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Abstract
ERP-based forensic memory detection is based on the logic that guilty suspects will hold
incriminating knowledge about crimes they have committed, and therefore should show
parietal ERP positivities related to recognition when presented with reminders of their
crimes. We predicted that such forensic memory detection might however be inaccurate in
older adults, because of changes to recognition-related brain activity that occurs with aging.
We measured both ERPs and EEG oscillations associated with episodic old/new recognition
and forensic memory detection in 30 younger (age < 30) and 30 older (age > 65) adults. EEG
oscillations were included as a complementary measure which is less sensitive to temporal
variability and component overlap than ERPs. In line with predictions, recognition-related
parietal ERP positivities were significantly reduced in the older compared to younger group
in both tasks, despite highly similar behavioural performance. We also observed agingrelated reductions in oscillatory markers of recognition in the forensic memory detection test,
while the oscillatory effects associated with episodic recognition were similar across age
groups. This pattern of results suggests that while both forensic memory detection and
episodic recognition are accompanied by aging-induced reductions in parietal ERP
positivities, these reductions may be caused by non-overlapping mechanisms across the two
tasks. Our findings suggest that EEG-based forensic memory detection tests are less valid in
older than younger populations, limiting their practical applications.

Keywords: episodic memory, aging, forensic memory detection, ERP, EEG oscillations
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1. Introduction
Recognition is associated with positive ERP peaks across the parietal scalp around half a
second to a second after a person encounters a reminder. Such parietal ERP positivities have
been studied extensively in theoretical investigations of the neurocognitive processes that
underlie episodic memory retrieval (Rugg & Curran, 2007; Vilberg & Rugg, 2009; Wilding,
2000), and in applied forensic settings as a tool for detection of concealed memories
(Bowman et al., 2013; Meijer et al., 2014; Rosenfeld, 2020). However, these different fields
have largely progressed separately, and forensic applications have not incorporated findings
from theoretical work about how memory-related brain processes change in older age
(Friedman, 2013; Morcom, 2016). This oversight is problematic since forensic memory
detection is based on the assumption that memory-related brain activity is consistent across
individuals and across the life span. Here, we investigated if ERP-based forensic memory
detection is affected by aging, and how such detection relates to ERPs during episodic
recognition. We also assessed whether EEG oscillations that can be used as markers of
recognition (Hanslmayr et al., 2016; Herweg et al., 2020; Hsieh & Ranganath, 2014; Nyhus
& Curran, 2010) were influenced by ageing in a parallel way to ERPs, across both episodic
recognition and forensic memory detection tests.
Forensic memory detection uses non-verbal markers of memory to determine whether
a suspect knows information about a crime that would be unknown to an innocent person
(Lykken, 1959). The ERP-based Concealed Information Test (CIT) involves measuring if
recognition-related parietal positivities (“P300s”1) are enhanced around 0.5-1s after
reminders of a crime (“probes”) have been presented. CITs are often conducted to detect
memories of a particular event by using central details from the event as probes, such as
detecting if suspects recognise the word “ring” if they had previously stolen a ring
(Rosenfeld, 2020). Crime-relevant probes are repeatedly but infrequently presented,
interspersed with repeatedly presented frequent irrelevant stimuli in an “oddball” design,
because subjectively rare probes enhance P300 amplitudes and facilitate memory detection
(Bergström et al., 2013; Donchin, 1981). If the probe P300s are larger than irrelevant P300s,
this is used to infer criminal guilt. Many studies have found highly accurate detection of
memories with this technique, and variations of the CIT are used in real life criminal
investigations (Matsuda et al., 2019) and sold commercially (Farwell, 2012) . However,
1

Note that we refer to these parietal peaks in concealed information tests as P300 effects to be consistent with
the typical terminology in that literature. However, it should be noted that these effects are typically maximal
between 300-800ms in young adults, and their exact timing depends on task and individual characteristics.
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recent research with young adult participants has exposed vulnerabilities of this method to
factors that impede memory detection, such as the use of countermeasures that guilty
suspects can use to appear innocent (Bergström et al., 2013; Hu et al., 2015; Meijer et al.,
2016; Rosenfeld et al., 2004). Thus, P300-based CIT may not be as accurate as originally
thought, which may have dire real-life consequences.
One important issue that has not yet been investigated is the effect of healthy aging on
P300-based forensic memory detection, despite evidence that aging has strong effects on
memory (Cabeza et al., 2018; Nyberg et al., 2012) and ERPs associated with recognition
(Friedman, 2013). In this latter line of research, ERPs are typically measured while
participants complete an episodic old/new recognition test where they need to discriminate
previously encountered (old) from new stimuli. In these tests, old and new items are typically
presented just once and in equal proportions, and thus neither stimulus category is
subjectively rare. In such designs, younger adults typically show an enlarged parietal ERP
positivity around 0.5-1s during recognition of old compared to new stimuli, referred to as the
parietal old–new effect (Rugg & Curran, 2007; Wilding, 2000). In contrast, older adults often
show reduced (Ally et al., 2008; Duarte et al., 2006; Wang et al., 2012) or even reversed (i.e.
negative, Horne et al., 2020; Li et al., 2004) parietal old–new effects, often despite intact
behavioural test accuracy. This literature thus suggests that recognition-related parietal ERPs
change with aging, which could potentially affect P300-based memory detection.
The relationship between parietal old–new effects and P300 recognition effects is unclear,
however. Although they have similar time-course and morphology, there are many
differences between the paradigms used to elicit these ERP effects, and they are typically
interpreted as functionally distinct. Parietal old–new effects have been argued to reflect
conscious recollection of contextual details from an event (Vilberg & Rugg, 2009; Wilding,
2000), whereas P300 effects in oddball tasks are typically interpreted as related to attentional
orienting, working memory and/or decision making (Donchin, 1981; Polich, 2007). However,
some evidence suggests that parietal ERP positivities in the CIT are influenced by both
recollection and orienting processes when the CIT is testing recognition of details from a
specific crime event (Ganis & Schendan, 2013). Further complicating the picture, other
evidence suggest both effects are indexing attentional orienting or decision making, leading
researchers to suggest that parietal old–new ERP effects do not reflect episodic recollection
(e.g. Dywan et al., 1998; Yang et al., 2019; although see Herron et al., 2003). Consistent with
a functional link, some findings suggest that oddball P300 effects are also reduced in older
age (Polich et al., 1985; van Dinteren et al., 2014), but in those studies the P300 response was
4

