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Abstract

The literature shows that children with autism spectrum disorders (ASD) demonstrate a hetero-
geneous pattern of cognitive abilities, including nonverbal abilities. However, there is a need for
better cognitive characterization of this population for both research and intervention purposes.
The present study aims to verify the Leiter-R performance profile for 40 children between the
ages of 3 and 8 years old with ASD. The performance of the ASD children in each subtest and their
total scores were compared to those of a control group of typically developing children, and intra-
group analysis was conducted to verify the strengths and weaknesses of the children with ASD.
The results show that individuals with ASD have difficulties with abstract reasoning related to fluid
intelligence as well as selective attention and inhibition. Conversely, their visuo-spatial abilities
are their strength. Cluster and comparative intra-group analyses indicate that nonverbal cognitive
abilities are heterogeneous among the individuals within the ASD group. Performance in nonver-
bal tasks is positively correlated with adaptive functioning in communication and daily skills do-
mains and inversely correlated with symptom severity as measured by the Autism Behavior
Checklist. These results corroborate the literature associating cognition and functionality in ASD.
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1. Introduction
1.1. Intelligence and ASD

Cognitive assessment of individuals with ASD reveals how they process and execute tasks. In addition to being
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essential for determining specific deficits and areas for improvement, such an assessment can be used to identify
strengths for an effective intervention (Fecteau, Lepage, & Theoret, 2006; Penn, 2006). In addition, we can use
intelligence scores to better characterize and define more homogenous groups within the ASD population, which
will inform interventionists and practitioners and help identify other underlying neurobiological markers for this
condition (Joseph, 2011).

Symptom differences characterize different levels of cognitive and adaptive functionality, which depend on
the intensity, frequency and duration of the behaviors (Klin, 2009). Some authors show trends in intellectual
disabilities among individuals with ASD (Fombonne, 2003; Braun et al., 2007), while Klin (2009) reports a
range from individuals with profound intellectual disabilities to individuals with high intellectual quotients
(1Qs).

Munson et al. (2008) assessed 456 children between two and five and a half years of age. The authors identi-
fied a first group (comprising 59% of the individuals) that showed severe intellectual disability, with below av-
erage scores in verbal and non-verbal abilities; a second group (12.5% of the sample) that was similar to the first
group but with large discrepancy between verbal and non-verbal abilities; a third group (21.7% of the sample)
that showed moderate to mild deficits in both verbal and nonverbal abilities; and a fourth group (7% of the sam-
ple) that had average performance in all scores. The researchers also found significant differences in adaptive
behavior. There is a progressive improvement from the first to the fourth group regarding communication and
socialization.

Intellectual assessment can be useful in assessing intervention effectiveness and forming predictions of long-
term results (Klinger, O’Kelley, & Mussey, 2009). An intelligence assessment aims to identify individuals’ abil-
ities and deficits that influence learning and provide a better understanding of possible and efficacious interven-
tion according to individuals’ needs.

1.2. Assessing Intellectual Abilities in ASD

A literature review conducted by Siegel, Minshew, & Goldstein (1996) showed a 12-point difference between
verbal and execution 1Qs, with the latter score being higher. According to Hurley & Levitas (2007), the recent
advancements in describing and understanding the cognitive functioning of individuals with ASD were obtained
from individuals who can be verbally accessed and thus have intact intelligence scores. Nevertheless, there is an
urgent need to better characterize and learn about the cognitive functioning of other subgroups within the ASD
population, particularly individuals who are considered to have moderate or severe intellectual disabilities and
individuals who are not able to respond to traditional 1Q measures, such as the WISC (Wechsler Intelligence
Scale for Children), due to verbal expression and comprehension abilities.

Research studies report patterns of discrepancy when individuals with ASD are assessed using the WISC. It is
important to note that these patterns and results are valid for individuals with ASD with average verbal commu-
nication skills and do not apply to individuals with limited verbal communication skills. Happé & Frith (1996)
reported better performance in the Execution scales relative to the Verbal Comprehension Index of the WISC i1
in a sample with ASD compared to controls. Individuals with ASD performed better in the Block Design subtest,
which measures organization, visuo-spatial processing and mental combination of elements based on a model. In
this case, the choice of strategy for performing a task is another excellent predictor of nonverbal intelligence as
well as visuo-spatial reasoning. The individual who chooses an analytic route divides the picture into its small
squares, finds the corresponding cube face for each of the square units and puts them together to form the whole
picture. The global strategy consists of the individual using trial and error to match each piece and form the
complete the picture. Lastly, individuals who choose the synthesis strategy mentally divide the picture into par-
tial cube sections, which are unified in the complete picture at the end of the task (Grégoire, 2000). These dif-
ferent routes show how different abilities are involved in this subtest, which measures visuo-perception, con-
structive abilities, eye-hand coordination and speed (Simdes, 2002), and the importance of understanding non-
verbal individuals and their abilities better.

