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Normal aging affects explicit memory while leaving implicit memory relatively spared. Normal aging
also modifies how emotions are processed and experienced, with increasing evidence that older adults
(OAs) focus more on positive information than younger adults (YAs). The aim of the present study was
to investigate how age-related changes in emotion processing influence explicit and implicit memory. We
used emotional melodies that differed in terms of valence (positive or negative) and arousal (high or low).
Implicit memory was assessed with a preference task exploiting exposure effects, and explicit memory
with a recognition task. Results indicated that effects of valence and arousal interacted to modulate both
implicit and explicit memory in YAs. In OAs, recognition was poorer than in YAs; however, recognition
of positive and high-arousal (happy) studied melodies was comparable. Insofar as socioemotional
selectivity theory (SST) predicts a preservation of the recognition of positive information, our findings
are not fully consistent with the extension of this theory to positive melodies since recognition of
low-arousal (peaceful) studied melodies was poorer in OAs. In the preference task, YAs showed stronger
exposure effects than OAs, suggesting an age-related decline of implicit memory. This impairment is
smaller than the one observed for explicit memory (recognition), extending to the musical domain the
dissociation between explicit memory decline and implicit memory relative preservation in aging.
Finally, the disproportionate preference for positive material seen in OAs did not translate into stronger
exposure effects for positive material suggesting no age-related emotional bias in implicit memory.
Keywords: music, exposure effect, positivity effect, socioemotional selectivity theory

memory requires the conscious retrieval of previously studied
information (assessed using recall or recognition tasks), whereas
implicit memory refers to a facilitation in processing when the
same (or related) information has recently been studied (, e.g.,
using priming tasks; Graf & Schacter, 1985).
The dissociation between implicit and explicit memory in agerelated decline has been shown in cross-sectional (Fleischman &
Gabrieli, 1998; Gaudreau & Peretz, 1999; Gopie, Craik, & Hasher,
2011) and longitudinal studies (Fleischman, Wilson, Gabrieli, Bienias, & Bennett, 2004), and with different kinds of stimuli: verbal
(Gopie et al., 2011) and nonverbal, visual (Fleischman et al., 2004;
Wiggs, Weisberg, & Martin, 2006), and auditory (Bartlett, Halpern, & Dowling, 1995; Gaudreau & Peretz, 1999). For example,
Gaudreau and Peretz (1999) showed that OAs performed worse
than YAs in recognizing previously studied than unfamiliar melodies (explicit memory), while both YAs and OAs exhibited a
greater preference for studied than for nonstudied melodies (implicit memory). This so-called mere exposure effect (MEE) was
originally described by Zajonc (1968) in YAs. Zajonc showed that
a single prior exposure to a stimulus is sufficient to increase a
preference for it, and that preference increases as a function of
exposure (for convergent results, see Bornstein, 1989; Peretz,
Gaudreau, & Bonnel, 1998; Seamon et al., 1997; Seamon et al.,
1995). The increase in liking has been suggested to reflect the