not based on recognition of information from a specific event such as in the CIT. Therefore,
based on previous literature, it is not known whether CIT P300 memory detection is affected
by healthy aging.
In the current study, we recorded ERPs from older and younger participants while they
completed both a standard episodic old/new recognition test and a CIT to investigate if P300based CIT is less accurate in older suspects, and if so, how this reduced accuracy relates to
changes in parietal old–new ERP effects during episodic recognition. We also complemented
the above ERP analyses by applying time-frequency decomposition to the same EEG data, to
measure oscillations associated with recognition. This technique has several advantages over
ERPs that may be especially relevant for understanding aging-related memory changes. First,
it can be used to measure induced EEG oscillations that are not phase-locked to an event (e.g.
Tallon-Baudry & Bertrand, 1999) and are therefore less sensitive to neural timing variability
across trials (“temporal jitter”), which is increased with aging (Tran et al., 2016) and can
reduce the amplitude of ERP components. Time-frequency analysis is therefore particularly
useful for estimating high frequency EEG oscillations that are less likely to be phase-locked
across trials than slow frequency EEG responses. Second, because this technique separates
the EEG into non-overlapping frequency bands, it may be better able to dissociate different
cognitive processes than ERPs, which reflect a summation of event-related EEG across all
frequency bands and is therefore more susceptible to component overlap. Such component
overlap has been suggested as a potential contributor to age-differences in episodic
recognition-related ERPs (Allen et al., 2020; Dulas & Duarte, 2013) and it is therefore
important to investigate if recognition-related EEG oscillations are also affected by aging.
In young adults, episodic recognition is typically related to increased power (i.e.
synchronization) in the theta frequency band (~4-7Hz), which often peaks across the parietal
scalp around the same time as parietal ERP positivities occur (i.e. ~0.5-1s after stimulus
onset; for reviews see Herweg et al., 2020; Hsieh & Ranganath, 2014; Nyhus & Curran,
2010). In addition, episodic recognition is often also associated with reduced power (i.e.
desynchronization) in the alpha (~8-12Hz) and beta (~13-30Hz) frequency bands, with
different topography depending on the content of retrieval and type of retrieval processing
(see Hanslmayr et al., 2016). Less is known regarding how aging affects the oscillatory
correlates of recognition, but recent studies have shown relatively similar patterns of
retrieval-related theta synchronization and alpha desynchronization for both younger and
older adults during episodic recognition (Allen et al., 2020; Karlsson et al., 2020; Strunk et
al., 2017), although some of these studies also found age differences in alpha
5

desynchronization. EEG oscillations are not typically analysed in practical applications of the
CIT, but other types of “oddball” research has shown that orienting responses/P300 ERP
effects are also associated with theta synchronization (Bachman & Bernat, 2018; Harper et
al., 2017; Keller et al., 2017) and at least one prior study has shown alpha desynchronization
to be associated with P300s (Bernat et al., 2007). The effects of aging on EEG in oddball
tasks have not been studied to the same extent, but one study found that both theta
synchronization and alpha/beta desynchronization was enhanced in older compared to
younger adults (Ho et al., 2012).
In the current study, we investigated for the first time if P300-based CIT is less
accurate in older suspects, and if so, how this reduced accuracy relates to changes in parietal
old–new ERP effects during episodic recognition. Are these two effects both reduced to the
same extent in our older compared to younger group, as would be expected if they share
underlying mechanisms? We also applied time-frequency analysis to our EEG data to assess
whether aging-related reductions in parietal ERP positivities were associated with changes to
EEG oscillations in theta, alpha and beta frequency bands. Based on prior literature we
expected to observe similar theta synchronization and alpha/beta desynchronization old–new
effects in both the recognition memory test and the CIT in the younger group. If recognitionrelated ERP differences between younger and older adults were due to increased temporal
jitter and/or component overlap, then the older group was expected to show EEG oscillation
effects that were similar to those in the younger group. In contrast, if reduced parietal ERP
positivities in the older group were due to a reduced engagement of recognition-related
neurocognitive processes, then the older group would be expected to show reduced
oscillatory markers of recognition to parallel the ERP results. Answering these questions thus
have important implications for forensic applications, and for theoretical accounts of the role
of different brain processes in recognition memory. Practically, it is important to know
whether age-related changes in ERPs and/or oscillations means that EEG-based forensic
memory detection should be restricted only to young adults, or whether some or all EEG
measures of recognition can be validly used across age groups. Theoretically, assessing
whether age-related changes in parietal ERPs and oscillations are similar or different across
concealed information tests and episodic old/new tests can speak to whether these tests are
measuring overlapping neurocognitive processes, which can in turn inform theoretical
debates regarding the functional meaning of parietal ERP effects in recognition memory.
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2. Methods
2.1. Participants
Participants were recruited from a database of research volunteers or adverts placed around
the University of Kent, and were compensated at approx. £7.50/hour. The study was
approved by the Research Ethics Committee of the School of Psychology at the University of
Kent. The final sample consisted of 30 young adults (Mage = 22, SDage = 4, range = 18-33, 19
females) and 30 old adults (Mage = 69, SDage = 6, range = 60-80, 22 females). This sample
size was chosen to have 0.85 power to detect a d=0.8 effect size, or 0.8 power to detect a
d=0.75 effect size (we were primarily interested in detecting large effects of aging on ERPs
and behaviour, since only large effects have practical implications for forensic memory
detection). An additional four younger adults and one older adult were excluded due to poor
EEG recording quality. All participants were right-handed, native English speakers, had no
psychiatric or neurological diagnosis, and reported not taking any medicine that affects
cognition. All participants completed the Montreal Cognitive Assessment (MOCA;
Nasreddine et al., 2005) after the experimental tasks. Operation Span (OSPAN; Unsworth et
al., 2005) and Wechsler abbreviated scale of intelligence (WASI-II; Wechsler, 2011) scores
were either gathered from existing datasets or participants attended a second session to
complete these tests. Older adults had higher age-corrected WASI IQ scores than younger
adults, whereas the younger adults performed higher in the OSPAN working memory test
(Table 1). The Bayes Factors indicated moderate support for no difference between age
groups in the MOCA.
Table 1. Cognitive test results
The Montreal
cognitive assessment
(MOCA)
28.03
[27.31, 28.76]

The Wechsler abbreviated
Scale of intelligence II
(WASI)
109.63
[105.66, 113.61]

OSPAN Partial Score

Older Group

27.70
[26.96, 28.44]

116.37
[112.37, 120.36]

54.47
[47.98, 60.95]

t-value
p-value
Cohen’s d

-.66
.51
.17

2.44
.018
.63

-3.60
< .001
.93

Bayes Factors
(BF01)

3.31/1

1/3.03

1/44.13

Younger Group

67.03
[64.05, 70.01]

Note: values show mean scores and 95% confidence interval (in square brackets) for each
cognitive test. Group differences were assessed with independent t-tests and Bayes
Factors for the null hypothesis over the experimental hypothesis of a group difference in
either direction (BF01).
7

2.2. Materials, Design and Procedure
All participants first carried out a mock crime, which was followed by a brief computerised
word reading test to ensure that they were able to read and understand words at the pace
required during the CIT. Next, participants completed an incidental word encoding task,
which was followed by the CIT, and finally a recognition test for the words from the
encoding task.