Happé & Frith (1996) also suggested lower performance in the Comprehension subtest, which assessed the
individual’s abilities to express his or her experiences. This test requires the ability to recognize social relation-
ships rules, apply convincing capabilities and utilize mental flexibility. A below average result may suggest dif-
ficulties in thinking about or recalling different solutions for the same problem, difficulties in recognizing social
rules and/ora lack of empathy and judgment, all which are common characteristics of individuals who present a
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non-verbal dysfunction (Simdes, 2002). In both the Picture Arrangement and Coding subtests, individuals with
ASD also produce lower scores (Szatmari, Tuff, Finlayson, & Bartolucci, 1990; Happé & Frith, 1996). The
Coding subtest assesses the capacity of an individual to associate a number with a symbol and to keep these as-
sociations in memory in order to use this information to perform the task as quickly as possible. It evaluates the
individual’s ability in learning how to make a behavior automatic, as it requires associations to be made quickly
and precisely. It also includes other cognitive components, such as attention, cognitive flexibility and visuo-mo-
tor coordination. The Picture Arrangement subtest requires that the child put a series of pictures with an under-
lying short plot in logical sequential order. It assesses perceptual analysis ability as well as the ability to inte-
grate all of the information available. A score below the average may reflect a deficit in the frontal functions of
auto-regulation (Simdes, 2002). Deficits found in both Comprehension and Picture Arrangement subtests are
explained as deficits in theory of mind, which is the ability to infer the mental states of others (Baron-Cohen,
Leslie, & Frith, 1986).

All of the measures and instruments described are useful in helping determine a profile for individuals with
ASD. However, to efficiently base interventions on the strengths of these children and assess ASD at an early
age, we need nonverbal tools.

1.3. Non-Verbal Assessment in ASD

Assessment of the non-verbal 1Qs of children with ASD has been found to be a reliable measure and is particu-
larly useful when individuals exhibit communication and language deficits (Joseph, 2011). The child’s profile of
strengths and deficits can also be assessed using nonverbal tasks that access different abilities (Kuschner, Ben-
netto, & Yost, 2007; Macedo et al., 2013). Individuals with ASD demonstrate better performance in visuo-spatial
abilities (visual processing Gv) and deficits in tasks that assess abstract reasoning and concept formation (fluid
intelligence Gf) (Klinger & Dawson, 2001; Minshew, Meyer, & Goldstein, 2002). The latter deficits can be ex-
plained by difficulties with executive functioning (Kuschner, Bennetto, & Yost, 2007). Individuals with ASD
show difficulties in tasks that require planning, flexibility and inhibition (Happé & Frith, 1996). Macedo et al.
(2013) demonstrated that preschool age children with ASD have significantly lower scores than the population
average in concrete and abstract reasoning. In addition, intra-group analysis revealed significantly lower per-
formance in these reasoning tasks than in visuo-construction tasks.

Several studies have used the Leiter-R to obtain a more complete picture of cognitive profiles and abilities in
ASD (Portoghese et al., 2010; Reed, Watts, & Truzoli, 2011; Scattone, Raggio, & May, 2012; Grondhuis & Mu-
lick, 2013). In addition, research studies report that the Leiter-R is a more efficient tool for the assessment of
cognitive aspects of individuals with ASD than other measures, such as the Wechsler or Stanford-Binet scales
(Dawson, Souliéres, Gernsbacher, & Mottron, 2007; Grondhuis & Mulick, 2013).

The Leiter-R has several advantages when used in the assessment of individuals with ASD. The instrument
requires minimal verbal communication; the tasks are independent of verbal instructions, minimizing the need
for verbal and gesture comprehension and verbal interactions with the clinician. Furthermore, there is no time
limit for task completion (Shah & Holmes, 1985). Two studies that assessed individuals with ASD using the
Leiter-R used minimal verbal instructions because, according to the authors, it is not possible to use the instru-
ment without any verbal instructions for students with ASD. The authors used the same procedures with all of
the groups assessed to control for the effect of the minimal verbal instructions (Kuschner et al., 2007; Tsatsanis
et al., 2003).

Tsatsanis et al. (2003) analyzed the profile of children with ASD using the Leiter-R. The authors reported that
three in four children performed significantly better in the subtests that assessed visual processing than those
that assessed inductive and sequential reasoning. This study also revealed high correlations between perfor-
mance in the Leiter-R and the level of adaptive behavior assessed using the Vineland Adaptive Behavior Scales.

Kuschner et al. (2007) assessed differences among non-verbal abilities using the Leiter-R in preschool stu-
dents for three different groups: ASD children, children with intellectual disabilities and typically developing
children. The main effect of the subtests revealed differential performance for different groups. Children with
ASD had better performance in tasks that assessed discrimination, exploration and visual search (Figure-Ground
subtest) as well as perceptual organization (Form Completion subtest) when compared to tasks that assessed in-
ductive (Repeated Patterns subtest) and sequential (Sequential Order subtest) reasoning. These results corrobo-
rate the literature that describes strengths in perceptual abilities rather than fluid intelligence. The other two
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groups assessed, children with intellectual disabilities and typically developing children, demonstrated a more
homogenous and linear profile. Intellectually disabled children performed worse in the Figure-Ground subtest
than the Form Completion subtest, and the typically developing children performed better in the Figure-Ground,
Form Completion and Repeated Patterns subtests than the Sequential Order subtest. These results indicate that
discrepancies between visuo-perceptual abilities and abstract reasoning are more frequent in individuals with
ASD, increasing its correlation with communication skills.

