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Abstract
Attentionandmemoryarehighly integratedprocesses.Buildingonpriorbehavioral investigations, this studyassesses the linkbetween
individual differences in low-level neural attentional responding and false memory susceptibility on the misinformation effect, a
paradigm in which false event memories are induced via misleading post-event information. Twenty-four subjects completed the
misinformationeffectparadigmafterwhichhigh-density (256-channel)EEGdatawascollectedas theyengaged inanauditoryoddball
task.Temporal-spatial decompositionwasused to extract twoattention-relatedcomponents from theoddball data, theP3bandClassic
SlowWave.TheP3bwasutilizedas an indexof individual differences in salient target attentional respondingwhile the slowwavewas
adopted as an index of variability in task-level sustained attention. Analyses of these components show a significant negative rela-
tionshipbetweenslow-waveresponses tooddballnon-targetsandperceptual falsememoryendorsements, suggestiveofa linkbetween
individual differences in levels of sustained attention and false memory susceptibility. These findings provide the first demonstrated
link between individual differences in basic attentional responses and false memory. These results support prior behavioral work
linking attention and false memory and highlight the integration between attentional processes and real-world episodic memory.
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Introduction

Attention and memory are interdependent, tightly integrated,
processes (Aly & Turk-Browne, 2017; Chun & Turk-Browne,
2007). Attentional processing during encoding influences what
information is processed and stored (Uncapher & Rugg, 2005)
while synchronously, prior memory traces influence and guide
the allocation of attentional resources (Stokes, Atherton, Patai,
& Nobre, 2012). Similar processes present themselves during
retrieval where efficient memory performance relies on atten-
tional control in maintaining task focus (Unsworth & Robison,
2016) and inhibiting irrelevant recollective traces (Anderson &
Green, 2001), while memory traces moderate task focus
(Rummel, Smeekens, & Kane, 2017), serve as attention cues
(Hutchinson & Turk-Browne, 2012), and impact available at-
tentional resources (Whitmer & Gotlib, 2013). The retrieval
process itself can be conceptualized as a form of selective

attention towards internal representations (Badre, Poldrack,
Pare-Blagoev, Insler, & Wagner, 2005; Chun & Turk-
Browne, 2007).

Attention and false memory

This rich interconnected framework necessitates a key role for
attention in real-world memory, particularly with regard to
promoting accurate retrieval and preventing false memory
formation. There are a wide range of tasks used to study false
memory, these include the Deese-Roediger-McDermott para-
digm, a task in which false report of unpresented words are
induced via the study of other related words (Roediger &
McDermott, 1995), as well as reality-monitoring paradigms,
which strive to induce: (a) false perceptual memories for items
presented in different modalities (Hoffman, 1997; Johansson,
Stenberg, Lindgren, & Rosén, 2002), or (b) false self-action
memories for imagined or observed actions (Goff & Roediger,
1998; Lindner, Echterhoff, Davidson, & Brand, 2010).

Attention has been shown to play an important role in many
of these paradigms (DRM: Dewhurst, Barry, Swannell,
Holmes, & Bathurst, 2007; MacRae, Schloerscheidt,
Bodenhausen, & Milne, 2002; Perez-Mata, Read, & Diges,
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2002; Skinner & Fernandes, 2009. Source Monitoring: Bayen
& Kuhlmann, 2011; Dywan, Segalowitz, & Webster, 1998;
Fernandes &Moscovitch, 2000). However, with regard to false
memories for complex real-world event memories, although
several studies have shown divided attention (Palmer, Brewer,
McKinnon, & Weber, 2010; Sauer & Hope, 2016) and in-
creased attentional load (Murphy & Greene, 2016) to have a
negative impact on event memory in general, the link between
basic attentional processes and the formation of this class of
false memories remains an underexplored area of research.

To induce false event memories experimentally, re-
searchers typically utilize the well-established misinformation
paradigm. In this design, individuals witness an event, receive
misleading post-event information, and are later tested on their
memories for the original event (Loftus, 2003). During test-
ing, participants frequently misreport misinformation-based
details as being part of the original event. Intriguingly, these
false reports are often accompanied by perceptual recollec-
tions comparable with (Belli, Lindsay, Gales, & McCarthy,
1994) although weaker than true memories (Schooler,
Gerhard, & Loftus, 1986).

The primary studies linking attention to false memory
susceptibility have been conducted by Tousignant, Hall,
and Loftus (1986), Zaragoza and Lane (1998), Lane
(2006), Rivardo et al. (2011), and Kiat and Belli (2017).
Tousignant et al. (1986) showed that experimental manipu-
lations and individual differences which increased the
amount of time allocated towards reading misleading post-
event misinformation – a proxy measure for attention – was
associated with reduced levels of misinformation suscepti-
bility. Tousignant et al. (1986) proposed that this elevated
attention was linked with increased levels of discrepancy
detection, a hypothesis supported by several other investi-
gations in the area (Blank & Launay, 2014; Higham,
Blank, & Luna, 2017; Polak, Dukała, Szpitalak, &
Polczyk, 2016). Building on Tousignant et al. (1986)'s
work, Zaragoza and Lane (1998) conducted a study that
linked attention and misinformation susceptibility more
directly by demonstrating that dividing attention during
the misinformation exposure stage led to higher levels of
susceptibility to false memory formation. Extending this
line of research, Lane (2006) found that dividing attention
during the event encoding stage also led to increased sus-
ceptibility to false memory formation as well as reduced
memory for event details. Lane (2006)’s findings were sup-
ported by Rivardo et al. (2011), who showed individual
differences in the level of attention during event encoding
to be positively related to accurate event memory and
reduced levels of false event memory susceptibility.
Finally, Kiat and Belli (2017) focused their investigation
on the memory retrieval phase of the misinformation para-
digm and found evidence indicating that differences in the
level of attentional response to recognition cues during this

stage could be used to differentiate true and false perceptual
event memory responses.

