was lower than for clinician scores, particu-
larly between the Checklist and GADS for children with
HFA or ADHD. This occurred because parents tended to
over-rate their children with ADHD and under-rate their
children with HFA on the GADS compared with the other
instruments (as indicated by the mean scores in Table 5).

Differences in Scores between Diagnostic Groups

For all three instruments (Table 5), clinicians scored chil-
dren with LFA and HFA significantly higher than children
with ADHD (¢ > 20.4, p < .0001, d > 3.1). Parent scores
were also higher for children with LFA and HFA than for
children with ADHD (¢ > 6.3, p < .0001, d > 1.3), and
parent scores were higher for children with ADHD than for

Checklist CARS GADS
M SD Range M SD Range M SD Range
Clinician scores
LFA 23 15-30 41 5 27-56 101 14 55-128
HFA 21 4 14-30 33 5 2349 99 13 65-125
ADHD 6 4 0-14 20 3 15-26 58 12 40-90
Parent scores
LFA 23 4 14-30 37 7 22-49 84 14 60-112
HFA 20 5 12-30 30 7 2044 90 18 40-122
ADHD 9 5 020 22 5 15-38 64 17 40-103
Typical 1 2 0-7 16 1 15-21 45 8 40-73

The possible range of scores is 0-30 on the Checklist, 15-60 on the
CARS, and 40-140 on the GADS

children with typical development (¢ > 5.8, p < .0001,
d > 1.5). On the Checklist, clinician and parent scores
were approximately half a standard deviation higher for
children with LFA than for children with HFA (¢t = 4.4 and
3.0, p < .02, d = .5 and .6). Differences between children
with LFA and HFA exceeded one standard deviation for
the CARS (r = 16.4 and 6.7, p < .0001, d = 1.6 and 1.1).
For children with autism, the correlation between IQ and
Checklist clinician scores was —.26 (explained variance
7%) and the correlation between IQ and CARS clinician
scores was —.73 (explained variance 54%). Differences
between the LFA and HFA groups for the Checklist and
CARS clinician scores were nonsignificant when 1Q was
covaried (¢ < 1.6, p > .33). Clinician and parent scores on
the GADS did not differ significantly between children
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Table 6 Relationship between

clinician and parent scores for Clinician mean Parent mean " ! d
children with autism Checklist 21.8 21.3 72 (p < .0001) 1.6 (p = .12) 1
CARS 34.4 32.8 78 (p < .0001) 3.2 (p = .002) 2
GADS 95.7 87.5 53 (p < .0001) 4.6 (p < .0001) 5

with LFA and HFA, regardless of whether or not IQ was
covaried (t < 1.7, p > .54, d < 4).

Clinician and Parent Agreement

Clinician and parent interrater reliability data for the 90
children with autism are presented in Table 6. Reliability
coefficients for the Checklist (r = .72), CARS (r = .78),
and GADS (r = .53) were highly significant (p < .0001,
explained variance >28%). Clinician and parent Checklist
scores did not differ significantly from each other (t = 1.6,
p = .12), whereas clinicians scored children with autism
higher than parents on the CARS and on the GADS
(t = 3.2 and 4.6, p < .003). For the sample of children
with autism or ADHD, correlations between clinician and
parent scores were very significant (p < .0001, explained
variance >57%) for the Checklist (r = .93), CARS
(r=.87), and GADS (r = .76). Percent agreement
between clinicians and parents as to whether these children
fell below versus at or above the cutoff for each instrument
was also high (90% Checklist, 90% CARS, and 84%
GADS).

Discussion

For the most part, diagnostic agreement, criterion-related
validity, and clinician—parent reliability were very positive
for the Checklist, CARS, and GADS completed by clini-
cians and parents. The instruments were successful in
identifying children with LFA or HFA and ruling out
autism in children with ADHD and typical development.
These positive findings were the case even though the
instruments were not always administered according to the
standardized procedures described in the manuals. For our
study, clinicians and parents were simply asked to com-
plete the instruments without training or instructions
beyond those included on the instruments themselves, as is
often the case in clinical practice.

