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Embodiment has highlighted the importance of sensory-motor components in cognition.

Perception and memory are thus very tightly bound together, and episodic and semantic

memories should rely on the same groundedmemory traces. Reduced perception should

then directly reduce the ability to encode and retrieve an episodic memory, as in normal

aging. Multimodal integration deficits, as in Alzheimer’s disease, should lead to more

severe episodic memory impairment. The present study introduces a new memory test

developed to take into account these assumptions. The SEMEP (SEMantic-Episodic)

memory test proposes to assess conjointly semantic and episodic knowledge across

multiple tasks: semantic matching, naming, free recall, and recognition. The performance

of young adults is compared to healthy elderly adults (HE), patients with Alzheimer’s

disease (AD), and patients with semantic dementia (SD). The results show specific

patterns of performance between the groups. HE commit memory errors only for

presented but not to be remembered items. AD patients present the worst episodic

memory performance associated with intrusion errors (recall or recognition of items

never presented). They were the only group to not benefit from a visual isolation

(addition of a yellow background), a method known to increase the distinctiveness of the

memory traces. Finally, SD patients suffer from the most severe semantic impairment.

To conclude, confusion errors are common across all the elderly groups, whereas AD

was the only group to exhibit regular intrusion errors and SD patients to show severe

semantic impairment.
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INTRODUCTION

Embodiment has revolutionized how cognition is conceived
(Glenberg et al., 2013) to highlight the role of sensory-motor
components in cognitive processes (Vallet et al., 2016a). Applied
to memory, it was shown repeatedly that semantic knowledge
(i.e., knowledge about the world) might also be grounded in
sensory-motor features (e.g., Vallet et al., 2010; Casasanto, 2011;
Borghi, 2015), as episodic memory (i.e., personal and contextual
memories, see Tulving, 1995). Semantic and episodic knowledge
may thus share common memory traces, as stated by some
memory models (e.g., Minverva II, Hintzman, 1990; Act-In,
Versace et al., 2014). The present study proposes a memory
test developed to take into account embodiment statements in
young adults (YA), healthy elderly adults (HE), patients with
Alzheimer’s disease (AD) and patients with semantic dementia
(SD). These populations exhibit variable levels of perceptual,
episodic and semantic memory impairments that allow a
differential approach assessing some of the core assumptions of
embodiment.

Among the different kinds of memory models, multiple trace
models (e.g., Hintzman, 1990) and embodied memory models
(e.g., Versace et al., 2014) defines memory as an accumulation
of episodic memory traces. All the traces are episodic in nature
as all the characteristics of the ongoing event (sensory-motor,
emotional, context...) are encoded. Therefore, the distinction
between semantic and episodic memory is not in their nature,
but rather how knowledge emerges from the activation of a
selected (episodic knowledge), or reversely of multiple (semantic
knowledge), traces based on the similarity between the target
object and each of its traces. A direct consequence of the common
traces hypothesis regards the neuropsychological evaluation.
Instead of independently assessing semantic and episodic
knowledge, the clinician might benefit from a parallel evaluation
(see Greenberg and Verfaellie, 2010). This would mainly ensure
that the concept to be learned (e.g., a list of words) is known by
the patient (e.g., semantic relationship in amatching task), as well
as accessible (e.g., lexical access through a naming task) to the
patient.

Another consequence of an embodied approach to memory
is to consider the role of perception into memory performance
because memory traces remain grounded in their sensory
components (Borghi, 2015; Brunel et al., 2015). It can be assumed
that different levels of perceptual deficits should be associated
with different kinds, or levels, of memory impairments.
According to the Act-In memory model (Activation-Integration,
Versace et al., 2014), the more distinctive a memory trace is, the
more likely it can be retrieved (e.g., Brunel et al., 2013). Therefore,
if knowledge is grounded in sensory components, a perceptual
decline should directly be associated with lower encoding and
retrieval performance. This is the case in normal aging in which
the sensory and perceptual decline is significantly correlated with
the cognitive decline (see Roberts and Allen, 2016, for a recent
review). HE are also known to be more prone to memory errors
than YA. These errors might be caused by executive (e.g., Meade
et al., 2012) and perceptual deficits (e.g., Yeung et al., 2013).
It could then be hypothesized that HE would commit more

memory errors than YA, when they have to selectively learn
one item among multiple presented items (source memory), and
when the lures share common features with the target (especially
for perceptual features, Butler et al., 2010).

