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Abstract

The combination of intellectual, communicative, and motor deficits limit the use of standardized 

behavioral assessments of cognition in individuals with Angelman syndrome (AS). The current 

study is the first to objectively evaluate learning and memory in AS using auditory event-related 

potentials (ERP) during passive exposure to spoken stimuli. Fifteen nonverbal individuals with the 

deletion subtype of AS (age 4–45 years) completed the auditory incidental memory paradigm. 

Auditory ERPs were recorded in response to a sequence of unfamiliar nonwords, in which one 

randomly selected stimulus was repeated multiple times and the rest were presented once. Larger 

parietal responses within 200–500ms for the repeated nonword compared to novel distracters were 

associated with caregiver reports of more adaptive communication skills. These findings 

demonstrate good tolerability of ERP procedures (94% success rate) and indicate that persons with 

AS can acquire new information following repeated auditory exposure, even in the absence of 

explicit memorization instructions. Strong associations between the caregiver reports of adaptive 

functioning and neural indices of auditory learning and memory support the utility of brain-based 

measures for objectively evaluating higher-order information processing in nonverbal persons with 

neurodevelopmental disorders.
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1. Introduction

Angelman syndrome (AS) is a rare neurodevelopmental disorder with prevalence rates of 1 

in 10,000 to 20,000 (Buckley et al., 1998; Clayton-Smith, 1992; Petersen et al., 1995; 

Steffenburg et al., 1996; Williams et al., 2010). It is caused by loss of function of the 

ubiquitin–protein ligase E3A (UBE3A) gene, typically expressed on the maternal 

chromosome 15 (Buiting, 2010; Kishino et al., 1997). The most common genetic mechanism 

identified in up to 75% of the cases is the deletion of the 15q11–13 region (Nicholls, 1994), 

while paternal uniparental disomy, imprinting defects, and UBE3A mutations are more rare 

(Williams et al., 2006). Behavioral characteristics of AS include generally happy demeanor, 

frequent laughter, hyperactivity, and motor stereotypies (Williams et al., 2006; Williams, 

2010).

When evaluated using standardized measures of cognition and adaptive functioning, 

individuals with AS typically score in the range of severe functional impairment (Andersen 

et al., 2001; Peters et al., 2004a; Thompson & Bolton, 2003). Persons with the deletion 

subtype are the most severely affected (Clayton-Smith & Laan, 2003; Gentile et al., 2010). 

Communication is a major area of weakness in AS (Jolleff & Ryan, 1993), with expressive 

language abilities more impaired than receptive language (Trillingsgaard & Ostergaard, 

2004). Most individuals with AS do not develop speech, although some may produce several 

single words (Clayton-Smith, 1993; Andersen et al., 2001), and very few speak in simple 

sentences (Nazlican et al., 2004). Receptive communication skills in Angelman syndrome 

are also significantly delayed (Andersen et al., 2001; Joleff & Ryan, 1993; Micheletti et al., 

2016) but show some improvement with age (Mertz et al., 2014). In addition to 

communication and adaptive behavior difficulties (Peters et al., 2012), persons with AS may 

also exhibit social deficits (Penner et al., 1993), and many meet the diagnostic criteria for 

autism (Trillingsgaard & Ostergaard, 2004; Peters et al., 2004b; Hogart et al., 2010).

While treatments for medical and behavioral concerns of AS, such as seizures and motor 

skills, are available, currently, very few interventions target the cognitive features of the 

disorder (Hong et al., 2017). This could be due in part to the lack of effective treatment 

outcome measures. Standard developmental assessments (e.g., Bayley Scales of Infant 

Development) are challenging to administer in AS due to the combination of intellectual, 

communication, and motor deficits (Bird, 2014). As a result, raw scores often represent less 

than 25% of the possible points (Grieco et al., 2014), and scaled scores may not exceed the 

lowest possible values (i.e., a floor effect) (Grieco et al., 2016). This may underestimate the 

abilities of persons with AS and also make it difficult to detect improvements after an 

intervention.

