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Abstract

Currently, the heterogeneity in the developmental trajectories of autism spectrum disorders (ASD) is poorly
understood. Preschool children with ASD participating in a longitudinal study received a battery of neurocognitive
tasks that measured the learning of reward associations (Lrn-Rew), spatial working memory (SpatWM), and
imitation from memory and novelty preference (Mem0Nov), as well as a measure of nonverbal problem-solving
ability (NVDQ). Growth curve analyses via HLM were used to predict the variability in growth rates between
age 4 to age 6.5 in Vineland Socialization and Communication scores. Individual differences in both Lrn-Rew and
Mem0Nov were significantly related to Socialization and Communication growth rates above and beyond NVDQ,
whereas SpatWM was not. Thus, specific aspects of neurocognitive functioning appear to be important predictors of
developmental variability during the preschool years in children with ASD. We speculate that these findings support
the combined role of ventromedial prefrontal and medial temporal lobe systems in the early pathogenesis of ASD
and may be useful in predicting developmental trajectory. The benefits and challenges of assessing specific
neurocognitive functions in children with autism is discussed with regard to general cognitive0developmental
ability and the behavioral requirements of most assessment settings. (JINS, 2008, 14, 956–966.)

Keywords: Autistic disorder, Neuropsychology, Imitation, Language, Social adjustment, Longitudinal studies

INTRODUCTION

Autism is a neurodevelopmental disorder characterized by
communication and social impairments as well as repetitive
behaviors or interests. Within autism spectrum disorders
(ASD) there is marked heterogeneity in symptom expres-
sion and developmental course. Understanding this variabil-
ity, particularly during the preschool period when the
diagnosis is commonly made and intervention begins, may
have utility in identifying appropriate intervention strat-

egies and predicting response to treatment. Identification of
neurocognitive predictors of functional outcome in autism
is one approach toward understanding how variability in
the development of specific brain circuits implicated in the
etiology of autism spectrum disorders may contribute to the
unfolding expression of symptoms.

Most longitudinal studies of children with ASD have found
that early verbal and nonverbal abilities show positive cor-
relations with subsequent language and cognitive outcome
(Anderson et al., 2007; Charman et al., 2003, Gabriels et al.,
2001; Mundy et al., 1990; Szatmari et al., 2003; Venter
et al., 1992). Various measures of joint attention (such as
pointing and alternating gaze) in preschoolers with autism
have also shown positive relationships with later outcome
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(Anderson et al., 2007; Charman et al., 2003, Mundy et al.,
1990; Sigman & McGovern, 2005). However, a clear under-
standing of the relative contributions of these domains of
functioning to outcome and the mechanisms of their effect
has not yet emerged. Furthermore, the measures used in
many investigations have been quite broad, and may miss
specific neurocognitive abilities that could provide greater
insight into neurobiological mechanisms underlying the skill
development of children with autism. Neurobiological sys-
tems, particularly in the prefrontal cortex, medial temporal
lobe, and cerebellum are presumed to play a major etiolog-
ical role in autism. Several authors (e.g., Charman et al.,
2005; Szatmari et al., 1989) therefore have suggested the
importance of examining neurocognitive factors thought to
reflect the integrity of specific brain systems implicated in
the early neuropathology of autism as an important strategy
in understanding the course of the disorder.

To date, few investigations of neurocognitive function in
autism have been longitudinal and those investigating neuro-
cognitive deficits in preschoolers with autism have pro-
vided mixed results. With preschoolers, aged 3 to 4 years,
evidence of an autism-specific profile of impairment was
not found on tasks tapping inhibition or working memory
relative to mental age matched controls with developmental
delay or typical development (Dawson et al., 2002; Griffith
et al., 1999; Stahl & Pry, 2002), although children with
autism were nonetheless delayed relative to age-matched
typical children in both IQ and neurocognitive function.
However, in samples of slightly older children (mean age5
5.4 years in both studies) children with ASD were impaired
on tasks involving stimulus-reward association learning, flex-
ibility, working memory and inhibition compared with devel-
opmentally delayed and typically developing children
matched on mental age (Dawson et al., 1998; McEvoy et al.,
1993). Individual variability in neurocognitive functioning
and its concurrent relation to social skills, such as joint
attention, has also been investigated. Performance on mea-
sures of early executive function (e.g., set-shifting, A-not-B,
delayed response, spatial reversal, alternation) relates to joint
attention in both children with autism and typical develop-
ment (McEvoy et al., 1993; Mundy, 2003; Stahl & Pry,
2002); however, this relationship has not been consistently
replicated in children with autism (Griffith et al., 1999;
Stahl & Pry, 2002). Dawson et al. (2002) found a strong
positive relation between tasks that measured learning reward
associations and joint attention, whereas tasks such as the
A-not-B and spatial reversal did not relate to joint attention
in the same group of participants.

