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Abstract

Alpha oscillations are often reported to be amplified during working memory (WM) retention, serving to disengage sensory
areas to protect internal representations from external interference. At the same time, contemporary views of WM postulate
that sensory areas may often also be recruited for retention. I here review recent evidence that during such ‘perceptual’ WM,
alpha oscillations in mnemonically relevant sensory areas are not amplified but attenuated instead. I will argue that such atten-
uated alpha states serve a mnemonic role and, further, that larger attenuation may support item-specific attentional prioritisation
within perceptual WM. In critically evaluating this role, I also consider (and argue against) four alternatives to a strictly mnemo-
nic account of the available data that may also prove useful to consider in future research. Finally, I highlight key implications
of these data for the study of WM and for our understanding of the functional roles of states of attenuated alpha oscillations in
cognition.

Introduction

Alpha oscillations (8–12 Hz) provide a window into the engagement
of the underlying neural circuity within macroscopic magneto- and
encephalography (M/EEG) measurements in healthy humans
(Berger, 1929; Hari & Salmelin, 1997) – with states of attenuated
(vs. amplified) alpha oscillations generally being associated with
increased (vs. decreased) cortical engagement (Klimesch et al.,
2007; Jensen & Mazaheri, 2010; Foxe & Snyder, 2011; Haegens
et al., 2011a; Hanslmayr et al., 2012). Because alpha oscillations
are particularly well characterised in the brain’s visual, somatosen-
sory and auditory processing areas (e.g. Hari & Salmelin, 1997;
Haegens et al., 2015), this role has been particularly well docu-
mented in relation to the gating of sensory information in service of
adaptive perception.
In the realm of working memory (WM), alpha oscillations are

typically reported to be amplified during retention (Klimesch et al.,
1999; Jensen et al., 2002; Tuladhar et al., 2007; Haegens et al.,
2010; Johnson et al., 2011; Bonnefond & Jensen, 2012; Obleser

et al., 2012; Spitzer & Blankenburg, 2012), with larger increases in
amplitude (e.g. Jensen et al., 2002; Tuladhar et al., 2007) as well as
interareal and cross-frequency phase synchronisation (Palva et al.,
2010; Siebenh€uhner et al., 2016) with higher WM loads. There is
growing consensus (Roux & Uhlhaas, 2014; Payne & Sekuler, 2014
for reviews; but see Palva & Palva, 2007) that these modulations
too may reflect sensory gating, whereby internal representations are
protected from (potential) interfering external sensory input through
disengagement of the areas that are receptive to this input. In sup-
port of this, the amplification of posterior alpha oscillations during
WM retention is more pronounced when prospective visual distrac-
tors are expected to cause larger interference (Bonnefond & Jensen,
2012), and similar distractor dependence has recently been docu-
mented in the auditory domain (W€ostmann et al., 2017).
In a traditional view of WM, in which representations are retained

predominantly outside the sensory areas (as discussed in e.g.
Sreenivasan et al., 2014), sensory disengagement appears a sensible
and powerful protective instrument. Yet, increasing evidence sug-
gests that WM retention may often also recruit sensory areas (e.g.
Awh & Jonides, 2001; Pasternak & Greenlee, 2005; Harrison &
Tong, 2009; Kuo et al., 2009; Serences et al., 2009; Sreenivasan
et al., 2014; D’Esposito & Postle, 2015), particularly when the fine-
grained sensory properties of the memoranda are retained (Lee
et al., 2013; Christophel et al., 2017). To reconcile sensory recruit-
ment during such ‘perceptual’ WM with the postulated alpha-
mediated sensory disengagement, we are invited to revisit the link
between alpha oscillations and WM in at least two ways.
First, the utility of alpha amplification for distractor inhibition

may be largely restricted to circumstances in which non-sensory
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properties (e.g. semantic category labels) are retained, or in which
retained memoranda engage a different sensory brain areas than the
area from which alpha oscillations are considered. Indeed, amplifica-
tion of posterior alpha oscillations appears particularly prominent in
tasks where the content of WM is verbal, or somatosensory (Jensen
et al., 2002; Haegens et al., 2010; Bonnefond & Jensen, 2012; see
also Gevins et al., 1997; but see Johnson et al., 2011), but where
the sources of this amplification localise to visual brain areas
(Tuladhar et al., 2007; Haegens et al., 2010; Bonnefond & Jensen,
2012). Second, it raises the possibility that modulations of alpha
oscillations during WM may also serve a genuine mnemonic func-
tion – whereby attenuated alpha states (marking sensory engage-
ment, or ‘recruitment’) actively support WM retention.
Building on earlier reviews on the role of alpha oscillations in