To the best of our knowledge, despite evidence showing
differences in attention exerting a significant influence on
false memory susceptibility, no study has sought to directly
link individual differences in basic attentional neural re-
sponses to the considerable between-subject variability in
false memory formation. Furthermore, given the multifaceted
nature of attention (see Petersen& Posner, 2012, for a review),
the specific aspects of attentional processing most strongly
associated with susceptibility to false memory formation have
also yet to be isolated. The goal of the current study is to shed
light on these empirical issues.

Attention-related neural responses

As this investigation is the first to assess individual differences
in attentional processing and false memory susceptibility
using neural measures, we chose the well-established two-
stimulus Oddball task (Kok, 2001; see Polich, 2007 for a
review; Squires, Squires, & Hillyard, 1975) as a measure of
neural individual differences in attentional responding. In the
classic Oddball paradigm, two or more different stimuli are
presented in a random series, with one of them (the target)
occurring relatively infrequently. The participant is then
tasked with noting the occurrence of every target stimulus
by pressing a button or mentally counting the number of
non-frequent targets, suppressing responses to frequent and,
in the three-stimulus variant of the task, non-frequent, non-
target stimuli.

Decades of event-related potential (ERP) research using the
two-stimulus Oddball paradigm have shown it to elicit several
distinct neural responses. Given our focus on attention, we
concentrate on two attentional- related components, the P3b
(Sutton, Braren, Zubin, & John, 1965), a positive
centroparietal component peaking between 250 and 500 ms
post-stimulus presentation (see Kok, 2001; Polich, 2007 for a
review), and the classic positive slow-wave response, a pos-
terior component extending approximately 400–700 ms post-
stimulus (Barry, Steiner, & De Blasio, 2016; Brown, van der
Wee, van Noorden, Giltay, & Nieuwenhuis, 2015; Garcı́a-
Larrea & Cézanne-Bert, 1998; Johnson & Donchin, 1985;
Loveless, Simpson, & Naatanen, 1987; Ruchkin, Sutton,
Kietzman, & Silver, 1980; Spencer, Dien, & Donchin, 2001;
Squires et al., 1975; Steiner, Barry, & Gonsalvez, 2013;
Struber & Polich, 2002). While both components have been
repeatedly shown to be more positive in response to target
trials compared to non-target trials, multiple investigations
have shown them to be modulated by distinct factors, indicat-
ing that the two components reflect distinct cognitive process-
es (Brown et al., 2015; Ruchkin & Sutton, 1983; Ruchkin et
al., 1980; Rushby, Barry, & Doherty, 2005; Spencer et al.,
2001; Steiner et al., 2013).
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The widely studied P3b response is associated with opera-
tions involved in assessing the degree to which incoming tar-
gets match internal representations in memory and allocating
processing resources for context related updating (Donchin,
1981; Kok, 2001; Polich, 2007). The P3b has been specifical-
ly linked with inhibitory mechanisms associated with mini-
mizing extraneous stimulus processing in facilitation of task-
relevant memory operations (Polich, 2007). As such, the P3b
response has been widely used as a measure of differences in
the level of attention oriented towards salient task-relevant
targets and information (Berlad & Pratt, 1995; Chen et al.,
2011; Gray, Ambady, Lowenthal, & Deldin, 2004). Multiple
studies have found relatively stable levels of inter-individual
variability in the P3b response (Conroy & Polich, 2007;
Williams et al., 2005). These differences have been mapped
onto a range of behavioral differences including working
memory capacity (Yurgil & Golob, 2013), base arousal levels
(Brocke, Tasche, & Beauducel, 1997) and cognitive ability
(Russo, De Pascalis, Varriale, & Barratt, 2008; Stelmack &
Sculthorpe, 2008).

The classic ‘slow wave’ is less well understood than the
P3b, likely due to many studies not making a distinction be-
tween the two components or utilizing analytic methods that
are unable to do so effectively. Nonetheless, prior investiga-
tions involving the Oddball slow wave shed some light on the
cognitive processes underlying the component. One of the
most direct assessments of the slow wave was conducted by
Struber and Polich (2002), who found the slow wave to be
elevated not only towards Oddball targets relative to nontar-
gets, but also towards one-target stimuli monitoring responses
under long (30 s) relative to short (2.5 s) interstimulus-inter-
vals. Based on this observation, which was similar to a prior
effect noted by Fitzgerald and Picton (1981), Struber and
Polich (2002) proposed the slow wave to be indicative of
cognitive operations associated with the maintenance and
adjustment of attentional processes related to task
monitoring. Likewise, Kok and de Jong (1980) and Ruchkin
and Sutton (1983) also associated increases in the Oddball
slow-wave amplitude with increased levels of general alert-
ness and sustained task related focus. Slow wave responses in
other non-Oddball related target detection paradigms have
also been repeatedly associated with task-level sustained at-
tention and resource allocation (Gevins et al., 1996; Ritter &
Ruchkin, 1992; Rozenkrants & Polich, 2008; Rushby et al.,
2005). This interpretation of the slow-wave response is also in
line with repeated findings showing the amplitude of the com-
ponent to be elevated as a function of increased task difficulty
(see Rosler & Heil, 1991, for a review).

Building on this body of work, individual variation in the
P3b and classic slow-wave components have significant po-
tential as indexes of individual differences in salient target
attentional responses, and task-level sustained attention re-
spectively. Measuring the response to the highly salient targets

and repetitive non-targets further extends this framework,
allowing the potentially differential relationship between at-
tentional resources allocated towards these distinct classes of
stimuli and false memory susceptibility to be assessed.

