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Abstract Adults with autism experience significant
impairments in social and non-social information process-
ing for which few treatments have been developed. This
study conducted an 18-month uncontrolled trial of Cogni-
tive Enhancement Therapy (CET), a comprehensive cog-
nitive rehabilitation intervention, in 14 verbal adults with
autism spectrum disorder to investigate its feasibility,
acceptability, and initial efficacy in treating these impair-
ments. Results indicated that CET was satisfying to par-
ticipants, with high treatment attendance and retention.
Effects on cognitive deficits and social behavior were also
large (d = 1.40-2.29) and statistically significant (all
p < .001). These findings suggest that CET is a feasible,
acceptable, and potentially effective intervention for re-
mediating the social and non-social cognitive impairments
in verbal adults with autism.
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Autism spectrum disorder (ASD) is characterized by sig-
nificant impairments in social interaction, verbal and non-
verbal communication deficits, and restricted and repetitive
interests and behaviors (American Psychiatric Association
2000). Underlying these broad behavioral impairments are
core neurobiologically-based deficits in social and non-
social information processing (Minshew et al. 1997; Min-
shew and Williams 2007), which result in significant
functional disability throughout the lifespan of individuals
with ASD (Gilotty et al. 2002; Howlin et al. 2004) and at
great cost to society (Ganz 2007). While advances in early
detection and intervention approaches attempting to limit
the impact of ASD on individuals and their families have
been achieved (e.g., Dawson et al. 2010), surprisingly few
efforts have been dedicated to advancing the treatment of
adults with ASD (Fitzpatrick et al. 2013). The majority of
intervention efforts have focused on children, yet most
individuals encounter significant challenges in adulthood
due to ASD, which result in unemployment or underem-
ployment, poor academic performance, limited social
functioning, and a poor quality of life (Howlin et al. 2004).

Growing evidence indicates that the deficits in social
and non-social cognition that adults with ASD experience
significantly contribute to poor adaptive functioning (Ber-
ger et al. 2003; Garcia-Villamisar et al. 2010). Social-
cognitive impairments have been observed in many
domains in autism, and include deficits in perspective-
taking (Mizuno et al. 2011), theory of mind (Baron-Cohen
1990), emotion perception (Hobson et al. 1988) and
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emotion management (Samson et al. 2012), and social
context appraisal abilities (Wang et al. 2006). While many
individuals with autism have intact or elevated intellectual
abilities, non-social “neurocognitive” impairments have
also been observed in such domains as speed of processing
(Mayes and Calhoun 2007), aspects of working memory
(Williams et al. 2005), planning (Hughes et al. 1994), and
executive functioning (Ozonoff 1995). This constellation
of social and non-social information processing deficits
significantly limits the ability of individuals with ASD to
adapt and succeed in adult life, and unfortunately, com-
prehensive approaches designed to address core neuro-
cognitive and social-cognitive impairments in adults with
autism have yet to be developed.

Cognitive rehabilitation represents a potentially effec-
tive approach to the remediation of information processing
impairments in individuals with ASD without general
intellectual disability. Cognitive rehabilitation approaches
have demonstrated considerable efficacy in other neuro-
logically impaired populations, including traumatic brain
injury and stroke (Cicerone et al. 2005), mild cognitive
impairment (Rapp et al. 2002), early stage Alzheimer’s
disease (Olazaran et al. 2004), dyslexia (Temple et al.
2003), and schizophrenia (Wykes et al. 2011). Such
approaches employ computer-based and/or group-based
exercises designed to improve diverse areas of social and
non-social cognitive function through repetitive practice
and strategic training (Eack 2012). One particularly
promising rehabilitation approach that was originally
developed for individuals with schizophrenia with the
potential for efficacy in verbal adults with autism is Cog-
nitive Enhancement Therapy (CET; Hogarty and Green-
wald 2006).

Over the course of 18 months, CET integrates com-
puter-based training exercises for pairs of affected indi-
viduals focusing on attention, memory, and problem-
solving with a small, group-based curriculum designed to
facilitate the development of adult social-cognitive mile-
stones. The pair-based neurocognitive training sessions are
overseen by therapist-coaches and make use of computer
exercises to improve cognition, develop strategic thinking,
promote positive peer interaction and socialization, and
initially prepare for the social-cognitive group. After sev-
eral months of neurocognitive training, 3-4 participant
pairs join together to form a social-cognitive group.
Computer training then continues concurrently with these
groups throughout the remainder of treatment. The social-
cognitive group sessions are structured to provide sec-
ondary socialization and experiential learning opportunities
to help participants develop perspective-taking, social and
emotional wisdom, and gistful thinking and speaking. Each
group session contains a psychoeducational talk on a new
aspect of social cognition, a cognitive exercise designed to
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facilitate the development of social-cognitive abilities, and
a homework assignment to extend the application of CET
to everyday life (see Method and Hogarty and Greenwald
2006 for more detail).