It is well established that several cognitive functions decline in
old age (see Deary et al., 2009, for a review), including memory.
Normal aging affects various aspects of memory functioning differentially. For example, elderly individuals experience difficulties
recalling previously learned information. Similarly, an age-related
decline in explicit memory has been documented, while implicit
memory is relatively spared (Anderson & Craik, 2000). Explicit
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contribution of implicit memory, since the enhanced liking of
previously encountered stimuli appeared even when participants
had no (or poor) explicit memory (Johnson, Kim, & Risse, 1985;
Quoniam et al., 2003; Szpunar, Schellenberg, & Pliner, 2004;
Zajonc, 1980). Peretz and colleagues (1998) provided evidence
supporting the implicit nature of the MEE by showing dissociations between preference judgments and recognition of previously
studied and nonstudied musical excerpts. Contrary to performance
in recognition, exposure effects were not affected by experimental
manipulations such as changing the timbre of melodies between
the study and test phases (Peretz et al., 1998). Additional support
for the implicit nature of the MEE is provided by studies showing
a differential impact on exposure effects and recognition of dividing attention during encoding (Schellenberg, Peretz, & Vieillard,
2008; Szpunar et al., 2004).
Normal aging also affects how emotions are processed and
experienced. Previous studies have reported that emotional
well-being is maintained or even increased in aging due to
successful emotion regulation strategies (Mather, 2012; Mather
& Carstensen, 2005). According to SST (Carstensen, Isaacowitz, & Charles, 1999), as the time perspective becomes more
limited with advancing age, OAs shift motivational priorities
and adaptively focus more on positive than negative information. The tendency to avoid attending to negative events is the
so-called age-related positivity effect (Mather, 2012).
The age-related positivity effect has been demonstrated on explicit memory tasks in several studies. Although emotional stimuli
have been found to be better memorized than neutral ones in OAs
(Kensinger & Corkin, 2003; Kensinger & Schacter, 2008) as in
YAs (Cahill & McGaugh, 1995; Hamann, Cahill, McGaugh, &
Squire, 1997), OAs remember emotionally valenced stimuli differently than YAs. Young adults tend to better recall/recognize
negative stimuli than positive and/or neutral ones (negativity bias;
Cacioppo & Gardner, 1999; Inaba, Nomura, & Ohira, 2005; Kern,
Libkuman, Otani, & Holmes, 2005; Newsome, Dulas, & Duarte,
2012), while several studies have shown that OAs remember less
negative and more positive information than YAs (Charles,
Mather, & Carstensen, 2003; Mather, 2012; Mather & Carstensen,
2005). This emotional memory enhancement has been attributed to
the amygdala, and its anatomical interactions with the hippocampus (Adolphs, Cahill, Schul, & Babinsky, 1997; Cahill, Babinsky,
Markowitsch, & McGaugh, 1995; LaBar & Cabeza, 2006; Phelps,
2004). Yet, with age, amygdala activation increases when positive
stimuli are processed (Kensinger & Schacter, 2008; Mather et al.,
2004), while for negative stimuli OAs show less amygdala activation and more activity in the prefrontal cortex than YAs
(Gunning-Dixon et al., 2003; Iidaka et al., 2002; Mather, 2012).
However, some studies did not find a positivity effect: the OAs in
those studies focused more on negative than positive information,
and a meta-analysis reported a similar magnitude for positive or
negative effects in memory tasks for both YAs and OAs (Murphy
& Isaacowitz, 2008). Thus, the question remains open whether the
positivity effect may be extended to all kinds of stimuli, and
specifically to musical stimuli.
Music appears as a very interesting material to investigate this
issue. First, musical pieces are a powerful emotional trigger that
may enhance memory. Second, previous studies suggested that
emotional memory enhancement might differ with this kind of
material since the negativity bias has not been consistently found
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in YAs. The first study investigating this issue showed that highly
positive musical pieces were better recognized than those rated as
less positive (Eschrich, Münte, & Altenmüller, 2008). Then, Schellenberg et al. (2008) showed that the emotional effect on recognition varied depending on the encoding condition: happy and sad
musical excerpts received comparable recognition ratings when
participants encoded musical pieces in a focused manner, whereas
sad excerpts were better recognized in the incidental encoding
condition (in a dichotic listening task). In a recent study, the
memory advantage was found for fearful musical pieces but not for
sad or happy ones (Aubé, Peretz, & Armony, 2013). Thus, the
effect of valence of musical stimuli on explicit memory remains
controversial. Third, the arousal dimension should also be taken
into account. High-arousing stimuli are generally better memorized than low-arousing stimuli in YAs (Dolcos & Denkova, 2014)
and in OAs (Kensinger, 2008; Otani, Libkuman, Widner, &
Graves, 2007). Although few studies have been conducted in the
musical domain, Eschrich and colleagues found that recognition of
high-arousing melodies was better than recognition of lowarousing ones (Eschrich, Münte, & Altenmüller, 2005). However,
considering that valence and arousal dimensions may interact
(Berntson, Bechara, Damasio, Tranel, & Cacioppo, 2007; Kensinger, 2009; Mather & Sutherland, 2009), the effects of both
emotional dimensions of musical stimuli on explicit memory
should be evaluated.
Although the age-related changes in explicit emotional memory
have been extensively investigated and it is commonly accepted
that emotion also modulates implicit memory, little is known about
whether this age-related positivity effect extends to the implicit
domain. Assessing implicit emotional memory could be particularly interesting as it is preserved in aging. Studies have shown that
emotional content enhances the magnitude of priming in comparison with neutral content in YAs (Bentley, Vuilleumier, Thiel,
Driver, & Dolan, 2003; LaBar et al., 2005), and that the magnitude
of emotional priming was similar in YAs and OAs (LaBar et al.,
2005; García-Rodríguez, Fusari, Rodríguez, Hernández, & Ellgring, 2009). Assessing implicit emotional memory could provide
further information about the underlying processes of the agerelated positivity effect. The positivity effect stems from emotional
regulation strategies that require controlled processes (Reed &
Carstensen, 2012). Thus, according to SST, the positivity effect
should not appear when information processing is automatic (e.g.,
on implicit memory). Consistent with this theory, GarciaRodriguez and colleagues (2009) found no age-related bias in
implicit memory as a function of emotional valence, with both
YAs and OAs showing larger priming for negative than for positive emotions.
The aim of the present study was to examine age-related
changes in implicit and explicit emotional memory. To investigate
this issue, we used unfamiliar emotional melodies that varied in
terms of valence (positive or negative) and arousal (high or low).
Implicit memory was assessed with a preference task in which
subjects rated their liking of previously studied or new melodies.
Explicit memory was assessed with a recognition task.
Based on previous findings in normal aging, we predicted that
recognition ratings would be lower than in YAs (reflecting the
age-related decline in explicit memory), while exposure effects on
liking ratings would be of similar amplitude to that in YAs (reflecting preserved implicit memory). Observing a positivity (va-
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lence) effect on explicit memory in OAs whatever their arousal
would suggest that SST might be extended to the musical domain.
Accordingly, higher liking ratings in OAs than in YAs should be
observed for positive melodies regardless of whether or not they
were previously studied. Exposure effects (i.e., higher liking ratings for previously studied melodies in comparison with unstudied
melodies) may be larger for negative stimuli than for positive ones
in both groups. The absence of a positivity effect in implicit
memory in OAs would suggest that the positivity effect stems from
top-down processes.
In YAs, we expected comparable recognition ratings for positive
and negative melodies and better recognition for high-versus lowarousing melodies. Previous studies have found that the valence of
musical stimuli modulate exposure effects. Young adults consistently prefer happy to sad melodies (Schellenberg et al., 2008).
Thus, it can be hypothesized that YAs would attribute higher liking
ratings as a function of the number of exposures and would prefer
positive over negative melodies.

Method
Participants
Sixty YAs (aged 19 to 29 years) were recruited from the student
population of Paris Descartes University and were given course
credit for their participation. Fifty-three OAs (aged 65 to 87 years)
were recruited from the community. Participants were native
French speakers. Subjects’ musical expertise was assessed with the
Musical Experience Questionnaire (Ehrlé, 1998), which comprises
two parts devoted respectively to listening and musical practice
(years of formal training and present practice; Ehrlé & Samson,
2005). None of the participants had high musical expertise (defined by a score higher than 17 out of 27). We excluded participants with past or present neurological or psychiatric disorders and
sensory impairments. The Hearing Handicap Inventory for the
Elderly (Ventry & Weinstein, 1982) was used to screen for auditory processing deficits in OAs (participants with a score higher
than 8 were excluded). OAs were also screened for (a) global
cognitive decline using the French Mini Mental State Examination
(Folstein, Folstein, & McHugh, 1975; Kalafat, Hugonot-Diener, &
Poitrenaud, 2003) and the Dementia Rating Scale (Mattis, 1976),
and (b) depressive symptoms using the Geriatric Depression Scale
(Yesavage et al., 1982). Participants with a score ⬎10 were excluded. Finally, the first subtest (Melodic Organization scale) of
the Montreal Battery of Evaluation of Amusia (MBEA; Peretz,
Champod, & Hyde, 2003) was used to assess the integrity of
musical perception: 30 same-different trials were administered in
which a standard melody was followed by a comparison melody
(in half of the trials, one note was out of the scale of the melody
while the contour was preserved). The study population’s demographic characteristics are summarized in Table 1. All participants
gave their written informed consent to participate. The study
procedures complied with the Declaration of Helsinki.
The groups did not differ in terms of gender distribution (2(1;
N ⫽ 113) ⫽ 1.1; p ⫽ .3), education (t(111) ⫽ 1.8; p ⫽ .07) or
musical expertise (t(111) ⫽ 1.3; p ⫽ .2; Table 1). The groups
differed in terms of ability to process melodic content (t(111) ⫽
4.6; p ⬍ .001), with the OAs performing worse than the YAs.
However, the OAs’ performance was above the cutoff score for the

