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Emotion recognition in music changes across the adult

life span

César F. Lima and Sio Luis Castro
Uniwversity of Porto, Porto, Portugal

In comparison with other modalities, the recognition of emotion in music has received little
attention. An unexplored question is whether and how emotion recognition in music changes as a
function of ageing. In the present study, healthy adults aged between 17 and 84 years (N=114)
judged the magnitude to which a set of musical excerpts (Vieillard et al., 2008) expressed happiness,
peacefulness, sadness and fear/threat. The results revealed emotion-specific age-related changes:
advancing age was associated with a gradual decrease in responsiveness to sad and scary music from
middle age onwards, whereas the recognition of happiness and peacefulness, both positive emotional
qualities, remained stable from young adulthood to older age. Additionally, the number of years of
music training was associated with more accurate categorisation of the musical emotions examined
here. We argue that these findings are consistent with two accounts on how ageing might influence
the recognition of emotions: motivational changes towards positivity and, to a lesser extent, selective
neuropsychological decline.

Keywords: Ageing; Emotion recognition; Musical emotions; Positivity effect.

Music is a powerful method of expressing emo-
tions. As in facial expressions and speech prosody,
basic emotions can be universally recognised in
music (Balkwill & Thompson, 1999; Fritz et al.,
2009) and recognition can occur within less than a
second (Peretz, Gagnon, & Bouchard, 1998). The
identification of emotions in music is highly con-
sistent across subjects (Bigand, Vieillard, Madurell,
Marozeau, & Dacquet, 2005; Thompson, 2009)

and it has been shown to correlate with emotional

intelligence (Resnicow, Salovey, & Repp, 2004).
It is thus not surprising that understanding how
the mind/brain system responds to emotions in
music has recently entered the agenda of cognitive
neuroscience (e.g., Juslin & Viistfjill, 2008; Patel,
2008). In this study, we focused on the recogni-
tion of emotions in music and on how it changes
across the adult life span. Most research on ageing
and emotion recognition has been conducted on
facial expressions (Ruffman, Henry, Livingstone,
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& Phillips, 2008) leaving the auditory modality
much less explored, and it has typically compared
adults aged seventy or so with young adults,
without including the intermediate middle-age
years (e.g., Gunning-Dixon et al., 2003). Here we
investigated how ageing may affect the recogni-
tion of emotions in music from young adulthood
to older age, including the middle years.

What do we know on how ageing affects the
recognition of emotions? Studies of facial expres-
sions, the main source of evidence so far, have
revealed that advancing age is associated with a
decline in the recognition of some emotions, but
not of others. In a study with adults from 17 to
75 years of age, increasing age was associated with
a decline in the recognition of fear and anger,
whereas no change was observed for disgust,
sadness, surprise and happiness (Calder et al.,
2003). The decline in the recognition of fear
started early, at around 40 years, and increased
linearly with advancing age. More recently,
Isaacowitz et al. (2007) have also found age-
related decline for fearful and angry expressions,
and no decline for sad, surprised and neutral
expressions. Consistent with Calder et al.’s results,
the recognition of fear declined linearly with age.
However, in this study an age-related decline was
also observed for disgust and happiness. Further-
more, middle-aged and older adults had similar
performance in all emotions except fear, and the
age-related decline was observed between the
younger adults and the middle-aged ones. In a
meta-analysis based on 17 studies on facial
expressions, Ruffman et al. (2008) have confirmed
that older adults (around 71 years) consistently
recognise less well than younger ones (around
24 years) the emotions of fear, anger, sadness and,
to a lesser extent, happiness and surprise; for
disgust, older adults had slightly better perfor-
mance than younger ones.

With respect to communicative channels other
than faces, research is scarce. For emotions in
voice, the meta-analysis by Ruffman et al. (2008)
showed stability for fear, surprise and disgust, and
an age-related decline for anger, sadness and
happiness, but it was based on five studies only.
A recent study by Paulmann, Pell, and Kotz
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(2008), with young and middle-aged adults,
however, revealed a different pattern. The recog-
nition of emotions was tested in speech prosody
expressing fear, anger, sadness, disgust, happiness,
pleasant surprise and neutrality, and an age-
related decline was observed for all expressions
except pleasant surprise. Concerning music, the
first systematic study on the effects of ageing was
conducted by Laukka and Juslin (2007), who
compared younger adults, of around 24 years, with
older adults, of at least 65 years, in the recognition
of emotions in music and also in speech prosody.
Emotions in music were manipulated by expres-
sive changes in performance; the same musical
excerpt was played such that it expressed fear,
anger, sadness, happiness and neutrality through
modulations in loudness, articulation, vibrato and
phrasing. Older adults had more difficulty in
recognising fear and sadness in both music and
speech prosody, whereas no differences were
observed for anger, happiness and neutrality.
These results indicate that the recognition of
emotions in music changes with age, and that the
pattern of age-related changes is similar for music
and speech prosody (generality within the audi-
tory modality).