Dias (2013) assessed 105 preschool students ranging from three to five years of age divided in four groups:
children with autism or pervasive developmental disorder-not otherwise specified (PDD-NOS), children with
Asperger syndrome, children with developmental delays but no ASD diagnosis and children with typical devel-
opment. The aim of the study was to identify the performance profiles of these four different groups using the
Leiter-R. Both groups of children with ASD had 1Q scores within the average range for their age. The autism/
PDD-NOS group had lower scores than the Asperger group and significantly lower scores than the typically de-
veloping group. Looking at performances in the subtests, the group with developmental delays had significantly
lower scores for all subtests, with the exception of when they were compared with the ASD groups in the Fig-
ure-Ground subtest. In this subtest, the individual is tasked with pairing the drawings of the stimulus with the
drawings presented in the card that complete the missing part of the picture (Roid & Miller, 1997). There were
no significant differences between the ASD and Asperger’s groups or between the Asperger and typical devel-
opment groups for any of the subtests. Finally, the ASD group had significantly lower scores than the typical
development group in the Figure-Ground and Classification subtests, which assess visual discrimination as well
as exploration and semantic association, respectively (Dias, 2013).

The Leiter-R is clearly well suited for the strengths and weaknesses of individuals with ASD. Furthermore,
there is a need for the early identification of signals and symptoms in ASD (Cangialose & Allen, 2014; Charman,
2014) to provide ASD children with access to early intervention, thereby improving their prognoses. As a con-
sequence, assessment tools that can be used with younger children are necessary. In Brazil, the WISC-I1II
(Wechsler, 1991) and more recently the WISC-IV (Wechsler, 2003) are currently used for children that are six
years of age and older, limiting early assessment possibilities. To fill this gap, several studies have attempted to
determine the adequacy, precision and validity of the Leiter-R for the Brazilian population (Mecca, 2010; Mecca
et al., 2014). The present study adds to this body of literature, aiming to verify the cognitive profile of Brazilian
children between three and eight years old with ASD using the Leiter-R and relate the Leiter-R scores with aut-
ism symptoms and adaptive behaviors.

2. Method
2.1. Participants

A total of 49 children participated in this study. All of the children had a confirmed clinical diagnosis of ASD
according to an experienced clinician and the DSM-1V-TR criteria, the most recent criteria adopted in Brazil
(American Psychitric Association, 2000). In addition, all participants scored within the ASD range on both the
Autism Screening Questionnaire (Berument et al., 1999; Sato et al., 2009) and the Autism Behavior Checklist
(Krug, Arick, & Almond, 1980; Marteleto & Pedromdnico, 2005). Individuals with genetic and neurological
associated conditions, such as Fragile X Syndrome or epilepsy, were excluded.

The sample was comprised of 48 boys and one girl, and their ages ranged from 3 to 8 years old. In total, 37 of
the participants were diagnosed with autism (75.51%), 10 with pervasive developmental disorder-not otherwise
specified (PDD-NQOS) (20.40%) and two with Asperger syndrome (4.09%). Recruitment occurred in two institu-
tions in which the children received their diagnosis based on a multidisciplinary team assessment. The clinical
diagnosis was based on the results of medical, behavioral, neuropsychological and speech pathologist evaluation.
The participation of the children and families in this study was voluntary, and the caregivers signed consent
forms.

The clinical group was compared to a control group based on the sample of the validation study of the Leiter-
R in Brazil (Mecca, 2013). The controls were paired by gender, age in months, and type of school they attended:
private or public.

2.2. Instruments

Three intelligence assessment tools were used in this study. The Leiter International Performance Scale Revised
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(Leiter-R), is a nonverbal assessment battery used to assess individuals from two to 20 years of age (Roid &
Miller, 1997), but the validation study for Brazilian population is for individuals between two and eight years
old (Mecca, 2013). The Leiter-R assesses intelligence in a nonverbal manner using subtests that demand visual
processing (Gv) and fluid reasoning (Gf). Each age group is required to respond to six subtests, yielding a total
1Q score. Four of the six subtests are the same for all age groups: Figure-Ground, Form Completion, Sequential
Order and Repetitive Patterns. For individuals between two and five years of age, the subtests Matching and
Classification are also used, and after the age of six, Design Analogies and Paper Folding are used. The total
time required for assessment with this instrument is approximately 30 min.

