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Objectives: We examine age-related differences in recollection and Received 12 December 2022
test the impact of words with high vs low sensory experience ratings Accepted 28 September 2023
(SER) in older and younger adults. We expected that the recollection of

words with high SER would be similar in older and young adults, as

they depend on knowledge, unlike recollection of words with a low

SER, which would depend on executive functions.

Methods: We manipulated the sensory experience of words (high vs.

low) in encoding in young and older adults. The participants then took

a word-recognition test using the Remember/Know paradigm

(Gardiner, 1988). We also evaluated executive functions using several

measures.

Results: Results show that the age-related difference in recollective

experience was eliminated under the high SER encoding condition.

Moreover, Remember (R) responses in the low SER condition seem to

be related to executive functioning, unlike R responses in the high SER

condition and Know (K) responses in both low and high SER

conditions.

Discussion: Our study shows that the memory benefit of high-SER

words is greater for older than younger adults. The study also supports

the observation that older adults can compensate for their deficits by

using sensory experience to consciously recollect information.

Introduction

Episodic memory enables conscious recollection of personal happenings and events from
the past (Wheeler, Stuss, & Tulving, 1997). This kind of memory involves thinking back
through subjective time — what Tulving called mental time travel (Tulving, 2002), and it
usually gives rise to an “I remember” response. Episodic retrieval is thus characterized by
a recollective experience giving the rememberer a feeling of self in the past (Tulving, 1985).
Recollection can be indexed either by objective information, such as the source of the item
(temporal and spatial information), or by subjective reports about the quality of retrieval, as
in the Remember-Know paradigm (Tulving, 1985). In this paradigm, participants first learn
a list of words, and subsequently give either a Remember (R) or a Know (K) response for the
words they recognize. They are instructed to give an R-response when they remember
contextual information about the learning episode (recollection), and a K-response when
the item is familiar but they cannot remember anything about the learning episode.
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Episodic memory is the type of memory most susceptible to brain damage and the most
affected by normal aging. Findings obtained through different experimental paradigms
demonstrate that aging disrupts recollection (Yonelinas, 2002), and more specifically
remembering (i.e., R responses) (Bugaiska et al., 2007; Bugaiska, Méot, & Bonin, 2016;
Bunce, 2003; Clarys, Bugaiska, Tapia, & Baudouin, 2009). One explanation of the difference
in the rate of R-responses between younger and older people is that it can be attributed to
a decline in executive functioning. Executive control is a multicomponent construct com-
prising a range of processes involved in the planning, organization, coordination, imple-
mentation, and evaluation of many of our non-routine activities (Glisky, 2007). The
executive decline hypothesis has received considerable empirical support (e.g.,
Moscovitch & Winocur, 1992; Parkin, 1997), in particular from studies that have used the
Remember/Know paradigm (Boujut & Clarys, 2016; Bugaiska et al., 2007; Bugaiska, Méot,
& Bonin, 2016; Parkin & Walter, 1992). It has been claimed that the deterioration of
executive functioning reduces the ability of older adults to initiate appropriate encoding
of target information (Bunce, 2003); in other words, they encode new information less
meaningfully or in less detail. As a result, the memory traces would be less distinctive and
more difficult to retrieve (Craik, 1983). Another hypothesis is that older people are able to
focus on salient information but they fail either to take account of peripheral details, or to
integrate contextual aspects of an experience with central content (Glisky, Rubin, &
Davidson, 2001). Many of the common everyday memory lapses reported by healthy
older adults — such as forgetting where they parked their car - are due to poor encoding.
These kinds of memory failures have generally been attributed to reduced use of effortful
encoding strategies supported by prefrontal brain regions (Bugaiska et al., 2007; Clarys,
Bugaiska, Tapia, & Baudouin, 2009; Parkin & Walter, 1992).