Altogether, the above reviewed studies show
evidence of age-related changes in how emotions
are recognised in faces, voice and music. For faces
and voice, there is an age-related decline for some
emotions that might start in middle age instead of
in later years. However, it is not established which
emotions are affected by age and which are not,
and it is also not clear whether age-related
changes depend on modality (visual, auditory) or
on expressive channel (faces, voice, music). In
order to clarify these issues, it is useful to briefly
consider the mechanisms that have been proposed
to explain age-related changes in emotion recog-
nition: neuropsychological decline in specific
brain structures, positivity bias and general cog-
nitive decline. There is relative agreement that
different emotions are subserved by at least
partially distinct neural systems and that some of
these undergo structural changes with advancing
age (e.g., Raz et al., 2005; Yankner, Lu, &
Loerch, 2008). Different rates of atrophy in
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specific brain regions might be a factor in
explaining why the age-related decline is beha-
viourally more pronounced for some emotions
rather than others. For instance, the decline in the
recognition of fear and sadness might be asso-
ciated with volume reduction in the amygdala and
cingulate cortex, brain structures that are known
to be implicated in processing these emotions,
whereas the stability for disgust might be asso-
ciated with the relative preservation of the basal
ganglia (Ruffman et al., 2008). In a different vein,
socio-cognitive research has highlighted an age-
related motivational bias towards positivity (see
Carstensen & Mikels, 2005; Charles & Carstensen,
2007; Mather & Carstensen, 2005, for reviews).
According to this view, advancing age is asso-
ciated with a motivational shift towards emotional
goals and better ability to regulate emotions, as a
consequence of which older adults allocate their
cognitive resources towards positive information
and away from negative information. Converging
evidence supports the link between this motiva-
tional shift and age-related changes in how we
recognise and process emotional stimuli (Gunning-
Dixon et al., 2003; lidaka et al., 2002; Jacques,
Dolcos, & Cabeza, 2008; Kisley, Wood, &
Burrows, 2007; Mather et al., 2004; Williams
et al., 2006). For instance, Williams and collea-
gues (2006) analysed the recognition of fearful,
happy and neutral facial expressions from 12 to
79 years of age using behavioural, neurophysiolo-
gical and neuroimaging methods. Behavioural
measures revealed an age-related progressive de-
cline for fear, but not for happiness. Brain
activation in the medial prefrontal cortex in-
creased linearly with advancing age for fearful
faces, and decreased for happy ones. The de-
creased activation for positive faces was inter-
preted as reflecting uninhibited processing of
positive input; conversely, increased activation
for negative faces would reflect greater inhibition
in processing negative input. General cognitive
decline would be yet another mechanism for age-
related effects in emotion recognition, but it is
one that has received little support (e.g., Mitchell,
2007; Orbelo, Grim, Talbott, & Ross, 2005). It
predicts a more pronounced decline for more

EMOTION RECOGNITION IN MUSIC AND AGEING

difficult stimuli, but no decline has been found for
supposedly difficult emotions such as disgust, and
there is evidence of decline for easily recognised
emotions such as sadness (e.g., Calder et al., 2003;
Paulmann et al., 2008; Ruffman et al., 2008). For
our purposes, it is relevant to keep in mind that
these accounts are based almost exclusively on
evidence from visual stimuli (facial expressions
and pictures). Research on other modalities and
expressive channels is needed in order to test the
generality of age-related effects and to clarify the
underlying mechanisms.

The goal of the present study was to examine
how emotion recognition in music changes from
young adulthood into middle age and older years,
focusing on the pattern of change for positive
emotions as compared to negative ones. The study
by Laukka and Juslin (2007), mentioned earlier,
has already brought evidence that older adults
have more difficulty than younger adults in
recognising the negative emotions of fear and
sadness. However, several questions remain open.
First, it is unknown whether these changes start
around middle-age, as it is the case for faces and
speech prosody (Isaacowitz et al., 2007; Paulmann
et al., 2008). Second, it is also unknown whether
these changes occur in response to stimuli where
emotions are portrayed mainly through structural
teatures, such as tempo or harmony in different
musical excerpts, instead of the expressiveness
proper of the same excerpt interpreted in different
moods. Last but not least, since most studies only
include happiness as a positive emotion (e.g.,
Calder et al., 2003; Laukka & Juslin, 2007,
Williams et al., 2006), it is impossible to ascertain
whether the consistently reported stability for
happiness is specific to this emotional quality or
rather extends to other positive emotions. Here
we examined the recognition of emotional ex-
pressions in music over the adult life span (17—
84 years) with a set of stimuli that used structural
features as a means to portray two positive
emotions, happiness and peacefulness, and two
negative ones, sadness and fear/threat (Vieillard
et al., 2008). Therefore, we had an equal number
of positive and negative emotions. Also, these
emotions were expressed through variation in

