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DAS-II Cognitive Proﬁles Are Not Diagnostically Meaningful
For Autism: A ROC Analysis
Caitlin C. Clements

, Timea Sparding, Robert T. Schultz, Benjamin E. Yerys

, and Marley W. Watkins

Intelligence assessment is an integral part of a comprehensive autism evaluation. Many past studies have described a cognitive proﬁle of autistic individuals characterized by higher nonverbal than verbal IQ scores. The diagnostic utility of this
proﬁle, however, remains unknown. We leveraged receiver operating characteristic methods to determine the sensitivity,
speciﬁcity, and area under the curve (AUC) of three different IQ proﬁles in a large sample of children who have an autism
spectrum disorder diagnosis (N = 1,228, Simons Simplex Collection) who completed the Differential Ability Scales—
Second Edition (DAS-II), School Age compared to the normative sample provided by the DAS-II publisher (N = 2,200).
The frequently discussed nonverbal > verbal IQ proﬁle performed near chance at distinguishing ASD from normative
individuals (AUC: 0.54, 95% CI [0.52–0.56]), and performed signiﬁcantly worse for females than males (AUC: females:
0.46 [0.41–0.52]; males: 0.55 [0.53–0.58]). All cognitive proﬁles showed AUC < 0.56. We conclude that while signiﬁcant
differences between verbal and nonverbal IQ scores exist at the group level, these differences are small in an absolute
sense and not meaningful at an individual level. We do not recommend using cognitive proﬁles to aid in autism diagnostic decision-making. Autism Res 2020, 13: 2143–2154. © 2020 International Society for Autism Research, Wiley Periodicals LLC.
Lay Summary: Some researchers and clinicians have reported an “autistic cognitive proﬁle” of higher nonverbal intelligence than verbal intelligence. In an analysis of over 1,000 autistic children, we found that the group’s average nonverbal
intelligence is usually higher than their verbal intelligence. However, this pattern should not be used by clinicians to
make an individual diagnosis of autism because our results show it is not helpful nor accurate.
Keywords: autism; DAS-II; intelligence; cognitive proﬁles; ROC

Introduction
Autism spectrum disorder (ASD) often co-occurs with
intellectual disability and other developmental disorders
[Charman et al., 2011; Klinger & Dudley, 2019; Lerner,
Mazefsky, White, & McPartland, 2018], which makes the
differential diagnosis of ASD exceptionally challenging
[Hayes, Ford, Rafeeque, & Russell, 2018; Huerta & Lord,
2012; Lord, Corsello, & Grzadzinski, 2014; McDonnell
et al., 2019]. Accordingly, cognitive assessment has often
been recommended as part of a comprehensive multidisciplinary assessment for ASD referrals [Aiello, Ruble, &
Esler, 2017; Caterino, 2014; Filipek et al., 2000; Kroncke,
Willard, & Huckabee, 2016; Ozonoff, Goodlin-Jones, &
Solomon, 2005; Saulnier & Ventola, 2012; Volkman
et al., 2014]. Some of the most commonly used cognitive
assessments for ASD evaluations of school-age children
include the DAS-II (Differential Ability Scales, 2nd Edition,