The other intelligence measure used was the WISC-III, the Wechsler Intelligence Scale for Children, used for
children from six to 16 years of age. The WISC is composed of two subscales, Execution and Verbal, which are
combined to provide a total 1Q measure. Previous studies showed a high positive correlation between WISC-III
and Leiter-R (r = 0.85) (Roid & Miller, 1997). Lastly, SON-R 2 1/2-7[a] was used to assess the fluid intelligence
of children from two to seven years old. It is composed of non-verbal tasks that measure visuo-spatial ability and
concrete and abstract reasoning and contains four subtests: Mosaic, Situations, Categories and Patterns. It takes
approximately 30 min to complete (Laros, Jesus, & Karino, 2013).

To compare symptom severity with other measures in this study, two autism screening questionnaires were
used: the Autism Screening Questionnaire (ASQ) and the Autism Behavior Checklist (ABC). These question-
naires were chosen because they have been translated and normalized for the Brazilian population. The ASQ is
composed of 40 questions, which were answered with a “yes” or “no” by the child’s caregiver. Every question is
scored as 0 or 1 depending on the presence of the symptom. It includes three domains: social interaction, lan-
guage and behavior. The final score in the Brazilian normalization has three classification possibilities: zero to
14 points is typical development, 15 to 21 is categorized as PDD, and children with scores above 21 are classi-
fied as autistic (Berument et al., 1999; Sato et al., 2009). The second autism questionnaire, the ABC, has 57
items assessing behaviors in five domains: relationships, use of body and objects, language, personal and social
domains and sensorial stimulation. The score for each item is 0 or 1, depending on the presence of the symptom.
For the Brazilian normalization, the classification is as follows: 68 points or higher as autism, 54 to 67 points as
a moderate probability of autism, 47 to 53 as a low probability of autism and lower than 47 points as typical de-
velopment (Krug et al., 1980; Marteleto & Pedromdnico, 2005).

The last scale used to examine adaptive behavior was the Vineland Adaptive Behavior Scale (VABS).This
scale assesses adaptive behavior in four domains: a) communication, b) daily living skills, c) socialization and d)
motor skills. The caregivers respond to the questionnaires based on the frequency of a skill, behavior or situation
that the child actually performs, not those she is capable of performing (Sparrow, Balla, & Ciccheti, 1984).

2.3. Procedures

The evaluation with the child and the administration of the questionnaires with the caregivers were conducted
individually. For the ASD group, the assessment was conducted in specialized institutions; for the control group,
it was conducted in their schools with previous arrangements to avoid disturbing their classroom activities. In
the first session with the ASD group, the caregivers responded to the autism questionnaires, and the VABS were
completed in a second session.

The completion of the three intelligence instruments was attempted in different sessions: one for the Lei-
ter-Rand one for both the WISC-111 and SON-R. When a participant was not able to respond to any of these in-
struments, description of his or her behavior were provided. This study reported the number of participants that
completed the Leiter-R, WISC-11l and SON-R because we aim to understand the viability of using these instru-
ments for assessing individuals with neurodevelopment disorders.

2.4. Analysis

Variance analyses were conducted to compare groups. Intra-group analysis based on Student’s t-test was used to
determine the performance profiles of participants in the Leiter-R. Raw scores were transformed into standard
scores for both groups to examine cognitive profiles when comparing performance on the scale subtests. The
standard score for the American population was used for both groups because there is no standardization for the
Brazilian population. Cluster and variance analyses were applied to these results to compare the clustered group
and to compare the Leiter-R score between the ASD subgroups based on the DSM-IV-TR diagnoses (APA,
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2002) of autism and PDD-NOS.

This study also used Pearson correlations between performance on the Leiter-R and the autism scales and
VABS. In addition, both the Leiter-R and the VABS scores were standardized using the American standards to
enable the comparison of all age groups. All of the statistical analyses were performed using IBM SPSS version
20.0, and the significance level adopted was 5%. For the group comparisons, the effect size was calculated based
on the Cohen d.

3. Results

Among all 49 participants with ASD, the Leiter-R was completed by 40, with only nine participants (16.67%)
being unable to respond to the test. From these nine participants, eight were diagnosed with autism and one with
PDD-NOS. A lack of basic assessment behaviors allowed the participants to be considered as non-respondent to
the test. These behaviors included lack of gaze and attention to the testing materials, fixation on just part of the
material, lack of comprehension of the context and instructions, not responding to the materials and instructions,
not staying seated in the chair and non-standard sensory exploration of the materials.

Therefore, for this study, the total sample was comprised of 40 students with ASD, including one girl (2.5%)
and 39 boys (97.5%). Out of the total sample, two children (5%) had been diagnosed with Asperger syndrome,
10 (25%) with PDD-NOS and 28 with autism. Table 1 presents the number of children who completed each test
by age range.

Clearly, the number of participants who completed the Leiter-R is much higher than the number who com-
pleted the WISC-I11 or SON-R. Note that all children who completed any other intelligence test responded to the
Leiter-R, whereas the opposite was not true.

