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Abstract

Understanding how people forget is one of the fundamental goals of the science of memory. Recent
studies indicate that humans can voluntarily regulate awareness of unwanted memories by stopping the
retrieval process that would ordinarily bring past experience into awareness. Event-related potential
(ERP) research on memory retrieval reveals that electrophysiological effects with specific timing and
scalp topography serve as markers of memory processes. This systematic review examines the literature
regarding EEG alterations in memory suppression, highlighting their results on electrophysiological
indicators. A systematic review from January 2007 to November 2017 was conducted using PubMed,
Embase and ScienceDirect databases. As results, 12 studies were eligible for inclusion. Quantitative
EEG can be a objective tool for studying the mechanisms involved in memory suppression. There
is evidence that a parietal positivity around 400-800ms after cue presentation is an ERP marker of
conscious recollection during memory retrieval and a larger N2 deflection during retrieval suppression
predicted greater suppression-induced forgetting.
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Evidéncias de Eletroencefalograma para Supressao de Memoria:
Uma Revisao Sistematica

Resumo

Compreender como as pessoas esquecem ¢ um dos objetivos fundamentais da ciéncia da memoria.
Estudos recentes indicam que os humanos podem voluntariamente regular a consciéncia de memorias
indesejadas, interrompendo o processo de recuperacao que normalmente levaria experiéncias passadas
para a consciéncia. A pesquisa de Potenciais Relacionados a Eventos (PRE) sobre recuperagdo de
memoria revela que os efeitos eletrofisiologicos, com temporizagdo especifica e topografia do couro
cabeludo, servem como marcadores de processos de memoria. Esta revisdo sistemdtica examina a
literatura sobre alteragcdes de EEG na supressdo de memoria, destacando seus resultados em indicadores
eletrofisiologicos. Uma revisao sistematica de janeiro de 2007 a novembro de 2017 foi realizada usando
as bases de dados PubMed, Embase e ScienceDirect. Como resultados, 12 estudos foram elegiveis para
inclusdo. Ha evidéncia de que uma positividade parietal em torno de 400-800ms apos a apresentagdo da
pista é um marcador de PRE de lembranga consciente durante a recuperagdo da memoria. Além disso,
uma maior deflexdo do componente N2 durante a supressao da recuperagdo sugeriu maior esquecimento
induzido pela supressao.

Palavras-chave: Potencial relacionado a eventos, eletroencefalograma, supressdo de memoria,
controle inibitorio, think/no-think.

Evidencia de Electroencefalograma para la Supresion
de la Memoria: Una Revisién Sistematica

Resumen

Comprender como las personas olvidan es uno de los objetivos fundamentales de la ciencia de la
memoria. Estudios recientes indican que los humanos pueden regular voluntariamente la conciencia
de los recuerdos no deseados al detener el proceso de recuperacion que normalmente llevaria la
experiencia pasada a la conciencia. La investigacion de Potenciales relacionados con eventos (PRE)
en la recuperacion de la memoria revela que efectos electrofisiologicos sirven como marcadores de los
procesos de memoria. Esta revision sistematica examina la literatura sobre las alteraciones en EEG en
la supresion de la memoria, destacando sus resultados en indicadores electrofisiologicos. Se realiz6 una
revision sistematica entre enero y noviembre de 2017 utilizando las bases de datos PubMed, Embase y
ScienceDirect. Como resultados, 12 estudios fueron elegibles para su inclusion. Existe evidencia de que
una positividad parietal alrededor de 400-800ms después de la presentacion de la sefial es un marcador
PRE de recoleccidon consciente durante la recuperacion de la memoria y una mayor deflexion de N2
durante la supresion de recuperacion predijo un mayor olvido inducido por la supresion.

Palabras clave: Potencial relacionado con eventos, electroencefalograma, supresion de memoria,
control inhibitorio, think/no-think.