The present study

The objective of this study is to assess links between low-
level individual differences in attentional responding and
susceptibility to false memory formation on the misinfor-
mation effect paradigm. Individual differences in attention-
al responding were assessed via ERP recordings from a
classic two-stimulus Oddball task, whereas misinformation
susceptibility was assessed using materials adapted from
Okado and Stark (2005).

The two primary attention-related components of interest
in this investigation are the P3b and Classic Slow Wave,
proposed as indexes of saliency driven and sustained atten-
tional responding respectively. Given the broad definition of
attention utilized in prior investigations of attention and false
memory, it is difficult to make firm predictions regarding
potential differential links between the P3b and slow-wave
components with regard to false memory susceptibility.
Nonetheless, prior studies have shown divided attention
(Lane, 2006; Zaragoza & Lane, 1998) and lower levels of
inherent task-related attention (Tousignant et al., 1986) to be
associated with increased levels of misinformation suscepti-
bility. As these factors appear more strongly associated with
sustained attention as opposed to saliency responding, we
hypothesize prior demonstrated links between attention and
false memory susceptibility on the misinformation effect are
driven by reduced levels of overall sustained attentional allo-
cation leading to decreased levels of event encoding (Lane,
2006) and discrepancy detection (Tousignant et al., 1986;
Zaragoza & Lane, 1998). Thus, we hypothesize that individ-
ual differences in amplitude of the slow-wave response will
be negatively associated with misinformation susceptibility as
this response is the closest to being an index of individual
differences in top-down sustained attention. We also hypoth-
esize that the individual differences in P3b response will also
be negatively associated with misinformation susceptibility
given the link between discrepancy detection and reduced
false memory susceptibility (Tousignant et al., 1986).

Methods

Power estimation

The target sample size was estimated using empirical power
simulation in SAS 9.3 (Zhao & Li, 2012) with behavioral
parameters observed in data from a prior investigation utiliz-
ing these materials (Kiat & Belli, 2017) and evoked response
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potential (ERP) data from an oddball dataset collected using
the same equipment utilized in this investigation (Kiat 2018).
With these parameters, 1,000 simulated datasets were simu-
lated for ten potential target sample sizes (10–40 in increments
of five) for target effect sizes between r = .25 and r = .75. The
results of this analysis indicated that based on these parame-
ters, a sample size of 25 participants was sufficient to provide
80% power to detect effect sizes of r ≥ .50 between the oddball
measures and behavioral responses on the ERP task.

Participants

Twenty-seven undergraduate psychology students (16 female,
mean age = 19.68 years, SD = 2.29), were recruited from a
subject pool at a large public university for this study. Three
participants were excluded from the analysis due to excessive
noise and artifacts in their ongoing EEG, resulting in a final
sample of 24 subjects (13 female, mean age = 19.87 years, SD
= 2.31). All participants reported right-handed dominance as
measured by the Edinburgh Handedness Inventory (Oldfield,
1971). Each participant received research credit for their par-
ticipation and provided written informed consent. The
Institutional Review Board of the university approved all
study procedures.

Materials

Oddball task A two-stimulus auditory Oddball was utilized in
this study. The target stimulus was a 1,000-Hz tone
(Probability: 20%) while the non-target stimulus was a 500-
Hz tone (Probability: 80%) with all tones being presented for
350 ms each. All tones were presented from a speaker posi-
tioned approximately 1 m above the midline of participants’
heads. The amplitude of all tones was 75 dB SPL as measured
at participants’ ears. A total of 324 tones (36 infrequent, 288
frequent) were presented with the stimulus-onset asynchrony,
which between 1,250 and 1,750 ms, with the precise value
being randomly generated for each trial. Examples of each
tone and a three-trial practice run (one target, two non-
targets) were presented to familiarize participants with the task
and stimuli prior to the start of the actual task. Participants
were instructed to sit still with their eyes open, blinking nor-
mally, throughout the task. To rule out motor activity as a
confound, participants were instructed to mentally count the
number of target tones presented to them during the task
(Debener, Makeig, Delorme, & Engel, 2005). At the end of
the task, respondents were asked to provide the number of
target stimuli that had been presented. To equalize the number
of target and non-target trials for subsequent processing, a
randomly selected set of 36 frequent tone trials were labeled
a priori for later segmentation.

Misinformation task This task had three phases: event study,
misinformation exposure, and test. In the study phase, partic-
ipants viewed four event sequences, each depicted using a
series of 50 digital color slides (Okado & Stark, 2005).
These separate events depicted (a) a man breaking into a car,
(b) a woman’s wallet being stolen, (c) a repairman stealing
office supplies, and (d) two friends getting into a fight.
Presentation order was randomized across participants. Each
slide was presented for 3,500 ms with a 500-ms blank screen
between slides. Twelve slides from each series contained crit-
ical details, half of which served as targets of misinformation
and half as control items during a later narrative phase.

The study phase was followed by the misinformation
exposure stage in which participants studied four narratives,
each purportedly redescribing one of the previously pre-
sented events. Each narrative consisted of 50 sentences,
one for each event slide, each presented on-screen for
3,500 ms with a 500-ms blank screen between sentences.
Six of the event details were described inaccurately
(misinformation) with the other six described accurately
(consistent control). Two versions of the narrative were
created, perfectly counterbalancing the assignment of criti-
cal details to the misinformed and consistent control condi-
tions. Participants were randomly assigned to read one of
these two variants. In the final test phase, participants were
tested on all 24 misinformed details and all 24 control
items, six from each event in both cases. Prior to testing,
participants were told that they would be tested on specific
aspects of the events that had been previously presented in
the preceding event and narrative slides. Participants were
told that the test was a True/False sentence rating task and
that after making each response they would be asked to
indicate whether they had made that response based on
something they remembered seeing (BSeen^), reading
(BRead^), both seeing and reading (BBoth Seen and Read)
or if they were just guessing (BGuess^).