2.2.1. Mock Crime
Participants were given a map and instructed to go to a kitchen and steal an object (a ring)
inside a cupboard. The word “ring” was never used in the instructions to ensure that
participants acquired the crime-related memory through enacting the mock crime.
Participants were asked to examine the stolen object and bring it to the EEG lab, but were not
told that their memory for the object would later be tested. Next, they were asked if they had
noticed anything else inside the cupboard (a watch, which was to be used as the target in the
CIT). If they had not, they were asked to go back to the kitchen and look again.

2.2.2. Encoding Task
Participants then carried out an incidental encoding task, in which 64 words were displayed
on a computer screen in a randomised order for 3000ms each, preceded by a 600ms fixation
cross. Participants were not told that their memory for the words would later be tested, and
instead rated the words for “pleasantness” using button presses on a response box. The 64
words were drawn from a larger pool of 128 words from the MRC Psycholinguistic database
(Wilson, 1988), of which the remaining 64 words would be used as foils in a subsequent
surprise recognition test (counterbalanced across participants). Strong semantic associations
between words within the recognition task and also with words in the CIT were avoided.

2.2.3. Concealed Information Test
The CIT involved repeatedly presenting participants with six words on a computer screen: a
crime-relevant probe (“ring”), a target (“watch”) and four irrelevants (“phone”, “keys”,
“necklace”, “wallet”), while their EEG was recorded to measure recognition-related ERPs
and oscillations elicited by the different word conditions. Participants were informed that an
object had been stolen from a nearby kitchen and they needed to complete a test to detect if
they were guilty of the theft. It was explained that words would be shown on the screen and
they should press buttons on a response box to indicate whether they recognised objects from
8

the kitchen, while their brain activity was recorded. They were told that they should avoid
responding “yes” to the word corresponding to the stolen object (i.e. the probe “ring”) in
order to avoid being found guilty, and only respond “yes” when they saw the target word
“watch”. Each of the six words were presented 60 times each in a randomised order. Trials
began with a black screen for a jittered duration between 500-1000ms, followed by a 500ms
fixation cross before the word was displayed for 300ms in white on a black background. The
word was followed by a blank screen for 1000ms and button presses were accepted for
1750ms from word onset. Six attention checks were pseudo-randomly interspersed every 4278 CIT trials, which required participants to verbally respond with the most recently
presented word. There was no significant difference in number of failed attention checks
between the younger and older groups (younger: M = .23, 95% CI = [.07, .39], range = 0-1;
older: M = .47, 95% CI = [.18, .76], range = 0-3; t(58) = 1.44, p = .155, BF01 = 1.60/1).

2.2.4. Recognition Test
The CIT was followed by a recognition test, where the 64 “old” words from the incidental
encoding task were shown on the computer screen randomly intermixed with 64 “new” foil
words and participants indicated whether or not they recognised the words using the response
box. Words were displayed for 3000ms and preceded by a 600ms fixation cross. EEG was
recorded to measure episodic recognition-related ERPs and oscillations elicited by the old vs.
new words.

2.2.5. Post Experiment Questionnaire
After the computerised tasks, participants responded to a few questions assessing their selfreported experiences of the mock crime and CIT. This questionnaire was also used to verify
that all participants knew what object they had stolen and had seen the probe word (i.e.
“ring”) during the CIT (which they all had).

2.3. EEG Recording and Pre-processing
EEG was recorded from 64 scalp electrodes (plus vertical and horizontal EOG) positioned in
accordance with the extended 10-20 system using an actiCAP system (Brain Products Gmbh)
at 500Hz with a 0.05-70Hz bandwidth, and with impedances kept below 25 k. The EEG
was pre-processed offline using the EEGLAB toolbox (Delorme & Makeig, 2004) in
MATLAB, with a standard pipeline (similar to Bergström et al., 2013) involving filtering

9

with a 0.3 Hz-30Hz bandpass, re-referencing to the average of both mastoids, and removing
non-brain artefacts with Independent Component Analysis and manual screening. Although a
high-pass filter cut-off at 0.3 Hz is relatively high compared to typical settings in episodic
memory research, filtering out such slow frequencies is sometimes necessary to reduce
component overlap when measuring recollection-related parietal ERPs, which is especially
important when comparing younger and older adults since older adults often show
centroparietal negative slow-drifts overlapping with recollection-related parietal peaks
(James et al., 2016). Furthermore, a high-pass filter cut-off of 0.3Hz is recommended and
standard for forensic memory detection with ERPs (Bergström et al., 2013; Hu et al., 2015;
Soskins et al., 2001), so we therefore used this setting for all analyses in order to make our
results comparable with that prior literature. Epochs were extracted from –200ms to 1700ms
post stimulus, time-locked to the presentation of word stimuli in both the recognition test and
the CIT, and baseline corrected using the 200ms pre-stimulus interval. ERPs were computed
by averaging the raw EEG epochs for each condition and participant separately, including all
trials independent of accuracy (as is typical and recommended for forensic memory
detection). Mean trial numbers across ERP conditions ranged between 55-223, all
participants contributed at least 44 trials, and mean trial numbers were highly similar across
the two age groups (mean differences ranged between 0-2 trials).

2.3.1 Time-Frequency Decomposition
The same single-trial EEG data that were averaged to form ERPs were also submitted to
time-frequency decomposition using a complex Morlet wavelet transform as implemented in
FieldTrip (Oostenveld et al., 2011). The pre-stimulus interval in each epoch (600ms in the
recognition memory test and 1000ms in the CIT) was mirrored and prepended to the original
pre-stimulus data to provide a long enough interval for reliably estimating the pre-stimulus
baseline power of lower frequencies (cf. Vogelsang et al., 2018). The decomposition was
performed between 4-30 Hz in frequency steps of 1 Hz, time steps of 5ms and a wavelet
width of three cycles. The epochs were truncated to –825 to 1300ms in both the recognition
memory test and the CIT to avoid edge artefacts and make the analysis time-window
comparable across tests. Oscillatory power in each frequency band was normalised to a dB
scale using a baseline period between –825 to –375ms pre-stimulus. This baseline period was
selected to avoid artefactual “bleeding” of post-stimulus EEG activity into the baseline
because of the low temporal resolution of low frequency wavelets (as in Allen et al., 2020;
Vogelsang et al., 2018).
10