Interestingly, these memory errors in aging have been
associated with an hyper-binding of related or closely presented
(in space or time) items (Campbell et al., 2014), which might
be explained by their preserved, and perhaps enhanced, higher
perceptual integration compared to YA (e.g., Laurienti et al.,
2006). Therefore, HE should not falsely recall or recognize items
that are not closely related to the targets, on the contrary to
patients with AD. Indeed, AD is characterized by severe episodic
memory deficits from encoding to recognition (Fleischman and
Gabrieli, 1999). Yet, this population is also associated with a
perceptual and sensory decline more severe than that in normal
aging. Moreover, their higher perceptual functions, such as
multimodal integration, are impaired (Delbeuck et al., 2007)
which have been associated by some authors to their memory
dysfunctions (e.g., Vallet et al., 2013, 2016b). The disconnection
between the different parts of their brain can thus account for
the impairment of multimodal integration and memory deficits
(Delbeuck et al., 2003). More specifically, the disconnection
between the hippocampus and adjacent or distant structures,
such as parahippocampal and frontal regions (Rémy et al., 2015),
is associated with an episodic memory deficit. These regions
are involved in the retrieval of true memories (see Okado and
Stark, 2003) which suggests that AD patients are more likely to
commit errors for items never presented before, or related to the
targets (see MacDuffie et al., 2012). However, classical memory
approaches do not predict whether AD patients should commit
or not more confusion errors than HE (Waldie and Kwong,
2003; Abe et al., 2011), on the contrary to embodiment in which
confusion errors should be similar across these two groups since
both groups show relatively similar low-level perceptual decline
(see Vallet, 2015).

Furthermore, embodied memory models also assume the
multimodal integration occurs during the retrieval of a memory
trace, in addition of encoding (e.g., Zimmer et al., 2006), to
dynamically bind the components of the trace (e.g., Brunel
et al., 2013; Versace et al., 2014). Therefore, the addition of any
multimodal components should negatively impair the memory
performance of AD patients (Festa et al., 2005), even when this
addition is known to increase the distinctiveness of the memory
traces in other populations (for a review, see Schmidt, 1991). One
can imagine that the disconnection syndrome will reduce the
ability of AD patients to benefit from some perceptual isolation
techniques such as adding a colored background. Isolation is a
method commonly used to enhance the distinctiveness of a small
set of items to be learned by giving them a particularity not shared
with the other items, either from an intrinsic characteristic of the
stimuli (e.g., Brunel et al., 2010), or from contextualmanipulation
(Oker et al., 2009).

The present article proposes a SEMantic EPisodic memory
test (SEMEP) developed from an embodied cognition perspective
adapted from the Pyramid and Palm Tree Test (PPTT, Howard
and Patterson, 1992). Our goal is not to prove the different
assumptions stated by the embodied cognition theories, but
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rather to illustrate how they could be applied within the clinical
context of memory evaluation for differential diagnosis. The
main assumptions taken into account are (1) the common
memory traces for semantic and episodic knowledge, (2) the
sensory-motor nature of the memory traces, and (3) the central
role of integration in the emergence of episodic knowledge.
It is expected that (1) performances in semantic tasks should
directly impact performances in episodic tasks, (2) reduced
perceptual ability should decrease episodic memory retrieval and
(3) impaired multimodal integration should impair recall and
recognition.

The first hypothesis is tested by using the same material in
semantic tasks (matching and naming) and in episodic tasks
(free recall and recognition), and by including patients with
semantic dementia (SD). SD is a rare neurodegenerative disorder
characterized by semantic deficits (Hodges and Patterson, 2007).
The semantic deficits could be associated with integration failure
(e.g., Vallet et al., 2011b; Hoffman et al., 2014). The second
and third hypotheses are explored by contrasting populations
showing sensory and perceptual declines without and with
multisensory integration deficits, respectively in normal aging
and in AD. The dynamic integration hypothesis is tested by
manipulating visual isolation (Hunt and Lamb, 2001). One-
quarter of the items is associated with a distinctive yellow
background that should increase memory performance in all
groups (YA, HE, SD) except in AD.

In other words, young adults will represent the reference
group of the present study. Compared to them, the concomitant
decline in perception and cognition (including episodic memory)
of the HE would illustrate how reduced perception might impact
memory performance (reduced recall and confusion errors). HE
will be the control group for AD and SD patients. Compared
to HE, AD shall present significantly worst performances in all
episodic memory tasks and shall also commit intrusion errors
due to an integration deficit. AD shall be the only group to not
benefit from the perceptual isolation. Finally, SD should exhibit
relatively similar performance than HE on episodic memory
tasks, with the exception of free recall tasks (naming deficit),
whereas these patients should be the only group with major
semantic deficits (matching and naming task).

METHOD

Participants
A total of 103 participants were included in the present study
(see Table 1). These participants were divided into four groups:
40 young adults, 40 healthy elderly (HE), 20 patients with
Alzheimer’s disease (AD), and three patients with Semantic
Dementia (SD). AD and SD patients received a diagnosis
from a specialist (e.g., a registered neurologist). Diagnoses
were confirmed during a consensus meeting between an AD’s
expert university professor, several neuropsychologists and a
neurologist for the AD patients, with the addition of a speech
language pathologist and an occupational therapist for the SD
patients.

The AD patients received a diagnosis of probable Alzheimer’s
disease according to the Diagnostic and Statistical Manual

TABLE 1 | Means (and standard deviations) for the demographic data for the

young adults (YA), healthy elderly adults (HE), patients with Alzheimer’s disease

(AD) and patients with Semantic Dementia (SD).

