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Abstract 

Studies have shown that presenting own-name stimuli on the fringe of awareness in Rapid 

Serial Visual Presentation (RSVP) generates a P3 component and provides an accurate and 

countermeasure resistant method for detecting identity deception (Bowman et al., 2013, 

2014). The current study investigates how effective this Fringe-P3 method is at detecting 

recognition of familiar name stimuli with lower salience (i.e. famous names) than own-name 

stimuli, as well as its accuracy with multi-item stimuli (i.e. first and second name pairs 

presented sequentially). The results demonstrated a highly significant ERP difference 

between famous and non-famous names at the group level and a detectable P3 for famous 

names for 86% of participants at the individual level. This demonstrates that the Fringe-P3 

method can be used for detecting name stimuli other than own-names and for multi-item 

stimuli, thus further supporting the method’s potential usefulness in forensic applications 

such as in detecting recognition of accomplices.  

 

Keywords: EEG, Rapid Serial Visual Presentation, Concealed Knowledge Test, Fringe-P3, 

Famous Names 
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1. Introduction 

Since Lawrence in 1971, Rapid Serial Visual Presentation (RSVP) has been extensively used in 

the scientific study of perception and attention (Bowman & Wyble, 2007; Broadbent & 

Broadbent, 1986; Raymond et al., 1992). However, its practical use in cognitive systems 

applications has only recently come to the fore. This is especially true of the combination of 

RSVP with EEG, which offers a very high presentation bandwidth along with a means to 

detect what a participant found salient. This combination involves stimuli presented very 

rapidly, one after the other, at a fixed location, with EEG used to determine which of these 

stimuli “breaks through” into awareness. Specifically, stimuli that are perceived and 

encoded into working memory induce a P3 component (Craston et al., 2009; Martens et al., 

2006; Vogel et al., 1998) and this perception is preferential, in that the stimuli perceived are 

typically the ones that are salient to the perceiving brain. We have described the cognitive 

process engaged by RSVP as Subliminal Salience Search (SSS) (Bowman et al., 2013). This is 

in the sense that the brain is searching amongst the presented stimuli for those that are of 

interest to the brain, i.e. are salient, and that the search is subliminal, since very few of the 

stimuli are sufficiently perceived to be encoded into working memory (Bowman & Avilés, in 

preparation). Thus, the method can be used to determine a participant’s preferences from 

their electrical brain activity. Furthermore, these preferences could reflect an explicit task 

set or an implicit (intrinsic) salience. For example, the RSVP P3-speller (Acqualagna & 

Blankertz, 2013; Chennu et al., 2013) involves the former of these: participants search for a 

specific letter under the guidance of cognitive control and their brain detects its presence 

because it is relevant to the current task, not because of any fundamental intrinsic salience. 

In contrast, the Fringe-P3 method for detecting concealed knowledge (Alsufyani et al., 2019; 

Bowman et al., 2013, 2014; Harris et al., 2021) relies upon the stimuli (the concealed 
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knowledge, e.g. the participant’s own-name) being intrinsically salient, causing it to be 

selected by the brain and consciously perceived.  

Indeed, the Fringe-P3 method was shown in Bowman et al. (2013) to be an effective means 

to detect identity deception. This is because in the RSVP streams of names presented, a 

participant’s own-name differentially breaks through into awareness, generating a P3 

component in the EEG. Meanwhile, if the suspected own-name was truly not familiar to the 

participant, it would not breakthrough into awareness and would be no different to the 

other names in the stream. The method has also been shown to be successful in detecting 

when participants perceived familiar (famous) faces among unfamiliar faces (Alsufyani et al., 

2019) and the participant’s own email address among unfamiliar email addresses (Harris et 

al., 2021) in RSVP streams. A related method to the Fringe-P3 has also been used to detect 

concealed information of face, name, and word stimuli on the fringe of awareness based on 

involuntary eye movements (Rosenzweig and Bonneh, 2020). Perhaps most significantly, 

Bowman et al. (2014) also showed that the Fringe-P3 method was resistant to the 

countermeasure that has been argued to confound, or at the least, significantly complicate, 

ERP concealed knowledge tests (Rosenfeld, 2005; Rosenfeld et al., 2008). This 

countermeasure (which we called irrelevant as high salient) involves participants artificially 

elevating their response to the irrelevant, a control stimulus presented as frequently as the 

guilty knowledge (here, the participant’s own name). This countermeasure is rendered 

ineffectual, because RSVP means participants are unable to (or at the least, significantly 

hampered in their efforts to) determine what the irrelevant is. As a result, they are unable 

to artificially elevate their response to it. 
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The Fringe-P3 method is a promising approach to deception detection. However, to assess 

the full generality of the method, it is important that a number of further empirical 

questions are answered. The two questions that we focus on here are as follows. 

1) Can high detection rates be obtained with weaker name stimuli than “own-name”? In 

particular, Bowman et al. (2014, 2013) focused on “own-name” deception, i.e. participants 

attempted to conceal their real name and the Fringe-P3 system showed that they still 

exhibited a differential electrical brain response to it. Own-name is very special though, 

perhaps being the most overlearnt stimulus that can be presented to the brain. A classic 

demonstration of this is, of course, the Cocktail Party Effect (Cherry & Taylor, 1954). Others 

have also found faster and stronger responses to participants seeing their own-names than 

to other personally familiar or famous names (Mack & Rock, 1998; Yang et al., 2013). So, to 

counter the argument that a large electrical response was obtained in Bowman et al. (2014, 

2013), specifically because own-name was the probe (guilty knowledge) stimulus, it is 

important to see whether a significant P3 is induced by name stimuli that are salient, but 

not as extremely so as own-name. In particular, in this respect, obtaining a significant group-

level effect is not a massive challenge, but being able to demonstrate a robust effect at the 

individual level is not trivial.  