Checklist for Autism Spectrum Disorder
Results support the validity of the Checklist in identifying

children diagnosed with LFA and HFA and differentiating
these children from those with ADHD and from typical
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children. All of the children with LFA and 99% of those
with HFA were correctly identified with the Checklist
completed by clinicians, and none of the children with
ADHD were misdiagnosed with autism. Diagnostic
agreement between the Checklist and CARS and GADS
clinician scores was very high (98 and 94%). An advantage
of the Checklist compared to other instruments is that the
Checklist is for all children on the autism spectrum,
whereas other checklists and rating scales are for either
LFA or HFA, not both. Further, the Checklist is completed
using parent and teacher report, clinical observations of the
child, and early history of autistic symptoms. The latter is
critical in making a diagnosis because some autistic
symptoms are more apparent during early childhood than
later, diagnostic accuracy based on preschool symptoms is
higher than that based on school age symptoms, and some
symptoms occur at a low frequency and may not be directly
observed by clinicians (Mildenberger et al. 2001; Ozonoff
et al. 2005).

Childhood Autism Rating Scale

Our study findings are consistent with previous research
demonstrating strong psychometric support for the CARS,
especially for children with LFA. The CARS (which was
standardized primarily on children with autism and mental
retardation) completed by clinicians correctly identified
97% of the children with LFA and did not misclassify any
of the children with ADHD as having autism. For children
with LFA or ADHD, agreement between the CARS clini-
cian scores and the child’s diagnosis was 98%, consistent
with percentages of 88% (Perry et al. 2005), 92% (Sevin
et al. 1991), 98% (Eaves and Milner 1993), and 100%
(Rellini et al. 2004) reported in other studies. In our study,
diagnostic agreement between CARS and Checklist clini-
cian scores for children with LFA or ADHD was 98%,
which is higher than the 86% agreement between the
CARS and the ADI-R in a study by Pilowsky et al. (1998).

Our study indicated that the CARS was better at iden-
tifying LFA than HFA. For 75% of our children with HFA,
CARS clinician scores were in the autism range, versus
97% of children with LFA. For children with autism, the
correlation between CARS clinician scores and IQ was
—.73. Other studies have also reported a significant nega-
tive correlation between CARS scores and IQ or mental
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age (Perry et al. 2005; Pilowsky et al. 1998). This is not
unexpected because the CARS contains some develop-
mental items (e.g., level of intelligence, language skills,
and imitation ability) so that children with LFA are more
likely to earn scores in the autism range than are children
with HFA.

Gilliam Asperger’s Disorder Scale

A computer literature search failed to disclose any pub-
lished studies reporting validity and reliability data for the
GADS. Our findings were quite positive for children with
HFA. These children earned a mean Asperger’s quotient of
99 on the GADS completed by clinicians, consistent with
the mean quotient of 100 for the GADS normative sample
(Gilliam 2001). For our children with HFA, 92% were
correctly identified by GADS clinician scores and only 4%
of the children with ADHD scored in the Asperger’s dis-
order range. Diagnostic agreement between Checklist and
GADS clinician scores was 94%, and overall classification
accuracy for the GADS was 93%. The latter compares
favorably with the classification accuracy of 83% reported
in the GADS manual (Gilliam 2001). Our mean Asperger’s
quotients based on clinician scores for children with HFA
(M 99) and ADHD (M 58) and based on parent scores for
typical children (M 45) show the same pattern as those
reported in the GADS manual for children with Asperger’s
disorder (M 101), other diagnoses including ADHD (M 77),
and children without disabilities (M 67). Although the
GADS was standardized on individuals 3-22 years of age,
diagnostic accuracy for the 1- and 2-year-olds in our study
was excellent. All eight children at this age who had HFA
were correctly identified by the GADS clinician scores, and
none of the eight typical children at this age earned GADS
parent scores in the Asperger’s disorder range.

The GADS identified children with HFA with a high
degree of accuracy in our study, but most children with
LFA also scored in the Asperger’s disorder range on the
GADS (i.e., 88% based on clinician ratings and 72% based
on parent ratings). Similarly, the mean clinician Asperger’s
quotient for the children with HFA (M 99) did not differ
significantly from that for children with LFA (M 101).
These findings suggest that the 32-item GADS alone may
not differentiate LFA and HFA. As stated in the GADS
manual, “the child should have at least average cognitive
and language development” for a diagnosis of Asperger’s
disorder (Gilliam 2001, p. 4). The second printing of the
GADS includes the Parent Interview Form (which was not
available when data for our study were collected), con-
taining questions about the child’s language and cognitive
development. This or the child’s 1Q should be considered
with the GADS Asperger’s quotient to help differentiate
between LFA and HFA.