Table 1
Population Characteristics
Characteristics
Age (years)
Gender (male/female)
Education (years)
Musical expertise (/28)
MBEA subtest 1 (/30)
HHIE (/40)
MMSE (/30)
DRS (/144)
GDS (/30)

Young adults
(n ⫽ 60)

Older adults
(n ⫽ 53)

23.6 ⫾ 2.7
25/35
14.1 ⫾ 2.6
6.5 ⫾ 3.5
28.7 ⫾ 2.2

75.3 ⫾ 6.1
17/36
12.96 ⫾ 3.8
5.6 ⫾ 3.7
25.6 ⫾ 3.8
2.1 ⫾ 2.8
28.6 ⫾ 1.5
140.3 ⫾ 3.8
4.8 ⫾ 2.6

p
.001
.3
.07
.2
.001

Note. Data are expressed as the mean ⫾ standard deviation. MBEA ⫽ the
Montreal Battery of Evaluation of Amusia, Subtest 1 (Melodic Organization scale); HHIE ⫽ the Hearing Handicap Inventory for the Elderly;
MMSE ⫽ Mini-Mental State Examination; DRS ⫽ Dementia Rating
Scale; GDS ⫽ Geriatric Depression Scale.

presence of amusia (Peretz et al., 2003), except for three participants. We decided not to exclude them but took the performance
on this scale into consideration in statistical analyses using analyses of covariance (ANCOVAs).

Stimuli
Forty-eight unfamiliar musical excerpts, which were computergenerated and recorded with a piano timbre, were selected from a
validated battery (Vieillard et al., 2008). The stimuli varied in
duration from 7 to 16 s (M ⫽ 12.3; SD ⫽ .2). Three sets (A, B, and
C) were constructed so that each set contained 16 excerpts that
expressed one of four emotions— happy, peaceful, fearful, sad—
that represent, respectively, positive high-arousal, positive lowarousal, negative high-arousal, and negative low-arousal emotions.
Happy excerpts were written in a major mode with a high tempo,
while peaceful excerpts were written with an intermediate tempo.
Sad excerpts were written in a minor mode at a slow tempo, and
fearful excerpts were composed with minor chords on the third and
sixth degrees (see Vieillard et al., 2008 for a detailed description).
Since the melodies were validated with YAs and not with OAs
and making the assumption that the two age groups may differ in
their emotional perception, we tested 17 OAs (aged 66 to 84 years;
M ⫽ 76.6 ⫾ 6.6; who did not differ from the study sample,
t(68) ⫽ ⫺.7; p ⫽ .4) to examine this. The set of 48 excerpts were
presented in random order to the participants who were asked to
provide valence and arousal judgments using a 10-point scale
(respectively, from 0 ⫽ unpleasant to 9 ⫽ pleasant; from 0 ⫽
relaxing to 9 ⫽ stimulating). They also judged how much each
excerpt portrayed each of the four emotions (happy, sad, fearful,
peaceful) on a 10-point scale (e.g., “happy” from 0 ⫽ absent to
9 ⫽ present). Mean ratings of valence and arousal were first
computed (see Table 2).
Control OAs rated the happy and peaceful excerpts as pleasant,
and the sad and fearful ones as unpleasant. The analysis of variance (ANOVA) performed on the mean valence ratings with the
intended emotion (happy, peaceful, sad, fearful) as within-subjects
factor revealed an effect of emotion, F(3, 48) ⫽ 53.5, p ⬍ .001,
p2 ⫽ .77. Post hoc comparisons showed higher valence ratings for
happy excerpts than for peaceful ones, followed by sad and fearful
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Table 2
Mean Emotional Ratings and Percentage of Responses for Each Category (Mean ⫾ Standard
Errors) as a Function of Emotional Status of Melodies
Ratings
Intended emotion

Valence

Arousal

Peaceful

Happy

Sad

Fearful

Peaceful
Happy
Sad
Fearful

6.5 ⫾ .3
7.8 ⫾ .2
4.3 ⫾ .4
3.1 ⫾ .4

3.7 ⫾ .3
7 ⫾ .4
3.3 ⫾ .3
4.7 ⫾ .3

56 ⫾ 7
5⫾2
21 ⫾ 4
8⫾3

28 ⫾ 6
92 ⫾ 3
8⫾3
20 ⫾ 4

13 ⫾ 3
2⫾1
66 ⫾ 6
33 ⫾ 5

1⫾1
0
2⫾1
35 ⫾ 8
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Note.

Cells in bold type reveal correct identifications.

excerpts (p ⬍ .001 for all paired-comparisons). Concerning the
arousal judgments, the sad and peaceful excerpts received relatively low ratings, whereas fearful and happy excerpts received
higher ratings. The ANOVA performed on the mean arousal ratings with the intended emotion as within-subjects factor also
revealed an effect of emotion, F(3, 48) ⫽ 26.0, p ⬍ .001, p2 ⫽ .62.
Post hoc comparisons showed higher arousal ratings for happy
excerpts than for all other musics (all p ⬍ .05) and higher ratings
for fearful than for sad and peaceful music (p ⬍ .001 for both
paired), while the latter did not differ (p ⫽ .2). Thus, OAs
distinguished the melodies in terms of valence and arousal
similarly as YAs.
Furthermore, we analyzed how OAs categorized stimuli by
classifying each response as (a) a correct identification if the
highest rating matched the intended emotion, or (b) a misclassification if the highest rating did not match the intended
emotion. An ANOVA was performed on accurate and inaccurate classifications for each intended emotion separately, with
response category (peaceful, happy, sad, fearful) as withinsubjects factor. The highest percentage of responses was given
to the intended emotion for each excerpt type (main effects for
happy, F(3, 48) ⫽ 340, p ⬍ .001, p2 ⫽ .95; peaceful, F(3, 48) ⫽
18, p ⬍ .001, p2 ⫽ .53; sad, F(3, 48) ⫽ 40, p ⬍ .001, p2 ⫽ .71;
and fear, F(3, 48) ⫽ 4, p ⫽ .01, p2 ⫽ .21). Happy excerpts were
well-classified (92%) with few misclassifications (7%; p ⬍
.001). Although sad excerpts were less well classified (66%),
accurate classifications were more frequent than misclassifications (all p ⬍ .001). It is worth mentioning that a previous study
reported lower accurate classifications in OAs (45%; Lima &
Castro, 2011). Accurate classifications were also low for peaceful excerpts (56%) but were more frequent than misclassifications (p ⬍ .05 for all comparisons) and the percentage of correct
identifications was close to that found in previous studies (67%
in YAs; Vieillard et al., 2008; 57% in OAs; Lima & Castro,
2011). Finally, fearful music was clearly more equivocal (35%
of accurate classifications) since those excerpts were frequently
misclassified as being sad (33%) with no significant difference
between the two response categories (p ⫽ .8). The accuracy
observed in our OAs appears lower than the accuracy described
in YAs (82%; Vieillard et al., 2008). However Lima and Castro
(2011) observed a similar result (33%) in OAs. In sum, OAs
provided valence and arousal ratings that were consistent with
the intended emotions. They accurately classified happy, peaceful and, to a lesser extent, sad excerpts; however, fearful music
seems to be more difficult to classify.

