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COMPUTERIZED WORKING MEMORY TRAINING

Abstract

This pilot study sought to identify potential markers of treatment response to computerized
working memory (WM) training for youth (age 8-18) with autism spectrum disorder (ASD) and
comorbid intellectual disability (ID) in a single arm, pre- post-design. Participants included 26
children with ASD and 18 with comorbid ASD and fragile X syndrome (ASD+FXS). Analyses
were adjusted for age and 1Q. The ASD group demonstrated greater improvement on WM
training relative to the ASD+FXS group. Participants improved on WM and far transfer
outcomes, however, there were no significant group differences in improvement except for
repetitive behavior. Higher hyperactivity/impulsivity ratings predicted lower performance on
visuospatial WM. Findings suggest cognitive training may be beneficial for youth with ASD and

ID, warranting further exploration.
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Working Memory Training in Youth with Autism, Fragile X, and Intellectual Disabilities: A
Pilot Study

Autism spectrum disorder (ASD) is an early onset, neurodevelopmental disorder
characterized by deficits in social communication and interaction, and restricted, repetitive
patterns of behavior, interests, or activities (American Psychological Association, 2013). ASD
has an overall prevalence of 1.47% of children in the United States (Baio et al., 2018), and is
associated with numerous adverse functional outcomes, including impairment in academic
performance (Miller et al., 2017), social relationships (Mendelson et al., 2016), and daily living
skills (Bal et al., 2015).

Fragile X syndrome (FXS) is the leading single-gene cause of ASD, accounting for an
estimated 1% to 6% of all cases of ASD (Mubhle et al., 2004; Schaefer & Mendelsohn, 2008).
FXS results from a full mutation, an expansion of more than 200 trinucleotide (CGG) repeats, in
the fragile X mental retardation 1 (FMR1) gene at Xq27.3 (Oostra & Willemsen, 2003). The full
mutation causes a diminished or absent production of FMR1 protein (FMRP), which plays a
crucial role in brain development and functioning (Bassell & Warren, 2008). Consequently,
individuals with FXS typically experience many cognitive, social, and linguistic deficits, including
intellectual disability (ID), language impairment, and ADHD-related behaviors (Bailey et al.,
2001; Roberts et al., 2007).

Deficits in executive functioning, a broad construct of higher-order cognitive processes
that enable goal directed behavior and novel problem solving (Baddeley, 2007; Miyake et al.,
2000) are well-documented in both ASD (Craig et al., 2016) and FXS (Schmitt et al., 2019).
Among the many executive function deficits experienced by individuals with ASD and FXS,
working memory (WM) has received considerable attention. Accumulating evidence indicates
that WM is largely impaired in ASD (Wang et al., 2017) and FXS (Baker et al., 2011), and is
strongly related to critical functional outcomes, such as academic achievement (Alloway, 2009;

Friedman et al., 2018; Swanson et al., 2009), and to behavioral and genetic components of ASD
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and FXS, respectively. For example, poor verbal WM is associated with greater problems in
adaptive behavior and more restrictive and repetitive behavior in ASD (Kercood et al., 2014).
Among individuals with FXS, WM has been shown to be significantly correlated with FMRP,
even after accounting for mean parental 1Q, quality of the home environment, and educational
services (Dyer-Friedman et al., 2002). Significant correlations have also been found between
FMRP expression and frontal lobe brain activity in regions involved in WM performance (Kwon
et al., 2001). Collectively, these findings suggest that WM may be a critical target for
intervention.

Treatment for ASD, and especially affected persons with below average intellectual
ability levels, traditionally involves an individualized and intensive (e.g., 40 hours per week) one-
on-one behavioral treatment program (i.e., Applied Behavior Analysis). This form of intervention
has the strongest evidence base (Roane et al., 2016; Weitlauf et al., 2014); however, with the
rising prevalence of ASD (Baio et al., 2018), limited access to trained professionals, and the
relatively high cost of service delivery, there is a need for additional and supplemental
interventions. Similarly, investigation of additional treatment for FXS may be beneficial due to
inconclusive evidence regarding the primary treatment (i.e., pharmacological intervention) for
the disorder (Berry-Kravis et al., 2018).

Based on the findings discussed above, one potential, supplemental treatment is
computerized working memory training (CWMT). Cogmed is likely the most widely investigated
CWMT program, with over 80 original, peer-reviewed research articles (Cogmed Claims and

Evidence; https://www.cogmed.com/). Briefly, Cogmed involves at-home practice on memory

span tasks that increase in difficulty as performance improves. Training is often completed on
an iPad or Android tablet under supervision of a parent and is coupled with off-line coaching
from a staff member. The premise behind CWMT is that repeated practice of WM will result in
improvement in the neural systems that support WM (Sala & Gobet, 2017; Shipstead et al.,

2012). By extension, these WM improvements are expected to transfer to other abilities that rely
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on the same neural networks (Simons et al., 2016). Compelling literature indicates that WM
underlies inattentive and hyperactive/impulsive symptoms (Kofler et al., 2010; Rapport et al.,
2009), social functioning (McQuade et al., 2013), and academic performance (Swanson &
Alloway, 2012), and thus improvement in WM is expected to result in improvement in other
cognitive and behavioral domains (Klingberg et al., 2005).

The evidence regarding CWMT in ASD has been mixed, with some studies indicating
none to little improvement (de Vries et al., 2015; 2018) and another preliminary study
suggesting some improvement (Kerns et al., 2017), though neither study involved the use of
Cogmed’s version of CWMT or involved children with ID. CWMT-related improvements in WM
measures (near-transfer effects) are well-documented across typically developing children (Sala
& Gobet, 2017) and other populations, such as ADHD (Rapport et al., 2013). Participants
significantly improve (e.g., recall more stimuli correct) on memory tasks that are similar or
identical to the training tasks in CWMT (Sala et al., 2019), and improvements are maintained up
to 3-6 months post-training (Rapport et al., 2013). A recent meta-analysis examining Cogmed’s
version of CWMT in children and adults with and without clinical disorders revealed small to
medium effects in memory tasks (i.e., near transfer measures; Aksayli, Sala, & Gobet, 2019);
however, improvement in other domains (far-transfer effects) are less consistent. For example,
some investigations indicate CWMT-related improvement in simulated academic and academic
domains (Green et al., 2012; Shinaver, 2014), while other studies have shown that CWMT
improvements do not generalize to nonverbal and verbal reasoning, academic achievement, or
other executive functions (Melby-Lervag & Hulme, 2013; Rapport et al., 2013; Shipstead, Hicks,
& Engle, 2012). These inconsistent findings beg the question of whether certain factors, genetic
or behavioral, influence the efficacy of CWMT.