The testing procedure is presented in Fig. 1. Each test item
was tested individually using a procedure utilized in our prior
work involving these materials (Kiat & Belli, 2017). First, a
partial sentence reinstated the context of the target event detail.
This sentence was presented on-screen for 4,000 ms after
which the critical event detail which completed the sentence
was presented. This event detail was either accurate (control)
or misinformation based (misled item). After the presentation
of each event detail, participants made a True/False judgment
followed by a source attribution judgment (seen, read, seen
and read, or guess), on the basis of the recalled source on
which they were basing their True/False evaluation. All re-
sponses were made on a four-key button box. A blank screen
was presented for 2,000 ms between each trial. Test items
were blocked by event type and presented in random, non-
chronological order within blocks. A short sentence reinstated
the context of each event at the start of each block.
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Experiment procedure

The study consisted of single test session during which partic-
ipants completed both the misinformation and Oddball tasks.
Participants were told that they would be participating in a
psychological study of memory involving the completion of
several memory and attention-related tasks. They then provid-
ed informed consent for the study after which theywere seated
individually in sound-attenuated rooms and fitted with the
high-density EEG electrode net. All stimuli were presented
on a 21-in. computer monitor adjusted to be 1 m from the
midline of their faces at a resolution of 1,024 × 768 pixels.
Two experimenters monitored the participant and the ongoing
real-time EEG waveforms for ocular and movement artifacts.

The testing procedure of the study was as follows.
Participants first completed the misinformation event study
phase followed by a 20-min retention interval during which
participants engaged in a filler task involving studying
word lists (none of which were related to the depicted
events). After completing the filler task, participants were
informed that they would not be tested on the lists. They
then completed the misinformation narrative study phase.
This stage was followed by a 15-min retention interval in
which the impedences of the electrode net were inspected
and re-adjusted if necessary. After the impedances had been
adjusted, participants completed the Oddball task followed
by the misinformation testing phase.

EEG data acquisition

EEG data were recorded using a 256 high-density AgCl elec-
trode Hydrocel Geodesic Sensor Net connected to a high-
input impedance NetAmps 300 amplifier running Netstation
version 4.4.2. Electrode impedances were kept below 45 kΩ, a
level appropriate for the high impedance system used. The
EEG data were digitized at 1,000 Hz from the DC to 500 Hz
range using a 24-bit analog-to-digital converter. Recordings
were collected using a vertex sensor (Cz), later referenced to
an average reference.

EEG preprocessing

The continuous EEG data were first digitally filtered
using a 0.1-Hz first-order high-pass and 30-Hz lowpass
filter. The continuous data were then downsampled to
250 Hz and segmented to the onset of the preselected
frequent and all infrequent tones, beginning 200 ms be-
fore onset and continuous for 1,200 ms thereafter.
Segments were then baseline-corrected using the 200-
ms prestimulus average. Ocular artefacts were reduced
via decomposing the data into basic topography compo-
nents using Delorme and Makeig (2004)’s runica routine
and removing ICA components with correlations greater
than .90 with a blink template created via averaging 200
blinks from open-eye resting-state data recorded from 40
subjects from a separate study (each subject contributing
five blinks) using an identical system setup.

After the artifact reduction process, bad channels were
then identified and interpolated in the segments using the
ERP Principal Component Analysis (PCA) Toolkit’s pre-
processing functions. Bad channels were identified across
the entire session via poor overall correlations (r <0.60)
between neighboring channels and within each segment
either as unusually high differences between an electrode’s
average voltage and that of their neighbors (> 30 μv) or as
extreme voltage differences within the electrode (> 80 μv
min to max). A channel was also marked as bad for the
entire session if more than 20% of its segments were clas-
sified as being bad. All identified bad channels were re-
placed using whole head spline interpolation. After bad
channels were identified and interpolated, trials that had
more than 8% of their channels interpolated were removed
from the analysis set. The remaining trials were then refer-
enced to an average reference. Average ERPs for each con-
dition were calculated using a mean-average approach. Post
rejection, each subject retained an average of 31.5 infre-
quent (SD = 4.50) and 31.88 frequent (SD = 3.92) trials.
These trial numbers have been shown to be more than
sufficient for reliable measurement of the P300 component
(Cohen & Polich, 1997).

Fig. 1 Misinformation test procedure

1004 Cogn Affect Behav Neurosci (2018) 18:1000–1014



Results

Oddball behavioral performance

Performance on this task was close to ceiling with 18 of the
participants indicating having detected all 36 tones. On aver-
age, participants reported detecting 35.71 (SD = 0.55, Range =
34–36) of the 36 infrequent tones.

Misinformation behavioral performance

Performance on this task is presented in Tables 1 and 2. Table
1 shows the breakdown of control items as a function of their
endorsement (i.e., rated as BTrue^) versus rejection (i.e., rated
as BFalse^) status and their subsequent source judgments.
Table 2 presents the same breakdown for misinformed items.

Responses given perceptual attributions (i.e., BSeen^ and
BSeen and Read^ responses) are the critical response categories
focused on in all subsequent analyses. This focus draws on prior
source monitoring-focused investigations of misinformation
susceptibility to originally presented visual information (Belli
et al., 1994; Higham, 1998; Kiat & Belli, 2017; Mitchell,
Johnson,&Mather, 2003). BSeen^ and BSeen andRead^ source
attributions are of primary interest in this study as they represent
accurate visual perceptual source attributions for event items and
inaccurate visual perceptual source misattributions of misinfor-
mation content. The latter class of responses (i.e., perceptual
misinformation endorsements) is of particular interest as they,
relative to the other response categories, come closest to
representing instances of false-event-related memories.