2) Will the method work if we present multi-item information as the probe stimuli? In 

particular, Bowman et al. (2014, 2013) presented first names as the frames of RSVP streams. 

Thus, each frame was a single item and all frames were of the same kind: first names. 

However, some forms of guilty knowledge are intrinsically multi-item. For example, one 

might wish to demonstrate that a date (e.g. Eleventh May), a first-second name pair (e.g. 

Martin Jones) or an address part (e.g. Twenty Two High Street) is salient to a suspect. 
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Therefore, it is important to evaluate whether the method will also work for such multi-item 

information as a step towards using it with real multi-item guilty knowledge.  

This paper, then, provides evidence that both these issues can be addressed within the 

Fringe-P3 framework. Specifically, we consider these two issues as follows.  

1) Weaker Salience: Famous names are a canonical example of stimuli that are salient to a 

broad population of individuals, but they would not be expected to be as salient as own-

name. We assess whether famous names differentially break into awareness when 

presented in RSVP and whether we can detect these breakthrough events in Event Related 

Potentials (ERPs). In addition, we hypothesise that only items that are salient to a 

participant’s perceptual system, such as the famous names, will be reportable in the recall 

and recognition tests at the end of the streams.  

2) Multi-item Stimuli: Attentional blink experiments exhibit a phenomenon known as lag-1 

sparing (Bowman & Wyble, 2007; Chun & Potter, 1995), whereby a second target is very 

accurately reported if it immediately follows a first target. Furthermore, this effect has been 

shown to generalise beyond two targets to sequences of three, four, or more consecutive 

targets (Olivers et al., 2007; Wyble et al., 2009), prompting an episodic theory of attention 

(Wyble et al., 2009). This suggests that multi-item stimuli might be effectively presented as 

a continuous sequence of RSVP frames. We investigate this hypothesis here by presenting 

first and second name pairs as consecutive frames, e.g. “Barack” followed immediately by 

“Obama”.  

This paper, then, demonstrates that the Fringe-P3 method is generalizable to weaker 

salience and to multi-item stimuli. We do this by demonstrating differential ERP responses 

to famous first and second name pairs, with such stimuli eliciting strong P3 components. 

Our first demonstration of this is at the group-level, but then we show that we can also 
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detect this pattern on an individual basis. Such per-individual analysis is especially 

significant, since practical application of the method would be made on individuals, e.g. it is 

individuals that are found guilty, not populations. 
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2. Methods 

2.1. Participants  

Fifteen participants took part in the experiment, the same number as in our own-names 

experiment (Bowman et al., 2013). One participant was excluded due to a technical error 

with the recording system, leaving fourteen participants (aged 19-24, 6 male, 8 female) for 

analysis. All participants were students at the University of Kent, native English speakers, 

right-handed, free from neurological disorders, and had normal or corrected-to-normal 

vision. The study was advertised publicly, and each participant was paid 10 pounds (GBP) for 

participating. The Sciences Research Ethics Advisory Group at the University of Kent 

approved the study, and participants signed a consent form before participating in the 

experiment.  

2.2. Stimulus Presentation 

All stimuli were presented in RSVP using the Fringe-P3 method (Alsufyani et al., 2019; 

Bowman et al., 2013, 2014; Harris et al., 2021). RSVP streams were presented on a 20-inch 

LCD screen with a refresh rate of 60 Hz and a resolution of 1600x1200. The screen was 

placed at a distance of 60-80cm from the participant. Stimuli were presented using the 

Psychophysics Toolbox Version 3 and Matlab 2012. Stimuli were 16-point, light grey, 

monospaced, and sans-serif characters presented on a black background. The visual angle 

for each stimulus was 0.95° in height and 2.2° in width. The whole screen consisted of a 

rectangle of 28.52° by 37.56°. All items in the stream were presented at the same location 

on the screen. The Stimulus Onset Asynchrony (SOA) was 133ms, the same as Bowman et al. 

(2013) and Alsufyani et al. (2019).  
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Figure 1. Example Section of an RSVP Stream of Name Stimuli. 

Each RSVP stream consisted of 15 pairs of first and second names, one of which was the critical pair 

(target, probe, or irrelevant) while the rest were distractors. Streams had an SOA of 133ms. The 

critical name pair in this example is the probe name pair Barack Obama.  

2.3. Stimuli and Experimental Design 

All stimuli were names presented as pairs of first and second names. The names in the pair 

were presented in sequence, first name followed by second name, similar to Proverbio et al. 

(2009). An example of a section from an RSVP stream of name stimuli is shown in figure 1. 

Each RSVP stream consisted of 15 pairs of first and second names, one of which was a 

critical pair. There were three categories of critical pair stimuli (probe, irrelevant, and 

target) with 5 name pairs in each category. The probe stimuli were names of famous people 

from different fields such as politics, entertainment, and sport: Justin Bieber, Leonardo 

DiCaprio, Barack Obama, David Beckham, and William Shakespeare. Due to a programming 

error, three participants (2, 3, and 4) were presented with Winston Churchill instead of 
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William Shakespeare, and one participant (4) was also presented with Britney Spears 

instead of David Beckham. We do not believe that this error affected participants’ results 

and further discussion of this can be found in Appendix A. The irrelevants were random 

names that were unknown to the participants: Belia Labbe, Audrey Slater, Annie Rand, Blyth 

Tomayo, and Kylie Carr. The target was a single pair of names that participants were 

instructed to respond to. At the start of the experiment, participants were presented with a 

list of five name pairs and asked to select their target name pair, similar to Bowman et al. 