2.4. Statistical Analysis Approach
For key behavioural and focal ERP analysis, we used frequentist t-tests. Cohen’s d effect
sizes were calculated as the difference between means divided by the pooled standard
deviation (Dunlap, Cortina, Vaslow, & Burke, 1996). T-tests were supplemented with Bayes
Factors in order to assess the relative evidence for the alternative versus the null hypothesis.
The Bayes Factor (BF01) is a ratio that contrasts the likelihood that the data would occur
under the null (H0, no difference between groups/conditions/no difference from 0) versus
alternative (H1, a group difference/condition difference/a difference from 0) hypotheses.
Ratios close to 1 are only considered weakly/anecdotally supportive of one hypothesis over
the other, whereas BF01 >3 are typically interpreted as substantial evidence in support of H0
over H1, and BF01 <1/3 are interpreted as substantial evidence in support of H1 over H0. All
Bayes factors were calculated with two-tailed tests, using JASP (JASP Team, 2019) with
recommended default priors (a Cauchy distribution with centre = 0, r = 0.707).
2.4.1. Focal Analysis of Individual ERP Peaks
We first conducted a focal analysis of the electrodes where the P300 and parietal old–new
effects are typically maximal in the literature. These electrodes were chosen a priori and are
the same we have used for focal analysis in our prior research with CIT (mid-parietal (Pz)
electrode; Bergström et al., 2013; Hu et al., 2015) and episodic recognition paradigms (left
parietal (P3) electrode; e.g. Allen et al., 2020; Bergström et al., 2016). In order to control for
potential individual and age differences in the timing of recognition-related ERP effects, we
followed previous CIT research (e.g. Hu et al., 2015) and applied a sliding window to
individual ERP conditions to measure parietal positivities as the mean amplitude of the
100ms window with the most positive amplitude between 300-1000ms. The amplitudes of
recognition-related parietal positivities were then computed by subtracting the control
conditions from the recognition conditions (i.e. old–new, probe–irrelevant, target–irrelevant).
These recognition-related ERP effects were then compared between groups with independent
t-tests to test for age differences. ERP effects were compared to 0 with one-sample t-tests to
assess their presence within each age group.

2.4.2. Global Analysis of ERP Data
Analysing ERP data from only a few electrode sites and time-windows may overlook effects
occurring at other scalp locations and time points, which may be problematic when
comparing age groups since the topography and timing of recognition-related ERP effects
11

can change with age (Friedman, 2013). We therefore complemented the focal analysis with
global data-driven analyses where we included all scalp electrodes and all time points
between 0-1700ms, and controlled for multiple comparisons using nonparametric clusterbased permutation tests with the FieldTrip toolbox (Oostenveld et al., 2011) in MATLAB.
This analysis involved first performing t-tests at every ERP data sample to estimate
significant differences (uncorrected at α=.05) between conditions/groups. Significant samples
that were adjacent in time and space (spanning at least two electrodes) were grouped into
clusters, and their t-values were summed into one cluster-level t-value. The false positive rate
for the full spatiotemporal data matrix was controlled by testing the observed cluster-level tvalues against a null distribution of cluster-level t-statistics created by permutation
resampling, where ERP data were randomly allocated to conditions for all participants and
clusters were recalculated for each resample (5000 in total). P-values were calculated as the
proportion of the randomization null distribution exceeding the observed maximum clusterlevel test statistic (i.e. the Monte-Carlo p-value). This analysis enabled us to identify
significant clusters extending over time and electrodes (see Maris & Oostenveld, 2007). The
exact spatiotemporal distribution of the clusters should be interpreted with caution however
given that the correction for multiple comparisons is applied at the cluster level, but not at the
individual sample level (see Sassenhagen & Draschkow, 2019). We tested if there was a
group difference in each ERP effect of interest (old–new, probe–irrelevant and target–
irrelevant), and also assessed presence of those ERP effects within each age group.

2.4.3. Global Analysis of Time-Frequency Data
Similarly to the global ERP analysis, the time-frequency data were analysed with
nonparametric cluster-based permutation tests (Maris & Oostenveld, 2007). All post-stimulus
time points (0-1300ms), electrodes and frequencies (4-30 Hz) were included in the analyses.
We analysed this frequency band since theta (~4-7Hz), alpha (~8-12Hz) and beta (~13-30Hz)
oscillations have all been related to recognition in previous research (as described in the
introduction). Clusters were formed between significant neighbouring samples in the time,
frequency and electrode dimensions. The same parameters were used as in the global analysis
of the ERP data. We first tested group differences in the relevant contrasts (old–new, probe–
irrelevant and target–irrelevant). Next, we conducted within group cluster-based permutation
tests to investigate the presence of EEG oscillation effects within each age group.
Additional analyses assessed whether age groups differed in terms of individual-level ERPbased memory detection, and trial-by-trial temporal jitter of parietal ERP peaks. The
12

individual level results mirrored the ERP findings reported in the next section, and the
temporal jitter analysis showed no significant differences in temporal variability of parietal
peaks between age groups (available on OSF at
https://osf.io/2yb3s/?view_only=fdb57e7f18ab4cb19fcc16c0e57c07ea).

3. Results
3.1. Behavioural Results
Recognition test and CIT performance is shown in Table 2. The younger group had faster
reaction times than the older group on the recognition test, but there were no significant age
differences in recognition test discrimination or response bias. The older group were more
accurate than the younger group for probes on the CIT, but there were no other significant
age differences in CIT performance.

Table 2. Behavioural performance on the Recognition Test and the CIT.
Recognition Test

Group
Younger Group

Older Group

Discrimination
and Response
Bias
Pr
Br

Concealed Information Test

Reaction Times

Accuracy

Reaction Times

Old

New

Target

Probe

Irrelevant

Target

Probe

Irrelevant

.83

.39

879

939

.91

.97

.99

548

475

462

[.79, .87]

[.31, .48]

[831, 928]

[879, 1000]

[.88, .94]

[.96, .99]

[.99, 1.00]

[504,

[430,

[425, 499]

591]

521]

.78

.41

1030

1017

.94

.99

.99

566

501

493

[.73, .83]

[.32, .50]

[965, 1095]

[975, 1059]

[.91, .96]

[.99, 1.00]

[.99, 1.00]

[532,

[460,

[466, 521]

600]

541]

t-value

-1.57

.28

-3.81

-2.17

-1.63

-2.03

-.34

-.67

-.86

-1.40

p-value

(.12)

(.78)

(<.001)

(.034)

(.11)

(.047)

(.74)

(.51)

(.40)

(.17)

Cohen’s d

.40

.07

.98

.56

.42

.56

.09

.17

.22

.36

1.37/1

3.69/1

1/76.92

1/1.81

1.26/1

1/1.45

3.63/1

3.16/1

2.80/1

1.69/1

Bayes Factors
(BF01)

Note: Values show means and 95% confidence intervals (in square brackets). Group differences were assessed
with independent t-tests and Bayes Factors for the null hypothesis over the experimental hypothesis (BF01).
The Pr measure provides a single measure of participants’ ability to correctly discriminate between old and
new items (Pr = hits–false alarms). The Br measure provides an estimate of participants’ bias toward
responding “old” vs. “new”, independently of accuracy (Br = false alarms/(1-Pr); see Snodgrass & Corwin,
1988).
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Self-reports (Table 3) showed that crime memories were equally likely to come to mind
automatically for both age groups, but the younger group were more motivated than the older
group to “beat” the CIT and try to appear innocent.