Pairwise t-tests indicated that participants made more con-
trol endorsements than misinformation endorsements with per-
ceptual attributions (t(23) = 8.33, p < .0001, r2 = .75), with no
significant difference in number of perceptual based misinfor-
mation rejections compared to misinformation endorsements
(t(23) = 1.46, p = .157, r2 = .09). Adopting a signal detection
framework in which control endorsements = hits, control rejec-
tion = misses, misinformation endorsements = false alarms and
misinformation rejections = correct rejections indicated a high
level of discrimination sensitivity (d’ = 1.043) and an endorse-
ment response bias (βG = .684) (Macmillan, 2005).

An analysis of the response time data found that partici-
pants took longer to respond to misinformation endorsements
(M = 1,730.86 ms, SD = 792.37) relative to control endorse-
ments (M = 1,381.86 ms, SD = 619.04, t(23) = 2.17, p = .041,

r2 = .17). There were no response-time differences with regard
to misinformation endorsements and misinformation rejec-
tions (M = 1701.90, SD = 1325.71, t(23) = .12, p = .905) or
control endorsements and misinformation rejections (t(26) =
1.24, p = .228, r2 = .06).

ERP component extraction

Given the known overlap between the P3b and classic slow-
wave components (Brown et al., 2015; Rosler & Heil, 1991;
Ruchkin et al., 1980; Spencer et al., 2001), temporal-spatial
decompositionwas utilized to decompose the underlying com-
ponent structure of theOddball ERP response. Thismethodhas
frequently been utilized to separate P3b and slow-wave com-
ponents (Barry et al., 2016; Brown et al., 2015; McDonald,
Gabbay, Rietschel, & Duncan, 2010; Spencer et al., 2001).
Components were estimated using temporal-spatial PCA in
ERP PCAToolkit version 2.49 (Dien, 2010a). First, a temporal
PCAwas performed on the data using all time points from each
participant’s averaged ERP as variables, considering partici-
pants, condition, and recording sites as observations. This step
reduced the temporal structure of the ERP data (350 measure-
ment points) to a set of temporal components. Promax rotation
was used (Dien, 2010b) and 32 temporal components were
extracted based on a 95% variance-accounted-for criterion.

The spatial distribution of these components was then
decomposed using spatial PCA. This PCA used all recording
sites as variables, considering participants, conditions, and
temporal factor scores as observations. This step reduced the
257-channel electrode structure to a set of virtual electrodes on
which the original electrodes loaded on. Infomax rotation was
used (Dien, 2010b) and five spatial components (78% of total
variance) were extracted based on parallel analysis.

Selection of the P3b and slow-wave components was done
in a two-step process. First, components that accounted for at
least 5% (60 ms) of temporal-spatial variance were identified.
Two components met this criterion, a central-posterior com-
ponent (see Fig. 2A–D) with a peak timespan (component
temporal loadings > 0.8) 272–400 ms post-onset (10.87% of
total variance) and an extended posterior positivity (see Fig.
2E–H) peaking 416–612 ms post-onset (10.05% of total var-
iance). Based on their time-course and topography in light of
prior work (see Polich, 2007 for a review), the first component
was classified as the P3b whereas the second was classified as
the anticipated slow-wave response. The time-course of the

Table 1 Control items: response proportions with standard deviations in parentheses

Condition Seen Seen and read Perceptual attribution Read Guess Total

Endorsement .108 (.151) .524 (.173) .632 (.108) .123 (.092) .057 (.060) .813 (.094)

Rejection .063 (.071) .040 (.038) .102 (.069) .030 (.031) .056 (.063) .188 (.094)

The perceptual attribution proportions in bold text in Tables 1 and 2 represent the sum of Seen + Seen and Read responses
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both components is congruent with prior work involving the
auditory P3b and slow-wave response (Barry et al., 2016;
Brown et al., 2015; Debener et al., 2005; Spencer et al.,
2001; Struber & Polich, 2002; Wronka, Kaiser, & Coenen,
2012). Intriguingly, the topography and time course of the
observed slow-wave component closely matched the

attributes of the slow-wave late positive component shown
in our prior work (Kiat & Belli, 2017) to differentiate true
and false recognition memories.

Source localization of the neural sources of the components
was conducted by specifying a pair of hemispheric dipoles
(mirrored in position but not orientation) in Fieldtrip

Fig. 2 P3b and slow-wave components. (A) Grand average waveforms
for electrodes with high loadings (> 0.75: marked in black on the elec-
trode map) on the P3b component with high loading (> 0.75: 272– 400
ms) time points shaded in grey. (B) P3b component waveforms on the
highlighted electrode map. (C) Jack-knifed dipole solution for the P3b
component (D) P3b component scalp topography by condition. (E)

Grand average waveforms for electrodes with high loadings (> 0.75:
marked in black on the electrode map) on the slow-wave component with
high loading (> 0.75: 416–612 ms) time points shaded in grey. (F) Slow-
wave component on the highlighted electrode map. (G) Jack-knifed di-
pole solution for the slow-wave component. (H) Slow-wave component
scalp topography by condition

Table 2. Misinformed items: response proportions with standard deviations in parentheses

Condition Seen Seen and read Perceptual attribution Read Guess Total

Endorsement .267 (.202) .087 (.086) .354 (.163) .035 (.059) .049 (.057) .438 (.164)

Rejection .061 (.076) .215 (.153) .276 (.147) .224 (.139) .063 (.046) .563 (.164)

The perceptual attribution proportions in bold text in Tables 1 and 2 represent the sum of Seen + Seen and Read responses
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(Oostenveld, Fries, Maris, & Schoffelen, 2011) using a four-
shell model in ERP PCA toolkit version 2.49 (Dien, 2010a). A
grid scan first produced an estimate of the best starting position
after which an iterative algorithm identified the position of
maximum fit using maximum-likelihood (Lütkenhöner,
1998). The stability of the solution was then assessed with a
jack-knife technique where the spatial PCA solution was
recomputed 24 times, each with one of the participants left out.

