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Abstract

The current study used event-related potentials to examine a candidate process through which
sleep difficulties affect attentional processing in toddlers. Fifteen toddlers participated in an
auditory Oddball Task while neurophysiological data were collected. Sleep deficits were assessed
using actigraphs, and attention was examined with a sustained attention task. A P3-like component
was elicited from the toddlers, and longer target P3 latencies were associated with poorer
sustained attention and irregular sleep. Findings suggest that irregular sleep is associated with less
efficient attentional processing as reflected by the P3 component, and that longer target P3
latencies are associated with poorer sustained attention.

Sleep deficits in early childhood are associated with attention problems as reported by
parents and teachers (Gruber et al., 2012; O’Callaghan et al., 2010). Although evidence
suggests that sleep difficulties affect attention skills in early childhood, there is little
research examining how this happens. Electroencephalography (EEG) is a promising avenue
to examine the process through which sleep difficulties affect the development of attention
skills. Research using EEG to study attentional processing has primarily focused on school-
aged children (Johnstone et al. 2005). More research is needed on younger children. We are
especially interested in toddlers who normatively show significant development in the
ability to maintain focused attention (Kannass & Oakes, 2008; Ruff, Capozzoli, &
Weissberg, 1998; Ruff & Capozzoli, 2003). However, few studies have investigated the
neural correlates of attentional processing in very early childhood. In additional to studying
toddlers with EEG and event-related potentials (ERP), the current study also considers a
theoretical aspect of toddlers’ experience that could affect development of attentional
processing in toddlers— chronic sleep deficits.

Oddball tasks are frequently used to assess the neural correlates of attention. In an active
Oddball task, a target stimulus is infrequently presented among more frequent distractor
stimuli, and the participant is instructed to make a behavioral response to the target (deviant)
stimulus. The P3 ERP component, the third positive waveform deflection that occurs 300 —
500 ms post-stimulus in adults, with longer latencies in children (Polich, Howard, & Starr,
1985; van Dinteren, Arns, Jongsma, & Kessels, in press), is elicited in response to the
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presentation of the target stimuli. In childhood, the target P3 is observed to occur maximally
in parietal electrodes, but becomes maximal centrally and more evenly distributed with age
(Johnstone, Barry, Anderson, & Coyle, 1996). The P3 component is the most extensively
studied ERP component, but few specific interpretations for the component have been
consistently supported. This is likely because the P3 is an index of multiple cognitive
processes, with multiple neural generators (Kiehl et al., 2005; M. E. Smith et al., 1990).
Nevertheless, larger amplitudes and shorter latencies are generally associated with better
attentional and information processing capacity (Key, Dove, & Maguire, 2005). Previous
research suggests that P3 latencies decrease throughout childhood, reaching adult levels by
the early 20s, with longer P3 latencies indicating poorer neural efficiency surrounding
attentional processes (Martin, Barajas, Fernandez, & Torres, 1988; van Dinteren et al., in
press). Previous research suggests that school-aged children with attention deficits display
P3 components to deviant auditory stimuli with smaller amplitudes and longer latencies than
children without attention problems (Johnstone, Barry, & Clarke, 2013; Kemner et al.,
1996).

In toddlers, it is unknown whether individual differences in P3 amplitudes and latencies
elicited from an active Oddball task index the neural correlates of attentional processing. It
is also unknown whether naturally occurring sleep deficits are associated in predictable
ways with the morphology of the P3 component. Several studies with adult samples have
demonstrated that experimentally reduced sleep and naturally occurring sleep deficits are
associated with differences in the amplitudes and latencies of several ERP components
thought to reflect attentional processing, including the Mismatch Negativity (MMN) and the
novelty P3 elicited from a passive Oddball Task (A. Gosselin, De Koninck, & Campbell,
2005; Trujillo, Kornguth, & Schnyer, 2009). A growing literature suggests that adults and
children with sleep disorders, such as obstructive sleep apnea, have poorer attentional
processing abilities as indexed by a diminished novelty P3 component (N. Gosselin et al.,
2006), suggesting that naturally occurring sleep difficulties associated with poorer sleep
quality may compromise attentional capacities. In Gumenyuk et al. (2011), adults who were
identified as short sleepers (sleeping less than 6 hours a night) displayed target P3 responses
in an active Oddball task that were smaller in amplitude and longer in latency than adults
without sleep deficits. However, few studies have examined the association between sleep
difficulties and attentional processing in children. Molfese et al. (2013) demonstrated that
imposing a week long one-hour sleep restriction in school-aged children led to broad
waveform morphology differences in the active Oddball P3 component (smaller amplitudes)
when compared to a baseline preceding sleep restriction, suggesting that mild sleep
restrictions affect the P3 component in children. To our knowledge, though, no studies have
investigated the association between naturally occurring sleep deficits and the P3 component
in very early childhood, a time of rapid neural development during which children may be
especially vulnerable to the effects of sleep deficits.