To date, two NIH-supported randomized-controlled tri-
als of CET encompassing 179 individuals with schizo-
phrenia have been completed. These trials have
demonstrated that CET can produce significant differential
improvements in neurocognitive (d = .46) and social-
cognitive function (range of d = .72-1.55) compared to an
active supportive therapy control intervention, which ulti-
mately translates into clinically meaningful gains in social
adjustment and adaptive function (range of d = .40-1.53)
(Hogarty et al. 2004; Eack et al. 2009), including
improvements in social functioning, instrumental task
performance, major role adjustment, work readiness, and
competitive employment (Eack et al. 2011). Furthermore,
many of these functional gains were shown to be main-
tained for at least 1 year after the completion of treatment
(Hogarty et al. 2006; Eack et al. 2010a, b), indicating that
CET can produce lasting improvements in a neurodevel-
opmental disorder characterized by broad impairments in
social and non-social cognition. It is important to appre-
ciate that CET is not designed to address psychosis in
schizophrenia but rather the symptoms that involve
impaired social function (behavior and cognition),
impaired comprehension and use of language, and impaired
planning and problem-solving.

While important differences exist between autism and
schizophrenia (e.g., age of onset, psychosis, restricted
repetitive behavior), convergence in the cognitive mani-
festations of these conditions is becoming increasingly
recognized as the number of individuals with ASD with-
out intellectual disability has increased and aged into
adulthood. Both autism and schizophrenia are well-known
to be characterized by significant impairments in neuro-
cognitive and social-cognitive functioning (Penn et al.
1997; Volkmar et al. 2004). Indeed, numerous direct
comparisons of the two conditions have found similar
degrees of impairment in social and non-social cognitive
domains, including theory of mind (Pilowsky et al. 2000),
gaze orientation (Sasson et al. 2007), emotion perception
(Couture et al. 2010), speed of processing (Goldstein et al.
2002; Schneider and Asarnow 1987), and executive
functioning (Schneider and Asarnow 1987). CET is one of
the only cognitive rehabilitation interventions that sys-
tematically targets both social and non-social cognitive
impairments. These deficits in social and non-social cog-
nition are known to be related (and perhaps dependent),
such that challenges in a non-social domain (e.g., slow
speed of processing) can negatively affect performance in
a social domain (e.g., identifying social cues) (e.g., Sergi
et al. 2006). Given the interrelationships between these
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areas and challenges that verbal adults with ASD have in
both of these domains, the comprehensive nature of CET
may afford the greatest opportunity to these individuals
for cognitive improvement that results in meaningful
gains in functional outcome. Further, many of the specific
targets of CET (processing speed, perspective-taking,
social context appraisal, emotion perception, emotion
management) are among the most commonly observed
and challenging areas for adults with autism, suggesting a
congruence between the targets of the approach and the
areas of greatest need for treatment in the ASD
population.

The pathophysiology of autism and schizophrenia has
also begun to show considerable overlap, as studies have
reported similar neurobiologic and genetic pathways
affected in both conditions. Shared genetic abnormalities in
regions of the genome coding for synaptic formation and
neurotransmission have been found in both disorders (e.g.,
Guilmatre et al. 2009), and studies have noted similar
functional abnormalities in affected brain regions (Pink-
ham et al. 2007; Sugranyes et al. 2011), particularly in
those areas associated with social cognition. Finally, recent
neuroimaging findings from a CET trial in early course
schizophrenia have shown that at least some of the bene-
ficial effects of the treatment are due to a neuroprotective
effect of CET on brain structures (e.g., amygdala, fusiform
gyrus) commonly implicated in social-cognitive impair-
ment in both schizophrenia and autism (Eack et al. 2010b),
thus providing initial evidence that the approach may target
underlying neural pathways that are shared between these
disorders. Taken together, these observations suggest that a
treatment that effectively addresses the neural basis of
information processing deficits in schizophrenia is likely to
have promise for treating similar impairments in autism.

To examine the feasibility, acceptability, and potential
efficacy of CET in adults with ASD, two initial cohorts of
verbal adults with these conditions were recruited to par-
ticipate in an uncontrolled, 18-month trial of CET adapted
for ASD. Primary outcomes included treatment adherence
and satisfaction, and secondary outcomes included impact
on cognition and social adjustment. We hypothesized that
CET could be feasibly applied to verbal adults with ASD
once appropriate adaptations were made, and that the
intervention would be well-tolerated and acceptable to
these individuals as evidenced by high treatment atten-
dance (=70 % of sessions), high retention (>70 % of
participants would complete the entire 18 months of
treatment), and high satisfaction (average satisfaction
scores of “mostly satisfied” or greater). In addition, we
hypothesized that the application of CET to adults with
ASD in this feasibility study would provide preliminary
evidence of benefits to cognition and adaptive behavior in
this population, as evidenced by at least medium-sized

(d = .50) or greater improvements on measures of neuro-
cognition, social cognition, and social adjustment.