Individuals with ASD caused by a specific single gene (i.e., FMR1 mutation) may differ in
treatment response compared to children with idiopathic ASD. Boys with FXS and comorbid

ASD display less severe ASD symptoms, particularly in the social domain, relative to those with
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ASD without FXS (Abbeduto et al., 2019; Thurman et al., 2015), however, they exhibit poorer
developmental outcomes, including weaker communication and adaptive behaviors, and
greater cognitive impairment (Bailey et al., 2000). Few studies have investigated the
effectiveness of CWMT in FXS (Hessl et al., 2019; Scott et al., 2020). A randomized controlled
trial (RCT) of CWMT in children with FXS revealed improvements in WM, attention, and other
executive functions with maintained improvements at 3 months follow-up (Hessl et al., 2019).
Improvement between adaptive and non-adaptive treatment conditions did not differ, indicating
that increasing WM load by expanding span length did not provide added benefit. While Hessl|
and colleagues provided evidence that CWMT can improve WM, attention, and other executive
functions in children with FXS, it remains unknown whether the presence of the FMR1 mutation
(FXS) may impact treatment response in children with ASD.

It is also possible that ADHD behavioral symptoms may serve as a behavioral marker for
treatment response to cognitive training. A substantial portion of children with ASD (40-70%;
Lyall et al., 2017; Rommelse et al., 2010) and FXS (54-59%; Sullivan et al., 2006) exhibit
significant problems with attention, impulsivity, and excessive gross motor activity, which may
exacerbate academic and social difficulties at home and at school. While one study has
demonstrated that ADHD symptoms negatively affected psychosocial treatment outcomes in
children with ASD (Anshel et al., 2011), no study to our knowledge has investigated the effect of
ADHD symptoms on CWMT training in children with ASD. It has been hypothesized that ADHD-
related genes and behaviors affect the expression of the ASD phenotype (Yerys, 2009).
Consistent with this hypothesis, greater ADHD symptoms have been shown to be associated
with greater functional impairments in children with ASD, including poorer executive control,
adaptive behavior, disruptive behavior and working memory (Yerys et al., 2009). Extant
literature also indicates that higher rates of hyperactivity-impulsivity (Tillman et al., 2011) and
inattentive (Neely et al., 2016; Rogers et al., 2011) symptoms are negatively correlated to WM

performance. Furthermore, among children with comorbid ADHD and Learning Disorder, greater
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parent-reported ADHD symptoms are associated with lower CWMT-related WM improvement
on WM training tasks (Gray et al., 2012). Taken together, extant literature suggests that greater
ADHD symptoms may result in poorer treatment response to CWMT.

Current knowledge of CWMT in children with ASD is derived from samples of children
with low average to high intellectual functioning, however, more than 90% of males with FXS
(Hessl et al., 2009) and over a third of individuals with ASD (Baio et al., 2018; Ryland et al.,
2014) have comorbid ID. Despite the large prevalence of ID among individuals with ASD, there
is little known regarding successful intervention for this group.

This project aimed to 1) determine feasibility of Cogmed CWMT in children with ASD
(with/without FXS) and ID and 2) examine preliminary intervention effects using a pre-post
design. We recently investigated Cogmed CWMT feasibility and found high completion rates
and positive parent satisfaction ratings in children with ASD and ID, which included all 26
children with idiopathic ASD from the current paper (Benyakorn et al., 2018). Feasibility of
CWMT within the FXS population was also previously examined (Au et al., 2014). Thus, the
present report focuses on preliminary efficacy results.

The purpose of the present study is to 1) investigate pre-post change in WM abilities
after Cogmed CWMT in children with ASD and accompanying ID and 2) examine differences in
pre-post change between children with idiopathic ASD and FXS-related ASD. In addition, we
explore pre-post changes in far transfer (non-WM) measures and the extent to which a
behavioral marker, severity of ADHD symptoms, predicts pre-post change. Lastly, given the
differences in duration, number and types of games, and difficulty level between the two
Cogmed versions (JM, designed for preschool children and RM, designed for school age
children), we compare near-transfer (WM) effects between Cogmed JM and RM collapsed
across diagnostic groups.

Methods

Participants
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Participants included 44 children from 8-18 years of age with ASD, including 26
diagnosed with ASD and 18 diagnosed with comorbid ASD and FXS. Recruitment for children
with idiopathic ASD was conducted through an Institute’s Subject Tracking System, flyers
located at the local clinic, a regional center, and advertisements placed in websites and local
newspapers. Recruitment for children with ASD and comorbid FXS (ASD+FXS) was conducted
through a university Fragile X Center. All parents and children provided their informed
consent/assent prior to participating in the study, and approval from the university Institutional
Review Board was obtained prior to the onset of data collection. Inclusion criteria were below
average 1Q (FSIQ < 85); normal or corrected to normal vision and hearing; ability to pass three-
span Cogmed demo tasks; English speaking; and parental agreement to maintain adherence to
the training schedule and to not alter other treatments during the study. The exclusion criteria
were significant brain trauma, previous Cogmed training, and significant medical or severe
behavioral problems that would interfere with the study. Inclusion and exclusion criteria were
based on parental report, with the exception of ability to complete Cogmed demo tasks, which
was verified online by the researchers, and 1Q (discussed below).

Intellectual functioning was determined by current or previous testing (administered
within the past 3 years) using the Wechsler Intelligence Scale for Children, Fourth Edition
(WISC-IV; Wechsler, 2003) or Stanford-Binet Intelligence Scales, Fifth Edition (SB-5; Roid,
2003). The verbal and nonverbal routing subtests of the SB-5 were administered during the
baseline visit to estimate the abbreviated 1Q (ABIQ) for participants without recent testing.

To verify ASD diagnoses, all participants were required to provide a copy of a
psychological report indicating a diagnoses of ASD using gold standard assessments, the
Autism Diagnostic Observation Schedule, Second Edition (ADOS-2; Gotham et al., 2006) or the
Autism Diagnostic Interview-Revised (ADI-R; Rutter et al., 2003).To confirm that participants

continued to meet criteria for ASD, they were required to have a total score greater than 15 on
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Social Communication Questionnaire Lifetime (SCQ; Berument et al., 1999). FXS was
confirmed by genetic testing documentation indicating FMR1 full mutation.
Procedure

After inclusion criteria were met via a phone screen, a researcher travelled to the
family’s home to obtain consent/assent, assess baseline and intellectual functioning, and
determine the appropriate version of Cogmed (JM vs RM). Of note, one participant elected to
come to the research facility for assessments. Participants completed 5-6 weeks of Cogmed
training and one week later, researchers re-administered the same test battery (with the
exception of SB-5 routing subtests) to assess training effects.