WM that focused and converged on a protective (disengaging) role
for states of amplified alpha oscillations during WM (Payne &
Sekuler, 2014; Roux & Uhlhaas, 2014), I here review recent evi-
dence for this complementary mnemonic role for states of attenuated
alpha oscillations during perceptual WM. I first highlight recent evi-
dence showing that, when mnemonic information is relevant to a
particular sensory area, alpha oscillations measured from this area
are not amplified but attenuated instead. In addition, I discuss recent
evidence that such attenuated alpha states may not only support
WM retention but may also support attentional prioritisation within
WM and govern item accessibility. I finally consider (and, where
possible, counter) four alternative interpretations of the available
data that challenge a strictly mnemonic interpretation and highlight
key implications of the reviewed work.

A mnemonic role for attenuated alpha states in
perceptual working memory

A number of recent studies have demonstrated that alpha oscillations
are not only modulated in sensory modalities that are irrelevant to
the WM retention (e.g. in visual areas during verbal retention; as in
Jensen et al., 2002; Tuladhar et al., 2007; Bonnefond & Jensen,
2012) but also in modalities that are considered relevant for reten-
tion. For example, on the basis of the popular lateralised visual
change-detection task (as in Vogel & Machizawa, 2004), several
studies have now demonstrated that posterior (visual) alpha oscilla-
tions show a corresponding lateralisation that sustains throughout
the retention interval – whereby alpha amplitude is lower contralat-
eral vs. ipsilateral to the retinotopic location of the retained items at
encoding (Grimault et al., 2009; Sauseng et al., 2009; Lozano-
Soldevilla et al., 2014). In a similar vein, studies have reported a
relative attenuation of alpha in mnemonically relevant vs. mnemoni-
cally irrelevant sensory modalities (Spitzer & Blankenburg, 2012;
van Ede et al., 2017a), as well as when retaining spatial location as
opposed to visual identity (Jokisch & Jensen, 2007), temporal order
(Roberts et al., 2013) or relational (Ikkai et al., 2014) information.
Still, as the core results in these studies typically entail a relative

amplitude difference between mnemonically relevant vs. irrelevant
areas, it often remains difficult to distinguish cortical engagement by
attenuated alpha oscillations in relevant areas (supporting mnemonic
retention) from cortical disengagement by amplified alpha oscillations
in irrelevant areas (supporting distractor inhibition). Complementary
evidence suggests that both scenarios may be at play. For example, in
the lateralised change-detection task, alpha lateralisation appears par-
ticularly sensitive to the number of irrelevant items (Sauseng et al.,
2009) suggesting a role in distractor inhibition. At the same time, in
the context of a related lateralised visual WM task, performance
appears best predicted by alpha states in visual sites contralateral to

the probed item’s retained location (with lower amplitude predicting
better performance; van Ede et al., 2017b; see also Spitzer &
Blankenburg, 2012), thus arguing for a role in mnemonic retention.
To further disentangle these possibilities, my colleagues and I

recently investigated alpha modulations in both visual and
somatosensory brain areas during retention of either visual or
somatosensory sequences. In addition to directly comparing visual
with somatosensory retention, we also compared each separately to
a control condition with no retention demand (i.e. load 0). This
yielded an unambiguous pattern of results: during retention of visual
sequences, alpha (as well as beta) oscillations were almost exclu-
sively attenuated in visual brain areas, whereas during retention of
somatosensory sequences, this was the case in somatosensory brain
areas (van Ede et al., 2017a). In both modalities, these WM related
attenuations of alpha and beta oscillations scaled with load (see also
Fukuda et al., 2015; Erickson et al., 2017). These results could not
simply be accounted for by differences in sensory processing, as
sensory stimulation was equated between control and WM trials,
between visual and somatosensory WM trials and between trials
with different WM loads (van Ede et al., 2017a, for details).
As schematically depicted in Fig. 1, when directly comparing the

results of this study to those in the landmark study by Jensen et al.
(2002), an important insight emerges. In both cases, alpha amplitude
during WM retention shows prominent modulation by WM load.
However, the sign of these modulations is opposite. When participants