Elliott, 2007a) and the current versions of the Wechsler
scales such as the WISC-V [Wechsler Intelligence Scale for
Children-5th Edition, Wechsler, 2014] and WASI-II
[Wechsler Abbreviated Scales of Intelligence, 2nd Edition,
Wechsler, 2011].
Cognitive Proﬁles in ASD
Studies of IQ scores among children with autism often
found uneven cognitive proﬁles with nonverbal scores
higher than verbal scores, regardless of the particular cognitive instrument used. A review of 16 published studies
involving 333 ASD children tested with a Wechsler scale
found an N-V difference of 9.3 points, that is, greater than
0.60 standard deviation difference [Lincoln, Courchesne,
Allen, Hanson, & Ene, 1998]. Other individual studies frequently reported N > V with Wechsler scales [Giofrè
et al., 2019; Jones & Lord, 2013; Kuriakose, 2014; Li, Du,
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Luan, Li, & Ousley, 2017; Mayes & Calhoun, 2008]. N > V
score proﬁles have also been found among ASD children
when other cognitive instruments were employed [DAS:
Frazier, Georgiades, Bishop, & Hardan, 2014; Joseph, TagerFlusberg, & Lord, 2002; Stanford Binet Intelligence Scales:
Matthews et al., 2015; Leiter-R and KBIT-2: Scattone,
Raggio, & May, 2012; Cognitive Assessment System:
Taddei & Contena, 2013; for review of multiple instruments, see Tager-Flusberg & Joseph, 2004]. Studies
employing a nonverbal cognitive instrument, the LeiterRevised, also revealed a relative strength on visual
processing tasks among children with ASD [Kuschner,
Bennetto, & Yost, 2007; Mecca, Orsati, & de Macedo, 2014].
However, research results have not been consistent, and
unique cognitive proﬁles have not always emerged from
samples of children with ASD. Some studies reported no signiﬁcant between-group differences in cognitive proﬁle
prevalence between children with and without ASD
[Charman et al., 2011; Ehlers et al., 1997; Lennen, Lamb,
Dunagan, & Hall, 2010; Siegel, Minshew, & Goldstein,
1996] and other studies found verbal scores superior to nonverbal scores [V > N; Ghaziuddin & Mountain-Kimchi,2004; Kanai et al., 2017]. Additionally, there has been little
consideration of participants’ sex although it may impact
the reported prevalence of cognitive proﬁles [Ankenman,
Elgin, Sullivan, Vincent, & Bernier, 2014; Duvall, HuangStorms, Hill, Myers, & Fombonne, 2020; Howe et al., 2015;
Nowell, Schanding, Kanne, & Goin-Kochel, 2015]. For
example, in some samples, the N > V proﬁle was less pronounced or absent among females [e.g., Ankenman
et al., 2014].
Applying Research About Groups to Decisions About
Individuals
Most critically, research on cognitive proﬁles among children with ASD has usually taken a discriminant validity
approach [Elwood, 1993]. This approach is based on one of
three types of group comparisons. In one method, the cognitive scores from a group of children with ASD are compared to the scores from a group of children without ASD.
Statistically, signiﬁcant mean N > V differences between
groups are interpreted as evidence that the N > V cognitive
proﬁle is a valid sign of ASD [Lennen et al., 2010]. Please
note that in many studies of ASD, the reported sample
mean nonverbal IQ is greater than the sample mean verbal
IQ [e.g., Nowell et al., 2015]. In another method, a cut score
is determined a priori (e.g., 12–16 points) for signiﬁcant
nonverbal–verbal score discrepancies among a group of
children with ASD; the proportion of children below/above
the cut score in each group is statistically compared to infer
discriminant validity [Tager-Flusberg & Joseph, 2004;
Nowell et al., 2015]. In a third and ﬁnal method, a signiﬁcant mean difference between nonverbal and verbal scores
within a group of children with ASD is taken as an indicator
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of ASD [Mayes & Calhoun, 2008]. Based on these group
approaches, the N > V proﬁle has been called a “useful
autism-related phenotype” [Chapman et al., 2011, p. 65], a
“valuable diagnostic tool for differential diagnosis”
[Nader, Jelenic, & Soulières, 2015, p. 1], and a “potential
sign that an autism diagnosis may be relevant” [Kroncke
et al., 2016, p. 144].
However, results of nomothetic research cannot conﬁdently be applied to idiographic decisions [Weiner,
2003]. Group differences speak to the typical member of a
group, not to each individual within that group [Kraemer,
Frank, & Kupfer, 2011]. Meehl and Rosen [1955] warned clinicians against using psychometric patterns or cut scores to
aid diagnostic decision-making when the cut score is based
on between-group differences, instead of on the cut score’s
accuracy in making individual correct decisions. More
recently, this caution was speciﬁcally addressed to the use
of cognitive proﬁles derived from groups of autistic children
[Mandy, Murin, & Skuse, 2015]. Thus, when studying a
nonverbal–verbal difference or any proposed cognitive proﬁle cut score, the utility of the cut score should be evaluated
in terms of decisions about individuals, not overall group
differences.
Decisions About Individuals
As illustrated in Figure 1, there are four possible outcomes
when cut scores are used to make decisions about individuals: true positive, false positive, true negative, and false
negative. Thus, there are two types of correct decisions
(true positive and true negative) as well as two types of
errors (false positive and false negative). Several decision
accuracy ratios can be computed from these four outcomes, including sensitivity (probability of ASD cognitive
proﬁle, given ASD diagnosis), speciﬁcity (probability of
ordinary proﬁle, given non-ASD diagnosis), positive predictive power (probability of ASD diagnosis, given ASD
cognitive proﬁle), and negative predictive power (probability of non-ASD diagnosis, given ordinary cognitive proﬁle). Unfortunately, these ratios are inﬂuenced by the
disorder prevalence as well as the cut score used in their
computation [McFall & Treat, 1999; Swets, 1996;
Youngstrom, 2014].
To ameliorate these limitations, a common metric for
quantifying assessment information that is insensitive to
both base rate and changing cut scores has emerged from
signal detection theory [McFall & Treat, 1999;
Swets, 1996; Youngstrom, 2014]. Originally developed to
quantify how well a radar receiver detected electronic signals in the presence of noise, the receiver operating characteristic (ROC) is now widely used across many
disciplines and is typically displayed as a graph with the
sensitivity of each possible cut score plotted on the y-axis
and the speciﬁcity of each possible cut score plotted on
the x-axis [Youngstrom, 2014]. The resulting ROC graph
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and unrepresentative in that it was collected from school
records based on school evaluations, was limited to children
enrolled in public education in the southwestern United
States, and excluded children with comorbidities such as
attention-deﬁcit/hyperactivity disorder (ADHD). Additionally, Wechsler scales have been criticized for requiring relatively high levels of verbal comprehension for understanding
test directions [Cormier, Wang, & Kennedy, 2016; Klinger,
Mussey, & O’Kelley, 2018].
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Figure 1. Decision matrix to classify an individual into the ASD
or Norm group based on the presence (+) or absence (−) of a particular cognitive proﬁle, such as nonverbal > verbal (N > V). Note.
Sensitivity, speciﬁcity, positive predictive value, and negative
predictive power are calculated using values in this matrix.
ASD = children with autism spectrum disorder from the Simons
Simplex Collection, Norm = the Differential Ability Scales—Second
Edition School Age normative sample. Sensitivity = true positive
 true positive + false negative, speciﬁcity = true negative  true
negative + false positive, positive predictive power = true positive
 true positive + false positive, negative predictive power = true
negative  true negative + false negative.