Apparatus
Participants sat in front of a laptop in a quiet room and listened
to the musical excerpts using stereophonic headphones. Eprime 1.0
software (Psychology Software Tools, Inc., Pittsburgh, PA) was
used to display the stimuli and to record liking and recognition
ratings.

Procedure
Participants were tested individually. Following the procedure
used by Gaudreau and Peretz (1999), there was an exposure phase
followed by a judgment task and then a recognition task that
provided liking and recognition ratings, respectively. During the
exposure phase (incidental encoding), participants heard each musical excerpt (Set A) and were asked to determine whether each
musical piece had a fast or slow tempo. A 2,000-ms intertrial
interval followed the untimed rating period and then the next
musical excerpt was played. Half of the 16 target tunes were
played twice and the other half six times. Six exposures were
chosen because this was likely to produce potent exposure liking
effects (Bornstein, 1989). A total of 64 trials were presented in
pseudorandom order constrained so that the same excerpt was
never presented twice successively. The second phase of the study
consisted of a preference task. The 16 targets (set A) were randomly displayed among 16 new excerpts (distractors; Set B).
Participants were asked to rate how much they liked each melody
using a 10-point scale (from 1 ⫽ I do not like it at all to 10 ⫽ I like
it a lot). During the third phase (the recognition task), the 16
targets were presented in pseudorandom order and interspersed
with 16 new distractors (Set C). Listeners were asked to rate how
confident they were that each musical excerpt had been presented
in the exposure phase using a 10-point scale (from 1 ⫽ no, I
definitely have not heard it before to 10 ⫽ yes, I definitely have
heard it before). Half of the listeners heard set A during the
exposure phase and set B as distractors during the preference task,
while for the other half the sets were reversed. Musical excerpts
from Set C were always used as distractors during the recognition
task.

Data Analysis
ANOVAs with repeated measures were conducted for each task
separately (liking and recognition ratings) with group (YAs, OAs)
as a between-groups factor, and frequency of exposure (0, 2, 6
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times) and emotion (happy, peaceful, fearful, sad) as within-group
factors. When required, the Bonferroni correction was used for
multiple comparisons. Considering the OAs’ poorer performance
on the MBEA subtest and a marginally significant group effect
regarding education, subsequent ANCOVAs were done with performance on the MBEA task and education as covariates. Effects
of covariates are reported where significant. Ratings are expressed
in mean ⫾ standard error of the mean. Significance of all p values
was set at .05.
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Results
Liking Ratings
We expected higher liking ratings as a function of frequency of
exposure indicating an exposure effect in both groups. The
ANOVA revealed a main effect of group, F(1, 111) ⫽ 13, p ⬍
.001, p2 ⫽ .11 where ratings by the OAs (5.9 ⫾ .1) were higher
than those by YAs (5.1 ⫾ .1), and a main effect of frequency of
exposure, F(2, 222) ⫽ 20.3, p ⫽ .001, p2 ⫽ .16, indicating that
participants liked the excerpts they heard six times (5.8 ⫾ .1) more
than those they heard twice (5.4 ⫾ .1, p ⫽ .001) and more than
new excerpts (5.3 ⫾ .1, p ⫽ .001). Excerpts heard twice and new
ones did not differ (p ⫽ .5). The Group ⫻ Frequency of Exposure
interaction was not significant, F(2, 222) ⫽ 2.4, p ⫽ .09, p2 ⫽ .02.
It was also expected that emotional dimensions would modulate
preference effects. We found a main effect of emotion, F(3,
333) ⫽ 32.6, p ⬍ .001, p2 ⫽ .23. Higher ratings were observed for
happy excerpts (6.6 ⫾ .2) than for all other emotions (peaceful:
5.5 ⫾ .2; sad: 5.1 ⫾ .2; fearful: 4.8 ⫾ .2; all p ⫽ .001), as well as
for peaceful than sad or fearful excerpts (p ⫽ .03 and p ⫽ .001,
respectively). Liking ratings for sad and fearful melodies did not
differ (p ⫽ .25). The Group ⫻ Emotion interaction was significant,
F(3, 333) ⫽ 4.7, p ⫽ .003, p2 ⫽ .04. OAs liked peaceful (F(1,
111) ⫽ 8.9, p ⫽ .004, p2 ⫽ .07) and happy excerpts (F(1, 111) ⫽
19.4, p ⫽ .001, p2 ⫽ .15) more than YAs, whereas the two groups
did not differ for sad (F(1, 111) ⫽ 1.3, p ⬎ .2, p2 ⫽ .01) and
fearful excerpts (F ⬍ 1; Figure 1). The main effect of group
occurred because the OAs gave higher ratings than the YAs for

Figure 1. Younger and older adults’ liking ratings as a function of
emotional status of melodies. Error bars are standard errors. ⴱ p ⱕ .01.
ⴱⴱ
p ⱕ .001.

