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Background: Results from several studies indicated that a symptom model other than the DSM triad
might better describe symptom domains of autism. The present study focused on a) investigating the
stability of a new symptom model for autism by cross-validating it in an independent sample and b)
examining the invariance of the model regarding three covariates: symptom severity, intelligence, and
age. Method: The validity of the symptom model was examined in an independent sample of N = 263
children and adolescents with autism spectrum disorders, and model invariance was studied in a larger
sample of N = 356 children and adolescents with autism spectrum disorders. The fit of the symptom
model to the sample data was compared to that of alternative models (including the DSM triad), and the
invariance of the new model was investigated for each covariate by multiple-group compar-
isons. Results: The fit of the new symptom model was better than that of two alternative models.
It could not be compared to that of the DSM triad, because the latter encountered empirical identifi-
cation problems. There were no significant or substantive differences between the estimated model in
each of the dichotomised groups for any of the three covariates, which indicated factorial invariance of
both structural form and factor loadings. Conclusions: The symptom model appeared to be relatively
stable: It could be cross-validated in the independent sample and factorial invariance was shown
between the dichotomised groups for each covariate. Further model validation with instruments other
than the Autism Diagnostic Interview-Revised (ADI-R) is recommended. Keywords: Autism spectrum
disorder, symptom model, cross-validation.

Several studies investigated symptom change and
symptom structure in autism, as related to the three
symptom domains of the DSM-IV, i.e., impaired
social interaction, impaired communication, and the
occurrence of stereotyped behaviours and restricted
interests (American Psychiatric Association, 2000).
The results of these studies indicated that the
symptoms of autism in the three domains develop
differently over time, and that a symptom structure
other than that of the DSM might be more appro-
priate to comprehend symptom change.

Some longitudinal studies, for instance, demon-
strated that the diagnoses of autism spectrum dis-
orders (ASD) remain fairly stable over time, whereas
the symptoms of the three DSM domains develop
differently. Charman et al. (2005), for example,
found that symptoms of impaired nonverbal com-
munication improved each year in young childhood
(i.e., from age 2 to age 7), while symptoms of
impaired social interaction improved from age
4–5 years on, and symptoms of stereotyped behav-
iours and restricted interests worsened before they
improved. In other studies it was demonstrated that
language skills related to impaired communication
developed most strongly in the early school years but
not between middle childhood and late adolescence

(Sigman & McGovern, 2005), and symptoms of
impaired social interaction and stereotyped behav-
iours and restricted interests improved between
middle-childhood and late adolescence (McGovern &
Sigman, 2005).

Apart from the issue of symptom change differ-
ences, two studies by Ronald et al. (2006a, 2006b)
revealed that the three DSM domains are relatively
separate constructs. They found that the correla-
tions between the three symptom domains were
modest (ranging between .10 and .40) in more than
3,000 twin pairs from a general population (Ronald
et al., 2006a; Ronald, Happé, Price, Baron-Cohen, &
Plomin, 2006b). They also showed that these corre-
lations remained modest in a subgroup of twin pairs
having relatively extreme autistic scores.

These findings indicate that the three DSM
domains are relatively independent and that change
in autistic symptoms should be evaluated in the
three domains separately. Beside the relative inde-
pendence of the DSM symptom domains, there is
support for a different composition of symptoms
within the domains. Kolevzon, Smith, Schmeidler,
Buxbaum, and Silverman (2004) showed that within
the DSM domains, symptoms may have a strong or
weak familiality. They conducted a family study of
16 monozygotic siblings, and found a significant
familiality in symptoms associated with impairedConflict of interest statement: No conflicts declared.
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socialisation and impaired communication, but not
with stereotyped behaviours. They found more dif-
ferences in familiality when specific symptoms
within the DSM symptom domains were considered,
i.e., subdomain scores instead of domain scores in
the algorithm of the Autism Diagnostic Interview-
Revised (ADI-R; Lord, Rutter, & Le Couteur, 1994). It
was shown that social play, which is incorporated in
the DSM domain impaired communication, had no
familiality, whereas circumscribed interest and pre-
occupation with sensory items or parts of objects,
both from the DSM stereotyped behaviours domain,
had significant familiality.

