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Abstract

Abstract thinking is generally highly correlated with problem-solving ability which is predictive of
better adaptive functioning. Measures of conceptual reasoning, an ecologically-valid laboratory
measure of problem-solving, and a report measure of adaptive functioning in the natural
environment, were administered to children and adults with and without autism. The individuals
with autism had weaker conceptual reasoning ability than individuals with typical development of
similar age and cognitive ability. For the autism group, their flexible thinking scores were
significantly correlated with laboratory measures of strategy formation and rule shifting and with
reported overall adaptive behavior but not socialization scores. Therefore, in autism, flexibility of
thought is potentially more important for adaptive functioning in the natural environment than
conceptual reasoning or problem-solving.
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Introduction

An important goal of treatment in autism is to help the individual successfully function as
independently as possible. This notion is captured by the construct of “adaptive behavior
ability,” which is an index of how one is able to function in the natural social environment
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across a multidimensional set of skills (Oswald and DiSalvo 2003). Individuals with autism
spectrum disorders (ASDs) have extremely high variability in adaptive behavior (Klin et al.
2007; MacLean et al. 1999; Mazefsky et al. 2008). For example, Mazefsky et al. (2008)
found that a sample of individuals with autism without intellectual developmental disorder
had standard scores ranging from 19 (Impaired Range) to 162 (Very Superior) on the
Vineland Adaptive Behavior Scales (VABS; Sparrow et al. 1984), a commonly used measure
of adaptive behavior. Whereas the variability in adaptive behavior in ASD is well-
documented, the source of this variability is less clear. Understanding factors that influence
this variability in adaptive behavior would inform the design of interventions that might
improve the outcome for individuals with autism.

Most of the research conducted to understand adaptive behavior in ASD has focused on its
relationship to age and intelligence quotient (1Q). This research has been fairly consistent in
finding that adaptive behavior skills in autism tend to be much lower than would be expected
based on IQ (e.g. Bolté and Poustka 2002; Fenton et al. 2001; Kanne et al. 2011; Mazefsky
et al. 2008). It is also clear that the 1Q-adaptive behavior discrepancy becomes even more
apparent with increasing age, and that the gap between 1Q and adaptive behavior ability is
often quite significant in samples with higher 1Qs (Bolté and Poustka 2002; Kanne et al.
2011; Klin et al. 2007; Liss et al. 2001; Mazefsky et al. 2008). Even a recent study with
children with ASD (ages 4-17 years) that reported that 1Q was a strong predictor of adaptive
behavior, noted that having a higher 1Q did not indicate that the children would perform well
socially (Kanne et al. 2011). The unclear nature of the relationship between IQ and adaptive
behavior would suggest that the failure of verbal individuals with 1Q scores in the normal
range to achieve age and ability appropriate adaptive behavior is related to some other aspect
of the disorder than general intellectual ability.

We have conceptualized the pattern of abilities in verbal individuals with autism as a deficit
in information processing with the major tenet being that autism is characterized by
impairment in complex cognitive processing in multiple domains while simpler abilities in
those same domains are intact or sometimes better than normal (Minshew et al. 1997). This
general principle has been demonstrated in several individual cognitive domains including
attention (Goldstein et al. 2001), memory (Minshew and Goldstein 2001; Williams et al.
2005, 2006b), language (Minshew et al. 1995; Peppeé et al. 2007), and perceptual and motor
skills (Minshew et al. 1999, 2004). The results from this body of research has suggested that
conceptual development, and more specifically, conceptual reasoning, may function
somewhat differently in individuals with autism than typically developing individuals with
similar cognitive ability. Indeed, we have previously reported that individuals with autism
perform well on tasks requiring concept identification or the ability to learn already
established rules and have more difficulty with concept formation or the ability to develop
new concepts based upon experience (Minshew et al. 2002).