Given the relationship between executive functioning and recollection, any factor, con-
dition or stimulus characteristic that could compensate for the age-related deficit in
executive functions should improve recollection (i.e. where the details of the encoding
event are present) in older adults. For example, a study on recollection and aging showed
that recollection could be improved in older adults when information was presented in
a musical context at encoding (Ferreri et al., 2014). Inspired by this line of research, the
present study tested whether the sensory experience (SE) of words could enhance the
encoding of details associated with the information.

Sensory experience ratings (SER) are thought to reflect the extent to which a word evokes
a sensory and/or perceptual experience (Juhasz & Yap, 2013). SER of words are obtained by
asking participants to rate on a Likert scale the degree to which reading a word evokes
a sensory experience, namely a taste, touch, sight, sound, or smell. Given the strong
correlation between SER and imageability, SER can be assumed to be a semantic variable
that reveals the depth of conceptual representation. Words with high scores on this
dimension have richer sensory representations than those with lower ratings.

Some studies have found that SER is a reliable determinant of word recognition
speed (Bonin, Méot, Ferrand, & Bugaiska, 2015; Juhasz & Yap, 2013; Juhasz, Yap,
Dicke, Taylor, & Gullick, 2011). To account for SER effects in visual word recogni-
tion, it is assumed that multiple neural systems are involved in the retrieval of
lexical and conceptual knowledge. These systems include the processing of sensory
knowledge (e.g., visual, auditory, olfactory), emotional knowledge (e.g., fear, anger),
introspective knowledge (e.g., thought), and motor, kinesthetic, and proprioceptive
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knowledge. The retrieval of lexical-conceptual knowledge involves a process of
simulation, in other words, a partial reenactment of the state of the various neural
systems that were involved at the time of encoding. Sensory experience provides
a rich source of information that facilitates the integration of numerous details
during encoding. To our knowledge, the impact of sensory experience in episodic
memory has never been investigated, although the influence of the richness of words
in memory performance has been explored in a few studies. Hargreaves, Pexman,
Johnson, and Zdrazilova (2012) found that words with a high number of semantic
features were remembered better (in free recall) than those with few semantic
features. This finding provides evidence that stimulus-specific differences at encod-
ing have consequences on explicit memory retrieval. In the same vein, Madan and
Singhal (2012) observed better memory for high- than low-manipulability words. We
therefore expected to observe similar effects in memory tasks involving sensory
experience, with better recall of words with high than low SER. To the best of our
knowledge, this hypothesis has never been tested.

According to the notions of “environmental support” and “self-initiated activities”
(Craik, 1986, 2022), older adults do not spontaneously implement processes that assist
memorization, but can do so when given appropriate tasks. On the basis of this view, it
can be assumed that the various operations carried out in a memorization task can be
divided into task-driven and self-initiated processing. It is the latter, which requires
great attention that causes older adults the greatest difficulty. Hence, a useful strategy
for enhancing the memory performance of older participants would be to increase the
task-driven part of the operations at learning and retrieval by providing environmental
support to compensate for this processing deficit. The idea is that the self-initiation of
appropriate encoding processes is difficult for older adults because it is dependent on
executive functioning, but that they can organize and execute such processes when
supported by appropriate input from the external context. This suggests that older
adults could compensate for their deficit when the external environment guides the
most appropriate processes at encoding. The intrinsic characteristics (taste, touch, sight,
sound or smell) of words could drive efficient encoding processes and thus constitute
strong environmental support to compensate for the self-initiated processing deficit.
Zdrazilova and Pexman (2013) showed that SER is related to context availability, in
other words, the facility with which participants are able to evoke the context and
circumstances in which the word appeared. Thus, SER provides a rich source of
information that facilitates the integration of numerous details during encoding. This
is supported by a recent review indicating that older adults maximize the use of multiple
sources of information in comparison to young adults and that accurate multisensory
integration MSI (i.e. the integration by the brain of environmental information acquired
through more than one sense) is a key component of successful aging (de Dieuleveult,
Siemonsma, van Erp, & Brouwer, 2017). If this is so, then the recollection of words with
high SER should be similar in older and young adults as they provide strong environ-
mental support, whereas an age-related effect would be observed for words with low
SER. Furthermore, high SER words would be less dependent on executive functions due
to their intrinsic characteristics that spontaneously optimize multisensory integration,
whereas low SER words would be more dependent on executive functions, which enable
the spontaneous implementation of efficient encoding strategies.
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Method
Participants and Background Measures

