Basic and Clinical

January & February 2024, Vol 15, No. 1

Research Paper |
Gender Effect on Neural Correlates of Autobiographical
False Memories for Brand Images

®

CrossMark

Mohsen Shabani' , Javad Salehi> , Reza Khosrowabadi'

1. Institute of Cognitive and Brain Sciences, Shahid Beheshti University, Tehran, Iran.
2. Department of Psychology, Faculty of Humanities, University of Zanjan, Zanjan, Iran.

Use your device to scan

and read the article onne (@[T Shabani, M., Salehi, J., & Khosrowabadi, R. (2024). Gender Effect on Neural Correlates of Autobiographical
False Memories for Brand Images. Basic and Clinical Neuroscience, 15(1), 117-130. http:/dx.doi.org/10.32598/
ben.2022.3891.1

d | http://dx.doi.org/10.32598/ben.2022.3891.1

ABSTRACT

Introduction: This study investigated the effect of autobiographical brand images on false
memory formation in adults, using the category associate’s procedure. The study also applied
the event-related potential (ERP) approach to explore neural correlates of false memory and
gender differences in false memory recall of brand images.
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Methods: Eight categories of autobiographical brand images were implied in a category
associates’ procedure to investigate false memory recall. ERP data were obtained from 24
participants (12 females and 12 males) using a 32-channel amplifier while subjects were
performing the memory task. Subsequently, gender effects on behavioral responses and neural
correlates of false and true memory recalls were statistically compared using peak amplitude
and latency of P300, late positive complex, and FN400 components.

Results: The results showed that left frontal areas in women were more activated in response
to false memories compared to men, however, the men’s brain responses were faster. In
addition, the men’s brain responses to false memories were widely distributed mainly over
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Highlights
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« Differential activation patterns: Exploring left frontal areas in women.

* Gender disparities in brain responses to false memories.

* Distribution of brain responses: Insights into men's neural processing.

* Unraveling the complexity of gender-specific memory encoding.

* Understanding neural mechanisms behind false memory formation.

* Impact of differential neural processing on recognition and response time.

* Implications for marketing and consumer behavior research.

Plain Language Summary

This study explores how memories of brand images can be influenced and sometimes distorted in adults. We used a
technique called the category associate’s procedure to examine this. Additionally, we looked at how men and women
remember brand images differently, using a method called event-related potential (ERP) to observe brain activity
while participants completed memory tasks. In our study, participants were shown various brand images and asked
to recall them later. We recorded brain activity during this process. Our results showed that women tended to activate
certain areas of their brains more when recalling false memories compared to men. However, men's brain responses
were quicker, and they showed more widespread activation in different brain areas. Overall, our findings suggest that
men and women process brand images differently in their brains. However, these differences might not affect how ac-
curately they remember these images or how fast they respond. Understanding these gender-specific differences could
have implications for marketing strategies and consumer behavior research in the future.

1. Introduction
emory and consumers’ decisions

Memory plays an important role in

consumers’ decision-making process

by determining how information about

goods is perceived and recalled. In-
formation stored in consumers’ memory is consciously
or unconsciously recalled when deciding to purchase a
product. Therefore, understanding the nature of consum-
ers’ memory and how it contributes to purchasing will
have important marketing implications (Lynch & Srull,
1982). In this regard, marketers try to create a sense of
familiarity for consumers by running advertisements,
which touch on consumers’ autobiographical memory.
Therefore, bringing back such memories makes con-
sumers believe they know a given brand product well
and have a good experience with it; therefore, they may
decide to buy the product (Baumgartner et al., 1992).
Specifically, a reference to memories makes consum-
ers focus less on their logic and more on emotions trig-

gered by those memories when deciding to buy a given
product. Advertisers today are increasingly using this
technique to make their products more attractive, espe-
cially to older consumers for whom the memory of good
old days can reflect the continuity of vitality and youth
(Braun-LaTour et al., 2004).