In individuals with typical development, the ability to think abstractly, particularly with
regard to forming new concepts is thought to be highly related to the ability to solve
problems. In turn, the ability to solve problems is generally thought to be predictive of better
adaptive functioning (Goldstein 1996). Individuals with autism, despite the presence of
average or above general intelligence often have prominent deficits in the areas of
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conceptual reasoning and problem solving (Adams and Sheslow 1983; Rutter 1983; Hill and
Bird 2006; Pennington and Ozonoff 1996; Bogte et al. 2007). However, this finding is not
universal across the autism spectrum, as there are some reports, particularly of individuals
with Asperger Syndrome (AS), of intact or superior abstract reasoning or fluid thinking
skills (Hayashi et al. 2008; Souliéres et al. 2011). In addition, significant numbers of
children and adults on the autism spectrum, including those with AS, have challenges in
negotiating social situations in the real world that have to be addressed with explicit training
and intervention (Krasny et al. 2003). Furthermore, even those individuals with autism who
develop adequate conceptual reasoning abilities and the ability to problem solve in contrived
situations may have difficulty in applying these abilities to situations that they encounter in
daily life.

The relationship between conceptual reasoning, problem solving, and adaptive functioning
may differ in individuals with autism. This would occur if they were depending on the
application of rules to determine what the solution to the problem is but had difficulty with
creating new concepts based upon environmental experience. Consistent with this
hypothesis, social cognitive deficits in autism have been reported to be related to a decreased
ability to implicitly encode and integrate contextual information with improved performance
when social information is made explicit or rule-based (Baez et al. 2012). Alternately, other
research indicates that implicit learning is relatively intact in autism with the important
factor being a deficit in the flexibility of response to novel contexts (Kourkoulou et al.
2012).

The relationship between conceptual reasoning and adaptive functioning may also vary by
age in individuals with autism. For example, a study of abstract reasoning and social
functioning found impairments in both concept identification and concept formation in
verbal children ages 8-12 years with ASD and normal intelligence (Solomon et al. 2011).
These results suggest that developmental differences may occur with respect to these two
components of abstract reasoning; therefore, developmental differences should be
considered when investigating the nature of the relationship between conceptual reasoning,
problem solving, and adaptive functioning in autism.

The purpose of this study was to examine the relationship between performance on measures
of conceptual reasoning, ecologically valid measures of problem solving, and measures of
adaptive behavior in verbal children and adults with autism with 1Qs in the normal range.
The hypothesis was that, unlike individuals with typical development, for individuals with
autism, conceptual reasoning and problem solving abilities would be correlated with each
other but would not be correlated with adaptive function. That is, while aspects of
conceptual reasoning might be intact in autism, particularly in concept identification, the
ability to adapt to various aspects of the environment will not be related to the overall level
of conceptual reasoning ability. Rather, consistent with recent work on learning in autism,
adaptive function will be related to the level of flexible thinking or the ability to respond to
contextual change.
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Participants for this study were a group of 65 verbal children and adults with autism with 1Q
scores in the normal range and an age- and 1Q-matched group of 65 children and adults with
typical development. Participants ranged in age from 8 to 46 years. Demographic data for
the sample are presented in Table 1. For purposes of making age group comparisons, the
participants were divided into three groups: 8-12, 13-20 years, and 21+ years, representing
children, adolescents, and adults. The study is retrospective in nature, and these data were
collected over a number of years; therefore, many of the participants in the present study
were the same individuals as those used in previous studies, notably Minshew et al. (1997,
2002), and Williams et al. (2006a).

The diagnosis of autism was made by a detailed evaluation using expert clinical judgment,
the Autism Diagnostic Interview-Revised (ADI-R; LeCouteur et al. 1989; Lord et al. 1994),
and the Autism Diagnostic Observation Schedule-Generic (ADOS; Lord et al. 1989, 2000).
All participants were required to have evidence of delayed and disordered language
development, thus excluding individuals with Asperger’s Disorder as defined at that time in
the DSM system (DSM-IV-R; American Psychiatric Association 2000). Participants with
autism were excluded if they had associated neurologic, genetic, infectious, or metabolic
disorders, such as tuberous sclerosis, fragile-X syndrome, or fetal cytomegalovirus infection.

The control participants were community volunteers recruited to match the autism
participants on age, Verbal 1Q, Full Scale 1Q, gender, race, and years of education, and
socioeconomic status of family of origin (Hollingshead 1957). Potential control participants
were recruited through advertisement and contacts with community organizations and were
screened by questionnaire, telephone, personal interview, and observation during screening
tests. Potential control participants were excluded if they had a history of birth or
developmental abnormalities; brain injury; poor school attendance; current or past history of
psychiatric or significant neurological disorder; family history of autism, developmental
cognitive disorder, or learning disability; mood or anxiety disorder; or other neuropsychiatric
disorder thought to have a genetic etiological component.