Fig. 1. Alpha amplitude during working memory retention as a function of
sensory recruitment, external distraction and item-specific prioritisation. In
scenario (A), the memory array contains verbal material that is encoded
in visual areas but retained elsewhere (e.g. in prefrontal, or language areas).
In M/EEG recordings from the visual areas during the retention interval,
alpha power increases with load (as in e.g. Jensen et al., 2002), as well as
with the level of (anticipated) external distraction (as in e.g. Bonnefond &
Jensen, 2012). In contrast, in scenario (B), the memory array contains visual
items that, this time, are not only encoded but also retained in visual areas
(because the task requires the retention of the precise visual identity – orien-
tations and colours – of the items). Alpha power in M/EEG recordings from
the visual areas now decreases with load (as in e.g. van Ede et al., 2017a)
and decreases further when items are placed in a prioritised state based on
current attentional demands (as in e.g. Myers et al., 2015). How (expected)
distraction in the sensory recruitment case (scenario B) and item-specific pri-
oritisation in the non-sensory recruitment case (scenario A) affect alpha
remains to be more systematically investigated and is therefore not included
in the schematic. M/EEG, Magneto/Electroencephalography; FFT, fast Four-
ier transform.
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engage in verbal retention (even when information is encoded visu-
ally, as in Jensen et al., 2002; Tuladhar et al., 2007), the amplitude of
posterior (putatively visual) alpha increases with load, whereas when
they engage in visual retention (as argued in van Ede et al., 2017a),
alpha amplitude now decreases with load (for more demonstrations of
alpha attenuation during WM see also: Medendorp et al., 2007;
Fukuda et al., 2015; Erickson et al., 2017). The direction of modula-
tion thus appears to be highly dependent on the nature of the memo-
randa (as well as the source of the alpha oscillations under
consideration; as in e.g. Spitzer & Blankenburg, 2012; van Ede et al.,
2017a).
Several recent studies have further demonstrated a link between

alpha oscillations during retention and the content-specific identities
of WM representations using sophisticated forward encoding mod-
elling of visual stimulus features such as location and orientation
(e.g. Foster et al., 2016; Fukuda et al., 2016). This work too argues
for a mnemonic role for alpha oscillations during perceptual WM
and shows that this role extends beyond the modality and spatial
location of the mnemonic items to also include their feature-specific
identity (Fukuda et al., 2016). It remains to be evaluated, however,
precisely what aspects of the alpha oscillations (spatial patterns of
attenuation, amplification, or both, as well as orthogonal aspects
such as changes in peak frequency) contribute to the reconstruction
of the memorised stimulus features.

Attenuated alpha states reflect behaviourally relevant
prioritisation within perceptual working memory

Over the past decade, it has become clear that attentional selection
and prioritisation continue to operate on perceptual representations,
even after they have been encoded into WM (Oberauer, 2002;
Griffin & Nobre, 2003; Landman et al., 2003; Zokaei et al., 2014;
Souza & Oberauer, 2016; Myers et al., 2017). Ample evidence in
the perceptual domain suggests that modulations of alpha oscilla-
tions may play a key role in such attentional processes (Foxe et al.,
1998; Worden et al., 2000; Thut et al., 2006; Jones et al., 2010;
van Ede et al., 2011, 2012; Haegens et al., 2011b), with lower
amplitude of relevant sensory areas predicting better perceptual per-
formance (e.g. van Dijk et al., 2008; Jones et al., 2010; van Ede
et al., 2012). This raises the possibility that, in addition to mnemo-
nic retention, attenuated alpha states may also play a role in mnemo-
nic prioritisation and, accordingly, impact mnemonic performance
(at least in cases of perceptual WM).
Support for this hypothesis was recently provided by a number of