Young

adults

(n = 40)

Healthy

elderly

(n = 40)

Alzheimer’s

disease

(n = 20)

Semantic

dementia

(n = 3)

Age 22.9 (3.3) 73.85 (5.8) 75.95 (6.4) 66 (12.5)

Gender (F/M) 28/12 28/12 14/6 21/2

Education (in years) 14.9 (2) 13.2 (4.4) 13.3 (4.2) 13.33 (1.2)

of Mental Disorders–Fourth Edition (American Psychiatric
Association, 2004) and the National Institute of Neurological
and Communicative Disorders and Stroke–Alzheimer’s Disease
and Related Disorders Association (NINCDS-ADRDA) criteria
(McKhann et al., 1984). They were in the early to moderate
stages of the disease as defined by a MMSE score between 18
and 27. All SD patients received from a neurologist a diagnosis of
probable Semantic Dementia (Neary et al., 1998). They exhibited
a significant loss of word meaning and word-finding difficulties.
They were in the early to moderate stages of the disease. Despite
the number of SD patients seems very small, the disease is rare
so that most of the previous publications on SD were done with
unique or multiple cases.

AD patients were recruited in Quebec City (Quebec, Canada)
in the community, in a community center, or in the pool of
patients already followed in our laboratory. SD patients were
recruited from a larger project conducted in Quebec City (see
Auclair-Ouellet et al., 2016). Participants in the HE group were
recruited through public announcements and in two community
centers in Quebec City. Participants in YA group were recruited
at Laval University and were matched for education and gender
with participants in the HE and AD groups. In addition,
participants in the HE group were also matched for age with the
AD patients (see Table 1). Except the SD patients, about the two-
third of the participants in each group (YA, HE, AD) took part in
a larger study on memory (see Vallet et al., 2013).

Health information was gathered from all participants
during an extensive medical history and neuropsychological
interview (see Appendix in Supplementary Material for the
detailed cognitive profile of each group). In addition, most
of the participants also completed the NPI (NeuroPsychiatric
Inventory, Cummings et al., 1994) (or completed by a relative
in the case of patients with dementia). Participants with a
medical history and/or taking medications for conditions with
known sensory or neurological effects were excluded, such as
schizophrenia, mild to severe head injury, epilepsy, alcohol
or other drug abuse, and so on. Participants who reported a
diagnosis of depression or anxiety were included only if they were
stable on their medication and if they were non-symptomatic at
the time of the study. All participants in the study were native
French speakers and demonstrated adequate speech, visual and
hearing performances.

All participants underwent a neuropsychological screening
battery (see Table 1). Nonetheless, the tests completed varied
according to the project in which the participant was originally
involved. All participants completed a cognitive speed test
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[simple reaction time task (SRT)] and a standard test of general
cognitive functioning [Mini-Mental State Examination (Folstein,
1975)]. Except for SD patients, they were all tested on verbal
memory [(RL/RI-16 free and cued recall task Van der Linden,
2004)], executive functions [Trail Making Test (TMT, Delis et al.,
2001; Lezak et al., 2004); and Stroop test (Godefroy et al., 2010)],
and executive-semantic functions [word fluency test (Cardebat
et al., 1990)].

Material
The SEMEP test is based on the visual part of the PPTT in
which participants must match semantically related pictures on
52 boards. On each board, three black-and-white line-drawn
pictures are displayed as a triangle. On the top, one picture serves
as a model (e.g., a pyramid). The two remaining pictures are at
the base of the triangle. One picture is the target (e.g., a palm tree)
and the other one represents a distractor (e.g., a pine tree).

All the cards of the visual subset of the PPTT were scanned
in order to create a numeric version that could be modified. In
the encoding/matching phase, 32 of the 52 original cards were
selected (cf. Table 2). Among these 32 cards, one-quarter (i.e.,
8) were randomly chosen to be visually isolated. The isolation
consisted in adding a yellow background to the three items on
the board. The non-isolated items remained with the original
white background. Illustration of the material used in presented
in Figure 1.

A first reason to decrease the number of cards was related to
the nature of the material itself as some items were repeated on
multiple boards. We thus selected the cards in order to avoid
any double presentation of a given item. Furthermore, some
associations were demonstrated as being inappropriate for the
Quebec French-speaking population. For instance, some items
were dramatically poorly processed compared to the others as the
windmill–tulip (item 16) or the acorn-pig (item 40) associations
(Callahan et al., 2010). The second reason was to decrease the
cognitive load associated with the learning phase and to avoid a
feeling of failure due to a large number of items to be learned.
Finally, the last reason to reduce the number of stimuli regards
the need to keep enough items from the original task to be used
in the recognition task. The selection was also done to ensure that
the correct matching responses were equally presented on each
side of the card.

The foils used in the recognition task were selected to have
similar visual characteristics than the targets. From the three-
picture cards, each item is numerically isolated in order to create
new cards with only one item on them. From these pictures,
all the targets (items to learn in the encoding phase) were
included (32), as well as the same number of foils (32). These
foils were selected to be in two conditions: (1) old-foiled: 16
pictures that were presented in the encoding phase, but were
not to be learned, (2) new-foiled: 16 pictures that were never
presented in the encoding phase. Half of the old-foiled (8) was the
distractor and the other half was the model on the original cards.
These pictures have been printed and displayed on cards that are
easy to manipulate. The order of presentation of the items was
randomly defined, but was kept constant for all the participants
(cf. Table 3).