Conceptual Reasoning Tests—Tests were neuropsychological measures that were
selected to target different aspects of conceptual reasoning or problem solving such as
forming and changing hypotheses or plans, concept formation or deductive reasoning,
concept identification or abstract reasoning based on rules or general knowledge, planning
and organization to accomplish a goal, and formation of mental representations. The tests
used in this analysis varied in modality of presentation, some involving language, others
visual perceptual analysis, and others purposeful movements associated with problem
solving. Tests included the: the Verbal Absurdities and Picture Absurdities subtests from the
Stanford-Binet scales (Thorndike et al. 1986), 7ower of Hanoi (TOH) (Simon 1975), the
Wisconsin Card Sorting Test (WCST) (Heaton et al. 1993), the Halstead Category Test
(HCT) (Halstead and Settlage 1943), the Hooper Visual Organization Test (Hooper 1983),
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the Tactual Performance Test (Reitan and Wolfson 1993), the 20 Questions Task (Laine and
Butters 1982), and the T7rail Making Test, Part B (Reitan and Wolfson 1993).

Ecologically Valid Measures of Problem-Solving—Behavioural Assessment of the
Dysexecutive Syndrome (BADS; Wilson et al. 1996). The BADS is an assessment procedure
that is individually administered in a laboratory setting. It provides a micro level of analysis
of the skills needed for carrying out specific types of adaptive challenge by characterizing
the ability to shift rules, develop a plan of action to solve a problem, develop a plan for a
course of action, make temporal judgments, create a plan when structure is minimal as
contrasted to use of an externally imposed strategy, and plan and organize multiple tasks.
The BADS has been reported to have a higher ecological validity than similar tests of
executive function and to be useful when evaluating skills for vocational planning
(Chamberlain 2003). Consistent with these prior characterizations of the usefulness of the
BADS, for purposes of the present study, we used the instrument as a means of evaluating
cognitive function or problem solving ability that underlies adaptive function.

The BADS contains six subtests. Rule Shift requires the subject to initially go through a
deck of cards, saying “Yes’ for red or ‘No’ for black cards. Then, the rule is shifted by
asking the subject to tell whether the card just turned over is the same as or different from
the previous card. Scores are time and errors. In Action Sequences the subject attempts to
remove a cork from a tube in a beaker filled with water using materials made available. The
score is the number of problem solving stages completed independently. Key Search
assesses the subject’s ability to plan an effective course of action to find a lost key. The score
is the sum of 8 components of the search process, such as entering the field at the bottom.
Temporal Judgment asks questions about the duration of events, an ability that contributes to
organizing and planning. The Zoo Map Test evaluates planning when constrained by a set of
rules. The task is for the subject to plan to visit a series of locations on a map of a zoo while
obeying a set of rules (e.g., starting at the entrance and finishing at a designated area). An
error score is used. The Modified Six Elements Test requires the subject to perform a
dictation, arithmetic, and picture naming task. The test is scored for organizing ability,
including the number of sub-tasks completed, rule-breaking on the tasks, and maximum
amount of time spent on a subtask. The raw score for each BADS subtest was converted to a
profile score ranging from 0 to 4. The profile scores were used in the analyses.

Measures of Adaptive Ability— Vineland Adaptive Behavior Scales (VABS; Sparrow et
al. 1984). As has been done in prior research examining the relationship between 1Q and
adaptive behavior, we used the VABS as a measure of functioning in the natural
environment. The VABS Survey is a 261 item form that is administered to parents as a
measure of how many age-appropriate, socially adaptive behaviors a child or adult exhibits
in their natural environment. It is a well-recognized instrument, with demonstrable reliability
and validity both for individuals who are typically developing and those with disabilities. It
is also the preeminent measure for the assessment of adaptive functioning in children with
autism (Newsom and Hovanitz 1997). The VABS assesses three skill domains, each with
three subdomains: Communication (receptive, expressive, and written language skills), Daily
Living skills (personal self-care, domestic, and community living skills), and Socialization
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(interpersonal, play or leisure, and coping skills). The VABS provides standard scores (/m=
100, SD = 15) with higher scores indicating better functioning. Domain scores and the
Adaptive Behavior composite score were used in the data analysis.