visually illustrates how decision accuracy varies as the cut
score is systematically moved across all possible values
(see Figure 2).
The proportion of the graph’s area that lies under the
curve (AUC) quantiﬁes overall decision accuracy. The
AUC can be interpreted in terms of individual decisions:
in this case, the probability that a randomly selected individual with ASD would exhibit a larger DAS-II N-V score
discrepancy than a randomly selected individual without
ASD. AUC values can range from 0.50 for decision accuracy at chance levels (displayed as a diagonal line in the
ROC graph) to 1.00 for decisions that are perfectly accurate. Guidelines for decision accuracy posit that AUC
values of 0.50 to 0.70 represent low accuracy, values of
0.70–0.90 indicate moderate accuracy, and values greater
than 0.90 evince high accuracy [Swets, 1996]. However,
AUC values in the 0.70s are probably more clinically
informative given the reliability and validity of psychological instruments [Jarrett, Van Meter, Youngstrom, Hilton, & Ollendick, 2018; Youngstrom, 2014].
Only one study has employed ROC methods to ascertain
the decision accuracy of cognitive proﬁles among children on
the autism spectrum [Styck, Aman, & Watkins, 2019]. This
study compared composite scores from a Wechsler child scale
between the 2,200 children and adolescents in the test’s normative sample and 79 school-aged students with ASD and
found an AUC value of 0.62 for a cut score based on discrepant General Ability Index and Cognitive Proﬁciency Index
(GAI > CPI). As with other studies, the ASD sample was small
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The ﬁeld of ASD diagnosis and cognitive proﬁles would
beneﬁt from an ROC analysis of cognitive assessment
data from a large representative sample of autistic children. The DAS-II [Elliott, 2007a] has been recommended
for cognitive assessments of children with ASD because
of its ease of use, reliability, theoretical structure, reduced
reliance on expressive language, and use of teaching
items [Hausman-Kedem et al., 2018; Jones & Lord, 2013;
Klinger et al., 2018; Kroncke et al., 2016; Saulnier &
Ventola, 2012]. Thus, a ROC comparison of the DAS-II
normative sample and a large national sample of autistic
children might assist in clarifying the relative usefulness
of cognitive proﬁles. These two large samples would also
allow an investigation of the inﬂuence of child sex on
cognitive proﬁle results, and restriction of analyses to
school-aged children would lessen the potential confounding inﬂuence of age. Compared to the one existing
prior study, the current sample is nearly 20× larger, more
geographically representative as participants were recruited from cities across the entire United States, and had
more generous inclusion criteria for comorbidities
(i.e., other psychological disorders such as ADHD were
not exclusionary).