Forty participants took part in this experiment, divided into two groups: 22 young
adults (6 men and 16 women) aged 19-40 years, and 18 older adults (4 men and 14
women) aged 67-96 years. An a priori power analysis was conducted using G*Power
(Faul, Erdfelder, Lang, & Buchner, 2007) for sample size estimation based on data from
Clarys, Bugaiska, Tapia, and Baudouin (2009), with a total sample (N = 88) divided into
two age groups, young and older adults. Our estimation is based on Age effect as
a between-subjects factor (2: Young vs. Older) on “Hits minus False alarms” scores
for both overall recognition and remember responses; significant effects were observed,
with higher overall recognition and remember responses in young (respectively .53 and
.36) than older adults (respectively .28 and .17). The Effect size f was .531 for the overall
recognition score and .458 for the remember score. To compare the two groups (Young
vs. Older) with these effect sizes, an alpha of .05 and a power of .80, the minimum total
sample sizes needed are respectively N =30 and N =40. The total sample size used in the
present experiment (N = 40: nyoung = 22 and nyjger = 18) is thus adequate to test the study
hypotheses.

All the participants were volunteers, had at least 8 years of formal education and were
native French speakers. None were taking medication likely to affect their intellectual
abilities. The young subjects were recruited via social networks; none of them were students
to avoid an overestimate of the effects of age due to a higher level of cognitive stimulation.
The older adults all lived at home and were recruited from leisure clubs and the Senior
Citizens’ University. They scored above the cutoff of 27 points on the Mini Mental State
Examination (MMSE-Folstein, Folstein, & McHugh, 1975).

The demographic characteristics of the two groups are shown in Table 1. The younger
adults had more years of education than the older participants, but no differences in verbal
abilities were found on the Mill-Hill test (Deltour, 1993), a multiple-choice synonym
vocabulary test. Years of education did not correlate with any outcome measure of memory
performance in either age group and therefore were not included as a covariate in the
analyses. All the participants provided informed written consent prior to the experiment.
The study was conducted in accordance with the Helsinki Declaration, Convention of the
Council of Europe on Human Rights and Biomedicine.

Table 1. Means and standard deviations of participants’ characteristics for the two age

groups.
Young Older
(n=22) (n=18)
M SD M SD t(38)
Age (in years) 20.90 4.86 80.88 9.69
MMSE - - 28.55 1.20
Education (years) 13.36 1.46 8.89 137 9.89***
Mill Hill 22.36 5.82 22.89 434 .32NS
Stroop task 6.23 8.93 —4.06 7.65 3.86%**
N-back task 23.68 1.89 22.39 1.85 2.17%

*p <.05; ***p <.001.
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Material and Design

Participants performed an encoding task and a recognition task (using the Remember/
Know/Guess procedure) and executive function tasks. All the participants were tested
individually and were informed that the experiment involved memory measures.

Encoding Task

Fifty nouns were selected from Bonin et al. (2003a, 2003b) database of words with high and
low SER and were divided into two sets of 25 words based on their SER. The mean value of
the 25 high-SER words was 4.91 (.46), and that of the low-SER words was 2.99 (.32). The
two lists were matched for the surface variable of number of letters, the lexical variables of
book frequency, subtitle frequency, age of acquisition, number of phonological neighbors,
and number of orthographic distance to the 20 nearest neighbors, and the semantic
variables of imageability and emotional valence. The statistical characteristics of the vari-
ables are presented in Table 2. The words were presented randomly for 5 s on a Mac
computer (iMac) running Psyscope v.1.2.5 software (Cohen, MacWhinney, Flatt, & Provost,
1993). In addition, 50 new words (half with high SER and half with low SER) were included
in the recognition task. These new words (“new”) matched the initial experimental words
(“old”) for objective word frequency, number of letters and imageability.