Biological and neurophysiological markers of cognition in AS could offer a new path to the 

development of more effective treatment outcome measures. Novel assessments are 

beginning to emerge, such as the quantification of communicative behaviors from recorded 

play sessions (Grieco et al., 2016) or social eye tracking and pupillometry metrics (Hong et 

al., 2017). Brain-based data offer another promising way to document information 

processing in AS. To date, a number of neuroimaging studies reported mild cortical atrophy, 

delayed myelination, and white matter abnormalities (Castro-Cago et al., 2010; Harting et 
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al., 2009), particularly in pathways supporting language and cognitive functioning (Peters et 

al., 2011; Tiwari et al., 2012; Wilson et al., 2011). However, this work was done primarily in 

sedated patients, limiting the ability to offer a functional interpretation of the observed 

structural differences. UBE3A deficiency impairs synapse formation and experience-

dependent synapse remodeling (Buiting et al., 2016). This can become evident in neural 

responses associated with learning. Indeed, studies in several animal models of AS 

consistently demonstrated that maternal UBE3A is preferentially expressed in cortex and 

hippocampus (see Jana, 2012 for review), and its loss is associated with reduced experience-

dependent neural plasticity and poor performance on learning and memory tasks (Jiang et 

al., 1998, 2010; Mardirossian et al., 2009; Miura et al., 2002; Yashiro et al., 2009).

Translating work from mouse models to humans can be challenging, but it is a critical step 

toward understanding the mechanisms underlying AS (Sell & Margolis, 2015). Recently, 

Sidorov and colleagues (2017) demonstrated that delta rhythmicity, a quantitative measure 

derived from clinical EEGs, is similarly altered both in animal models and in humans with 

AS. However, the connection between delta characteristics and behavioral or cognitive 

features of AS is currently unknown.

The goal of the current study was to examine auditory learning and memory in nonverbal 

persons with AS using event-related potentials (ERPs), or stimulus-locked EEG. ERPs can 

measure cortical activity in response to an external (e.g., sound) or internal (e.g., attention 

shift) event with millisecond-level precision, making it a promising approach to evaluating 

multiple stages of information processing in AS. The choice of the auditory modality was 

motivated by the ubiquitous presence of spoken language in daily life, and the importance of 

auditory processing for adaptive communication and social functioning. Additionally, 

auditory stimuli place minimal attentional demands on the participants (a sound will be 

heard even if the person is not actively attending to it), and passive listening paradigms avoid 

the confounds associated with comprehension of the task instructions.

Auditory ERPs during passive listening to a variety of spoken stimuli, from single syllables 

to complete words, have been previously used to document typical and atypical language 

functioning, make predictions regarding developmental outcomes, and to evaluate treatment 

effects in other neurodevelopmental disorders (Key et al., 2016; Maitre et al., 2013, 2014; 

Sandbank et al., 2017; Yoder et al., 2013). Recently, we successfully used auditory ERPs in 

response to known or familiarized through repetition stimuli compared to novel distracters to 

document learning and memory in nonverbal individuals with other neurogenetic disorders, 

such as MECP2 duplication and Rett syndromes (Peters et al., 2015, 2017, 2018), the latter 

sharing several phenotypic features with AS. In particular, our auditory incidental memory 

paradigm allows to evaluate the extent of participant’s spontaneous engagement with 

auditory information. When presented with novel spoken inputs (e.g., a series of nonwords), 

greater attention to the stimuli would result in detection of repetitions within the otherwise 

highly varied sequence even in the absence of explicit task instructions. Previously, event-

related fMRI data in healthy adults during passive exposure revealed differential activation 

for repeated vs. novel stimuli in bilateral anterior hippocampus as well as in a number of 

frontal, parietal and temporal cortical regions (Jessen et al., 2002). While ERPs cannot 

resolve hippocampal signal specifically, they are sensitive to cortical differences associated 
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with stimulus recognition. Similar to the results of studies examining recognition and recall 

of known vs. novel stimuli following active memorization (Curran, 2004; Rugg et al., 2000, 

Wilding, 2000), incidental memory for the repeated stimuli was reflected in more positive 

parietal amplitudes within 200–500ms after the stimulus onset. Previously, we demonstrated 

that during a passive paradigm, this response develops only for personally salient stimuli and 

can be observed both in typical and atypical populations (Key & Corbett, 2014; Key & 

Dykens, 2016, 2017). Significant correlations between the ERP marker of incidental 

memory for the repeated stimulus and the participants’ behavioral characteristics (e.g., 

Aberrant Behavior Checklist scores) further support the idea that ERPs can be a valid direct 

measure of the processes previously assessed using mainly indirect, informant-based tools 

(Peters et al., 2018; Key & Corbett, 2014).