The goal of the current study is to understand the unique
relationships between early neurocognitive function and later
development of social and communicative behavior in pre-
schoolers with autism. Multiple tasks were used to measure
each of three domains, allowing a more sensitive assess-
ment of children who may have more variable performance
on any given task. The testing situation for each task was
very similar requiring only limited verbal instructions and
involving interaction with objects while the child was seated

at a table across from the experimenter. Specifically, we
selected tasks that measure (1) the ability to learn reward
associations (Lrn-Rew) thought to reflect ventromedial pre-
frontal integrity (e.g., object discrimination reversal, rule
learning in delayed nonmatch to sample); (2) spatial work-
ing memory (SpatWM) thought to reflect dorsolateral pre-
frontal integrity (e.g., A-not-B, spatial reversal); and (3)
memory and preference for novelty (Mem0Nov) thought to
reflect medial temporal lobe integrity (e.g., memory por-
tion of the delayed nonmatch to sample, paired comparison,
deferred imitation). Based on the Dawson et al. (2002) find-
ings of a concurrent relationship between learning reward
associations and joint social attention and the recent neuro-
developmental model of autism proposed by Bachevalier
and Loveland (2006) emphasizing the role of frontal and
medial temporal systems to account for the social and neuro-
cognitive variability observed in children with ASD, we
anticipated that the ability to learn reward associations dur-
ing the preschool period would be more predictive of growth
in adaptive behavior than would spatial working memory.
In addition, memory and preference for novelty would also
relate to subsequent social and communication growth inde-
pendent of the contribution of reward-learning ability.

METHODS

Participants

Seventy children with autism spectrum disorders (58 boys,
12 girls) were included in the current study and were
recruited from the greater Seattle area via local parent advo-
cacy groups, hospitals, clinics, public schools, and the
Department of Developmental Disabilities to participate in
a larger longitudinal study of autism, developmental delay,
and typical development. Exclusionary criteria included the
presence of a neurological disorder of known etiology, sig-
nificant sensory or motor impairment, major physical anom-
alies, history of serious head injury, and neurological disease.
Assessments were conducted across 4– 6 visits during the
first assessment of the longitudinal study. Participants’ ages
ranged from 34 to 52 months (M5 43.5, SD5 4.2) at the
initial assessment. Diagnosis was made by clinicians at the
University of Washington Autism Center using the Autism
Diagnostic Interview (ADI-R; Lord et al., 1994) and Autism
Diagnostic Observation Schedule-Generic (ADOS-G; Lord
et al., 2000), which were integrated with clinical observa-
tion to make a diagnostic judgment based on DSM-IV cri-
teria (American Psychiatric Association, 2000). The parent
or legal guardian of each child provided written informed
consent in compliance with the University of Washington
Human Subjects Division.

Early cognitive development was assessed using the
Mullen Scales of Early Learning (Mullen, 1995), a measure
of language, perceptual, and motor abilities appropriate for
infants through preschoolers. The Mullen yields scaled scores
for Receptive Language, Expressive Language, Visual
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Reception, and Fine Motor subtests, as well as an overall
Early Learning Composite. The Mullen subscales show good
inter-scorer reliability, validity, and specificity (Mullen,
1995). At the initial assessment, the mean Mullen subtest
T-scores were as follows: Visual Reception, M 5 27.90,
SD5 11.92, range5 20– 61; Fine Motor, M5 24.77, SD5
9.03, range520–59; Receptive Language, M526.19, SD5
10.22, range 5 20–59; Expressive Language, M 5 26.14,
SD5 10.35, range5 20–58. A composite nonverbal ability
score (NVDQ) was calculated by taking the average T-score
on the Visual Reception and Fine Motor scales.