Executive Function Tasks

Executive functioning was assessed using simple executive tasks known to be involved in
age-related differences in recollection, namely, updating and inhibition. The specific tasks
were based on the study by Clarys, Bugaiska, Tapia, and Baudouin (2009).

Table 2. Statistical characteristics (mean, standard deviations, t-tests of the means) of the control
variables for high and low SER stimuli.

High SER Low SER

Mean SD Mean SD t-test
Number of letters* 7.44 1.58 7.52 1.78 t<1
Bigram frequency (per million words)* 7890 3193.09 9336 2675.39 t=1.53,ns
Book frequency* 16 36 22 45 t<1
Subtitle frequency* 20 47 13 30 t<1
Age of acquisition (1-5)** 2.52 0.65 2.75 0.80 t=-1.23,ns
Number of orthographic neighbors* 2.14 3.40 2.50 3.70 t<1
Orthographic uniqueness point* 478 2.27 5.00 2.74 t<1
Conceptual familiarity** 2.14 0.79 2.49 0.85 t=-1.62,ns
Imageability*** 4.42 0.37 4.20 0.49 t=1.92,ns
Image variability** 2.72 0.67 2.50 0.57 t=1.30, ns
Concreteness*** 4.60 0.31 4.67 0.37 t<1
Emotional valence*** 3.29 0.68 2.99 0.64 t=171,ns
Name agreement** 85% 17 82% 19 t<1
Image agreement** 3.68 0.61 3.79 0.58 t<1
Visual complexity** 338 0.71 3.23 0.87 t<1

*values taken from Lexique (http://www.lexique.org/; New, Pallier, Brysbaert, & Ferrand, (2004)); **All the scales are rated on
5 points. The values were taken from Bonin et al., (2003b); *** All the scales are rated on 5 points. The values were taken
from Bonin, Méot, Aubert, Malardier, Niedenthal, & Capelle-Toczek, 2003a).
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2-Back Test (Gevins & Cutillo, 1993)

The 2-back letter task is hypothesized to tap the updating executive component. In this test,
the participant listens to a continuous sequence of letters and must decide and say whether
each letter matches the one presented two back in the sequence. The list is composed of 30
letters, and the score is the number of correct responses.

Stroop Color-Word Test (SCWT; Stroop, 1935)

The SCWT was used to measure the inhibition executive component. This task involves
three subtests each displaying 100 stimuli. In the first (word reading), the participant has to
read color words printed in black ink. In the second subtest (color naming), participants
have to name the color of crosses (XXX). In the last subtest (color-word interference), they
have to name the color of the color-word printed in incongruously colored ink (e.g. the
word “red” is written in green). For each subtest, participants have 45 s to name as many
items as possible. The number of correct responses is recorded. An interference score is
computed as follows: color-word interference score = [(word-reading score x color-naming
score)/(word-reading score x color-naming score)].

Remember/Know/Guess Paradigm

The test phase was introduced after a retention interval of 5 min. During this interval, the
participants performed a back-counting task. For the recognition test, all 100 words in the set
(50 targets and 50 fillers) were presented one by one in random order with no time limit. The
participants had to say if they recognized each word from the previous lists. For every word
they recognized, they had to indicate whether their recognition was based on remembering
(R-response), knowing (K-response) or guessing (G-response) (Gardiner, Ramponi, &
Richardson-Klavehn, 1999). They were instructed to give an R-response when the word
evoked a specific recollection of the learning sequence, for example, remembering a word
because it brought to mind a particular association, image, or some other personal experience,
or because something about its appearance or position could be recalled. A K-response was to
be given for any words that the participants felt confident about recognizing but that did not
evoke any specific conscious memory of the learning sequence. G-responses were to be used
when they were not sure whether they had seen the word in the study list or not; they were
included to enhance the quality of K-responses. After the recognition phase, the participants
had to explain at least two of their Remember and two of their Know judgments to ensure that
they used the two types of response correctly. No participants were excluded on the basis of
their explanations because all of them were able to correctly justify the use of the R and
K responses by giving specific details of the encoding time for R and no details for K responses.
Thus, all participants understood the difference between R and K responses. After the
recognition phase, participants completed the Stroop, 2-back and Mill-Hill vocabulary tests.