Comparisons of the performance of the ASD children to the control group in terms of each subtest and total
score on the Leiter-R were conducted using analysis of variance (ANOVA). The results show significant differ-
ences for the five subtests of Leiter-R and the total scores (Table 2).

Table 1. Number of participants with ASD who responded to each instrument.

Age Number of children assessed ~ WISC-IIl  SON-R 2 1/2-7[a] Leiter-R Non-respondent for any assessment

3 7 - 1 4 3
4 5 - 3 5 0
5 13 9 11 2
6 14 2 7 12 2
7 9 3 5 7 2
8 1 1 1 0
Total 49 6 25 40 9

Table 2. Comparison between ASD and the control group for the Leiter-R.

ASD Group Control Group ANOVA Effect Size
Subtest M SD M SD F p d

Figure-Ground 10.68 +3.55 15.00 +3.77 27.93 0.000 1.18
Design Analogies 4.00 +3.18 5.25 +5.36 0.804 0.375 0.28
Form Completion 16.23 +6.33 22.38 +5.11 22.848 0.000 1.07
Matching 25.45 +4.26 26.90 +7.21 0.599 0.444 0.24
Sequential Order 6.45 +7.11 12.75 +8.40 13.102 0.001 0.81
Repeated Patterns 6.05 +4.93 10.98 +5.92 16.331 0.000 0.90
Classification 12.30 +4.59 15.15 +3.07 5.333 0.026 0.73
Paper Folding 3.55 +2.42 4.85 +2.01 3.425 0.072 0.59
Full Score 64.08 +22.89 87.18 +22.00 21.174 0.000 1.03
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Four measures comprise the estimated 1Q in the Leiter-R: Figure-Ground, Form Completion, Sequential Or-
der and Repeated Patterns. Significant differences were found between these four subtests. The first two subtests
assess visual processing ability, and the last two assess fluid reasoning. For the subtests used only for preschool-
age children, significant differences were found in the Classification subtest, which examines semantic catego-
rization. No significant differences were found in the Matching subtest, which assesses the individual’s ability to
perform simple pairing based on concrete and abstract stimuli. No differences were found for the two subtests
used for children six years of age and older: Design Analogies and Paper Folding. The first assesses logical rea-
soning based on visual stimuli, and the latter assesses visual processing with a specific component of image ro-
tation and manipulation.

Considering that certain subtests are specific for certain age ranges, the profile analysis was performed for
two separate groups: 20 preschool children (2 to 5 years of age) and 20 elementary school age children (6 to 8
years of age), both with ASD. The preschool group differed significantly from the control group for the follow-
ing subtests: Figure-Ground (F 35 = 11.093; p < 0.01), Form Completion (F 35y = 11.868; p < 0.01), Sequential
Order (F(135 = 9.243; p < 0.01) and Repeated Patterns (Fq 35 = 9.052; p < 0.01).An analysis by subtest is pre-
sented in Figure 1.

Analyzing both groups, we can notice similar patterns of performance being lowest in the Repeated Patterns
subtest, followed by the Sequential Order subtest. For the ASD group, the Form Completion subtest elicited the
best performance. Paired-group t-tests revealed that the ASD group’s performance on the Matching subtest is
significantly better than that on the Figure-Ground (t(19) = 3.929; p < 0.01), Sequential Order (t(19) = 2.073; p
= 0.05) and Repeated Patterns (t(19) = 5.542; p < 0.01) subtests. In contrast, in the control group, only the per-
formance in the Complete Shapes subtest was significantly better than that in the Sequential Order (t(19) =
2.159; p = 0.04) and Repeated Patterns (t(19)=2.396; p = 0.02) subtests.

For the elementary student group, significant differences were found between the ASD and control groups for
the Figure-Ground (F 35 = 20.571; p < 0.01), Form Completion (F( 35 = 12.290; p < 0.01), Sequential Order
(F1,38 = 9.001; p < 0.01) and Repeated Patterns (F(1 35 = 11.044; p < 0.01) subtests. The scores on each subtest
are compared in Figure 2.

Analysis by subtest and groups for 3 to 5 age range
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Figure 1. Comparison of the scores of the ASD and control group for each
Leiter-R subtest in the age range of 3 to 5 years old.

Analysis by subtest and groups for 6 to 8 age range
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Figure 2. Comparison of the scores of the ASD and control groups for each Leiter-R
subtest in the age range of 6 to 8 years.
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As shown in the graph, the ASD school age group struggles most with Repeated Patterns, while the Analogies
subtest is the easiest. However, for the control group, the easiest subtest is Complete Shapes. Repeated measures
t-tests revealed that the performance of the ASD group on the Design Analogies, Form Completion and Paper
Folding subtests are significantly better than those on the Repeated Patterns, Sequential Order and Figure-
Ground subtests.

In the control group, performance on the Form Completion subtest was significantly better than that on the
Design Analogies, Paper Folding and Repeated Patterns subtests. In addition, the scores on the Repeated Pat-
terns subtest were significantly worse than the Figure-Ground scores. Table 3 presents all descriptive measures,
repeated measures t-test results and effect sizes for both elementary school age groups of students.