As indicated in Fig. 2, this procedure identified the anterior
cingulate (RV = 4.50%) as being the most likely neural gen-
erator of the P3b component. The jack-knife analysis support-
ed this result. Out of the 24 jack-knife solutions, each indicat-
ed by a blue marker in Fig. 2C, all localized to the anterior
cingulate cortex (ACC). The localization solution of the slow-
wave component identified the caudate nucleus (RV = 1.22%)
as the most likely generator source. The jack-knife analysis
supported this result. Out of the 24 jack-knife solutions, each
indicated by a blue marker in Fig. 2G, all localized to the
caudate nucleus.

The localization of the P3b component to the ACC is in line
with numerous prior EEG (Bachiller et al., 2015; Mulert et al.,
2004; Volpe et al., 2007), fMRI (Clark, Fannon, Lai, Benson,
& Bauer, 2000; Kiehl, Laurens, Duty, Forster, & Liddle, 2001;
Kiehl et al., 2005; Stevens, Calhoun, & Kiehl, 2005), com-
bined fMRI-ERP (Bledowski et al., 2004; Stevens et al.,
2005), and simultaneous fMRI-EEG (Crottaz-Herbette &
Menon, 2006; Li, Wang, & Hu, 2009; Strobel et al., 2008)
investigations of the neural sources of the P3b response.

While to the best of our knowledge no study has sought
to directly localize the Oddball slow-wave component sep-
arately from the P3b, activation in the caudate has been
previously noted in prior Oddball investigations utilizing
simultaneous fMRI (Kiehl et al., 2001; Kiehl et al., 2005)
and fMRI-EEG (Crottaz-Herbette & Menon, 2006; Strobel
et al., 2008; Walz et al., 2013) have also shown increased
levels of effective connectivity between the caudate and
ACC in response to Oddball target processing. Also, in line
with the idea that the slow wave is associated with
sustained attention (Gevins et al., 1996; Ritter & Ruchkin,
1992; Rozenkrants & Polich, 2008; Rushby et al., 2005),
electrotomographic investigation of neural connectivity on
the Oddball task has found evidence indicating damage to
the caudate region impairs resistance to irrelevant
distractors (Bocquillon et al., 2012).

Oddball EEG analyses

Means and standard deviations for the P3b and slow-wave
components by Oddball stimuli condition are presented in
Table 3. P3b and slow-wave component voltage scores were
both significantly more positive in response to infrequent
relative to frequent stimuli (t(23) = 9.288, p < .001, r2 =
.790; t(23) = 5.549, p < .001, r2 = .572 respectively).

Infrequent responses were significantly correlated across-
components (r(24) = .416, p = .043), whereas the correlation
between frequent responses across-components was not sig-
nificant (r(24) = -.220, p = .301). The within-components
correlation for both frequent and infrequent responses was
also not significant for either the P3b (r(24) = .335, p =
.108) or slow-wave component (r(24) = .253, p = .233),
suggesting a reasonable level of independence between the
two responses.

ERP component-misinformation performance analytic
strategy

The relationship between the P3b and slow-wave Oddball re-
sponses and perceptual misinformation endorsement levels
(i.e., BTrue^ responses to misinformation focused test state-
ments given either a BSeen^ or BSeen and Read^ source attri-
bution) were modeled using linear mixed effects models with
maximum likelihood estimation and a random intercept for
subjects. The P3b and slow-wave responses to targets and
non-targets were entered into each model simultaneously. The
decision to assess these links simultaneously and separately as
opposed to calculating a single difference score was driven by
prior work that has shown the overall target and non-target
P300 response to be differentially modulated by factors related
to attentional processing (Inoue, Inagaki, Gunji, Kokubo, &
Kaga, 2007; Jonkman et al., 1997; Rosenfeld, Bhat,
Miltenberger, & Johnson, 1992). A Bonferroni correction was
applied to the four hypothesized tests of interest (i.e., Target
P3b – Perceptual Misinformation Endorsement. Non-Target
P3b – Perceptual Misinformation Endorsement. Target Slow
Wave – Perceptual Misinformation Endorsement. Non-Target
Slow Wave – Perceptual Misinformation Endorsement).

P3b-misinformation links

As shown in Fig. 3, the results showed P3b responses to
frequent (F(1,21) = .16, p = .690) and infrequent (F(1,21)
= .03, p = .860) stimuli to not be significantly related to
perceptual misinformation endorsements levels. The differ-
ence between these two effects was also not statistically
significant (t(1,21) = .33, p = .745). Neither of the P3b
responses was significantly related to accurate perceptual
memory report levels (p = .932 and .246 for infrequent
and frequent responses respectively).

Table 3. P3b and slow-wave voltages by condition: means and
standard deviations

Condition P3b Slow wave

Infrequent 8.27 μV (4.40) 4.41 μV (4.73)

Frequent .36 μV (1.02) -1.16 μV (3.00)
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Slow-wave misinformation links

As shown in Fig. 4, while the slow-wave response to infrequent
stimuli was not significantly related to perceptual misinforma-
tion endorsement levels (i.e., BTrue^ responses to misinforma-
tion based test statements given either a BSeen^ or BSeen and
Read^ source attribution) (F(1,21) = .32, p = .579), the slow-
wave response to frequent stimuli was strongly related to per-
ceptual misinformation endorsements (F(1,21) = 7.90, p =
.010). The difference between these two effects was statistically
significant (t(1,21) = 2.41, p = .025). These results found more
positive slow-wave responses to frequent stimuli to be associ-
ated with fewer perceptual misinformation endorsements, in-
dicative of reduced misinformation susceptibility. Neither of
the slow-wave responses was significantly related to accurate
true perceptual memory report levels (p = .492 and .947 for
infrequent and frequent responses respectively).

