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Since its birth in 1953, cognitive psychology has been dominated by a conception of cognition as
computations of mental representations of the world (see Fodor, 1983). But in the last three decades
a radical change has occurred: cognition is now viewed as emerging from cognitive processes closely
intertwined with actions performed in a specific environment (Varela et al., 1991).

The first consequence of this view is that the ultimate aim of cognitive processes is not to
recover representations or to construct new representations of a pre-existent world, but rather to
create the world in which people act. According to this view the perceived world is a construction
linked to the mutual dependence between a cognitive agent and the world in which s/he evolves;
that is to say, the world is enacted by one’s actions. The second consequence is that for the
enactive approach, perception, action, and cognition are in substance intrinsically linked. Indeed,
it emphasizes the interdependence of two points: (a) perception consists of perceptually guided
action; and (b) cognitive structures emerge from recurrent sensorimotor patterns that guide the
action perceptually (Varela et al., 1991, p. 173).

The idea that perception, action, and cognition are intrinsically linked was already supported
by the ecological theory of perception (Gibson, 1979), for which action is performed through the
exploratory activity of vision. The sensorimotor approach to perception (for a review, O’Regan,
2011) establishes the same link between perception, action, and cognition. The action is essential
for perceiving invariants, updating it through what are called sensorimotor contingencies.

If the idea that our perceptions are enacted is relatively easy to conceive, it is otherwise with
memory. Indeed, considering that our memories may be enacted is to say that they are the product
of the actions we take to account for them in a given situation. In other words, this means accepting
that our memories are no longer considered as the recovery, sensu stricto, of an event that happened
in the past, but rather as the product of a cognitive elaboration constructed here and now. To
paraphrase Neisser (1996), memories are a kind of reflection of the dynamics of cognition; they
emerge from this dynamic. So, memories are not static; based on the synergy between previous
experiences and present experience, they are continuously revised. Adopting this point of view
would be tantamount to breaking with the conception of memory that is widely shared and
defended by classical models of memory (from the Atkinson and Shiffrin’s model, 1968, up until
the SPI model, Tulving, 1995).

Nevertheless, alternative models of memory, proposed since 1980s, appear to be compatible
with an enactive approach to memory. These models, called single memory models, postulate
that the experiences of our interactions with the environment are stored in a multi-sensory
way and distributed across the entire brain (Hintzman, 1986; Whittlesea, 1987; Versace et al.,
2014). Here, memory traces reflect the processing episode and retrieval is the result of a coupling
between the recovery situation and a set of episodic traces activated on the basis of their similarity
to the characteristics of the recovery episode (see, the synergistic ecphory process modeled in
MINERVA, Hintzman, 1986). The consequence, the memories are not recovered; they emerge in
the present situation.

By including an integration process, considered as a dynamic mechanism, the Act-In model
(Versace et al., 2014) has enhanced theMINERVAmodel. In Act-In, activations occur continuously
in parallel with the computation of similarities; and while the integration mechanism is running,
traces are modified both in a proactive manner (the content of a trace depends on the content of

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2020.00114
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2020.00114&domain=pdf&date_stamp=2020-02-04
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:denis.brouillet@univ-montp3.fr
https://doi.org/10.3389/fpsyg.2020.00114
https://www.frontiersin.org/articles/10.3389/fpsyg.2020.00114/full
http://loop.frontiersin.org/people/51698/overview


Brouillet Enactive Memory

previous traces that are activated), and in a retroactive manner
(the content of a trace modifies the content of previous traces).
Therefore, storage and recovery cannot be considered separately.
Moreover, since the integration mechanism is dynamic and non-
linear, this means that memories are not simply the sum of the
components that make up the activated traces; they are a new
entity in its own right, which contains more information than the
sum of its components.

More recently, the ATHENA model (Briglia et al., 2018),
referring to the enactivist idea that the experience of seeing
occurs when an organism perceives sensorimotor regularities or
sensorimotor contingencies, proposes that what is learned are
the covariances between the present sensorimotor information
processing and past sensorimotor information processing.
Consequently, in ATHENA, memory does not remember
recoverable contents but reusable processes (Brouillet and
Versace, 2019). So, the ATHENA model shares the radical
enactive account of memory that assumes that remembering is
not access to or retrieval of contents (Hutto and Peeters, 2018).

In addition to these models suggesting that an enactive
approach of memory is a viable option, there are some
experimental studies that support the role of action in the
recovery of memories1.