The results presented in Table 3 indicate that significant differences between subtests occur more often in the
ASD group than in the control group. For example, in the ASD group, performance on the Figure Ground sub-
test is significantly lower than that on the Design Analogies, Form Completion and Paper Folding subtests,
showing a moderate effect size. For the ASD group, significant differences were found between the Figure-
Ground and Repeated Patterns subtests, with worst performance on the latter.

Performance in the Design Analogies subtest was significantly better than that in the Figure-Ground, Re-
peated Patterns and Sequential Order subtests for the ASD group. No significant differences were found be-
tween the Design Analogies and Form Completion subtests for the ASD group, unlike the control group. After
Design Analogies, the ASD group performed best in the Form Completion subtask, for which score differences
were found relative to the Figure-Ground, Sequential Order and Repeated Pattern subtests.

For the control group, significant differences were also found between the Form Completion and Repeated
Patterns performances. However, unlike the ASD group, there were significant differences between the Form
Completion and Paper Folding performances. Lastly, the ASD group showed better performance in the Paper
Folding subtest than the Repeated Patterns subtest. The differences found between subtests in both groups had a
moderate effect size with the exception of the ASD group, for which the difference between subtests with ex-
tremely different levels of performance (Repeated Patterns and Design Analogies) had a large effect size.

Table 3. Comparison of pairs of subtests by group.

Pairs of Subtests ASD 6 - 8 Age Group Control 6 - 8 Age Group
t p d t p d

Figure Ground-Design Analogies —4.357 0.000 0.79 1.985 0.062 0.48
Figure Ground-Form Completion —3.297 0.004 0.56 —0.604 0.553 0.14
Figure Ground-Sequential Order 0.141 0.889 0.03 0.989 0.335 0.23
Figure Ground-Repeated Patterns 1.652 0.115 0.26 2.109 0.048 0.47
Figure Ground-Paper Folding —2.507 0.021 0.39 1.292 0.212 0.34
Design Analogies-Form Completion 0.357 0.725 0.08 —2.876 0.010 0.66
Design Analogies-Sequential Order 3.741 0.001 0.66 -1.099 0.285 0.26
Design Analogies-Repeated Patterns 5.073 0.000 0.98 0.193 0.849 0.04
Design Analogies-Paper Folding 1.319 0.203 0.31 —0.523 0.607 0.15
Form Completion-Sequencial Order 2.702 0.014 0.50 1.473 0.157 0.40
Form Completion-Repeated Patterns 3.713 0.001 0.75 2.688 0.015 0.63
Form Completion-Paper Folding 1.136 0.270 0.19 2.188 0.041 0.52
Sequential Order-Repeated Patterns 1.090 0.289 0.19 1.086 0.291 0.28
Sequential Order-Paper Folding -1.965 0.064 0.35 0.395 0.697 0.12
Repeated Patterns-Paper Folding -3.371 0.003 0.60 —0.730 0.474 0.17
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To better understand the performance of individuals with ASD in the Leiter-R, a k-means cluster analysis was
conducted. Due to the low number of participants, clustering in two groups was sought. The results reveal that
the first group was formed by 17 children, 16 of whom were diagnosed with autism and only one with PDD-
NOS. The second cluster contained 23 children, 12 with an autism diagnosis, 9 with PDD-NOS and 2 with As-
perger syndrome. For this analysis, only the subtests that were shared by all age ranges were included: Figure-
Ground, Form Completion, Sequential Order and Repeated Patterns. In addition to the subtest performance,
cluster analysis for total 1Q score was also conducted using the standardized score so that all participants could
be compared. These results are presented in Table 4.

The group formed by cluster 2 performed better than the first group for all measures, and the differences were
significant, with a large effect size. Considering that the first cluster primarily contained students diagnosed
with autism and only one student with PDD-NOS and the second cluster contained some children with autism
and PDD-NOS and two children with Asperger syndrome, further analysis was conducted excluding these
two children and comparing a group with autism and another with PDD-NOS. The results are described in Ta-
ble 5.

There are significant differences between both groups for most of the measures, with the exception of the
Figure-Ground subtest. The subtests Sequential Order and Repeated Patterns had a larger effect size than Form
Completion and Figure-Ground.

This study also analyzed the correlation of the Leiter-R score with the other measures, including the autism
questionnaires, the Vineland scores and four specific domains: communication, daily living skills, socialization
and motor development. The Pearson correlation coefficients indicate negative and small effects between Lei-
ter-R score and autism questionnaire results, indicating an inverse relationship between cognitive abilities and
symptom severity. However, significant correlations were found with ABC (r = —0.38; p = 0.02) but not ASQ (r
=-0.24; p=0.18).