Influencing consumer’s decision by cognitive and
emotional engagement

Previous marketing research on advertisement-based
memory has primarily focused on the effects of explicit
memory recall (Yoo, 2007) This process involves a de-
liberate attempt by the consumer to recall the informa-
tion of an ad by rethinking it. Findings from this line of
research show that the long interval between viewing an
ad and remembering it makes it difficult, if not impos-
sible, to recover the relevant information from memory.
Some other research that has focused on tacit memory
(Yoo, 2007), has shown the extent to which a person’s
cognitive and emotional engagement with advertisement
could affect cognitive processing, and influence people’s
decisions (O’Donnell & Brown, 2011).
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Cognitive and emotional engagement by autobio-
graphical memory recall

Considering the purchasing behavior, consumers’ cur-
rent decision to buy a given product is largely influenced
by their past experiences with the product. The past expe-
riences are recalled from either episodic (autobiographi-
cal) or semantic memory. The semantic form had been
the primary focus of consumer research. However, the
role of emotion in combination with cognitive function-
ing and semantic form could better provide a framework
for conceptualizing consumers’ decisions. So, an auto-
biographical form of memory can be equally influential
on purchasing behavior, and would be important to con-
sider it for a full understanding of consumers’ decision-
making process (McCarthy & Warrington, 2013). Auto-
biographical memoirs are narratives that are influenced
by expectations before and after events. These narratives
are also influenced by other experiences (photos, quotes
from others, and even irrelevant events), our goals, and
our motivations when they are recalled. Part of our au-
tobiographical memories has been shaped by brand im-
ages. A brand can be defined as cultural symbols that are
based on real or fake people, places, animals, or objects
such as food products in this study. When we decide
to purchase a product, brand images are also recalled.
During the recall of autobiographical information, false
memories may occur; and it has been shown that autobi-
ographical brand images give a higher chance of a false
memory recall (Khosrowabadi, 2020)

False autobiographical memory recall

False memory is one of the most common memory
errors. Loftus argues that all memories, in essence, are
false to various degrees (Loftus & Ketcham, 1996).
False memories come from the same process of en-
crypting, reviewing, and monitoring a source (memory
assignment) that creates real memories. Therefore, it is
difficult to ensure the accuracy of a particular memory
(Conway, 1997). Hence, some researchers have investi-
gated the impossible memory (not occurring in reality)
instead, to provide evidence for the existence of false
memory. For example, Braun and his colleagues (Braun
et al., 2002) were able to uncover impossible memories
by manipulating a Disneyland ad. In their experiment,
most of the participants remembered seeing a rabbit as a
part of their experience in Disneyland. However, it could
be impossible because the rabbit was a cartoon character
made by Warner Bros and did not exist in Disneyland.
Therefore, they indicated that the effect of an advertise-
ment could create an experience it depending on how
a person remembers (recalls) the experience (Braun et
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al., 2002). It is anticipated that elements or images in
the advertisement influence the memory reconstruction
process of the viewers, regardless of whether an event
occurred or not. Therefore, ads can bring back child-
hood memories, and this process of imagination leads
consumers to believe that the experienced events in the
ads have truly occurred. Consequently, exposure to pro-
motional images increases the likelihood of consumers
mistakenly believing that they have already experienced
the advertised product and results in changes in purchas-
ing attitudes. For instance, people who read clear print
ads for counterfeit products believe they have tried those
products before (Scott, 1994).

Examining individual differences in memory has been
a common theme for researchers, however, these studies
have reported different results, with some researchers find-
ing that women performed better in verbal memory than
men in space (Calado et al., 2021; Aliyari et al., 2019).

In most studies on autobiographical memory, no sig-
nificant difference was observed between the two sexes
(Bauste & Ferraro, 2004), but differences were observed
in the neural pathways and activated areas of the two sex-
es’ brains. Functional magnetic imaging resonance (fMRI)
studies show these differences. In the parahippocampus,
the left has been for men and insula (Yu et al., 2019).

To read more (Bauste & Ferraro, 2004) in the field of
false memory in general, studies do not show a differ-
ence in the behavioral scores of the two sexes (Griffin
& Schnyer, 2020). In one study, by adding an emotional
burden to words in the Deese-Roediger-McDermott
(DRM) paradigm, the amount of false memory increased
in women compared to men. No difference was found
in other lists (Dewhurst et al., 2012). There are gener-
ally conflicting results in this regard. On the other hand,
research shows that gender has been influential in re-
trieving brand names. The results of this study show that
gender is related to the brand response and gender asym-
metry is more prominent in product categories where
masculinity-femininity is the hallmark of the product.