(2014). Three participants (1, 5, and 6) chose Katherine Stevenson, two participants (9 and 

12) chose Christopher Steffen, one participant (11) chose Waylon Travis, and the remaining 

eight chose April Harrington. No participant chose Waleed Finch. The target stimulus was 

included just to keep participants attention on the stream and plays no role in the analyses 

we perform. 

The experiment was divided into 5 blocks, each comprised of 15 probe trials, 15 irrelevant 

trials, and 15 target trials (45 trials total per block). Each block used one probe name pair 

and one irrelevant name pair, which were presented 15 times each. The same target was 

used for every block and presented 15 times in each block. In total there were 75 probe 

trials, 75 irrelevant trials, and 75 target trials (225 trials overall) in the whole experiment. 

The order in which the trials appeared within each block was randomised. 

Each trial consisted of one critical name pair (probe, irrelevant, or target), and 14 random 

name pairs used as distractors. The position of the critical name pair within the stream was 

selected pseudo-randomly, so that it had an equal probability of appearing in the 5th 

position through to the 10th position. These positions were chosen to prevent any beginning 

or end of stream effects overlapping with the ERP response to the critical item. Each trial 

began with a fixation stimulus (XXXXXXXXX) presented for 800ms to position the 
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participant’s focus on the stimulus presentation area. At the end of each trial, either “---------

“ or “=========” was presented (randomly selected) for 133ms. Participants were then 

asked to report what the last item was, in order to maintain participant’s attention for the 

whole length of the stream.  

Distractors were selected randomly from a database containing 10,000 pairs of common 

first and second names (50% male and 50% female). This database was populated using a 

tool that generates random first and last names, based on the US Census database 

(http://random-name-generator.info/). The irrelevant and target names were also chosen 

using this tool. All names were presented with a maximum length of 11 characters, and the 

first letter capitalised. To ensure an equal length of all presented names, shorter ones were 

padded using a randomising algorithm, with ‘#’ or ‘+’ characters randomly blocked on either 

side of the word (e.g. ‘###Alice+++’, ‘###Gregory+’, ‘Danielle+++’). This fits with the 

presentation of name stimuli in Bowman et al’s Fringe-P3 papers (2014, 2013). Distractors 

for each stream were chosen from the database pseudo-randomly. In order to avoid 

repetition, names could not contain two or more letters in the same position as their 

immediate predecessor in the stream. In addition, names that shared three or more letters, 

in the same position as one of the critical items, were not presented as distractors.  

2.4. Tasks 

Before the experiment, participants selected a target name to look for in the streams. At the 

end of each stream they were asked what the last item in the stream was, as described 

above, followed by “Did you see the target name?” Participants responded using a numeric 

keypad with their right hand, pressing ‘1’ for Yes and ‘2’ for No. The target task was included 

http://random-name-generator.info/
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to ensure participants paid attention to the streams. At the end of each block, there were 

also recall and recognition tests, which are explained in the next section.  

Participants were instructed to keep their eyes fixated on the centre of the screen, and to 

avoid eye and body movements during each trial. Participants were not told in advance that 

there would be famous names within the streams.  

Before the EEG recording, there was a training session of 20 practice trials followed by a 

recall and a recognition test. The aim of this practice session was only to familiarize 

participants with the presentation of the stimuli and to make sure that they could identify 

the target. These practice trials only contained distractors and the target and did not 

contain any of the probe names from the main experiment or the names of any other 

famous people.  

2.5. Recall and Recognition Tests 

Both tests were conducted to explore participants’ memory and were performed at the end 

of each block. For the recall test, participants were asked on screen “What did you see?” 

and were instructed to use the keyboard to write any names that they saw during that 

block. There was no limit to the number of names that they could enter, and they were 

encouraged to recall as many names as possible. 

For the recognition test, participants were presented with five categories of name pairs 

(first name – second name) and asked to give a confidence rating of how often each one of 

them appeared. The ratings were on a scale of 1 to 5, where 1 means ‘Not appeared at all’ 

and 5 means ‘Appeared very often’. The five categories of name pairs that we presented 

were: target, probe, irrelevant, unpresented famous name (the name of a famous person 

that was not presented in streams during the experiment), and a distractor. The distractor 
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names were chosen randomly from our distractors database of 10,000 name pairs and had 

the same very small probability (0.14 %) of being presented in a trial as any of the other 

possible distractor names in the database. All participants were asked about the same 

distractor names in the recognition test. There were five name pairs in each category – one 

for each block – excluding the target, of which there was only one for the whole 

experiment.  

Recall is the more demanding test since memory retrieval is not cued with an item to search 

for. The recall task must be performed before the recognition task, otherwise it would not 

be free recall as the recognition test would reveal names to recall.  

2.6. Data Acquisition 

We recorded EEG data using a BioSemi ActiveTwo system (BioSemi, Amsterdam, The 

Netherlands). The data were digitized at 2048Hz during acquisition and were filtered with a 

low-pass of 100Hz at the time of recording. Impedances were kept below 10 kOhms. 

Electroencephalographic (EEG) data were recorded at the Fz, Cz, Pz, P3, P4, Oz, A1, and A2 

electrodes based on the standard 10-20 system. During recording, data were referenced to 

a ground formed from a common mode sense (CMS) active electrode and driven right leg 

(DRL) passive electrode. The electrooculograms (EOG) generated from blinks and eye 

movements were recorded from the participant’s left and right eyes, using two bipolar 

HEOG and VEOG electrodes.  

2.7. Analysis Procedure 

The electroencephalographic data were analysed using EEGLAB version 13.6.5b and Matlab 

2016a. The data were re-referenced to the average of the combined mastoids (electrodes 

A1 and A2) and were resampled to 512Hz. The data were then filtered with a low-pass of 
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45Hz and high-pass of 0.5 Hz. In order to remove the Steady State Visually Evoked Potentials 

(SSVEP) oscillation set-up by the stream presentation, notch filters were applied between 7 

and 9Hz. The data were then epoched into segments using a -100ms to 1200ms stimulus-

locked window. All epochs were time-locked to the onset of the first name of a critical pair. 