Intervention

All participants were instructed to complete five web-based Cogmed Working Memory
Training sessions per week for five weeks, for a total of 25 training sessions, as indicated by the
Cogmed protocol (www.Cogmed.com). There were two difficulty levels for participants, which
were determined during the initial assessment by the researcher. Cogmed JM is designed for
preschool children, whereas Cogmed RM is designed for school-aged typically developing
children. Those who were able to complete 9 of the 11 Cogmed RM games were assigned to
Cogmed RM, and the remainder were assigned to Cogmed JM.

Cogmed JM training involves completing 3 of the 7 JM games, whereas the RM training
involved the completion of 8 of the 10 RM games, with games automatically rotated in each
session. As such, each Cogmed JM training session lasts approximately 15 min and Cogmed
RM training sessions lasts approximately 30 min. Cogmed JM is based on an amusement park
theme and consists of visuospatial memory training tasks. For example, one JM task involves
users being presented with bumper cars that move around the screen and light up one at a
time, and are then instructed to recall the order in which the cars lit up by clicking/touching the
cars on the screen. Four of the seven JM tasks involve only the storage of visual information

(pool, hotel, rollercoaster, twister), two involve both manipulating and storage of visual
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information (ferris wheel, bumper cars), and one involves the storage of visual and auditory
information (wheel of animals). Cogmed RM is based on a robot theme and consist of tasks that
are more complex than JM, involving rotating displays, moving targets, reverse sequence tasks,
numeric information to recall, and delayed responses. In addition, the RM version includes
verbal WM span tasks (e.g., user is presented digits verbally on a robot and asked to recall
these digits in reverse order using a visual number pad).

Both versions are adaptive; the difficulty gradually increases after correct trials and
decreased after incorrect trials. Both versions emit auditory and visual feedback after each trial
to indicate success or failure at the task. After the completion of each training session, Cogmed
JM users receive a virtual fish for their digital aquarium, and Cogmed RM users play a racing
game as a reward. For added motivation, users receive a sticker to add to their reward chart
after each session, and families decided on daily, weekly, and full training completion rewards.

Participants were trained either on the Cogmed tablet app (n = 31; use of finger for item
responses), with tablets provided as necessary, or on the Cogmed website (n = 13; use of PC
with a mouse for item responses). Participants were allowed to choose whether they wanted to
use a tablet or the computer, depending on availability and familiarity with equipment; however,
during the course of the study, the research group received funding for tablets, which allowed
for participants to borrow a tablet if they chose to. Each training session was conducted at home
in a location with limited distractions and parental supervision.

As per the Cogmed protocol, participants were provided with a Cogmed coach from the
research team staff and parents served as training aides. Staff members served as the same
coach for each participant throughout the training and was a different staff member than the
researcher who collected baseline data. At the beginning of the session, the coaches explained
the premise, expectations and goals for CWMT, established a reward system, and planned the
training (e.g., what days/times to train). The coach also established a set time once a week for

Cogmed coaching calls to ensure that the participant was doing his/her training as planned and
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that the training plan (e.g., reward system) was working, and to encourage and reinforce both
the participant and parent. These coaches had online access to participants’ frequency of use
and performance on Cogmed tasks to track progress and provide feedback as necessary. As
training aides, parents were instructed to 1) sit near their child during training and have the
screen within view; 2) advise their child to take a break if he/she showed signs of frustration or
missed 3 trials in a row; 3) ensure their child is not cheating (e.g., writing down the numbers,
saying the numbers out loud, tilting their head to better see the moving exercises, missing trials
in an attempt to complete the day’s training faster); and 4) be encouraging and praise their
child’s effort.
Measures
Cogmed Performance

Cogmed automatically computes three global indices of performance: Start Index, Max
Index, and Improvement Index. The Start Index is based on results from day 2 to 3, and the Max
index is a mean of the three best successful trials on the two best training days. The
Improvement Index is the difference between the Max Index and the Start Index. In addition, an
average maximum span for each daily training session was also calculated by averaging the
maximum number of items recalled across all games.
Near-Transfer (WM) Measures

Leiter-R Spatial Memory Subtest. The Leiter-Revised (Leiter-R; Roid & Miller, 1997)
measures non-verbal intelligence. The Spatial Memory subtest was used to assess visual WM.
An array of familiar items was visually presented in a matrix for 10 seconds and then removed,
after which the participant was instructed to place cards of the previously shown items in the
correct locations on a blank matrix. The subtest has 20 items and starts and ends with a single
picture in a two-box matrix and eight pictures in a 12-box matrix, respectively. The assignment
is terminated after six errors one after the other. The total items correct was used as an

outcome measure.



COMPUTERIZED WORKING MEMORY TRAINING 10

Stanford Binet 5 Block Span Subtest. The Stanford Binet 5 (SB-5; Roid, 2003) Block
Span subtest was also used to assess visual WM. Examiners tapped blocks in a particular
order, and participants were instructed to recall the pattern by tapping the blocks in the same
order. The subtest has a total of 30 items and was discontinued after two consecutive errors. To
allow more range for lower functioning individuals, five additional easier items were created and
added to the subtest. The total correct trials was used as an outcome measure.

WISC-IV Digit Span Backward Subtest. The Wechsler Intelligence Scale for Children,
Fourth Edition (WISC-IV; Wechsler, 2003) Digit Span Backward subtest was used to assess
auditory WM. In the Digit Span Backward subtest, the participant is asked to recall the numbers
in reverse order. The list-length starts with two digits (four items) and increases by one digit
every two items. There is a total of 16 items and testing is discontinued as soon as the child
demonstrates less than perfect recall of both same-length items. The total correct trials was
used as an outcome measure.
Exploratory Far-Transfer (non-WM) Measures

RAST. The Restricted Academic Situations Task (RAST) was used to measure on-task
behavior during performance on an academic task. This measure is sensitive to medication
effects in ADHD and has been used in studies of children with comorbid ADHD and intellectual
disabilities (Fischer & Newby, 1998; Handen et al., 1998) and has detected improvement
associated with CWMT in a randomized controlled trial in ADHD as well (Green et al., 2012).
The assessment is sensitive to inattention and hyperactive behaviors and does not appear to
lead to practice effects (Green et al., 2012; Grizenko et al., 2004). The RAST provides
information regarding the frequency and duration of off-task behaviors in the following five
domains: off-task, out-of-seat, fidgets, vocalizes, and plays with object. RAST sessions were
video recorded and blind observers quantified the off-task behaviors from the video recordings.

First, the child was presented with an array of toys, instructed to select the toys of

greatest interest and then instructed to remain seated and play independently. After 5 minutes,
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the researcher moved the toys aside, but within arm’s reach, and introduced a paper-based
shape-matching task of moderate difficulty level. If the participant correctly responded on 5
problems in under 15 seconds, the researcher presented the advanced matching worksheet. If
the participant incorrectly responded on 3 or more problems or took more than 30 seconds to
complete the first 5 problems on the moderate matching worksheet, the researcher presented
the easy matching worksheet. Once the appropriate level (easy, moderate, hard) was chosen,
the researcher instructed the child to continue completing the matching worksheet for 10
minutes. Before leaving the table, the researcher instructed the child not to leave his or her seat
or to touch any of the toys.