To test the validity of the P3 as an index of attentional processing in early childhood, the
present study examines the associations between individual differences in P3 morphology
and performance on a task commonly used to assess attentional capacities in early
childhood, a sustained attention task. Sustained attention is the effortful maintenance of
visual, focused attention over time, which allows the child to selectively attend, ignore
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distracting stimuli, and maintain this focus (Ruff & Capozzoli, 2003). Difficulties in
sustaining attention are a core feature of behavioral disorders such as attention deficit
hyperactivity disorder (ADHD). If the P3 component reflects attentional processing in
toddlers, we hypothesize that smaller P3 amplitudes and longer P3 latencies would be
associated with poorer ability to sustain attention. To investigate a plausible process in the
development of the neural basis of attentional processing, the present study examines the
associations between natural sleep deficits in toddlers and the neural correlates of attentional
processing using an auditory Oddball task. Based on research demonstrating that sleep
deficits are related to attention problems in school-age children, we hypothesized that sleep
deficits would be associated with smaller P3 amplitudes and longer P3 latencies. To our
knowledge, the present study is the first to examine the associations between natural sleep
deficits and a neurophysiological index of attentional processing in early childhood.

Method

Participants

Participants included 27 children (13 girls) who were 2 — 3 years old (M = 2.76, SD=0.27),
who were recruited for an EEG visit from a larger study of child self-regulation (citation
blinded for review). To be eligible to participate in the larger study, children needed to be 30
months of age at the first data collection time point. Of these 27 toddlers, six had two
measurement occasions separated by six months, yielding 33 cases altogether. Of these 33
cases, 20 provided usable EEG data, which included 15 unique toddlers, five of whom had
two measurement occasions, resulting in a final sample of 20 cases. Because the final
sample included children with multiple measurement occasions, this sample would violate
the traditional assumption of independence required for correlation analysis. In order to
retain all 20 cases in our final sample without violating the assumption of independent
observations, nested regression was used to statistically account for potential longitudinal
dependency in the data.

The children in the final sample of 20 cases (11 girls) had a mean age of 2.79 years
(SD=0.28). Family socio-economic status (SES), as calculated using the Hollingshead Four-
Factor Index (Hollingshead, 1975), ranged from 13 to 66 (M=46.65, SD=15.1). All children
in the final sample were typically developing in cognitive functioning according to the
Differential Ability Scales (Differential Ability Scale: General Cognitive Ability; Elliott,
2007; M=107.75, SD=11.53, range=86 — 128), and according to parent report, none of the
children had vision or hearing problems. No child included in the sample had ever been
diagnosed with a neurological disorder, intellectual disability, seizure disorder, or prior brain
trauma. Parents also completed the Children’s Sleep Habits Questionnaire (Owens, Spirito,
McGuinn, & Nobile, 2000) and the Kosair Sleep Questionnaire (Montgomery-Downs, O
Brien, Holbrook, & Gozal, 2004), which assess sleep disorders in children. No child in the
sample was reported to have a sleep disorder.

Measures

ERP measures of attentional processing—During the lab visit, the children
participated in an Oddball task and a Go/NoGo task while EEG data were collected. The
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present study focuses on the P3 ERP from the Oddball task. In the auditory Oddball task,
which was adapted for use with toddlers, children were instructed to press a large green
button when they heard the infrequent target sound, either a naturalistic “quack” or a
“meow.” During the task, which lasted 6 minutes, the children’s attention was directed
towards a Dell PC monitor, which displayed an engaging picture of a farm using E-Prime
2.0 (Psychology Software Tools, Inc: Pittsburgh, PA). The auditory stimuli were presented
at 75 decibels from 8 ohm speakers placed on either side of the monitor used to display
visual stimuli, located 1 meter in front of the child. The children completed several practice
trials prior to the test trials, while a research assistant gave the child feedback on his or her
performance. The task was paused by the researchers any time the child was not attending to
the task, and the research assistant redirected the child’s attention. The task included 80
trials that lasted 1 second each, with 56 frequent stimuli and 24 infrequent target stimuli.
The trials were presented at an interval of 2.7 seconds, so that the children had sufficient
time to respond to the stimulus. The target animal sound was counterbalanced, and the ERP
waveforms were time-locked to the presentation of the target stimuli.