Clinician—Parent Agreement

Interrater agreement between clinicians and parents who
independently completed the instruments was high for the
sample of children with autism or ADHD. Reliability coef-
ficients were .93 for the Checklist, .87 for the CARS, and .76
for the GADS. Percent agreement between clinicians and
parents on diagnoses was also high (90% for the Checklist,
90% for the CARS, and 84% for the GADS). Overall clas-
sification accuracy using parent scores was high for children
with LFA and ADHD (91% Checklist, 93% CARS) and for
children with HFA or ADHD (88% Checklist, 78% GADS),
but was not quite as high as that for clinician scores (100, 98,
99, and 93%, respectively). The clinicians who completed
the instruments in our study had extensive experience with
autism and ADHD and included licensed PhD psychologists,
board certified child psychiatrists, a board certified devel-
opmental pediatrician, and a certified school psychologist
working at a school for children with autism. This high level
of expertise, combined with the fact that accuracy was
measured by agreement with the child’s clinical diagnosis,
may in part explain the higher classification accuracy of
clinicians than parents. Further, neither clinicians nor parents
were given specific training on how to complete the instru-
ments. Training may be more important for parents than for
the experienced clinicians, which may have negatively
affected the parent scores.

Clinician and parent Checklist scores did not differ
significantly from each other for children with autism,
whereas clinicians scored children with autism higher than
did parents on the CARS and on the GADS. The better
clinician—parent congruence for the Checklist compared
with the other two instruments is likely (at least in part)
because the Checklist is scored by the clinician using a
parent interview (in addition to clinical observations and
the report of teachers or child care providers), whereas the
CARS and GADS are not designed as a semi-structured
interview with the parent. Overall, our clinician and parent
data support the validity and reliability of the three
instruments for use by both clinicians and parents and the
potential clinical utility of using data from both sources.

Recommendations, Limitations, and Future Directions

Further research is needed to replicate the current findings.
This is the first published study comparing the validity and
reliability of these three instruments, and the Checklist and
GADS have little previously published data. Therefore,
recommendations are offered with caution. If one needs an
instrument to evaluate children at both ends of the spectrum,
the Checklist may be a good option. Data supporting the
CARS for LFA and the GADS for HFA are strong, whereas
the CARS tended to under-identify HFA and, on the GADS,
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children with LFA tended to score in the Asperger’s range.
Future studies are needed to determine if the CARS and
GADS cutoff scores can be modified so that these instru-
ments effectively identify children at both the high and low
ends of the spectrum. The relatively high agreement
between clinician and parent scores and the adequate
validity of parent scores in identifying children with and
without autism suggest that these instruments may be useful
as a simple parent screening measure to complete in phy-
sicians’ offices, early intervention programs, and child care
settings to screen for possible autism. This is especially
important because the currently recommended screening
tool, the M-CHAT, is only appropriate for toddlers. An
alternative is needed for children 2 years of age and older.

A limitation of our study is the absence of IQ data for the
typical children, who may have above average intelligence,
given our recruitment method. Future research needs to be
conducted with intellectually typical children. Our clinical
comparison group consisted only of children with ADHD. It

remains to be determined how the three instruments fare at
identifying or excluding children with other disorders (e.g.,
social anxiety disorder or mental retardation), as well as
pervasive developmental disorder subtypes (e.g., Rett’s
disorder). Further, the rating scales and checklists need to be
compared with other diagnostic procedures, including
structured interviews (e.g., using the ADI-R) and standard-
ized observation measures, such as the ADOS-G. Item and
factor analysis of the three instruments is also needed, par-
ticularly for the Checklist, which has items and sub-items. It
would be important to know if some items are redundant, so
the instruments can be shortened, and if the composite score
on the Checklist should include the sub-item total. Last,
measures are very much needed to evaluate autism in adults.
Therefore, determining the validity of the three instruments
for adults on the spectrum is another area to investigate.