COGNITION AND EMOTION, 2011, 25 (4) 587
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mode, tempo, dissonance and pitch range, and it
is known that structural properties of music can
determine the recognition of emotions (e.g., Dalla
Bella, Peretz, Rousseau, & Gosselin, 2001; Hunter,
Schellenberg, & Schimmack, 2008). The task
presented to the participants required them to
perform graded ratings on the perceived intensity
of the four possible emotions, for each musical
excerpt. In comparison with forced-choice single
categorisation, this task is less prone to responses
biases (Isaacowitz et al., 2007). It has been used in
studies on the recognition of facial expressions
and speech prosody (Adolphs, Damasio, & Tranel,
2002; Adolphs, Tranel, & Damasio, 2001) and
musical emotions (Gosselin, Peretz, Johnsen, &
Adolphs, 2007; Gosselin et al., 2005). Even
though this task taps the recognition of emotions
through behavioural measures, and not internal
states proper (has the listener felt the emotions
that were rated?), there is evidence that it engages
neural systems of emotion, namely the amygdala.
Based on previous findings by Laukka and Juslin
(2007), Paulmann et al. (2008) and Williams et al.
(2006), we hypothesised that advancing age would
be associated with emotion-specific changes in
recognition, specifically an age-related decrease in
responsiveness to the negative emotions of sadness
and fear/threat, and stability for the positive
emotions of happiness and peacefulness. Based
on the finding that musicians perform better than
non-musicians in emotion recognition tasks
(Thompson, Schellenberg, & Husain, 2004), we
also investigated the correlation between years of
music training of the participants (controlled a

posteriori) with accuracy on a derived measure of
accuracy.

METHOD
Participants

A total of 114 healthy adults (67 female) volun-
teered to take part in this study. They were aged
between 17 and 84 years, and were categorised into
three groups with 38 participants each: younger
(mean age = 21.8 years), middle-aged (mean age =
44.5 years) and older adults (mean age=67.2
years). The younger adults were undergraduate
and graduate students from the University of Porto;
the others came from several local communities
including senior universities. Table 1 presents the
demographic and background characteristics of
the participants in each age group. Education level,
assessed by the number of years of formal educa-
tion, was similar across groups (F<1). Older
participants were screened for cognitive decline
using the Mini-Mental State Examination
(MMSE,; Folstein, Folstein, & McHugh, 1975;
Portuguese version from Guerreiro, Silva, Botelho,
Leitdo, & Garcia, 1994), and they all performed
near ceiling (mean score = 29.3, maximum possible
of 30). At the end of the experimental session, all
participants were asked about formal training in
music. Thirty-three reported having had some kind
of formal training, including learning how to play
an instrument (mean years of training=>5.1,
range = 1 to 14; mean age when training began =
11 years).

Table 1. Demographic and background characteristics of the participants in each age group

Age group

Younger Middle-aged Older
Mean age (years) 21.843.5 44546.2 67.24+6.2
Age range (years) 17-29 35-56 60-84
Gender 17F/21M 21F/17M 29F/9M
Education (years) 155+2.2 17.0+3.7 15.6+3.1
Mini-Mental State Examination — — 29.34+1.0
Music training (n) 18 10 5

588 COGNITION AND EMOTION, 2011, 25 (4)
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All participants had normal or corrected-to-
normal vision. In a brief preliminary question-
naire, none reported head trauma, substance
abuse, nor major psychiatric or neurological ill-
nesses. Younger and middle-aged participants had
normal hearing according to self-report. Older
volunteers underwent a pure-tone audiometric
screening and only those with hearing thresholds
of at least 30 dB HL for frequencies of 500 Hz,
1000 Hz, 2000 Hz and 4000 Hz at left and right

ears took part in the experiment.

Materials

The stimuli were 56 short musical excerpts
validated by Vieillard et al. (2008) for research
on emotions. These excerpts were composed to
express happiness, sadness, fear/threat and peace-
fulness, 14 stimuli per category, while also varying
on valence (pleasant vs. unpleasant) and arousal
(relaxing vs. stimulating). They consisted of a
melody with accompaniment produced in
piano timbre, and followed the rules of the
Western tonal system. Emotions were expressed
mainly through structural features such as mode,
dissonance, pitch range, tone density, rhythmic
regularity and tempo.' The mean duration of the
excerpts was 12.4 seconds (see Vieillard et al.,
2008, for a more detailed description of the
stimuli and validation procedure).

The excerpts were pseudorandomised and di-
vided into two blocks of 28 trials each. The
presentation order of the blocks was counterba-
lanced across participants. Two additional excerpts
were used to familiarise the participants with the
task: 15 seconds from Debussy’s Golliwog’s Cake-
walk, for happiness, and 18 seconds from Rachma-
ninoff's 18¢h Variation from the Rhapsody on a
Theme by Paganini, for peacefulness.