When adaptive behaviors and Leiter-R scores were compared, a positive, large effect size and significant cor-
relations were found for performance in the communication (r = 0.51; p < 0.01) and daily living skills (r = 0.61;
p < 0.01) domains and in the general level of adaptive behavior score (r = 0.63; p < 0.01). No correlation was
found between the Leiter-R and Socialization(r = 0.23; p = 0.22) or Motor (r = 0.44; p = 0.09) VABS scores.

Table 4. Comparison of Leiter-R performance between clusters.

Cluster 1 Cluster 2 Anova Effect Size
Subtests M (SD) M (SD) F p d
Figure-Ground 3.53 (£1.77) 8.52 (+2.76) 42.472 <0.01 2.09
Form Completion 4.59 (+2.42) 10.04 (£3.22) 34.216 <0.01 1.87
Sequential Order 2.71 (£2.44) 8.30 (+4.03) 25.621 <0.01 1.62
Repeated Patterns 2.59 (£2.09) 7.83 (£2.80) 41.865 <0.01 2.08
Full 1Q 55.24 (£10.20) 93.43 (x11.99) 112.203 <0.01 3.39

Table 5. Comparisons of the Leiter-R scores of the autism and PDD-NOS groups.

Autism PDD-NOS Effect Size
Subtests M SD M SD t p d
Figure-Ground 5.71 3.578 7.60 2.221 1.555 0.12 0.58
Form Completion 6.75 3.931 9.40 1.265 2.077 <0.01 0.77
Sequential Order 4.64 3.832 8.80 4.780 2.759 <0.01 1.01
Repeated Patterns 454 3.448 8.20 2974 2.982 <0.01 1.10
Full IQ 70.21 21.063 91.60 14.269 2.964 <0.01 1.10




T. P. Mecca et al.

4. Discussion

This study aimed to describe the profile of Brazilian children with ASD diagnoses using a nonverbal intelligence
measure, the Leiter-R. Internationally, a large number of studies utilize the Leiter-R to assess intelligence of in-
dividuals with ASD (Tsatsanis et al., 2003; Kuschner et al., 2007; Dichter et al., 2010; Portoghese et al., 2010;
Reed et al., 2011; Scattone et al., 2012; Grondhuis & Mulick, 2013). Furthermore, the literature indicates that
assessment measures that offer nonverbal instruction and answers are the most adequate for these individuals
(Siegel et al., 1996; Kuschner et al., 2007; Dawson et al., 2007; Grondhuis & Mulick, 2013). However, to date,
no study has conducted such a study on the Brazilian population.

The sample of the present study is mostly composed of boys, which is expected because of the prevalence of
ASD among these individuals (Fombonne, 2003). Half of the participants are of preschool age, which responds
to a need and indicates the relevance cognitive aspects of individuals with ASD in early stages of development
(Kuschner et al., 2007), particularly in Brazil. Furthermore, this relevance is associated with the fact that cogni-
tive abilities in preschool children are associated with adaptive behavior (Munson et al., 2008) and thus early
identification of a cognitive profile is useful for both diagnostic purposes and establishing and monitoring inter-
ventions.

The results of the present study show that individuals with ASD were pervasively more appropriately assessed
with Leiter-R than the WISC-11l and SON-R. Leiter-R offers nonverbal instruction and response, practice trials
and fewer subtests than other assessment tools, such as the Wechsler (Roid & Miller, 1997), which contributes
to the ability of ASD individuals to respond to it. The use of gestures also contributes to the assessment of indi-
viduals with undeveloped verbal comprehension and expression (Hooper, Hatton, Baranek, Roberts, & Bailey,
2000), as often found in individuals with ASD (APA, 2013). In addition, the simple verbal prompts used in the
Leiter-R assessment showed viability and effectiveness (Tsatsanis et al., 2003; Kuschner et al., 2007); for this
reason, the use of simple verbal prompts was adopted for this study.

Comparing Leiter-R scores between ASD children and children with typical development, the ASD children
struggled more with the tasks that involved exploration, discrimination, identification and spatial manipulation
of visual stimuli. Individuals with ASD also showed lower performance in fluid intelligence, such as sequential
and inductive reasoning. Preschool children had more difficulties with categorization and semantic association
tasks. All of the described results partially corroborate the literature describing individuals with ASD as having
difficulties with reasoning (Sequential Order and Repeated Patterns) and categorization (Classification)but
strengths in visuo-spatial tasks (Design Analogies and Paper Folding). However, this study found worse results
regarding basic visual processing abilities as assessed by Figure-Ground and Form Completion (Klinger &
Dawson, 2001; Minshew, Meyer, & Goldstein, 2002; Kuschner et al., 2007; Macedo et al., 2013). These differ-
ences can be explained by the use of different methods, standard scores used instead of raw scores, different
tasks and control pairing.

The Leiter-R is used to determine 1Q and to determine cognitive profiles. The cognitive profile of individuals
with ASD was similar over the age span studied and is characterized by lower scores in inductive reasoning,
followed by sequential reasoning and visual discrimination, and strengths in the synthesis and manipulation of
visuo-spatial stimuli. When we separate the groups by age range, the preschool ASD group exhibited strengths
in the ability to pair concrete or abstract stimulibut struggled in tasks that require fluid reasoning, discrimination
and selective attention to visual stimuli. The elementary-school-age children were better at manipulating and
synthesizing visuo-spatial stimuli than reasoning and discriminative and selective attention to visual stimuli.

