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Abstract

The discrepancy plus search mechanism is one of the explanatory mechanisms of the spontaneous recall of an action that one
had to do. We have implemented this mechanism via a break in the motor simulations. Participants (young adults, middle-
age, older) showed images of objects that induced either a precision grip (i.e., grasping with two fingers) or a power grip (i.e.,
grasping with hall the hand). Two target images were choose, one inducing a precision grip (an egg cup) the other a power
grip (a glass). It was telling to the participants to press a buzzer when these images appeared (the buzzer was in front or in
the right of the participants). The presentation of these images was preceded either by two or three images inducing the same
(no break in the simulations) or a different gesture (break in the simulations). Results show an effect of the main factors:
age, break in the simulations, location of the buzzer. But, the interaction between location of the buzzer and break in the

simulations is only present in the older. We discuss these results according to the surprise-attention hypothesis.
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Introduction

Defined as the ability to remember to perform an action
at a specific time in the future [1], prospective memory is
considered the most useful dimension of memory because
it is essential for managing and planning our daily activities
[2,3], such as thinking about taking medication. While
prospective memory failures are most common in the daily
life of any person [4], the elderly are particularly affected by
these failures [5]. Indeed, one of the main characteristics of
prospective memory tasks is that they require the subject to
initiate the memory [6], and thus strongly solicit executive
control processes that become increasingly complex to
execute with aging [7]. Several theories have been put
forward to account for prospective memory [8]: Preparatory
Attentional and Memory Process; Multiprocess Theory; Delay
Theory and it seems that two mechanisms could explain how
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spontaneous retrieval occurs: reflexive associative retrieval
and discrepancy plus search.

The study we conducted is in line with the discrepancy
plus search mechanism [9-12]. The core idea is that, in a
prospective memory task, individuals are confronted with
both natural cues from the environment and cues associated
with prospective memory. As the latter have been encoded
with a view to future recall, they appear discrepant from the
others and this discrepancy leads to a search for the cause: I
must remember. This mechanism is supported by the SCAPE
model which suggested that an inferential process hold a
central place in the act of remembering [13-15]. Memory
does not just depend on activation of past experiences, it
emerges from the subjective evaluation of the quality of
current processes regarding what is constructed (i.e. the
mental model) and expected (i.e., the validity of previous
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mental models elaborated in similar situations). So, in a
memory task, when a discrepancy is felt between what is
expected and what is perceived, that leads unconsciously
to a focus on the ongoing processes and to attribute the
feeling felt to what is aware, the stimulus, which translates
into a feeling of familiarity with it. This was particularly
well highlighted in the works of Whittlesea and co-workers
[16-19] that propose the discrepancy attribution hypothesis,
supported now by several studies [20-24].

Since the advent of the Embodied Cognition Theory [25],
it is well established that when we see an object, or when
we read a word, we simulate the action associated with, as
we would do if we interact with in the real world [26-29].
For example, seeing a “cherry” leads to a “precision grasp”
with two fingers, since seeing an “eggplant” leads to a “power
grasp” with the whole hand [30]. Moreover, it has been shown
that action enhance memory, including in aging [31-34]
and it enacts our memories [35]. At last, it is now admitted
that fluency, the ease with which a stimulus is processed,
influences episodic memory judgement [36] and occurs
at various levels, whether it be perceptual fluency [37],
conceptual fluency [38] or motor fluency [39]. In addition, it
appears in one hand, that individuals are sensitive to changes
in processing fluency [40]; in other hand, that motor fluency
discrepancy influences memory judgements [20].