“A retentive memory may be a good thing, forgetting occurs. Apart from being a product of

but the ability to forget is the true token memory failure, forgetting may prove functional

of greatness.” for cognitive processing when an individual re-

Elbert Hubbard experiences unpleasant or traumatic personal

experiences in an uncontrolled fashion, as in

One of the most relevant goals in the science intrusive. At the least, involuntarily evoked

of memory is to understand when, why, and how task-irrelevant and/or emotionally negative
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memories may compromise processing during
cognitive tasks. Thus, intentionally avoiding and
suppressing particular episodic representations,
especially of negative events, may be an important
ability in maintaining effective neurocognitive
functioning (Anderson & Huddleston, 2011). In
practical terms, the intentional suppression of
unwanted memories may be a successful strategy
to forget what we prefer not to think about
(Anderson & Green, 2001). This systematic
review aims to highlight electrophysiological
indicators associated to memory suppression
tasks extracted from articles that used “Think/
No-Think” (TNT) paradigm.

Research on memory has traditionally
focused on passive factors that make people
forget, such as the natural decay in memory
traces. More recently, however, forgetting has
been proposed as a result of factors besides
the decay of memories over time, such as the
accumulation of similar interfering experiences
in memory, and changes in physical context
that make it harder to recall the past (Anderson
& Hanslmayr, 2014). The former emphasis on
passive factors fits the common assumption that
forgetting is a negative outcome and, thus, any
process underlying it must happen involuntarily.
The TNT paradigm is as an experimental
procedure that reproduces situations in which
people ignore a memory that they prefer not
to think about and try to keep it out of mind.
Participants study cue—target word pairs and then
are asked to exert control over retrieval during
the experimental Think/No-Think phase. Most
trials require them to remember the response
whenever they see the reminder (think trials);
however, for some reminders, participants are
advised to avoid retrieving the response (no-
think trials). It is essential to recognize that
it is insufficient to avoid saying the response,
because they must prevent the memory from
entering awareness. Then, think and no-think
trials are given either 0, 1, 8, or 16 times. The
final cued recall tests subjects’ memory for the
response words in two conditions (Anderson &
Green, 2001).

Studies using the Think/No-Think paradigm
indicate that it is possible to forget unwanted

memories by repeatedly attempting to repress
them (Anderson & Green, 2001; Anderson &
Levy, 2009; Anderson & Huddleston, 2011). To
understand how people stop retrieval, Anderson
and Green (2001) developed a procedure
modeled after the go/mo-go task, which is a
paradigm designed to investigate motor stopping.
In a usual Go/No-Go paradigm, participants
press a button as fast as possible whenever they
see a letter appear on a screen, except when the
letter is an X, for which they must not press the
button (Miller, Schiffer, & Hackley, 1991). The
inhibitory control over action is measured by
their ability to retain the response. In order to
see if stopping retrieval also engages inhibitory
control, Anderson and Green (2001) adapted this
procedure to develop the ‘‘Think/No-Think’’
paradigm.

Participants first learned the word pairs in the
study phase, after which they practiced retrieving
the target word aloud when presented with the
cue for each pair. Once participants reached at
least 50% performance in the test-feedback phase,
they go to the Think/No-Think (TNT) phase. For
think items (in green), participants retrieved the
associated target. For no-think items (in red),
they were asked to not remember the target.
Following the TNT phase participants completed
the test phase, in which they were presented with
each cue word and were instructed to recall the
corresponding target aloud.

In subsequent tests, memory for suppressed
targets is lower when compared to baseline
items that have been learned but not cued, before
being either suppressed or retrieved between the
study and test phases. The general finding from
the results is a linear decline of retrieval for
suppressed items (no-think trials). This memory
impairment indicates/implies that inhibitory
control may be voluntarily recruited to prevent
unwanted memories from coming to mind. This
large difference, known as the total control effect,
demonstrates that is possible that intention to
control retrieval modulates later memory and
that there is a process that impairs the retention
of memories when they are deliberately kept
out of consciousness (Anderson & Green, 2001;
Anderson et al., 2004).
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Figure 1. Experimental procedure.
Forgetting increases with the number advantage of having a very high temporal