EMOTION RECOGNITION IN MUSIC AND AGEING

Procedure

The experimental session lasted approximately 30
minutes. Participants were tested individually,
with the exception of some younger ones who
were tested in groups of two or three. Stimuli
were presented via high-quality loudspeakers with
a fixed inter-stimulus interval, ISI, of 6 seconds in
the case of the younger and middle-aged persons,
and with a variable ISI, contingent upon response,
in the case of the older ones. SuperLab V4.0
software (Abboud, Schultz, & Zeitlin, 2006)
running on an Apple Macintosh® computer was
used to control the presentation of the stimuli.
Participants were told that they would hear short
musical excerpts that were intended to express
different emotional tones, namely happy (“alegre”),
sad (“sriste”), scary (“assustador”) and peaceful
(“serend”). Their task was to evaluate how much
each excerpt portrayed each of the four emotional
tones on a 10-point scale, from absent (0,
“ausente”) to present (9, “presente”). It was stressed
that they were required, for each excerpt, to give a
rating in each of the four emotional tones. Even if
a stimulus sounded clearly happy, for example, it
should be rated not only with respect to happi-
ness, but also with respect to the possible presence
of some sadness, threat or fear, and peacefulness.
Participants listened to each stimulus only once
and no feedback was given. The task started with
the practice excerpts, then the two blocks of
stimuli followed. In the case of the older partici-
pants, the audiometric screening and the MMSE
were administered before the experimental task.

RESULTS

Two different types of data were analysed: the raw
ratings that were given to each of the four
emotion categories, and a derived measure of

!The distinction between structural/compositional vs. expressive cues in music is not absolute. Tempo, loudness and
articulation, for instance, can be used expressively by the interpreter as well as by the composer. Maybe the most straightforward
example is tempo, which can be modulated by the performer in his/her own interpretation, while it can also be predetermined by the
composer in musical notation. In the stimuli by Vieillard et al. (2008), tempo was set compositionally, and the other emotional cues
were indeed structural, such as mode, dissonance, and pitch range. More importantly, there was only one particular musical excerpt
for a given emotion category; no expressive variations of the same musical excerpts were used as stimuli.

COGNITION AND EMOTION, 2011, 25 (4) 589
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accuracy based on the emotion category that
received the highest rating. In the rating analyses
we considered the mean rating that was given
to the intended emotion and also to the
non-intended ones. For example, for happy
excerpts we analysed the average rating on happi-
ness, the intended emotion, and also the average
ratings on peacefulness, sadness, and fear/threat,
the non-intended emotions. The mean rating
on the intended emotion is an index of sensitivity
to that emotion category, and the mean ratings on
the unintended emotions give an indication of
confusability. For accuracy analyses, we classified
each individual response as a correct identification
if the highest rating matched the intended
emotion for the corresponding excerpt, as a
misclassification if it did not, and/or as an
ambivalent response if the highest rating was
bimodal (see below). The conversion of raw
ratings into this accuracy measure is a procedure
adopted by Peretz and colleagues for this type of
experimental design (Gosselin et al., 2005, 2007,
Vieillard et al., 2008), which makes it possible to
analyse the data as forced-choice responses. We
started by determining which label or labels
received the highest rating. If the highest rating
was given to the intended emotion, the response
was considered a correct identification of the
corresponding emotion. If more than one emotion
received the highest rating (e.g., giving an 8 for
sadness and also for peacefulness, and lower
ratings for the other two categories), the response
was classified as ambivalent. Ambivalent re-
sponses indicate that the excerpt was perceived
as expressing more than one emotion with the
same magnitude. If the highest rating, irrespective
of absolute value, did not match the intended
emotion, the response was considered a misclassi-
fication. Finally, in all the analyses looking for
age-related effects, music training in number of
years was included as a covariate because the
distribution of participants with music training
was unequal across the three age groups (cf. Table
1). All the post hoc comparisons were calculated
with Tukey tests.

590 COGNITION AND EMOTION, 2011, 25 (4)

Ratings

Figure 1 shows the mean ratings attributed to each
emotion category for the excerpts intended for
happiness, peacefulness, sadness and fear/threat
(first to fourth panels, respectively), by age group.
As expected, for all excerpt types, the highest
ratings were given to the intended emotions. Let us
first consider these ratings, that is, those that were
attributed to the matching intended emotions (the
first set of bars in the panel for happy, the second
one in the panel for peaceful, and so forth).

An ANCOVA with Intended Emotion
(happy, peaceful, sad and scary) as repeated-
measures factor, Age (younger, middle-aged and
older) as between-subjects factor, and music
training as a covariate, was computed on these
ratings. This analysis revealed that the main effect
of Emotion was significant, F(3, 330) =79.09,
£ <.0001, np2 = .42. The magnitude of the ratings
attributed to happiness was higher (7.7, maximum
of 9) than that for peacefulness (5.9) and sadness
(6.3), which were similar to each other (p > .05);
tear/threat was rated the lowest (4.5; p <.0001).
The magnitude of the ratings also varied with
Age, main effect of age: F(2, 110)=10.91,
»<.0001, np2 =.17, but this variation depended
on emotion; Age x Emotion interaction, F(6,
330)=15.28, p<.0001, n,*=.22. No age-re-
lated differences were observed for happy (ps > .9)
nor for peaceful (ps > .1) excerpts, as is clear from
inspecting Figure 1. However, increasing age was
associated with a decrease in the magnitude
attributed to sadness (— 1.7 decrease) and fear/
threat (— 3.5 decrease). In the case of sadness, the
age difference was significant between the older
and younger participants (p <.001), and did not
reach statistical significance between these and
middle-aged participants (p=.1; also no differ-
ence between middle-aged and older, p> .8). In
the case of fear/threat, the age-related decrease
was significant between the younger and middle-
aged participants (p <.0001) and between these
and the older ones (p <.0001). In order to gain a
different view on the interaction between age
and emotion, we calculated partial correlations
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Figure 1. Mean ratings for the intended and non-intended emotions by type of excerpt, for younger, middle-aged and older participants.