positive melodies but not for negative ones, regardless of the
frequency of exposure (the three-way interaction was not significant: F ⬍ 1).
Concerning the positivity bias observed in OAs in their preference judgments for previously studied excerpts compared with
new ones, we computed a new index to disentangle a positivity
bias in preferences from a potential positivity bias in exposure
effect (i.e., the higher preference observed for previously presented
stimuli in comparison with stimuli that were not presented). The
liking ratings obtained for new excerpts were subtracted from the
average of ratings for excerpts heard two and six times (dpreference).
A positive dpreference indicated that previously studied excerpts
received higher liking ratings than new ones.
The ANOVA conducted with group as between-groups factor
and valence (positive, negative) and arousal (low, high) as withingroup factors first revealed a main effect of group, F(1, 111) ⫽
4.6, p ⫽ .03, p2 ⫽ .04, suggesting a slightly higher exposure effect
in YAs (dpreference ⫽ .4 ⫾ .1) than in OAs (dpreference ⫽ .1 ⫾ .09).
The main effects of valence and arousal were not significant (both
F ⬍ 1) indicating that higher preference for previously studied
melodies was similar for positive (.3 ⫾ .08) and negative (.2 ⫾ .1)
melodies, and for high-arousing (.3 ⫾ .08) and low-arousing
melodies (.3 ⫾ .09). All interactions with group were nonsignificant (Group ⫻ Valence interaction: F(1, 111) ⫽ 1.9, p ⬎ .1, p2 ⫽
.01; Group ⫻ Arousal interaction: F ⬍ 1; Group ⫻ Valence ⫻
Arousal: F(1, 111) ⫽ 2.4, p ⬎ .1, p2 ⫽ .02) suggesting no
particular emotional bias on exposure effects in aging (see
Table 3).

Recognition Ratings
For recognition ratings, it was hypothesized that OAs would
show worse performance (lower recognition ratings for studied
excerpts) than YAs. The ANOVA on recognition ratings with
group as between-groups factor, and frequency of exposure (0, 2,
6 times) and emotion (happy, peaceful, fearful, sad) as withingroup factors revealed a main effect of frequency of exposure, F(2,
222) ⫽ 313, p ⬍ .001, p2 ⫽ 0.74, and a significant Group ⫻
Frequency of Exposure interaction, F(2, 222) ⫽ 35.3, p ⬍ .001,
p2 ⫽ .24. Between-groups comparisons showed that excerpts
heard twice or six times received lower recognition ratings in OAs
than YAs (respectively, F(1, 111) ⫽ 9.9, p ⫽ .002, p2 ⫽ .08; F(1,
111) ⫽ 16.4, p ⫽ .001, p2 ⫽ .13; Figure 2). OAs were less accurate
than YAs at detecting excerpts they had not heard: nonstudied
excerpts received higher recognition ratings from OAs than YAs
(F(1, 111) ⫽ 37.3, p ⫽ .001, p2 ⫽ .25).
Regarding an emotion effect on recognition ratings, we expected
a positivity bias in OAs.
The ANOVA revealed a main effect of emotion, F(3, 333) ⫽
14.7, p ⬍ .001, p2 ⫽ .12, due to higher recognition ratings for
happy excerpts (6.8 ⫾ .1) than those expressing all other emotions
(peaceful: 6.3 ⫾ .1, p ⫽ .001; sad: 5.9 ⫾ .1, p ⫽ .001; fearful:
5.8 ⫾ .1, p ⫽ .001). Higher ratings were observed for peaceful
than fearful excerpts (p ⫽ .03; all other ps ⬎ .08). Emotion
significantly interacted with group, F(3, 333) ⫽ 6.6, p ⫽ .001,
p2 ⫽ .06, and frequency of exposure, F(6, 666) ⫽ 28.9, p ⫽ .001,
p2 ⫽ .21. The three-way interaction was also significant, F(6,
666) ⫽ 2.2, p ⫽ .05, p2 ⫽ .02. Further analyses revealed that
recognition ratings by OAs were lower than those by YAs for
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Table 3
Differences in Liking Ratings (Mean ⫾ Standard Errors)
Between Previously Studied Excerpts and New Ones as a
Function of Valence and Arousal in Young and Older Adults
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Low-arousing

High-arousing

Group

Positive
(peaceful)

Negative
(sad)

Positive
(happy)