Method
Participants
The norm sample consisted of the nationally representative DAS-II School Age (ages 7–17 years) normative sample (n = 2,200) and was provided by Pearson, publisher of
the DAS-II. The normative sample was equally divided
between male and female participants with a mean age of
12.5 years (SD = 3.2 years). For additional information
on this sample, see the DAS-II Technical Manual
[Elliott, 2007b]. Brieﬂy, recruitment was intended to capture a broad range of IQ levels via a nationally representative sample of children. Some recruitment efforts
speciﬁcally targeted children with exceptionally high or
exceptionally low IQ scores.
The ASD sample was drawn from the Simons Simplex
Collection (SSC), which was a national multi-site study of
2,110 children aged 4–18 years who met gold-standard
diagnostic criteria for ASD and had no immediate family
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members with ASD (i.e., “simplex”). Participants completed a comprehensive diagnostic and behavioral battery
that included the DAS-II. SSC participants were included
in the present study if they were aged 7–17 years and
were not missing any of the DAS-II School Years composite scores (n = 1,228, M age = 11.1 years, SD
age = 2.9 years). Of that sample, 1,074 were male and
154 were female. See Fischbach and Lord [2010] for additional information on SSC data collection, recruitment,
diagnoses, and inclusion criteria.
This study was approved by The Children’s Hospital of
Philadelphia Institutional Review Board and adheres to
the legal requirements of the United States.
Instruments
The DAS-II consists of 20 individually administered subtests divided into two overlapping batteries: Early Years
(2:6 through 8:11 years) and School Age (7 through
17 years). This study analyzed only School Age data. The
School Age core DAS-II battery consists of six subtests
that contribute to three composite scores: verbal (word
deﬁnitions and verbal similarities), nonverbal (matrices
and sequential and quantitative reasoning), and spatial
(pattern construction and recall of designs), as well as an
overall composite derived from all six core subtests called
general conceptual ability (GCA). Each composite score
has a mean of 100 and a standard deviation of 15. The
verbal, nonverbal, and spatial labels were retained for
consistency with the ﬁrst edition of the DAS but are
assumed to measure crystallized intelligence (Gc), ﬂuid
reasoning (Gf), and visual–spatial ability (Gv), respectively, within the CHC (Cattell–Horn–Carroll) model of
cognitive abilities [Elliott, Salerno, Dumont, &
Willis, 2018; Schneider & McGrew, 2018]. The overall
composite score (GCA) is assumed to measure g, the general factor of intelligence.
According to its author, the DAS-II was explicitly
designed for the identiﬁcation of cognitive strengths and
weaknesses and has acquired considerable evidence
supporting the reliability and validity of its scores
[Elliott, 2007b; Elliott et al., 2018]. Independent test
reviews have also supported the reliability and validity of
DAS-II scores [Beran & Elliott, 2007; Marshall, McGoey, &
Moschos, 2011].
Analyses
All analyses were conducted with version 15.1 of Stata.
First, three cognitive difference scores were computed to
quantify the cognitive proﬁles
• V-N = DAS-II Verbal score—nonverbal score
• V-S = DAS-II Verbal score—spatial score
• N-S = DAS-II Nonverbal score—spatial score
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Second, a series of seven independent Welch’s t-tests
were conducted to evaluate the presence of mean differences between ASD and Norm groups on three DAS-II
composite scores, three discrepancy scores, and one overall ability score [Welch, 1947]. Next, that series of
Welch’s t-tests were repeated for males and then for
females. Third, a series of six dependent t-tests were conducted on the three composite and discrepancy scores in
the ASD group to identify any mean differences within
that group. Given a large number of statistical tests, signiﬁcance was set at P < 0.005 to control the overall error
rate. Finally, ROC analyses were conducted for each composite and difference score for the ASD and Norm groups
and then separately for males and females. AUC values
from each ROC analysis were computed using a nonparametric method given that Mardia’s [1970] multivariate
kurtosis was statistically signiﬁcant at P < 0.005
[Youngstrom, 2014].