The Socialization and Communication domains of the
Vineland Adaptive Behavior Scales (Sparrow et al., 1984)
were administered to each child’s primary caregiver semi-
annually, with an average of 6.6 (SD 5 1.4; range 5 3–9)
assessments between the ages of 36 and 78 months for each
child in the sample. This number varied for individual chil-
dren due to child’s age at enrollment (i.e., children enrolled
earlier had more follow-ups) and due to parental availabil-
ity and willingness to complete follow-up assessments. Vine-
land age equivalence scores for the first assessment were as
follows: Socialization, M 5 18.20, SD 5 7.12, range 5
6– 40; Communication, M 5 20.20, SD 5 10.20, range 5
2– 61. The Vineland has good test–retest and inter-rater reli-
ability. Study personnel were required to achieve 0.80 reli-
ability with the lead Vineland administrator.

Neurocognitive Tasks

Testing was conducted during four to six 2- to 3-hour visits
of which the neurocognitive tasks were a subset. Children
were tested in the presence of a parent and breaks were
provided as necessary. Children were praised for correct
responses and food items or small toys were used for tasks
requiring the child to search for hidden rewards. Children
were only permitted to access these rewards when they

responded correctly, with the exception of the paired com-
parison and deferred imitation tasks which involve no addi-
tional reward beyond the task objects. For tasks involving a
forced choice, both stimuli were placed equidistant from
the child. Three domains of neurocognitive function were
assessed by averaging multiple measurements derived from
tasks in three domains (see Table 1).

Domain 1: learning reward associations
(Lrn-Rew)

Delayed nonmatching to sample (DNMS). For each trial,
children were first presented with the sample (i.e., a novel
junk object) obscuring a well containing a reward. The stim-
uli were hidden for a 5-s delay, while the sample was placed
over an empty well and a nonmatching, novel object was
placed over a second, baited well. Thus the child must learn
that the reward is paired with the novel object. Then, both
objects were presented. Children were told a treat had been
hidden and were encouraged to look for it without addi-
tional directions. On incorrect reaches, correct stimulus–
reward pairings were shown. The correct side varied using
a fixed order across trials. Children continued until they
reached correctly for five consecutive trials or a maximum
of 20 trials were administered (Diamond et al., 1999).

Object discrimination reversal. Rewards were hidden
while a screen obscured the hiding locations. For the first
trial, rewards were hidden inside wells with different objects
(a plastic cat and dog) placed on top. The screen was lifted
and children were encouraged to find the reward but given
no additional instruction. The chosen object was noted, and
for subsequent trials a reward was hidden only under the
preferred object. The side of the baited object varied fol-
lowing a prespecified order. After children demonstrated an
association between the object and reward by correctly reach-

Table 1. Neurocognitive constructs and component variables

Construct Task Variables

Lrn-Rew Delayed non-matching to sample (DNMS) Percent correct during rule-learning phase at 5 s for objects (up to 20
trials)

Object discrimination reversal (ODR) Total percent of criteria met including the initial association and two
reversal criteria

Number of errors during initial association (up to 25 trials)
Number of perseverative errors during initial association

Mem0Nov Delayed non-matching to sample (DNMS) Percent correct at 30 s for objects if the initial criterion was met (10
or 15 trials)

Percent correct at 5 s for pictures (24 trials)
Paired Comparison (PC) Percent of correct initial reaches (12 trails)
Deferred imitation (DI) Percent correct imitation (5 actions)

SpatWM A-not-B (AnB) Percent correct at 5 sec (up to 24 trials)
Percent correct at 12 sec (up to 18 trials)

A-not-B with invisible displacement (AnB0ID) Percent correct (up to 14 trials)
Spatial reversal (SR) Percent correct (20 trials)

Note. Lrn-Rew 5 Learning Reward Associations; Mem0Nov 5 Memory for Objects and Actions0Novelty Preference; SpatWM 5 Spatial Working
Memory.
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ing five times consecutively, a reversal occurred and chil-
dren were required to learn that the reward was now under
the opposite object. For incorrect reaches the reward was
revealed while the experimenter said, “Look, it was over
here.” The task continued until two reversals were admin-
istered, or the child failed to reach criterion within 25 trials
(Dawson et al., 2002).

Domain 2: memory and novelty preference
(Mem0Nov)

Delayed nonmatching to sample (DNMS). If children
met criterion with the 5-s delay, they were then adminis-
tered either 10 or 15 additional trials with a 30-s memory
delay, depending on how quickly they met the initial crite-
ria at a 5 s delay. In addition, a second version of the DNMS
was administered in which photographs of objects were
presented in plastic picture frames that covered the wells
rather than the junk objects used in the first version. Chil-
dren were administered 24 trials with a 5-s delay regardless
of performance. Because they were administered after the
initial rule learning phase of the DNMS, these portions of
the task selectively emphasized memory by continuing to
reward children for selecting the novel stimulus.