Discussion

The hypotheses of this study are partially supported by the
observed results. While P3b amplitudes were not significantly
linked with misinformation susceptibility, individual differ-
ences in the slow-wave response to non-targets on the two-
stimulus Oddball were significantly predictive of false percep-
tual memory reports on the misinformation effect paradigm,

accounting for almost a quarter of the observed between-
subject variability. These findings represent the first demon-
strated link between individual variation in attentional neural
responses and false memory susceptibility. These results also
lend support to prior behavioral work linkingmanipulations of
attention (Lane, 2006; Zaragoza & Lane, 1998) and individual
differences in attentional responding (Kiat & Belli, 2017;
Rivardo et al., 2011) with false memory susceptibility. The
slow-wave and P3b findings are discussed separately in the
following sections

Slow-wave findings

The slow-wave findings are in line with prior work linking
task-level divided attention manipulations (Lane, 2006;
Zaragoza & Lane, 1998) and overall levels of task-related
attention (Tousignant et al., 1986) with false memory suscep-
tibility (Tousignant et al., 1986). These results are consistent
with our hypothesis that task-level divided attention effects
shown in prior work capitalize most directly on reducing
top-down attentional resources, and that differences in main-
taining sustained attention strongly influence false memory
susceptibility. In line with this prediction, we found a relation-
ship between false memory susceptibility and reduced levels
of slow-wave response toward non-salient non-targets which,
lacking bottom-up attentional capture characteristics, arguably

Fig. 4 Plot of perceptual misinformation endorsement scores versus
slow-wave component voltage for (A) infrequent and (B) frequent
Oddball stimuli

Fig. 3 Plot of perceptual misinformation endorsement scores versus P3b
component voltage for (A) infrequent and (B) frequent Oddball stimuli
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represent the most direct index of individual differences in
top-down sustained attention. This interpretation draws on
prior work which lends support to the view of slow-wave
responses reflecting task-level sustained attentional monitor-
ing and resource allocation (Gevins et al., 1996; Kok & de
Jong, 1980; Ritter & Ruchkin, 1992; Ruchkin & Sutton, 1983;
Rushby et al., 2005; Struber & Polich, 2002).

It was interesting to note that the slow-wave response to
targets was not associated with misinformation susceptibility
in this study. This finding is not without some precedence as
prior work has shown that the links between the global P300
response towards targets and non-targets exhibit differential
relationships to attention-related factors (Inoue et al., 2007;
Jonkman et al., 1997; Rosenfeld et al., 1992). While these
prior investigations did not decompose the P300 into its un-
derlying components, the general finding in these investiga-
tions is that the non-target P300 is more sensitive to task
engagement or arousal levels relative to the target P300
(Rosenfeld et al., 1992) and is reduced in amplitude in
attention-deficit individuals, among whom the target P300
may not be as impaired (Inoue et al., 2007; Jonkman et al.,
1997). Collectively these prior findings suggest that the target
P3 slow-wave response may be more strongly related to as-
pects of processing the attention capturing characteristics of
presented targets while the nontarget slow-wave responsemay
be more strongly related to sustained attention-related pro-
cesses. It is also possible, despite best efforts to isolate the
P3b and slow-wave components, that the slow-wave response
to targets still contains portions of the target P3b response. The
apparent lack of any link between the target slow wave and
misinformation susceptibility (R2 = .001) does, however, sug-
gest that this account cannot fully explain the observed effect
as one would anticipate at least a directional link between
these two factors even if the target slow wave was contami-
nated by other underlying components.

Intriguingly, the topography and time course of the Oddball
slow-wave component observed in our study closely matches
with the attributes of a slow-wave late positive component
shown in our prior work (Kiat & Belli, 2017) to differentiate
true and false recognition memory responses to retrieval cues
at test. Considering this match in light of conceptualizations of
memory retrieval as a form of attention towards internal rep-
resentations (Badre et al., 2005; Chun& Turk-Browne, 2007),
it is interesting to consider the possibility that these two slow-
wave components reflect similar underlying processes.
Further investigations into this potential link may provide use-
ful insights on the links between attention and memory
processing.

It is also interesting to place these results in context with the
extant literature onmodels of attention. One of the most useful
frameworks to draw on in this regard is Corbetta and Shulman
(2002)’s two-attention network model. Building on Mesulam
(1999) and Posner and Petersen (1990)’s frameworks,

Corbetta and Shulman (2002)’s model proposes an interplay
between two networks in the attentional orienting process: (a)
a goal-directed dorsal frontoparietal network associated with
preparation and top-down target selection and detection and
(b) a stimulus-focused ventral frontoparietal network associ-
ated with the orienting of attention towards salient stimuli.

Drawing on Corbetta and Shulman (2002)’s framework,
Kim (2014) recently conducted a meta-analysis of studies in-
volving the Oddball paradigm. Kim (2014)’s meta-analysis
found evidence for a strong association between ventral net-
work activation and Oddball response effects, indicative of a
stimulus-driven Balerting^ system. Dorsal network activation
was, however, less strongly associated with Oddball responses
which Kim (2014) proposed as possibly being due to the ac-
tivation being subtracted out from the network’s involvement
in maintaining general levels of externally focused attention to
both Oddball and standard stimuli. This interpretation is sup-
ported by fMRI work byMantini, Corbetta, Perrucci, Romani,
and Del Gratta (2009), who showed activation in a ventral-
network focused ICA component to be transiently moderated
by Oddball stimuli while a dorsal-network focused ICA net-
work showed sustained levels of activity throughout the task.