Results
Group Differences
As illustrated in Table 1, all DAS-II composite scores and
the GCA were signiﬁcantly (P < 0.005) lower for the ASD
group than the DAS-II normative group. Of note, both
the Norm and ASD samples included participants with a
broad range of cognitive ability (GCA of 30–166 and
40–167, respectively). Additionally, the three discrepancy
scores were signiﬁcantly larger for the ASD group than
the Norm group. Although statistically signiﬁcant, standardized effect sizes were small (ranging from 0.14 to
0.42) using Cohen’s [1988] guidelines. When separated
by sex, group differences were more common for males
(six of seven signiﬁcant comparisons vs. three of seven
signiﬁcant comparisons for females). Within the ASD
group, spatial composite scores were signiﬁcantly higher
than nonverbal composite scores and nonverbal composite scores were signiﬁcantly higher than verbal composite
scores although standardized effect sizes were small
(d = 0.12–0.16). As expected for an autistic sample compared to a normative sample, there were signiﬁcant sample sex differences.
Individual Differences
ROC analyses were conducted for the three DAS-II cluster
scores and three discrepancy scores for the ASD group
and the normative sample. Surprisingly, the highest AUC
was observed not for a discrepancy proﬁle, but for the
simple nonverbal composite score (see Figure 2), which
yielded an AUC value of 0.62, 95% CI [0.60–0.64], which
would be considered low accuracy [Swets, 1996]. Thus, if
two individuals were selected at random, one with ASD
and one without ASD, the DAS-II nonverbal composite
score would correctly identify the child with ASD 62% of
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Table 1.

Mean and Standard Deviation of DAS-II Index Scores for Males and Females in Normative and ASD Groups
Norm

N
Verbal
Nonverbal
Spatial
GCA
V-N
V-S
N-S
Age

Δ

ASD

Males

Females

Total

Males

Females

Total

P

|d|

AUC

1,100
100.1 (15.4)
99.9 (15.3)
100.3 (15.2)
100.2 (15.7)
0.22 (13.0)
−0.21 (14.1)
−0.46 (12.1)
12.5 (3.2)

1,100
99.7 (14.9)
99.9 (14.3)
99.0 (14.9)
99.5 (14.8)
−0.16 (12.6)
0.66 (14.6)
0.81 (12.1)
12.5 (3.2)

2,200
99.9 (15.2)
99.9 (14.8)
99.7 (15.1)
99.9 (15.2)
0.03 (12.8)
0.22 (14.4)
0.18 (12.1)
12.5 (3.2)

1,074
92.2 (22.5)a
93.5 (18.6)a
95.4 (18.1)a
94.1 (19.6)a
−2.66 (16.6)a
−4.21 (20.0)a
−1.90 (14.3)
11.0 (2.9)

154
93.4 (23.5)
88.6 (21.1)a
90.5 (19.0)a
91.6 (21.8)a
1.88 (15.3)
1.36 (18.9)
−1.86 (12.8)
11.5 (3.1)

1,228
92.4 (22.6)
92.9 (19.0)
94.8 (18.3)
93.8 (19.9)
−2.12 (16.5)
−3.54 (20.0)
−1.89 (14.1)
11.1 (2.9)