Data Analysis

For purposes of data reduction, the conceptual reasoning tests were factor analyzed in order
to assess the latent variables that underlie the series of tests that were used. The principal
components method was used with Varimax rotation. Regression based factor scores were
computed. Factor scores are composite variables for use in subsequent analyses following
performance of a factor analysis. For this study, the factor scores were then correlated with
the BADS and VABS scores. Because of narrow distributions of the factor scores in some
cases, Spearman’s Rho was used as the correlation coefficient rather than Pearson’s .
Preliminary inspection of the data indicated that comparable results were obtained between
the two coefficients. These correlations were computed separately for each group.

Differences between the autism and control groups and among the three age groups on the
eleven conceptual reasoning tests were compared using a 3x2 factorial design analysis of
variance for independent samples, with presence or absence of autism constituting one
independent variable and age group the other. This form of analysis was also conducted for
the BADS and VABS.

Comparisons were made between the autism and control groups on the BADS and VABS
using £tests. We also wanted to evaluate the differences in discrepancies on the various
abilities measured by these two instruments. While individuals with autism may generally
do more poorly than typically developing individuals at adaptive abilities, this discrepancy
may not be of the same order of magnitude for all abilities. Specifically, it was hypothesized
that adaptive functions requiring relatively high levels of conceptual ability will show a
relatively greater level of discrepancy between individuals with autism and groups with
typical development. Such differences can be evaluated through obtaining effect sizes and
statistical power assessing the magnitude of the statistical significance of group differences.
Effect size determination and power analyses were accomplished for all variables; the items
were ranked by effect size from largest to smallest. Cohen’s d (Cohen 1988) was the statistic
used to obtain effect sizes; it is computed by taking the difference between the two obtained
means and dividing by the pooled standard deviation. The effect size reflects the magnitude
of a difference, whereas power reflects the capacity to reject the null hypothesis given a
particular effect size. Thus, some differences may be so robust that acceptance of a false
hypothesis is unlikely, whereas minimally significant findings with low power might raise
the possibility of having made a Type | error or making false discoveries (Benjamini and
Hochberg 1995). Correspondingly, borderline non-significant findings raise the possibility of
rejecting a true hypothesis or making a Type Il error. The magnitude of the test performance
difference between participants with autism and demographically matched normal control
participants should provide an index of the extent to which the ability measured by the test
characterizes the performance of the individuals with autism. Thus, those tests found to have
larger effect sizes reflected by higher d’s and relatively greater statistical power to reject the
null hypothesis of no difference between autism and normal control groups could be
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understood as reflecting specific aspects of dysfunction in autism, whereas those tests that
do not discriminate measure abilities at which individuals with autism performed relatively
similarly to individuals with typical development.

To estimate a more global association between conceptual reasoning and adaptive abilities,
entry method and stepwise multiple regression analyses were performed. The three factor
scores were the predictor variables and the summary scores (i.e., the Total Standard Score
from the BADS and the Adaptive Behavior Composite Score from the VABS) were the
dependent variables. The following method was used. Group was coded 1 for autism and 0
for control and multiplied by the factor scores. These new variables, often characterized as
“dummy variables”, represent interaction between group and factor score. They were entered
into the regression equations along with the unweighted diagnostic code itself (Autism or
Control) and the factor scores were used as predictor variables with either the BADS or
VABS summary score as the dependent variable. The analyses were performed using both
the enter all variables and stepwise methods. In addition to the multiple regression
coefficients (R), this analysis also provides Beta coefficients for the predictor variables. g
represents the independent contributions of each independent variable to the prediction of
the dependent variable. tests were performed to determine the significance of the difference
in B between groups for the predictor variables. Thus, for example, a significant difference
for one of the factors would indicate that the groups differed with regard to their association
with the dependent variable.