ERPs for the target, probe, and irrelevant were generated by averaging all trials in each 

condition (separately). 

Eye blinks were detected and rejected for activity below -100 μV or above +100 μV in the 

EOG channels. For the scalp channels, trials containing electrical activity below -50 μV or 

above +50 μV were rejected. Baseline correction was then performed from -100 to 0ms.   

The number of trials remaining after artefact rejection, per condition, ranged between 62 

and 75 for probe (M = 71.79, SD = 3.60) and irrelevant (M = 71.57, SD = 4.22). The maximum 

possible trials were 75 for each condition. No further participants were excluded from the 

study following artefact rejection.  

2.8. ERP Analysis Procedure 

The ERP data were analysed using the Aggregated Grand Average of Trials (AGAT) method 

(Brooks et al., 2017, Bowman et al., 2020). Data from the Pz electrode were analysed, as the 

P3 is typically maximal from that electrode (Comerchero & Polich, 1999; Polich & Kok, 

1995). The probe and irrelevant ERP and behavioural data were the focus of all analyses. 

The target data was not analysed, since the target was included simply as a task to keep 

participants’ attention on the streams and would provide no interesting data in regard to 

the detection of famous names.   

The AGAT uses an orthogonal contrast between probe and irrelevant ERPs by choosing a 

window of interest based on the average of all probe and irrelevant trials in one aggregated 
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ERP. By using the aggregated ERP, neither probe nor irrelevant trials are given biased 

treatment, thus preventing inflation of the false positive (type I error) rate that could 

happen if the window of interest was chosen based purely on the probe ERP, see Friston et 

al. (2006), Brooks et al. (2017), and Bowman et al. (2020) for further justification of this 

approach.  

The AGAT also uses mean amplitude measurements, which have been shown to be more 

robust against high frequency noise (Luck, 2005) and have been used in previous studies to 

measure the P3 for familiar and unfamiliar names (Pickering & Schweinberger, 2003; 

Schweinberger et al., 2002; Tacikowski et al., 2011). 

2.8.1. Group Level 

The aggregated ERP was created by averaging all probe and irrelevant trials into one ERP. An 

algorithm then searched along this ERP between 300ms and 1000ms for the 100ms window 

with the highest mean amplitude (window of interest). These timings and window sizes 

were chosen based on previous studies using the Fringe-P3 method (Alsufyani et al., 2019; 

Bowman et al., 2013, 2014). This window of interest was then applied separately to the 

probe and irrelevant ERPs and the mean amplitudes within that time frame calculated for 

both. The irrelevant mean was then subtracted from the probe mean to give the true 

observed difference to be used in further analysis.  

For the group level analysis, the window of interest and mean amplitudes were found for 

each participant and these means then underwent a two-tailed paired t-test.  

2.8.2. Individual Level 

The individual level analysis uses the same method as the group level up to and including 

the calculation of the true observed value, but then performs a Monte Carlo permutation 
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test instead of a t-test. Under the null hypothesis, the irrelevant and probe trials are 

samples from the same distribution – the null distribution – and thus would be 

exchangeable during permutation. Permutation tests have been shown to be the preferred 

null hypothesis test for ERP data, since bootstrapping has been shown to be biased with 

peak measures while permutation is not (Zoumpoulaki et al., 2015). 

After finding the true observed value for the participant, the individual probe and irrelevant 

trials were permuted to create surrogate probe and irrelevant ERPs. The window of interest 

found earlier was then applied to these surrogate ERPs and their mean amplitudes 

calculated and subtracted to find the surrogate mean difference. This was repeated 10,000 

times until there were 10,000 surrogate differences. The p-value was then calculated as the 

proportion of surrogate differences that were larger than the true observed difference.  
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3. Results 

3.1. Group Level Analyses 

Table 1 shows the number of times participants answered “yes” when asked at the end of 

the trial if they saw the target in the target, probe, and irrelevant conditions. This shows 

that participants correctly said yes after most target trials and, with the exception of 

participant 2, (who may have misunderstood the instructions), rarely said yes (7 or less 

times) after probe or irrelevant trials.  

Table 1. The number of times participants answered “yes” when asked if they saw the target 

in each condition 

Participant Target Probe Irrelevant 

1 62 1 2 

2 69 30 19 

3 52 2 3 

4 70 6 6 

5 65 4 5 

6 56 7 5 

7 73 1 1 

8 60 2 3 

9 48 6 1 

10 74 1 4 

11 48 7 2 

12 65 5 2 

13 66 5 4 

14 64 7 3 

Mean 62.286 6 4.286 

Median 64.5 5 3 

Std Dev 8.534 7.296 4.497 
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This table shows the number of times participants said “yes” after target trials (hits), and probe and 

irrelevant trials (false alarms). 10/14 participants scored at least 60 hits. The maximum possible 

score for each condition was 75.  

 

 

Figure 1. Grand Average for All Participants’ Probe and Irrelevant from the Pz Electrode. 

All ERPs were time locked to the onset of the first name in a pair. The blue dashed line marks the 

start and end of the AGAT search window. Extra smoothing with a low pass filter of 10 Hz was used 

in this figure, purely for presentational purposes, and was not applied to the time-series analysed. 

Both the target and probe elicited a large P3, but not the irrelevant. As the target is task-relevant, it 

was expected to elicit the largest P3. However, the comparison we are interested in is between 

probe and irrelevant, with no involvement of the target. 