of times a memory is suppressed (Anderson
& Green, 2001; Anderson & Huddleston,
2011), which
yields cumulative
forgetting effect can be increased if time is

indicates that suppression

effects. Moreover, the
given to participants in order to prepare for
suppression (Hanslmayr, Leipold, & Béuml,
2010), indicating the importance of anticipatory
processes. Also, suppression-induced forgetting
arises with many stimuli, including word pairs,
face—scene pairs (Depue, Curran, & Banich,
2007), face—word pairs (Hanslmayr, Leipold,
Pastotter, & Béauml, 2009), word—object pairs
(Gagnepain, Henson, & Anderson, 2014) and
pairs comprising words and nonsense shapes
(Hart & Schooler, 2012).

In measuring physiological responses
correlate to cognitive and behavioral processes,
the electroencephalogram (EEG) has a chief

resolution (in the order of milliseconds),
which favors precise synchronization between
stimuli presentation, behavioral responses and
hypothesized rapid information processing
stages. It is also simpler and less expensive to
implement in clinics and laboratories, when
were compared it with other central techniques,
such as positron emission tomography (PET)
and functional magnetic resonance imaging
(fMRI).

The main tool in real time examination
of information processing employing EEG
measurement are studies of Event-Related
Potentials (ERPs). ERPs are synchronized
activation of populations of neurons in response
or preparation for events. That is, electrical
potentials that are temporally associated with
sensory, cognitive and motor events, and ERP
components are peaks and valleys that oscillate
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in response to experimental manipulations
(Rugg & Coles, 1995). Memory suppression is
reflected in a series of negative amplitude peaks
that predict later forgetting, a reduction of the
recollection-related late parietal positivity, and
a modulation of ERP slow-waves at anterior
frontal electrodes (Bergstrom, de Fockert, &
Richardson-Klavehn, 2009; Hanslmayr et al.,
2009). The fact that memory suppression affects
the ERP correlates of conscious recollection,
occurring around 500ms after onset of a memory
cue was proven by previous Think/No-Think
studies (Bergstrom et al., 2009; Mecklinger
& Jager, 2009). This suggests that conscious
retrieval is under strategic control and can
be to intentionally avoid during suppression
attempts.

The main goal of this review is to study
the literature regarding EEG alterations (Event-
Related Potential Components) in memory
suppression tasks, by analyzing articles that used
the TNT paradigm, highlighting their results on
electrophysiological indicators.

Method

We conducted a systematic review of
papers published from January 2007 to No-
vember 2017, using PubMed, Embase, and
ScienceDirect databases. The search string
“EEG” OR “electroencephalogram” OR “ERP”
OR “event-related potential” AND “think/no-
think” OR “memory suppression” OR “retrieval
suppression” OR “intentional forgetting” was
entered in the standard search field in all of
the databases. In addition, for these searches
of electronic databases, manual searches were
also performed using the reference sections
of published texts to find articles that were
eligible for inclusion. Only papers written in
the English language were analyzed. After
removing duplicates, exclusion criteria were
applied through seeking titles and abstracts. The
following exclusion criteria were adopted: (a)
theoretical and review papers, (b) studies with
clinical population and (c) studies that did not
use the think/no-think paradigm. Articles were

initially selected according to their abstracts
to identify the studies that effectively met the
aims. Three independent judges performed the
search, selection of papers and application of the
exclusion criteria. The three judges discussed
again when discordances were observed until all
three agreed. In case of discordances, a fourth
judge was consulted. An analysis table was
constructed, with categories created a priori for
the organization of the results. The three judges
filled out the table. After removal of studies that
met exclusion criteria, the remaining papers
were fully read to identify the tasks employed
in the studies and the results. The experimental
tasks were analyzed according to the subjects
and type of task. Overall results were organized
into two categories: ERP results and summary of
EEG spectral analysis.
Results

After performing searches of the
aforementioned databases and removing
duplicates, 121 articles were obtained. Figure 2
shows the steps of the electronic search that led
to 12 articles being included in the systematic
review. The exclusions based on the title and
abstract (n=73) were usually theoretical articles;
articles that did not use TNT paradigm; studies
with fMRI and publications in languages other
than English. Of the remaining full-text articles,
articles were excluded because of inclusion of
psychiatric disorders (n=5) and a lack of EEG
(n=6). The 12 studies selected are described
below and grouped in two categories: event-
related potential (ERP) studies and EEG spectral
analysis studies.