Visual paired-comparison memory. Children were pre-
sented with an unlabeled sample stimulus for 20 s and
encouraged to attend to it. After the examination period, the
object was removed for either 10 s or 3 min. The sample
and a novel object were then presented with no further direc-
tions. The object the child reached for first was scored as
the child’s preference. Children were expected to prefer the
novel object, thus the task is thought to tap children’s abil-
ity to remember and discriminate the sample from the novel
object, but not the ability to learn stimulus–reward associ-
ations (Diamond, 1995). The task was presented during two
different visits, for a total of 12 trials.

Deferred imitation memory. The imitation tasks were
adapted from previous work on imitation in typical and
atypical populations by Meltzoff (Meltzoff, 1988, 1999;
Rast & Meltzoff, 1995) and chosen to be sensitive to imi-
tation abilities in the toddler–preschool developmental range.
The task consisted of five actions on objects, such as bang-
ing blocks together, collapsing a transformable object, and
touching one’s head to a panel. After attracting the child’s
attention, the experimenter demonstrated each target act three
times without verbal description of the actions or physical
prompting. After all five actions were demonstrated, a 10-min
memory delay was interposed during which the children
left the test room. Then, the children returned and were
presented with the test objects one at a time in their original
order and told, “It’s your turn. You can play with this.”

Domain 3: spatial working memory (SpatWM)

A-not-B. Children observed as a reward was placed
under one of two identical cups placed on the right and left
side of the table. Following a brief obstruction by a screen,

children were encouraged to find the reward but not given
additional instructions. During the initial training phase,
the screen obscured the cups for 3 s and children continued
to the test phase only if they correctly retrieved the reward
from both sides. During the testing phase a screen obscured
the stimuli for 5 s. Children were shown the correct loca-
tion but not given the reward for incorrect searches. Rewards
were hidden on the same side until two consecutive correct
reaches were made, and then the reward was hidden on the
opposite side (i.e., a reversal). After two reversals followed
by two consecutive correct choices, the delay was increased
to 12 s until children achieved 2 more reversals followed by
two consecutive correct choices. Thus, the task requires
working memory an inhibition of previous responses (Dia-
mond, 1985). The task was discontinued either when the
child progressed through all reversals or when 24 trials were
administered.

A-not-B with invisible displacement. Children observed
as a box with an open side facing the child was presented at
the center of the table, and a reward was placed inside. A
cover was draped across the open side, obscuring the reward
from the child’s view. While the child watched, the exper-
imenter slid the box to the right or left. The box was then
briefly obscured by a screen. During the delay an identical,
but empty box was placed on the other side of the table,
equidistant from the child. After the delay, the screen was
lifted, and the child was prompted to find the reward. If the
child reached incorrectly, the examiner showed the child
the location of the reward, but the child was not permitted
to retrieve the reward. As with the A-not-B task, the side of
hiding was reversed after 2 consecutive correct trials and
the task continued until three reversals with 2 consecutive
correct trials following them or a maximum of 14 trials
were administered (Diamond et al., 1997).

Spatial reversal. This task began with a practice trial,
during which children were told, “I am hiding an {object}”
as the examiner placed objects under identical cups to the
right and left but behind a screen so the child could not see
the hiding. The screen was lifted and children were encour-
aged to find the reward. For subsequent trials, the chosen
side was noted and a single reward was hidden under the
cup on the preferred side while obscured by a screen. Fol-
lowing incorrect trials the examiner said, “Let’s try again.”
The child was not permitted to view or access the reward
and no additional feedback was given before the screen was
replaced and the next trial began. Over the course of 20
trials, the hiding side was reversed after every set of four
consecutive correct trials (Kaufman et al., 1990).