Method
Participants

Participants included 14 verbal adults enrolled in a feasi-
bility study of CET for ASD. Individuals were included if
they met expert clinical opinion and research criteria for
autistic disorder or autism spectrum disorder using the
Autism Diagnostic Observation Schedule (Lord et al.
2000), met autism cutoffs on the Autism Diagnostic
Interview-R (Lord et al. 1994), were age 18-45 years, had
an IQ > 80 as assessed by the Wechsler Abbreviated Scale
of Intelligence (Wechsler 1999), had not abused substances
in the 3 months prior to enrollment, did not exhibit
behavioral problems that would negatively impact other
participants in the program, and demonstrated cognitive
and social disability on the Cognitive Style and Social
Cognition Eligibility Interview (Hogarty et al. 2004). This
semi-structured interview has been validated in previous
studies of CET for patients with schizophrenia, and is used
to provide a clinical assessment of cognitive dysfunction
and social impairment indicative of the need for treatment.

Enrolled participants were mostly young adults, with an
average age of 25.29 (SD = 5.72) years, predominantly
male (n = 12), and all Caucasian. Over half (n = 8) of the
participants met criteria for autism, with the remaining
meeting criteria for ASD. Psychiatric, learning, and other
developmental comorbidities were common (n = 7) and
included anxiety disorders (n = 4), depressive disorders
(n = 4), personality disorders (n = 1), developmental
dysgraphia (n = 1), learning disorder NOS (n = 1),
mathematics disorder (n = 1), and motor coordination
disorder (n = 1); four participants had more than one
significant comorbidity. Although the majority (n = 12) of
individuals had attended some college and the average full
scale 1Q for the sample was above average (M = 117.70,
SD = 16.77, range = 92-157), only half (n = 7) of the
participants were employed, and all participants, except for
one, were living with their family. Of those individuals
employed, all were in jobs below levels commensurate
with their education and intellectual level; every employed
participant had received at least some college education
and had higher levels of intellectual functioning (range of
IQ = 107-157), yet none were employed in positions
greater than clerical work. These findings are commensu-
rate with Leo Kanner’s early report about adults with
autism who had the best outcomes (Kanner et al. 1972). All
participants provided written, informed consent prior to
participation and the study had the approval of the
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institutional review board for human subject research
protection.

Measures
Treatment Acceptability and Adherence

Measures of treatment acceptability and adherence repre-
sented the primary outcome measures for this initial fea-
sibility study of CET in verbal adults with ASD. Treatment
acceptability and satisfaction was measured using the Cli-
ent Satisfaction Questionnaire-8 (CSQ-8; Larsen et al.
1979) with wording adapted for CET, which is a field
standard measure of treatment satisfaction that has been
widely employed to assess the acceptability of psycho-
therapy programs. This measure consists of § items rated
between 1 (“quite dissatisfied”) and 4 (“very satisfied”) to
assess self-reported satisfaction with treatment programs.
The CSQ-8 has been shown to be a reliable and valid
measure of treatment acceptability (Larsen et al. 1979), and
was completed during the first quarter of treatment and at
the end of treatment by participants. Research staff inde-
pendent of the treating clinicians providing CET were
available to participants during the completion of this
questionnaire to help record responses and to answer any
questions regarding the instrument. Treatment adherence
was assessed throughout the course of the study by the
treating clinician using attendance logs for neurocognitive
training and social-cognitive group session appointments.
These logs were kept and recorded in real-time, and their
accuracy was checked when necessary by reviewing neu-
rocognitive session scoring sheets and social-cognitive
group session videotapes.

Cognitive and Behavioral Outcomes

An abbreviated battery of measures of cognition and
behavior was included in this research to provide an initial
assessment of the efficacy of CET adapted for adults with
ASD. Neurocognition was assessed using the NIMH
MATRICS Consensus Cognitive Battery (Green et al.
2004), which is a battery of standardized neuropsycho-
logical tests originally compiled to assess the efficacy of
cognitive enhancing medication in patients with schizo-
phrenia. This battery assesses neurocognitive dysfunction
in a variety of domains relevant to the treatment of ASD,
including processing speed, attention/vigilance, verbal and
non-verbal working memory, verbal learning, visual
learning, reasoning and problem-solving, and social cog-
nition. Since the MATRICS battery does not include an
assessment of cognitive flexibility, which is a critical
domain of impairment in ASD, the battery was expanded to
include the Wisconsin Card Sorting Test (Heaton et al.
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1993). To avoid the effects of repeated testing on neuro-
cognitive measures, testing intervals were long (9 months)
and alternate versions of cognitive tests were used when
available, particularly for those tests likely to have high re-
test effects (i.e., verbal learning and problem-solving
assessments).

Multiple additional measures of social cognition, which
is minimally assessed in the MATRICS battery, included
the full Mayer-Salovey-Caruso Emotional Intelligence Test
(MSCEIT; Mayer et al. 2003), the Penn Emotion Recog-
nition Test-40 (Kohler et al. 2003), and the Social Cogni-
tion Profile (Hogarty et al. 2004). The MSCEIT is a
141-item performance-based measure of emotional intel-
ligence that has been validated for assessing the domains of
emotion perception, facilitation, understanding, and man-
agement (Mayer et al. 2003). The Penn Emotion Recog-
nition Test is a 40-item test of facial emotion recognition,
which has been shown to assess brain functions supporting
emotion perception (Gur et al. 2002). The Social Cognition
Profile is a 50-item clinician-rated measure of social-cog-
nitive behaviors used in previous studies of CET (Hogarty
et al. 2004; Eack et al. 2009), which assesses the domains
of tolerant (e.g., accepting, cooperative, flexible), percep-
tive (e.g., foresightful, gistful, sensitive to others’ feelings),
supportive (e.g., empathic, reciprocal, friendly), and self-
confident (e.g., comfortable, assertive, involved) behaviors
indicative of adequate social cognition. To ensure these
measures provided an assessment of generalizable cogni-
tive improvement, all cognitive measures used to assess
treatment outcomes in this research were different from the
neurocognitive exercises upon which participants were
trained during the course of CET.