ERP Results

The majority of the dimensional studies
included in the review comprised ERP studies.
There were twelve articles, nine of them were
ERP studies and one performed both ERP
and spectral analysis. The most common
stimuli used in the ERP studies were word
pairs. Table 1 describes the selected ERP
studies. The results are summarized below.
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Figure 2. Summary of literature search, adapted from PRISMA
(Moher, Liberati, Tetzlaff, & Altman, 2009).

ERP findings based on TNT task revealed
differences between think (T)
responses and memory suppression in no-
think (NT) condition. Early and late slow wave
components during NT trials were found across
frontal (early) and parietal (late) electrodes.
These components were highly correlated,

significant

suggesting a possible role of top—down frontal
control over parietal regions during the TNT
task.

Mecklinger and Jager (2009) found that
an early P2 component and a parietal positivity
were related to retrieval attempts and a centro-
parietal N2 component was associated with
attempts to avoid memory retrieval. Also,
successful stopping, identified by an experiment
using a stop signal task, was associated with

an enhanced stop signal N2 that showed a
similar centro-parietal scalp distribution as the
aforementioned N2 to NT trials.

Depue et al. (2013) found similar results
regarding parietal positivity. The authors
conducted a study with 29 undergraduate
students using face—picture pairs as stimuli.
Their ERP findings support an overall increase
of the parietal effect for T, as compared with
NT and baseline trials. The suppression
condition indicates reduced or down-modulated
recollection processes during these trials.

Hanslmayr et al. (2009) found some results
in the same direction. ERP effects were due
to a decreased right frontal and left parietal
positivity. They were positively related and
predicted later forgetting. A T/NT repetition
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Table 1

Summary of ERP Results

Study Subjects Task Results

Waldhauser, 22 healthy TNT paradigm, More negative-going ERPs at frontal electrode
Lindgren, & right-handed 30 word pairs sites for NT condition.

Johansson, 2012 participants

Depue et al., 2013

Streb, Mecklinger,
Anderson, Johanna,
& Lass-Hennemann,
2016

Hellerstedt,
Johansson, &
Anderson, 2016

Chen et al., 2012

Hanslmayr et al.,
2009

Mecklinger
& Jager, 2009

Bergstrom et al.,
2009

29 undergraduate
students

21 healthy
right-handed
participants

32 healthy
right-handed
participants

20 healthy
right-handed
participants

24 healthy
right-handed
participants

24 healthy
participants

21 participants

in the Substitution
group and 23
participants in the
Suppression group

TNT paradigm,
44 face-picture pairs

TNT paradigm,
84 weakly related,
neutrally valenced
word pairs

TNT paradigm,
96 semantically
unrelated word pairs

TNT paradigm,
48 face-picture pairs

TNT paradigm,
54 neutral faces
and 54 semantically
unrelated words

TNT paradigm,
70 weakly related
word pairs

TNT paradigm,
36 weakly related
word pairs

Overall increase of the parietal effect for T, as
compared with NT and baseline trials.

The NT condition showed greater negative
going ERPs at fronto-central electrode sites and
an N2 component between 350 and 450ms over
frontal and central electrodes.

A significantly greater negative slow wave
(NSW) effect for intrusions compared with
avoided retrievals in the 550-900ms. The LPP
was attenuated during retrieval suppression.

Memory suppression were associated with
changes during a time window of 70-260 ms,
such as P1 and N2, mainly at the right inferior
frontal gyrus and occipital lobe.

ERP effects were due to a decreased right
frontal and left parietal positivity. Positivity in
the NT condition was selectively reduced over
right frontal and left parietal electrode sites.