Table 3. CIT Questionnaire results
Question

Nervousness
during the mock
crime (0-6)

Extent to
which crime
memories
came to mind
during the CIT
(0-6)

2.00
[1.52, 2.48]

3.62
[2.94, 4.31]

4.37
[3.88, 4.85]

.66
[.47, .84]

3.00
[2.32, 3.68]

Older Group

1.57
[1.11, 2.02]

3.33
[2.62, 4.05]

3.10
[2.38, 3.82]

.40
[.10, .70]

3.22
[2.15, 4.29]

t-value
p-value
Cohen’s d

-1.34
.19
.35

-.59
.56
.15

-2.98
.004
.77

-1.46
.15
.38

.39
.70
.16

Bayes Factors
(BF01)

1.81/1

3.27/1

1/9.35

1/2.74

2.55/1

Younger Group

Motivation to
beat the CIT
test (0-6)

Used
strategies to
beat the CIT
(1= yes, 0 =
no)

(If answered yes
to previous
question)
Confidence in
strategies (0-6)

Note: Participants answered yes/no questions or rated their mock crime/CIT experiences
on a 0-6 scale, with higher numbers indicating more of the measured experience than lower
numbers. Values show means and 95% confidence interval (in square brackets) of selfreport ratings from the post experimental questionnaire. Group differences were assessed
with independent t-tests and Bayes Factors for the null hypothesis over the experimental
hypothesis of a group difference in either direction (BF01).

3.2. Concealed Information Test ERPs
First, we analysed the CIT ERPs to test if recognition-related P300s were modulated by
aging.
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3.2.1. Focal analysis of CIT ERPs
The ERP waveforms from the analysed electrode (Pz) and individual target–irrelevant P300
and probe–irrelevant P300 differences are illustrated in Fig. 1. Consistent with predictions,
the probe–irrelevant P300 effect was significantly larger in the younger group compared to
older group, t(58) = 2.79, p = .007, d = .72, BF01 = 1/6.12. In fact, while the effect was highly
significant in the younger group, t(29) = 3.03, p = .005, d = .25, BF01 = 1/8.05, it was not
significant in the older group, and the Bayes Factor indicated moderate support for an
absence of a P300 probe–irrelevant effect in the older group, t(29) = -.27, p = .79, d = .018,
BF01 = 4.97/1.

a

b

Younger Group

16

Concealed Information Test P300 Amplitude
16

0μV
-4
16

Older Group
Probe
Target
Irrelevant
0μV
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-4
-200 0ms

-4
1700
Younger Group
Older Group
Probe – Irrelevant Difference
Target – Irrelevant Difference

Fig. 1. Focal analysis of Concealed Information Test ERPs. a. Grand average ERP
waveforms from midline parietal electrode site (Pz) for the concealed information test
conditions. Target is a crime irrelevant but previously seen object that participants should
admit to recognising (“watch”), the probe is the stolen crime relevant object that participants
should falsely deny recognising (“ring”) and the irrelevants are crime irrelevant,
experimentally novel objects that participants should accurately deny recognising (“phone”,
“keys”, “necklace”, “wallet”). b. Individually estimated amplitudes of the probe–irrelevant
and target–irrelevant P300 differences at electrode Pz. The scatter dots show individual P300
difference measures. The thick lines show the group means and the boxes depict the 95%
confidence interval of the group means.
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The target–irrelevant P300 effect was also significantly larger in the younger group
compared to the older group, t(58) = 2.53, p = .014, d = .65, BF01 = 1/3.58, although
importantly it was highly significant in both groups (younger group: t(29) = 10.53, p < .001,
d = 1.13, BF01 = 1/9.63e+12; older group: t(29) = 5.99, p < .001, d = .93, BF01 = 1/1.13e+4).
Thus, it was not the case that older adults showed a complete absence of P300 effects, since
they did show a typical enlarged target P300 response. Target P300s and probe P300s were
however reduced by a similar extent in the older compared to younger group, as the target–
probe P300 difference did not significantly interact with age, t(58) = -.92, p = .36, d = .24,
BF01 = 2.67/1.

3.2.2. Global analysis of CIT ERPs
The results from the global analysis of the CIT ERPs are shown in Fig. 2. As predicted and
consistent with the focal analysis, the probe–irrelevant P300 effect was significantly larger in
the younger group compared with the older group (p = .002)2. This effect corresponded to a
mid-posterior cluster between approximately 510-870ms. Follow up analyses confirmed that
there was a typical probe–irrelevant P300 effect in the younger group (p = .007) as indicated
by a positive mid-posterior cluster between approximately 450-840ms. In contrast, the typical
probe–irrelevant P300 positivity was not only absent in the older group, but the direction of
the difference was reversed, as shown by significantly more negative ERPs for probes than
irrelevants (p = .013) between approximately 620-780ms with a broad scalp distribution. This
analysis thus revealed a qualitatively different probe effect in the older group, compared to
the typical young probe P300.

2

Note that we only report p-values for clusters and not their associated summed t-values, since these summed tvalues are highly dependent on the size of the analysed data matrix and thus not standardised in order to be
easily interpretable.
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Fig. 2. Global analysis of CIT ERPs. Topographical maps of amplitude differences (top rows,
blue/white/red colourmap) and t-values for the differences (bottom rows, cold/black/hot colour
map) between a) target and irrelevant conditions and b) probe and irrelevant conditions in the
CIT. Only significant clusters (p < .025 at the cluster level, which corresponds to a two-tailed
α=.05) are shown in the t-statistic topographical maps.