Using a categorization task, Camus et al. (2018) showed that
the action performed in a categorization task affected the results,
and that the effect depended on the type of action performed.
In addition to demonstrating a classic motor compatibility effect,
the results showed that the amplitude of this effect depended on
the relationship between stimulus and response acquired during
the acquisition phase. This result is particularly interesting for
our purpose because it confirms, on the one hand, that there is
a memory of the consequences of our actions (see also Brouillet
et al., 2015); and on the other, that the action one takes here and
now to provide an answer has an effect on memory performance.

Brouillet et al. (2016) investigated whether the action
performed at the recovery stage, could affect memory
performance. The results showed an effect of motor
compatibility. The memory judgment was based on the
motor compatibility between on the one hand the actual
gesture performed to respond, and on the other, the
potential gesture initiated by the visual stimulus. Thus,
the resonance of the actual gesture performed to respond
with the potential gesture related to the stimulus, or
more precisely their directional compatibility, influenced
memory performance.

Brouillet et al. (2017) went on to test the idea that it
might be the motor resonance itself that was behind their
results, independent of any link that might exist between
the action to be performed and the item to be recognized.
For this, they used the well know effect of laterality (i.e.,
easiness performing a movement in ipsilateral space than
contralateral space). The results showed an effect of motor
resonance that was heightened in the right index finger
condition (all the participants were right-handed). Thus, when

1This is the role of action; that is, how memories are dependent on action and not

the memory of actions, which is very well-documented (see Zimmer et al., 2001).

the action to type the two stimuli that appeared before the
word to be recognized, required a movement toward the
space corresponding to their ipsilateral space, the participants
had a recognition score higher than their contralateral space.
This effect was observed for both old and new words. The
authors concluded that it was subjective perception of the
motor resonance (so-called motor fluency) linked to the action
and the space of its realization that was the cause of the
results observed.

If the action carried out by a limb enact memory, several
studies showed that another part of our body that makes
movements, without our being aware of it, the eyes, also
enact memory.

The study by Kosslyn (1994), showed that eye movements
are motor information that can be used to remember images.
Christman et al. (2003) showed that performance on a
recognition test was dependent on the eye movements made
just before the task. Participants were better able to discriminate
between old and new words after horizontal eye movements
than after vertical eye movements or no eye movement. In
a subsequent study, the authors observed that for memory
of autobiographical events, horizontal eye movements almost
doubled participants’ discrimination abilities by increasing the
rate of correct recognitions and decreasing the rate of false
hits. Brunyé et al. (2009) found similar results using shapes
and spatial positions in a recognition task. In addition, the
authors showed that this effect was observed only where the
movements occurred before the recovery phase and not before
the learning phase. Moreover, the effect was amplified when
the participants were right-handed. Demichelis et al. (2013)
investigated whether, when attempting to restore walking a
path learned on a map from our memory, we remember it
by simulating the ocular exploration that we originally used
to learn it. In one hand the results showed that horizontal
movements being more efficient than vertical ones, in other
hand, they suggest that the participants had mentally repeated
their previous ocular exploration of the map, and that it is this
oculomotor memory that was used to perform the locomotor
memory task.

In our view, all these findings constitute a strong argument
in favor of enacted memory. Indeed, they share with what is
the core of enactivism (see, Di Paolo et al., 2010, p. 36–44):
the sensorimotor couplings, the role of body and agent, the
generation of cognition through action, the emerging character
of knowledge, the importance experience (past and present).

But this is not without consequences firstly for our way
of conceiving both memory and cognition, secondly for
our approach to aging and handicap generally. On the one
hand, memory is not a library of memories, even if they
are episodic; on the other, memory is not the memory of
information that enters the system, but the memory of our
actions. However, this does not mean the memory of our
actions, strictly speaking, but rather the traces of what has
been enacted by our actions. That is to say, the enacted
process itself, its phenomenological consequences and its
product. Finally, the enactive approach had led questioning
the conception of aging considered as only a decline of
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cognitive functions. Less efficient sensory and motor skills
can explain several effects linked to aging, in particular
those on memory (Vallet, 2015; Costello and Bloesch, 2017).
Moreover, consideration of body specificity can affect clinical
evaluation. For example, Turo et al. (2019) showed that spatial
working memory (Corsi task) is sensible to manuospatial
compatibility (i.e., compatibility between the hand used to

the practioner to point the blocs and the dominant hand of
the patient).
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