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Healthy aging may be accompanied by cognitive decline that includes diminished
attentional control, an executive function that allows us to focus our attention while
inhibiting distractors. Previous studies have demonstrated that background music can
enhance some executive functions in both young and older adults. According to the
Arousal-Mood Theory, the beneficial influence of background music on cognitive
performance would be related to its ability to increase the arousal level of the listeners
and to improve their mood. Consequently, stimulating and pleasant music might enhance
attentional control. Therefore, the aims of this study were (1) to determine if the influence
of background music, and more specifically its arousal level, might improve attentional
control in older adults and (2) whether this effect is similar across older and young adults.
Older and young adults performed a visuo-spatial flanker task during three auditory
conditions: stimulating music, relaxing music, and silence. Participants had to indicate as
fast and as accurately as possible the direction of a central arrow, which was flanked by
congruent or incongruent arrows. As expected, reaction times were slower for the
incongruent compared to congruent trials. Interestingly, this difference was significantly
greater under the relaxing music condition compared to other auditory conditions. This
effect was the same across both age groups. In conclusion, relaxing music seems to
interfere with visuo-spatial attentional control compared to stimulating music and silence,
regardless of age.

Keywords: healthy aging, executive functions, attentional control, flanker task, background music, musical
emotions, arousal, neuropsychology

INTRODUCTION

Music listening induces strong and consistent emotions in the listener (Blood and Zatorre, 2001;
Hunter and Schellenberg, 2010; Chanda and Levitin, 2013). As recommended by Eerola and
Vuoskoski (2011), these musical emotions are often studied into valence (i.e., positive and
negative emotions) and arousal (i.e., stimulating and relaxing) dimensions (Vieillard et al., 2008),
which are taken from Russells model (Russell, 1980). Both music-resulting emotions and
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dimensions have been convincingly demonstrated to be associated
with different musical parameters (for a review, see Juslin
and Laukka, 2004). For example, most of the time, a fast
tempo is associated with a high level of arousal, whereas a
slow tempo is associated with a low level of arousal. Similarly,
music composed in a major mode is typically associated with
a high level of valence and with positive emotions like joy
and peace. Also, it has been demonstrated that loudness is
related to the perceived level of arousal and valence in music
(Schubert, 2004; Dean et al., 2011; Olsen et al., 2015). Further
studies also showed a positive correlation between the tempo
of background music and reading speed (Kallinen, 2002),
perceptual motor abilities (Nittono et al., 2000), and visual
attention tasks (Bolger et al., 2013; Trost et al., 2014), giving
an evident support to the impact of musical parameters on
cognition. In Bolger et al. (2013) study, the targets of the
visual attention task were presented across four selected
metrical positions of the auditory stimulus in order to observe
the entrainment effect of the rhythm of the music. In Trost
et al. (2014) study, targets appeared time-locked to either
strong or weak beats of the background music. The tempo
of a musical stimulus presented before the cognitive task
was also correlated to spatial ability (Husain et al., 2002).

Valence and arousal dimensions also seem to interact in
inducing musical emotions (Salimpoor et al., 2009; van den
Bosch et al., 2013). Previous work has demonstrated that music
inducing a higher level of arousal generates more pleasure in
the listener (Salimpoor et al, 2009). More precisely, if the
listener likes the musical excerpt, subjective felt arousal ratings
and the listener’s arousal state (as measured by electrodermal
activity) increase with pleasure ratings (Salimpoor et al., 2009).
These authors also specify that this link is unidirectional, since
an increase in arousal does not always lead to pleasure (Salimpoor
et al,, 2009). Similarly, the familiarity of the music (i.e., how
well someone knows the musical piece) has been positively
correlated with the level of arousal and the pleasantness rated
by the listener (van den Bosch et al.,, 2013). Moreover, it has
been demonstrated that perception of positive emotional valence
in music increases with age, with older adults tending to find
music more pleasant on average than young adults (Cohrdes
et al, 2020). It is also important to note that, in general,
older adults have more positive emotional well-being than
young adults (Carstensen et al., 2011).

Background music has been shown to have both beneficial
and detrimental effects on a variety of cognitive functions in
healthy young adults (see Kdmpfe et al., 2010 for a meta-analysis).
According to the most well-known theory regarding the link
between music and cognitive performance, the Arousal-Mood
Theory, a musical stimulus presented before the task and
characterized by a high level of arousal (i.e., stimulating music)
and a high level of valence (i.e., pleasant music) would increase
the arousal level of the listener and improve his or her mood,
thereby enhancing subsequent cognitive performance (Thompson
et al, 2001). Other studies have demonstrated this effect
when music was presented simultaneously with a variety
of executive tasks, such as cognitive flexibility, working
memory and attentional control (Thompson et al, 2005;

Mammarella et al., 2007; Jefferies et al., 2008; Jiang et al., 2011;
Bottiroli et al., 2014; Shih et al., 2016; Fernandez et al., 2020).
However, not all of the available research findings fit well within
this theoretical relationship between music and cognitive
performance. For example, some research suggests that highly
pleasant music requires more attentional resources and thus
may impair cognitive performance in the context of attentional
tasks (Nemati et al., 2019).