We used an Oddball task that included a behavioral response in order to directly observe the
child’s manifested ability to sustain attention to a deviant stimulus. A key innovation of the
present study is that, to our knowledge, it examines an auditory Oddball paradigm with a
behavioral response in the youngest sample to date. The capacity to sustain focused attention
develops rapidly during toddlerhood (Kannass & Oakes, 2008; Ruff et al., 1998; Ruff &
Capozzoli, 2003), making it an ideal developmental window to examine neural functioning
in relation to sustained attention skills. Because sustained attention is a developing and
variable skill among toddlers and there are great individual differences in toddlers’ ability to
sustain attention, it was necessary to adapt our procedures for EEG processing. To retain the
most children and trials possible for maximal generalizability, we included trials with and
without a behavioral response in the subject averages used in analysis. To explore the
possibility of conducting the analysis using an inclusion criterion of 10 artifact-free target
trials with a behavioral response, children who were unable to consistently perform the task
were excluded from analysis for exploratory purposes. Doing so would have restricted the
sample to five children and systematically excluded the youngest children (30-month-olds;
t[5]=—2.34 p=.06), supporting our decision to adapt EEG processing procedures to our
sample by including target trials with and without a behavioral response (retaining 20 cases).
Including all artifact-free trials regardless of the child’s behavioral response could
potentially complicate the interpretation of P3 component. We address this possibility in the
Discussion.

Netstation Acquisition software version 4.4.2 (Electrical Geodesic, Inc.: Eugene, OR) was
used to collect and process the continuous EEG data using a 128-electrode Hydrocel
Geodesic Sensor Net with a sampling rate of 250 Hz while the child participated in the
Oddball task. Before recording began, electrode impendences were adjusted lower than 50
kQ. The children’s continuous EEG data were band-pass filtered from 0.3 to 30 Hz, and
epochs 1200 ms in duration were extracted, beginning 200 ms prior to the presentation of
the target stimulus. The data were then visually inspected for artifacts. Following visual
inspection, a channel was marked as bad if a voltage change greater than 150 pV occurred
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during a given segment of length 80 ms, and a segment was marked as bad if it contained 20
or more bad channels. For a child to be included in the analyses, a criterion of at least 10
trials of artifact-free data in each condition was set. Twenty cases met the criterion and were
retained in analysis. Of the original 33 cases, 2 cases were missing because the child refused
to wear the cap, 8 refused to participate in the task, 2 had too many bad trials, and 1 was
missing due to a technical problem. There was no significant difference between the
children who did and did not provide usable EEG data on any of the variables examined in
the analysis, suggesting that data were missing at random or completely at random. The
epoched data were then re-referenced to the average reference, and baseline corrected by
subtracting the average activity over the 200 ms baseline period. Once processing was
complete, a spatial principal components analysis (PCA) was conducted using the ERP PCA
toolkit (Dien, 2010) on the 128 EEG electrodes to objectively and empirically identify
regions of electrodes that parsimoniously accounted for the majority of variability in the
waveforms. The PCA identified 14 spatial factors that accounted for 89% of the variance.
We focused on parietal electrodes because previous findings indicate that the P3 elicited
from active Oddball paradigms has a parietal distribution in children (Johnstone et al.,
1996). Waveforms from a cluster of parietal electrodes (see Figure 1) were inspected to
determine the timing window of the third positive deflection on target trials corresponding
with the P3. P3 latencies were defined as the individual’s most positive peak within a range
of 550 — 700 ms post-stimulus.