Appendix

Checklist for Autism Spectrum Disorder (Susan Mayes, PhD, Penn State College of Medicine)
Check each item that applies to your child now or in the past. Symptoms 1-30 are checked if any box under

the symptom is checked. Child’s Name

PROBLEMS WITH SOCIAL INTERACTION
__(1) Social isolation

Q withdrawn, aloof, avoids contact with others, or prefers to play alone rather than with peers

Q parallel play along side but not with peers
Q difficulty establishing friendships
__(2) Limited reciprocal interaction

Q limited social smile or eye contact (looks away, looks through people, looks at speaker’s mouth, needs to
be prompted to make eye contact, or does not make eye contact when communicating)
Q limited sharing and showing (e.g., does not show a toy to an adult, seek recognition, or share an

experience or accomplishment with others)

Q excessively rigid play with peers (dictates play according to his/her peculiar and repetitive interests and rules)
Q enjoys physical or sensory play with others (e.g., tickling, chasing) but has limited reciprocal social
interaction (e.g., does not play social games or games involving turn taking)

__(B) Self-absorbed

Q self-absorbed or in own world (e.g., engages in self-stimulating behaviors, talks to self, or fantasizes

excessively about things such as movies or cartoons)

Q oblivious to the presence of others or unresponsive to the social overtures of others

__(4) Socially indiscriminate behavior
Q inappropriately talks to or hugs strangers

Q invades personal space (gets too close to or touches others)

Q no stranger/separation anxiety when young (not wary of strangers or upset if separated from parents)
Q socially inappropriate, insensitive comments or behaviors (picks nose in public, asks personal questions)

__(5) Problems with social skills

Q does not appropriately initiate or sustain peer interaction though may interact well with adults
Q poor social reasoning (difficulty understanding social cues/comments, facial expressions, body language)

Q wants to have friends but does not know how to make friends

PERSEVERATION
__(6) Narrow or unusual range of interests and play behaviors

0 obsessive preoccupations or extreme fixation on things such as certain movies or TV shows (reenacts or
watches the same movies over and over), computer games, letters, shapes, numbers, counting, objects
or topics (e.g., trains, dinosaurs, NASCAR, maps, planes, electricity, Yu-Gi-Oh, cartoon characters, etc.)

Q unusual attachment to and holding or hoarding objects (e.g., small figures, string, other )

__(7) Stereotyped and repetitive play

Q repetitive play (e.g., excessively lines up, sorts, spins, or throws objects; opens and closes things

repeatedly; plays with the same toys without variation; draws the same pictures repeatedly; other

)

Q disinterest in toys or lack of normal and varied imaginative play
Q unusual preoccupation with parts of objects (e.g., repetitively spins wheels on a toy)
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(8) Upset with change
Q distressed by change (e.g., change in routine or schedule, parent takes a different car route home from
school, furniture or child’s toys are moved, seasonal change in clothing, other )
a difficulty with transitions (e.g., from one activity to another)
Q extreme need to finish what he/she starts
Q idiosyncratic or ritualized patterns (e.g., drinks only from a certain cup, wears only certain clothes, insists
that food be arranged a certain way on a plate, other )
Q insists that things be in a certain location or a certain way (e.g., doors must be closed, coats zipped, etc.)
Q insists on doing things the same way every time
Q overly precise and inflexible, upset if someone breaks a “rule,” rigid and literal thinking
(9) Stereotypies (unusual repetitive movements such as hand flapping when excited, toe walking, body
rocking, head shaking, body tensing, teeth clenching, teeth grinding while awake, finger movements, facial
grimacing, repeatedly running back and forth, twirling or spinning, pacing, playing with saliva, skin picking)

SOMATOSENSORY DISTURBANCE

(10) Excessive atypical craving and love of spinning, tickling, climbing, rocking, swinging, bouncing, jumping
(11) Unresponsive at times to verbal input (not react when name called or spoken to, hearing questione d)
(12) Hypersensitivity
Q unusual hypersensitivity to some sounds (e.g., distress or covering ears in response to loud noise,
motors, vacuum cleaner, hair dryer, baby crying, sirens, clapping, alarms, toilet flushing, people singing)
a unusual hypersensitivity to smell, light, or temperature
(13) Distress with commotion or crowds (uncomfortable/anxious in large groups, theatres, cafeterias, parties)
(14) Extreme fascination with spinning or repetitive movements (e.g., revolving fans, Wheel of Fortune,
running water), linear patterns (e.g., credits on TV, window blinds), minute details, lights, shiny surfaces
(15) Abnormal sensory inspection
Q excessively smells, mouths, chews, licks, or rubs inanimate objects or surfaces
Q repetitively visually scrutinizes objects or finger movements close to eyes
Q places ears against things that vibrate or hum or presses objects against face to an unusual degree
(16) Tactile defensiveness or extreme dislike of:
Q being touched or hugged
Q touching certain things or getting hands dirty or sticky
Q water on self or clothes
Q having face washed, teeth brushed, hair combed, or nails cut
Q walking in bare feet
Q clothing that is tight, seams in clothes, or certain textures of clothing
7) High tolerance for pain (e.g., does not cry when hurt or does not respond normally to painful stimuli)
8) Sleep disturbance (e.g., difficulty falling asleep, waking during the night, waking early in the morning)
9) Feeding problems
Q very picky eater, limited food preferences, insists on eating only a few foods
Q hypersensitivity to textures (e.g., lumps in food)
Q retains food in mouth without swallowing
Q eats inedible substances
Q other peculiar eating patterns (e.g., eats only one brand, color, or shape of a food, other____)