Standard errors are shown in bars.

between years of age and the magnitude of the
ratings assigned to each emotion, controlling for
musical training. Consistently, while ratings for
sadness and fear/threat were negatively correlated
with age (r=—.38 and r=— .56, respectively,
both ps <.001), ratings for happiness and peace-
fulness were not (r=— .01 and r= .18, both #s).
These results are clear evidence that the perceived
magnitude of sadness and fear/threat in music
decreased linearly with advancing age, whereas it
remained stable for happiness and peacefulness.
An additional point is whether these age-related
effects can be better understood by taking into
account how emotions other than the intended
ones were rated. For this purpose, let us now
consider not only the ratings attributed to the
intended emotions, but also the ratings attributed
to the non-intended ones. Four separate ANCO-
VAs, one for each excerpt type, were computed
with Emotion Response Category (happy, peace-
ful, sad and scary) as a repeated-measures factor,
Age as between-subjects factor, and music training
as covariate. These analyses confirmed that the

intended emotion category indeed received the
highest mean ratings, in the ANCOVA on
responses to happy excerpts, main effect of Emo-
tion, F(3, 330)=886.38, p<.0001, np2 =.89,
and similarly for peaceful, F(3, 330)=221.1,
»<.0001, np =.67, sad, F(3, 330)=290.98,
»<.0001, np =.73, and scary excerpts, F(3,
330) = 68, p <.0001, np =.38; post hoc compar-
isons, ps < .0001. The main goal of these analyses,
however, was to examine the dominant non-
intended responses and whether they varied de-
pending on age. In the case of happy excerpts, some
peacefulness was also perceived (mean rating of 1.9;
cf. the second set of bars in the first panel of Figure
1) and this was constant across ages (no interaction
between emotion response and age, F<1). In
peaceful excerpts, happiness was also rated as
present with a similar magnitude across the groups
(mean of 2.5; see Figure 1); sadness, however,
received higher ratings from younger adults than
from middle-aged and older adults (» < .05). In the
case of sad excerpts, peacefulness was rated as
present with a higher magnitude by older adults

COGNITION AND EMOTION, 2011, 25 (4) 591
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than younger ones (p <.001; ns, between younger
and middle-aged participants), whereas fear/threat
was more highly rated by younger adults than by
middle-aged and older ones (ps <.0001; ns, be-
tween middle-aged and older ones). In scary
excerpts, sadness (3), happiness (1.6) and peace-
fulness (1.3) were also rated as present, with no
differences across age groups (ps > .05); the ratings
of older adults were not higher for fear/threat, the
intended emotion, than for the other ones (ps > .3,
cf. Figure 1, fourth panel). This latter finding
indicates low specificity in the recognition of fear/
threat by the older adults.

Accuracy

The analysis of accuracy will follow analogous
steps to the analysis of ratings: we will first focus
on correct identifications and then will consider
misclassifications and ambivalent responses. The
percentage of correct identifications in each
emotion category for the younger, middle-aged
and older participants can be observed in the
diagonal lines of Table 2.

An ANCOVA with Emotion (repeated-
measures) and Age (between-subjects) factors,
and music training as a covariate, showed sig-
nificant effects of Emotion, F(3,330)=72.06,
£<.0001, n’=.4, Age F(2,110)=12.54, p<
.0001, np2=.10, and the interaction between
both, F(6,330)=13.98, p<.0001, n,>=.20.
Happiness reached the best accuracy of all (93%,
ps<.0001). Sadness (61%) and peacefulness
(55%) followed (difference s), and fear/threat
(52%) was the least well recognised. Sadness was
better recognised than fear/threat (p<.001).
Concerning the interaction with age, there was

an age-related decline in accuracy for sadness
(—34%) and fear/threat (—43%; cf. Table 2),
but not for happiness nor for peacefulness (ps >.8).
The decline in both negative emotions was
significant between younger and middle-aged
participants (ps <.01) and between younger and
older participants (ps <.01), but it did not reach
significance between middle and older age (ps >
.3). In the two positive emotions no other age-
related effects were found, other than that for
peacefulness middle-aged participants achieved
better accuracy than the younger ones (p <.01).
This pattern of emotion-specific age-related dif-
ferences was replicated when the analyses were
recalculated using accuracy rates corrected for
possible response bias.

Finally, in partial correlation analyses, years of
age correlated negatively with accuracy for sad
(r=— .44, p<.01) and scary music (r=—.55,
p<.01), but not for happy (r= —.2, ns) nor
peaceful music (r=.2, ns).