The results from a number of other studies sug-
gested also a composition of the symptom domains
other than that of the DSM. It was shown, for
instance, that symptoms of the DSM domains
impaired social interaction and impaired commun-
ication may represent one symptom domain to be
described as impaired joint attention and affective
reciprocity (Robertson, Tanguay, L’Ecuyer, Sims, &
Waltrip, 1999; Tanguay, Robertson, & Derrick,
1998), impaired social intent (Tadevosyan-Leyfer et
al., 2003), or impaired social communication (Geor-
giades et al., 2007; Van Lang et al., 2006). It has
further been shown that symptoms such as particu-
lar speech characteristics and behavioural features,
like compulsions and restricted interests, are related
(Tadevosyan-Leyfer et al., 2003; Van Lang et al.,
2006); and that several symptoms from the DSM
domains about difficulties in play skills are associ-
ated (Robertson et al., 1999; Van Lang et al., 2006).

Van Lang et al. (2006) proposed a new symptom
model for autism that may account for some of the
findings of Kolevzon et al. (2004). This new model
consists of three main symptom factors: 1) The factor
impaired social communication is composed primar-
ily of symptoms from DSM impaired social interac-
tion, but also of symptoms concerning inadequate
use of gestures and failure to initiate or sustain
conversational interchange from DSM impaired
communication. 2) The factor stereotyped features in

speech and behaviour is reflected by symptoms from
DSM stereotyped behaviours and restricted
interests, but it also comprises symptoms from
DSM impaired communication, like idiosyncratic
or repetitive speech characteristics. 3) The factor
impaired play skills is composed of symptoms from
DSM domains impaired social interaction and
impaired communication, i.e., failure to develop peer
relationships and lack of play skills.

Confirmatory analysis corroborated this three-
factor symptom model in a group of 255 verbal and
nonverbal children and adolescents with minor to
severe autistic symptoms and a full-scale intelli-
gence score (FIQ score) larger than 20 (see Van Lang
et al., 2006). Given the available sample data, how-
ever, hypothesized effects of symptom severity,
intelligence, and age on the symptom model could
not be examined thoroughly. Symptom severity,

intelligence, and age are important variables
in describing autism heterogeneity (e.g., Coplan &
Jawad, 2005). Therefore, to further substantiate the
new symptom model, the present study was
conducted to examine: a) the model’s validity in a
new and independent sample of ASD children and
adolescents, and b) the model’s stability and invari-
ance in dichotomised groups of ASD children
and adolescents with regard to symptom severity,
intelligence, and age.

Methods

Sample

In the current study, two Dutch samples were used. For
the cross-validation part, data from a sample collected
by the University Medical Centre Utrecht were
employed. For the investigation of the invariance of the
symptom model under dichotomised covariate effects,
sample data from Utrecht were combined with those
from the University Medical Centre Groningen; the
symptom model was initially constructed and evaluated
using the Groningen sample data. The following inclu-
sion criteria were applied to both samples: all particip-
ants had a clinical disorder on the autism spectrum,
were verbal (i.e., functionally using at least three word
phrases according to the ADI-R), had an FIQ score ‡35,
and were aged between 4 and 25 years at the time the
ADI-R was administered. Parents of all participants
gave written informed consent.

Data from Utrecht. N = 263 ASD children and ado-
lescents were selected from a large data set of N = 374
individuals who participated in the ongoing collaborat-
ive genetic study of autism (International Molecular
Genetic Study of Autism Consortium (IMGSAC), 2001)
or in other imaging or medication studies in Utrecht.
These data sets could be combined because the parents
of all 374 participants were interviewed with the ADI-R.
The participants were recruited from outpatient and
inpatient clinics of the Department of Child and Ado-
lescent Psychiatry from the University Medical Centre
in Utrecht, from other specialised centres for autism, or
in cooperation with the Dutch parent association for
autistic children. The clinical diagnosis of each parti-
cipant was established by an experienced clinician who
studied the medical records, the developmental history
and available diagnostic information, like ratings on the
ADI-R and Autism Diagnostic Observation Schedule
(ADOS-G; Lord et al., 2000). From the 374 participants,
111 were excluded because they did not meet the
inclusion criteria or because the time between the
assessment of the ADI-R and IQ was too large (i.e., more
than three years) to ensure that the IQ measurement
was reliable at the time of the ADI-R interview. More
specifically: 102 were excluded because the IQ assess-
ment date was missing, or because FIQ scores were
considered unreliable, and 9 were excluded because
they were nonverbal (8) or aged ‡26 (1). As this study
aimed at examining symptom model invariance for
different IQ levels, it was decided to include only par-
ticipants with IQ data obtained from psychometrically
sound instruments, like the Wechsler scales (Van der
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Steene et al., 1986), Raven Progressive Matrices (Van
Bon, 1984) and the Dutch intelligence test RAKIT
(Bleichrodt, Resing, Drenth, & Zaal, 1987).