Finally, dysfunctional cognitive style and social adjust-
ment were repeatedly assessed using the Cognitive Style
and Social Cognition Eligibility Interview (Hogarty et al.
2004), which is a semi-structured interview designed, in
part, to elicit responses and behaviors from participants
about cognitive and functional challenges in their lives that
reflect the core cognitive profiles or “styles” that become
key treatment targets in CET. Items are rated based on
behavioral adjectives from the interview on a 1 (“rare”) to
5 (“very severe”) scale and provide a dimensional
assessment of impoverished (e.g., reduced affect, lack of
motivation, difficulty planning), disorganized (e.g., diffi-
culty maintaining attention/staying on task, ineffective
inhibition, chaotic/imprecise planning), and inflexible (e.g.,
obsessive/repetitive thinking, fixed cognitive schema, pre-
occupation with details) cognitive functioning. Measure-
ment of functional outcome was purposely limited in this
pilot study, and was assessed by separate interview areas
on the Cognitive Style and Social Cognition Eligibility
Interview, which included assessments of vocational inef-
fectiveness, interpersonal ineffectiveness, and adjustment
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to disability. Interview questions for these domains covered
current employment, school, and household activities
(vocational ineffectiveness); the quality and quantity of
interactions with friends and family members (interper-
sonal ineffectiveness); and knowledge of autism and the
ability to adapt to its challenges (adjustment to disability).
After the interview, items covering these domains were
rated from 1 (“rare”) to 5 (“very severe”), and together
they provided a basic assessment of social adjustment and
adaptive function.

Cognitive Enhancement Therapy

Cognitive Enhancement Therapy (CET) is a comprehen-
sive, developmental approach to the treatment of social and
non-social cognitive impairments that was originally
developed for patients with schizophrenia (Hogarty et al.
2004). Over the course of 18 months, CET integrates 60 h
of computer-based neurocognitive training in attention,
memory, and problem-solving with a structured 45-session
social-cognitive group curriculum designed to facilitate the
achievement of adult social-cognitive milestones, particu-
larly perspective-taking and social context appraisal.
Neurocognitive training is strategic in nature, and is
designed to help individuals improve core deficits in basic
information processing that contribute to poor social cog-
nition and social adjustment. A CET coach pairs and
guides two individuals to participate in computer-based
cognitive exercises for 1 h each week to develop and
practice strategies for improving cognition, including
increasing processing speed, sustaining attention, devel-
oping a schematization or categorizing capacity, increasing
cognitive flexibility, managing frustration, becoming more
strategic and foresightful in planning, and increasing their
ability to engage in conversations and give support to each
other.

Neurocognitive training exercises are all computer-
based and are divided into three modules: attention,
memory, and problem-solving. A hierarchical approach to
training is taken such that lower-order cognitive abilities
are trained first (e.g., processing speed, sustained attention)
followed by more complex, higher-order cognitive abilities
(e.g., working memory, planning, and executive function).
This staging of training is based on models of information
processing that indicate that basic, fundamental aspects of
cognition support higher-order cognitive processes (Simon
1979). Attention training makes use of the Orientation
Remediation Module developed by Ben-Yishay et al.
(1985), and memory and problem-solving training uses the
PSSCogRehab software developed by Bracy (1994). An
example of an early neurocognitive training exercise is the
Attention Reaction Conditioner, where participants must
respond to a critical stimulus (center target light) on the

computer screen by pressing the space bar as quickly as
possible. If participants respond within the critical stimulus
window (170, 300, or 450 ms), they will illuminate all 9
feedback lights on the screen indicating they were suc-
cessful for that trial; fewer feedback lights will illuminate
the farther outside the critical stimulus window participants
respond. A constant 5 s delay is always present between
the time when the computer prompts participants that the
exercise is beginning and when the critical stimulus illu-
minates. Initially, auditory cues (beeps) are presented 1 per
second for each of these 5 s until the critical stimulus is
presented. Gradually these cues are faded such that par-
ticipants must sustain their attention and keep track of the
timing of the critical stimulus presentation on their own.
Additionally, as participants master the exercise, the win-
dow for responding to the critical stimulus is reduced (e.g.,
from 300 to 170 ms), requiring a very rapid speed of
processing to succeed. The use of cueing and fading, and
the adaptive nature of this exercise are illustrative of the
neurocognitive training processes used in CET. In total,
there are 3 attention, 7 memory, and 6 problem-solving
neurocognitive computer exercises (see Hogarty and
Greenwald 2006 for more detail).