Behavioral measure of attention: sustained attention task—In the sustained
attention task, the child engaged in independent free play in the lab for five minutes with a
standard set of developmentally appropriate toys. Video of this free play interaction was
coded continuously, using the Ruff and Capozzoli (2003) system and the program ELAN,
version 4.7.0 (Max Planck Institute for Psycholinguistics; Wittenburg, Brugman, Russel,
Klassmann, & Sloetjes, 2006), for three levels of attentiveness: 1. “eyes on”: child is only
looking at toys, scanning their options for possible stimulation. 2. “settled”: child is touching
and looking at a toy but not fully engaging with it to execute a plan or goal. 3. “focused”:
child displays intent facial expression, minimal task-irrelevant talking, and slower, fine-
motor movements with no extraneous activity; the child brings the toy close for examination
and goal execution. Each video was independently coded by two coders, with average
intraclass correlation coefficient kappa values of .96, .91, and .79 for eyes on, settled, and
focused respectively. Scores were averaged across coders. The proportion of time in focused
attention was used as a measure of sustained attention.

Sleep difficulties—Individual differences in toddlers’ sleep difficulties were assessed
using actigraphs worn continuously by the toddlers for the week preceding the EEG lab
visit. The actigraphs, worn primarily on the child’s wrist, were used to estimate the child’s
sleep and wake patterns from minute-by-minute recordings of motor activity. Daily sleep
diaries completed by the child’s primary caregiver were used to mark the time the child went
to bed and when the child was not wearing the actigraph. Based on PCA conducted with the
entire sample of toddlers who participated in the wider study of toddler self-regulation (N =
134) we selected two dimensions of sleep for analysis in the present study: 1) irregular
timing and duration of sleep across nights and 2) nighttime sleep duration. These two
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dimensions correspond to common sleep difficulties observed in toddlers and reported by
parents. The factor representing irregular sleep is composed of the mean of z-scored
actigraph variables including the night-to-night standard deviations of: time spent in bed at
night, time spent in bed after sleep onset, time spent asleep at night not including night
waking, the time the child went to bed according to the parent, the time the child fell asleep,
and the time at which the mid-point of sleep occurred. The factor representing sleep duration
included the average time the child spent in bed each night, the time the child spends in bed
after sleep onset, and the time the child spent asleep each night not including night waking.

Procedure—Children visited the lab to participate in several tasks, including a free play
task coded for sustained attention. One week later, the children returned to the lab to
participate in the ERP recording session. The researchers complied with all APA ethical
standards and the institutional review board at (university blinded for review) approved all
procedures.

Analysis plan—P3 amplitudes and latencies were examined in relation to the index of
irregular sleep, sleep duration, and the proportion of time focused during the sustained
attention task. Initially, Pearson correlations, which treated each case as an independent
measurement occasion, are reported, as well as multiple regression controlling for the
number of target trials kept, the percent of correct target trials, and the child’s age. Because
five children had more than one measurement occasion, we also tested significant results,
with multiple regression with a cluster variable (i.e. clustered regression), a statistical
technique that accounts for the longitudinal dependency in the data caused by multiple
measurement occasions. The clustered regression models were fit using the rms package
(Harrell Jr, 2014) in R 3.0 (R Core Team, 2012) that calculates robust standard errors using
a robust (Huber-White sandwich) estimator of the covariance matrix (Huber, 1967; White,
1980). Sandwich estimators are widely used to account for data dependency in regression
models (for an example using sandwich estimators in the context of longitudinal
neuroimaging, see Guillaume et al., 2014).

The toddlers recognized the deviant target stimuli, responding to a greater percentage of
target than frequent trials (t[19]=—4.38, p<.001). There were considerable individual
differences in behavioral accuracy on the task (M=40.21% correct on target trials,
D=22.39%), similar to the findings of Dupin, Laurent, Stauder, and Saliba (2000) and
Lavoie, Robaey, Stauder, Glorieux, and Lefebvre (1997) in which behavioral accuracy of
five-year-olds was equally low in a similar task. Mean response time to target trials
(M=1657.22 ms, 9D=235.99 ms) also showed large individual differences. The mean sleep
duration (including sleep during naps and sleep at night) for the sample was 585.4 minutes
(SD=42.08 minutes), falling within the typical range for children between the ages of 2 - 3
based on a nationally representative sample (Galland, Taylor, Elder, & Herbison, 2012), and
the mean proportion of time spent in focused attention was .08, and fell within one standard
deviation of the mean proportion of focused attention for 30 month olds during a free play
task (.13) reported in Ruff et al. (1998).
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A component resembling a P3 in topography, latency, and magnitude was elicited from the
toddlers during the target trials of the active Oddball Task (see grand averaged waveform in
Figure 1). Behavioral accuracy on the task and mean response time to the target trials was
uncorrelated with target P3 amplitudes and latencies, suggesting that behavioral
performance on the Oddball task may capture different types of individual differences in
attentional processing than ERPs. Descriptive statistics and correlations are provided in
Table 1. There was a significant negative association between target P3 latencies and the
proportion of time focused during the sustained attention task (r[16]=-.51, p=.032), such
that children with longer P3 latencies demonstrated less sustained attention. Additionally,
results demonstrated a significant positive association between target P3 latencies and
irregular sleep (r[18]=.61, p=.004), such that children with sleep that varied from night to
night in timing and duration had longer target P3 latencies. The significant associations were
then further tested using multiple regression, controlling for covariates. All associations
tested were significant at a p<.05 level. The effects also remained significant when using
nested regression to account for the longitudinal dependency in the data. There was no
significant association between P3 latencies and sleep duration or between P3 amplitudes
and sleep deficits or sustained attention.