Data from Groningen. N = 93 ASD children and
adolescents were selected for this study. The original
Groningen sample consisted of 308 participants; the
symptom model was previously tested in a selection of
255 verbal and nonverbal participants with minor to
severe autistic behaviours, an FIQ score >20, and
aged between 4 and 20 years. For details on the prim-
ary data collection in Groningen, see De Bildt, Sy-
tema, Kraijer, and Minderaa (2005), and Van Lang et
al. (2006). In the present study, 162 participants from
these 255 were excluded, because they did not meet
the inclusion criteria: 85 did not fulfil the criteria for
a disorder on the autism spectrum, 66 had FIQ score
<35, 25 of whom were also nonverbal, and 11 were
nonverbal with a moderate (7) or mild (3) FIQ, or a
FIQ in the borderline range (1). Most of them
(125) were typically developing, 16 had a clinical
diagnosis of Pervasive Developmental Disorder – Not
Otherwise Specified (PDD-NOS) and 21 of Autistic
Disorder (AD).

The main characteristics of the sample data from
Utrecht and Groningen are presented in Table 1.

Latent variable indicators and model descriptions

The symptom factor model under investigation is
denoted as Model B2 (cf. Van Lang et al., 2006). Its
measurements are the 12 subdomain scores from the
ADI-R algorithm that refer to the three DSM symptom
domains: impaired socialisation (S), impaired commun-
ication (C), and stereotyped behaviours and restricted
interests (R). These 12 ADI-R subdomain scores, here
defined as ADI-R indicators, represent sumscores of 2
to 4 items (for details about these items and subdomain
scores, and output of the major analyses, see the web-
site http://www.gmw.rug.nl/~boomsma/lang2.htm).
As indicated in the ADI-R algorithm, item scores of 3
were recoded as 2.

The 12 ADI-R indicators are described as follows:
failure to use nonverbal behaviours to regulate social
interaction (S1), failure to develop peer relationships
(S2), lack of shared enjoyment (S3), lack of socio-emo-
tional reciprocity (S4), lack of, or delay in, spoken lan-
guage and failure to compensate through gesture (C1),

lack of varied spontaneous make-believe or social imi-
tative play (C2), relative failure to initiate or sustain
conversational interchange (C3), stereotyped, repetitive
or idiosyncratic speech (C4), encompassing preoccu-
pation or circumscribed pattern of interests (R1), com-
pulsive adherence to non-functional routines or rituals
(R2), stereotyped and repetitive motor mannerisms (R3),
preoccupations with part-objects or non-functional
elements of materials (R4).

For the cross-validation, the three-factor Model B2
(factor F1 with S1, S3, S4, C1 and C3; factor F2 with C4,
R1, R2, R3 and R4; and factor F3 with S2 and C2, as
indicators) was tested in the sample of Utrecht. As had
been done previously for the Groningen data (Van Lang
et al., 2006), for the Utrecht data it was also invest-
igated whether Model B2 fitted better than the DSM
model, or a one- or two-factor model. The DSM model
consisted of three factors (a factor with S1 thru S4;
a factor with C1 thru C4; and a factor with R1 thru R4,
as indicators). In the one-factor model all indicators S1
thru R4 referred to one single autism factor. The
two-factor model had a factor with S1 thru C4, and a
second one with R1 thru R4, as indicators. All four
models were tested and evaluated using a) ADI-R rat-
ings related to the current status, and b) ADI-R ratings
related to the most abnormal age period of 4–5 years, or
ever, the past status.