Results

The dependent variables were based on hits minus false alarms for overall recognition,
R and K responses. To test the effect of SER and age on overall recognition, Remember
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responses and Know responses, we conducted a 2 x 2ANOV A with SER as a within-subject
factor, and Age as a between-subjects factor on these measures. The mean numbers and
standard errors for Recognition, Remember and Know responses are presented in Figure 1.

Recognition

The ANOVA analysis revealed an effect of age group, F(1, 38) = 18.27, p <.001, q2 p =32,
indicating that age was associated with lower overall recognition. No effect of type of word
emerged, F(1, 38) = .04, p = .84, 1’ p = .00, suggesting that high SE had no effect on
recognition. The interaction between age group and type of word was not significant, F(1,
38)= .35, p=.55,1" ,=.01. For false alarms, the main effect of age group was not significant, F
(1,37) =.79,p = .88, % , = .02.

Remembering and Knowing Measures

The analysis yielded a significant effect of age on R responses, F(1, 38) = 11.74, p<.001, 1>,
= .24, with more Remember judgments produced by younger than older adults. The main
effect of type of words was also associated with more R responses for high than low SER
words, F(1, 38) = 13.79, p <.001,n> , = .27. The interaction between age group and encoding
condition was also significant, F(1, 38) =6.01, p = .02, n> p = -14. The Bonferroni Test for
multiple comparisons showed that the mean value of R responses in older adults was
significantly lower for low than high SER words, #(38) =4.157, p = .001. There was no
statistically significant age-related difference for high SER words, #(38) = 1.918, p = .29, nor
between high and low SER in the younger group (t(38) =.94, p=1).

The analysis of Know responses revealed no effect of age, F(1, 38) =2.28, p =.14,1* , = .06,
indicating that age was not associated with a change in Know responses. The main effect of type
of words was associated with fewer K responses for high than low SER words, F(1, 38) = 6.08,
p=.02,1’ p = -14. The interaction between age group and type of words was significant, F(1, 38)
=9.17, p =.004, r]z p = -19. The Bonferroni Test showed that the mean value of K responses was
significantly lower for high than low SER words in older adults, #(38) = 3.71, p = .004, but not in
the younger group, #(38) = .42, p=1. There was no statistically significant difference between
younger and older adults for low SER words, #(38) =2.48, p=.11, or for high SER words,
£(38)=.22,p=1.

Executive Function Measures

As shown in Table 1, t-test comparisons performed on executive function measures
revealed a significant age-related difference for inhibition, #(38) = 3.86, p <.001, and updat-
ing, #(38) = 2.17, p =.036.

Correlations Between Executive Functioning and Memory Measures

To examine the relationship between executive functioning and remembering, we com-
puted correlations for each type of word (high vs. low SER) (see Table 3). As recommended
by Bryan and Luszcz (1996), the age group variable was used rather than individual age for
correlation. As participants were divided into two age groups, age was not normally
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Figure 1. a). Mean number and standard errors of correctly recognized words (hits-FA) as a function of
age (young versus older adults) and type of word (low SE versus high SE) for overall recognition. b) mean
number and standard errors of correctly recognized words (hits-FA) as a function of age (young versus
older adults) and type of word (low SE versus high SE) for remember responses. ¢) mean number and
standard errors of correctly recognized words (hits-FA) as a function of age (young versus older adults)
and type of word (low SE versus high SE) for know responses.