The overall distribution of responses, both
accurate and inaccurate, was examined by comput-
ing separate ANCOV As for each excerpt type, with
Age (between-subjects) and Response Category
(happy, peaceful, sad, scary, and ambivalent;
within-subjects) as factors, and music training as
covariate. For each excerpt type, the highest
percentage of responses was given to the intended
emotion, main effects of Response Category: for
happiness, (4, 440) = 1950, p < .0001, 1, > = .95;
peacefulness, F(4,440) =97, p <.0001, 'r]p2 = 47,
sadness, F(4,440)=136, p<.0001, n,’=.55;
fear/threat, F(4,440) ="75.7, p<.0001, n,” = .4;
post hoc comparisons, ps <.0001. Happy music
elicited very few misclassifications, similarly across

2 A methodological issue in forced-choice paradigms is that between-group differences in accuracy might not reflect true
differences in recognition but rather response bias, i.e., differences in the likelihood of using some labels more than others (see
Isaacowitz et al., 2007, for a review). Although our data are not based on a forced-choice paradigm, as a precautionary control we
reanalysed the data using the unbiased hit rate Hu (Wagner, 1993). Hu is an estimate of the joint probability that a stimulus
category is correctly recognised when it has been presented, and that a response is correct given that it has been used. Hu was
calculated for each emotion and participant using the formula Hu =4%(B x C), where 4 corresponds to the number of correctly
identified stimuli, B to the number of stimuli presented (14 per category), and C to the total number of responses in that category
(i.e., including misclassifications). An analysis of covariance (ANCOVA) computed on the arcsine transformed Hu rates replicated
the pattern of results obtained in the analysis of the uncorrected accuracy rates: the interaction between age and emotion, F{(6,
333) =10.45, p <.0001, npz =.16, was significant; there was no age-related decline for happy and peaceful excerpts (ps >.05), only

for sad and scary ones (ps <.01).
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Table 2. Confusion matrix with the percentage of responses for each category as function of excerpt type (intended emotion), separately for
younger, middle-aged and older participants. Diagonal cells in bold show correct identifications (standard error in parentheses)

Excerpt type Response

Happy Peaceful Sad Scary Ambivalent
Younger
Happy 97 (2.2) 1 0 0 2
Peaceful 12 44 (4.4) 33 0 11
Sad 1 9 79 (4.3) 3 8
Scary 6 1 8 76 (4.3) 8
Middle-aged
Happy 94 (2.2) 2 1 0 4
Peaceful 9 65 (4.4) 11 0 14
Sad 2 24 58 (4.3) 2 14
Scary 13 5 22 45 (4.3) 14
Older
Happy 88 (2.2) 5 1 0 5
Peaceful 13 57 (4.4) 15 0 15
Sad 2 33 45 (4.3) 2 18
Scary 18 10 23 33 (4.3) 15

groups (ps > .08). Peacefulness elicited 13% am-
bivalent responses, and was also misclassified as
happiness similarly across groups (11%; ps > .05);
however, misclassifications of peacefulness as sad-
ness were more frequent among the younger
participants than the older ones (p <.05; between
middle-aged and the other groups, 7s; see Table 2).
Sadness elicited 13% ambivalent responses, and
misclassifications as peacefulness (22% overall)
were less frequent among younger participants
than middle-aged and older ones (p <.001; be-
tween middle-aged and older participants, ns).
Regarding scary music, ambivalent responses
(13%) and misclassifications as happiness (13%)
were similar across groups (ps > .05); misclassifica-
tions as sadness, however, were more common
among middle-aged and older participants than
among younger ones (p <.01). A closer examina-
tion of ambivalent responses in a separate AN-
COVA confirmed that they were less frequent for
happiness (4%) than for the other emotions, where
they reached a similar rate of about 13%, main effect
of Emotion, F(3,330) =21.44, p <.0001, np2 =
8. It also revealed that ambivalent responses
were more frequent among the older (13%) than
the younger participants (8%, p < .05; main effect
of Age, F(2,110)=2.23, p<.05, n,°=.04; no

significant interaction; differences between the
middle-aged group (12%) and the other two groups
were not significant.

Finally, we tested whether music training
might have had an impact of on accuracy. We
calculated a partial correlation between years of
music training and mean accuracy controlling for
age (in years). This revealed a positive correlation
between music training and accuracy, r= .33, p <
.05: participants with more years of music training
were better able to identify the musical emotions
studied here, regardless of their age.

DISCUSSION AND CONCLUSIONS

The present study investigated how the recogni-
tion of emotions in music changes with ageing.
Unlike most previous research, we considered the
full adult life span and had an equal number of
positive and negative emotions. The task used
was based on graded judgements given to each of
the emotion categories tested, intended and non-
intended, instead of forced-choice identification
of a single emotion category. As predicted, we
observed age-related changes that were emotion
specific: advancing age was associated with a
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progressive decline in responsiveness to sad and
scary music, whereas responsiveness to happy and
peaceful music remained stable from young
adulthood to older age. This pattern of age-
related differences was observed in the analyses
of both ratings and the derived accuracy measure,
and was replicated after correcting accuracy for
possible response biases. Furthermore, it was not
due to between-group differences in the number
of musically trained participants, because years of
music training were included as a covariate in all
the relevant analyses and the age-related differ-
ences were robust. There were also age-related
differences in the pattern of misclassifications
and ambivalent responses for sad and peaceful
excerpts, and an increase in the proportion of
ambivalent responses with age. In addition, a
positive association was found between music
training and the categorisation of musical emo-
tions. These findings are discussed next.