For the investigation of possible effects of the three
covariates on the symptom model, Model B2 was
tested in selected groups from the joint samples of
Utrecht and Groningen. Within that combined sample
(N = 356), three selections were made to investigate
the invariance of the model structure and factor
loadings: a) the effect of symptom severity was
examined by comparing Model B2 estimates in ASD
participants having autism (AD; N = 143) or PDD-NOS
or Asperger Syndrome (PDD-NOS/AS; N = 213). b)
The effect of intelligence was studied by comparing
Model B2 estimates for participants having an FIQ
score <85 (N = 136) versus an FIQ score ‡85
(N = 220). c) The effect of age was examined for
children of age 4–12 (N = 247) versus adolescents of
age 13–24 (N = 108). The overlap between the
dichotomised scores on the three covariates in the
selected groups was modest: the largest overlap was
found for 97 children who had PDD-NOS/AS and a
high FIQ score. Here, only results regarding the ADI-R
current status are presented, because it was decided
that these ratings reflect participant’s behaviour more

Table 1 Sample characteristics

Data from Utrecht Data from Groningen

N 263 93
Male : Female 227 : 36 79 : 14
Age 4–24 years (mean 11 yrs; SD 5 yrs) 4–19 years (mean 11 yrs; SD 4 yrs)
FIQ 35–152 (6% with FIQ < 70) 35–129 (63% with FIQ < 70)
Clinical diagnosis of AD1 110 (42%) 33 (35%)
Clinical diagnosis of PDDNOS/AS2 153 (58%) 60 (65%)
Mean score (SD) on the ADI-R domains:
Impaired social interaction 19.1 (6.5) 19.2 (6.2)
Impaired communication 15.0 (5.0) 14.0 (5.1)
Stereotyped behaviours 5.2 (3.3) 5.9 (2.8)

1AD: Autistic Disorder; 2PDDNOS/AS: PDD-NOS or Asperger Syndrome.
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reliably than past ratings, especially since many
participants were aged considerably above 4–5 years.

Model estimations and model comparisons

The default maximum likelihood (ML) estimation pro-
cedure, as implemented in Mplus (Muthén & Muthén,
1998–2007, Version 4.2), could have been applied to
estimate the models and to examine their goodness of
fit. Although the kurtosis and skewness values of the 12
ADI-R indicators were not extreme for ML estimation
(Boomsma & Hoogland, 2001), a robust ML estimation
procedure was preferred to analyse sample covariance
matrices S. In Mplus, this procedure is labelled as MLM:
maximum likelihood parameter estimation with stan-
dard errors and an adjusted model fit statistics that are
robust against non-normality. The global fit of the
models was assessed using the scaled or mean-
adjusted chi-square statistics, v2SB of Satorra and
Bentler (1994), along with other fit indices, the values of
which were roughly evaluated using cut-off criteria
formulated by Hu and Bentler (1999); cf. Marsh, Hau,
and Wen (2001).

To determine whether the three dichotomised co-
variates had substantive effects on the model structure
and estimates, the model fit and parameter estimates of
the selected groups were compared in a stepwise pro-
cedure (Brown, 2006). The primary objective was to
investigate whether main features of the model are
invariant across the two groups selected for each of the
three covariates. To that purpose, it was investigated
whether the model structure has the same form in each
of the groups. If that was the case, the next step was to
check whether the factor loadings are the same across
the groups.

More specifically, for each of the three covariates, two
multiple-group analyses were applied to examine the
difference in chi-square fit between Model B2 with
invariance restrictions on the factor loadings (i.e., factor
loadings were assumed to be equal in the two selected
groups) and Model B2 with no parameter restrictions
but an equal structural form (i.e., the unrestricted
Model B2). When the value of the estimated chi-square
difference test, denoted as v2(D), is not significant, this
indicates that the hypothesis of invariant factor load-
ings should not be rejected. The estimated chi-square

difference test was calculated as follows: v2(D) = (v2ML-0 –

v2ML-1)/c (D), where v2ML-0 and v2ML-1 are the regular ML
chi-square fit estimates of the restricted Model B2 with
equal factor loadings and the unrestricted Model B2,
respectively, and c(D) is the scaling correction factor for
the difference test, i.e., a function of degrees of freedom
and scaling correction factor c = v2ML/v2SB (see Muthén
& Muthén, 2007; Brown, 2006).