In another study, the authors found that while both men
and women interact with brands, these relationships are
more impact-based for women and more cognitive-based
for men. This finding is true for respondents at younger
ages. Over time, this difference between men and wom-
en narrows. At age 35, women’s relationships with the
brand are relatively less affected and more practical. The
authors provide insights into the impact of family and
peers on business relationships (Sahay et al., 2012).
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Use of neuroimaging techniques to investigate
the neural mechanism of false memory

In the last few decades, researchers have inclined to-
wards using more advanced tools to study consumers’
purchasing behavior and their memory formation while
receiving advertisements for different brand products
(Lucchiari & Pravettoni, 2012; Camarrone & Van Hulle,
2019). For instance, in the pseudo-memory research, it
was shown that the prefrontal cortex and hippocampus
reported in previous studies are involved in false memory
formation (Schacter, 1996; Van Damme & d’Ydewalle,
2009). It has been reported that activations of some brain
areas including frontal-parietal parts, left hippocampus,
and bilateral middle temporal gyrus might be different
for true and false memories (Dennis et al., 2008). These
findings support the idea that the brain distinguishes real
memories from misleading ones (Nichols et al., 2015).
In terms of the memory of brand images, recent fMRI
studies also showed that the frontal cortex may be very
important for brand knowledge processing (Wang et al.,
2012; Maetal., 2014). Currently, many studies are exam-
ining the neural correlates of advertising and branding,
seeking to deepen knowledge about consumer behavior
(Perrachione & Perrachione, 2008; Aliyari et al., 2019).
Nevertheless, the neural mechanism of autobiographical
false memory still requires to be well understood. So, the
present study aimed to investigate memory formation
for the brand products, focusing on one of the biographi-
cal memory errors, namely false memory (O’Donnell &
Brown, 2011). Also, efforts were made to compare the
functional status of different brain areas when commit-
ting and not committing false memory errors by record-
ing electroencephalogram (EEG) signals. Also, since a
consumer’s gender could influence the process of brand
information (Cadavid & Beato, 2016).

To date, investigations conducted mainly using event-
related potential (ERP) have been limited to false detec-
tion, the most valid parameter in distinguishing between

Table 1. Demographics and cognitive scores of participants (n=12)
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true and false cases related to crime studies in forensic
research (French, 2003). In the present study, we exam-
ined important false ERPs in a category associates pro-
cedure model. We have already identified two promising
ERPs that differ between true and false recognition in
category associates procedure pattern: The FN400 and
a positive late component of the late positive complex
(LPC) (Volz et al., 2019), and a p300 that shows the dif-
ference between the original and misleading informa-
tion in the category associates procedure (Seamon et
al., 2000). All three components have been confirmed in
studies on the misinformation paradigm.

2. Materials and Methods
Participants and instruments

Twenty-four participants were recruited among gradu-
ate students at the Shahid Beheshti University (age:
27.16£1.7 years, 12 females and 12 males). All partici-
pants had normal or corrected-to-normal vision and were
right-handed. Being between 18 and 30 years of age, and
having no caffeine, alcohol, or other drug consumption
within 8 hours before the experiment was considered as
the inclusion criteria. Demographics of the subjects are
presented in Table 1.

Table 1 shows that there is no difference between the
two groups in terms of age, attention, memory, and intel-
ligence

Stimuli and cognitive tests

A total of 160 images were selected from the data pro-
vided by Jarf Negar Cooperation. This included familiar
images that had been within consumers’ sight during the
past five years. We did a pilot study to categorize the im-
ages and removed the most and the least familiar images
and all the remaining images were normed (Shabani et
al., 2022). Finally, we came up with eight categories of
brand images including soft drinks, potato chips, choco-

MeantSD"/(t, P)
Age DASS 1Q Score Stroop N-back
Female 27+2.89 21.72+7.69 102.25+11.20 0.97+0.05 0.97+0.04
Male 26.08+2.02 20.56+6.38 100.58+9.68 0.96+0.07 0.98+0.06
Comparison 0.375,0.903(0.156) 0.691, 0.402(0.288) 0.699, 0.39(0.291) 0.691, 0.40(0.288) 0.635, 0.480(0.264)

Abbreviations: SD: Standard deviation; IQ: Intelligent quotient; T: T-value of the 2-sample t-test.