 

It can be observed in figure 2, that the target and probe elicited large P3s at Pz within the 

300ms to 1000ms time window, but the irrelevant did not. The mean amplitude values (see 
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Table 2) found in the AGAT analysis were higher for the probe compared to the irrelevant. A 

bar graph of the group mean amplitudes for each condition can be found in figure 3. A 

paired t-test was conducted on the mean amplitude values for probe and irrelevant for all 

participants and found a highly significant difference between the probe (M = 6.077, SD = 

1.816, Mdn = 6.497) and the irrelevant (M = 0.372, SD = 1.321, Mdn = 0.114), t (13) = 9.668, 

p <0.0001, and a very large effect size (Cohen’s d = 3.593). The ERPs and investigation of a 

P3a pattern at Fz and Cz can be found in appendix B. 
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Table 2. Individual Participants’ Mean Amplitudes and P-Values from the Pz Electrode. 

Participant Probe Irrelevant P-Value 

1 7.58 1.23 0.0003 

2 4.64 0.27 0.0379 

3 7.63 -1.44 0.0002 

4 5.86 2.56 0.0734 

5 6.80 -1.75 <0.0001 

6 6.19 -0.32 <0.0001 

7 8.18 0.64 <0.0001 

8 3.01 1.26 0.1889 

9 2.61 -0.72 0.025 

10 8.08 2.27 0.0109 

11 4.52 -0.32 0.0124 

12 6.89 -0.28 <0.0001 

13 7.58 -0.04 0.0019 

14 5.51 1.85 0.0195 

Mean 6.077 0.372 0.026 

Median 6.497 0.114 0.006 

Std Dev 1.816 1.321  

This table presents the mean and median amplitude values from the AGAT analysis for probe and 

irrelevant as well as the p-values from the individual participants level analysis. The mean and 

median amplitude values are larger for the probe than the irrelevant for all participants. 12/14 

participants have p-values below 0.05. 6/12 participants have p-values below 0.001. The smallest p-

value that can be obtained from the 10,000 permutations is 0.0001.   
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Figure 3. Group Mean Amplitudes of Target, Probe, and Irrelevant 

This bar graph shows the grand average of the mean amplitudes found within each participant’s 

window of interest for each condition. The same window of interest used for each participant’s 

probe and irrelevant ERPs in the AGAT analysis was used for their target ERP to generate this graph. 

There was a highly significant difference between probe and irrelevant at the group level, t (13) = 

9.668, p <0.0001, and a very large effect size, Cohen’s d = 3.593. The target was not statistically 

analysed. 

3.2. Individual Level Analyses  

The strong group effect was supported by the individual level analyses. 86% of all 

participants (12/14) showed a significant difference between the probe and irrelevant mean 

amplitudes at an alpha level of 0.05. Six participants (43%) have p-values below 0.001 and 

six obtained p-values between 0.001 and 0.05. Individual p-values are presented in Table 2. 
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The mean p-value was 0.026 and the median was 0.006. The median is the most suitable 

measure of central tendency here, as the distribution of p-values is skewed. 

 

Figure 4. Individual Participants’ ERPs from the Pz Electrode. 
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Each ERP is labelled with the corresponding participant number and p-value. The green line 

represents the probe ERP and the black line represents the irrelevant ERP. The dashed vertical blue 

lines mark the start and end of the AGAT search window. The dotted vertical red lines represent the 

start and end of the window of interest with the highest mean amplitude used in the analysis for 

that participant.  

 

Figure 4 shows individual participants’ probe and irrelevant ERPs. As can be seen, most of 

the participants showed clear positive peaks for probes within the expected 300ms to 

1000ms window. Only two participants (4 and 8) did not have significant differences 

between their probe and irrelevant mean amplitudes in the analysis. Participant 4 showed a 

positivity around 650ms for the probe, and the AGAT correctly selected this as the window 

of interest around this positivity, but there was not enough difference between the probe 

and irrelevant mean amplitudes to outweigh the (background) variability in the data and 

reach significance (p = 0.073). This is most likely due to the high noise level in the data 

causing the irrelevant to be positive in that window.  

Participant 8 showed a positivity for the probe peaking at around 400ms, but the irrelevant 

was negative at this point, causing that region to have a smaller amplitude in the aggregated 

ERP and not be selected in the AGAT analysis. The algorithm instead picked a later region 

with a smaller probe positivity, resulting in a smaller difference between the probe and 

irrelevant and a high p-value (p = 0.189). The irrelevant being negative during the earlier 

probe positivity is likely to be due to noise in the data. In contrast, participant 12, one of the 

four participants with the strongest significant differences, showed a high positive peak 

which resulted in a high probe – irrelevant mean amplitude difference and a highly 

significant p-value (p < 0.0001). Null hypothesis distributions for participants 8 and 12 are 
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presented in figure 5. The null hypothesis distribution for participant 8 shows that the true 

observed value (probe – irrelevant mean amplitude) could not reject the null hypothesis, 

which led to a high p-value; p = 0.189. On the other hand, the true observed value for 

participant 12 falls well outside the null hypothesis distribution, resulting in a highly 

significant p-value (p < 0.0001).  

 

Figure 5. Null Hypothesis Distributions for Participants 8 and 12.  

This figure shows the probe - irrelevant mean amplitude differences from the permutation analyses 

for participants 8 and 12. The dashed vertical lines represent the true observed value. 

3.3. Recall and Recognition Tests 

Individual participants’ recall scores are presented in Table 3 and a bar graph of the mean 

recall scores is in figure 6. There were five probes and five irrelevants used in the 

experiment, so total recall scores are out of five. The results showed that all fourteen 

participants were able to recall two or more of the probes. Thirteen of the participants 

(93%), recalled at least three probes. In contrast, only two participants were able to report 

any of the irrelevants, both of whom recalled only a single irrelevant. A paired samples t-

test found a significant difference between probe recall scores (M = 4.214, SD = 0.975, Mdn 
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= 4.5) and irrelevant recall scores (M = 0.143, SD = 0.363, Mdn = 0), t (13) = 13.350, p 

<0.0001, and a very large effect size (Cohen’s d = 5.534). The recall measure was found not 

to be normally distributed, so a Wilcoxon's signed-rank test was performed in addition and 

also found a highly significant difference between probe and irrelevant recall scores, Z = -

3.347, p < 0.001 (approx.).  