TABLE 2 | List of the stimuli included in the encoding/matching phase of the

SEMEP.

Model Item 1 Item 2 Isolation

P1 Bottle mug glass

P2 TV aerial television radio

P3 Fork ladle spoon

1 glasses eye ear

2 Hands gloves slippers Isolated

3 cheese rabbit mouse

4 thimble needle thread

5 saddle goat horse

6 pillow bed chair

7 trees onion apple

8 matches light bulb candle Isolated

9 pyramid palm tree pine tree

10 bat owl woodpecker

11 web bee spider

12 tent fire radiator

13 soldiers church castle Isolated

14 caterpillar butterfly dragonfly

15 nun convent house Isolated

16 whool dogs sheep

17 eggs hen swan

18 puddle sun clouds

19 fish cat dog

20 drill screw nail Isolated

21 stethoscope tongue heart

22 logs hammer saw Isolated

23 safety pin girl baby

24 milk cow bull

25 razor chin noze Isolated

26 curtain door window

27 rocket star moon

28 mask clown mayor

29 path hands feet

30 ink pencil pen

31 padlock bicycle car Isolated

32 eskimo rowing boat kayak

Eight board were chosen to be isolated by the addition of a yellow background to the

pictures in Figure 1. P1, P2, practice items; Bold items, correct matching responses and

targets to be learned; Isolated, boards with a yellow background added.

PROCEDURE AND DESIGN

General Procedure
This research was approved by the Ethical Committee of the
“Centre de recherche Université Laval Robert-Giffard” (project
#228) and all participants signed an informed consent form
before the experimental session started. Each participant was
tested individually.

All participants completed the whole experimental protocol
in one session of ∼2 h. Following a short clinical interview,
they were submitted to the cognitive battery. They first
responded to the MMSE, and then to the RL/RI-16 memory
test. During the 15 min separating the last recall from the
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FIGURE 1 | Illustration of the general procedure and of the material used in the SEMEP.

TABLE 3 | List of the stimuli included in the recognition task of the SEMEP.

Item Item Item Item

1 kennel 17 armchair 33 fire 49 heart

2 candle** 18 window 34 tulip 50 igloo

3 car 19 table 35 owl 51 feet

4 spider 20 eskimo 36 light bulb 52 screw**

5 tent 21 bed 37 needle 53 radiator

6 blackboard 22 ink 38 eyes 54 lamp

7 baby 23 worm 39 bus 55 bicycle**

8 clouds 24 glasses 40 castle** 56 matches

9 cage 25 moon 41 hammer 57 apple

10 butterfly 26 nose 42 gloves** 58 pen

11 battery 27 palm tree 43 sheep 59 ear

12 windmill 28 kayak 44 horse 60 chin**

13 couvent** 29 razor 45 carrot 61 cat

14 pencil 30 mouse 46 saw** 62 cadlock

15 anchor 31 ship 47 logs 63 desk

16 clown 32 ring 48 cow 64 hen

Bold items, targets; Italic items, confusion errors; **, isolated items.

delayed recall, they completed different non-verbal tests varying
in function of the project (e.g., the simple reaction time,
visual perception tasks). This was followed by the SEMEP
and between the recognition and delayed free recall tasks (see
below), they completed other non-verbal tests such as the TMT
test.

SEMEP-Procedure
A general presentation of the SEMEP and of the different
scores computed are provided in Table 4. The experimenter
presented the test as a memory test based on pictures. It was

highlighted that the participant had to learn a lot of items
and it was clearly stated that these items had to be recalled
later.

During the encoding phase, the instructions insisted on
the fact that two tasks had to be done at the same time: a
matching task and a learning task. Participants were told about
the matching task that “on each card, you will see three line-
drawn pictures organized in a triangle. The picture on the top will
be your model. Your first task will be to judge which one of the
two pictures, presented at the bottom, best matches the model.”
The first example was then introduced.

Once the participant had well understood how to proceed,
the experimenter presented the learning task: “in addition to the
matching task, I will ask you to learn the corresponding name of
the correct answer of the matching task. Be careful, your task is
to learn and remember only the correct answer. If you happen
to recall the other pictures from the card, it will be considered as
errors.” The two other practice cards were presented by stressing
out that it was only a practice, so that the participant did not have
to learn these examples.

If the participant had no question about the procedure, the
first phase was then summarized: “for each card, you will first tell
me which one of the bottom pictures matches the top picture.
I will confirm or correct your answer if necessary. Then, I will
always confirm which item you will have to learn.”

Each board was presented one at a time. The participant did
not have any time constraint, but the experimenter tried to keep
the presentation of the item relatively constant (∼8 s per card).
If the participant made a mistake, the experimenter corrected
her/him immediately and provided the right answer. Synonyms
were accepted and used by the experimenter in the learning
instructions. For instance, if the participant said “fortress” instead
of “castle,” the experimenter then stated: “that’s correct, and you
will have to learn “fortress.”
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In order to avoid recency effect from short-term memory,
participants had then to countdown from a random number
(e.g., 326) by steps of one during 20 s. Once completed, the
experimenter asked the participant to recall as much words as
possible that were to be learned. It was highlighted to be careful to
give only the correct answer and not the names of other pictures
that would be considered as errors. The participant had 2 min
to complete the task. If errors were committed during the recall
task, they were not corrected.