‘Cohen’s d.
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Figure 1. Category associate procedure including the study and the test/recognition phase

late, juice, milk, snacks, cheese curls, and coca-cola. For
each category, we defined a study phase during which
twenty images were presented followed by a recognition
memory test phase in which ten images from the study
phase along with ten new images from the same catego-
ry were presented. A category associates’ procedure was
used to develop the task.

The tasks were presented to the participants on a 32-
inch screen, placed at an approximate distance of 1.4 m.
Subjects’ intelligence quotient (IQ) level was evaluated
by the Wechsler intelligence test (Saeidi et al., 2019). The
design and the implementation of the Stroop task were
similar to those used by Aliyari (Aliyari et al., 2015) for
measuring the attention level of the subjects at the time
of the experiment. Regarding the N-back test, we fol-
lowed Weng-TinlChooi & Thompson’s (2012) paradigm
to measure the participants’ working memory scores. We
also used the depression anxiety stress scale (DASS) test
to assess the self-reports of individuals regarding their
depression, anxiety, and tension/stress states (Jiang et al.,
2020). Matlab 2014 software, was used to construct the
memory computer test. This test specifies the number of
false memories and true memories; besides the recogni-
tion rate, response time is also measured.

Experimental procedure

Participants were informed about the test procedure
and their rights upon their arrival. They were given an
informed consent for participation. None of the subjects
were aware of the purpose of the experiment. However,
the purpose was explained to them after the test. First,
participants took the Wechsler intelligence test and the
DASS test. Then the N-back and the stroop tests were
administered. The cognitive tests were used to ensure the
participants’ normal IQ scores, memory, and mood states,
and attend performances. Subsequently, a 32-channel
EEG cap with 10/20 standard electrode placement was
placed on the subjects’ heads while they completed the
cognitive tasks. After two minutes of eye close and eye
open resting state, EEG data were recorded. Then, the
brand images were presented to the subjects using a cat-
egory associate procedure. Eight different categories of
images were presented in a random order of sequence. In
the study phase, the images were displayed sequentially,
each lasting for a second followed by the presentation
of a fixation point for 500 milliseconds. At the end of
the study phase, participants were asked to count their
heart rates for a minute and report the number to the ex-
aminer. This was done to create a distraction before the
start of the recognition phase. In the recognition phase,
20 images were displayed one by one, with 10 images

Shabani., et al. (2024). Gender and Neural Correlates of Autobiographical False Memories. BCN, 15(1), 117-130.



http://bcn.iums.ac.ir/

January & February 2024, Vol 15, No. 1

taken from the study phase and 10 new images. Upon
the presentation of each image, participants had to de-
cide whether the image was old (presented in the study
phase), using a computer mouse to click either yes or no.
Participants were also required to determine the level of
confidence in their answers by choosing one of the three
predetermined choices: Very sure, sure, and unsure. The
same procedure was applied to all eight sets of images.
Figure 1 presents schematics of the category associate
procedure. The EEG recording was performed during
both the study and test phases. The experiment was
performed in a dim light, temperature-controlled, and
sound-attenuated room. Participants sat on a comfort-
able chair and viewed the images from a distance of 1.40
m from the center of the computer screen. Graphical ab-
stract of experimental procedure is presented in Figure 2.

In the study (encoding) phase, each trial started with
a 500 ms fixation point, followed by an image (e.g.
“Milk”) presented on the screen for 1 second. In the test/
recognition (retrieval) phase, participants were asked
to make a memory judgment on each image: Whether
presented in the study phase (yes/no), and answer their
confidence of judgment (unsure/sure/very sure).