An early P2 component and a parietal positivity
were related to retrieval attempts and a centro-
parietal N2 component was associated with
attempts to avoid memory retrieval. The
parietal positivity was attenuated for NT trials
on learned items. Stop signal N2 showed a
similar centro-parietal scalp distribution as the
N2 to NT trials.

Only direct memory suppression reduced
centro-parietal positivity in the event-related
potentials (ERP) between 300 and 600ms post-
stimulus. Only direct memory suppression
produced later inhibitory forgetting that was
predicted by an earlier negative. Thought
substitution produced later non-inhibitory
forgetting and had no effect on the ERP
correlate of recollection.

interaction analysis revealed that positivity in
the NT condition was selectively reduced over
right frontal and left parietal electrode sites with
increasing trial repetitions.

Another study (Bergstrom, Velmans, de
Fockert, & Richardson-Klavehn, 2007) found
significant ERP modulations that seem to reflect
the strategic processing involved in voluntarily

controlling recollection of a stored item-specific
memory. In the later time-window, learned Think
items elicited a larger late left parietal positivity
than did not learned Think, learned No-Think,
and not learned No-Think items.

Waldhauser and colleagues (2012) selected
time windows based on previous findings.
The only significant correlational pattern of
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ERP amplitude differences with later memory
impairment was obtained between 300 and
350ms. Correlations were most pronounced
across frontal, left hemispheric, and parietal
electrodes.

A study conducted by Chen and colleagues
(2012) using face-picture pairs as stimuli found
that memory suppression processing for negative
and neutral memories were associated with
changes during components of a time window
of 70-260ms, such as P1 and N2, mainly at
the right inferior frontal gyrus. Suppression of
aversive memories was associated with two
major late ERP components between 380 and
800ms, primarily at the right medial and superior
frontal gyrus.

A subsequent study of Bergstrom and
colleagues (2009) directly contrasted thought
substitution and direct suppression strategies.
Only direct memory suppression reduced
centro-parietal positivity in the ERP between
300 and 600ms post-stimulus and produced
later inhibitory forgetting. In contrast, thought
substitution produced later non-inhibitory
forgetting and had no effect on the ERP correlate
of recollection.

Hellerstedt et al. (2016) study the ERP
correlate of memory intrusion. The results
indicated a significantly greater negative slow
wave (NSW) effect for intrusions compared

Dutra, C. A., Beria, F. M., Ligério, I. S., Gauer, G.

with avoided retrievals in the 550-900ms time
window. This effect may be related to memory
intrusions and has been related to working
memory maintenance.

Finally, Streb et al. (2016) tested the
hypothesis that individual differences in retrieval
suppression predict intrusive memories after
trauma. The first ERP effect found consisted of
an early negativity (200ms) that was larger in
the NT condition than in the T condition. The
early negativity to NT trials had abroad bilateral
distribution and co-occurred with a positive (P2)
deflection to T trials.

EEG Spectral Analysis Results

A few works performed frequency domain
analysis. Table 2 describes the selected spectral
studies. Three studies employed time—frequency
analysis in terms of oscillatory power and
phase synchronization as measured by EEG,
showing the dynamic oscillatory interaction of
brain networks underlying voluntary memory
suppression. The results of related frequency
domain analysis are summarized in this session.

The results of the first study (Waldhauser,
Bauml, & Hanslmayr, 2014) indicated control
effects through increased power in the theta
(5-9 Hz) frequency band in the medial and
dorsolateral prefrontal cortex and higher long-
range alpha (10-14 Hz) phase synchronization.