Factor Analysis of Conceptual Reasoning Tests

As a way of assessing the relationship between conceptual ability, problem solving, and
adaptive function, we first performed a principal components factor analysis with Varimax
rotation of the scores from the conceptual reasoning tests and then computed correlations
between the obtained factor scores and the BADS and VABS. Using Kaiser’s Rule requiring
stopping extraction of factors when an eigenvalue of below 1 is obtained, a three factor
solution was obtained for the conceptual tests. The rotated component matrix is presented in
Table 2. The first factor received exceptionally high (>.5) loadings on the Verbal and Picture
Absurdities test, the perseverative errors score from the WCST, and the number of constraint
seeking questions from the 20 Questions task. These measures assess a high degree of
flexibility of thought that underlies concept formation or the ability to spontaneously
organize strategies for problem solving. We therefore named it the Flexible Thinking factor.
The second factor received high loadings from the Tactual Performance test and the Hooper
Visual Organization test, and a moderately high loading from the Picture Absurdities test. It
would, therefore, appear to mainly describe reasoning based on perceptual characteristics.
We named this the Perceptual Reasoning factor. The third factor received high loadings from
the Category and Trail Making Tests and the Tower of Hanoi task. These procedures assess
what we have described as concept identification or applying a previously established
organizational strategy, and so we called it a Rule Application factor.
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Relationship of Conceptual Reasoning Factors to Problem Solving and Adaptive Ability

Spearman Rho correlations between the conceptual reasoning factor scores and the scores
from the BADS and VABS are presented Table 3. In general, there were few statistically
significant correlations (p <.05), with only four significant correlations in the autism group
and three in the control group. Significant correlations in the autism group for the BADS
were found between the Flexible Thinking factor and the BADS Key Search (strategy
formation) and Rule Shift (changing an established pattern of responding) scores, and
between the Perceptual Reasoning Factor and BADS Zoo Map (which involves
topographical planning) score. Significant correlations in the autism group for the VABS
were obtained between the Flexible Thinking factor and the VABS Adaptive Behavior
composite score. In the control group, for the BADS, there were significant correlations
between the Perceptual Reasoning factor and the Modified Six Elements (planning and
performance monitoring). Significant correlations were found in the control group for the
Flexible Thinking factor and the Socialization Domain and Adaptive Composite Behavior
Scores on the VABS.

Relationship Between Problem Solving and Adaptive Function

We ranked differences between autism and control groups on the measures from the BADS
and VABS with regard to effect sizes and statistical power to evaluate what aspects of
problem solving and adaptive behavior distinguish most strongly between the two groups
(see Table 4). It was thought that the functions that made the greatest discrimination would
have the largest effect size and greatest statistical power to reject the null hypothesis, with
less discriminating abilities having lower effect sizes and power. Using Cohen’s (1988)
conventions indicating that an effect size in the .2 range is small, one in the .5 range is
medium, and one in the .8 range is large, then it is clear that there is a wide range of effect
sizes. Only one of the BADS subtests, Action Sequences which involves practical problem
solving, adequately discriminated between the autism and control groups. On the VABS, the
Adaptive Behavior Composite score and Socialization Domain score had highly significant
group differences and large effect sizes. The VABS Daily Living Skills and Communication
Domains did not distinguish between individuals with autism and controls. Apparently
adaptive function as measured by the VABS was more sensitive to differences between the
autism and control groups than was the case for most of the tasks on the BADS, even though
they are generally considered to have ecological validity (i.e., Chamberlain 2003).

Overall and Age Group Differences

Given previous reports of differences in the relationship between cognitive abilities and
adaptive functioning at different ages for individuals with ASD (e.g., Kanne et al. 2011) and
the possibility that the components of abstract reasoning, concept identification and concept
formation, are influenced by developmental factors in autism (Solomon et al. 2011), we
conducted some analyses by age group. As described earlier, the data was separated into
three age groupings for children, adolescents, and adults. ANOVA results for comparisons
on the conceptual reasoning tests between the participants with and without autism and
among the age groups are presented in Tables 5 and 6. Overall, the autism group performed
significantly differently from the control group on all tests but the Halstead Category Test.
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These results suggest that the autism group as a whole was weaker in conceptual reasoning
than the age and 1Q-matched controls. As indicated in Table 6, there were also several
significant differences among the age groups. However, there were no significant
interactions, leading to the conclusion that there are no significant differences in the age
related changes in conceptual reasoning test performance between the autism and control
groups.