related studies. The majority of these studies investigated this using
retro-cues (i.e. cues presented during WM retention) that inform
which item will (most likely) be probed after an additional delay (see
Souza & Oberauer, 2016 for a review of retro-cueing). As for the lat-
eralised change-detection tasks described above (where attentional
selection occurs during encoding), these studies all report similar later-
alisation of alpha oscillations relative to the original location of the
retro-cued item (Spitzer & Blankenburg, 2011; Poch et al., 2014;
Myers et al., 2015; Schneider et al., 2015; Wallis et al., 2015; Mok
et al., 2016; Wolff et al., 2017). These lateralised alpha modulations
do not, however, appear to be exclusive to situations in which mnemo-
nic prioritisation is directed by retro-cues. They can also be dynami-
cally steered by internally guided temporal expectations, when
prioritisation is directed by subjective estimates of elapsed time (van
Ede et al., 2017b), or by the expected order in which items will
become relevant for visual search (de Vries et al., 2017).
Prioritisation in WM is known to have a profound influence on

performance (Souza & Oberauer, 2016 for review). If states of

attenuated alpha oscillations indeed support such mnemonic prioriti-
sation (with larger attenuation in populations retaining the prioritised
item; as also indicated in Fig. 1), then one would expect such states
(at the time of probing) to be predictive of performance on a trial-
by-trial basis. My colleagues and I recently reported precisely this
(van Ede et al., 2017b; see also Poliakov et al., 2014; Backer et al.,
2015). In our data, this predictive influence (lower amplitude pre-
dicting faster WM access times upon probing) was particularly
prominent in sites contralateral to the location of the probed item at
encoding (despite the fact that the probe was always presented cen-
trally) and to the interval immediately preceding the probe. More-
over, this influence was particularly prominent on item accessibility,
or decision time (as was the influence of our attentional manipula-
tion), and we have now replicated this effect (F. van Ede, S.
Chekroud, AC. Nobre, unpublished data). Together, these data sug-
gest that, even when several mnemonic items can all be recalled
with high precision, the immediate availability of these items is vari-
able and appears to be tracked by the degree of alpha attenuation in
a spatiotopically preserved manner.
Finally, it is noteworthy that the vast majority of studies linking

attention to WM (as well as alpha to attention) regard spatial-based
prioritisation mechanisms. It has recently been shown that visual
feature dimensions (such as orientation and colour of all items in
the array) can also be dynamically up- and downregulated during
visual WM retention (Ye et al., 2016; Niklaus et al., 2017).
Whether alpha modulations also support such feature dimension-
based attentional prioritisation (as reported for the perceptual
domain; see Snyder & Foxe, 2010), remains an interesting target for
future research.

Alternative accounts to mnemonic retention and
prioritisation

While it is tempting to attribute the reviewed work on alpha modu-
lations during WM retention intervals to a mnemonic role, I will
argue that such ‘temporal localisation’ to the retention interval is in
itself not sufficient to warrant this inference. There are at least four
alternative accounts that need to be considered. I go over these
below and highlight the available counter-evidence for each. This
serves not only to rule out these alternatives (although there is prob-
ably not a single study that can compellingly counter all of them)
but also to outline relevant considerations when designing and inter-
preting future experiments that target mnemonic and attentional roles
of neural activity during WM retention.

Mnemonic retention vs. probe anticipation

Ample evidence points to a key role for modulations of alpha oscil-
lations in anticipatory attention of upcoming perceptual events (e.g.
Foxe et al., 1998; Worden et al., 2000; Thut et al., 2006; Jones
et al., 2010; van Ede et al., 2011, 2012; Haegens et al., 2011b). As
WM retention periods are often followed by a perceptual probe
stimulus (or a probe display containing multiple items), alpha modu-
lations observed during retention need not reflect retention per se
but may reflect probe anticipation instead. This is particularly a con-
cern in tasks in which mnemonic items are probed at their encoded
locations (and/or modality), and in which probe displays also scale
with load (as is typically the case in the popular visual change-
detection task; as described in Luck & Vogel, 1997; Vogel &
Machizawa, 2004). Although probe anticipation may thus account
for a fair share of all reports of alpha modulations during WM
retention, not all documented alpha modulations during retention
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can be explained by probe anticipation. For example, alpha modula-
tions scale with load, even when the probe displays are independent
of load (as in Jensen et al., 2002; van Ede et al., 2017a) and appear
highly specific to the modality of the retained memoranda (e.g.
visual vs. somatosensory), even if probe displays are always visual
(van Ede et al., 2017a). Also, the lateralisation (relative to the side
of the mnemonic items at encoding) of alpha oscillations during
WM retention does not appear to rely on lateralised probe anticipa-
tion, as this is observed even when items are probed centrally
through their colour (van Ede et al., 2017b).