EEG data recording and analysis

We collected the EEG data using a 32-channel con-
tact instruments psych lab EEG amplifier. The electrode
impedances were kept below 5 KOhm. The EEG sig-
nals were recorded with a sampling frequency of 1024
Hz. The electrode placed at the right earlobe served as
the reference. Moreover, the electrode on the left mas-
toid region was applied as the ground. Subsequently, a
standard preprocessing was performed in the EEGLAB
toolbox including band-pass filtering (1-40 Hz), running
independent component analysis (ICA), and reducing
the sampling frequency to 256 Hz to clean data from the
noise and artifacts. Then, the ERPs components were ex-
tracted using the ERPLAB plugin. Using the ERPLAB,
first, the behavioral data were matched with the EEG
data, and segmentation was executed according to the
participants’ responses. Then, we created a two-variable
list for the data considering markers for true and false
memories. After extracting the data related to each of
these two conditions, guided by previous research, we
extracted the peak amplitude and latency of three ERPs
components including P300, LPC, and FN400 (Volz et
al., 2019). The P300 component was considered at a
time range of 250-450 ms, the LPC at 450-750 ms, and
the FN400 as the negative component at 250-450 ms.

Basic and Clinical

Statistical data analysis
Gender differences in behavioral data

According to the participant’s responses in the category
associate procedure, 4 types of answers may occur. In
this study, two types of stimuli were presented includ-
ing repetitive and false images. Subsequently, 4 types
of answers according to the yes and no answers were
obtained. If the stimulus was repetitive and the person
answered yes, honest (true) memory would occur; if the
stimulus answered no, forgetfulness would occur. If the
stimulus was false and the person answered yes, false
memory would occur, and if the answer was no, correct
rejection would occur. We only focused on true and false
memories. After testing the normality of data distribu-
tion using the Shapiro-Wilk test, we used a paired t-test
to compare recognition rates and RTs of false and true
memories in male and female participants. P<0.05 was
considered a significant level.

Gender differences in ERP components

After the extraction of ERP components (P300, LPC,
and FN400) for each electrode and each subject sepa-
rately, the test of normality was performed using the
Shapiro-Wilk test. Then, a paired t-test was implied to
compare ERP components of each channel separately in
male and female participants. Subsequently, correction
for multiple comparison correction was performed using
the false discovery rate method (Dehghani et al., 2007)

Association between behavioral responses and
ERP components

Subsequently, we calculated Pearson’s correlation be-
tween significant ERP components and recognition rate
and mean of response times of the subjects. To investi-
gate the correlation between false memory and signifi-
cant ERP components, we first selected those channels
that were significantly different between male and fe-
male subjects for each component. Then, the correlation
between ERPs and false memory rate and response times
were calculated.

3. Results
Gender differences in behavioral data

First, we computed the number of truly and falsely
recognized items to know whether false information
was stored. As presented in Table 2 and Figure 3, the
percentage of false memory recognition errors was

Shabani., et al. (2024). Gender and Neural Correlates of Autobiographical False Memories. BCN, 15(1), 117-130.
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Figure 2. [llustration of experimental design and data analysis procedure

Note: The first male and female subjects performed behavioral tests and then performed a false memory test from which brain
waves were recorded. After this step, the brain data were preprocessed and analyzed.

20.08 and 19.91 for male and female subjects, respec-
tively. Results from the Shapiro-Wilk test (W=0.94 and
SD=7.33) showed that the false memory scores had a
normal distribution in both groups and true memory
scores as well (W=0.9806 and SD=6.59). Meeting the
normality criterion, the data were subjected to a paired
t-test comparison. The result revealed no significant
difference between the groups on false memory errors
(t=0.4593, P=0.6505). According to the Table 2, no dif-
ference was observed between the two groups in false
and true memory.

In addition, the reaction time (RT) for a false memory
was the latency to report an image as old when it was
not among the images presented during the study phase.
Likewise, the RT for a true memory was the latency to
correctly report a previously viewed image as old. In
this way, we calculated mean RTs for both true and false
memories and checked the normality of the data. Then,
we performed a paired t-test to compare mean RTs for
false/true memory in female and male participants. The
results revealed a significant difference between the two
groups. The results showed that the mean RT for false
memory was significantly longer than for true memory
(t=6.38, P=0.02 ef=2.66) in both groups. Also, the com-
parison of true and false memory RTs in female and
male subjects showed there were no differences neither

in false memory (t=2.307, P=0.941 ef=0.962) nor in true
memory recalls (t=2.709, P=0.231 ef=1.129). Compari-
son of true and false memory reaction times in male and
female groups are presented in Figure 4.