–
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005

–
0.40
0.42
0.30
0.35
0.14
0.21
0.15
0.45

0.61  0.01
0.62  0.01
0.59  0.01
0.61  0.01
0.54  0.01b
0.56  0.01
0.54  0.01
–

Abbreviations: V, verbal composite score; N, nonverbal composite score; S, spatial composite score; GCA, general cognitive ability score; AUC, area
under the ROC curve (1 standard error), ASD = sample of children with autism spectrum disorder from the Simons Simplex Collection.
a
Same-sex comparisons between Norm and ASD group differences signiﬁcant at P < 0.005.
b
AUC values signiﬁcantly different between males and females (P < 0.005).
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Figure 2. ROC analysis of nonverbal composite scores for children with autism spectrum disorder from the Simons Simplex Collection
and the Differential Ability Scales—Second Edition School Age normative sample. Overall AUC = 0.62, 95% CI [0.60, 0.64].
the time [Kraemer et al., 2011]. AUC values changed very
little (e.g., 0.63 vs. 0.62) when age-adjusted DAS-II scores
were analyzed. For simplicity, non-adjusted DAS-II scores
are subsequently reported. At the optimum cut score that
minimized total classiﬁcation error [Yovanoff & Squires,
2006], the sensitivity and speciﬁcity of the nonverbal composite score were 45.3% and 67.4%, respectively. The nonverbal composite score was the best discriminator for both
males and females (AUC = 0.61, 95% CI [0.60–0.72] and
0.66, 95% CI [0.61–0.72], respectively), and no signiﬁcant
sex difference was observed in accuracy.
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DAS-II discrepancy scores were less efﬁcient in discriminating ASD and Norm groups than the DAS-II composite
scores; signiﬁcant differences were observed for the cognitive discrepancy scores V-N, V-S, and N-S comparisons
with verbal, nonverbal, and spatial composite scores
(P < 0.005). Overall, the V-N score produced an AUC of
0.54, 95% CI [0.52, 0.56]. However, the decision accuracy
was better for males than females, with males obtaining
an AUC value of 0.55, 95% CI [0.53–0.58] and females a
value of 0.46, 95% CI [0.41–0.52]. This comparison is displayed in Figure 3.
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Figure 3. ROC analysis of verbal–nonverbal proﬁle scores for male and female children with autism spectrum disorder from the Simons
Simplex Collection and the Differential Ability Scales—Second Edition School Age normative sample. Overall AUC = 0.54, 95% CI [0.52,
0.56]. Male AUC = 0.55, 95% CI [0.53, 0.58] and female AUC = 0.46, 95% CI [0.41, 0.52].
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Figure 4. Distributional overlap of nonverbal composite scores for children with autism spectrum disorder from the Simons Simplex
Collection (ASD) and the Differential Ability Scales—Second Edition School Age normative sample (Norm).
Norm group V-N discrepancy scores ranged from −49
to +42 whereas the ASD group discrepancy scores ranged
from −68 to +52. As expected, the sensitivity of a V-N cut
score of −68 was 100% whereas its speciﬁcity was 0%.
Similarly, the sensitivity of a V-N cut score of +52 was 0%
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with a speciﬁcity of 100%. Sensitivity was 52% and sensitivity was 53% for an optimal V-N cut score of zero
[Yovanoff & Squires, 2006]. Only four children with ASD
exhibited V-N discrepancy scores lower than the Norm
group bottom range and only ﬁve children with ASD
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Figure 5. Distributional overlap of verbal–nonverbal proﬁle scores for children with autism spectrum disorder from the Simons Simplex
Collection (ASD) and the Differential Ability Scales—Second Edition School Age normative sample (Norm).

exhibited V-N discrepancy scores higher than the Norm
group top range. Thus, only nine children with ASD
(0.7%) obtained V-N discrepancy scores outside the Norm
range. The extreme overlap in nonverbal composite score
and V-N discrepancy score distributions is visually illustrated in Figures 4 and 5.