A second distractor task was realized before the third phase.
The same countdown task was chosen to start from a different
number (e.g., 450). The third phase consisted of a yes/no visual
recognition task combined with a naming task presenting one
card showing one item at a time. For each card, participants
were asked to name the depicted object, and then to indicate
by a “Yes” or “No” response whether the picture was learned
in the learning phase. Once again, it was stressed out that only
the correct answers from the matching task had to be considered
as a “Yes” response. When an error was made, the experimenter
corrected the response.

No mention was made that a delayed free recall task would
take place after a 20-min. delay. During this time, the other non-
verbal tasks of the general protocol were completed as described
in the previous section. At last, the delayed free recall task was
completed using the same procedure than that used in the first
free recall task.

In the first phase, the correct matching responses were
recorded (on 32). In the recall tasks, the experimenter recorded
the number of correct responses (items to be remembered, on
32) as well as the number of isolated items correctly recalled
(on 8). In the recognition task, the number of correctly named
items (on 64) as well as the number of correctly recognized
items were noted (on 32) with the addition of the number of
isolated items correctly recognized (on 8). In the free recall and
recognition tasks, (1) a confusion error was defined as the recall
or recognition of an item presented in the encoding phase that
was not to be learned; (2) an intrusion error consisted in the recall
or recognition of an item never presented to the participant in the
encoding phase.

Statistical Analysis
The data was processed and analyzed using R version 3.3.1
(R Foundation for Statistical Computing). In addition to the
raw scores recorded in the SEMEP, the proportion of isolated,
confusion errors and intrusion errors were computed for
the free recall and delayed free recall tasks. The proportion
of isolated item recall was computed with the formula:
number of isolated items recalled
total number of items recalled

; and errors rate with the formula:
number of errors

total number of items recalled
. Analyses of variance (ANOVA) were

conducted on each dependent variable with the Group (YA
vs. HE vs. AD) as a between-subjects variable. SD patients
were excluded from the analyses due to the too limited
sample size (only three patients), but they were included in
the z-scores profiling. Z-scores were computed for the mean
scores of all the elderly groups using the data from the YA
as a reference (z =

meanscore−meanYA
sdYA

, with meanYA and sdYA as

the mean and standard deviation values of the young adults).
In order to avoid infinite values, the mean and standard
deviation values were replaced by the value of 0.1 when they
equaled to 0. Subsequent comparisons were conducted using
Tukey post hoc analyses. The common trace hypothesis was
tested using a Pearson correlation analysis (bilateral) between
the scores of the semantic tasks (matching and naming)
and of the episodic tasks (free recall, recognition). An alpha
level of 0.05 was used as a significant threshold for all the
analyses.

RESULTS

As shown in Table 5, different patterns of results could be
observed on the SEMEP as a function of the comparison
underwent. First of all, HE, compared to YA, showed poorer
performance on immediate and delayed free recall tasks, whereas
recognition (correct scores) appeared preserved. Despite the fact
that HE recalled fewer isolated items than YA, their proportion
of recall of these items did not differ significantly from that of
their younger counterparts. They also did not produce more
intrusion errors than YA, but they did commit more confusion
errors across the different tasks (recall, recognition and also on
the proportions computed).

Secondly, AD patients did exhibit poorer performance than
YA in all conditions except for the proportion of isolated items
recalled in the immediate recall task. This might be explained by
the limited number of items recalled by the AD patients (only 3.5
on average).

Finally, AD patients also showed poorer performances than
HE on almost all scores except for the number of confusions. This
result has to bemoderated by the fact that compared withHE, AD
patients committed more confusion errors, in proportion, in the
two recall tasks.

The common trace hypothesis was also tested using a
correlation analysis between the scores of the semantic tasks
(matching and naming) and of the episodic tasks (free recall,
recognition) as presented in Table 6. The analysis could not be
conducted on the intrusion errors in the free recall tasks as
there was not enough variance. Corroborating the hypothesis,
the semantic scores were significantly associated with most of the
episodic scores, excepted for the confusion errors in the recall
tasks.

DISCUSSION

The aim of the present article was to assess a new memory test,
the SEMEP, that respect some core assumptions of embodiment
in the field of memory, i.e., (1) the common memory traces
between semantic and episodic knowledge, (2) the grounding of
knowledge into its sensory-motor components, (3) the dynamic
integration of knowledge to emerge as episodic memories. Thus,
hypotheses associated with these assumptions were tested across
four different populations.

It was first hypothesized that HE compared to YA would
present reduced recall performances on the SEMEP. As expected,
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TABLE 4 | Summary of the procedure used in the SEMEP with the different scores collected.