In light of all these considerations, we hypothesized
that a break in motor fluency should enhance prospective
memory. To this end, we conducted an experiment that
consisted in presenting to the participants (a group of young
adults, a group of middle age and a group of older adults)
images of objects, that had been verified in a pre-test, to
induce either a precision grasp or a power grasp and that
were easily identifiable and nameable. At the beginning of the
experiment, two target images of objects were presented to
participants, one corresponding to a precision grasp, an egg
cup, and the other to a power grasp, a glass. The participants
were told that when either image was presented, they should
press the buzzer. For half of the participants the buzzer was
placed in front of them, for the other half of the participants
the buzzer was placed on their right. Indeed, classic studies
[41], from aim- pointing tasks have already demonstrated
that ipsilateral actions are carried out more easily and
faster than contralateral actions (i.e, more fluently). The
target images were preceded by either two or three images
involving congruent grasping with the target image, or two
or three images involving non-congruent grasping with the
target image. For example, the image of the egg cup (precision
grip) was preceded by the image of a plum, a strawberry and
a radish (each image is associated with a precision grip) or
the image of a zucchini, an eggplant, an orange (each image
is associated with a power grip); the image of the glass
(power grip) was preceded by the image of a book, a pencil
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case, a hammer (each image is associated with a power grip)
or the image of a sugar, a thumbtack, a screw (each image
is associated with a precision grip). The non-target images
were counterbalanced between the target images.

We expected amain effect of age: the prospective memory
performances will be higher for Young Adult than Middle-Age
and for this one higher than Older. We expected that a break
in motor simulation will induce better prospective memory
performances than no-simulation break. At last, we expected
that the location of the buzzer on the right will induce better
prospective performances than the location of the buzzer
in front. Moreover, we expected an interaction between the
location of the buzzer and break. Particularly, we expected
that the prospective memory performances to be optimal
with a buzzer located on the right and with a break in motor
simulation and to be lower with a buzzer located in front and
with no-simulation break.

Method

Participants: To know the total sample size, we checked
power analysis with G*Power software [42]. For: 6
independent groups, 2 dependent measurements, an effect
size 0,25, a probability 0,05 and a power 0,80, G*Power
indicates 60 participants. These 60 participants are divided
into 3 groups: Group Young (20 participants, mean age: 22.8,
SD: 3.8), Group Middle-age (20 participants, mean age: 52.2,
SD: 4.9), Older (20 participants, mean age: 70.1, SD: 3.6).
For each group, participants were randomly divided into
two groups: buzzer in front, buzzer on right. All participants
were native French speakers. Their vision was normal or
corrected to normal. They were all right-hander. They gave
their informed consent to take part in this experiment. Older
had an MMSE score between 28 and 30.

Material: 24 color images of objects, that had been verified
in a pre-test, to induce either a precision grasp (mean
percentage: 98.2%), 12 images: plum, strawberry, cherry,
radish, egg cup, key, pen, eraser, pencil sharpener, bean,
pea, sugar, pushpin, nail, screw) or a power grasp (mean
percentage: 95.8%),12 images: hammer, trowel, screwdriver,
apple, orange, pear, bell pepper, zucchini, eggplant, glass,
book, bottle, pan, kit, racket). Each image was presented on a
cardboard card (15cm x 15cm).

Procedure Participants were received individually in a
quiet room. They were seated facing the experimenter. They
were asked to put their left hand on their thigh because they
would only have to use their right hand to answer and to put
their right hand on the edge of the table in front of them.
For the “buzzer in front” group, the buzzer was located 20
cm from the edge of the table in the participant’s median
axis. For the “buzzer on the right” group, the buzzer was
placed 20cm from the edge of the table and 40cm from the
participant’s median axis. The experimenter had in front
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of him the 56 cardboard cards containing the images. They
were turned upside down so that the participants could not
see the images and numbered to be able to note the answers.
The experimenter recorded, with his left hand, on a sheet of
paper the responses or non-responses of the participants (the
numbers of the images were presented in a table) for the two
target images. The target images (egg cup, glass) appeared 8
times each, either after 2 images or after 3 images (to avoid
that the target image is anticipated). In total, participants
saw 56 images. The non-target images were presented in
random order for each occurrence of the target images and
the target-non-target image sets were presented in random
order across participants.

The instructions given to the participants were as
follows: “We are going to present you with images one by
one quickly (1 second per image). These pictures represent
objects that can be grasped with two fingers or with a full
hand (experimenter performed the gesture). For each image
you will have to perform the corresponding gesture. When
you will see the image of an “egg cup” or a “glass”, you must
press the buzzer in front of you (on your right). Before we
start, we’ll do a training session with 8 images that will not
be part of the images you'll see later. Are you ready?