In this study, we predicted that auditory ERPs will be feasible in unsedated persons with AS, 

because modern EEG acquisition systems allow for fast and noninvasive electrode 

application, and these data are more tolerant of movement compared to other neuroimaging 

techniques. We anticipated that participants with AS whose caregivers report higher levels of 

communicative functioning will develop stronger incidental memory following spontaneous 

recognition of stimulus repetition, one of the most basic forms of learning. Based on our 

prior findings, we hypothesized that incidental memory would be reflected by more positive 

parietal ERP amplitudes within 200–500ms after stimulus onset.

2. Method

2.1 Participants

Fifteen individuals with the deletion subtype of AS (four females; M age = 14.42 years, SD 

= 11.02 years, range 4–45 years) participated in the study. One additional participant was 

excluded because of insufficient amount of artifact-free EEG data. Due to the level of 

intellectual and motor disability, IQ or handedness could not be directly and reliably 

assessed using standardized behavioral measures.

A chronological-age comparison group included 15 typically developing individuals (8 

females, M age = 15.11 years, SD = 11.52 years, range 4–46 years) selected as the closest 

age match to the AS group from a larger pool of participants who completed the same task 

as a part of other studies on auditory processing. The groups were not significantly different 

in age, t(28)=0.168, p=.867. Typical development status was confirmed through caregiver or 

self-report indicating absence of learning disabilities and no history of neurological disease 

or trauma.

Typical adults and parents/guardians of children and of participants with AS provided 

written informed consent, all typical children provided their assent for the study procedures. 

Parents/guardians of all participants with AS remained present throughout the test session to 

help identify any dissenting behaviors. The study was conducted with approval from the 

Institutional Review Board of Vanderbilt University Medical Center.
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2.2 Behavioral and electrophysiological assessments

2.2.1 Measures of adaptive functioning.—Caregivers of participants with AS 

completed the Parent/Caregiver Rating Form of the Vineland Adaptive Behavior Scales-3 

(VABS-3; Sparrow et al., 2016). The domains of Communication and Socialization were 

selected a priori because they measure the strongest areas of functioning in AS and are also 

most likely to be affected by the auditory memory ability. These domains yield standardized 

scores with a mean of 100 and a standard deviation of 15. The scores can also be interpreted 

in the terms of age equivalence.

2.2.2 Auditory Incidental Memory task.—Stimuli included 51 novel single-syllable 

nonwords (M duration = 694.50 ms, SD=127.78 ms) spoken by an adult female native 

English speaker, digitized at 44,100 Hz, and equalized in loudness. The nonwords were 

delivered in positive tone using child-directed speech. One of the nonwords was randomly 

selected to be repeated 50 times throughout the session. The remaining stimuli were 

presented once, yielding a unique set of 50 repeated and 50 single-presentation trials for 

each participant. The entire task included 100 trials and lasted approximately 5 minutes. All 

stimuli were presented in random order with a varied inter-stimulus interval of 1300–1600 

ms to prevent habituation and development of trial onset expectations.

2.2.3 ERP Data Acquisition—All testing was completed during a single visit. A high-

density array of 128 Ag/AgCl electrodes embedded in soft sponges (Geodesic Sensor Net; 

EGI, Inc., Eugene, OR) was used to record the ERPs. Electrode impedance levels were at or 

below 50 kOhm. During testing data were sampled at 250Hz with the filters set to .1–100 

Hz. All electrodes were referred to vertex and then re-referenced offline to an average 

reference, the recommended reference for high-density arrays (Picton et al., 2000).

Stimulus presentation was controlled by E-prime (v.2.0, PST, Inc., Pittsburgh, PA). The 

auditory stimuli were delivered at 75 dB SPL from a speaker positioned behind the 

participant. In accordance with the passive listening design, the participants were informed 

that they would “hear the computer say some words”, but no explicit attention or behavioral 

responses were required. For typical children and individuals with AS, a parent/guardian and 

a researcher were present in the testing room to monitor participants’ behavior. Participants 

were tested while seated independently or in the parent’s lap. Two of the younger 

participants with AS were tested seated in their strollers with the safety belts on. Caregivers 

assisted with keeping the participants from touching the electrodes and minimizing motor 

artifacts due to gross body movements. Participants had continuous access to their preferred 

comfort or entertainment items (e.g., sippy cups, snacks, toys, etc.). A TV show presented 

without sound served as the visual distractor. If participants became excessively restless, 

stimulus presentation was suspended until the source of motor artifacts was addressed.