Gender differences in ERP components

We analyzed the main ERP components relevant to this
research, namely P300, LPC, and FN400. The results
of statistical comparisons between peak amplitude and
peak latency of the ERP components in female versus
male participants were as follows.

A comparison of the peak amplitude of the P300 com-
ponent revealed no significant differences between the
two groups of male and female participants. Neverthe-
less, comparison of peak latency of P300 component
during the false memory, presented significant differenc-
es at C3 (t=2.3825, P=0.0266, ef=0.993), F7 (t=2.3045,
P=0.0314, ef=0.961), FC3 (t=2.5245, P=0.0196,
ef=1.052), TS (t=2.2930, P=0.0318, ef=0.956), TP7
(t=2.7115, P=0.0129, ef=1.130) electrodes. Figure 5 for
comparison of P300 peak latency at FC3 electrode in fe-
male versus male group.
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Table 2. Group differences in rates of false and true memory recognition (n=12)

Group Comparison

Characteristics sz Female vs Male
Group
Female Male P t Cohen’s d
False 19.91+4.03 20.0816.9 0.809 0.245 0.030
Memory
True 55.3315.49 58.6617.61 0.239 0.518 0.501

In addition, a comparison of peak amplitude and la-
tency of the FN400 component, between the two groups
during false memory recalls, only revealed a signifi-
cant difference in peak amplitude at the T4 (t=2.3647,
P=0.0281, ef=0.986) channel. Also, during true memory
recalls, a significant group difference was observed in
the peak latency of FN400 at the Fz channel (t=2.1471,
P=0.0445, ¢f=0.895). Figure 6 presents comparison of
FN400 peak amplitude at T4 electrode in male versus
female group.

Lastly, comparing the male and female groups in
the peak amplitude of the LPC component presented
significant differences during false memory recalls
at F3 (t=2.7746, P=0.0112, ef=1.157), P3 (t=2.4510,
P=0.0261, ef=1.022), C3 (t=2.3140, P=0.0304,
ef=0.965), Fpl (t=2.2444, P=0.0372, ef=0.935), O1
(t2.6619, P=0.0146, ef=1.110), and TP8 (t=2.1238,
P=0.0452, ef=0.885) channels. In addition, comparison
of peak latency of LPC between the two groups during
true memory recalls revealed significant differences at
C3 (t=-2.6597, P=0.0153, ef=-1.1091), F3 (t=-2.3070,

P=0.0344, ef=-0.962), TS (t=-2.660, P=0.0153, ef=-
1.1092), FC3 (t=-2.1915, P=0.0393, ef=-0.9139), CP4
(t=-3.7369, P=0.0012, ef=1.558). During false memory
recalls the difference in the peak latency of LPC was
only observed at CP4 (t=-2.4483, P=0.0244, ef=-1.021),
and T6 (t=-2.4702, P=0.0220, ef=-1.030) electrodes.
Figure 7 and 8 present comparison of late positive com-
plex peak latency at F3, and T5 electrode in males versus
female group.

4. Discussion

Much research has been done, so far, on the effects of
brand products on consumers. Using new research tools,
studies in recent decades have tried to shed light on the
neurological basis of brand products influencing con-
sumers’ purchasing behavior. In this study, we looked at
the issue from a different perspective. Particularly, we
studied false memory for autobiographical brand im-
ages using a category associate procedure while record-
ing electrophysiological brain signals. Subsequently, we
look at the gender effect of the formation of false memo-

Figure 3. The mean rates of false memory recall in male and female groups
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Figure 4. Comparison of true and false memory reaction times in male and female groups

"Denotes significant group differences, P<0.05.

ries. In line with previous research, our findings suggest
that gender does not affect committing false memory er-
rors (reference), as both men and women in this study
suffered from an average of 20% false memory errors
However, in the analysis of neural markers, differences
were observed between male and female participants
in false and true memory. Moreover, participants were
slower to respond to a false memory compared to a true
memory. The electrophysiological analysis revealed
three components related to false memory formation:
P300, LPC, and FN400.