The only significant group difference for the BADS was for Action Sequences which
involves practical problem solving, with the autism group performing significantly poorer
than the group with typical development. However, no significant age by diagnostic group
interaction was obtained.

With regard to the adaptive functioning scale, only the age group main effect was significant
for the VABS Daily Living Domain scale. In the autism group the 8-12 year olds group did
more poorly than the older groups while in the control group there were very small mean
differences among the age groups. Thus, the significant main effect was probably
attributable to poor performance by the 8-12 year old autism group. There were two
significant age group X diagnostic group interactions one for the VABS Socialization
Domain Scale and the other for the VABS Adaptive Behavior Composite Score. Essentially
the same patterns appeared in the Socialization Domain and Adaptive Behavior Scale. There
were substantially higher mean scores obtained by the controls in the younger age groups,
but essentially equal mean scores obtained by adult members of the autism and control
groups. These findings would suggest that there were substantial differences in adaptive
functioning in individuals with autism and typical development at younger ages, but that this
difference was no longer evident in adulthood (Tables 7 and 8).

Multiple Regression Analyses

Results for the BADS Total Standard Score are presented in Table 9. This score shows a high
Multiple R (R = .459, p<.001). Using the stepwise method only the factor scores weighted
by group membership were entered. Group membership alone and the three factor scores
themselves were not entered. This finding would indicate that the multivariate association
between the conceptual reasoning factors and the BADS measure interacts with group
membership. If group membership is not considered, as when only the factor scores
themselves are used, they are not entered.

For the VABS Adaptive Behavior variable, the enter method also yields a significant
multiple R of .428. However, the stepwise method entered group alone (autism vs. control)
and Group weighted by Factor Score 1 (Flexible Thinking). It would appear that
membership in the control group has little or no influence on the factor scores while
membership in the autism group has a substantial influence. However, the analysis of the
data presented in Table 3 indicates that the Rho correlation between the VABS Adaptive
Behavior Scale and the Flexible Thinking factor is positive (.299) in the autism group while
it is negative (-.263) in the control group. This discrepancy would not appear to justify the
conclusion that adaptive behavior is negatively correlated with flexible thinking, particularly
since the entire set of correlations considered are non-significant. However, this pattern of
correlations might affirm the result of the regression analysis indicating that in typically
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developing individuals, level of adaptive functioning does not appear to be associated with
intelligence.

Discussion

In general, individuals with autism have relatively weaker conceptual reasoning abilities
than individuals with typical development of similar age and overall cognitive ability.
Despite this weakness, individuals with autism appear to be able to apply these conceptual
reasoning abilities on most of the laboratory measures of adaptive flexibility, planning, and
problem solving, resulting in a lack of differentiation from controls. The level of conceptual
reasoning for most of these children and adults with autism allowed them to demonstrate
problem solving abilities in a variety of structured or hypothetical situations as measured by
the BADS. However, as indicated by the VABS data, individuals with autism may fail to
apply these reasoning abilities to real life situations, resulting in dissociation between overall
level of cognition and adaptive functioning. This result is consistent with reports of problems
with adaptive functioning in children and adults with autism who have average or above 1Qs
(Kanne et al. 2011; Mazefsky et al. 2008). This dissociation between performance on
structured tasks and observed daily performance may help explain the rather poor outcome
in adult life of verbal individuals with autism despite their academic success in school
programs (Farley et al. 2009).

The underlying reason for the disconnect between the ability to apply reasoning in a
controlled setting and the ability to demonstrate reasoning in real life situations is not clear,
but some understanding may be gained by examining the obtained relationships between the
measures of conceptual reasoning and the measures of problem solving and adaptive
functioning. For the autism group, the Flexible Thinking factor was significantly correlated
with the BADS subtests that assess strategy formation and rule shifting. This relationship
suggests that individuals with autism who had more ability to think flexibly were able to
form strategies and were more flexible in applying rules. It was not surprising to find that the
Flexible Thinking factor was also associated with overall better adaptive functioning in
autism. Taken together, these results suggest that the ability to flexibly form concepts is
particularly important for better adaptive behavior in individuals with autism.