Results

Cross-validation

DSM model. The two separate DSM models (with
ratings related to current or past status) could not be
estimated, because both had an empirical identifi-
cation problem: an estimated correlation larger than
one between the latent factors S (impaired sociali-
sation) and C (impaired communication). The same
problem in estimating the DSM model occurred in
our previous study, where it was discussed in detail.

Model B2. The goodness-of-fit estimates for Model
B2, and for the one- and two-factor model, with ADI-
R ratings related to both the current and past status

are presented in Table 2. The results indicate that,
compared to the other two models, Model B2 has the
best fit regarding all discrepancy measures.
Although the value of v2SB was too high, the RMSEA,
SRMR, TLI and CFI estimates of Model B2 with cur-

rent and past ratings were quite good.
The completely standardised loadings of Model B2

with ADI-R current ratings are: F1 (.72, .66, .74, .70,
.64), F2 (.32, .47, .43, .59, .67), and F3 (.96, .86).
The estimated correlations between the three factors
are moderate: r(F1, F2) = .28, r(F1, F3) = .32, and
r(F2, F3) = .45. The factor determinacy scores of the
three factors F1, F2, and F3, which provide an estim-
ate of the squared multiple correlation between each
factor and the indicators (see Grice, 2001), are .91,
.83 and .97, respectively. This is quite satisfying,
because wildly different rankings on factor scores
become unlikely.

Table 2 Goodness-of-fit values for the cross-validation of Model B2, compared to those of a one- and a two-factor model with data
from Utrecht (N = 263; ADI-R current and past status)

Global fit measures MLM-based statistics

df v2ML p v2SB p RMSEA SRMR TLI CFI AIC ECVI1

ADI-R current status
Model B2 51 83.5 .00 83.4 .00 .05 .05 .96 .97 10924 .52
One-factor model 54 486.4 .00 483.0 .00 .17 .12 .44 .54 11321 1.95
Two-factor model 53 444.3 .00 445.2 .00 .17 .11 .47 .58 11281 1.67

ADI-R past status
Model B2 51 116.4 .00 118.2 .00 .07 .06 .91 .93 11244 .67
One-factor model 54 270.3 .00 272.4 .00 .12 .09 .74 .78 11392 1.44
Two-factor model 53 209.4 .00 210.7 .00 .11 .08 .81 .84 11333 1.01

Note: RMSEA = root mean square error of approximation; SRMR = standardised root mean square residual; TLI = Tucker–Lewis
Index; CFI = Comparative Fit Index; AIC = Akaike’s Information Criterion; 1ECVI = Expected Cross Validation Index and these
values were computed using version 8.8 of the LISREL program (Jöreskog & Sörbom, 1996).
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Covariate group comparisons In Tables 3 and 4
the results of the multiple-group analyses are
shown. It should be noted that an empirical iden-
tification problem occurred while analysing the
equal form model given the sample covariance
matrix of the PDD-NOS/AS group: the estimated
residual or error variance of S2 was –.003, a
marginal Heywood case. An admissible solution was
obtained by fixing that variance to the value of
+.001: an artificial ‘removal’ of the problem. Hence,
results for the ASD comparisons need to be evalu-
ated with caution. Further reflections on this issue
follow in the discussion.

As shown in Table 3, there are no large differences
in model fit indices between the pairwise selected
groups. The findings of the multiple-group analyses
shown in Table 4 demonstrate that the chi-square
difference test result was not significant regarding
the group comparisons for all three covariates:
symptom severity [v2(D) = 14.6; df(D) = 8; p = .07], IQ
level [v2(D) = 9.5; df(D) = 9; p = .39], and age
[v2(D) = 7.0; df(D) = 9; p = .63]. The equality of factor
loadings is most clearly demonstrated between the
age groups and less between the two ASD diagnosis
groups. The combined results of model fit and
parameter estimates show that Model B2 is fairly
invariant, certainly with regard to the two intelli-
gence and age levels.