Regarding RT, participants were slower to reject a false
memory item than a non-target item with a weak rel-
evance to the lists. These results were interpreted from

the perspective of activation/source monitoring theories
(Aliyari et al., 2018). It seems that rejecting false memo-
ries in a category associate procedure requires a double-
check against the category associate, a process that is
cognitively more demanding and is reflected in partici-
pants’ longer RT. The gist of all studies reviewed here is
that in a false memory task, items related to the study list
take a longer RT than unrelated or targeted ones. This
indicates that RT can signify false memory and therefore
can be used to study false memory formation.

Additionally, we examined ERP in a category associate
procedure. We expected to find a false memory recog-
nition effect in the EEG of the participants. In the ERP
analysis, three interesting effects were found. First, as

Figure 5. Comparison of P300 peak latency at FC3 electrode in female versus male group
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Figure 6. Comparison of FN400 peak amplitude at T4 electrode in male versus female group

Figure 7. Comparison of late positive complex peak amplitude at F3 electrode in male versus female group

Figure 8. Comparison of late positive complex peak latency at T5 electrode in males versus female group
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expected, between 300 and 400 ms after the onset of the
stimuli, we found more positive amplitudes at frontal
electrodes for false memories compared to true memory
correctly rejected ones. This early frontal old/new effect
was also found for false memories compared to those true
memories. In early time windows, we found differences
between true and false memories at frontal electrodes.
Second, we also found an early parietal old/new effect.
This was reflected in more positive amplitudes for false
memories compared to true memory. We also found this
effect for false memories compared to true memory.
Contrary to our assumptions, we found differences be-
tween true and false memories at parietal electrode sites.
Instead, we found more positive amplitudes for yes com-
pared to no responses in parietal electrode sites. Third,
later than expected, at frontal electrode sites, we found
more positive slow wave potentials for false memories
compared to true memories from 550 ms to 800 ms.

As expected, both false and true recognition increased
the P300 amplitude beyond the recognition of comparable
items. These results are similar to those of other ERP stud-
ies in which researchers did not report differences in the
amplitude or topography of brain waves during true and
false recognition of items in the category associate pro-
cedure. (Miller et al., 2001; Sweeney-Reed et al., 2012).

ERP features related to semantic primers and episodic
retrieval provide important information about short-term
false memory mechanisms. In contrast, most studies of
false memory with long-term standard delays character-
ize ERP effects related to recovery monitoring. These
findings highlight neural processing involved in memory
illusions after very short delays and highlight the role of
semantic processing in short-term false memory (Chen
et al., 2008; Aliyari et al., 2015). Evidence for false
memory processes in previous experiments with a long
delay has been derived from studies of brain ERP. For
example, true memory, compared to false memory, was
found to induce more positive ERPs at parietal electrode
sites at about 400-800 ms after stimulus onset

These parietal potentials, generally known as LPC, are
related to the retrieval of episodic details of the experi-
ment (Voss & Paller, 2007), and may indicate that de-
tails associated with study items are retrieved more than
those associated with critical items. In fact, in the afore-
mentioned studies, failure to recognize lures, compared
to recognizing a new item, did not induce higher LPC
amplitude, indicating that LPC does not signify false
memory. In contrast, ERP components elicited with 800-
ms latency have been shown to detect true memory, false
memory, and true rejection of new items with the larg-
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est true memory domain and medium domain for false
memory (Curran et al., 2001).

We also identified old/new positive effects of 500700
ms, which were similar to the LPC effects identified in
previous studies investigating true recognition. These ef-
fects probably reflected specific sensory details related
to the study phase. False memory may also require re-
trieval of episodic details, but not sensory details that are
available for study purposes only. LPC components are
associated with the recollection of information and are
elicited when details of a given event are constructed
during retrieval (Tulving, 1985). Therefore, sensory de-
tails can be re-activated only during the true retrieval of
information signified by LPC potentials.