In a related area of research, it has been proposed that learning difficulties encountered in
social situations by individuals with autism are not related to the implicit nature of the
information but to a problem with flexibility of response to novel contexts (Kourkoulou et al.
2012). In that study, intact implicit learning was found for contextual cuing tasks; however,
deficits occurred in novel contexts, particularly when the paradigm biased learning to local
stimuli, suggesting that flexibility of response to novel contexts was the underlying problem
not implicit learning per se (Kourkoulou et al. 2012).

The conclusion about the importance of flexible thinking to adaptive functioning in autism is
generally supported by the results of the multiple regression analysis. These modest findings
may suggest several potential explanations for this reversal of patterns of relationships. First,
it may be due to the BADS being a laboratory-based assessment that provides a more micro-
level analysis of the conceptual skills needed for carrying out a specific type of adaptive
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challenge, whereas the VABS scores reflect the integrative use and flexible application of
these skills to solve real world problems. It is possible that individuals with autism can
demonstrate problem solving and planning when there are reduced temporal demands and
the problems are clearer and the solutions more limited. That is, they have adequate
cognitive resources to meet these challenges and, therefore, can explain what should be done
in a hypothetical situation. However, real world problems are seldom this structured and
explicit, beginning with the necessity to identify what the problem to be solved is.
Therefore, individuals with autism would have difficulty translating their knowledge into
success in real life situations because the complexity of the processing task has increased
exponentially. The impact of conceptual reasoning deficits in autism may not be as apparent
in highly structured settings that provide rules like schools but is likely to become more
evident under open field conditions such as jobs and independent living where there are few
established rules that address a particular situation with constantly changing contexts that
demand flexibility of thought. Individuals with autism who have a relatively stronger ability
to manipulate and form new concepts, to think flexibly, would be at an advantage even as the
environmental demands increase.

In addition to Flexible Thinking, another significant relationship was obtained between the
Perceptual Reasoning factor and performance on the BADS Zoo Map subtest for the autism
group. Abilities associated with the Perceptual Reasoning factor include ideational planning
as measured by the TPT and visual imagery and integration assessed with the Hooper Visual
Organization Test. Perceptual ability, involving the requirement of the tactual and visual
processing demanded by these two measures, may be particularly important for individuals
with autism for the aspect of adaptive functioning that involves imaging and planning.
Therefore, perceptual reasoning is a type of process that might be capitalized on when
helping individuals with autism develop skills to negotiate ever-changing social
environments.

The results regarding age differences are of particular interest. It is understood that this was
a cross-sectional study and inferences may not be made to the effect that differences noted
would be observed in the development of individuals, as could be determined only by a
longitudinal study. However, it has been noted for some time that the results of cross-
sectional and longitudinal studies are typically the same (Heaton and Drexler 1987). The
cross-sectional results obtained here reflect differences among age groups that are not
always the same for the autism and control groups, and may reflect differences in
developmental course. The pattern for both the measures of conceptual reasoning and
problem solving of improved performance from childhood until young adulthood is
comparable in individuals with typical development and individuals with autism. Test scores
were fairly consistently lower in the autism group, although linear trajectories were noted in
both groups. A different pattern emerged for adaptive behavior as measured by the VABS
with significant interactions between autism status and age group on the Socialization
Doman and Adaptive Behavior Composite scores. We made the remarkable finding that,
while the scores of the group with typical development far exceeded those of the autism
group in the child and adolescent age groups, they were essentially equal in the adult groups,
and, furthermore, were in the average range on these scales. In summary, age differences in
cognitive abilities were found to be linear in both groups but at differing performance levels;
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however, some adaptive abilities do not have parallel trajectories in the autism and groups
with typical development. Rather, the child and adolescent groups showed marked group
differences between autism and control groups, while in the adult groups there was
essentially no difference. Because this is not longitudinal data, we cannot infer the source for
this difference to be developmental in nature. It is, however, important to note that this
relatively high functioning group of adults with autism has been able to achieve strong
adaptive skills even if they are continuing to be challenged in functioning in the social
domain.

The results regarding age differences raise the obviously major question of whether or not
individuals with autism undergo a course of development in which they possess certain
normal adaptive abilities during adulthood they did not have during childhood, perhaps as a
result of lifelong treatment or developmental changes associated with the course of the
disorder. Longitudinal data, even retrospective information, might ultimately clarify this
matter.

