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Directed forgetting is a cognitive-controldependent process that confers to the
brain the flexibility for forgetting undesirable memories (Bjork et al., 1968; for review, see MacLeod, 1999). This process
has been proposed to have distinct neural
signatures from unintentional forgetting;
specifically, frontal cortical processes are
thought to play a major role (Wylie et al.,
2007) during either encoding (Benoit and
Anderson, 2012) or retrieval (Johnson,
1994) of undesirable memories. One neural mechanism by which memories might
be intentionally forgotten involves increases in activity of the right dorsolateral
prefrontal cortex, which in turn reduces
hippocampal activity (Anderson et al.,
2004; Benoit and Anderson, 2012), thus
decreasing the strength of the targeted
memories. This mechanism partially overlaps with the process by which reflexive
motor actions are deliberately stopped,
thus suggesting that blocking actions and
blocking memories may be accomplished
by a common inhibitory mechanism (Anderson et al., 2004). Because inhibitionbased mechanisms fit smoothly into
established models of brain function, the
field had long supported them as the main
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models for intentional forgetting (Anderson et al., 2004). However, more recent
proposals suggest effortful processing underlies intentional forgetting (Fawcett
and Taylor, 2008).
Wang et al. (2019) propose an unconventional account of intentional forgetting, involving activation rather than
inhibition. Their hypothesis builds on
the nonmonotonic plasticity hypothesis
(Norman et al., 2006), which challenges
the positive linear relationship between
memory activation and learning, instead
proposing a nonmonotonic U-shaped relationship between the two. This idea is
supported by extensive neurophysiology
research showing that, whereas high postsynaptic depolarization leads to LTP,
moderate postsynaptic depolarization
leads to LTD (Artola et al., 1990). Thus,
the proposed activation-dependent intentional forgetting mechanism suggests that
intentional forgetting can be achieved by
moderately activating memories represented in sensory cortex (ventral temporal
cortex [VTC]). According to the nonmonotonic plasticity hypothesis, this
modest activation would lead to memory
weakening and thus forgetting.
To test this hypothesis, Wang et al.
(2019) showed participants a series of images (faces and scenes), each followed by
an instruction to remember or forget the
item. Then participants were shown all
the images again, this time intermixed
with new images, and the participants
were asked to indicate which items they

had seen before. Brain activity elicited by
each image was measured with fMRI during both the preinstruction (perceptual
encoding) and postinstruction (mnemonic processing) time intervals, and a
pattern classifier applied to data from
VTC was used to model subsequent remembering or forgetting using a Bayesian
curve-fitting algorithm. The classifier was
trained on data collected right before the
encoding phase, on a separate set of visual
stimuli (faces, scenes, objects, and rest
trials).
The main finding supported the authors’ hypothesis: there was a nonmonotonic, U-shaped relationship between
neural activation and memory, with items
that elicited moderate activation in VTC
being more likely to be forgotten than
items that elicited either higher or lower
levels of activation. This was true for
both incidental forgetting of the to-beremembered items and, more importantly, for intentional forgetting of the
to-be-forgotten items.
Despite the apparent similarities between the incidental and intentional forgetting curves, the underlying processes
were distinct: during intentional forgetting trials, the data show more activity in
dorsolateral PFC, posterior cingulate, and
precuneus, consistent with prior research
showing these areas are involved in intentional forgetting (Rizio and Dennis,
2013). Moreover, processing was stronger
for the to-be-forgotten items than for
the to-be-remembered items. Representa-
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Figure 1. Cognitive control pathways for directed forgetting, as proposed by Wang et al. (2019) and prior work (Anderson et al., 2004). We suggest three pathways by which these two results
might co-occur. Visual stimuli enter sensory cortices (V1, V2) and are sent through the ventral stream to VTC, then perirhinal cortex (PC), and entorhinal cortex (EC), before arriving at hippocampus
(HPC). 1, PFC interprets the “forget” instruction and suppresses HPC (pink) (Anderson et al., 2004), and independently modulates sensory activity in VTC (blue) (Wang et al., 2019). 2, Corticocortical
feedback projections from PFC to VTC could modulate sensory activity, which could be inherited by HPC through the ordinary feedforward pathway (green). 3, Frontohippocampal modulation from
PFC could directly suppress HPC (Paz-Alonso et al., 2013), which could then modulate activity in VTC in a strictly feedback pathway (red).