Observers recorded the occurrence (yes/no) of the following behaviors (i.e., partial-
interval time sampling procedure) within consecutive 15 second intervals: off-task (looks away
from paper), out-of-seat (leaves chair), fidgets (repetitive purposeless motion), vocalizes, and
plays with object (touches any object in the room unrelated to the task). For each behavior, the
number of intervals in which the behavior occurred was used in analyses. To account for slight
variations in the number of coded intervals (typically 30) across videos, the number of intervals
was log-transformed and entered into the analytic model as an offset. For descriptive analyses,
the number of 15 second intervals with an occurrence of each off-task behavior was converted
to a percentage of time intervals spent engaging in the off-task behavior. Raters were trained by
an experienced RAST coder on how to code the behaviors on the RAST. Then 20% of the
RAST data were scored by a second trained RAST coder to verify inter-observer reliability in the
RAST scoring. Inter-observer reliability was assessed by calculating percent agreement
between the two raters for each clip (agreements/ [agreements + disagreements] X 100). The
average percent agreement between the two raters was very high: off-task (94%), plays with
object (94%), out-of-seat (99%), fidgets (84%), and vocalizes (95%). The five RAST behavior

outcomes were analyzed separately because each behavior is assumed to reflect a different
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construct. For example, fidgeting behavior is indicative of hyperactivity, while off-task behavior
reflects inattentiveness or distractibility.

PDDBI. The Pervasive Developmental Disorder Behavior Inventory (PDDBI) is a reliable
and valid assessment tool designed to monitor parent-rated treatment outcome in children
diagnosed with a pervasive developmental disorder (PDD; Cohen & Sudhalter 2005). The
PDDBI has high inter-rater reliability and with factor analyses confirming it has good construct
validity (Cohen et al., 2003). We used two subscales from the PDDBI, the repetitive, ritualistic,
and pragmatic problems (REPRIT) scale and the expressive social communication abilities
(EXSCA) scale.

Exploratory ADHD Symptoms

Conners 3-P. The Conners 3rd Edition—Parent (Conners 3—P; Conners, 2008) includes
99 items and is used to obtain parent-rated observations about his or her child/adolescent’s
behavior. The Inattention and Hyperactivity/Impulsivity Content scaled scores were used to
assess ADHD symptoms. The Conners 3-P shows sensitivity to medication effects on ADHD
symptoms in children with FXS (Torrioli et al., 2008) and ASD (Pearson et al., 2013) and has
well-established psychometric properties (Gallant, 2007). T scores greater or equal to 65 are
considered within the clinically concern range.

Statistical Analysis

Group differences in demographic and clinical characteristics and Cogmed performance
were assessed using chi-square (or Fisher’s exact test, as appropriate) for categorical variables
and nonparametric Wilcoxon rank-sum test for continuous variables.

Analyses were conducted within a generalized linear mixed-effects model framework
(McCulloch et al., 2008) since it can accommodate both dependent variables that are normally
distributed (WM measures, PDDBI subscales) and counts (RAST variables). This approach
uses all available data, accounts for the correlated structure of the data due to repeated

assessments over time and produces valid inference under the assumption that data are
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missing at random. WM and PDDBI measures were analyzed as normally distributed (using
identity link and a normal variance function) and the RAST behaviors were analyzed as counts
(using a log link and negative binomial variance function to model the number of intervals with
occurrence of the respective behavior). To account for slight variations in the number of
intervals coded across participants, the number of intervals was log-transformed and entered
into the negative binomial models as an offset. The core models included fixed effects for group
(ASD, ASD+FXS), time (Pre-, Post-), age, 1Q (FSIQ or ABIQ), and a random effect for child to
account for the within-child dependence. Interactions between group and time were also tested
but they were removed from the reported models unless they contributed significantly to the
models. Residual analyses and graphical diagnostics demonstrated model assumptions were
adequately met.

Because our goal was to investigate whether severity of ADHD symptoms was
associated with response to training, we calculated Spearman’s rank correlations between
baseline scaled scores on the Conners 3—P and change (the difference between post- and pre-
training scores) on outcome measures that children significantly improved from pre- to post-
training.

Since our sample was predominantly male (as expected in ASD), we conducted a
sensitivity analyses by excluding the girls from the sample and rerunning the models for WM.

Finally, we explored differences in version (JM vs RM) by conducting another series of
mixed-effects models for WM measures. These models included fixed effects for version (JM,
RM), time (Pre-, Post-), age, 1Q (FSIQ or ABIQ), and a random effect for child to account for the
within-child dependence.

All analyses were implemented using SAS Version 9.4 (SAS Institute Inc., Cary, NC). All
tests were two-sided, and p-values < 0.05 were considered statistically significant.

Results

Demographic and Clinical Characteristics of Participants at Baseline
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Table 1 presents summary demographic and clinical characteristics for the two groups.
Out of the 44 total participants, only 1 participant (from the ASD group) did not complete the
training (discontinued after training session 16 due to technical problems). The ASD and
ASD+FXS groups did not differ significantly by gender, race, income, ethnicity, or current
enrollment in therapy. It is important to note, however, that the ASD+FXS group, recruited from
throughout the United States, consisted of mostly (88%) Caucasian and middle class (82%
above 50k income range) participants. In contrast, the ASD sample was commensurate with the
racial composition of the Sacramento geographic area according to the US 2019 Census report,
and included 56% Caucasian, 12% Black or African American, 20% Asian and 12% multiracial
or other races. Regarding ethnicity, the ASD group had a slightly higher percentage (32%) of
Hispanic or Latinx than the ASD+FXS (25%) group. The ASD group had a roughly even
distribution of participants across income categories (32% with <50k, 32% with 50-100k, and
36% with >100k). The two groups had similar levels of ADHD symptoms, with the majority of
individuals with inattentive (88% in ASD, 89% in ASD+FXS) and hyperactivity/impulsivity (83%
in ASD, 78% in ASD+FXS) scaled scores in the clinical concern range. The ASD group was
significantly younger (p < 0.05) and had higher I1Q (p < 0.05). Thus, age and 1Q were used as
covariates in the subsequent analyses. The ASD+FXS group also included a significantly
greater number of participants with actively prescribed stimulant (44%; p < 0.01) and
antidepressant medication (44% p < 0.05) than the ASD group (4% and 12%, respectively).
Cogmed Working Memory Training