Clinical Implications

The findings from this study have important implications related to the provision of services
to verbal individuals with autism who are relatively higher functioning. First, we provide
further support for the argument that adults with autism should not be denied social support
services because they have an 1Q in the average range if they are demonstrating difficulties
with real world functioning. Unlike individuals with typical development, the ability to
perform well on formal measures such as the BADS may not necessarily reflect actual
functioning for individuals with autism.

In particular, better adaptive functioning in autism appears to be related to the development
of concept formation, flexible thinking and perceptual reasoning. Given that successful
independent living is a goal for individuals with autism, cognitive remediation therapies
explicitly targeting these skills seem warranted. However, the way in which this intervention
is delivered would appear to be of particular importance for successful skill acquisition in
individuals with autism.

Even when individuals with autism can explain what should be done in a hypothetical
situation, they may not be able to translate this knowledge into success in real life situations.
Based on the results of this study, we would predict that interventions that are limited to
answering questions about hypothetical situations and artificial problem solving would have
little to no impact on adaptive functioning in individuals with autism. Knowing how to solve
a problem does not appear to be enough. Similarly, approaches that emphasize the
acquisition of social skills through explicitly teaching social rules or engaging through role
playing of social interactions (e.g. MacAfee 2002) may also result in a failure to translate
this knowledge into a change in adaptive behavior unless these skills are practiced in the
contexts in which they are to be applied.

Although time-consuming and resource intensive, practice of skills in the real world, appears
to be essential for individuals with autism (Rao et al. 2008). In fact, this recommendation is
consistent with the conclusions of a recent review of research on behavioral interventions for
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adaptive skills in verbal young adults with autism with normal 1Q scores (Palmen et al.
2012). To further facilitate the transfer of reasoning abilities to everyday problem solving,
the primary interaction partners of the individuals with autism should be trained to recognize
opportunities for learning and to assist the individual with autism in the application of
problem solving when faced with real world challenges.

Alternative intervention approaches such as those that incorporated virtual reality techniques
may serve as cost efficient alternatives to training in the real world. Virtual reality has
reportedly been used to successfully develop the social interaction and theory-of-mind skills
in young adults who were on the autism spectrum (Kandalaft et al. 2013). A similar
approach could present individuals with autism with more realistic challenges, requiring
them to develop solutions to common problems in a contextually-rich environment that
might facilitate flexible thinking and generalization to real world settings.
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Table 2

Rotated factor loadings for the conceptual reasoning tests

Factor 1:  Factor 2: Factor 3: rule
flexible perceptual  application
thinking  reasoning
Verbal absurdities .847 -.032 -.116
Picture absurdities .598 -.585 -.009
WCST perseverative errors -.580 .044 444
20Q constraint seeking 570 -.436 -.193
TPT-time 138 .809 .353
Hooper T score -.328 773 -.135
Category test errors -.076 135 748
Trail making B-time -.103 -.054 .695
Tower of hanoi moves -.385 189 .525
% Explained variance 22.521 20.491 18.990
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F-ratios for main effects and interaction for conceptual reasoning tests

Fautismaut)  Fagelace)  Facexaut

Verbal absurdities 17.05 4837 .28
Tower of Hanoi 28.15 " .78 2.83
WCST perseverative  1g 36 *** 1.40 .36
Category errors 75 1.78 1.08
HVOT 7.09%* 9.65** 129
Picture absurdities 14.85 %" 3061%"* 188
TPT 455~ 520" 73
20Q 106 2.67 .02
Trails B 10.44 ** 15.45 FAK 1.36

*

p<.05;

Aok
p<.01;

A A

p<.001
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F-ratios for main effects and interaction for BADS and VABS

Table 8

Fautismaut)  Fageitace)  Facexaut

BADS rule shift .88 .94 72
BADS action sequences g 4** 72 2.35
BADS key search 2.69 2.70 13
BADS temporal .30 .28 171
BADS zoo map .08 1.98 .56
BADS 6 elements 1.45 141 .67
BADS total profile 2.74 1.18 A1
VABS communication .05 1.85 1.14
VABS daily living 1.88 3567 151
VABS socialization 23.03 xAK .40 7.03 HAK
VABS adaptation 19.84 xAX A1 6.81 *x

*

p<.005;

Ak
p<.01;

Ak

p<.001
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