After the experiment was completed, the MMSE was
administered to the elderly participants [43].

Results

Statistics were carried out using JASP software [44,45].
We performed a repeated measures ANOVA with the factors
“group” and “buzzer” in inter- subjects and the factor
“fluency” in intra-subject.

Statistical analysis show a main effect of the factor
“group”, F(2, 54) = 81.48, p < .001, n’p = .75. Young-Adult
perform better than the middle-age ones, t = 7.29, pholm <
.001 and the older ones, t = 12.72, pholm < .001. Middle-age
perform better than older, t = 5.42, pholm < .001. There is a
main effect of the factor “buzzer”, F(1, 54) = 24.40, p <.001,
n’p =.30. When the buzzer is on the right, performances are
better than when it is in front. There is also a main effect of
the factor “break”, F(1, 54) = 27.87, p <.001, n?p = .33. After
a break in simulation, performances are better than when
there is no-fluency break. The interaction between fluency
and group is significant, F(2,54) =3.90, p <.05,n’p =.12. The
decomposition of the interaction show that all comparisons
are significant except for Young Adult between break and no-
Break, t = .85, pholm = .79, and between Middle-Age for no-
fluency break and Older for fluency break, t = 0.43, pholm =
.79. So, in one hand, Young Adult are not sensible to a break
in simulations; on the other hand, when there is a break
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in simulations Older perform as well as Middle-Age when
there is no- break in simulations. The interaction between
buzzer and simulations is also significant, F(2,54) = 4.35, p
<.05, n?p = .07. The decomposition of the interaction show
that all comparisons are significant except for the location
front between break and no-break, t = 2.20, pholm =.09, and
between the location front with break and the location right
with no-break, t = 0.35, pholm = .72. So, in one hand, for the
location front, simulations do not influence performance;
in other hand, when there is a break in simulations with a
location in front, performances are similar to those with
no- break in simulations and for a location right. However,
the interaction between group and buzzer is not significant,
F(2,54) = 0.04, p = .95, n’p = .002; as well as the double
interaction Group*Buzzer*Fluency, F(2, 54) = .46, p = .62,
N’p= .01. As this double interaction is not significant we
analyzed the results for each group separately.

Group Young-Adult: Statistical analysis show a main effect
of the factor “buzzer”, F(1,18) = 5.18, p <.05,n?p =.22. Young-
Adults perform better when the buzzer is on the right than
on the front. There is no main effect of the factor simulations,
F(1,18) = .57, p = .45, W’p =.03. Young-Adults perform as
well when there is a break in simulations than no-break in
simulations. The interaction between these two factors is not
significant, F(1,18) =.14, p =.78,1’p = .003.

15 4 Buzzer
| O Front

14 ® Right

13

11 4

10 -

I 1
no-Break Break
Fluency

Figure 1: Average performance (max. 16) of the group
Young according to the fluency of the simulations (break
vs no-break) and buzzer location (front vs right).

Group Middle-Age: Statistical analysis show a main effect
of the factor “buzzer”, F(1,18) = 12.57, p < .005, n*p = 42.
Middle-Age performs better when the buzzer is on the
right than on the front. There is a main effect of the factor
simulations, F(1,18) = 11.76, p < .005, n’p=.39. Middle-Age
performs better when there is a break in simulations than
no-break. The interaction between these two factors is not
significant, F(1,18) = 1.99, p =.17,n*p = .10.
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Figure 2: Average performance (max. 16) of the group
Middle-Age according to the fluency of the simulations
(break vs no-break) and buzzer location (front vs right).

Group Older: Statistical analysis show a main effect of the
factor “buzzer”, F(1,18) = 9.28, p < .005, n’p = .34. Older
perform better when the buzzer is on the right than on the
front. There is a main effect of the factor simulations, F(1,18)
=34.57,p <.001, n’p = .65. Older perform better when there
is a break in simulations than no-break. The interaction
between these two factors is significant, F(1,18) = 4.57, p <
.05,m?p=.20. The decomposition of the interaction shows that
when there is no-break in simulations, there is no difference
between the locations of the buzzer (front or right), t = 1.01,
pholm = .37. But when there is a break in simulations Older
perform better when the buzzer is located on the right than
on the front, t = 3.71, pholm < .005. Whatever the location of
the buzzer, on the front or on the right, Older perform better
after a break in simulations than no-break, respectively: t =
2.64, pholm < .05; t = 5.66, pholm <.001.