Phase Task Description Score

Phase 1 Matching task Match one of the bottom pictures to the top picture Score /32

Encoding task Learn the right answer

Distraction 1 (20 s.) Countdown by step of one

Phase 2 Free recall task Recall as much as possible words to be learned in Phase 1 Score /32

(2 min.) Intrusion errors (item never presented) Number of errors

Confusion errors (item saw, but not to learn) Number of errors

Isolation (items recalled that were isolated in Phase 1) Score /8

Distraction 2 (20 s). Countdown by step of one

Phase 3 Naming task Give the name of the object depicted on the card Score /64

Recognition task Recognize the pictures corresponding to the correct matching in phase 1 Score /32

Intrusion errors (item never presented) Number of errors

Confusion errors (item saw, but not to learn) Number of errors

Isolation (items recognized that were isolated in Phase 1) Score /8

Delay (20min.)

Phase 4 Delayed free recall task Recall as much as possible words to be learned in Phase 1 Score /32

(2 min.) Intrusion errors (item never presented) Number of errors

Confusion errors (item saw, but not to learn) Number of errors

Isolation (item recalled that were isolated in Phase 1) Score /8

the results showed that HE recalled statistically fewer items
than YA in the immediate and delayed recall tasks. However,
their performance was not clinically impaired (z-scores deviation
inferior to 1), which might be explained by the visual
nature of the material used in the SEMEP. Different studies
have indeed shown that HE benefit from visual material
to be learned compared to verbal one (e.g., Smith et al.,
2015).

It was also hypothesized that HE compared to YA would
make only more confusion errors. The results supported this
hypothesis. HE committed more confusion errors than YA, but
did not make more intrusion errors than YA in all conditions
of the SEMEP. These findings are supported by the results
of previous reports that have demonstrated that HE are more
vulnerable to memory errors, especially to false alarms, than their
younger counterparts (see Devitt and Schacter, 2016 for a recent
review). However, HE do not falsely recognize stimuli that are
not closely related to the target (e.g., Toner et al., 2009). There are
different hypotheses in the literature to account for the confusion
errors made by HE. The most commonly admitted hypotheses
rely on the deficits of executive functions in aging, in line with
the alteration of their frontal lobes (e.g., Butler et al., 2004; but
see Chan and McDermott, 2007 for a different point of view).
For instance, according to the source-monitoring hypothesis,
false memories occur when a person is not able to track the
source of the stimulus as being old or new (Johnson et al., 1993).
Participants need to retrieve specific characteristics from the
event that will help them to make a decision about its source.
Because these effortful and strategic processes are impaired in
aging, HE commit more false alarms than YA (e.g., Meade et al.,
2012).

From an embodied perspective, the increase memory errors in
HEmight be explained by the degradation of perception in aging.
It has been known for a long time that the sensory/perceptual
decline in healthy aging is associated with the cognitive decline
(see Roberts and Allen, 2016 for a recent review). Growing
evidence especially shows that memory and perception are very
tightly bound (e.g., Graham et al., 2010; Rey et al., 2015; see
Appendix B in Supplementary Material for data on a subset of
the HE group), and that memory traces in HE are grounded
in their sensory-motor components, as in YA (e.g., Vallet et al.,
2011a, 2013). Therefore, degraded perceptual processing, as in
HE, should directly impoverish their memory traces (Humes
et al., 2013; Vallet, 2015). The degraded memory traces should,
in turn, decrease the distinctiveness of the memory traces, and
consequently, it shall be more difficult to distinguish onememory
trace from another (see Brunel et al., 2013; Vallet et al., 2016b). In
other words, HE should commit more confusion errors as they
require more pronounced distinctive features to correctly reject a
related lure (Butler et al., 2010).

The distinctiveness heuristic (see Dodson and Schacter, 2002)
appears also a useful hypothesis to interpret the results observed
for the isolated items in the present study. HE benefited from
the visual isolation in a similar fashion than YA (i.e., both
groups obtained similar proportions of correct free recall on
isolated items; see the bottom of Table 5) (see also Geraci et al.,
2009). Isolation is a method commonly used to enhance the
distinctiveness of a small set of items to be learned by giving them
a particularity not shared with the other items (e.g., Brunel et al.,
2010). Despite the altered perception observed in aging, HE shall
have preserved, and perhaps enhanced, multisensory integration
(Laurienti et al., 2006). This might explain the present result.
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TABLE 5 | Mean scores (and standard error) for all the raw and proportion of isolated items, confusion errors and intrusion errors for the young adults (YA), healthy elderly

(HE), and patient with Alzheimer’s disease (AD).