Emotion recognition in music and ageing

The pattern of the observed changes in emotion
recognition is consistent with previous findings
(e.g., Calder et al., 2003; Isaacowitz et al., 2007).
The decline in responsiveness to sad and scared
music replicates Laukka and Juslin’s (2007) find-
ings with older adults, and extends them by
showing that this decline: (a) occurs for music
portraying emotions through structural features
and not through expressiveness; and (b) is manifest
at middle-age (c. 45 years) and proceeds gradually
with advancing age. This latter finding is conver-
ging evidence for the early onset of age-related
changes in emotion recognition, as has been shown
to occur for speech prosody (Paulmann et al., 2008)
and for the facial expression of fear (but not sadness;
e.g., Calder et al., 2003; Isaacowitz et al., 2007).
The stability across the adult life span to the
positive emotions of happiness and peacefulness is
the counterpart of the decline for sadness and
fear/threat. Stability for happiness has been
reported for music and speech prosody (Laukka
& Juslin, 2007), as well as facial expressions (e.g.,
Calder et al., 2003; Williams et al., 2006; but
see Ruffman et al., 2008). The stability for
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peacefulness has, to our knowledge, not been
reported previously. It suggests that the stability
of emotion recognition across age is not specific to
happiness and might be generalised to positive
emotions. Music may be an especially suited
means to better explore the responsiveness to
positive emotions, because listening to music is
mostly pleasurable and evokes positive moods or
feelings rather than negative ones (Juslin &
Vistfjill, 2008). It can be argued that the stability
for happiness could reflect a ceiling effect because
the three age groups reached high accuracy (mean
of 93% correct). However, the similarity of the
ratings, about 8 in the three groups, and the
available evidence of preservation of this emotion
(Laukka & Juslin, 2007), argue for a true stability
instead of a mere methodological artefact.

Differences between age groups were also
observed in the pattern of misclassifications for
sad and peaceful music: while the younger
participants perceived more sadness in peaceful
music than did the older groups, older participants
perceived more peacefulness and less fear/threat in
sad music than did younger ones. Future studies
manipulating systematically the structural features
of music might contribute to explain these find-
ings (e.g., Dalla Bella et al., 2001; Hunter et al.,
2008). For now, we can only speculate that the
emotional cues conveyed by music might be
differently weighted by participants of different
ages. Slow tempo, a common feature of sad and
peaceful excerpts, may have been taken as a cue for
peacefulness by the older participants, and as a cue
for sadness by the younger ones. There was also an
age-related increase in the proportion of ambiva-
lent responses, i.e., excerpts in which more than
one emotion was rated with the same magnitude.
This may indicate that for older adults the
boundaries between emotion categories are less
discrete and more overlapping, or that their
classification of emotions is more multidimen-
sional (rather than unidimensional).

Explanatory hypotheses

Different mechanisms might account for the age-
related changes observed here. Decline in general
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abilities, such as working memory or attention,
would be one of them. Increasing age is associated
with decline in basic cognitive mechanisms, a
decline that tends to be small between 20 and 60
years and accelerates after 60 (e.g., Hedden &
Gabrieli, 2004). However, it has consistently been
shown that the decrease in emotion recognition by
older adults is independent of general cognitive
decline (e.g., Mitchell, 2007; Orbelo et al., 2005;
Ruffman et al., 2008). It is also unlikely that our
results can be explained by this factor. First,
changes in emotion recognition were already sig-
nificant at middle age, well before the general
cognitive decline becomes clear; also, all of the older
participants had good scores on the MMSE (23 out
of 38 attained the maximum). Second, if general
decline was the basis of the observed changes, these
should have been more marked in the more difficult
emotions. This was not the case: there was decline
for relatively easy emotions like sadness, and
stability for a relatively difficult one, peacefulness.
Still, future studies should use additional neuro-
psychological measures, including tests of music
perception, in order to rule out subtle cognitive or
perceptual difficulties as factors contributing to
age-related changes in emotion recognition.

Two other accounts are more plausible candi-
dates. One is the age-related neuropsychological
decline in brain regions that are involved in
emotion recognition and processing. Although
the amygdala, in comparison with other brain
regions like the frontal lobes, is relatively preserved
through advancing age, its volume has been shown
to decrease linearly as people get older (Grieve,
Clark, Williams, Peduto, & Gordon, 2005;
Zimmerman et al., 2006). According to Ruffman
et al. (2008), the age-related volume reduction in
the amygdala and cingulate cortex would mediate
the decline in the perception of sad and scared/
fearful expressions that has been observed in
behavioural measures. In fact, neuropsychological
studies using the same stimuli and task as the
present study have confirmed the engagement of
the amygdala in the perception of sad and scary
music (Gosselin et al., 2005, 2007). It is thus
possible that the decline that we observed for these
emotions 1is associated with structural age-related