There were no significant differences between groups in training platform, total number
of Cogmed sessions per week, Cogmed version (JM vs RM), or total number of training days
(see Table 2). Statistical comparisons showed that the ASD group started training with a higher
Start Index (p < 0.01), completed training with a higher Max Index (p < 0.01) and demonstrated
a higher Index of Improvement relative to the ASD+FXS group (p =0.02; see Table 2). Daily

Cogmed data were available on 23 ASD and 16 ASD+FXS children. Data for four participants
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were not available from the Cogmed/Pearson Corporation and data from one participant was
unusable due to the participant not following directions. As depicted in Figure 1, the ASD
participants started training with an average maximum span length of 4.0 (95% CI: 3.6 to 4.3)
and improved to an average maximum span of 5.5 (95% CI: 5.2 to 5.9) at the end training. The
ASD+FXS participants started training with a maximum span length of 3.3 (95% CI: 3.0 to 3.5)
and improved to an average maximum span of 4.1 (95% CI: 3.5 to 4.7) at the end of training. As
illustrated in Figure 1, training gains after 20 sessions in both groups tended to stabilize or
decline.

Near-Transfer (WM) Effects

Participants significantly improved from pre- to post-training on all measures of WM (SB-
5 Block Span, Leiter-Revised Spatial Memory scale, and the WISC Digit Span Backward
Subtest; see Table 3). Although the ASD group tended to have better WM outcomes, after
controlling for age and 1Q, there was no significant effect of group. Interactions between group
and time for all near-transfer measures were tested, but none reached statistical significance,
indicating that there was no difference in WM improvement between the two groups. Missing
data on the near-transfer (WM) measures was minimal (only one child in the ASD+FXS group
had missing post- intervention Leiter-Revised Spatial Memory data and one child in the ASD
group had missing pre and post- intervention WISC Digit Span Backward Subtest data).

Sensitivity analyses were conducted to examine whether near-transfer (WM) outcomes
were affected when excluding girls from the analyses. Findings revealed similar magnitude of
improvement to the primary analyses for SB-5 Block Span (2.8 [95% CI: 1.4 to 4.2] vs 2.4 points
[95% CI: 1.5 to 3.4]) and Leiter-Revised Spatial Memory (2.9 [95% CI: 0.04 to 5.9] vs 3.3 points
[95% CI: 0.69 to 6.0]) tasks when girls were excluded and included, respectively. In contrast, the
improvement in the WISC Digit Span Backwards Subtest was diminished when girls were
excluded (0.22 points [95% CI: -0.13 to 0.59] vs 0.38 points [95% CI: 0.09 to 0.68]). This

suggests that gender likely has only a modest impact on the SB-5 Block Span and Leiter-
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Revised Spatial Memory tasks, but may have a greater influence on the WISC Digit Span
Backwards, such that girls may improve more on the latter task relative to boys.
Exploratory Analyses Assessing Far-Transfer (non-WM) Effects

In exploratory analyses we examined improvements from pre- to post-training scores on
far-transfer (non-WM) measures (Table 3). For the REPRIT scale of the PDDBI, there was a
significant group x time interaction (p = 0.049), such that parents of ASD reported significantly
lower levels of repetitive, ritualistic, and pragmatic problems at post-training relative to pre-
training, while there was no difference between post- and pre-training for the parents of
ASD+FXS children. In contrast, participants in either group did not significantly improve on
Expressive Social Communication Abilities (EXSCA) of the PDDBI.

In addition, participants demonstrated a significant reduction from pre- to post-training in
off-task and out-of-seat behavior on the RAST, a simulated classroom task. There were no
significant differences from pre- to post-training on fidgeting, vocalizing, and playing with
objects, with participants maintaining the observed pre-training levels.

There was a significant main effect of group in off-task and fidgeting behavior, such that
the ASD+FXS group spent more time off-task and fidgeting. Interactions between group and
time did not reach statistical significance for any far-transfer (non-WM) measures other than the
REPRIT scale of the PDDBI.

It is important to note that data on both PDDBI and RAST were missing for several
participants, particularly in the ASD+FXS group (7 - 9 children in the ASD+FXS group vs 2
children in the ASD group were missing PDDBI or RAST data, see footnote in Table 3 for
details). Families in the ASD+FXS study were participating in another, primary FXS study,
during the testing session and those additional assessments were frequently prioritized by the
study team to reduce assessment burden on the parents and child, when necessary. Missing

RAST task data was also sometimes due to child fatigue or inability to perform the RAST tasks,
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the child moving out of the camera range or the testing session extending beyond what was the
available time for the family.
Exploratory Analyses Assessing Associations of Post-Pre Training Scores with Severity
of ADHD Symptoms

A total of twelve Spearman’s rank correlations were calculated to examine the
association between baseline ADHD symptoms (Inattentive and Hyperactivity/Impulsivity T-
Scores) and change (the difference between post- and pre training scores) on the six outcome
measures that children significantly improved from pre to post training (SB-5 Block Span, Leiter-
R Spatial Memory Task, WISC-IV Digits Backwards; REPRIT scale of the PDDBI, RAST-out of
seat, RAST off-task). This analysis revealed a significant correlation between baseline
Hyperactivity/Impulsivity T Scores and change in scores from pre- to post-training on the SB-5
Block Span (Spearman’s p = -0.46, p = 0.002), indicating that those with greater baseline
hyperactivity/impulsivity symptoms demonstrate less improvement on a visuospatial WM task.
No other ADHD-type symptom ratings were associated with response to training (all p > 0.05).
RM vs JM

Additional analyses were conducted to compare CWMT performance and treatment
outcomes in near-transfer (WM) measures between children enrolled in Cogmed JM and those
enrolled in Cogmed RM. As depicted in Figure 2, children enrolled the Cogmed RM started
CWMT at higher average maximum span relative to those enrolled in Cogmed JM. The
participants enrolled in Cogmed JM participants started training with an average maximum span
length of 3.5 (95% CI: 3.2 to 3.8) and improved to an average maximum span of 4.6 (95% CI:
4.1 to 5.1) at the end training. The participants enrolled in Cogmed RM started training with an
average maximum span length of 4.0 (95% CI: 3.6 to 4.4) and improved to an average
maximum span of 5.2 (95% CI: 4.5 to 5.8) at the end training. However, the overall trajectories
of learning appear to be parallel for the two versions, suggesting children in the JM and RM

group had similar improvements in CWMT performance. Children in both versions showed
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medium effect size improvements in the SB-5 Block Span task and small-medium effect size
improvements in Leiter-R Spatial Memory tasks (see Table 4). In contrast, children enrolled in
the RM version demonstrated medium magnitude improvements (A = 0.53) in the WISC Digit
Span Backwards Task, while children in the JM group did not improve (A = 0.03). The results of
the linear mixed-effects models confirmed that the improvement for SB-5 Block Span and Leiter-
Revised Spatial Memory were similar for JM and RM. However, a significant interaction
between Cogmed version and time was detected for the WISC Digit Span Backwards, such that
only children in the RM version improved from pre- to post-training.