YA HE AD SD YA-HE YA-AD HE-AD F

MATCHING

Correct matching 31.4 (0.24) 30.67 (0.24) 29.05 (0.34) 26.67 (4.16) 0.09 0 0 15.59***

FREE RECALL

Correct not isolated 16.33 (0.73) 12.67 (0.73) 3.5 (1.03) 5.67 (2.08) 0 0 0 52.19***

Correct isolated 4.08 (0.24) 2.9 (0.24) 0.75 (0.34) 1.33 (1.53) 0 0 0 32.21***

Confusion errors 0.47 (0.14) 1.47 (0.14) 1.15 (0.2) 0 (0) 0 0.02 0.39 12.66***

Intrusions errors 0 (0.11) 0.05 (0.11) 1 (0.16) 0 (0) 0.95 0 0 14.83***

DELAYED FREE RECALL

Correct not isolated 20.5 (0.8) 15.7 (0.8) 5.05 (1.14) 8 (1) 0 0 0 61.72***

Correct isolated 5.8 (0.24) 4.63 (0.24) 0.6 (0.34) 2.33 (2.08) 0 0 0 78.09***

Confusion errors 0.4 (0.17) 1.52 (0.17) 1.5 (0.24) 0.33 (0.58) 0 0 1 13.37***

Intrusions errors 0 (0.14) 0.05 (0.14) 2.1 (0.2) 0.33 (0.58) 0.97 0 0 41.95***

RECOGNITION

Correct not isolated 30.75 (0.48) 29.65 (0.48) 23.85 (0.68) 29.67 (1.53) 0.24 0 0 36.68***

Correct isolated 7.77 (0.18) 7.17 (0.18) 4.85 (0.25) 7.33 (0.58) 0.05 0 0 46.96***

Confusion errors 0.22 (0.32) 1.65 (0.32) 6.2 (0.45) 2.33 (2.08) 0.01 0 0 60.27***

Intrusions errors 0 (0.38) 0.03 (0.38) 5.05 (0.53) 0 (0) 1 0 0 35.81***

NAMING

Correct 63.25 (0.46) 62.67 (0.46) 57.05 (0.65) 52.67 (0.58) 0.65 0 0 33.5***

PROPORTIONS

FR (isolated) 0.25 (0.02) 0.23 (0.02) 0.28 (0.03) 0.19 (0.19) 0.84 0.78 0.52 0.62

FR (confusions) 0.03 (0.02) 0.12 (0.02) 0.27 (0.04) 0 (0) 0.02 0 0 16.8***

FR (intrusions) 0 (0.01) 0 (0.01) 0.12 (0.02) 0 (0) 0.97 0 0 19.64***

DFR (isolated) 0.29 (0.02) 0.3 (0.02) 0.15 (0.02) 0.28 (0.25) 0.76 0 0 15.98***

DFR (confusions) 0.02 (0.01) 0.1 (0.01) 0.19 (0.02) 0.04 (0.07) 0 0 0 25.24***

DFR (intrusions) 0 (0.01) 0 (0.01) 0.22 (0.01) 0.03 (0.06) 0.97 0 0 97.97***

P, p-values computed for each ANOVA with the group (HE, aMCI, AD) as a between subject variable; ***p < 0.001; FR, free recall; DFR, delayed free recall.

TABLE 6 | Correlation analysis between the semantic (matching and naming)

scores and the episodic (free recall, recognition, errors) scores of the SEMEP

across all groups of participants (young adults, healthy elderly and patients with

Alzheimer’s disease).

Semantic Matching Naming

EPISODIC

FR Corr. 0.29** 0.51***

Corr. Isolated 0.33*** 0.45***

Confusion Err. −0.15 0.07

Delayed FR Corr. 0.26** 0.48***

Corr. Isolated 0.34*** 0.56***

Confusion Err. −0.17 −0.18

Recognition Corr. 0.22* 0.32***

Corr. Isolated 0.43*** 0.35***

Confusion Err. −0.37*** −0.63***

Intrusion Err. −0.54*** −0.59***

FR, free recall; Corr., correct; Err., errors; VOSP, visual object and space perception;

*p < 0.05; **p < 0.01; ***p < 0.001; Bold items, significant correlation.

Otherwise, the results of the HE group showed performances
relatively similar to those of YA on the semantic and recognition
tasks. Numerous studies have found preserved, and sometimes

enhanced, semantic memory in aging (e.g., Nyberg et al., 2003;
see Park and Gutchess, 2002 for a review). It is also frequent to
observe similar, or slightly impaired, recognition performance for
HE when the task is not too demanding (Danckert and Craik,
2013; Koen and Yonelinas, 2014).

As expected, AD patients showed severe deficits in episodic
memory across the tasks. AD is characterizedwith severe episodic
memory disorders together with a disconnection syndrome (see
Delbeuck et al., 2003). It could thus be expected that these
patients will show more marked memory impairments, which
will expand to memory errors for unrelated content, as well
as a deficit to integrate supplementary perceptual information
(in the isolation procedure). Nonetheless, AD correctly recalled
a relatively similar number of items than SD patients (see
Figure 2). This pattern has been previously reported in the
literature, especially for the recall of pictures, on the contrary
to verbal memory that is more impaired in AD (Scahill et al.,
2005). AD patients also produced a similar amount of confusion
errors than HE in the recall tasks. However, the proportions
of confusion errors in the recall tasks and the false alarms in
recognition were significantly more important for AD patients
compared to HE.