Table 2

Summary of EEG Spectral Analysis

Study Subjects Task Results

Waldhauser et al., 24 healthyright- TNT paradigm, Control effects increased power in the
2014 handedvolunteers 54 faces with theta (5-9 Hz) frequency band in the

a neutral expression
semantically
unrelated words

Ketz, O’Reilly,
& Curran, 2014

30 healthyright-
handedparticipants

Depue et al., 2013 29 undergraduates

TNT paradigm,
96 word-image pairs

TNT paradigm,

medial and dorsolateral prefrontal cortex
and higher long-range alpha (10-14 Hz)
phase synchronization

Prominent theta oscillations (3 to 8 Hz) in
controlled retrieval. Beta oscillations (12
to 30 Hz) were involved in high levels of
both controlled retrieval and suppression

Increases in both alpha and theta power

44 female face-picture for NT as compared with T trials across

pairs

parietal electrodes
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However, the second study (Ketz et al.,
2014) used face and scenes as stimulus. The
comparison between controlled retrieval vs.
controlled suppression indicated more prominent
theta oscillations (3 to 8 Hz) in controlled
retrieval. Beta oscillations (12 to 30 Hz) were
involved in high levels of both controlled
retrieval and suppression.

Finally, the third study (Depue et al., 2013)
employed pairs of a face with neutral expression
and an emotionally negative picture. EEG
analyses indicated increased alpha (8—12 Hz)
and theta (3-8 Hz) oscillations across parietal
electrodes for items to be suppressed. The
analyses revealed increases in both alpha and
theta power for NT as compared with T trials
across parietal electrodes.

Discussion

Quantitative EEG can be a simple and
objective tool for studying the mechanisms
involved in memory suppression. Regarding the
studies included in this systematic review, some
interesting findings were obtained to answer the
question if there is an EEG pattern for memory
suppression.

ERP Studies

ERPs have been successfully employed
in episodic memory tasks and can be used as
markers of memory processes and the associated
control mechanisms (Friedman & Johnson,
2000; Mecklinger & Jéger, 2009; Rugg &
Wilding, 2000). As a technique with high
temporal resolution, ERPs have been used to
investigate neurocognitive processes underlying
memory suppression with the TNT paradigm.
Evidences from research in the field indicates
that the correlate of recollection is a positive
ERP at parietal regions, accentuated in the left
hemisphere that extends from 400 to 800ms
after stimulus onset (Friedman & Johnson,
2000; Mecklinger, 2000; Smith, 1993; Smith
& Halgren, 1989). This positive component
is larger for correctly recognized items from
a previous learning phase than for correctly
rejected new items.

There is evidence from previous studies that
a parietal positivity around 400-800 ms after
cue presentation is an ERP marker of conscious
recollection during memory retrieval (Friedman
& Johnson, 2000; Rugg & Coles, 1995; Rugg &
Curran, 2007). Although this parietal EM effect
typically has a focal left-lateralised parietal
distribution in recognition tasks, it sometimes
has a broad bilateral centro-parietal distribution,
and perhaps particularly so in cued recall tasks
(Allan & Rugg, 1997).

The present review found some similar
results as previous literature. The largest
differences between T and NT trials emerged
at frontal and central sites (Bergstrom et al.,
2009; Hanslmayr et al., 2009; Mecklinger &
Jager, 2009; Streb et al., 2016; Waldhauser
et al.,, 2012). The results have shown that the
parietal EM effect can be substantially reduced
by voluntarily stopping retrieval (Bergstrom et
al., 2009; Hanslmayr et al., 2009; Mecklinger &
Jager, 2009).

At least one electrophysiological correlate
was consistently obtained in several studies:
a fronto-centrally distributed N2 component,
a negative-going ERP component which is
consistently larger during retrieval suppression
than during retrieval (Bergstrom et al., 2009;
Bergstrom et al., 2007; Chen et al., 2012;
Depue et al., 2007; Mecklinger & Jager,
2009; Streb et al., 2016; Waldhauser et al.,
2012). Importantly, a larger N2 deflection
during retrieval suppression predicted greater
suppression-induced forgetting (Mecklinger
& Jager, 2009). A correlation has also been
demonstrated between the TNT N2 and the N2
observed in a motor stopping task (Bergstrom
et al., 2009; Mecklinger & Jéager, 2009),
suggesting that both processes recruit general
response inhibition mechanisms. There is
possible to assume that some of the systems
recruited to override proponent motor responses
are also involved to suppress memory retrieval.