After several months of neurocognitive training in
attention, 68 participants (3—4 pairs) come together to
form a social-cognitive group. Through the use of in vivo
cognitive exercises and psychoeducation, the weekly 1.5 h
social-cognitive group sessions provide rich secondary
socialization experiences that target a broad, theoretically-
driven array of social-cognitive abilities ranging from
abstracting the “gist” from spontaneous, unrehearsed
social interactions to understanding the perspectives of
others, accurately appraising novel social contexts, and
managing emotions. Generalization of these abilities to
everyday life is a key emphasis of the CET group and is
supported through homework assignments, individually-
tailored recovery/treatment plans, and generalization
exercises designed to consolidate learning. Social-cogni-
tive group sessions are designed to make effective use of
the group context to provide secondary socialization
opportunities to participants (e.g., learning from observing
peers and coaches), which is a fundamental avenue for
higher-order social-cognitive development (Selman and
Schultz 1990). Each CET group session is highly structured
and generally includes a Welcome Back introduction to the
session; a Homework Presentation that is chaired by one of
the group members; a Cognitive Exercise designed to
facilitate the development of social-cognitive abilities,
usually involving two group members; Feedback from
group members and therapists/coaches on the performance
of individuals participating in the exercise; a brief Psy-
choeducational Lecture on a new social-cognitive topic;
and a Homework Assignment based on the lecture.
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The CET group cognitive exercises are not computer-
based, but performed in vivo center stage in the group, and
as in everyday life, purposely integrate multiple aspects of
social cognition. Condensed Message is an example of a
CET group cognitive exercise where participants are pre-
sented with a social problem (e.g., a son learns that his
father has left his wallet at an airport restaurant), and must
send a brief message (e.g., a 10-word page over the airport
public address system) from one person in the scenario
(e.g., the son) to the other (e.g., the father) to get the
recipient of the message to act a certain way (e.g., retrieve
the wallet before boarding the plane). This requires par-
ticipants to identify the perspectives of both the sender and
receiver of the message, including their intentions and
emotions; to construct a gistful, but meaningful message
that will urge the recipient to act; and to be sensitive to the
social context when constructing the message (e.g., it may
not be advisable to announce to the entire airport that a
wallet is available). As with most CET group exercises,
Condensed Message is performed in pairs, and thus par-
ticipants must also work collaboratively to resolve dis-
crepancies and arrive at a mutually agreed upon solution.
Neurocognitive training proceeds concurrently with the
social-cognitive groups throughout the remaining course of
treatment, and content from the two modalities are con-
tinuously integrated. The practice principles and methods
of the treatment originally developed for patients with
schizophrenia are described in detail elsewhere (Hogarty
and Greenwald 2006).

The targets of CET are the cognitive abilities that
underlie successful interpersonal interactions and problem-
solving in daily life that can be applied to novel, unre-
hearsed social exchanges. It is important to distinguish the
methods of CET from those of social skills training, which
uses behavioral rehearsal to target specific behaviors (e.g.,
how to greet a family member, how to behave appropriately
at the dinner table) in specific, rehearsed social situations. In
CET, the training of cognitive abilities central to all inter-
personal encounters is expected to lead to greater general-
ization and thus, improved adaptive function. The range of
abilities addressed is purposively broad, and includes both
social (e.g., perspective-taking, social context appraisal,
reciprocity) and non-social (e.g., processing speed, plan-
ning, strategic thinking) aspects of cognition. The ability to
take the perspective of others and identify their thoughts,
feelings, and intentions is hypothesized to be the central
unifying focus of CET, and training in other aspects of
cognition (e.g., improving speed of processing to assess the
perspective of others quickly, learning to identify emotional
and other non-verbal cues in others to assess a person’s
emotional state) support the development of these abilities.

Several adaptations to CET were made to ensure the
applicability of the treatment to the unique needs of adults
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with ASD. The largest adaptations occurred with regard to
the early components of the social-cognitive group cur-
riculum, which originally focused on psychoeducation
about schizophrenia. Such content was removed and
replaced with the latest knowledge and understanding of
ASD and its impact upon cognition, information process-
ing, social cognition, sensory perception, and emotion
management. In addition, some of the computer exercises
in the neurocognitive training produced sounds that were
uncomfortable to some participants, and these exercises
were altered to mute such sounds. Coaches also had to alter
their approach in working with participants with ASD, who
unlike individuals with schizophrenia, often do not ask for
help and commonly needed greater clinical outreach and
engagement. A more guided, repetitive, and elaborated
approach was also employed in the training of some
advanced abilities (e.g., providing support, perspective-
taking) in the social-cognitive groups, as the impairments
in social cognition experienced by individuals with ASD
who have not had normal early periods of social develop-
ment were at times considerably greater than those
observed in schizophrenia. Overall, however, we found the
need for adaptations to be surprisingly minimal compared
to initial expectations, as the majority of the content in
CET was perceived as highly applicable by both ASD
participants and clinicians. These adaptations are being
collated in a supplement to the existing CET treatment
manual.