Discussion

We recently demonstrated that CWMT is a feasible treatment modality for children with
ASD and ID (Benyakorn et al., 2018), however, in this report we expanded the aims beyond
feasibility, and 1) investigated pre-post change in WM abilities after CWMT in children with ASD
and accompanying ID and 2) compared pre-post change between children with idiopathic ASD
and FXS-related autism. We also explored whether pre-post change in WM measures extended
to far transfer (non-WM) measures, whether a behavioral marker, degree of ADHD symptoms,
predicted pre-post change, and whether there were differences in near-transfer (WM) effects
between Cogmed versions. These findings attempt to facilitate a personalized health approach
and identify potential baseline factors (i.e., idiopathic ASD vs FXS+ASD; ADHD severity) that
could predict training response.

Individuals demonstrated significant improvement across all WM measures from pre- to
post-training, consistent with the well-documented evidence of near-transfer effects of CWMT
(Rapport et al., 2013; Sala & Gobet, 2017). This information is critical given the substantial WM
deficits in ASD (Wang et al., 2017) and FXS (Baker et al., 2011) and the well-established role of
WM in many functional outcomes (Alloway, 2009; Friedman et al., 2018; Swanson et al., 2009).
Our data did not support significant group differences (ASD vs ASD+FXS) in improvement on

near transfer (WM) measures, wherein both groups showed similar rates of improvement from
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pre- to post-training. The absence of group differences in improvement may be due to our small
sample and insufficient power to detect an interaction between group and time. Due to the low
prevalence of FXS in the population it was a challenge to recruit a larger sample size than
included in this study. Research participants were recruited from throughout the United States in
order to meet our sample size requirements for the FXS group in this pilot study.

Results indicated the Cogmed measures of daily average maximum span from the
ASD+FXS group started lower than the ASD group, and even at the highest average daily
maximum span, did not reach the average daily starting span for the ASD group. Gains were
seen immediately for the ASD group and gradually increased over the days, whereas the group
with FXS showed several days with stabilization and even decrements in the daily maximum
span length.

A recent publication (Hessl et al., 2019) using a blinded RCT design with a relatively
large sample (n = 100), demonstrated modest WM improvement in both the adaptive and
nonadaptive (low dose) of Cogmed in children with FXS. The effect size in our pilot is larger
than that reported in Hessl et al (2019) for the measures used in both studies (SB-5 Block Span,
Leiter Spatial Memory). Improvements for several other outcomes were also found in the
present study, which were not examined in the Hessl study, suggesting that there may be
improvement in other domains, and thus a larger trial is warranted. Data from the Hessl et al.
(2019) trial indicate that in a FXS population there are likely to be subgroups that have the
capacity to progress, and that these individuals have the best potential for clinical improvement.
This suggests that subgroups of participants could be reliably identified according to dimensions
such as training quality, difficulty, accuracy, response time and response time variability (Scott
et al., 2020). Within a similar vein, results from our sensitivity analyses reveal that girls may
benefit more from CWMT. Given the known gender differences in cognitive, behavioral and
functional domains in both ASD (Ferri, Abel & Brodkin, 2018) and FXS+ASD populations

(Bartholomay et al., 2019), investigations with larger samples of female participants are
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suggested to either control for gender and/or examine gender differences in treatment
outcomes.

In contrast to prior literature indicating that ADHD symptoms negatively impact treatment
outcomes from other interventions (Antshel et al., 2011), ADHD symptoms did not significantly
correlate with near- or far-transfer effects, with the exception of one visuospatial WM task
(Stanford-Binet Block Span). Results showed that those with greater baseline hyperactivity-
impulsivity symptoms demonstrated less improvement on the SB-5 Block Span, consistent with
other studies in children with ADHD. For example, Gray and colleagues (2012) demonstrated
that those who showed the least improvement on WM training tasks at school had greater
parent-reported ADHD symptoms. It may be possible that ADHD symptoms were associated
with pre- to post- change on SB-5 Block Span and not WISC Digit Span Backwards because of
the limited range of the change in WISC Digit Span Backwards scores from pre-to post-training.
For example, additional analyses showed that those in the JM version did not improve on WISC
Digit Span Backwards, which is not surprising given evidence that WISC Digit Span Backwards
measures the ability to store and manipulate information and there are less tasks in the JM
version that target these processes. It is also possible that greater ADHD symptoms were
associated with less improvement on SB-5 Block Span and not Leiter Spatial Memory test
because the Block Span task involves greater WM load. For example, while both the SB-5 Block
Span and Leiter Memory Subtest required participants to recall visually presented information,
the SB-5 Block Span task had more possible answers (e.g., red and yellow rows) to select from
and is therefore more difficult. Also, it is possible that the ADHD measure, the Conners’ Parent
Rating Scale, is not the most sensitive measure for a population with ID as many of the items
may not reflect the typical situation of some with ID. Future studies might consider using a
measure such as the Aberrant Behavior Checklist (Aman et al., 2020) or the Scale of Attention

in Intellectual Disability (SAID; Freeman et al., 2015).
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Importantly, exploratory analyses revealed that participants demonstrated positive
effects across other domains of behavior (far-transfer effects) beyond WM measures. Results
showed a decrease in off-task and out-of-seat behavior during the RAST. These findings are in
contrast to the absence of far transfer effects indicated by prior literature, however, a
subsequent "review of reviews" contradicts some of the previous criticisms of CWMT (Shinaver
et al., 2014). Shinaver and colleagues conclude that WM training consistently leads to
improvement in attention and shows promising benefits in academic domains. Similarly, our
findings of far-transfer effects are also consistent with a CWMT study in children with ADHD
(Green et al., 2012), in which reductions in out-of-seat and off-task behavior was reported in this
same simulated classroom task. The RAST may have greater ecological validity than other
standardized behavior rating scales or other laboratory cognitive tasks. It allows for objective
behavioral ratings of sustained attention and repetitive academic work in the presence of
distractors with minimal supervision, similar to homework time or independent study time in the
classroom. We also found a positive effect of CWMT on the REPRIT scale of the PDDBI, which
suggests that the effects of the training may transfer to challenging behaviors associated with
ASD. However, because the PDDBI uses parent report data, we cannot rule out the possibility
that the observed pre-post change may be due to expectancy effects. As such, these findings
will need to be replicated in a well-powered, blinded randomized controlled study using multiple
measures of ASD symptoms and related behaviors to determine that changes were not merely
due to practice or expectancy effects.