Discussion
The purpose of this study was to determine the degree to
which DAS-II scores could accurately differentiate schoolaged children with ASD from typically developing children using a large national sample of autistic children
and the DAS-II standardization sample. It has often been
hypothesized that uneven cognitive proﬁles with nonverbal scores higher than verbal scores [Klinger et al., 2018;
Kroncke et al., 2016; Nader et al., 2015] are characteristic
of autistic individuals. We replicated the ﬁnding of overall higher mean DAS-II nonverbal scores than verbal
scores for autistic children. Further analysis focusing on
the diagnostic predictive power at the individual level via
ROC methods revealed that a verbal–nonverbal score discrepancy did not reliably distinguish autistic children
from normative sample children (AUC = 0.54) and in
fact, performed little better than chance. These sobering
results may actually overestimate the clinical utility of a
verbal–nonverbal score discrepancy because our comparison sample was predominantly typically developing, not
children presenting for an autism diagnostic evaluation.
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Based on group score differences, researchers have
often concluded that cognitive proﬁles can be diagnostically useful [Chapman et al., 2011; Kroncke et al., 2016;
Nader et al., 2015]. That is, accurate for making diagnostic decisions about individuals. However, test scores that
“permit valid inferences about individuals will, of necessity, permit valid inferences about groups. The reverse,
however, is not true” [Popham, 1993, p. 151]. In fact, to
mistakenly conclude that differences at the group level
also apply at the individual level is called the ecological
fallacy [Robinson, 1950]. Research that focuses on correct
decisions for individuals within groups is necessary to
ascertain the clinical usefulness of cognitive proﬁles for
diagnostic decision-making for an ASD diagnosis [Mandy
et al., 2015; Meehl & Rosen, 1955].
ROC methods allow inferences about individuals
[Kraemer et al., 2011; McFall & Treat, 1999; Swets, 1996;
Youngstrom, 2014]. When ROC analyses were conducted with the Norm and ASD samples, individual decision accuracy for every discrepancy score was low and
barely outperformed chance (AUC values of 0.54–0.62),
inadequate for clinical decisions [Jarrett et al., 2018;
Swets, 1996; Youngstrom, 2014]. These results make
sense after noting the variance of the nationally representative, standardized normative sample itself: among
children in the normative sample, V-N discrepancy
scores ranged from −42 to +42. High discrimination and
clinical utility would be difﬁcult to achieve with the V-N
discrepancy score, given this naturally occurring variability among all children.
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High variability in cognitive ability at the group level
has been frequently reported in association with ASD.
We do not dispute this ﬁnding, and indeed observed
larger standard deviations on all DAS-II composite and
discrepancy scores for the ASD sample compared to the
Norm sample. Previous research on the SSC and other
samples with a group-based method described earlier
(a priori cut score) noted a signiﬁcantly higher proportion
of autistic than normative children with V-N discrepancies greater than 16 points [Nowell et al., 2015]. Nowell
et al. [2015] reported that 20% of autistic children in the
SSC sample showed V < N score discrepancies of 16 or
more points; however, 15% of the sample showed the
opposite discrepancy (V > N), and 65% showed no discrepancy (V ≈ N), underscoring the difﬁculty of using the
discrepancy to identify an individual with ASD. The
Nowell et al. [2015] description of DAS-II group differences begs follow-up studies like ours that test ASD diagnostic prediction for individuals. In contrast to our DASII results, other measures show good discrimination:
parent-completed screening questionnaires [e.g., SCQ,
Corsello et al., 2007] have demonstrated AUC values with
moderate accuracy (>0.75) and observational semistructured surveys (e.g., ADOS [Brugha et al., 2012,
Kamp-Becker et al., 2013]) have demonstrated AUCs with
high accuracy (0.90) for autistic individuals.
Males and females with ASD exhibited different cognitive score patterns at the group level. In our sample, autistic males showed signiﬁcantly higher nonverbal—but not
verbal or spatial—scores than females (93.5 vs. 88.6).
Verbal–nonverbal discrepancies showed signiﬁcant differences between males and females, in opposing directions
(V < N for males as expected, but V > N for females). The
verbal–nonverbal discrepancy scores exhibited signiﬁcantly better discriminatory effectiveness for males than
females but did not reach a clinically useful level for
either sex (AUC = 0.55 vs. 0.46, respectively). Based on
mean sex differences, ASD appears to affect cognition differently in females and males in this sample; accordingly,
we chose to present results separately for each sex so that
a clinician can consider male-speciﬁc results when evaluating male patients and female-speciﬁc results when evaluating female patients, rather than one model with sex as
a covariate that applies less readily to any individual
patient.
The DAS-II verbal, nonverbal, and GCA composite
scores were signiﬁcantly more discriminative than discrepancy scores, suggesting that the meaning of patterns
between scores is dwarfed by the meaning of overall
lower average cognitive ability. The sensitivity and speciﬁcity of the nonverbal composite score were 45.3% and
67.4%, respectively, for an optimal cut score whereas sensitivity was 52% and speciﬁcity was 53%, respectively, for
an optimal V-N discrepancy cut score. These sensitivities
and speciﬁcities fall below the recommended threshold
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of 70% for developmental screening tests, and thus are