2.3 Data Analyses

Collected EEGs were filtered using a 30Hz low-pass filter, segmented on stimulus onset to 

include a 100ms prestimulus baseline and a 900ms post-stimulus interval, and screened for 

ocular and movement artifacts using an automated algorithm in NetStation followed by a 

manual review. The automated artifact detection criteria were set as follows: for the eye 
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channels, voltage in excess of 140 μV was interpreted as an eye blink and voltage above 55 

μV was considered to reflect eye movements. Any channel with voltage exceeding 200 μV 

was marked as bad. Data for electrodes with poor signal quality within a trial were 

reconstructed using spherical spline interpolation procedures (Perrin et al., 1989). Trials with 

ocular artifacts or containing more than 20 electrodes with poor signal quality (15% of the 

array) were excluded from analysis.

Following artifact screening, individual ERPs for each stimulus category were averaged, re-

referenced to an average reference, and baseline-corrected by subtracting the average 

microvolt value across the 100ms prestimulus interval from the post-stimulus segment. Data 

from the electrodes corresponding to midline parietal and frontal regions (Figure 1) were 

used in the remaining statistical analyses. Averaging data over several spatially contiguous 

locations (frontal: 4, 5, 6, 11, 23, 13, 20, 21, 25, 113, 119, 124; parietal: 53, 54, 60, 61, 62, 

67, 68, 73, 78, 79, 80, 86, 87) improved signal-to-noise ratio. The frontal electrode cluster 

was included for exploratory purposes because prior active memorization studies (e.g., 

Curran & Cleary, 2003) reported familiarity-related effects for the negative peak around 400 

ms (FN400) in addition to the parietal effects associated with stimulus recall.

Mean amplitudes within 200–500ms after stimulus onset served as the dependent variables 

in a repeated measures analysis of variance (rmANOVA) with Stimulus (2: single, repeated) 

x Electrode cluster (2: frontal, parietal) x Group (2: AS, typical) within-subject factors and 

Age as a covariate. Relative to the peak amplitude, mean amplitude metric is less susceptible 

to the effects of noise or variability in the number of artifact-free trials contributing to the 

averaged data (Luck, 2005). These spatial and temporal parameters were selected a priori 

based on our previous work examining incidental memory in persons with disabilities (Key 

& Corbett, 2014; Key & Dykens, 2016, 2017; Peters et al., 2018) and confirmed by visual 

inspection of the grand-averaged data. Significant stimulus-related effects were followed by 

two-tailed paired t-tests to test whether the repeated stimulus elicited more positive parietal 

amplitudes compared to the nonwords presented once. The association between the brain 

indices of incidental memory in AS (repeated-single stimulus amplitude difference) and 

caregiver reports of communicative and social functioning (standard scores on the 

corresponding domains of VABS-3), was evaluated using correlations.

3. Results

3.1 Caregiver reports of adaptive functioning

Families of three participants did not return the VABS-3 questionnaires. The remaining 12 

participants achieved higher standard scores for the socialization than communication 

domain, 39.42 vs. 25.83, t(11)=4.388, p=.001, d=1.27, although on average, their scores fell 

in the severely affected range (see Table 1 for detailed sample categorization).

3.2 Auditory Incidental Memory task

Fifteen of sixteen subjects with AS (94%) provided usable ERP data. Their trial retention 

rates were comparable across conditions (single nonwords: M=14.27, SD=3.81; repeated 

nonword: M=14.07, SD=4.04; p>.05). The number of artifact-free trials within the typical 
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group was also comparable between the conditions (single nonwords: M=19.20, SD=6.33; 

repeated nonword: M=20.27, SD=6.90; p>.05), but higher than in the AS group (single 

nonword: F(1,28)=6.696, p=.015; repeated nonword: F(1,28)=9.011, p=.006). As would be 

expected, the number of retained trials was positively associated with age of the participants 

(single: r(29)=.386, p=.035; repeated: r(29)=.376, p=.040). Consistent with prior reports 

(Vendrame et al., 2012), qualitative review of the data noted strong presence of delta waves 

in the auditory ERPs recorded in the AS group, but not in the typical participants.

The ANOVA identified a Stimulus x Electrode interaction, F(1,27)=11.183, p=.002,ηp
2=.

293. No other main effects or interactions reached significance. Follow-up examination of 

stimulus discrimination effects identified the expected more positive parietal amplitudes in 

response to the repeated nonwords (M=−0.24 μV, SD=3.55) compared to the stimuli 

presented once (M=−2.05 μV, SD=3.39), t(29)=3.022, p=.005, d=.55. The pattern of 

condition differences was reversed at the frontal sites, t(29)=2.145, p=.04, d=.39 (Figure 1).