tional similarity analysis indicated that
this disparity emerged after the memory
instruction (i.e., remember or forget); before the instruction, there was no significant difference in the pattern similarity of
the two types of items. After the instruction, the to-be-forgotten items started
developing more differentiated representations than the to-be-remembered items.
The authors argue that this result provides
further support for the activation-based
forgetting mechanism proposed.
The authors are agnostic to and did not
constrain the strategy of intentional forgetting participants used, and argue that,
regardless of the strategy used (e.g., direct
suppression, thought substitution, other
idiosyncratic strategies), there is a consistent pattern of increased memory
processing when attempting to forget
compared with when attempting to remember an event, and the degree of this
memory processing is predictive of successful forgetting. Thus, Wang et al.
(2019) propose a novel neural mechanism
that might contribute to intentional forgetting: moderately activating the representations of the undesired memories in
sensory cortex weakens them, leading to
their subsequent forgetting.
The proposal by Wang et al. (2019) of
an automatic, activation-driven mechanism of deliberate forgetting complements prior suppression-driven models
(Anderson et al., 2004; Benoit and Anderson, 2012). But how might these two accounts fit together? One possibility is that
the two mechanisms are manifestations of

a single unitary mechanism of forgetting
that elicits different neural signatures
(e.g., activation and suppression) in
different brain areas (e.g., VTC and
hippocampus). For example, a forget instruction might trigger frontal control to
modulate VTC activation, which then
leads to hippocampal suppression (corticocortical feedback pathway; Fig. 1). This
is a possibility because high-order sensory
areas in temporal cortex are known to
project to entorhinal cortex, from which
the hippocampus receives most of its cortical inputs (Anderson et al., 2016). Alternatively, frontal control might modulate
hippocampal suppression impairing retention (Paz-Alonso et al., 2013; Anderson et al., 2016), which might then lead to
moderate VTC activation (frontohippocampal modulatory pathway; Fig. 1). In
support of this, the hippocampus projects
to temporal cortex (Blatt and Rosene,
1998) and is involved in concept generalization from category representations
(Bowman and Zeithamova, 2018), a main
function of the VTC (Grill-Spector and
Weiner, 2014). Another possibility is that
frontal cortical areas send two signals
in parallel, and sensory-activation-based
forgetting is an independent process from
hippocampal-suppression-based forgetting (Fig. 1). This is a possibility given that
studies that found activation or suppression used different tasks and therefore
tested different types of memory: Wang et
al. (2019) used a paradigm that tests familiarity, whereas Anderson et al. (2004)
used a paradigm that tests recollection.

This is a meaningful distinction given that
familiarity and recollection have been
proposed to rely on different brain networks (Ranganath et al., 2004; Yonelinas
et al., 2005).
Finally, this work has potentially important implications for treating memory
disorders. Future translational work should
test whether the activation-based forgetting mechanism unveiled can be used to
weaken traumatic memories. Promisingly, intentional forgetting has been documented to be effective in the weakening
of autobiographical memories of healthy
adults (Noreen and MacLeod, 2013). This
translational effort would require a method
of triggering the moderate activation
needed for successful forgetting, which
has been found to be accomplished
through directed strategies involving
competition (Lewis-Peacock and Norman, 2014) or brief cueing (Poppenk and
Norman, 2014), paradigms that could be
adapted to weaken traumatic memories.
This Goldilocks problem of finding the
“just-right” level of activation is ripe for
closed-loop experimentation to optimize
activations in real time, particularly as online learning tools are becoming tractable
and scalable in the machine learning
community.
In conclusion, Wang et al. (2019) propose a neural mechanism through which
deliberate forgetting can be achieved by
moderately activating the representations
of the undesired memories in sensory
cortex. This hypothesis builds on the
nonmonotonic plasticity hypothesis, and
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complements suppression-based forgetting accounts. These findings open many
directions for future work, including investigating potential connections with the
more canonical hippocampal based deliberate forgetting mechanism, as well as investigating its potential implications for
memory disorders.
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