Mnemonic retention vs. lingering of sensory encoding or retro-
cue processing

In the opposite direction of probe anticipation, one must also con-
sider potential lingering of neural responses related to perceptual
encoding – as well as to processes of attentional selection during
encoding. It is well known that sensory input itself also attenuates
alpha oscillations (possibly followed by a rebound) and that such
state changes can linger for at least up to a second after this input
(e.g. Hari & Salmelin, 1997; Cheyne et al., 2003). Such lingering of
encoding responses into the retention interval is particularly prob-
lematic when sensory input is not well matched between conditions
(such as when different load conditions have different number of
items at encoding, or when items are only presented in one sensory
modality, but when retention activity is compared between modali-
ties). However, even when sensory input is matched, one is still
confronted with potential lingering of the attentional selection (of
the mnemonically relevant items) during encoding. There are several
arguments against this potential alternative account (in addition to
the observation that alpha modulations appear to sustain throughout
retention intervals of three or more seconds; e.g. Jensen et al., 2002;
van Ede et al., 2017a). Foremost, as reviewed above, alpha modula-
tions also occur following retro-cues that enable selection of the rel-
evant item(s) only after encoding (but see below). Moreover, it has
recently been observed that lateralised modulations of alpha during
retention are sensitive to attentional switches between items that
occur more than one-second after encoding and that are guided
solely by internal estimates of elapsed time (van Ede et al., 2017b).
Finally, if alpha states during retention reflected mere lingering from
(attentional selection during) encoding, then, intuitively, mnemonic
performance would be best predicted by alpha amplitude during and
immediately after encoding. In contrast, this relation appears particu-
larly pronounced immediately prior to the probe (van Ede et al.,
2017b; but see Poliakov et al., 2014).
Building on the sensory encoding case, lateralised alpha modula-

tions following retro-cues may sometimes relate to processing of the
retro-cue itself, as opposed to reflecting shifts in the focus of atten-
tion during WM retention. However, the attentional lateralisation of
alpha during WM retention appears specific to the modality and
location of the retained memoranda, even when the retro-cue is pre-
sented in another modality and does not contain any spatial informa-
tion (i.e. Spitzer & Blankenburg, 2011) and occurs even when
attention is directed via internally guided temporal expectations as
opposed to retro-cues (van Ede et al., 2017b; de Vries et al., 2017).

Mnemonic retention vs. oculomotor behaviour

As was already discovered by Hans Berger, posterior alpha oscilla-
tions are profoundly amplified by closing one’s eyes (Berger,
1929). This immediately raises the question whether posterior alpha
modulations during WM retention may merely reflect modulations

in the degree to which the eyes (or pupils) are open. Indeed, clos-
ing one’s eyes might be another effective (but from a cognitive
neuroscience point of view less interesting) way of blocking out
potential distracting visual input. If so, these modulations would be
expected to be largely confined to posterior alpha oscillations. In
contrast, alpha modulations have been described in multiple sensory
modalities, where they appear to be selectively modulated depend-
ing on the nature of the retained memoranda (e.g. Spitzer &
Blankenburg, 2012; van Ede et al., 2017a; W€ostmann et al., 2017).
Moreover, potential changes in eye-opening and pupil size cannot
account for lateralised patterns of alpha oscillations relative to the
spatiotopic location of the retained and prioritised memoranda (e.g.
Sauseng et al., 2009; Spitzer & Blankenburg, 2011; Myers et al.,
2015). In the latter case, however, mnemonically driven gaze shifts
are a concern instead. Indeed, even when there may be nothing to
look at after encoding, participants may still engage in gaze shifts
to and between items’ encoded locations (Ferreira et al., 2008; Wil-
liams et al., 2013). However, correcting for such gaze shifts
appears to preserve alpha lateralisation during WM retention (van
Ede et al., 2017b). Moreover, gaze shifts cannot easily account for
alpha lateralisation in somatosensory sites during somatosensory
WM (Spitzer & Blankenburg, 2011).