inadequate for clinical decision-making [American Academy of Pediatrics, 2001]. It may surprise some that the
DAS-II proﬁles were less clinically informative than the
broader GCA, verbal, and nonverbal composite scores,
but previous research demonstrates that the DAS-II is primarily detecting overall ability differences rather than
any unique proﬁle [Canivez & McGill, 2016; Dombrowski, Golay, McGill, & Canivez, 2018; Kotz, Watkins, &
McDermott, 2008].
Cognitive proﬁles did not prove diagnostically useful,
but might yield “subtypes” of ASD, particularly if such
subtypes were created with additional information such
as autistic symptoms (e.g., greater impairment in social
approach, lower impairment in social motivation, presence or absence of a restricted interest, etc.) or comorbidities (e.g., presence of seizures, type of sleep
disturbance, presence of gastrointestinal problems, etc.).
Such subtypes could yield useful information about biological constructs, etiology, or prediction of treatment
response. Future research might explore the utility of cognitive proﬁles in conjunction with symptom proﬁles for
those purposes.
Limitations
Although male–female differences were found in this
study, it is difﬁcult to draw deﬁnitive conclusions due to
the smaller number of females in the ASD sample than
the Norm sample [Frazier et al., 2014]. This sample
composition—possibly due to an ascertainment bias
toward males, assessment biases, and other factors—
might result in male-based inferences about autism. For a
complete discussion of sex differences in the SSC sample
and other large ASD samples, please see Frazier et al. [2014]
and the accompanying commentary [Howe, Yatchmink,
Viscidi, & Morrow, 2014]. Epidemiological studies typically ﬁnd a 4:1 ratio of boys to girls, but the ratio of 7:1
boys vs. girls in this study may have allowed the subtle
differences exhibited by girls to be overlooked due to
reduced statistical power [Baio et al., 2018; Lerner
et al., 2018]. Much needed efforts are underway to
improve assessment and intervention for autistic girls
[Klinger & Dudley, 2019].
Additionally, the SSC sample used in this analysis,
while large and diverse in terms of race and ethnicity, is
not representative of all US autistic children due to strict
inclusion criteria. The SSC sample included only simplex
ASD individuals, meaning individuals with no ﬁrst-degree
relatives with ASD, and excluded individuals with birth
complications or with common medical or psychiatric
disorders present in a ﬁrst-degree relative. A previous
study of toddlers suggests that simplex ASD presents
with signiﬁcantly lower cognitive ability than multiplex
ASD, and modest group differences in verbal–nonverbal
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discrepancies (small effect size), but no differences in
autism severity [Dissanayake, Searles, Barbaro, Sadka, &
Lawson, 2019]. Thus, these results may not generalize to
the multiplex population. On the other hand, children
were not excluded from the SSC sample based on the
cognitive level, which is common in ASD research and a
major strength of the sample highly relevant to the present study.
The size and direction of the group level verbal–
nonverbal discrepancy have varied across samples in the
literature, and the school-age SSC sample is another data
point within the range. The variation likely reﬂects small
sample sizes as well as sampling differences in functioning level [e.g., Siegel et al., 1996], co-occurring conditions
[e.g., Kanai et al., 2017], the selection on IQ [e.g., Lennen
et al., 2010], diagnostic criteria [e.g., Ghaziuddin &
Mountain-Kimchi, 2004, Lincoln et al., 1998], and stringent genetic inclusion criteria [e.g., Nowell et al., 2015
and the present study]. All of these factors likely affect
the verbal–nonverbal discrepancy in autistic individuals,
providing a further rationale to avoid incorporating a discrepancy into diagnostic decision-making.
Our results are limited to school-age children (7–17
years). Although school-age children did not exhibit clinically useful cognitive proﬁles, future research could
explore this question in preschool and adult samples. For
example, Nowell et al. [2015] identiﬁed larger V-N discrepancies among autistic preschoolers in the SSC sample
using the DAS-II Early Years.
Finally, we note that when evaluating sensitivity and
speciﬁcity, the diagnoses of the two compared samples
are of utmost importance. Ideally, the diagnostic utility
of an autistic cognitive proﬁle would be tested in a sample of children referred for a comprehensive ASD evaluation with cognitive testing; the discrepancy score AUC
would be calculated by comparing clinically referred children who ultimately received an ASD diagnosis to those
who did not. A study design with a clinically referred
sample offers a more strenuous and ecologically valid test
of the discrepancy score than our study design, which
compared children with a clear diagnosis to normative
children. A study with our design is likely to inﬂate artiﬁcially the AUC and overestimate the diagnostic utility of
the tool, because a clinician’s decision is usually not to classify the child as clearly ASD or clearly normative, as our
study design implies. Rather, a clinician’s decision is usually
to classify the child as having ASD and/or other psychiatric
or developmental disorder(s). Thus, the low sensitivity and
speciﬁcity of the discrepancy scores reported in our study
may actually overestimate their true clinical utility.
Conclusions
This study suggests that cognitive testing is not likely to
be a valuable tool in the ASD diagnostic process in
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school-age children, even though cognitive testing
remains an essential source of information to specify the
level of functioning and intellectual disability. Further
research on biological sex and gender identiﬁcation differences in verbal–nonverbal discrepancies is needed.
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