The cluster-based permutation test indicated that the target–irrelevant P300 effect was
only trend-level larger in the younger group compared to the older group (p = .032, meaning
it just failed to exceed the α-level). This cluster was maximal across central and parietal sites
and lasted between approximately 560-690ms. The target–irrelevant late negativity was
highly significantly larger in the younger group compared to the older group (p < .001). This
effect corresponded to a central negative cluster between approximately 1100-1470ms.
Follow-up analyses indicated both a positive broadly distributed target–irrelevant P300 (p <
.001) between around 200-900ms, and a centrally distributed target–irrelevant late negativity
(p = .001) between approximately 970-1470ms in the younger group. A target–irrelevant
P300 positivity was also seen in the older group (p < .001) between 220-950ms, but this
group did not show a significant target–irrelevant late negativity. Thus, the target P300 was
more similar across age groups, appearing to only numerically differ in a quantitative way.
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3.3. Concealed Information Test EEG Oscillations
Next, we analysed EEG oscillations from the CIT to test if recognition-related theta, alpha
and beta oscillations were modulated by aging.

3.3.1. Probe–Irrelevant EEG Oscillations
As can be seen in Fig. 3, there was a larger alpha/beta (around 8-30 Hz) desynchronization
effect for probes than irrelevant items in the younger group compared to the older group
between approximately 450-860ms (p = .023). The corresponding negative cluster effect had
a posterior distribution. This age group difference was driven by a widespread probe–
irrelevant alpha/beta desynchronization effect within the young group (peaking around 10-30
Hz, between approximately 480-1000ms, p < .001), but there was no similar effect in the
older group. In the younger group, there was also a widespread probe–irrelevant theta (~48Hz) synchronization effect around 60-1050ms (p = .02) that was not present within the older
group, but the interaction with age group for this effect did not survive the cluster-based
permutation test correction for false positives3. Thus, paralleling the ERP analysis, the EEG
oscillation results revealed significantly reduced and even absent probe-irrelevant differences
in the older group compared to the younger group.

3

If we analyse the Theta band oscillations separately from Alpha/Beta bands, then the Theta synchronization
effect does show a significant interaction with age group (p < .001), and is significant larger in the Younger than
Older group.
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Fig. 3. Results of a global time-frequency analysis of probe–irrelevant differences in the
Concealed Information Test. a. Time-Frequency plots of probe–irrelevant differences in power
(top row, blue/white/red colourmap) and t-values for the differences (bottom row,
cold/black/hot colour map). The time-frequency plots show averaged data over all electrodes.
Only significant clusters (p < .025 at the cluster level) are shown in the t-statistic timefrequency plots, and note that the pre-stimulus interval was not analysed statistically. b.
Topographic maps of probe–irrelevant differences in the Theta (4-7Hz, top two rows) and
Alpha/Beta (8-30Hz, bottom two rows) frequency bands. Within each frequency band, the top
row (blue/white/red colourmap) illustrates the topographical distributions of power
differences. The bottom row within each frequency band (cold/black/hot colour map) shows tvalues for the differences. Only significant clusters (p < .025 at the cluster level) are shown in
the t-statistic topographic maps and there is consequently only a partial correspondence
between the power and the t-value plots.
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3.3.2. Target – Irrelevant EEG Oscillations
The results from the time-frequency analysis of the target–irrelevant contrast in the CIT are
depicted in Fig. 4. The cluster analysis indicated that there was significantly higher power for
the target–irrelevant difference in the younger group compared to the older group between
around 40-1300ms (peaking around 600-1000ms), in a cluster that spanned across all
frequencies (p < .001). This positive cluster was due to an early larger theta synchronization
effect in the younger group (around 40-400ms) followed by enhanced broadband
desynchronization in the older group (approximately 400-1300ms). Within the younger
group, there was an early widespread target–irrelevant theta synchronization effect (maximal
between 4-10Hz) between 0-1070ms, peaking around 200-550ms (p = .007). This effect was
followed by a posterior broadband desynchronization effect between approximately 4101300ms, corresponding to a negative cluster between 5-30Hz (p < .001). The older group had
a similar broadband desynchronization effect between approximately 300-1300ms (p < .001),
that had a broadly distributed topography and included all analysed frequencies (4-30Hz).
Although a theta synchronization effect was numerically visible in the older group between
around 400-800ms across the fronto-central scalp, this did not survive the cluster-based
permutation test correction for false positives.4 Thus, consistent with the ERP analysis there
were robust oscillatory target-irrelevant differences in both age groups indicating that the
reduction in EEG effects in the older group are specific to the memory related probeirrelevant contrast.

4

For the record, if we analyse the Theta band oscillations separately from Alpha/Beta bands, then the Theta
synchronization target-irrelevant effect is significant also within the Older group (p < .001), although it still
interacts with age group (there were two significant positive clusters in the theta band, one between 60-350ms, p
= .018 and one between 670-1230ms, p< .001).
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Fig. 4. Results of a global time-frequency analysis of target–irrelevant differences in the
Concealed Information Test. a. Time-Frequency plots of target–irrelevant differences in power
(top row, blue/white/red colourmap) and t-values for the differences (bottom row,
cold/black/hot colour map). The time-frequency plots show averaged data over all electrodes.
Only significant clusters (p < .025 at the cluster level) are shown in the t-statistic timefrequency plots, and note that the pre-stimulus interval was not analysed statistically. b.
Topographic maps of target–irrelevant differences in the theta (4-7Hz, top two rows) and
alpha/beta (8-30Hz, bottom two rows) frequency bands. Within each frequency band, the top
row (blue/white/red colourmap) illustrates the topographical distributions of power
differences. The bottom row within each frequency band (cold/black/hot colour map) shows tvalues for the differences. Only significant clusters (p < .025 at the cluster level) are shown in
the t-statistic topographic maps and there is consequently only a partial correspondence
between the power and the t-value plots.
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3.4. Recognition Test ERPs
In the next step, we analysed the parietal old–new ERP effects on the recognition test to
determine if these also were affected by aging.

3.4.1. Focal Analysis of Recognition Test ERPs
The grand average ERPs from the analysed electrode (P3) and the individually estimated
peak amplitudes of left parietal old–new effects are depicted in Fig. 5.

a

8

b
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Left Parietal Old/New Ef fect Amplitude
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-4
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Old
New
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Fig. 5. Focal analysis of recognition test ERPs. a. Grand average ERPs from a left parietal
electrode site (P3) for old and new items in the recognition memory test. b. Individually
estimated amplitudes of the left parietal old–new effect at electrode P3. Dots show individual
participant’s amplitudes and are randomly scattered across the x-axis for visualisation
purposes. The thick lines show the group means and the boxes depict the 95% confidence
interval of the group means.