To confirm that these findings were not driven mainly by one of the participant groups, we 

examined condition differences within individuals with AS and typical peers separately. In 

the AS group, more positive amplitudes for the repeated (M=−0.66 μV, SD=4.66) than single 

(M=−2.80 μV, SD=4.44) stimuli were present at the parietal cluster, t(14)=2.115, p=.05, d=.

55, but no significant differences at the frontal locations (p=.13). In the typical comparison 

group, repeated (M=.18 μV, SD=1.99) compared to single stimuli (M=−1.30 μV, SD=1.69) 

elicited more positive amplitudes at the parietal cluster, t(14)=2.217, p=.04, d=.57, while 

these differences were reversed at the frontal locations, t(14)=2.802, p=.014, d=.72 (−1.24 

vs. 0.22 μV).

The correlational analysis examining brain-caregiver report associations within the AS 

group revealed that more positive parietal amplitudes to repeated than single nonwords (i.e., 

better incidental memory) were associated with higher standard scores on the 

Communication domain of VABS-3, r(11)=.641, p=.03 (Figure 2). A trend for a similar 

relationship with the standard scores for the Socialization domain, r(11)=.553, p=.06, was 

also observed. There were no significant correlations between the brain responses indexing 

incidental memory and chronological age or age equivalence scores for the receptive and 

expressive communication subdomains.

4. Discussion

The purpose of this project was to evaluate auditory memory in nonverbal individuals with 

AS using auditory ERPs. Our results indicated that incidental memory for novel auditory 

speech stimuli following repeated exposure in a stream of continuously changing distracters 

can be detected in the ERPs of unsedated children and adults with the deletion subtype of 

AS. As hypothesized, the magnitude of the incidental memory response was positively 

associated with caregiver reports of communication abilities.

It is important to note that the passive auditory ERP paradigms in combination with a soft 

electrode array placed minimal demands on participants, and therefore we observed low 

attrition due to poor data quality: 94% (15/16) of subjects provided usable data for the 6-
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minute nonword learning task. For comparison, only 47% (8/17) yielded sufficient data in a 

60-second social eye tracking and pupillometry paradigm (Hong et al., 2017). The difference 

in success rate is most likely due to the stimulus modality: visual tasks require higher levels 

of behavioral cooperation (e.g., looking at the screen) compared to the auditory paradigms, 

in which sound stimuli presented above the perceptual threshold will be processed in the 

brain even if attention is not directed toward them.

Analysis of the ERP responses indexing incidental memory following repeated exposure 

revealed that persons with AS actively engage with their auditory environment, attend to the 

spoken stimuli, and are capable of learning new information by hearing it during a brief 

period of time, even in the absence of concurrent visual cues or explicit instructions to 

remember the stimuli. The lack of significant group differences in ERP responses between 

participants with AS and typical development, with both groups demonstrating the expected 

pattern of more positive parietal amplitudes for repeated nonwords compared to the stimuli 

heard only once, further suggests that the basic neural process supporting experience-

dependent learning and memory is functional in persons with AS.

The ERPs reflect neural activity in the cortex, which is among the brain areas where 

reductions of UBE3A are particularly noticeable in AS (Hayrapetyan et al., 2013; Jana, 

2012). Previous auditory ERP studies in typical and atypical populations have reported that 

differences in cortical brain activity can be observed prior to and be predictive of differences 

in behavioral performance on standardized assessments (e.g., Kuhl et al., 2013; Maitre et al., 

2013). Our ERP evidence of incidental auditory memory in AS and its associations with 

caregiver reports of communication (and socialization, albeit at trend level) skills, provide 

new support to the idea that measures of cortical activity during passive tasks targeting 

attention, learning, and memory have promise as an objective measure of neural functioning 

in nonverbal individuals. Additionally, unlike the standardized behavioral assessments, many 

of which were not designed for use in persons with intellectual and developmental 

disabilities, ERPs offer a direct way to capture individual differences without extensive 

demands for overt motor or verbal responses, positioning them to be a more sensitive marker 

of treatment outcomes. Furthermore, the passive nature of the task makes the results less 

susceptible to placebo effects, an important consideration for possible future use in 

intervention studies.