Discussion

In this study it was examined a) whether a new
symptom model for autism could be cross-validated
in an independent sample of ASD children and
adolescents, and b) to what extent the symptom
model was invariant under dichotomised levels of
symptom severity, intelligence, and age.

The new symptom model was previously tested in
a sample of 255 verbal and nonverbal children and
adolescents, and only half of these participants had
a disorder on the autism spectrum (Van Lang et al.,
2006). It was therefore interesting to investigate
whether this symptom model could be cross-valid-
ated in an independent sample of 263 verbal ASD
children and adolescents. The goodness-of-fit values
of the model were satisfactory and proved again to be
much better than those of the one- and two-factor
model. In addition, it turned out that the DSM model
could not be properly estimated, owing to a similar
empirical identification problem found in our previ-
ous study: an improper estimated correlation among
the symptom domains impaired socialisation and
impaired communication. Apparently, a symptom
factor that consists of symptoms about impairments
in socialisation and communication is necessary.
This issue has been raised by many authors (e.g.,
Robertson et al., 1999; Tadevosyan-Leyfer et al.,

Table 3 Goodness-of-fit values for Model B2 for groups of participants: a) AD versus PDD-NOS/AS, b) low versus high FIQ, and c)
children versus adolescents; combined data from Utrecht and Groningen (N = 356; ADI-R current status)

Model B2

Global fit measures MLM-based statistics

df v2ML p v2SB p RMSEA SRMR TLI CFI AIC ECVI

ASD diagnosis
Autistic Disorder (N = 143) 51 69.0 .05 70.3 .04 .05 .06 .96 .96 6151 .88
PDD-NOS/AS (N = 213) 51 70.3 .04 69.9 .04 .04 .05 .96 .97 8760 .58

IQ level
Low (FIQ < 85; N = 136) 51 69.7 .04 67.8 .06 .05 .06 .95 .96 5795 .88
High (FIQ ‡ 85; N = 220) 51 71.9 .03 72.3 .03 .04 .05 .97 .97 9151 .56

Age
Child (4–12 yrs; N = 247) 51 88.9 .00 88.7 .00 .05 .05 .94 .96 10501 .57
Adolescent (13–24 yrs; N = 108) 51 65.1 .09 63.9 .11 .05 .07 .91 .93 4059 1.06

Table 4 Goodness-of-fit values under model invariance testing for Model B2 for groups of participants: a) AD versus PDD-NOS/AS,
b) low versus high FIQ, and c) children versus adolescents; combined data from Utrecht and Groningen (N = 356; ADI-R current
status)

Model B2

Global fit measures MLM-based statistics

df v2ML p v2SB p c c (D) v2(D) df (D) p RMSEA SRMR TLI CFI

ASD diagnosis (N = 143, N = 213) .97 14.6 8 .07
Equal form 103 139.3 .01 140.2 .00 .99 .05 .05 .96 .97
Equal loadings 111 153.4 .00 154.7 .00 .99 .05 .06 .96 .96

IQ level (N = 136, N = 220) .90 9.5 9 .39
Equal form 102 141.6 .01 140.1 .01 1.01 .05 .05 .96 .97
Equal loadings 111 150.2 .01 149.9 .01 1.02 .04 .06 .96 .97

Age (N = 247, N = 108) 1.01 7.0 9 .63
Equal form 102 154.0 .00 152.4 .00 1.01 .05 .04 .93 .95
Equal loadings 111 161.1 .00 159.5 .00 1.01 .05 .06 .94 .95
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2003), and is described as impaired social commun-

ication in the present model.
Besides impaired social communication, Model B2

consists of the symptom factors stereotyped features

in speech and behaviour and impaired play skills.
The latter symptom factor resembles the theory of
mind factor described by Robertson et al. (1999)
and Tanguay et al. (1998), and its emergence might
explain why Kolevzon et al. (2004) found a different
familiality of social play, compared to the familiality
of the DSM domain impaired communication in
which social play is incorporated. However, the
symptom factors of our model are not consistent with
why Kolevzon and his colleagues found a different
familiality of circumscribed interests and preoccu-
pation with parts of objects, compared to the famil-
iality of the DSM domain about stereotyped
behaviours, because the symptom factor stereotyped
features in speech and behaviour consists of all
symptoms of this DSM domain, along with stereo-
types in language skills.