As predicted, the left parietal old–new effect was significantly larger in the younger group
than in the older group, t(58) = 3.62, p < .001, d = .93, BF01 = 1/45.46. The effect was
significant within the younger group, t(29) = 5.94, p < .001, d = .79, BF01 1/9960, but not in
the older group, t(29) = 1.70, p = .10, d = .21, BF01 = 1.43/1.
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3.4.2 Global Analysis of Recognition Test ERPs
The results from the global analysis of the recognition test ERPs are illustrated in Fig. 6.
Mirroring the results from the focal analysis, the cluster-based permutation test also showed
that the left parietal old–new effect was significantly larger in the younger group than the
older group (p = .020). This left posterior cluster extended from approximately 450-660ms
post-stimulus presentation.

Younger Group

400-800

1200-1400

Older Group

400-800

1200-1400

Younger Group
–
Older Group

450-650

1200-1400

Fig. 6. Global analysis of recognition test ERPs. Topographic maps of old–new amplitude
differences (top rows, blue/white/red colourmap) and t-values for the differences (bottom rows,
cold/black/hot colourmap) in the recognition memory test. Only significant clusters (p < .025
at the cluster level, which corresponds to a two-tailed α=.05) are shown in the t-statistic
topographic maps.
Follow up analysis showed that there was a significant positive going old–new effect
in the younger group (p < .001) that was maximal across parietal and central sites between
approximately 420-910ms. There was also a trend towards a late negative old–new effect (p =
.033), with a broad scalp distribution maximal between approximately 1160-1410ms (but
note that this effect is not shown in the t-value plot). Interestingly, there was also a positive
going old–new effect in the older group (p = .003), but this effect had a right anterior, rather
than left posterior distribution between approximately 420-780ms. In addition, the older
group also had a significant late negative old–new effect (p = .024) corresponding to a midposterior cluster between approximately 1220-1450ms.

3.5. Recognition Test EEG Oscillations
We next analysed EEG oscillations from the recognition test to assess whether these were
modulated by aging in a parallel way to recognition test ERPs (Fig. 7).
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Fig. 7. Results of a global time-frequency analysis of old–new differences in the Recognition
Test EEG data. a. Time-Frequency plots of old–new differences in power (top row,
blue/white/red colourmap) and t-values for the differences (bottom row, cold/black/hot colour
map). The time-frequency plots show averaged data over all scalp electrodes. Only significant
clusters (p < .025 at the cluster level) are shown in the t-statistic time-frequency plots; note that
pre-stimulus interval was not analysed statistically. b. Topographic maps of old–new
differences in the Theta (4-7Hz, top two rows) and Alpha/Beta (8-30Hz, bottom two rows)
frequency bands. Within each frequency band, the top row (blue/white/red colourmap)
illustrates the topographical distributions of power differences. The bottom row within each
frequency band (cold/black/hot colour map) shows t-values for the differences. Only
significant clusters (p < .025 at the cluster level) are shown in the t-statistic topographic maps
and there is consequently only a partial correspondence between the power and the t-value
plots.
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In contrast to the ERP results, the cluster-based permutation tests indicated that there were no
significant groups differences in oscillatory old–new effects in the recognition memory test.
In the younger group, there was a broadly distributed desynchronization old–new effect in
frequencies between around 5-20 Hz, that was maximal between 670-1300ms (p = .005).
There was a similar broadly distributed desynchronization old–new effect in frequencies
around 7-20Hz in the older group between approximately 40-1300ms, peaking around 5501300ms (p < .001). The predicted recognition-related theta synchronization effects that are
numerically visible in Fig. 7 between ~400-800ms post stimulus across the parietal scalp did
not survive the cluster-based permutation test correction for false positives, which is
primarily sensitive to effects that are broadly distributed across time, space and frequency
domains5.

4. Discussion
We investigated the effects of healthy aging on parietal P300s in an ERP-based forensic
memory detection test, and compared these with parietal old–new effects during an episodic
recognition test. Consistent with predictions, older adults showed reduced recognition-related
parietal ERP positivities on both tests compared to younger adults, despite both groups
showing highly accurate and similar behavioural performance. Reduced recognition-related
parietal ERP positivities in older age have been previously found in episodic memory tests
(Ally et al., 2008; Duarte et al., 2006; Friedman, 2013; Horne et al., 2020; Li et al., 2004;
Wang et al., 2012), but have not been shown before in P300-based detection of concealed
information, which typically focuses on young (~18-20 years old) student populations (e.g.
Bergström et al., 2013; Bowman et al., 2013; Hu et al., 2015; Meijer et al., 2014; Rosenfeld,
2020). These novel findings raise concerns about the validity of ERP-based forensic memory
detection with older adults, and questions about the functional role of parietal ERP
positivities in episodic recognition.
Aging-related reductions in P300s elicited by mock crime probes relative to irrelevant
control stimuli were found in both a focal analysis of parietal ERPs with individually
adjusted time-windows, and in a comprehensive data-driven analysis across all time-points
and scalp locations. These analyses showed typical probe–irrelevant P300 effects in the
younger group but no evidence of probe–irrelevant P300 effects in the older group, whereas