Procedures

Participants were recruited from support groups, commu-
nity colleges and universities, previous research studies,
specialty clinics, and local advocacy groups for an
18-month study of CET for verbal adults with ASD. Upon
recruitment, participants were assessed for diagnostic and
1Q eligibility by trained research staff from the University
of Pittsburgh Autism Center of Excellence who have
extensive experience with adults with ASD and disorders
with which it can be confused. Staff were supervised by a
study psychologist. A member of the clinical team then
conducted a videotaped interview of the participant using
the Cognitive Style and Social Cognition Eligibility
Interview (Hogarty et al. 2004). Final eligibility determi-
nations were made in consensus meetings based on review
of all available diagnostic, testing, and interview data.
Eligible participants were then assigned to 18 months of
active treatment with CET, and administered cognitive and
behavioral outcome measures prior to initiating treatment
and every 9 months thereafter. Cognitive assessments were
administered by master’s-level neuropsychological testers
supervised by a study psychologist, and clinical and
behavioral assessments were completed by the treating
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CET clinician. CET was provided by master’s and doc-
toral-level clinicians who were experts in its use in
schizophrenia and had been trained in the treatment of
ASD. This research was conducted between August, 2009
and December, 2011.

Results
Treatment Acceptability and Adherence

The primary goal of this study was to assess the feasibility
of recruiting an initial sample of verbal adults with ASD
and treating them with CET. The community response to
recruitment and intake was largely positive. Within a
6-month period, 25 individuals were referred for potential
participation in the study, 14 of whom met full study
inclusion criteria. Among those who were not enrolled, the
majority failed to meet inclusion criteria with 2 individuals
not meeting research diagnostic criteria for ASD, 2 dem-
onstrating an IQ < 80, 1 experiencing active substance use
problems, and 1 demonstrating behavioral problems that
were contraindicated to group participation. In addition, 4
individuals were not interested in participating in an
experimental treatment study despite their parents con-
tacting the study to express interest, and 1 individual was
interested but could not feasibly participate due to distance
from the program.

Of the 14 individuals who enrolled in the study, 11 (79 %)
completed the entire 18 months of treatment. One partici-
pant withdrew at 9 months due to increased hours of
employment; 1 was administratively terminated at 9 months
due to personality disorder instability; and 1 completed the
entire 18 months of the study, but could not attend the social-
cognitive groups due to persistent family and transportation
problems, and thus was not considered to have completed
treatment. Treatment adherence was high across both neu-
rocognitive training (89 %) and social-cognitive group
(85 %) sessions, with an 87 % average overall attendance
rate at treatment sessions. In addition, treatment satisfaction
among all participants (treatment completion ratings for
completing participants and interim ratings for partial
completers) was also high with average CSQ-8 total and
overall satisfaction scores for the program of 3.27
(SD = .46) and 3.57 (SD = .51) out of 4.00, respectively.
These ratings indicate that individuals were “mostly satis-
fied” to “very satisfied” with CET (see Table 1).

Effects on Cognition and Behavior
Although the emphasis of this study was to assess the fea-

sibility of adapting and applying CET to verbal adults with
ASD, preliminary cognitive and behavioral outcome data

were examined to provide an initial assessment of treatment
efficacy. Efficacy analyses made use of intent-to-treat linear
mixed-effects models predicting outcome from study
timepoint that included all 14 individuals who received any
exposure to CET, and allowed unequal variances across
study timepoints to account for heteroscedasticity (Rau-
denbush and Bryk 2002). The statistical significance of
change in outcome measures was evaluated using ¢ tests,
two-tailed, of the linearly-coded fixed-effect time regres-
sion coefficient from these models. Unsuccessful attempts
were made to collect reliable 18-month data on the two
individuals who either withdrew early or were administra-
tively terminated at 9 months. Missing data were therefore
handled using the expectation—maximization approach to
facilitate intent-to-treat analyses (Dempster et al. 1977).
As can be seen in Fig. 1, highly significant (all
p < .001) and large (d = 1.40-2.29) levels of improve-
ment were observed across composite domains of neuro-
cognition, cognitive style, social cognition, and social
adjustment. Neurocognitive improvement was particularly
large in the domain of processing speed, which was also the
greatest area of non-social cognitive impairment in the
sample prior to treatment, and significant levels of
improvement were observed in all neurocognitive domains,
with the exception of attention/vigilance (see Table 2). In
addition, all clinician-rated aspects of dysfunctional cog-
nitive style showed significant levels of improvement.
Social cognition and social functioning proved to be the
largest domains of improvement in this study (see Fig. 1).
Social cognition was significantly improved across both
clinician-rated and performance-based measures, particu-
larly with regard to emotion understanding and manage-
ment. A trend-level (p = .055) effect was observed for
improvements in emotion perception, which was primarily
due to an improvement in accuracy in the perception of sad
faces, #(25) = 2.43, p = .023, d = .61. Importantly, these
social-cognitive gains generalized to broader improvements
in adaptive function and social adjustment, as large and
highly significant levels of improvement were observed in
vocational effectiveness, interpersonal effectiveness, and
participants’ ability to adjust to their condition, as measured
by the Cognitive Style and Social Cognition Eligibility
Interview (see Table 2). Taken together, such findings
suggest that CET is a feasible, acceptable, and potentially
effective approach to the treatment of cognitive impair-
ments in adults with ASD that can confer substantial ben-
efits to social and adaptive function in these individuals.