Mean number of K responses
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Table 3. Correlations between age (biserial: young =1 and older = 0), R responses (high and low SER),
K responses (high and low SER), inhibition and updating.
R Responses R Responses K Responses K Responses

Age Low SER High SER Low SER High SER Updating Inhibition

Age -
R Responses J3** -

Low SER
R Responses 37* 66*** -

High SER
K Responses —A47* —-.35% —51¥x** -

Low SER
K Responses -.04 —.66%** —.48%* 66**¥* -

High SER
Updating A2% AQ** 27NS —.17NS —.10NS -
Inhibition B7*¥¥ 38** 21INS —.16NS —.06NS .31 (.05) -

*p <.05; **p<.01; ***p <.001.

distributed, and correlations involving this type of distribution tend to be inflated because
of overestimation of the range of scores. Therefore, age was coded as a qualitative variable
(young =1, old = 0) and we computed biserial correlations for this variable. The correlation
matrix indicated that age group is correlated with all measures, except with high-SER
K responses. For R responses, the correlation matrix shows that inhibition and updating
were correlated with the low but not the high SER condition. No correlation was observed
between K responses for high and low SER words, inhibition or updating. In sum, these
results suggest that R responses for low SER words were related to executive functioning, in
contrast to R responses for high SER words and K responses for both low and high SER.
However, comparison of correlation coefficients using Hotelling — Williams tests failed to
reveal that inhibition and updating scores were more strongly associated with R responses
for low than high SER (fishibition (37) = 1.37, p = .18 and tupdating (37) = 1.06, p = .29), nor for
K responses (fihibition (37) = —.81, p = .42 and t,pdating (37) = —.53, p = .60).

Because inhibition and updating share certain underlying features, as claimed by Miyake
et al. (2000), the two scores were combined to form a composite measure of executive
functioning as follows: the raw scores of each cognitive task were transformed into z-scores
and the two z-scores were summed and divided by 2. The composite score was then referred
to as “executive function,” as in Bugaiska, Méot, and Bonin (2016). T-test comparisons
showed an age-related deficit on this executive function index, #(38) =2.04, p =.047. For
R responses, the correlation matrix shows that the executive function index was correlated
with the low (Fexecutive function = -37) but not the high SER condition (rexecutive function = -18)-
The Hotelling - Williams test for comparison of correlation coefficients revealed a marginal
difference between the two correlations, #(37) = 1.54; p = .06.

Discussion

The aim of this study was to investigate the effect of sensory experience on episodic memory
in young and older adults. Our first hypothesis was that words with high SER would be
remembered better than those with low SER, in other words, they would yield more
Remember than Know responses. This was based on the assumption that a rich source of
sensory information would facilitate the integration of multiple details during encoding
(Hargreaves, Pexman, Johnson, & Zdrazilova, 2012). Furthermore, if SER enhances
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processing at encoding, and assuming that encoding variability is driven by the properties of
the to-be-remembered items (Hargreaves, Pexman, Johnson, & Zdrazilova, 2012), the high
SER condition would be less dependent on executive functioning than low SER. Given that
the age-related decrease in recollection has been accounted for by an age-related deficit in
executive functions (Bugaiska et al., 2007; Bugaiska, Méot, & Bonin, 2016; Clarys, Bugaiska,
Tapia, & Baudouin, 2009), it should be easier for both older and young adults to recollect
words with higher than lower SER. What can be learned from our findings? In line with
previous studies (Bugaiska et al., 2007; Bugaiska, Méot, & Bonin, 2016; Bunce, 2003; Clarys,
Bugaiska, Tapia, & Baudouin, 2009; Perfect & Dasgupta, 1997), our findings confirm the
differential effects of age on R and K responses, with a decrease in R, but not in K.