The results from this study also demonstrated the attention span and endurance limitations 

that should be taken into account when designing assessments for AS. Even though 

EEG/ERP measures are more tolerant of movement than other neuroimaging techniques, 

motor artifacts were a frequent concern in our study sample. The majority of the participants 

with AS, particularly the adolescents and adults, found the need to sit relatively still for 6 

minutes to be the most challenging part of the testing experience. Thus, future studies need 

to carefully plan the length of the testing session and explore more effective management of 

motor artifacts through the use of seating options that offer upper body support (e.g., safety 

seats with a 5-point harness). Given the focus on cognitive processes, we believe that the use 

of more extensive restrains (e.g., inflatable papooses, etc.) may be counterproductive due to 

increased stress associated with the restriction of movement (Buynitsky & Mostofsky, 2009), 
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which in turn may have a negative effect on cognitive performance (Kuhlmann et al., 2005; 

Schwabe & Wolf, 2010).

While reporting novel findings, this study has several limitations. Our sample included only 

individuals with the deletion subtype of AS, the most common as well as the most severely 

affected. Future studies will need to examine whether similar results would also be observed 

in persons with AS due to the uniparental disomy, imprinting deficits, or UBE3A mutations. 

Nevertheless, it is likely that the described procedures will be feasible regardless of the 

specific genetic subtype. Also, the number of participants, while average for a rare genetic 

disorder, was small, which limited statistical power to detect medium or small effect sizes 

and to examine potential effects of sex or epilepsy status. Based on our findings supporting 

the prediction that the parietal ERP response can serve as the index of incidental memory in 

AS, future studies may limit their analyses to a single electrode location (e.g., the parietal 

cluster) in order to reduce the number of variables and thus increase statistical power to 

detect additional effects (e.g., group differences). Related to the issue of a small sample size, 

the magnitude of the observed correlations should be interpreted with caution until further 

replication, because extreme values are more likely to be observed in smaller samples. 

Additionally, our participants represented a wide age range, from young children to adults. 

Previously published studies suggest that passive measures of incidental memory may be 

age-independent in children and young adults (Key & Corbett, 2014; Peters et al., 2017), 

however, spontaneous stimulus repetition detection is sensitive to aging-related cognitive 

decline in older participants (Key & Dykens, 2014). Little is known about the developmental 

trajectory over the lifespan in AS, and future studies in this population will need to examine 

possible age-related differences in auditory learning and memory.

In conclusion, our results demonstrate that measuring cortical brain responses associated 

with auditory learning and memory in nonverbal children and adults with AS is possible and 

can provide objective information complementary to the caregiver reports of adaptive 

functioning. Without the requirement of behavioral responses, the use of auditory stimuli 

during brief test sessions made the procedures suitable for a wide range of ages and ability 

levels. Thus, our findings support the utility of brain-based measures for evaluating 

information processing in nonverbal persons with neurodevelopmental disorders.
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Highlights

• We used ERPs to investigate memory in nonverbal persons with Angelman 

syndrome.

• Repeated nonwords evoked a more positive response in the 200–500  ms 

window.

• ERP marker of incidental memory correlated with caregiver reports of 

functioning.

• ERPs can help assess cognition in nonverbal persons with 

neurodevelopmental disorders.
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Figure 1. 
Average ERP waveforms at frontal (Fz) and parietal (Pz) midline clusters in response to 

repeated and single presentations of novel nonwords in participants with Angelman 

syndrome (AS) and typical comparison (TD) group. Positive amplitudes are plotted up. The 

rectangular marquee identifies the time window used in the analysis.
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Figure 2. 
Brain-behavior associations between the parietal ERP index of auditory incidental memory 

(amplitude difference between the repeated and single nonword) and caregiver reports of 

communication and socialization skills (VABS-3 standradr and age equivalence scores) and 

age in persons with Angelman syndrome.
* p<. 05, # p<. 10
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Table 1.

Caregiver categorization of communicative and social skills in participants with Angelman syndrome (n=12) 

according to Vineland Adaptive Behavior Scales-3.

Domain/Subdomain Score M SD Range

Communication Standard 25.83 9.81 20–50

Receptive
Raw 37.17 17.69 13–68

Age Equivalence (mo) 19.75 11.03 9–46

Expressive
Raw 17.92 10.69 6–43

Age Equivalence (mo) 11.17 6.49 2–23

Written
Raw 5.75 5.34 0–16

Age Equivalence (mo) 24.92 18.61 0–52

Socialization Standard 39.42 16.78 20–71

Interpersonal Relationships
Raw 30.58 8.31 17–45

Age Equivalence (mo) 14.92 7.00 4–27

Play and Leisure
Raw 18.58 8.51 4–30

Age Equivalence (mo) 16.75 7.91 2–27

Coping skills
Raw 17.17 7.06 8–28

Age Equivalence (mo) 16.92 7.40 12–30
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