In the recognition test, participants were instructed to give a confidence rating on a scale of 

1 to 5 of how often a particular name pair was presented in that block. Five categories of 

name pairs were presented: target, probe, irrelevant, un-presented famous, and a 

distractor. The means of the ratings across the five blocks were used as the participants’ 

final confidence ratings and are presented in Table 4. Figure 7 presents a bar graph of the 

mean final confidence ratings. The main comparisons were probe (M = 4, SD = 0.532, Mdn = 

4) against un-presented famous name (M = 1.286, SD = 0.321, Mdn = 1.2), and irrelevant (M 

= 1.586, SD = 0.454, Mdn = 1.5) against the distractor name (M = 1.50, SD = 0.280, Mdn = 

1.5). Paired t-tests found a highly significant difference between the probe and un-

presented famous name confidence ratings, t (13) = 16.480, p <0.0001, and a very large 

effect size (Cohen’s d = 6.179). In contrast, there was no significant difference between the 

irrelevant and the distractor, t (13) = 0.763, p = 0.459, and a small effect size (Cohen’s d = 

0.227), suggesting that participants were able to reliably recognise the probe names but not 

the irrelevant names, despite the irrelevants being repeated just as often.  
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Table 3. Individual Participants’ Recall Test Scores for Probe and Irrelevant. 

Participant Probe Irrelevant 

1 2 0 

2 5 0 

3 5 0 

4 4 0 

5 4 1 

6 5 0 

7 5 0 

8 4 0 

9 3 1 

10 3 0 

11 5 0 

12 5 0 

13 4 0 

14 5 0 

Mean 4.214 0.143 

Median 4.5 0 

Std Dev 0.975 0.363 

This table presents the total number of probe and irrelevant names recalled by each participant 

during the recall tests at the end of each block. The highest possible score is 5. All participants 

recalled at least two probes and 13/14 recalled at least three probes. Only two participants recalled 

a single irrelevant.   
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Figure 6. Mean Recall Scores. 

This bar graph shows the mean recall scores for probe and irrelevant. The highest score possible 

was 5. The mean probe score was significantly higher than the irrelevant score.  
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Table 4. Individual Participants’ Confidence Ratings from the Recognition Tests.  

Participant Probe Irrelevant Unpresented 

Famous 

Distractor 

1 3.8 1 1 1 

2 3.8 2.4 2 1.8 

3 4 1.6 1 1.6 

4 4.4 1.8 1.4 1.2 

5 4.2 2 1.6 1.6 

6 4 1.2 1 1.8 

7 4.8 1.4 1.4 1.4 

8 3.4 1.2 1.2 1.4 

9 3.4 2.2 1.8 1.8 

10 4 2 1.2 1.8 

11 4 1.4 1 1.2 

12 5 1 1.2 1.4 

13 4.2 1.8 1.2 1.2 

14 3 1.2 1 1.8 

Mean 4 1.586 1.286 1.5 

Median 4 1.5 1.2 1.5 

Std Dev 0.532 0.454 0.321 0.280 

This table shows the final confidence ratings in each category for all participants. These ratings are 

the means of the ratings given at the end of the five blocks, where 1 meant the participant thought 

the name pair did not appear at all, and 5 meant the name pair appeared very often.  
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Figure 7. Mean Confidence Ratings from the Recognition Tests. 

This bar graph shows the means of the final confidence ratings from the recognition tests. The 

highest possible score was 5. The mean probe rating was significantly higher than the irrelevant, 

unpresented, and distractor mean ratings.  
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4. Discussion 

Bowman et al. (2013, 2014) demonstrated that presenting stimuli on the fringe of 

awareness using RSVP provides an effective method to detect identity deception. They 

showed that salient stimuli (i.e. a participant’s own first name) in RSVP broke through into 

awareness, resulting in the generation of a P3 component, which could reliably be used to 

differentiate between those who were attempting to conceal their true identity versus 

those who were not. Their Fringe-P3 studies (Bowman et al., 2013, 2014) demonstrated a 

very high hit rate (correctly detecting deception) and a low false alarm rate (incorrectly 

detecting deception when there was none) using P3 components. However, due to the high 

classification accuracy that they obtained, a question might be raised as to whether the use 

of own-name stimuli is the main reason for obtaining such high accuracy. Therefore, the 

first aim of the present study was to investigate the effectiveness of the Fringe-P3 approach 

with name stimuli that are still salient, but less so than own-name. Thus, we explored 

whether famous names presented on the fringe of awareness, differentially breakthrough 

into consciousness, and whether we can detect these breakthrough events with ERPs. The 

strong P3 and significant results at the group level and for 86% of participants at the 

individual level demonstrates that the Fringe-P3 method can successfully detect when 

weaker (famous) name stimuli breakthrough into awareness. This finding is in line with 

other studies that have used famous names as stimuli without RSVP and found that famous 

names elicited a P3 (Pickering & Schweinberger, 2003; Proverbio et al., 2009; Schweinberger 

et al., 2002; Stenberg et al., 2009; Tacikowski et al., 2011; Tacikowski & Nowicka, 2010). The 

additional recall and recognition tests also showed that participants were able to reliably 

recall and recognise the probe famous names but not the irrelevant or distractor names, as 
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expected, thus providing further evidence that only the salient names stood out from the 

RSVP streams and broke through into awareness.  