12 1 Buzzer
11 - O Front
® Right
10 —
g —
8 ak
7 -
6 -
| \
no-Break Break
Fluency
Figure 3: Average performance (max. 16) of the group
Older according to the fluency of the simulations (break vs
no-break) and buzzer location (front vs right).
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Discussion

In the field of prospective memory, several mechanisms
have been proposed to explain how people can remember
that they have to remember what to do. In other words,
how the recovery of an event occurs at a specific time while
my attention is not focused on that event. For example, I
am writing the discussion of this article and suddenly I
remember that I have to pick up my wife at the station!

In this work we focused on the discrepancy plus search
mechanism [9]. The core idea is that, in a prospective
memory task, individuals are confronted with several cues,
among which prospective cues. As these ones have been
encoded with a specific goal they appear discrepant for the
other ones. When this discrepancy is perceived, participants
search it’s cause and remember that they have to remember
what to do.

According to embodied cognition and particularly to the
simulation process (i.e., when we see an object we simulate
the action associated), we have hypothesis that a break in
motor simulation should enhance prospective memory. In
our experiment, participants showed images of objects that
induced eitheraprecision grip (i.e., grasping with two fingers)
or a power grip (i.e., grasping with hall the hand). Two target
images were choosing, one inducing a precision grip (an egg
cup) the other a power grip (a glass). It was telling to the
participants to press a buzzer when these images appeared
(the buzzer was in front or in the right). The presentation
of these images was preceded either by two or three images
inducing the same or a different gesture. We predicted that
participants will better remember to press the buzzer when
the target images are not preceded by images inducing a
different gesture from them (i.e., a felt of motor discrepancy).
We also predicted that participants will better remember to
press the buzzer when its location requested a gesture on
the right than on the front (i.e.,, motor fluency). Moreover,
we expected that the combination of the two factors should
result in better recall of having to press. At last, we expected
a main effect of age: the prospective memory performances
will be higher for Young Adult than Middle-Age and for this
one higher than Older.

Results are in line of our predictions for the main effects:
a) young adult perform better than middle-age who perform
better than older, b) location of the buzzer on the right
induce better performances than location in front), c) break
in simulation induces better performance than no-break.
But, results highlighted an interaction between location of
the buzzer and break in simulation only for older.

The findings of this experiment are interesting for
three reasons. First, they support the explanation of the
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recovery of an action in prospective memory in terms of
discrepancy plus search mechanism, but using a discrepancy
in motor fluency (break in simulation). Secondly, while
supporting work showing that performing an action in one’s
ipsilateral space is easier than in another space, it shows
that prospective memory performance is not independent
of the motor fluency associated with the response space.
Finally, it highlights the importance of attention for older
in prospective memory tasks. In this regard, it should be
reminding that is well established that age-related declines in
attentional abilities put older adults in failures in prospective
memory tasks [46]. We consider that the procedure we
have used enhances attention via the rupture of motor
fluency associated to the simulations. Indeed, according
to the surprise-attention hypothesis it is predicted that
discrepancy detection focuses attention with the surprise
stimulus [47]. Moreover, if the surprise associated to the
stimulus is brought by a range of pre-attentive feature, as
be seen here, attention is automatically guided toward the
surprising stimulus. But, our results show that if surprise
draws attention to the analysis of the surprise event, this one
is related to the action associated to the surprising event that
activates automatically the action to be performed (pressing
the buzzer) as illustrated by the effect of the ipsilateral space
on performance.

In conclusion, we believe that it is through a break in
motor fluency that the ability to remember to do something
should be maintained. In this respect, putting your watch on
an unusual wrist allows you to remember in the morning
that you have to do something (visual fluency break)!
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