Discussion

Adults with ASD experience significant impairments in
social and non-social cognition that place profound
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Table 1 Acceptability and adherence of Cognitive Enhancement
Therapy in adults with autism spectrum disorder (N = 14)

Measure N %
Adherence
Number completing first 9 months of CET 14 100
Number completing entire 18 months of CET 11 79

Average percent of neurocognitive training sessions 89 15
attended (M/SD)

Average percent of social-cognitive group sessions 85 14
attended (M/SD)
Acceptability
Average overall satisfaction with CET (M/SD)* 3.57 51
Average CSQ-8 total satisfaction score (M/SD)* 327 .46
Number “mostly satisfied” with CET 14 100

CET Cognitive Enhancement Therapy, CSQ-8 Client Satisfaction
Questionnaire 8

* Rated on a 1-4 scale, with higher scores indicating greater
satisfaction

limitations on their ability to function adaptively. Treat-
ment development efforts for autism have focused pri-
marily on childhood (Kasari and Lawton 2010), and
interventions designed to address the vast array of core
neurocognitive and social-cognitive deficits that limit
functional outcome in adults with these conditions have yet
to be developed. This is the first study to examine the
feasibility and applicability of CET, a comprehensive
cognitive rehabilitation intervention, in adults with ASD.
Results revealed that CET was well tolerated by partici-
pants, who were not compensated for attending treatment.
Rates of neurocognitive and social-cognitive training ses-
sion attendance were consistently high, and 79 % of the
sample was retained for the entire 18-month course of
treatment. In addition, when asked about their experience
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in the program by an independent rater, participants
reported high degrees of satisfaction with CET. The results
of efficacy analyses were also positive, with large and
highly significant levels of improvement observed across
all cognitive and behavioral domains assessed. These
findings provide the first evidence of the feasibility,
acceptability, and initial efficacy of long-term cognitive
rehabilitation with CET for verbal adults with ASD.

The results of this feasibility study have several
important potential implications for the treatment of verbal
adults with autism. Despite having above-average intelli-
gence scores and being labeled as “high-functioning,” it
was clear that this sample experienced substantial disability
that would warrant the need for cognitive rehabilitation; all
participants met study criteria for significant social and
cognitive disability. Furthermore, half of this working-age
sample of participants were not employed, those who were
employed held jobs well below their academic qualifica-
tions, and the majority of the sample was dependent upon
their families. The high levels of satisfaction and treatment
attendance observed in this study are indicative not only of
the feasibility of CET for this population, but also confirm
that verbal adults with ASD are interested in continuing to
receive treatment in adulthood and are willing to devote a
substantial amount of time and effort to participating in
interventions that they find beneficial.

Findings regarding treatment efficacy have implications
for the plasticity of the adult autism brain. Given that many
of these cognitive impairments have been present since
early childhood, the large levels of improvement in cog-
nition observed in this preliminary study suggest that there
remains a window of opportunity to capitalize on neuro-
plasticity and positively affect cognition in these conditions
well into adulthood. Neuroimaging studies are currently in

Social
Adjustment

Social
Cognition

Cognitive
Style
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Table 2 Univariate effects of Cognitive Enhancement Therapy on cognition and behavior in adults with autism spectrum disorder (N = 14)

Variable Baseline 9 months 18 months Analysis
M SE M SE M SE t p d
Neurocognition® 5120 213 5821 1.73 6522 224 523  <.001 1.40
Processing speed” 38.69 826 5733 696 7598  8.30 4.16  <.001 1.22
Attention/vigilance® 4928 890 5097 8.08 5266 893 45 .657 12
Working memory” 5559 832 7166 684 8772 757 3.96 .001 .81
Verbal learning” 5320 810 60.12 755 67.03 823 224 .034 43
Visual learning” 41.03 628 5547 426 6992 6.15 3.19 .004 1.13
Problem-solving” 4582 893 5685 8.18 67.88 7.99 500 <.001 .63
Cognitive flexibility
WCST: Perseverative errors (log) 2.23 .16 1.78 .08 1.32 .19 —2.80 .010 —1.33
WCST: Non-perseverative errors (log) 2.10 .19 1.69 .10 1.27 .19 —2.54 .018 —-93
Cognitive style® 5298 252  61.85 200 7072 240 6.15 <.001 1.77
Impoverished style® 9.54 44 8.34 37 7.14 42 =527 <.001 -—1.01
Disorganized style® 8.71 57 7.68 .50 6.65 S5 —422  <.001 —.95
Rigid style® 10.71 52 9.49 A4 8.26 46  —-581 <.001 —1.42
Total impairment, disability, and social handicap’ 28.77 99 2532 76 21.87 94 =579 <.001 —1.69
Highest cognitive style score® 11.59 46 10.13 40 8.67 45 —6.28 < .001 —1.70
Social cognition® 5237 3.07 6239 255 7241 2.86 6.60 <.001 2.00
Social cognition profile®
Tolerant factor 3.35 A1 3.73 .09 4.11 .10 8.02 <.001 1.75
Supportive factor 2.45 .14 3.05 .13 3.65 .14 9.79 <.001 2.39
Perceptive factor 2.58 13 3.15 .08 3.72 11 7.09 <.001 2.04
Confident factor 2.62 13 3.10 .09 3.58 .10 638 <.001 1.36
MSCEIT
Emotion facilitation (z) 21 28 .16 23 11 23 —.44 .661 —.10
Emotion understanding (z) —.11 31 .26 25 .63 .28 2.35 .027 73
Emotion management (z) —.02 27 .30 .20 .61 21 2.19 .038 .62
Penn emotion recognition test-40° 30.80 1.09 3132 1.08  31.85 1.12 2.01 .055 24
Social adjustment® 5197 245 6339 182 7482 232 7.43 < .001 2.29
Cognitive style and social cognition eligibility interview
Vocational ineffectiveness® 3.77 .16 3.24 13 2.71 A7 =553 <.001 —1.52
Interpersonal ineffectiveness® 4.03 13 343 12 2.82 d6 —748 <.001 —2.54
Adjustment to disability® 3.12 15 2.52 .09 1.92 .08 =722 <.001 —1.82