Young
Older

.54 ⫾ .18
.35 ⫾ .19

.21 ⫾ .18
.01 ⫾ .19

.19 ⫾ .12
.18 ⫾ .13

Negative
(fearful)
.69 ⫾ .17
⫺.02 ⫾ .18

peaceful (p ⫽ .02) and fearful excerpts (p ⬍ .001) heard twice
(sad: p ⫽ .2; happy: p ⫽ ⬎.8), as well as for all excerpts heard six
times (peaceful: p ⫽ .008; sad: p ⬍ .001; fearful: p ⬍ .001), except
for happy ones (p ⬎ .2, Table 4). OAs also gave higher recognition
ratings than YAs for nonstudied melodies regardless of the emotion considered (all p ⬍ .001).
Considering this latter result, we further analyzed the percentages of false alarms for those melodies. We classified a recognition
rating equal or higher than 5/10 on the recognition scale for an
unstudied melody a false alarm. We performed an ANCOVA on
false alarms with group (YAs, OAs) as a between-groups factor,
emotion (happy, peaceful, fearful, sad) as a within-group factor,
and performance on the MBEA subtest as a covariate. The
ANCOVA revealed a significant effect of covariate, F(1, 84) ⫽
5.8, p ⫽ .02, p2 ⫽ .07, and a group effect, F(1, 84) ⫽ 17.1, p ⬍
.001, p2 ⫽ .17; OAs made more false alarms (34.2% ⫾ 2.9) than
YAs (16.9% ⫾ 2.7). The effect of emotion was also significant,
F(3, 252) ⫽ 7.9, p ⬍ .001, p2 ⫽ .08; all participants made fewer
false alarms for fearful melodies (12.1 ⫾ 1.8) than for happy (27.5
⫾ 2.9), sad (31.2 ⫾ 3.4) or peaceful ones (31.5 ⫾ 2.9, all p ⬍
.001), whereas the latter three did not differ (all ps ⬎ .9). The
Group ⫻ Emotion interaction was not significant, F(3, 252) ⫽ 1.3,
p ⫽ .3, p2 ⫽ .01, suggesting no positivity bias on the false alarms
rate.
To further investigate the role of each emotional dimension on
explicit memory, another ANOVA was conducted on recognition
ratings for previously studied excerpts (excerpts heard twice and
six times) with group (YAs, OAs) as between-groups factor,
valence (positive, negative) and arousal (low, high) as withingroup factors. The effects of valence and arousal were significant
(valence: F(1, 111) ⫽ 27.9, p ⬍ .001, p2 ⫽ .2; arousal: F(1,
111) ⫽ 31.3, p ⬍ .001, p2 ⫽ .22), positive melodies received
higher recognition ratings (7.9 ⫾ .2) than negatives ones (7.1 ⫾ .2)
and high-arousing melodies (7.9 ⫾ .2) received higher ratings than
low-arousing ones (7.1 ⫾ .2). The Group ⫻ Valence interaction
was significant, F(1, 111) ⫽ 10.2, p ⫽ .005, p2 ⫽ .08; OAs better
recognized positively (7.6 ⫾ 0.2) than negatively valenced music
(6.3 ⫾ 0.2; F(1, 52) ⫽ 26.1, p ⬍ .001, p2 ⫽ .33) whereas YAs did
not (respectively, 8.2 ⫾ 0.2 and 7.9 ⫾ 0.2; YAs: F(1, 59) ⫽ 3.2,
p ⫽ .08, p2 ⫽ .05). OAs provided lower ratings than YAs for both
valences but that difference was more pronounced for negative
excerpts (positive melodies: F(1, 111) ⫽ 4, p ⫽ .008, p2 ⫽ .04;
negative melodies: F(1, 111) ⫽ 22.9, p ⬍ .001, p2 ⫽ .17). Group
did not interact with arousal (F ⬍ 1), but the Group ⫻ Valence ⫻
Arousal interaction was significant, F(1, 111) ⫽ 10.7, p ⬍ .001,
p2 ⫽ .09. Further analyses revealed that recognition ratings of YAs
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were not affected by valence regardless of arousal (F(1, 59) ⫽ 2.8,
p ⫽ .1, p2 ⫽ .04; Figure 3). By contrast, in OAs (F(1, 52) ⫽ 7.8,
p ⫽ .007, p2 ⫽ .13), the advantage for positively valenced music
on recognition was greater for high-arousing (p ⬍ .001) than for
low-arousing melodies (p ⫽ .02; Figure 3).
The marginal Group ⫻ Valence ⫻ Arousal ⫻ Frequency of
Exposure interaction, F(1, 111) ⫽ 3.6, p ⫽ .06, p2 ⫽ .03, revealed
that effects of valence and arousal did not interact with frequency
of exposure in OAs (F ⬍ 1) but did so in YAs (F(1, 59) ⫽ 9.1, p ⫽
.004, p2 ⫽ .13). In YAs, emotional dimensions did not affect
recognition for melodies heard six times (F ⬍ 1). For melodies
heard twice, recognition was affected by valence with lowarousing excerpts (with better recognition for positive than negative excerpts, p ⬍ .001) but not with high-arousing excerpts (p ⬎
.7; see Table 4).

Dissociation Between Implicit and Explicit Memory
One of our main hypotheses was that recognition ratings would
be lower in OAs than in YAs while exposure effects on liking
would be of similar amplitude to that in YAs, reflecting age-related
decline in explicit memory and preserved implicit memory, respectively. Analyses on recognition ratings showed overall agerelated decline, but a between-groups difference on exposure effects was found with higher exposure effects in YAs than in OAs.
An additional analysis was conducted to determine whether the
age-related decline was larger in explicit versus implicit memory.
The liking and recognition ratings obtained for new excerpts were
subtracted from the average of ratings obtained for excerpts heard
two and six times (dpreference; drecognition). An ANOVA was performed with group as between-groups factor and task as within-group
factor. It revealed a significant interaction between group and task,
F(1, 111) ⫽ 33.6, p ⬍ .001, p2 ⫽ .2. There was a group effect in the
preference task (as reported above), but the group effect was more
pronounced in the recognition task (F(1, 111) ⫽ 43.6, p ⬍ .001,
p2 ⫽ .3) with a larger difference between the mean ratings for
studied and nonstudied excerpts in YAs (drecognition ⫽ 5.2 ⫾ .3)
than in OAs (drecognition ⫽ 2.5 ⫾ .3). These findings suggest that

Figure 2. Younger and older adults’ recognition ratings as a function of
frequency of exposure. Error bars are standard errors. ⴱ p ⱕ .01. ⴱⴱ p ⱕ
.001.
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Table 4
Recognition Ratings (Mean ⫾ Standard Errors) as a Function of Emotional Status of Melodies
and Frequency of Exposure in Young and Older Adults
Young
Emotion

0

2

6

0

Peaceful
Happy
Sad
Fearful

3.5 ⫾ .23
2.5 ⫾ .26
3.5 ⫾ .19
1.9 ⫾ .26

7.2 ⫾ .29
8.2 ⫾ .29
5.9 ⫾ .36
8 ⫾ .31

8.6 ⫾ .28
8.9 ⫾ .26
8.7 ⫾ .33
8.9 ⫾ .3

4.6 ⫾ .2
4.6 ⫾ .28a
5.1 ⫾ .28a
3.2 ⫾ .21a

a
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Older
2
a

6

6.3 ⫾ .31
8.1 ⫾ .31
5.3 ⫾ .38
5.9 ⫾ .33a
a

7.5 ⫾ .31a
8.4 ⫾ .28
6.9 ⫾ .35a
6.9 ⫾ .32a

Significant difference in comparison with young adults.

explicit memory was more affected by aging than implicit memory
as assessed by exposure effects.
Our results suggest that OAs preferred excerpts they better
recognized (happy ones). To verify that the positivity bias in
preferences observed in OAs did not consequently facilitate recognition, a correlation analysis was performed between liking
ratings and recognition ratings for happy excerpts. In YAs, a
positive correlation was observed between liking ratings for happy
excerpts heard two times, r ⫽ .27, p ⫽ .03 and their recognition
ratings, but not between liking and recognition ratings for happy
excerpts heard six times, r ⫽ .06, p ⬎ .6. In OAs, neither correlation was significant (happy melodies heard two times: r ⫽ .18,
p ⫽ .2; six times: r ⫽ .23, p ⬎ .09).