Given that it was non-target responses that were predictive
of false memory susceptibility, it may be that the slow-wave
response that we observed is more strongly associated with
dorsal network related individual differences in sustained at-
tention throughout the task. This interpretation gains support
from the localization of the slow-wave component to the cau-
date, which has been linked with several aspects of executive
functioning (Grahn, Parkinson, & Owen, 2009) including
sustained attention (Coull, Frackowiak, & Frith, 1998;
Lawrence, Ross, Hoffmann, Garavan, & Stein, 2003;
Mendez, Adams, & Lewandowski, 1989) and attentional con-
trol (Corbetta, Miezin, Dobmeyer, Shulman, & Petersen,
1991; Cortese et al., 2016; Grahn, Parkinson, & Owen,
2008; Montes et al., 2010; Schrimsher, Billingsley, Jackson,
& Moore, 2002). Prior work linking damage in the caudate
region to impaired dorsal frontoparietal connectivity and im-
paired resistance to distractors (Bocquillon et al., 2012) also
lends support to the hypothesis of the observed effect being
linked with sustained dorsal network related attentional
processes.

P3b findings

It is interesting to note that, contrary to expectations, in-
dividual differences in P3b responding were not signifi-
cantly associated with misinformation susceptibility. This
finding can be interpreted in several ways. Firstly, it is
possible that the discrepancy detection related processes
that reduce misinformation susceptibility (Tousignant et
al., 1986) are not directly related to the context-updating
related processes that are believed to drive the P3b
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response (Donchin & Coles, 1988; Polich, 2007). It is also
possible that the stimuli used in this study were overly
salient, subsuming subtler contributions of individual dif-
ferences in this domain. The relatively low levels of var-
iability in the P3b response towards non-targets lends
some support to this hypothesis. Nonetheless, these hy-
potheses are speculative and warrant further research to
be properly tested.

It is also intriguing to note that neither the P3b or slow-
wave component were predictive of true perceptual event
memories. These findings may be partially due to a ceiling
effect created by the high levels of performance with regard to
true event memories (84% mean accuracy with several sub-
jects having perfect or near-perfect scores) relative to misled
memories (56% mean accuracy with no subject exceeding
84%). Speculatively, it may also be that the observed effects
are primarily driven by the differences in the level of attention
participants allocate during the misinformation study phase.
As this stage represents a potentially repetitive second round
of study for the participants, it may be that participants with
lower attentional resources devoted to the Oddball task were
less able to sustain attention to the repetitive and less engaging
verbal materials in the misinformation phase, which would
likely result in higher levels of misinformation susceptibility
(Lane, 2006). True memories, on the other hand, may draw
more strongly on the first event study phase which, being the
first round of study and visually engaging in nature, may have
engaged the attention of all respondents fairly equally. This
hypothesis is however speculative and warrants additional
study.

Limitations and future directions

One of the main limitations of our study is that foil test items
(i.e., items not present in the event and not misled on in the
misinformation narrative) were not presented during the test-
ing stage. This decision was motivated by our desire to max-
imize the number of misinformation items to ensure a suffi-
ciently reliable measurement of individual differences in this
regard. Including counterbalanced foil items would have nat-
urally reduced the number of critical misled items.
Unfortunately, this exclusion led to an inability to test for the
presence of a misinformation effect in the traditional sense.
Given the focus of this study is on individual differences in
misinformation susceptibility, which is solely measured by
misinformation endorsements, this limitation does not have a
significant impact on the conclusions of this investigation.
Nonetheless, it would be interesting to assess links between
attentional responding and foil endorsement susceptibility as a
measurement factor in future investigations.

In addition to this future direction, there are several other
interesting lines of research that build off the present findings.
Firstly, there is the possibility that engagement in a sustained

attention monitoring task prior to testing exerts an influence
on test performance. For instance, engagement of higher
levels of attentional monitoring related processes during the
oddball task may have carried over to the misinformation test
phase, positively impacting test performance on misled items.
This potential for a causal relationship between these pretest
attentional tasks and misinformation susceptibility would be
an intriguing one to consider in future research. It may also be
interesting to investigate the potential for a curvilinear rela-
tionship between these two factors by assessing the impact of
administering progressively more demanding attention-
related tasks prior to testing. Drawing on prior work showing
a positive link between divided attention and misinformation
susceptibility attention (Lane, 2006; Zaragoza & Lane, 1998),
it is possible that engaging in sufficiently demanding tasks
prior to testing could deplete attentional resources sufficiently
as to result in increased misinformation susceptibility.

For instance, it would be interesting to assess links be-
tween behavioral measures of sustained attention and sus-
ceptibility to misinformation on the misinformation effect
paradigm using tasks like the Sustained Attention to
Response Task (SART; Robertson, Manly, Andrade,
Baddeley, & Yiend, 1997). Linking basic attentional pro-
cesses to false memory susceptibility also lays the ground-
work for further assessment of the processes underlying a
wide range of memory phenomena. Future investigations
integrating other classic paradigms such as the Go/No-go
and dichotic listening could, for instance, shed light on
links on the differential roles of attentional control and
selective attention with regard to false memory susceptibil-
ity. Furthermore, there are a wide range of paradigms used
to study false memory such as the Deese-Roediger-
McDermott paradigm (Roediger & McDermott, 1995) and
other reality and source-monitoring focus designs (Goff &
Roediger, 1998; Hoffman, 1997; Johansson et al., 2002;
Lindner et al., 2010). Given the growing awareness among
false memory researchers on the surprising level of inde-
pendence between many of these false memory tasks
(Calvillo & Parong, 2016; Garoff-Eaton, Slotnick, &
Schacter, 2006), a focus on underlying basic processes
has the potential to shed light on the differential mecha-
nisms which almost certainly underlie different forms of
false memory. Moving the discussion to a shared language
involving interactions between shared basic cognitive pro-
cesses has significant potential to accelerate progress on
these fundamental issues in false memory research.
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