EMOTION RECOGNITION IN MUSIC AND AGEING

brain changes. On the other hand, the stability for
happiness might be related to the relative pre-
servation of the basal ganglia with increasing age.
The basal ganglia are known to subserve the
processing of happiness and it is also known that
they undergo little decline with age (e.g., for
musical stimuli, see Mitterschiffthaler, Fu, Dalton,
Andrew, & Williams, 2007; for other modalities:
Calder et al., 2003; Pell & Leonard, 2003; Phan,
Wager, Taylor, & Liberzon, 2002; Williams et al.,
2006). Regarding the stability for peacefulness,
given that it is usually not considered as a target
emotion in the literature, it is unwarranted to relate
it with changes in brain structure.

Age-related shifts in motivation and in the
regulation of emotion might also explain the
present results. The age-related positivity bias
(Carstensen & Mikels, 2005; Charles & Carsten-
sen, 2007; Mather & Carstensen, 2005; cf.
introduction) has been argued to explain findings
on emotion recognition (e.g., Laukka & Juslin,
2007; Williams et al., 2006), and it nicely fits our
results of an age-related decline that selectively
affected the recognition of negative emotions, and
a concomitant stability for positive emotions. It is
possible that with advancing age participants
attended “more to positive information than
negative information” (Mather & Carstensen,
2005, p. 498) in the music excerpts, as predicted
by this account. Converging evidence for this
motivational/attentional bias comes from studies
that have shown a link between the behavioural
pattern of decline for negative emotions and
selective functional changes in brain responses to
emotional stimuli (e.g., Kisley et al, 2007
Williams et al.,, 2006). As mentioned in the
introduction, Williams et al. (2006) have shown
that the age-related decline in the recognition of
tearful facial expressions was associated with
greater inhibitory control over negative input,
and that the stability for happy expressions was
associated with more automatic processing (less
inhibition) of positive input. Kisley et al. (2007)
have shown that brain reactivity to negative
emotional input decreased linearly with age, while
it remained stable for positive input. Finally, an
age-related reduced reactivity of the amygdala has
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been described for negative facial expressions
and pictures, but not for positive ones (e.g.,
Gunning-Dixon et al., 2003; Iidaka et al., 2002;
Mather et al., 2004). It is therefore possible that
the age-related changes in motivation towards
positive input and the bias to positivity, which
appear to be linked with changes in brain function,
underlie the pattern of results reported here.

However, only studies combining behavioural
with structural and functional neuroimaging meth-
ods are able to directly address the question of
whether motivational bias, changes in brain func-
tion, structural brain decline, or possibly a complex
interaction of these, determines age-related differ-
ences of emotion recognition in music. Such
neurocognitive studies could also shed light on
the question of whether the behavioural ratings of
emotions in music are associated with the induction
and feeling of the corresponding affective state, or if
participants base their ratings on a “cold” analysis of
the stimulus features. We know from neuropsy-
chological studies that the task we used recruits
neural systems of emotion (Gosselin et al., 2005,
2007) and, indeed, many of our participants
commented, upon debriefing, that they had
responded on the basis of how the excerpts made
them feel. Nevertheless, because ours are beha-
vioural data from healthy subjects, they are inade-
quate to test the emotional engagement involved in
this task. As stated by Fritz et al. (2009), supple-
mental data, p. 9) new methodologies have to be
developed in order to “gain experimental evidence
of internal emotional states”.

Correlation with music training

An additional finding of this study was the
positive partial correlation between years of music
training and accuracy. After controlling for age,
participants with more years of music training
were more accurate in how they categorised the
emotions expressed in the excerpts. This is hardly
surprising because an important component in
music training is dealing with emotional meaning
and expressiveness, which is likely to enhance the
recognition of subtle emotional qualities in music.
The advantage of music training is also consistent
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with the available evidence on the general benefits
of music training (e.g., Moreno et al., 2009;
Schellenberg, 2004) and especially with studies
reporting an improvement in the recognition of
emotions (Thompson et al., 2004). However,
there is also research that failed to find effects of
musical expertise on the implicit emotional as-
sessment of musical excerpts (Bigand et al., 2005),
and our study was not designed to test the role of
this factor (years of musical training were con-
trolled a posteriori). It is therefore important to
examine more systematically the effects of music
training in different tasks that tap the recognition
of emotions in music.

In conclusion, the present study established
that the recognition of emotions in music changes
across the adult life span from middle age
onwards. The age-related changes occur selec-
tively for negative emotions: advancing age was
associated with decreased responsiveness to sad
and scary music. By contrast, the responsiveness to
the positive emotions of happiness and peace-
fulness in music remained stable from around 17
to 75 years of age. Future neurococognitive
studies will help specify the brain mechanisms
that underlie this pattern of age-related changes.
Importantly, and contradicting generalised nega-
tive stereotypes associated with human ageing, we
show that significant aspects of emotional
functioning—the recognition of positive expres-
sions in emotional stimuli—might be stable across

the adult life span.
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