RESULTS

Statistical Procedure

A series of Hierarchical linear models (HLM, Raudenbush
et al., 2004) were used to predict variability in the individ-
ual linear growth trajectories of Vineland Socialization and
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Communication scores as a function of NVDQ, Mem0Nov,
Lrn-Rew, and SpatWM performance measured at age
3–4 years. Each component variable was standardized across
the sample (M 5 0, SD 5 1), then averaged to create the
neurocognitive composite variables (Mem0Nov, Lrn-Rew,
and SpatWM, see Table 2 for descriptive statistics and inter-
correlations of the predictor and component variables). To
indicate the overall level of performance for the sample as
a whole, the mean and SD for the component variables are
presented in their raw metric. The composite variables are
simply the mean of each standardized component variable;
thus the sample mean for the composite variables are near,
but not exactly zero, and the SD is consistently less than 1
(range5 .68–.79). NVDQ scores were also standardized to
have all level-2 predictors on the same metric to simplify
interpretation of the model coefficients. In contrast to multi-
variate repeated-measures approaches, this approach explic-
itly models change within the individual while
simultaneously testing whether other measured factors cor-
relate with the variability in growth across individuals
(Raudenbush et al., 2004). A linear function was fit for each
child’s Vineland age equivalence scores resulting in two
random-effect parameters (intercept or the child’s esti-
mated Vineland age equivalence score at 48 months, and
slope or rate of change across the time span) which describe
the course of development in social and communication
ability. The child’s age was centered at 48 months so the
intercept in the model can be interpreted as the sample mean
when the children were 4 years old.

Unconditional Growth Model

The unconditional growth model for Vineland Socialization
and Communication scores showed a mean Socialization
age equivalence of 20.75 at 48 months (intercept) and a
mean growth rate of 0.557 age equivalence points0month
(slope; Table 3, Model 1). Vineland Communication scores
showed a mean age equivalence of 22.47 (intercept) at 48
months and a mean growth rate of 0.727 age equivalence
points0month (slope). Reliabilities for these growth param-
eters were high (Socialization: intercept 5 0.71, slope 5
0.64; Communication: intercept5 0.91, slope5 0.83) and
these parameters showed significant variability across the
sample. The intercept and slope parameters were correlated
for both Vineland scores (Socialization: t5 0.56; Commu-
nication t 5 0.73). As seen in Figure 1, the correlation
between initial status and growth rate produces a fan spread
of the estimated growth trajectories such that children with
higher Vineland scores at the beginning of the study tended
to increase at faster rates, particularly for the communica-
tion scores. Thus, the sample as a whole, showed signifi-
cant delays in Socialization and Communication at 48 months
and lower than normal rates of growth (Socialization increas-
ing 0.557 age-equivalence points0month, Communication
increasing 0.727 age-equivalence points0month). The social
and communication intercept terms correlated 0.70 and slope
terms 0.82. T
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Relationships Between NVDQ, Lrn-Rew,
Mem/Nov, and SpatWM with Social and
Communication Growth

We began the analyses by first examining the relation-
ship of NVDQ and Vineland growth (Table 3, Model 2).
NVDQ was significantly, positively related to both
Socialization and Communication values at 48 months
as well as subsequent growth rates over the next 2–3 years.
NVDQ accounted for 28.3% [(0.159–0.114)00.159] and
19.5% [(0.210–0.169)00.210] of the variance in the Social-
ization and Communication slope parameters, respec-
tively [(slope parameter variancemodel 1 2 slope parameter
variance

model 2
)0slope parameter variancemodel 1].

Next, each neurocognitive predictor was examined with
NVDQ to assess whether they accounted for any addi-
tional variability in growth beyond the measure of general
nonverbal abilities (Table 4). NVDQ was significantly
related to concurrent Communication but not Socialization
scores (intercept term). The relationship between Mem0
Nov and the Communication intercept indicated the only
time a neurocognitive variable related to the concurrent
level of functioning.

However, Both Lrn-Rew and Mem0Nov were signifi-
cantly related to Social and Communication growth rates,
whereas SpatWM was not.1 Thus, Lrn-Rew was related to
later growth in Socialization and Communication scores
beyond NVDQ rather than having a unique contribution to
concurrent levels of these skills and Mem0Nov related to
later growth, but not concurrent levels, of Socialization
scores.

Final models were then run that included NVDQ, Lrn-
Rew, and Mem0Nov together as the predictors to assess the
relative contributions of Lrn-Rew and Mem0Nov on growth
rates Table 5). No single variable was significantly related
to the Socialization intercept in this combined model. How-
ever, NVDQ, Lrn-Rew, and Mem0Nov each continued to
show unique, significant relationships with Socialization
growth. This final model accounts for a total of 52.2% of
the variance in Socialization growth.