Interestingly, AD patients were the only group to commit
intrusion errors compared to the other groups. These errors
were produced both in the recall and recognition tasks. Despite
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FIGURE 2 | z-scores of healthy elderly adults, patients with Alzheimer’s disease and patients with semantic dementia using data from the young adults as reference

across the main scores of the SEMEP.

intrusion errors are typically underlied by frontal impairment,
such as the one seen in dementia with Lewy bodies (Doubleday
and Snowden, 2002), some studies have found a similar pattern
of intrusion errors between AD and fronto-temporal dementia
(Pasquier and Grymonprez, 2001). These errors could indicate
the weakness of AD’s memory traces compared to those of HE
(see Vallet et al., 2016b). The overall pattern of performance
observed in the present study is yet consistent with other
published studies (e.g., Greenaway et al., 2006).

Finally, the isolation procedure let emerges an interesting
result. Whereas, all groups of participants appeared to benefit
from the increase distinctiveness provided by this procedure,
AD patients did not. All scores for these items, except for the
proportions of isolated items recalled in the immediate recall
task, were significantly lower in AD compared to those observed
in YA and HE. Moreover, the probability that AD would recall
(in the delayed task) and recognize the isolated items was in fact
inferior to chance, which was here at 25%1. The fact that this
deleterious effect of isolation was not observed in the immediate
free recall might be due to either the very limited number of
items recalled then (3.5 in average compared to 5.05 in the
delayed recall), or to the accelerate forgetting reported in AD
(e.g., Estévez-González et al., 2003).

This result might be surprising in the traditional multisystem
memory approach, but it is expected in embodied cognition
theories. Indeed, this deleterious effect is unlikely coming from
(1) a specific visuoperceptual decline in AD patients, as they
exhibit preserved visual repetition priming (e.g., Fleischman,
2007); (2) from a specific deficit in the isolation effect as isolation

1In recognition: t(19) = 3.51, p < 0.01. In delayed free recall: t(18) = 2.34, p <

0.05. Two-sided t-tests.

effect appears less efficient in AD, but still beneficial, when
it is the font size that is manipulated (Vitali et al., 2006) (3)
from an overload of their cognitive resources since the simple
addition of visual information, such as a background, is not
sufficient to impair cognitive performance in AD (see Vallet et al.,
2013). In the present study, the yellow background appears as
a burden which is likely constitutes supplementary information
to be bound within the memory trace (see Versace et al.,
2014). Indeed, according to the embodied cognition theories,
AD show impaired multisensory integration (Delbeuck et al.,
2007), which could be related to their disconnection syndrome
(Vallet et al., 2013). The disconnection syndrome in AD might
explain why these patients present memory deficits in a situation
which requires the dynamic interplay between sensory (or
multidmodal) components (Festa et al., 2005). This hypothesis
remains to be further explored to determine how the integration
deficit may play a central role in episodic memory impairment
(see also Buschke et al., 2017).

Finally, SD patients showed severe deficits in the semantic
memory tasks (matching and naming) as expected in this
population Hodges and Patterson, 2007). They also presented
reduced free recall performance which appeared to be relatively
similar to AD. Nonetheless, this latter finding should be discussed
in the light of their naming deficits (Graham et al., 2000).
Indeed, SD patients performed well on recognition, comparable
to HE, which suggests a relative preservation of episodic memory
compared to AD. They also committed a similar amount of
confusion and intrusion errors than HE. This suggests that their
episodic memory was not as affected by other integration deficits
as in AD.

Thus, the difficulties faced by SD on free recall tasks may
be due to the difficulty of finding their words rather than
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remembering the words. This hypothesis is supported by the
clinical experience during the study; SD patients did try very hard
to find the words of items to be recalled, and then abandoned to
recall (i.e., name) another item. Of course, these findings should
be interpreted with caution as only three patients were included
in the present study. A greater number of patients should be
included in future studies before drawing any conclusion. Yet, SD
patients were included in the present study in order to illustrate
the difference of performance pattern between the elderly groups
rather than to provide strong evidence in favor of their semantic
and episodic patterns of performance.

Taken all together, the data of this study showed very
distinctive patterns of performance between the elderly groups, as
illustrated with the z-scores in Figure 2. It seems that confusion
errors are common across all the elderly groups, with and
without cognitive disorders. These errors are supposed to reflect
the degradation of the memory traces so that they become
less distinctive with aging. According to embodiment theories,
this degradation results from the perceptual decline reported
in aging. AD was the only group in the present study that
exhibited regular intrusion errors. The intrusion errors could
be interpreted as an integration deficit, which is also supported
by the detrimental effect of the visual isolation in this group.
This difference in the pattern of errors between the elderly
and dementia groups emphasizes the need to further consider
the type of errors to differentiate clinical population (e.g.,
Rouleau et al., 2001). Finally, SD patients exhibited the most
severe semantic impairment compared to the other groups. They
also recalled a few items, as AD patients, but for a different
reason. As all episodic scores were reduced in AD patients, SD
patients performed similarly to HE on the recognition task and
committed the same type and number of errors as HE.

To conclude, the SEMEP seems to be an interesting tool
to evaluate memory functioning in aging. Beyond the question
of embodiment, the test permitted to show specific patterns of
results for each group included in the study. In the future, studies
may apply the principles used in this test to assess patients with
different clinical diagnoses and in different situations to confirm
the usefulness of the SEMEP in clinical settings.
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