Despite the novel contributions of the present study (the number of objective measures
used to assess near and far transfer effects, inclusion of children with ID, inclusion of children
with FXS), several limitations warrant consideration. This project was funded by a pilot grant
initiative under the Department of Defense Autism Research Program to support early-stage
research and excluded the funding of RCTs. Independent replication with larger samples will be

particularly important in accurately predicting who will respond to treatment, especially since the
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present findings (e.g., effect sizes) justify a larger RCT. Randomized control studies with a
control condition are necessary to determine the efficacy of training, continuously challenging,
the WM system. Comparison of the non-adaptive version of CWMT may not be necessary for
the ASD+FXS group, considering improvement between adaptive and non-adaptive control
conditions do not differ in this population (Hessl et al., 2019) and in groups with 1D, the non-
adaptive control condition is relatively challenging. A better control condition might be engaging
in games with stimuli that require less of a demand on executive functioning, than the non-
adaptive version of CWMT is in the ID population. Although we cannot completely rule out
practice effects on the WM measures, we suspect these would be low in this population.

A substantial number of participants in our study were prescribed stimulant and
nonstimulant medication used to treat ADHD, particularly in the ASD+FXS group, which may
indicate that the ASD+FXS group had more severe cognitive and/or behavior problems.
However, both groups had significant ADHD symptoms (no significant between-group
differences), suggesting the difference in medication usage may be more associated with
standard treatment regimens specific to the disorder. Future studies should recruit larger
samples to investigate the effect of ADHD medication on CWMT-related performance and/or
examine whether it affects the relationship between ADHD symptoms and training outcomes.
We were also unable to examine the influence of both Cogmed version (i.e., JM vs RM) and
group (ASD vs ASD+FXS) due to our small sample size. For example, there were only 5
children with ASD+FXS enrolled in the RM version. Future studies should recruit large enough
samples to examine either RM or JM versions only.

Relatively high rates of missingness were present in the ASD+FXS group for PDDBI and
RAST measures. Although we suspect that the data loss was largely due to logistic error
(researchers not prioritizing these measures), if there is a relationship between the propensity of
a data point to be missing and its values, this may have skewed the results. Subsequent

research with cognitive training should also ensure to target WM abilities and other executive
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functions beyond WM. Studies that integrate virtual reality into the computer training may also
facilitate generalization to real world functioning beyond what we found in this study. Lastly,
while our sample appropriately reflects the ASD population in regard to race/ethnicity and SES,
which is a strength of the study, it disproportionately reflects the middle class Caucasian
population in the ASD+FXS group. While we acknowledge the difficulty in recruiting patients
from the ASD+FXS group due to the rarity of the disorder, future studies should make focused
efforts on recruiting ASD+FXS participants across all race, ethnic and income groups.

In sum, our preliminary findings indicate that CWMT in children with ASD and ID may
result in benefits in cognitive (i.e., WM) and behavioral (i.e., repetitive behavior, off-task
behavior) outcomes, and that hyperactivity-impulsivity symptoms and the presence of FXS may
complicate treatment response. Despite the cognitive and behavioral factors associated with
this population that may have impeded treatment, our previous report of feasibility (Benyakorn,
et al., 2018) and findings of the present study, suggest that CWMT and likely other digital
interventions are potential treatment modalities for children with ASD and comorbid ID. Given
the scarcity of treatment options to improve cognition in children with 1D, we encourage future

investigation and development of digital/computerized interventions for this population.
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Table 1. Demographic and Clinical Characteristics of Participants at Baseline

ASD ASD + FXS  P-value®
(n = 26) (n=18)
Age (years), mean (SD) 11.1(2.4) 13.4 (3.3) 0.01
Gender, n (%) 1.0
Female 5 (19%) 4 (22%)
Male 21 (81%) 14 (78%)
Race, n (%) 0.20
Black 3 (12%) 0 (0%)
White 14 (56%) 15 (88%)
Asian 5 (20%) 2 (12%)
Other 3 (12%) 0 (0%)
Income, n (%) 0.60
< 50k 8 (32%) 3 (19%)
$50k-100k 8 (32%) 7 (44%)
>$100k 9 (36%) 6 (38%)
Ethnicity, n (%) 0.72
Hispanic or Latinx 6 (32%) 4 (25%)
Not Hispanic or Latinx 13 (68%) 12 (75%)
IQ, mean (SD) 65.4 (13.7) 55.9(10.4) 0.04
Current therapy, n (%)
ABA 11 (42%) 4 (24%) 0.21
Occupational therapy 15 (58%) 6 (35%) 0.15
Physical therapy 4 (15%) 4 (24%) 0.69
Speech therapy 21 (81%) 13 (76%) 1.0
Psychotropic Medication, n (%)
ADHD Stimulant 1 (4%) 8 (44%) 0.002
ADHD Non-stimulant 4 (16%) 2 (11%) 1.0
Antidepressant 3 (12%) 8 (44%) 0.03
Antipsychotic 5 (19%) 3(17%) 1.0
Anti-seizure 3 (12%) 0 (0%) 0.26
Other medications 2 (8%) 1 (6%) 1.0
Conners 3—P Content Scaled Scores®
Inattention T-score, mean (SD) 74.8 (11.0) 80.1 (9.7) 0.12
Clinical concern range, n (%) 21 (88%) 16 (89%) 1.00
Hyperactivity/Impulsivity T-score, mean (SD) 76.1 (12.9) 76.3 (14.4) 0.86
Clinical concern range, n (%) 20 (83%) 14 (78%) 0.71

24

Abbreviations: ASD, Autism Spectrum Disorder; FXS, Fragile X syndrome; SD, standard
deviation; JM, Cogmed for preschool-aged children; RM, Cogmed for school-aged children;
ABA, applied behavioral analysis; ADHD, Attention Deficit Hyperactivity Disorder; Conners 3-P,

The Conners 3rd Edition—Parent; Clinical concern range = T-scores = 65. 2Group differences
were tested using Wilcoxon rank-sum test for continuous variables and chi-square or Fisher’s

exact test (when appropriate) for categorical variables; "Data missing for 2 children in the ASD

group.
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Table 2. Cogmed Training Platform and Performance

ASD ASD + FXS  P-value®
(n = 26) (n=18)

Cogmed training device, n (%) 0.83
Tablet 18 (69%) 13 (72%)
PC 8 (31%) 5 (28%)
Cogmed version, n (%) 0.32
JM 15 (58%) 13 (72%)
RM 11 (42%) 5 (28%)
Cogmed sessions per week, mean (SD) 4.8 (1.3) 4.2 (1.2) 0.06
Total Training Days, mean (SD) 24.6 (2.8) 23.9 (2.2) 0.22
Active Training Time Per Day (min), mean (SD)  23.5(11.0) 19.4 (6.8) 0.42
Start Index, mean (SD) 57.2(10.8) 40.9(8.3) < 0.001
Max Index?, mean (SD) 78.7 (11.1) 57.4(10.8) <0.001
Index Improvement®, mean (SD) 21.7 (7.1) 16.4 (5.8) 0.02

Abbreviations: ASD, Autism Spectrum Disorder; FXS, Fragile X syndrome; SD, standard
deviation.

aGroup differences were tested using Wilcoxon rank-sum test for continuous variables and chi-
square test for categorical variables (i.e., Cogmed training device and version).