For Communication, NVDQ was again the only variable
showing a significant concurrent relationship at 48 months.
NVDQ and Lrn-Rew remained a significant predictor of
Communication growth, whereas Mem0Nov fell just short
of significance. This final model accounts for a total of
42.4% of the variance in Communication growth.

To illustrate these results, we can compare hypothetical
children who score uniformly at 21, 0, and 1 SD from the
sample mean on NVDQ, Lrn-Rew, and Mem0Nov. These
children would have estimated growth rates of .097, .544,
and 0.991 Socialization age equivalence points0month and
.279, .734, and 1.189 Communication age equivalence
points0month, respectively.

DISCUSSION

The current study followed the developmental trajectory of
70 preschool children with autism spectrum disorders and
examined the degree to which performance on tasks involv-
ing learning reward associations (Lrn-Rew; ODR and DNMS
rule-learning component), memory and novelty prefer-
ences (Mem0Nov; DNMS memory component, visual paired
comparison, deferred imitation), and spatial working mem-
ory (SpatWM; A-not-B and spatial reversal) add to the pre-
diction of the rate of social and communication skill
acquisition beyond that accounted for by general nonverbal
developmental quotient (NVDQ). These tasks were chosen

1To account for potential ceiling effects from the A-not-B component
variable, which had the highest mean score and is a developmentally sim-
pler task, this variable was removed from the SpatWM construct and the
analysis repeated. Again, no significant relationship between SpatWM and
Vineland growth parameters was found (all t’s � 1.73, p’s. .05).

Table 3. HLM model of growth in Vineland Socialization and Communication age equivalence scores: Model 1,
Unconditional model; Model 2, NVDQ as predictor

Vineland Socialization Vineland Communication

coeff SE Variance coeff SE Variance

Model 1: Unconditional model
Intercept (at 48 mos.)

Constant 20.89** 0.94 45.11** 22.45** 1.23 97.34**

Slope (growth rate)
Constant 0.534** 0.055 0.159** 0.726** 0.059 0.210**

Model 2: NVDQ as predictor
Intercept (at 48 mos.)

Constant 20.88** 0.92 41.84** 22.49** 0.94 52.51**
NVDQ 1.87* 0.83 6.70** 0.99

Slope (growth rate)
Constant 0.533** 0.049 0.114** 0.724** 0.053 0.169**
NVDQ 0.217** 0.049 0.204** 0.045

Note. *p, .05, **p, .001.
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given the evidence from adult lesion studies and animal
models, linking them to the functional integrity of the ven-
tromedial prefrontal cortex (Lrn-Rew) (Butter, 1969; But-
ters et al., 1973; Jones & Mishkin, 1972; Kowalska et al.,

1991; Mishkin, 1964; Rolls et al., 1994), dorsolateral pre-
frontal cortex (SpatWM) (e.g., Diamond & Goldman-
Rakic, 1986, 1989; Goldman et al., 1970), and medial
temporal lobe (Mem0Nov) (McDonough et al., 1995; Melt-

Fig. 1. Plots of estimated Vineland growth trajectories from the HLM unconditional model.

Table 4. HLM model of growth in Vineland Socialization and Communication age equivalence scores as a function
of NVDQ and a single neurocognitive predictor

Vineland Socialization Vineland Communication

coeff SE Variance coeff SE Variance

NVDQ and Lrn-Rew
Intercept (48 mos.)

Constant 20.91*** 0.91 40.90*** 22.52*** 0.92 50.20***
NVDQ 1.761 0.89 6.25*** 1.04
Lrn-Rew 0.48 0.96 1.871 1.04

Slope (growth rate)
Constant 0.532*** 0.044 0.086*** 0.725*** 0.048 0.131***
NVDQ 0.158** 0.051 0.138** 0.044
Lrn-Rew 0.232*** 0.039 0.264*** 0.046

NVDQ and SpatWM
Intercept (48 mos.)

Constant 20.86*** 0.91 41.44*** 22.45*** 0.92 51.31***
NVDQ 1.681 0.86 6.37*** 1
SpatWM 0.94 1.21 1.69 1.3

Slope (growth rate)
Constant 0.532*** 0.049 0.11*** 0.721*** 0.052 0.160***
NVDQ 0.200*** 0.049 0.175** 0.047
SpatWM 0.085 0.073 0.1461 0.078

NVDQ and Mem/Nov
Intercept (48 mos.)