Means and standard errors are adjusted from linear mixed-effects intent-to-treat models. Effect sizes, ¢ tests, and p values reflect the results of
these mixed-effects models evaluating the size and significance of change over the entire 18-months of treatment in reference to the null

hypothesis of no change during this time period

MSCEIT Mayer-Salovey-Caruso Emotional Intelligence Test, WCST Wisconsin Card Sorting Test

# Composite score scaled with a mean (SD) of 50 (10), with higher scores indicating better cognitive and behavioral functioning

® Percentile score

¢ Scores range from 3 to 15, with higher scores indicating greater cognitive dysfunction

4 Scores range from 9 to 45, with higher scores indicating greater impairment from cognitive dysfunction

¢ Scores range from 1 to 5, with higher scores indicating better social-cognitive functioning

T Scores range from 0 to 40, with higher scores indicating better social-cognitive functioning

€ Scores range from 1 to 5, with higher scores indicating worse social adjustment

progress to characterize the neuroplastic effects of CET on
the brain in autism, and to define the neural mechanisms
underlying these improvements. The efficacy analyses also

support the need for long-term treatment in this population,
as the effects of CET at 18 months of treatment were
considerably larger than those observed at 9 months.
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The need for long-term treatment is consistent with the
conceptualization of autism as a long-term condition that
begins very early in life, and evidence that many of the
adults with this condition receive little autism-specific
treatment (Shattuck et al. 2011).

Despite the implications of this research for under-
standing and advancing the treatment of adults with ASD,
these findings need to be interpreted in the context of a
number of limitations. This study was characterized by a
small sample size, which was appropriate for a first feasi-
bility study, but also limits inferences regarding the gen-
eralizability of these results. The repeated use of cognitive
tests could have also introduced testing effects that resulted
in some gains in cognition, although the magnitude of
cognitive improvements observed in this study are unlikely
to be fully accounted for by assessments repeated on a
9-month basis. The presence of statistical regression
toward the mean could have also accounted for some
improvements in outcome. In addition, some behavioral
assessments were completed by study clinicians involved
in the treatment of participants, although large and signif-
icant levels of improvement were also observed on more
objective performance-based measures of social and non-
social cognition. Further, assessment of changes in adap-
tive function was limited in this feasibility study, and it will
be important to evaluate the effects of CET on functional
outcome more comprehensively. CET is also only appro-
priate for individuals with ASD who are verbal and do not
experience a comorbid intellectual disability, and it will be
important for researchers to develop alternative approaches
for those who have not developed speech and experience
intellectual disability. Finally, the absence of a treatment
control condition limits inferences regarding the specificity
of the effects of CET compared to usual care or other
active treatment approaches. A treatment control condition
was not included because this initial study focused first on
establishing the feasibility of applying CET to verbal adults
with ASD, before proceeding with a costly clinical trial.
Future studies should incorporate active control interven-
tions that account for the potential non-specific effects of
CET (e.g., provision of support, attention by a skilled
therapist, development of a good therapeutic relationship).
A randomized-controlled trial of CET compared to an
appropriately-matched active treatment control is in pro-
gress, which will help address the limitations of this pilot
study. Further conclusions regarding the efficacy of CET in
verbal adults with ASD will therefore be reserved until the
completion of this new controlled trial.

In summary, this research provides the first evidence of
the feasibility of CET, a comprehensive neurocognitive and
social-cognitive remediation approach, in verbal adults
with ASD. Such cognitive rehabilitation interventions have
been available and highly successful with individuals with

@ Springer

other neurological disorders, and although these results are
limited by a modest sample size and the absence of a
treatment control condition, findings suggest that CET is an
acceptable and satisfying treatment for verbal individuals
with ASD that may have substantial benefits for cognitive
and functional outcomes in this population.
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