®Data from 1 child in ASD group was unusable due to the participant not following directions.
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Table 3. Summary for the pre- and post-intervention performance for the two groups
(?Eg 6) A;D=+1F€)3()S Post- vs Pre- Difference®
Estimate (95%Cl) P-value
Pre- Post- Effect Pre- Post- Effect
Mean (SD)  Mean (SD)  Size® Mean (SD) Mean (SD) Size®
Near Transfer (WM) Measures
Stanford Binet 5 Block Span 11.5 (6.3) 14.6 (5.8) 0.50 7.6 (4.6) 9.7 (4.9) 0.47 2.40(1.45,3.36) <0.001
Leiter-Revised Spatial Memory® 21.9 (16.4) 26.1(20.2) 0.26 14.9 (8.3) 18.1(9.9) 0.38 3.34(0.69, 5.98) 0.01
WISC IV¢ Digits Backward 3.5(2.8) 4.1(2.7) 0.20 2.1(2.0) 2.4 (2.1) 0.17  0.38(0.09, 0.68) 0.01
Far Transfer(non-WM) Measures
PDDBI Score
REPRIT® 72.6 (34.2) 625(33.8) -0.30 424(19.2) 46.0(22.1) 0.19 -10.1(-16.5,-3.7)  0.003
EXSCA' 140.1 (36.3) 145.1 (37.1) 0.14 155.1(32.6) 140.6 (28.6) -0.44 1.51(-5.19, 8.22) 0.65
RAST®
Percent Intervals Off-Task 35.9(32.1) 25.6(32.7) -0.32 43.4(37.3) 357(34.1) -0.20 -0.44(-0.77,-0.10) 0.01
Percent Intervals Fidgeting 14.6 (22.1) 19.7(28.7) 0.23 39.4(16.2) 37.0(28.0) -0.15 0.03(-0.42,0.47) 0.91
Percent Intervals Vocalizing 38.8(29.6) 43.8(36.3) 0.17 41.2(30.4) 39.0(37.3) -0.07 0.01(-0.26,0.27) 0.96
Percent Intervals Play Object  19.1 (30.3) 17.1(28.5) -0.07 17.4(33.4) 24.2(35.5) 0.20 0.00(-0.59, 0.59) 1.00
Percent Intervals Out of Seat 7.0 (13.7) 1.1 (3.0) -0.43 13.2(26.5) 28(8.3) -0.39 -1.66(-2.72,-0.59) 0.003

Abbreviations: ASD, Autism Spectrum Disorder; FXS, Fragile X syndrome; SD, Standard Deviation; WISC, Wechsler Intelligence
Scale for Children; PDDBI, Pervasive Developmental Disorder Behavior Inventory; REPRIT, Repetitive, Ritualistic, and Pragmatic

Problems Composite; EXSCA, Expressive Social Communication Abilities Composite; RAST, Restricted Academic Situations Task.
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aEstimated differences and p-values from mixed effect linear or negative binomial (for the RAST variables) models that included fixed
effects for group (ASD, ASD+FXS), time (Pre-, Post-), 1Q, and age and a random effect for child. Log transformed number of coded
intervals was used as an offset in the RAST models. Interactions between group and time were also tested, but only reached
statistical significance for PDDBI REPRIT scale. For this variable, the reported confidence interval represents the difference in ASD
group. For the ASD+FXS group, the estimated difference is 1.9 (95% CI: -8.2, 12.10, p = 0.70).

®Because the intervention may affect SD of post-measurements, the effect size was calculated as Glass’s A for within-subjects
design, i.e., A = Mgix/SDpre, Where Mgirr is the mean of the difference scores (Post-intervention — Pre-intervention) and SDy. is the SD

of the Pre-intervention scores.

Data missing for: °1 child in the ASD+FXS group post- intervention; 91 child in ASD group at both times; ¢2 children in ASD group
and 7 children in ASD+FXS at both times; 72 children in ASD group and 8 children in ASD+FXS pre- intervention and 2 children in
ASD group and 7 children in ASD+FXS post- intervention; 99 children in ASD+FXS group at both times.
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Table 4. Summary for the pre- and post-intervention performance on Near Transfer (WM) measures for the two Cogmed Versions

JM RM , s
(n = 28) (n=16) Post- vs. Pre- Difference
Estimate (95%Cl) P-value
Pre- Post- Effect Pre- Post- Effect

Mean (SD) Mean (SD) Size® Mean (SD) Mean (SD) Size®

Near-Transfer (WM) Measures

Stanford Binet 5 Block Span 75(5.7) 103(56) 049 141(36) 16.8(3.6) 0.75 2.75(1.54,3.96) <0.001
Leiter-Revised Spatial Memory®  15.6 (13.3) 25.1(13.4) 0.16 17.8(14.6) 31.6(18.3) 048  3.51(0.97,6.04)  0.008
WISC IV Digits Backward 20(24) 21(23) 003 44(21) 56(12) 053 1.13(0.38,1.87) 0.006

Abbreviations: JM, Cogmed for preschool-aged children; RM, Cogmed for school-aged children; SD, Standard Deviation; WISC,
Wechsler Intelligence Scale for Children.

aEstimated differences and p-values from mixed effect linear models that included fixed effects for version (JM, RM), time (Pre-,
Post), 1Q, and age and a random effect for child. Interactions between version and time were also tested, but only reached statistical
significance for WISC IV Digits Backward. For this variable, the reported confidence interval represents the difference for children
using the RM version. For children using the JM version, the estimated difference is 0.07 (95% CI: -0.26, 0.41, p = 0.66).

bBecause the intervention may affect SD of post-measurements, the effect size was calculated as Glass’s A for within-subjects

design, i.e., A = Muiw/SDpre, Where Mgis is the mean of the difference scores (Post-intervention — Pre-intervention) and SDyr is the SD
of the Pre-intervention scores.

Data missing for: °1 child using the JM version post- intervention; 41 child using the JM version at both times.
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Figure 1. Average maximum working memory span length (and 95% confidence intervals)
across training for participants with autism spectrum disorders (ASD) and autism spectrum

disorders and fragile X (ASD+FXS)

Figure 2. Average maximum working memory span length (and 95% confidence intervals)

across training for participants enrolled in Cogmed JM and Cogmed RM
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