Mnemonic retention vs. WM guided interactions with incoming
sensations

Although laboratory studies of WM often aim to minimise sensory
input during WM retention (such as by having people stare at a
blank screen while retaining visual items in WM), it is also evident
that it is not possible to deprive participants from sensory input alto-
gether. This raises the possibility that modulations of alpha oscilla-
tions during WM retention reflect some interaction between the
current content of WM and the (residual) sensory input registered
during the retention interval (i.e. WM guided interactions with
incoming sensations). In situations in which incoming sensory input
can serve WM retention (e.g. the border of a computer monitor may
provide a useful spatial reference frame), alpha may attenuate as a
result of attentively processing this input. It is debatable, however,
whether this constitutes a genuine alternative to a mnemonic inter-
pretation. If we consider that mnemonic retention of perceptual rep-
resentations may inherently entail a ‘projection’ of these
representations onto ongoing perceptual streams (which will be par-
ticularly pertinent in the rich sensory environments encountered in
everyday situations), then we may wish to attribute the neural signa-
tures of this interaction to WM as well. Still, the degree to which
such interactions between WM representations and incoming sensa-
tions shape alpha modulations during retention remains a largely
unexplored territory (although some first important steps are being
made; e.g. de Vries et al., 2017).

Implications and future directions

Alpha oscillations and cognition

On face value, attenuated alpha states in mnemonically relevant sen-
sory areas may appear simply as the flipside of amplified alpha
states in mnemonically irrelevant sensory areas. However, whereas
the latter may still be attributed to a sensory gating function (albeit
in the context of WM), this is not the case for the former. As I have
argued, such states of attenuated alpha oscillations in early sensory
areas may serve a genuine mnemonic function instead – as has also
been argued in the context of long-term memory retrieval (e.g.
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Hanslmayr et al., 2012; Staresina et al., 2016; Waldhauser et al.,
2016). This bears implications for our understanding of the func-
tional role of attenuated alpha states in cognition. For example, it
has recently been argued that such states predominantly reflect an
‘excitability bias’ that merely increases the likelihood of perceiving
sensations amidst a noisy background and that may even lead to
non-veridical percepts (Lange et al., 2013; Iemi et al., 2017). In
contrast, the reviewed work suggests that such states are also func-
tionally relevant for WM, in cases where the items are clearly regis-
tered at encoding. This is the case not only for attenuated alpha
states prior to WM encoding (Myers et al., 2014), but, as reviewed
throughout, also for such states during the ensuing retention period.
Beyond mere excitability biases with a predominant sensory gating
function, such states in sensory areas may thus also serve mnemoni-
cally relevant computations (I have focused on retention and prioriti-
sation, but this may possibly also extend to computations such as
refreshing, updating and manipulating) on previously encoded per-
ceptual representations.
A key open question regards the precise nature of the neural

computations associated with (or enabled by) states of attenuated
alpha oscillations (as well as their means of carrying over into mea-
surable modulations in extracranial M/EEG). While the answer to
this important question remains largely unknown, it is worth point-
ing out that these neural computations are unlikely to carry only a
mnemonic function. Indeed, it is well known that sensory process-
ing also attenuates alpha oscillations and that such attenuation can
also be instantiated during the mere anticipation of upcoming pro-
cessing demands (e.g. Foxe et al., 1998; Worden et al., 2000; Thut
et al., 2006; Jones et al., 2010; van Ede et al., 2011, 2012; Hae-
gens et al., 2011b). It is thus likely that, rather than ‘coding’ for
the items in WM themselves, such states enable neural computa-
tions that facilitate information processing, be it in the context of
perception, action, WM, and so on. Influential models posit that
alpha oscillations may be the consequence of rhythmic pulses of
inhibition in which individual cycles contain only relatively short
‘windows of opportunity’ (when inhibition dies off) for neurons to
fire and exchange information (Klimesch et al., 2007; Jensen &
Mazaheri, 2010; Jensen et al., 2014; Gips et al., 2016). If so, their
attenuation may reflect reduced inhibitory pulsing, creating longer
windows of opportunity and enhancing (the capacity for) informa-
tion processing and transmission. Another, potentially complemen-
tary, possibility is that attenuated alpha states are associated with
the decorrelation (desynchronisation) of neuronal firing rates (poten-
tially through the segregation into multiple alpha subnetworks at a
finer spatial scale), which may increase the coding capacity of the
corresponding neuronal population (Zohary et al., 1994; Hanslmayr
et al., 2012). Clearly, more work is needed to investigate these pos-
sibilities and how they relate to mnemonic as well as other cogni-
tive processes and neural computations.
In future studies, it will also be informative to assess whether states