(1
(1
(1

ATYPICAL COMMUNICATION AND DEVELOPMENT

(20) Language regression or slowing at approximately 1 to 2 years of age (e.g., speaking a few words at one
year but then losing speech or normal early language development and later language is delayed)
(21) Visual-motor skills (e.g., assembling puzzles, building with Legos, operating the VCR) significantly higher
than language skills during the preschool years or walking at a much earlier age than talking
(22) Communication impairment
Q absent or limited communicative speech but gestures to communicate (e.g., pulls an adult by the hand
and leads to what wants, hands an object to an adult for assistance, brings a cup to an adult for a drink)
Q communicates verbally with others only when stressed or needing something
Q difficulty with reciprocal conversational speech (initiating and sustaining conversations, listening and
responding to what others say), talks at people, or one-sided conversations on topics of interest to self
(23) Atypical vocalizations or speech
Q unusual voice quality or modulation (e.g., high pitch, sing song voice, lack of intonation, etc.)
Q screeches or makes other odd noises (e.g., growls, hums, etc.)
Q unusual repetitive vocalizations and sounds
Q idiosyncratic jargon as if talking in own language
Q echolalia (inappropriately mimics what others say, such as repeating instead of answering a question)
Q sporadic speech (says a word or phrase once and rarely or never says it again)
Q excessively recites from movies, cartoons, commercials, etc.
Q uses rote or memorized phrases that are excessive, out of context, or not relevant
Q makes pronoun substitutions (e.g., says “you” when meaning “I”)
Q excessively repetitive speech and questions
Q idiosyncratic thoughts and speech (makes up words, nonsensical speech, unique views and perceptions)
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__(24) Special abilities that are significantly higher than other abilities
Q exceptional rote memory (e.g., at an unusually young age, identifies numbers, letters, shapes, logos, and
colors; sings or hums tunes; memorizes car routes; counts; recites the alphabet; reads; spells; etc.)
Q phenomenal vocabulary or ability to memorize movies, books, or factual information
Q remarkable ability to mimic movie or cartoon characters
Q outstanding visual-mechanical skills (e.g., at an unusually young age, assembles puzzles, matches
shapes, operates a computer or VCR, figures out how things work, complex constructions with Legos)

0 remarkable artistic or musical talent

Q extremely well-developed gross motor skills with delayed development in other areas (in contrast to high-
functioning children with autism who often have writing or coordination problems)

MOOD DISTURBANCE

__(25) Overreactivity, irritability, low frustration tolerance, agitation, tantrums, meltdowns, explosiveness,
aggression, or self-injurious behavior (distressed by minor events or occurrences most children can
tolerate, such as intrusions, activity interruptions, proximity, confinement, performance demands, writing
tasks, or when things are not the way the child thinks they should be)

__(26) Moodiness and emotional lability (the cause for mood changes may not always apparent, such as

laughter or distress for no apparent reason)

__(27) Difficulty showing and recognizing emotions, emotionally unresponsive in some situations, lack of
empathy or emotional reciprocity (e.g., does not respond appropriately or provide comfort when
someone is hurt or sad), or misinterprets the emotions or responses of others

__(28) Unusual fears, such as fear of elevators, steps, toilets, balloons, vacuums, tornadoes, other

PROBLEMS WITH ATTENTION AND SAFETY

__(29) Selective attention, ability to hyperfocus on activities, objects, or topics of interest to self (e.g., lines up
toys, spins wheels, watches the same movie, assembles puzzles, builds with Legos, or draws pictures
for long periods of time), but is inattentive, impulsive, and fidgety at other times

__(30) Limited safety awareness, fearless, or oblivious to danger (e.g., unsafe climbing, wanders about house at

night, runs off by self, goes into traffic or water, walks off with strangers)
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