However, our main aim was to study the effect of sensory experience on recognition, and
more particularly on Remember and Know responses in aging. Overall, the effect of SER on
recognition was not significant, but when R and K responses were analyzed separately, SER
was found to enhance R responses but had no effect on K responses. This pattern was
observed only in older adults. This will be discussed in more detail below. Our results show
that the age-related difference in recollective experience was eliminated under the high SER
condition. Indeed, for R responses, we found an age-related deficit in the low SER condi-
tion, but when the older people processed information with high SER, their remembering
performance was comparable to that of the young adults. Moreover, the SER condition
yielded an increase in R responses associated with a proportional decrease in K responses,
which was most apparent in the older group. This observation suggests that sensory
experience enhanced the quality of the memory trace in the older group.

Another aim was to show that executive functions were more involved in low SER than
in high SER for R responses but the results are more nuanced. Indeed, an initial analysis of
correlations shows no differences between the two conditions. However, correlations and
differences in correlations based on the calculation of an executive index comprising the
two executive processes of inhibition and updating suggest that the trend is in this direction.
Indeed, the p-value is equal to .06, i.e. statistically marginally significant, which seems to
suggest that low SER would be more dependent on the implementation of executive
strategies, whereas high SER would be less so. In order to reach a clear statistical conclusion,
it would be interesting to include more executive tests, such as a test assessing shifting, or
a more general test assessing complex executive functions, such as the Wisconsin Card
Sorting Test.

One possible explanation of this result is based on the role of the external environment
(Craik, 1986, 2022), which interacts with the brain to play a key role in mental functioning
in older adults. As explained in the Introduction, older participants do not spontaneously
implement processes that assist memorization, but when given appropriate tasks and if the
task-driven part increases, they are able to engage in high-level processing. In sum, they
cannot spontaneously set up high-level processing, but when the environment invites them
to do so, they are capable of implementing appropriate processing strategies that promote
memorization (i.e., semantic processing). Based on this view and our results, SER represents
significant environmental support that can increase the recollection performance of older
people, the intrinsic characteristics (taste, touch, sight, sound or smell) of words driving
efficient encoding processes. Studies have shown that this variable can be considered as
a (subjective) semantic variable (Bonin et al., 2015; Juhasz & Yap, 2013; Juhasz, Yap, Dicke,
Taylor, & Gullick, 2011) indicating the richness of conceptual representation. While older
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adults have difficulty forming new representations, existing representations are largely
retained in their memory (Park et al., 2002). As mentioned in the Introduction, SER is
related to context availability, which corresponds to the ability to evoke the context and
circumstances in which the word appeared. Thus, SER provides a rich source of information
that facilitates the integration of numerous details during encoding (Zdrazilova & Pexman,
2013). Studies have shown that the gain resulting from multisensory integration is greater
for older than younger adults (Diederich, Colonius, & Schomburg, 2008; Laurienti,
Burdette, Maldjian, & Wallace, 2006), which could also explain the lack of effect on
recollection in young adults. Our findings suggest that the intrinsic characteristics of
words could facilitate the integration process for older adults, enabling them to engage
spontaneously in high-level processing. This hypothesis is corroborated by the fact that
executive functions seem to be less involved in the encoding of high SER words. In other
words, older adults can engage in high-level processing spontaneously, as shown by the
benefit they gain from high SER words. Integrative encoding processes depend on the
frontal lobes (Wheeler, Stuss, & Tulving, 1997; see Buckner, Head, & Lustig, 2006, for
a review) that are involved in the initiation and implementation of control processes,
ensuring that all aspects of an experience are encoded. The initiation of strategic processes
at encoding depends on executive functioning, and the age-related decrease in remember-
ing could be due to a deficit in initiating these processes spontaneously (Bugaiska et al.,
2007; Bunce, 2003).

To conclude, our study shows that words with high SER provide a memory benefit for
older but not young adults. Our findings also support the observation that older adults can
take advantage of high SER to compensate for their deficits by consciously recollecting
information. Finally, the findings of our study provide optimistic evidence regarding the
possibility of helping older adults overcome age-related deficits by using material that
assists memorization, such as words linked to sensory experience.
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