5

If we analyse the Theta band oscillations separately from Alpha/Beta bands, then the Theta synchronization
effect is significant only within the younger group (p = .006), but does not show a significant interaction with
age group.
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both age groups showed highly significant, enlarged P300s to target stimuli compared to
irrelevant control stimuli. In the CIT framework (e.g. Meijer et al., 2014; Rosenfeld, 2020),
probe P300s are thought to index automatic recognition of incriminating information. It has
been argued that probe P300 effects are objective markers of presence or absence of
memories in the brain, and that if information is present in the brain it will be detected with
EEG (Farwell, 2012). At face value, it might therefore appear that these healthy older adults
without memory impairments did not recognise the word “ring” as crime-relevant and did not
have a memory of “stealing” a ring stored in their brain, despite having “stolen” a real ring
less than 30 minutes earlier, a task that is thought to create a sensorimotor rich, vivid
autobiographical memory in young adults (e.g. Hu et al., 2015). However, this conclusion is
contradicted by participants’ self-reports, since both age groups reported recognising the
word “ring” while undertaking the CIT and reported that doing so had automatically brought
memories of the mock crime to mind. Furthermore, the global analysis revealed a reversed
parietal ERP pattern in the older group, with enhanced negative ERPs for probes compared to
irrelevant stimuli, showing that probes did elicit a different brain response than irrelevants in
the older group, but this response was qualitatively different from the brain response in the
younger group.
EEG oscillations during the CIT mirrored the P300 ERP pattern, with reduced
recognition-related oscillatory effects in the probe–irrelevant contrast in the older group
compared to the younger group, despite highly significant target–irrelevant EEG oscillation
effects in both groups. These target–irrelevant effects were largely consistent with prior
literature on the oddball paradigm, with early theta synchronization followed by alpha/beta
desynchronization for targets compared to irrelevant items (Bachman & Bernat, 2018; Bernat
et al., 2007; Harper et al., 2017; Keller et al., 2017). Interestingly, this latter alpha/beta
desynchronization effect for targets was enhanced in older adults, showing that the absence
of oscillatory effects in the probe–irrelevant contrast in the same group cannot simply be
explained by noisier EEG measures in older than younger participants, or a failure of older
participants to attend to the task.
Similar to the Probe-Irrelevant P300, Parietal ERP positivities for previously seen
words during the old/new recognition test were also reduced in the older group, despite older
participants demonstrably recognising those words as shown by equally high behavioural task
accuracy across age groups. These results also indicate that an absence of parietal ERP
positivities cannot be used as evidence for an absence of recognition in older adults. A global
analysis revealed that the older group did have a positive old–new effect within the typical
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~0.5-1s time-window, but this positivity had a right anterior topography (cf. Horne et al.,
2020). Older adults’ episodic word recognition could thus be detected with ERPs, but it
involved a different pattern of brain activity compared to the younger group, who showed a
typical left parietal peak.
In contrast, the time-frequency results showed that older and younger adults had
relatively similar EEG oscillations on the episodic recognition test, despite large ERP
differences. This pattern replicates our recent study on aging effects on recognition memory,
where we also found a significantly reduced left parietal old–new effect in the ERPs in an
older group compared to a younger group, but no age differences in oscillatory old–new
effects in theta or alpha bands (Allen et al., 2020). The results from the episodic recognition
test therefore suggest that oscillation analysis of EEG can reveal recognition-related brain
activity that is obscured in older people’s ERPs.
Why were recognition-related parietal ERP positivities reduced in older compared to
younger adults? First, several explanations can be ruled out. It was not simply the case that
EEG measurements were noisy overall in older adults, since they still showed a number of
other highly significant ERP and oscillation effects. In addition, aging-related parietal ERP
reductions were found even when adjusting for individual differences in peak timing, and
supplementary analyses showed no evidence of group differences in trial-by-trial temporal
jitter of parietal peaks, meaning age differences cannot be explained by delayed or more
variable parietal peak timing in the older group (cf. Bielak et al., 2014; Murray et al., 2019;
van Dinteren et al., 2014b). Instead, the results suggest that older adults did have intact ability
to recognise old stimuli and crime probes, but that the brain processes they engaged during
recognition differed from the young group. As described above, the patterns of aging-related
parietal ERP and oscillation changes were very different across the two tests however. While
probe recognition in the CIT test was associated with slightly negative ERPs but no
significant theta, alpha or beta power effects in older adults, episodic recognition in the
old/new test was associated with a right frontal ERP positivity and enhanced alpha and beta
desynchronization in older adults. This pattern suggests that although parietal ERP
positivities may be somewhat functionally related across CIT and episodic recognition tests
(cf. Dywan et al., 1998; Yang et al., 2019), aging-related reductions to those positivities may
have been driven by different causes on the two tests.
Reduced or reversed recognition-related parietal ERP effects in older age may be
caused by “component overlap” with parietally distributed ERP negativities that summate
and “cancel out” positive peaks at the scalp (e.g. Dulas & Duarte, 2013; Horne et al., 2020).
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Such late posterior negativities (LPNs) are often enhanced in situations that require response
monitoring or careful evaluation of memory details (Mecklinger et al., 2016). In older adults,
LPNs may index processes that are recruited to improve performance in cognitively
demanding situations in order to compensate for aging-related memory impairments
(Friedman, 2013). In our study, reduced parietal old–new ERP effects in older age may have
been primarily caused by LPN effects related to compensatory processes. Since such LPN
effects are manifest as slow EEG drifts, they are more likely to influence ERP measures than
measures of relatively fast EEG oscillations. Consistent with this account, the older and
younger adults showed similar recognition-related oscillation effects, suggesting that the
different age groups also recruited some overlapping episodic recognition processes.
In contrast to the findings on the episodic recognition test, aging-related P300
modulations on the CIT may have been influenced also by a different mechanism. When
subjectively rare CIT probes are recognised based on memory of a recent event, this likely
involves both episodic retrieval (Rugg & Curran, 2007) and orienting-related processes
(Polich, 2007), that may both contribute to P300 amplitudes through summation at the scalp
(Bergström et al., 2013; Ganis & Schendan, 2013; Herron et al., 2003). The orienting
response is sensitive to arousal and motivational factors and is thought to be mediated by
noradrenaline and dopamine systems (Nieuwenhuis et al., 2011). Such neurotransmitter
functioning is altered in older age and linked with aging-related memory changes (Mather,
2016), which might have contributed to probe P300 reductions in our older group. This
suggestion is consistent with the finding that probes did not elicit a significant difference in
EEG oscillations compared to irrelevant items within the older group, suggesting that the
older group was simply not showing a strong orienting response to probes, in contrast to the
younger adults.
Interestingly, younger adults reported higher motivation to “beat” the CIT and appear
innocent than the older adults, consistent with prior findings in young adults that motivation
to appear innocent can paradoxically enhance orienting responses when measured with
polygraph techniques (Meijer et al., 2014). However, motivational manipulations in lab
settings have been found to have no effect on P300-based memory detection in young adults
(Rosenfeld, 2020), suggesting our age group differences in the CIT are not driven by
motivational processes. Future research should test how arousal and motivation affects
recognition-related ERPs and EEG oscillations across ages, in order to better understand the
neural mechanisms underlying EEG and ERP markers of memory and how they are
influenced by aging. Would older adults’ EEG response to probes be more similar to young
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adults’ response if they were more strongly motivated to conceal their memories, for example
if they were accused of a real crime so that the stakes of the test were higher? Alternatively,
is the reduced probe response in older age a reflection of permanent changes in brain
functioning that are unaffected by task strategies and motivational processes? Furthermore, at
what age do these changes start to emerge? In the current study we focused on adults over the
age of 60, but it is possible that changes in recognition-related EEG responses begin at an
earlier age. It will also be important to investigate in more detail what aspects of recognitionrelated EEG activity is influenced by healthy aging, since such activity reflects both “core”
processes of episodic retrieval and attention and decision-related processes that are not
specific to episodic memory (e.g. Ganis & Schendan, 2013).
In conclusion, here we show for the first time that EEG-based forensic memory
detection is impaired for older adults, and that aging-related EEG changes on a concealed
information test are accompanied by aging-related changes to episodic recognition-related
ERPs, but that these changes may be driven by non-overlapping mechanisms. We also
demonstrate that EEG-based forensic memory detection in older age is impaired even with a
comprehensive analysis approach with multiple complementary measures that compensate
for potential age differences in frequency, timing and topography of brain responses. Our
findings raise concerns regarding the validity of EEG-based forensic memory detection tests,
and suggest that their practical application in older adults is premature.
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