Discussion

The findings from this study replicate and extend an established literature on the P3
component elicited from adults and older children during the Oddball task. Our findings
suggest that longer target P3 latencies are associated with less sustained attention during the
free play task. Deficits in the ability to sustain focused attention are a core feature of ADHD
(American Psychiatric Association, 2013), and impaired performance on a sustained
attention task may be an early behavioral phenotype of attention disorders (A. Martin,
Razza, & Brooks-Gunn, 2012). Our results provide support for prior findings that a longer
auditory Oddball P3 latency is a marker of impaired attentional processing, and may be
associated with an increased risk for developing attention problems. Importantly, our
findings extend the literature on the P3 to a sample of toddlers. In children as young as 30
months, a P3-like component, associated with a child’s ability to sustain attention, can be
elicited using an active Oddball paradigm. Because, to our knowledge, this is the first time
this paradigm has been used with children this young, we cannot be certain if our P3-like
component reflects the same component as elicited in adults. However, given that our
component is related in a theoretically meaningful and expected way to an index of
sustained attention and that a component with comparable latency and morphology was
elicited from preschoolers using a similar paradigm (Cycowicz & Friedman, 1997), this P3-
like component may reflect similar cognitive processes as the P3 elicited in older subjects.

Despite prior literature suggesting that sleep deficits are associated with diminished ERP
amplitudes in adults and older children, in this sample, sleep difficulties were not found to
be associated with P3 amplitudes. However, our findings do suggest that naturally occurring
sleep difficulties in early childhood are associated with individual differences in P3
latencies. Irregular sleep from night to night was associated with longer target P3 latencies.
As sleep deficits have been associated with broad impairments in attention in adults (e.g.
Durmer & Dinges, 2005; Lim & Dinges, 2008) and older children (e.g Chervin, Bassetti,

Dev Neuropsychol. Author manuscript; available in PMC 2015 July 15.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hoyniak et al.

Page 8

Ganoczy, & Pituch, 1997; Fallone, Acebo, Arnedt, Seifer, & Carskadon, 2001; Gruber et al.,
2011), as well as differences in the ERPs thought to reflect attention processes including the
MMN, the novelty P3, and the P3 elicited during active oddball tasks (Gumenyuk et al.,
2011; Trujillo et al., 2009), the findings from this study provide evidence that these
associations may be present in very early childhood. Irregular sleep from night to night has
been shown to be a distinguishing feature of the sleep patterns of children with ADHD
(Spruyt, Raubuck, Grogan, Gozal, & Stein, 2012), suggesting that this particular aspect of
sleep may be especially related to attentional capacities. The association between target P3
latencies and irregular sleep, in conjunction with the finding that longer P3 latencies are
associated with poorer ability to sustain attention, suggests a potential candidate process by
which sleep difficulties affect attentional abilities. Future longitudinal studies should explore
the possibility that less efficient neural processes related to attention mediate the association
between sleep difficulties and poorer sustained attention.