The second aim of this experiment was to see if multi-part stimuli could be successfully used 

with the Fringe-P3 method. Specifically, we presented the first name followed by the second 

name in adjacent frames in the RSVP stream. This generated a robust P3 pattern for famous 

name pairs and significant p-values, showing that the Fringe-P3 method can indeed be used 

effectively with multi-item stimuli. This finding is consistent with theories of the attentional 

blink (Bowman & Wyble, 2007; Hommel & Akyürek, 2005; Wyble et al., 2009), which 

emphasize that two consecutive targets (lag-1) are processed together (Simione et al., 2017; 

Wyble et al., 2009), with high accuracy for both, and particularly the second. The spreading 

the sparing phenomenon (Olivers et al., 2007) and theories of episodic attentional processes 

(Wyble et al., 2009) suggest that even longer sequences of consecutive salient items will not 

generate an attentional blink and will thus also be well perceived in RSVP, opening up the 

possibility that longer series of identifying information, such as addresses, might be included 

in the Fringe-P3 method. It is worth noting that there is also the possibility that the first and 

second name pairs could have been perceived as a single integrated percept in the fashion 

introduced in Hommel & Akyürek (2005) and Akyürek et al (2012). This possibility would 

not, however, impact the inferences we are making in this paper, which simply concern the 

effectiveness of the Fringe-P3 method to detect P3s for multi-item stimuli. 

This experiment and the one reported in Alsufyani et al. (2019) have also enabled us to 

assess the effectiveness of the Fringe-P3 method in two further respects. Firstly, the use of 

fame-related stimuli (names here and faces in Alsufyani et al. (2019)) has enabled us to 

explore the effectiveness of the method to a purer form of intrinsic salience. That is, in this 

experiment, there was no explicit task associated with famous names, and participants were 
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not informed of their presence in advance (as was the case for famous faces in Alsufyani et 

al. (2019)). This enabled us to see whether, even when there is no explicit task associated 

with them, the brain still selects salient stimuli. Secondly, the previous own-name Fringe-P3 

demonstrations (Bowman et al., 2013, 2014) have effectively been detection tasks for the 

participant’s perceptual system (i.e. it was searching for an item – their own name). In 

contrast, once participants have determined that fame-related stimuli are being presented, 

which they will most likely do at some point in our two fame experiments, they may start (at 

least implicitly) “looking” for items in this category. Consequently, this effectively becomes 

an implicit identification task; one in which participants’ brains are seeking to identify the 

fame-related stimuli presented. Thus, the findings in this paper provide evidence that the 

Fringe-P3 method is also effective at determining stimuli that are, firstly, intrinsically salient 

(but not initially associated with an explicit task) and, secondly, being searched for in an 

effectively implicit identification task.  

With respect to the P3 shape, the P3 elicited by the famous names (from around 400ms to 

1000ms) is much broader in time than the corresponding P3 elicited by own-names in 

previous Fringe-P3 experiments; 300-600ms in Bowman et al. (2013) and 300-780ms in 

Bowman et al. (2014). This is likely to be due to the famous names being presented in two 

frames (first followed by second name). Thus, in a sense, there were two salient names 

presented in immediate succession. The grand average ERPs in figure 2 show that the P3 

probe does not appear to consist of two individual P3s for first names and second names. 

This suggests that the first and second name proceeded into working memory together, 

resulting in a longer single P3. This finding is in line with Craston et al.'s (2009) attentional 

blink investigations, which reported a single combined long P3 pattern for lag-1 where T2 
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immediately follows T1; see also Jones et al. (2020) and Pincham et al. (2016) for further 

discussion of extended P3s.  

In addition, this longer P3 component justifies the choice of a mean amplitude measure for 

analysing the P3 in the present study, instead of the Peak-to-Peak, which was used in 

previous Fringe-P3 studies (Bowman et al., 2013, 2014). The Peak-to-Peak method is based 

on finding the difference between the maximum positivity and (the following) negativity 

within a specific ERP time window. Therefore, the use of the Peak-to-Peak by Bowman et al. 

(2013, 2014) seems reasonable as their P3 component indeed consisted of a positive peak 

followed by a negative deflection, within a time window from 300ms to 1000ms, with 

respect to the stimulus onset. As such a negative deflection was absent from the ERPs in the 

present study, the Peak-to-Peak measure would be inappropriate for detecting the P3 here. 

A study by Bergström, Anderson, Buda, Simons, & Richardson-Klavehn (2013) has shown 

that Peak-to-Peak performed worse than a mean amplitude measure with ERPs that did not 

contain clear post-P3 negative peaks. Moreover, the use of the mean amplitude measure in 

this study is consistent with Alsufyani et al. (2019) who used similar measures for analysing 

the Fringe-P3 method with famous faces, and with Craston et al. (2009) who used the same 

measure for analysing a joint P3 component of T1 and T2 at lag-1.  

Although this experiment is not a true concealed information paradigm, it is a step towards 

testing real guilty knowledge, therefore, one potential criticism of it is the lack of an 

innocents group to ensure there is no inflation of the false positive. In the current 

experiment there is always a salient probe for each participant, but in an innocents 

experiment there would not – i.e. what the person administering the test refers to as the 

probe would actually be an irrelevant to the innocent participant since it would not be 

salient. The current experiment and previous Fringe-P3 work shows that participants do not 
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generate P3s for irrelevants. Therefore, this suggests that there should not be an inflation of 

false positives, i.e. innocents mistakenly adjudged to be guilty, in a concealed information 

version of the paradigm presented here.  