Constant 20.96*** 0.93 39.67*** 22.63*** 0.93 48.46***
NVDQ 1.02 0.93 5.65*** 1.11
Mem0Nov 2.301 1.31 2.92* 1.29

Slope (growth rate)
Constant 0.550*** 0.045 0.086*** 0.740*** 0.050 0.137***
NVDQ 0.129* 0.053 0.111* 0.051
Mem0Nov 0.254*** 0.058 0.267*** 0.070

Note. *p, .05, **p, .01, ***p, .001.
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zoff, 1990; Zola et al., 2000; Zola-Morgan & Squire, 1993);
each of which has been implicated in the development of
autism and the individual differences observed among these
children.

Growth curve analyses using HLM indicated that non-
verbal problem-solving ability, the ability to learn reward
associations, and memory and novelty preference measured
at roughly 4 years of age each significantly contributed to
the predicted rate of Vineland Socialization growth between
ages 4 and 6.5 years and accounting for 52.2% of the vari-
ability in this growth. For Vineland Communication growth,
a similar pattern for the neurocognitive factors was observed,
accounting for 42.4% of the variability; however, memory
and novelty preference fell just short of significance. In
contrast to reward learning and memory and novelty pref-
erence, spatial working memory did not add to the predic-
tion of growth beyond NVDQ during this age period. These
findings provide support for our hypothesis that measures
of reward learning in the preschool period predict the rate
of social and communication growth between ages 4 and 61

2
_

beyond that accounted for by NVDQ. The unique role of
memory ability and novelty preference in the prediction of
social and communication growth was similarly supported.
Memory and novelty preference significantly predicted com-
munication growth beyond NVDQ when only those two
predictors were in the model. However, in the full model
that included NVDQ and reward learning, the memory and
novelty preference factor relationship with communication
growth fell just short of statistical significance ( p, .10).

The current findings suggest some specificity in the rela-
tionship between neurocognitive factors measured in pre-
school and the developmental trajectory of socialization and
communication abilities in young children with autism spec-
trum disorders. This predictive relationship was seen above
and beyond the nonverbal abilities as measured by the Mullen
Scales of Early Learning. Similarly, Dawson et al. (2002)
demonstrated in preschoolers with ASD that a composite of
tasks related to memory, novelty preference and reward learn-

ing showed a concurrent relationship to joint attention, a
fundamental social communication skill, in preschoolers with
autism, while spatial working memory tasks did not. Thus,
our current finding that these factors related to social and
communication growth is consistent with previous work,
and extends these findings by demonstrating their utility as
predictive factors.

One interpretation of these results is that better perfor-
mance on reward learning and novelty preference tasks
reflect a greater likelihood that the child will detect and
learn the complex interpersonal contingencies present in
their social environment. Extracting these relevant infor-
mation patterns requires flexibility in the face of ever chang-
ing stimulus-reward pairings that implicitly vary across
people and social contexts and rapidly shift between sen-
sory modalities. Perseveration on familiar and predictable
objects may lead to a failure to attend to and apprehend
available social and communicative information. Simi-
larly, children may focus on only one aspect of the social
environment, such as the multimodal perceptual stimula-
tion conveyed by the mouth of a speaker, while neglecting
information contained in the speaker’s eyes. This type of
difficulty may contribute to the observed deficits in ability
to follow gaze (i.e., joint attention).

One strength of this study is the use of multiple measures
of each neurocognitive domain drawn from tasks that are
administered in the same context (child and experimenter
seated at a table) using similar materials. These very spe-
cific tasks were examined in growth curve models along
with NVDQ, a presumably broader construct reflecting non-
verbal problem solving. It is interesting to note that of all
the specific neurocognitive component variables, deferred
imitation correlated with NVDQ, r5 .63, whereas all other
variables correlated from .15 to .39. The NVDQ variable
used in the study is derived from the Mullen Visual Recep-
tion and Fine Motor subscales. There are 42 items on these
subscales beyond the 9-month age equivalence level, 22
(52%) of which direct the administrator to physically dem-

Table 5. HLM model of growth in Vineland Socialization and Communication age equivalence scores as a function
of NVDQ, Lrn-Rew, and Mem0Nov