The present study has several limitations. For this task to be feasible with toddlers, trials
with and without a behavioral response were included in analysis. Doing so was necessary to
accommodate the population of interest. This approach, though novel, is consistent with a
precedent in active Oddball paradigms, in which participants respond to rare stimuli by
keeping a silent count of the rare stimuli encountered throughout the trial block. Many of
these studies include all trials in a block based on whether or not the overall number of
correct responses in that block surpassed an overall correct response threshold, thereby
including individual trials in the grand average in which a behavioral response was not made
(Habeych, Charles, Sclabassi, Kirisci, & Tarter, 2005; L. Martin et al., 1988). In L. Martin et
al. (1988), these “errors” are attributed to confusion in counting (difficulties with the
demands of the task) rather than perceptual errors. In the present study, every toddler, except
for one, made correct behavioral responses to the target stimuli, but not on every trial. This
is consistent with our understanding of sustained attention as a developing skill in
toddlerhood. This likely reflects variability in toddlers’ capacity to respond consistently on
command in the context of a task requiring focal attention (difficulties with the demands of
the task), rather than a deficit in the processing of the deviant stimuli. To compare our
approach to a more traditional approach, we also conducted our analyses excluding children
who did not have a sufficient number of artifact-free target trials with a behavioral response.
Excluding children based on their ability to consistently sustain attention and make a
behavioral response introduced unacceptable systematic missingness to our data. The
youngest children had the fewest artifact-free target trials with a behavioral response such
that children under age three were systematically excluded. Because toddlerhood is a
sensitive period of development for the capacity to sustain attention, this excluded a highly
interesting subset of children and reduced our ability to describe development in
toddlerhood.

Researchers who study cognitive development in early childhood distinguish between ability
and performance, observing that variability in performance accuracy does not necessarily
indicate variability in the underlying cognitive process (L. B. Smith & Katz, 1996). Rather,
variable performance can reflect a stable ability (Medin & Ortony, 1989). Children in our
sample responded to a higher percentage of the target than the frequent trials. Thus, although
the children did not show a consistent behavioral response, they still recognized the deviant
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target stimulus. We adapted our approach for the population and questions of interest to
increase generalizability and feasibility in ways that are consistent with theory.

Additionally, in order to keep participant burden low, the active Oddball task and the
behavioral sustained attention task were administered on different days, approximately a
week apart. Because performance on both tasks is likely influenced by fluctuations in state
(e.g. mood, sleepiness, health) it is possible that measuring these tasks at two different time
points could influence observed associations. Future studies should investigate the extent to
which these tasks are influenced by state fluxuations in early childhood.

The present study has several strengths, including the novelty of using this task and method
with toddlers and the use of robust, independent, and objective measures of each variable of
interest. Developmental ERP studies focusing specifically on populations of toddlers are less
common than ERP studies focusing on preschoolers or school-aged children, and further
research is needed to characterize neural development during this crucial age range. The
EEG studies that have included toddlers often combine scores from toddlers with those of
older children (e.g. Carver et al., 2003) or use passive tasks (e.g. Bernal, Dehaene Lambertz,
Millotte, & Christophe, 2010; Luyster, Powell, Tager-Flusberg, & Nelson, 2014; Pesonen et
al., 2010; Webb et al., 2011). Not only does the present study use an adapted active auditory
Oddball task with toddlers, but it also has a relatively narrow age window, allowing explicit
focus on neural processing in toddlers. The study also used objective, multi-method
approaches to measuring each of the variables of interest, including electrophysiological
data collection, actigraphy data to generate empirically-derived sleep dimensions, and an in-
depth micro-level coding system for sustained attention. We applied PCA, a theoretically
and empirically driven approach for identifying components and selecting electrode clusters,
in the analysis of our ERP data.

In sum, there was an association between target P3 latencies and the ability to sustain
attention, and an association between target P3 latencies and irregular sleep. These findings
suggest that target P3 latencies from an auditory Oddball task are associated with the
capacity to sustain attention in children as young as 2, and that sleep difficulties are
associated with poorer neural efficiency of attentional processing. Future studies should
replicate and extend our findings on the importance of sleep for neurophysiological and
attentional processing in toddlers.
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Figure 1.
P3 electrode cluster and P3 waveforms for target and frequent trials. The waveform depicted

represents the mean waveform from those electrodes with a 0.4 or greater factor loading
onto the PCA component reflecting the P3; electrodes were averaged with equal, unit
weighting. The P3 amplitudes in Table 1 were calculated from PCA. In the PCA, all
electrodes contribute to the estimation of amplitudes to the extent that they reflect the
underlying P3 component (based on factor loadings), thus accentuating those electrodes that
are driving the signal. This accounts for the larger amplitudes in Table 1 than Figure 1.
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