The previous literature reported better performance in the Figure-Ground subtest for individuals with ASD
(Kuschner et al., 2007), which was not replicated in this study. In this subtest, the individual needs to identify a
target picture with distractors in the background. Roid & Miller (1997) indicated that this task includes execu-
tive functioning components, as the individuals need to apply selective attention and inhibition control to avoid
errors. We hypothesize that the executive function component of this task is the factor influencing performance,
which aligns with previous literature describing individuals with autism as having difficulties with executive
functioning (Lopez, Lincoln, & Ozonoff, 2005; Corbett, Carmean, & Fein, 2009; Eigsti, 2011).

Overall, the difficulties found in semantic categorization can be explained by a difficulty in central coherence
(Plaisted, 2001), while the difficulties in abstract reasoning, which requires global comprehension and main-
taining attention to detail, signifies a difficulty in global processing (Minshew et al., 2002). Difficulties in or-
ganization and manipulation of information are also consistent and corroborate various studies in the literature
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(Geurts, Verte, Oosterlaan, Roeyers, & Sergeant, 2004; Williams, Goldstein, & Minshew, 2006). The strengths
in pairing also corroborate previous literature findings, showing the ability to categorize based on visual
processing (Shulman, Yirmiya, & Greenbaum, 1995). Knowing both the difficulties and strengths of these indi-
viduals will allow practitioners to develop intervention plans that can build upon their strengths. For example,
new content or a new skill might be taught starting with simple pairing and processing of visual information,
followed by more abstract pairing and then more complex organization, manipulation and reasoning strategies.

The differences in performance observed in the different clusters corroborate the literature that shows the he-
terogeneity of abilities among individuals with ASD diagnoses (Kamp-Becker et al., 2010). The variability of
characteristics within the ASD classification can also be observed in the individuals’ cognitive ability, which is
one variable responsible for the spectrum of conditions (Munson et al., 2008; Klin, 2009). In addition, the dif-
ferences found between the children with diagnoses of autism and those with PDD-NOS, according to the
DSM-IV-TR (APA, 2000), demonstrates that, despite being grouped in a single diagnosis category (APA, 2013),
their ability levels in nonverbal tasks are distinct. For that reason, the American Psychiatric Association (APA,
2013) reports a need for descriptions of intelligence associated with ASD diagnoses, which is aligned with the
aims of the present study.

Regarding the association of symptoms in ASD and cognitive performance, the present study corroborates the
international literature indicating a negative association between intelligence scores and severity of social and
communication deficits as well as restrictive behavior (Szatmari et al., 1990; Mandelbaum et al., 2006). The as-
sociation in the present study was moderate, and performance in only one of the questionnaires was significantly
correlated to cognitive performance. It is important to note that most studies utilize diagnostic instruments for
ASD (Mandelbaum et al., 2006), whereas the present study utilized simple screening questionnaires that simply
list possible symptoms.

Finally, the present study reports a relevant relationship between cognitive aspects in individuals with ASD
and adaptive behaviors. Important correlations were found with communication abilities, including comprehen-
sion, expression and writing as well as daily living skills. These findings corroborate previous studies (Szatmari
et al., 1990; Tsatsanis et al., 2003) showing the importance and validity of this assessment tool.

5. Conclusion

The current study with Brazilian children corroborates previous findings that indicate a variable cognitive pro-
file for individuals with ASD, even when only considering nonverbal abilities. The cognitive profile of children
with ASD is shaped by strengths in visuo-spatial abilities compared to more abstract reasoning abilities, which
corroborates the literature and confirms the difference from the profile of typically developing children, who do
not exhibit these discrepancies between nonverbal perceptual abilities and abstract reasoning.

The results of the present study emphasize the importance of identifying strengths and weaknesses in ASD
and determining subgroups based on cognitive abilities for a better characterization of this heterogenic popula-
tion of individuals. Further examination is necessary, particularly with a more homogenous group of individuals
with intellectual disabilities, such as Down Syndrome, to determine associations and specificities. There is also a
need to consider groups paired by mental development and groups containing more individuals to better under-
stand the heterogeneity in this population with ASD, including individuals who in the previous categorization
would be in a different category, Asperger syndrome.

This study also contributes to the comprehension of the correlations of cognitive abilities and adaptive beha-
viors in relation to communication and daily living skills, with direct impact on the practice and everyday rou-
tines of these individuals. Overall, the nonverbal cognitive profiles of students with ASD emphasize that inter-
ventions need to be tailored to methods that utilize pairing and the manipulation of visuo-spatial abilities to then
develop conceptualization and reasoning for problem solving. The results from the present study are important
for better understanding, describing and supporting individuals with ASD.
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