The new symptom model was shown to be relat-
ively invariant under dichotomised differences in
symptom severity, intelligence, and age. The values
of the model’s goodness-of-fit statistics and indices
were quite similar between the dichotomised
covariate groups and comparable to those found
in our previous study (Van Lang et al., 2006).
In addition, the non-significant differences in
chi-square values between the comparison groups
indicated that the factor loadings were about the
same. There was, however, an empirical identifica-
tion problem in the test of model-form equality in
the group of participants with a PDD-NOS/AS
diagnosis. This may be due to the fact that the
factor impaired play skills has two sumscore indi-
cators only, which put restrictions on finding a fully
admissible solution for this diagnosis group. The
estimated error variance of S2 was relatively low
in all dichotomised covariate groups, and strongest
in the PDD-NOS/AS group where it resulted in a
Heywood case.

In a study under progress, it is further examined
why these estimation problems occurred by looking
at associations between ADI-R subdomain scores,
or ADI-R item scores, and the three covariates as
continuous variables. For instance, the results of a
MIMIC (multiple indicators, multiple causes) type of
modelling might reveal how the eight ADI-R items
incorporated in the two indicators of the symptom
factor impaired play skills are related to younger or
older children, or adolescents. These analyses
might thus provide a more detailed description of
how separate symptoms, symptom factors, and
covariates are associated using cross-sectional
data.

Longitudinal data are necessary, however, to
examine how symptoms within the symptom factors
might change over time. As shown by Charman
et al. (2005) and Sigman and McGovern (2005), it

may be that within the symptom factor impaired

social communication, impaired use of nonverbal
behaviours (S1) will improve over time, whereas
impaired initiation and maintenance of conversa-
tional interchange (C3) remain fairly stable. Chan-
ges in the correlations among the symptom factors
may also be examined to see whether the symptom
factors are relatively separate constructs. Overall,
the estimated correlations among the factors were
moderate, and within the dichotomised covariate
groups, they ranged between .14 and .62, with a
median of .34. These correlations are higher than
those reported by Ronald et al. (2006a, 2006b) for
the DSM triad domains.

In conclusion, our new symptom model, Model
B2, may prove to be potentially valid and promising
for further development and understanding of an
empirically validated model for autism. Recently,
Frazier, Youngstrom, Kubu, Sinclair, and Rezai (in
press) have tested several new symptom models for
autism in a large group of N = 1,170 verbal indi-
viduals, and two models appeared to have the best
fit and stability across two age groups: a model
similar to Model B2, and a two-factor model that
was a combination of Model B2 and the two-factor
model examined in this study. In addition, Georgi-
ades et al. (2007) found support for a three-factor
symptom model that has similarities with Model B2
(e.g., impaired social communication), but differs
with respect to stereotyped features in speech and
behaviour (they found two separate factors for
rigidity and repetitiveness in these features) and
impaired play skills (which they did not find). They
were able to estimate the DSM model (N = 209), but
the DSM model failed to meet acceptable model
criteria. These findings reaffirm that the DSM model
is empirically not a firm model, and that other new
symptom models, like Model B2, may be promising
alternatives.

There are two limitations that need further
attention. First, it is necessary to obtain more
replications of the new symptom model with
instruments other than the ADI-R, since the model
is now based on ADI-R ratings exclusively.
Although the ADI-R is a frequently used semi-
structured interview that yields a comprehensive
description of autistic behaviours during the age of
4–5 and current age, it would be interesting to
investigate whether a comparable symptom model
would emerge if, for instance, the Social Commun-
ication Questionnaire (Rutter, Bailey, & Pickles,
2003) were used. Second, the symptom model
would gain in clinical weight if its symptom struc-
ture sustains over time within the same indi-
viduals. At present, the symptom model is studied
using cross-sectional data only. The clinical validity
of the symptom model would improve if different
developmental trajectories within the symptom
factors could be demonstrated using longitudinal
data.
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