Another important common result was a
positive ERP at parietal regions. The overall
increase of parietal effect for T condition between
300 and 600ms post-stimulus was related both
in previous literature as in the present included
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articles (Bergstrom et al., 2009; Depue et al.,
2013; Friedman & Johnson, 2000; Hanslmayr
et al., 2009; Mecklinger & Jager, 2009; Streb
et al.,, 2016). Those finds indicates that there
is a pattern from a ERP marker of conscious
recollection during memory retrieval.

In summary, the results demonstrate an
electrophysiological dissociation between ERP
correlates of task-related strategic processes and
the ERP correlate of item-specific conscious
recollection versus avoidance of recollection.
The most consistent findings include centro-
parietal positivity in the EEG between 300 and
600ms post-stimulus, consistent with a reduction
in the ERP correlate of recollection, and a larger
N2 component deflection during suppression,
that emerged around 200ms post-stimulus,
involved in control systems. Although the data
presented here indicates a pattern in the ERP
correlates of memory suppression, it is important
to note that participant instructions and strategies
to stop retrieval were not reported with details in
most papers.

EEG Spectral Analysis Studies

In intracranial recordings, neural oscillations
measure fluctuations in the local field potential
and this reflects the excitatory and inhibitory
input into different neuronal assemblies (Buzsaki
& Draguhn, 2004). However, in the EEG, these
control mechanisms are evident in increased
frontal theta oscillatory activity, that has been
localized to medial and lateral prefrontal cortex
regions during response conflict (Hanslmayr
et al., 2009), memory interference (Staudigl,
Hanslmayr, & Bé&uml, 2010), and memory
suppression (Depue et al., 2013).

Top-down cognitive control in general and
memory suppression also rely on enhanced
fronto-parietal communication (Corbetta &
Shulman, 2002; Paz-Alonso, Blunge, Anderson,
& Ghetti, 2013). That seems related to increased
phase synchronization in the alpha frequency
band (Sadaghiani et al., 2012; Sauseng et al.,
2005). If they are taken together, these findings
suggest that memory suppression should
partially be mediated by increased prefrontal
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theta (5-9 Hz) oscillatory power and higher
phase coupling in the alpha (10-14 Hz) band.
Increased oscillatory power in the theta frequency
band is commonly associated with successful
memory retrieval (Nyhus & Curran, 2010),
which appears to be generated by hippocampo-
cortical feedback loops is also a characteristic of
retrieval and memory maintenance (Cashdollar
etal., 2009). Increased theta frequency correlates
with successful retrieval in all analyzed studies.
Two of the three results (Depue et al., 2013;
Waldhauser et al., 2014) also found an increased
oscillatory power in the alpha frequency. Those
results are consistent with previous literature
and evidence, corroborating that the findings
that memory suppression should be mediated
by increased prefrontal theta oscillatory power
and higher phase combination in the alpha band.
However, it is important to note that the sample
presented is small and more studies are needed
to confirm the pattern of the findings.

Conclusions

In summary, the present systematic review
results highlight the promising potential of
centro-parietal positivity in the ERP between
300 and 600ms post-stimulus as an important
correlate of recollection, and a larger N2
component deflection around 200ms post-
stimulus during suppression, as an important
correlate involved in control systems. Theta
and alpha measures also are acting as potential
biomarkers of memory suppression. However,
there is more work needed to confirm if these
EEG parameters are effective as a pattern from
a ERP marker of conscious recollection during
memory retrieval.

Limitations

One limitation of the present systematic
review concerns the use of three electronic
databases, even though they are the principal
databases used in the field. Moreover, the
search was limited to articles published in
English. Consequently, this review provides no
information regarding unpublished studies or
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studies published in other languages. The search
was restricted to articles published since 2007.
Another limitation was the heterogeneity of the
studies, which made it impossible to perform a
meta-analysis. The conclusions are based on a
qualitative analysis of the studies. Future studies
should try to include similar variables, whenever
possible, to allow for greater comparability of
findings.
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