The effects of the N400 are strongly correlated with se-
mantic/conceptual processing [47], and the effects in the
above-mentioned studies were similar for both true and
false memory. This suggests that they reflect similar con-
ceptual activation of both the case study and the impor-
tant sediments transmitted during the study phase. These
effects could be identified only in a small minority of
long-term false memory experiments because the effects
of N400 potentials are usually conceptually reflected in
short delays (Kubota et al., 2006), and therefore, vary in
terms of participation in ERP effects in long-term false
memory. We, therefore, hypothesized that the effects of
the N400 are particularly important for false memory in
the short-term pattern (Curran et al., 2001; Camarrone
& Van Hulle, 2019). In a recent experiment using fMRI
to investigate false memory with the DRM paradigm,
the short-term delay in the brain activity coincided with
the semantic role (Bowman & Dennis, 2015). We found
the FN400 negative amplitude was more associated with
truly rejected items than with truly recognized items or
lures labeled as old. Hence, we repeated the old/new
forehead effect, which is accompanied by a sense of fa-
miliarity during recall (Curran et al., 2001).

Also, in the late windows, we found more positive slow
wave amplitudes were associated with false memories,
compared to true memories. This result may support the
assumption that false memories in the false informa-
tion paradigm are associated with a stronger sense of
familiarity. However, it is inconsistent with the results
of a DRM study (Nessler et al., 2001) which found the
FN400 amplitude was more positive for true recognition
compared to false recognition. It is also inconsistent with
the findings of other false memory studies which found
no differences between true and false memories in terms
of the FN400 amplitude (Curran et al., 2001). These con-
tradictory results may be due to different experimental
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designs. In the category associate procedure, lures that
trigger false memory are new items semantically related
to the items on the study list but not included in this list.
In the false information paradigm, however, false mem-
ory errors are committed when there is an attribution to
a wrong source (i.e. the source). Contrary to the lures
in the category associate procedure, misleading informa-
tion in the false information paradigm is studied and pro-
cessed during the study phase and therefore may lead to
a sense of familiarity during the recognition phase.

One of the limitations of this research is the small num-
ber of samples. More data can help to better understand
the subject. On the other hand, network analysis can re-
veal neural connections between false and true memory.
Based on the findings of this study, we hope that other
researchers will continue this path to better understand
the impact of the brand on the brain. These findings can
also be used to build more effective advertising and neu-
romarketing studies.

This study investigated gender differences in false
memory processing using ERPs. Gender differences
in ERPs were evidenced over anterior locations and
involved modulation of two spatially and temporally
distinct components. These results are in general ac-
cordance with the view that males and females differ in
the cognitive strategies they use to process information.
Specifically, they could differ in their abilities to main-
tain information over interference and in the processing
of the intrinsic contextual attributes of items, respec-
tively, associated with the modulation of two anterior
components. These interpretations support the view that
processing in females entails a more detailed elaboration
of informational content than in males. Processing in
males is more likely driven by schemas or overall infor-
mational themes.

Based on these results, we suggest that advertisers pay
attention to gender differences in terms of brain activa-
tion patterns in response to brand images while using a
neuromarketing approach. We believe a correct use of
false memory of brand images can be used to grow a new
product faster and make an advertisement more effective.

5. Conclusion

In this study, we investigated the effect of gender on the
formation of false memory and neural communication ef-
fects using EPRs. A comparison of men and women showed
that there was no difference between the amount of false
memory recall and response time between groups. How-
ever, false memory recall required longer than real-time

Basic and Clinical

memory recall in both groups. In terms of false memory
neural communication, we observed significant differences
between groups in peak amplitude peak and latency of ERP
components in frontal and parietal electrodes. Our results
showed gender-responsive activated memory networks but
also provided evidence for gender-specific networks. The
results showed that women’s frontal brain areas activated
more (e.g. right lower forehead gyrus), while men activated
a distributed network including parietal and occipital ar-
eas. Given this, we assume that the positive components of
ERP mainly reflect an experienced mental memory, while
the negative components of the frontal areas are separately
associated with true and false memories. Therefore, we
think activation at the frontal areas is addictive and requires
somehow enough information/activation to process it cor-
rectly. Nevertheless, since this study was the first study to
explore ERP using biographical brand images in category
associate procedure; further studies with a larger sample
size are required to reproduce and confirm the findings.
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