Additionally, we ran an innocents test in the 2014 paper and found no P3s or inflation of the 

false-positive rate for the irrelevants/innocent probes. This is consistent with our other 

experiments on repeating non-salient stimuli across RSVP streams. These found that the 

probability of a participant “seeing” a repeating non-salient item does not increase with 

repeated presentations (Avilés et al., 2020) and found no evidence that participants can 

differentially “see” non-salient repeating items even when their task is to “look for them” 

(Bowman et al., 2014). Therefore, it seems unlikely that innocent participants would see a 

repeating non-salient item and result in false detection when they are not even looking for 

it. 

In summary, the findings reported here provide evidence that the Fringe-P3 approach is 

successful in detecting when participants perceived name stimuli that are familiar but have 

weaker salience than own-name stimuli, and that the method is effective with multi-item 

stimuli. Significant differences were found between famous name (probe) and unfamiliar 

name (irrelevant) ERPs at both the group and individual participant levels. The use of 

famous names in this study has shown that broad familiarity is sufficient to mark a stimulus 

out as salient in RSVP subliminal search, resulting in the generation of a P3 component. 

When placed within the context of Bowman et al. (2013, 2014), Alsufyani et al. (2019), and 

Harris et al. (2021), the results here further demonstrate the potential of the Fringe-P3 

method in forensic applications that require the use of different types of stimuli beyond 

own first name stimuli, including multi-item stimuli, such as full names, dates, and street 

addresses. Within forensic settings, the findings in this paper are particularly relevant to a 
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set of identity related applications. Most significantly, the results, especially the accuracy in 

per-individual analyses, suggest that the Fringe-P3 method could be used to detect whether 

a suspect has knowledge of a particular person. In this case, if the suspect was familiar with 

a particular person (guilty), their name would be salient and would breakthrough into 

awareness and generate a P3 component. If they were truly not familiar with the person 

(innocent), their name would not be salient, would remain subliminal, and would not 

generate a P3 or have a significant difference to the irrelevant. Demonstrating familiarity in 

this way could be used to identify criminals on the basis of who they know, such as victims 

or accomplices. The method could also potentially be applied to line-ups, especially since we 

have demonstrated the effectiveness of the method with faces, although currently, only for 

famous faces. This is a line of research we are pursuing. 

Another aspect of future work will be to ensure that our countering countermeasures 

experiments, which have been performed with own-name probes, carry over to familiar 

names (with famous names being a particular example). We believe that our key 

demonstration that irrelevants cannot be searched for in RSVP to artificially make them 

salient and confound deception detection (Bowman et al., 2014) should still obtain. This is 

because the inability to search for repeating items seems to be inherent to rapid serial 

visual presentation in general, not the particular RSVP stimuli used (Avilés et al., 2020). 
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Appendix A 

Discussion of the Programming Inconsistencies 

Due to a programming error, Participants 2 and 3 were shown one different probe name 

pair and Participant 4 was shown two different probe name pairs to the other participants. 

We do not believe this error affected these participants’ results. Both participants 2 and 3 

scored 5/5 for probe recall and 0/5 for irrelevant recall, had high recognition scores for 

probe and low for the irrelevant, and had significant p-values, similar to the majority of 

participants that saw the original probe names. This suggests the error had no effect on 

their results. Participant 4 did not have a significant p-value but still recalled 4 of the 5 

probes and none of the irrelevants, and scored high in the recognition test for probe (4.4) 

and low for irrelevant (1.6), showing that they still saw and recognised the probes but not 

the irrelevants. In comparison, participant 1 was presented with all of the original probe 

names and had a significant p-value but scored lower for recall (2/5) and recognition (3.8) of 

the probes, so it seems unlikely that the programming error would have had an effect and 

been the reason behind participant 4’s non-significant p-value. Instead, noise in the ERP 

data is the more likely reason.   

We also ran the ERP analyses while excluding the participants who saw different probe 

names in error and all results were the same (group level, recall and recognition) or better 

(10/11 significant at the individual level). This shows that the programming error did not 

have a substantive effect on the results or impact our conclusions. 
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Appendix B 

Discussion of the Fz and Cz Results, and the P3a 

 

Figure 8.  Grand Averages from the Fz and Cz Electrodes. 

Group level analyses of Fz and Cz revealed no statistically significant difference between probe and 

irrelevant within a time window of 150 - 300ms (marked with blue dashed lines). Extra smoothing 

with a low pass filter of 10 Hz was used in this figure, purely for presentational purposes, and was 

not applied to the time-series analysed.  

 

In previous Fringe-P3 studies (Bowman et al., 2013, 2014), significant P3a’s (or novelty P3) 

were elicited at the Fz and Cz electrodes by own-name stimuli within a 150-300ms window, 

whereas in the present study, no significant difference was found between the probe and 

irrelevant conditions at Fz (P3a-Fz: t (13) = 2.014, p = 0.065, Cohen’s d = 0.766) or Cz ( P3a-

Cz: t (13) = 1.537, p = 0.148, Cohen’s d = 0.608), within the same P3a time window. Grand 

average ERPs from Fz and Cz are presented in figure 8. Several studies have shown that the 

P3a is often elicited in response to own-name stimuli (Fischler et al., 1987; Holeckova et al., 

2006; Tateuchi et al., 2012). However, studies using other names such as Schweinberger et 

al. (2002) found no significant difference between familiar and unfamiliar names at frontal 
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or central sites, and Tacikowski and Nowicka (2010) found that familiarity effects were more 

significant at parietal than at frontal or central sites. It can be clearly seen in our data (see 

figures 2 and 8) that P3 amplitude was highest at Pz. It is worth noting, however, that 

comparisons between the P3 waveform in the present study and Bowman et al. (2013, 

2014) may be limited due to differences in the stimuli (this study used multi-item stimuli 

while Bowman et al used single item stimuli) and experimental tasks (this study had no 

explicit task relating to the famous names, while Bowman et al instructed participants to 

respond deceptively to their own names), which could have contributed to the differences 

in the waveforms. 
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