Discussion
We investigated the effect of emotions elicited by music on
implicit and explicit memory in YAs and OAs. This study used an
exposure paradigm in which the increase of liking ratings as a
function of exposure was taken to reflect implicit memory and
recognition ratings, that of explicit memory. Results showed lower
recognition ratings in OAs in comparison with YAs, except for
positive and high arousing excerpts. OAs exhibited slightly smaller
exposure effects than YAs, suggesting also an age-related decline
in implicit memory. However, effects of emotional dimensions in

Figure 3. Younger and older adults’ recognition ratings for previously
studied excerpts as a function of valence and arousal. Error bars are
standard errors. ⴱ p ⱕ .05. ⴱⴱ p ⱕ .001.

implicit memory were similar in OAs and YAs, rejecting the
hypothesis of a potential age-related positivity bias in implicit
memory.

Effect of Emotion on Implicit and Explicit Musical
Memory in Normal Aging
As expected, OAs performed more poorly than YAs in the
recognition task since they gave lower recognition ratings for
melodies heard two or six times and were worse at identifying new
melodies than YAs (higher false alarm rate). These findings are
consistent with previous studies showing an age-related decline in
explicit memory, including studies involving musical material
(Gaudreau & Peretz, 1999; Halpern & O’Connor, 2000; Alonso,
Dellacherie, & Samson, 2015). Contrary to our expectations, exposure effects in the preference task were also lower in OAs than
in YAs, suggesting an age-related decline in implicit memory.
However, the decline in implicit memory was less marked than in
explicit memory (Gaudreau & Peretz, 1999; see Fleischman et al.,
2004 for converging results).
Notably, performance in explicit memory varied as a function of
emotional dimensions. OAs recognized positive melodies better
than negative melodies, and high-arousing better than lowarousing melodies. Enhanced recognition of high-arousing melodies is consistent with previous studies showing better recognition
of high-arousing events in aging (Kensinger, 2008) and enhanced
recognition of positive melodies is consistent with the literature
documenting age-related differences in recognition of negative
stimuli (Charles et al., 2003; Knight, Maines, & Robinson, 2002;
Leigland, Schulz, & Janowsky, 2004). However, when we looked
more closely at the emotion-specific effect, it appeared that the
age-related decrease in recognition of previously heard melodies
affected not only fearful and sad excerpts but also peaceful excerpts, whereas happy ones were similarly recognized in both
groups. In recent studies using musical material, divergent results
have been reported. Vieillard and Gilet (2013) found that fearful
excerpts were better recognized than the other excerpts in both
OAs as YAs.
These results only partially support the positivity effect hypothesis in recognition tasks of melodies (Murphy & Isaacowitz,
2008). The hypothesis posits an age-related decline that selectively affects the recognition of negative emotions (Mather &
Carstensen, 2005). In our study, the relative preservation observed for happy excerpts was not found for peaceful ones,
indicating that (a) the superior performance for positive music
might depend on arousal, and (b) SST could not totally be
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extended to musical domain. The higher recognition ratings for
happy excerpts could be due to a response bias, although OAs’
tendency to have more false alarms for new melodies was influenced by emotion in the same way as YAs. Thus, it seems unlikely
that differences in explicit memory performance between groups
were entirely attributable to a more liberal response leading to
higher ratings for happy melodies in general.
Regarding implicit memory, OAs gave higher preferences than
YAs but the ratings were similarly influenced by emotional status.
The disproportionate preference of OAs for positive melodies in
comparison with YAs was observed regardless of whether or not
they had been previously studied. However, when we looked at
exposure effects in aging to investigate whether a particular emotional bias (especially the positivity effect) could be observed, the
findings showed no particular aging effects on emotional implicit
memory for music. Indeed, exposure effects were higher for positive than negative low-arousing melodies, whereas no valence
effect was found for high-arousing melodies, but, more importantly, this pattern was similar in both groups.

The Positivity Effect
According to SST, OAs might show a preservation of the
recognition of positive information and this positivity effect results
from the successful use of emotion regulation strategies to regulate
everyday emotional experiences (Carstensen et al., 1999; see also
the strength and vulnerability integration (SAVI) model, Charles,
2010). These strategies require top-down processes, implying that
the positivity effect should be evident when processing occurs
under conscious control (Reed & Carstensen, 2012). Our findings
only offer partial support for a potential extension of the positivity
effect to musical domain.
Concerning the explicit memory, the extension of SST to musical domain predicts a preservation of the recognition of positive
melodies. As mentioned above, a positivity effect was not clearly
observed in our findings since (a) we found that only the recognition of positive and high-arousing (happy) previously studied
melodies remained stable in OAs (not peaceful ones), and (b) we
found no advantage of positive material for nonstudied melodies.
The former result is also difficult to reconcile with an extension of
the SAVI (Charles, 2010) to musical domain that posits that
age-related advantages may be attenuated when events elicit high
levels of arousal. Alternatively, the decline in the recognition of
negative music may be associated with age-related changes in
perception of emotions in music. Although an age-related decline
in perceiving arousal and valence of musical has been described
(Vieillard, Didierjean, & Maquestiaux, 2012), our pretest of stimuli showed that OAs clearly distinguished valence and arousal
dimensions, as revealed by their highly distinctive ratings for the
four emotions. However, their ability to accurately categorize
fearful music, and, to a lesser extent, peaceful and sad music, was
poor whereas it remained well preserved for happy music (see
Castro & Lima, 2014; Isaacowitz et al., 2007; Laukka & Juslin,
2007; Lima & Castro, 2011for converging results). If SST predictions could apply to the musical domain, responsiveness for positive melodies should be preserved whereas responsiveness for sad
and fearful music should decline. Again, our results are only
partially consistent with the extension of SST to the musical
domain. The fact that fearful excerpts were the least well catego-
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rized might be explained by a disengagement strategy of OAs from
negative stimuli and especially those of high-arousal (LabouvieVief, 2003). Alternatively, some authors have suggested that the
positivity effect may be better explained by brain deterioration
rather than by motivational effects (Cacioppo, Berntson, Bechara,
Tranel, & Hawkley, 2012). The amygdala is involved in the
processing of emotionally negative information elicited by the
fearful excerpts used here (Gosselin, Peretz, Johnsen, & Adolphs,
2007; Gosselin et al., 2005). Thus, the age-related decline in the
functioning of the amygdala (Ruffman, Henry, Livingstone, &
Phillips, 2008) might weaken responses to negative stimuli in OAs
and account for some of the age differences in emotional musical
memory. The weaker responsiveness of OAs to sad and fearful
music observed in our pretests might argue in favor of such a
hypothesis. Along those lines, our findings also suggest that agerelated decline in the recognition of stimuli may be related to their
changes in perception of emotions. However, the design of the
present study did not allow us to investigate this issue since
different OAs participated in the pretests and in the main experiment.
Considering implicit memory, the disproportionate preference
for positive material seen in OAs did not translate into stronger
exposure effects for positive material. The absence of a positivity
effect in implicit memory suggests, on the contrary, that the effect
might be more attributable to regulation strategies than to automatic processes. In the present study, participants’ attention was
focused on musical excerpts during the encoding phase. In such a
condition, participants could use strategies of emotion regulation.
It would be interesting to tax OAs’ cognitive resources during the
encoding phase to examine how preference judgments, exposure
effects, and recognition would be affected.