of attenuated (or amplified) alpha oscillations causally contribute to
WM retention and prioritisation. This could be achieved by experi-
mentally manipulating these states through, for example, brain stimu-
lation techniques (see Thut & Miniussi, 2009; Thut et al., 2012) and
evaluating whether and how this impairs or facilitates memory perfor-
mance (depending on the location and modality of the mnemonic
items as well as the stimulation site, timing and frequency).

Working memory and distractibility

Provided that states of attenuated alpha oscillations have tradition-
ally been associated with increased susceptibility to incoming

sensations, the question arises how potentially distracting sensory
input is countered in situations in which WM retention involves
attenuation of alpha oscillations. This is particularly pertinent for
distractors that occupy the same modality and location as the
retained memoranda. One implication of the reviewed work may
be that the high perceptual resolution gained from retaining items
in early sensory areas (putatively through attenuated alpha states)
inherently comes at the cost of increased susceptibility to sensory
interference from similar material (in line with e.g. Sreenivasan &
Jha, 2007; Chumbley et al., 2008; Rademaker et al., 2015). At
the same time, the fact that distractors that are perceptually more
similar to retained WM representations lead to more interference
does not mean that such distraction cannot be overcome at all.
Indeed, there is evidence that perceptually similar items may
sometimes even receive more inhibition than less similar items
(Sreenivasan & Jha, 2007; Kiyonaga & Egner, 2016). Whether
and how alpha modulations during retention can support this
remains to be investigated and will depend a lot on the degree of
spatial and feature specificity with which alpha can be modulated
within mnemonically relevant sensory areas.
Another, and perhaps less intuitive, prediction that follows is that

even placing an item in the focus of attention (i.e. prioritising an
item) may come at the cost of increased susceptibility of this item
to sensory interference (for which there is some evidence: Hu et al.,
2014; although counter-evidence is documented too: Makovski
et al., 2008; Souza et al., 2016). In future research, it will be inter-
esting to evaluate the extent to which such increased susceptibility
to interference is associated with the extent to which alpha oscilla-
tions are attenuated (vs. amplified) in the mnemonically relevant
sensory areas. It will further be interesting to investigate circum-
stances under which participants may trade in their high-fidelity per-
ceptual representations to more abstract representations (putatively
gaining distractor resilience at the cost of perceptual resolution; see
Lee et al., 2013; Christophel et al., 2017) and to see whether alpha
oscillations track such transitions.

Conclusion

I have argued that the association between alpha oscillations and
WM is critically shaped by the nature of the memoranda, in con-
junction with the source of the alpha oscillations under considera-
tion. When a particular sensory area is not engaged for WM
retention, alpha oscillations in this area may be amplified to sup-
press sensory interference. In contrast, when WM requires the
retention of the fine-grained perceptual representation and engages
a particular sensory area, alpha oscillations in this area are attenu-
ated instead. Focusing on the latter case, I have argued that such
states of attenuated alpha oscillations serve a genuine and beha-
viourally relevant mnemonic function. Thus, in addition to a role
for such ‘sensory states’ in gating incoming sensations, such
states may also support neural computations associated with active
retention and dynamic prioritisation in memory. At the same time,
I have raised (and where possible countered) four alternatives to
a strictly mnemonic account of the available data that, I hope,
will also prove useful to consider in designing and interpreting
future research.
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