Vineland Socialization Vineland Communication

coeff SE Variance coeff SE Variance

Intercept (48 mo)
Constant 21.01*** 0.92 38.91*** 22.63*** 0.91 48.21***
NVDQ 1.15 0.93 5.67*** 1.10
Lrn-Rew 20.72 1.25 0.74 1.35
Mem0Nov 2.52 1.64 2.40 1.66

Slope (growth rate)
Constant 0.544*** 0.043 0.076*** 0.734*** 0.047 0.121***
NVDQ 0.116* 0.053 0.098* 0.048
Lrn-Rew 0.153** 0.052 0.188** 0.066
Mem0Nov 0.178* 0.071 0.1691 0.090

Note. 1p, .10, *p, .05, **p, .01, ***p, .001.
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onstrate the desired behavior to the child and another 10
(24%) of which involve the administrator pointing to an
object or picture or tracing with their finger during item
administration. Thus, three-fourths of the items beyond early
infancy used to assess the nonverbal problem-solving abil-
ities on the Mullen involve behavioral copying and0or point-
ing to some degree; two areas in which children with autism
spectrum disorders show consistent difficulties. The use of
IQ or overall developmental level as a covariate in children
with autism must be done thoughtfully. Limitations in basic
skills like joint attention, which have long been mastered
by most preschool children, may hamper the child with
autism’s ability to perform a given item. Continued work in
this area would benefit from explicit measurement of gaze
during neurocognitive assessment to determine how limita-
tions in the appropriate direction of visual attention may
impact performance.

During cognitive assessment the child is presumably
simultaneously engaged in a wide array of social-cognitive
processes while the child shares an interaction with the exper-
imenter focused on the test materials. Although elements of
social-cognition are an implicit part of the assessment con-
text, the current findings suggest individual differences on
certain neurocognitive variables (learning reward associa-
tions, memory, and preference for novelty) and not others
(spatial working memory) were related to subsequent social
and communication growth in this period. Given that all
tasks involved the examiner acting on objects while the
child watches, it is unlikely that these common social fac-
tors account for the specificity of these findings.

Our findings are of interest given current developmental
models of executive function and models of aberrant devel-
opment of related brain regions in children with autism.
Cunningham and Zelazo (2007) proposed a model unifying
the affective and cognitive elements of evaluative process-
ing and highlighting the roles of the prefrontal cortex and
limbic systems. Their model emphasizes the progression
from rapid emotional or automatic evaluations (e.g., simple
stimulus-reward rules) to more reflective, high-order pro-
cessing through the iterative reprocessing of relevant infor-
mation via hierarchy of neural networks. Over the course of
development, the capacity for more complex representa-
tions comes on line following earlier development of the
affective elements in the system resulting in greater sophis-
tication and flexibility in problem solving and decision mak-
ing behavior. It has been proposed that autism is primarily a
disorder of the affective portions of this system (i.e., tag-
ging stimuli, forming, and modifying reward associations),
which in turn impacts later development of more purely
cognitive executive functions (e.g., working memory, plan-
ning) performed by relatively lateral aspects of the prefron-
tal cortex (Zelazo & Müller, 2002). This model compliments
Bachevalier and Loveland’s (2006) emphasis on frontal and
medial temporal systems as playing a role in the social and
neurocognitive variability observed in children with ASD.

This study is limited in that it did not examine the func-
tional role of other regions possibly involved in the devel-

opment of autism symptoms (e.g., cerebellum, basal ganglia
structures, etc.). Thus the relative importance of the domains
measured in the current study should be further evaluated
in the context of these other systems. In addition, as the
neurocognitive predictors were constructed on a theoretical
basis, the intercorrelation of the component variables var-
ied and was lowest among the spatial working memory con-
struct. It is possible that this impacted the likelihood of
spatial working memory emerging as a significant correlate
of growth. Detailed analysis of specific variables within a
large neurocognitive battery is difficult as many tasks sim-
ply result in missing data when a child is unable to com-
plete a baseline set of trials. Methods for handling missing
data at level 2 in a two-level hierarchical model have been
recently proposed (Shin & Raudenbush, 2007) but not yet
widely implemented. Another limitation is the fact that devel-
opmental outcome was assessed only using the Vineland.
Continued work in this area should add repeated observa-
tional measures of behavior to supplement parent report.
We are currently following a different sample of preschool-
ers with autism spectrum disorders participating in a ran-
domized clinical trial of a multifaceted intensive behavioral
intervention. Similar measures of neurocognitive function
are being assessed to examine how they may influence
responsiveness to treatment.
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