Effect of Emotion on Implicit and Explicit Musical
Memory in Young Adults
Although not the main aim of the present study, our findings
also indicate how implicit and explicit musical memory might be
influenced by emotion in YAs. In explicit memory, when performance did not reach a ceiling effect (as for melodies heard two
times), high-arousing (happy and fearful) excerpts were better
recognized than low-arousing (peaceful and sad) ones, suggesting
that memory for musical excerpts is influenced by their arousal
status. These results are consistent with previous studies showing
that arousal is the main dimension affecting musical recognition in
YAs (Eschrich et al., 2005; Samson, Dellacherie, & Platel, 2009;
Schellenberg et al., 2008), suggesting an arousal—rather than a
valence—specific effect (see also LaBar & Cabeza, 2006). Aubé et
al. (2013) noted a possible methodological bias. In a first study
using the same musical material, they showed a memory advantage
for happy and fearful musical expressions as compared with sad
and peaceful ones. However, as in the present study, musical
excerpts were equal in duration, which meant that there were more
events in happy excerpts due to their faster tempo. In a second
study, they matched the musical excerpts for number of events
instead of duration and showed that the memory advantage persisted only for fearful melodies (Aubé et al., 2013; see Vieillard &
Gilet, 2013 for converging results). Thus, it is possible that the
enhanced memory effect observed here for happy excerpts was
also due to their larger number of events and not to arousal.
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Nevertheless, emotional dimensions may interact with musical
memory in a complex way since recognition of high-arousing
melodies was not affected by valence whereas valence affected
low-arousing melodies (see Alonso et al., 2015).
YAs gave higher liking ratings for melodies heard six times over
new melodies (Gaudreau & Peretz, 1999; Peretz et al., 1998;
Witvliet & Vrana, 2007). As in previous studies, they preferred
positive over negative melodies (Schellenberg et al., 2008; Witvliet & Vrana, 2007) and high-arousal over low-arousal melodies
(Witvliet & Vrana, 2007). Moreover, exposure effects were larger
for positive than for negative melodies when arousal was low, and
comparable for both valences when arousal was high. Interestingly, liking ratings increased as a function of exposure regardless
of the valence rather than a response polarization (in which exposure may have enhanced participants’ liking of positive music and
accentuated participants’ dislike for negative music; Witvliet &
Vrana, 2007).

Limitations and Perspectives
Some limitations in this study must be addressed. First, the two
age groups differed in their abilities to process the melodic dimension. Furthermore, three of our OAs scored below 22 (out of 30) on
the MBEA scale, which is mainly used to detect cases of amusia.
We decided not to exclude those participants since ANCOVAs did
not reveal any effect of performance on the scale test on liking or
recognition ratings. Further studies will help (a) confirm the effect
of aging on musical processing, and (b) specify whether and how
age-related hearing loss and auditory cortex changes (Russo, Ives,
Goy, Pichora-Fuller, & Patterson, 2012) might account for music
processing difficulties and influence musical memory.
The relative better preservation observed in aging for happy
excerpts may not be related to the fact that these excerpts are the
ones preferred by the participants, as shown by the absence of
correlation between OAs’ liking ratings for happy melodies and
their recognition of those melodies. However, we cannot rule out
the possibility that this relative better preservation might be explained by the fact that happy stimuli are the easiest to recognize
overall, as is commonly reported in the emotion recognition literature (Isaacowitz et al., 2007; Ruffman et al., 2008), although all
participants also made more false alarms for those melodies.
Furthermore, we cannot rule out the possibility that liking ratings
may have been biased by explicit memory since some participants
became aware of repetitions during the exposure phase (especially
in YAs; see significant correlations between liking ratings and
recognition performance). Indeed, the repetition of exposures may
have facilitated the familiarization process. It would be interesting
to replicate this study with a dichotic-listening task during the
exposure phase to divert participants’ attention away from the
musical pieces and prevent potential contamination of explicit
memory on the preference task.
We note that YAs and OAs might differ in the way they use
rating scales. Such potential bias measures have been found to
explain aging effects in previous studies (e.g., Huh, Kramer, Gazzaley, & Delis, 2006). Although this potential response bias could
enhance age-related decline in memory, it is unlikely that it explains the differences observed in how aging modulates emotion
effects on musical memory. For recognition ratings, for example,
although OAs provided more false alarms than YAs did, this

age-related effect was similar regardless of the emotion. Finally,
the task of determining the tempo of each melody during incidental
encoding might have influenced the findings. Tempo is assumed to
influence the arousal dimension: the faster the tempo, the higher
the arousal (Webster & Weir, 2005; Ramos, Bueno, & Bigand,
2011). It is possible that the tempo judgment task focused participants’ attention on the arousal dimension of melodies. It would be
interesting to ensure that the emotion effects observed in OAs on
musical memory persist when stimuli are encoded while participants are asked to process another dimension than structural properties related to its emotional nature (e.g., length estimation rather
than tempo or mode that might indirectly focus attention on the
emotional dimension).
To sum up our findings, the present study provided evidence for
a relatively preserved implicit emotional memory for music in
advancing age, contrasting with evidence that explicit memory for
emotional melodies changes across the adult life span. The agerelated changes concern not only negative emotions but also positive and low-arousal (peaceful) emotions, whereas OAs performed as well as YAs in recognizing previously studied happy
melodies. The relative better preservation observed for happy
excerpts but not for peaceful ones is not consistent with a valencespecific (positivity) effect on musical explicit memory in elderly
people, and suggests that the musical memory enhancement effect
might be specific to happiness rather than generalized to all positive emotions, although further studies are needed to address this
issue.
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