In particular, the impact of background music on attentional
control, an executive function that allows one to focus attention
on a specific stimulus, while inhibiting distractors from the
environment (Theeuwes, 2010; Diamond, 2013), is somewhat
ambiguous, with previous research generating heterogeneous
results and not always controlling for levels of arousal and/
or valence. One study demonstrated that, compared to silence,
personally chosen background music enhanced young adults’
attentional control performance (Darrow et al, 2006), while
another showed that sad music enhanced selective attention
performance compared to calm, happy, and scary music (Jefferies
et al., 2008). Furthermore, a study that used music prior to
a flanker task, which measures attentional control (Eriksen
and Eriksen, 1974), demonstrated that positive affect (i.e., higher
valence level) induces a larger flanker effect [difference in
reaction time (RT) between incongruent and congruent trials],
suggesting that background music characterized by positive
valence impairs attentional control performance (Rowe et al.,
2007). A recent study reported improved perceptual judgment
in a flanker task in young adults when they were listening to
joyful and arousing background music, compared to sad and
tender music as well as to silence (Fernandez et al., 2020);
however, they did not find any effect of background music
on attentional control performance per se. Also, Burkhard et al.
(2018) showed that, compared to a silent condition, relaxing
and exciting music did not have any effect on young adults’
inhibitory performance on the go/no-go task (Nosek and Banaji,
2001), nor on the event-related components underlying inhibitory
processing. In sum, studies in young adults still show
heterogeneous results concerning the effect of background music
on attentional control, and the role of arousal in this effect
is still not completely understood.

The role of music in attentional control in elderly populations
has only been investigated very recently (Fernandez et al., 2020).
In this work, they demonstrated that, compared to silence as
well as sad and tender music, joyful and highly arousing background
music enhanced perceptual judgments in a flanker task in both
older and young adults (Fernandez et al., 2020). No background
music effect was found on older adults’ attentional control
performance (Fernandez et al., 2020). However, this study used
a modified version of the flanker task, taken from the Attention
Network Test, which measures several components of attention
and includes cues before the trials. Thus, a more challenging
task measuring attentional control specifically might produce
different results regarding the effect of background music in
older adults. In sum, it is apparent that the existing findings
about the effect of background music on attentional control in
both older and young adults are not always in accordance with
the Arousal-Mood Theory (Thompson et al.,, 2001).
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It is important to study the effect of background music in
older adults since attentional control can be impaired in normal
cognitive aging (Buckner, 2004). Indeed, older adults have been
reported to be generally more sensitive to distractors (Hasher
and Zacks, 1988; Hasher et al., 1991; Gazzaley et al., 2005;
Darowski et al., 2008), showing slower RT in the flanker task
compared to young adults (Zeef et al., 1996; Salthouse, 2010).
Also, a speed-accuracy trade-off can be observed in older
adults’ performance at the flanker task (Wild-Wall et al., 2008;
Hsieh and Fang, 2012; Hsieh and Lin, 2014). In other words,
compared to younger adults, older adults make fewer errors
but present slower RT. It is important to note that this slowing
in older adults’ performance could also be caused by vision
and/or hearing loss, since a relationship has been demonstrated
between vision and hearing and cognitive performance in this
population (Li and Lindenberger, 2002; Wahl and Heyl, 2003;
Lin et al, 2013). A recent study investigating the cerebral
substrates associated with this age-related slowdown in the
flanker task, demonstrated additional brain activations in
posterior parieto-occipital areas which were linked to greater
efforts to process the central target in incongruent trials
(Fernandez et al., 2019). In sum, the literature indicates that
older adults struggle more in inhibiting distractors and probably
recruit different brain areas to compensate for their difficulties.

In addition to attentional declines in the elderly, it is possible
that the presentation of a visual or auditory stimulus during
the completion of a cognitive task might be more distracting
for older adults than young adults, even if they are told to
ignore the distraction (Guerreiro et al., 2010). Studies conducted
by Alain and Woods (1999) and by Andrés et al. (2006)
demonstrated that adding irrelevant sounds to a visual
discrimination task impairs older adults more than young adults
in their RT, as well as in the amplitude of the event-related
potential linked to the processing of distraction (N1 and MMN).
In the same manner, adding background music to a visual
task could potentially be more distracting for older adults than
for young adults.

However, it is also possible that background music added
to a visual task could impair the performance of young adults.
Indeed, for attentional tasks that are time-critical, as well as
for spatial attentional tasks, shared attentional resources are
involved when processing stimuli from different modalities
(i.e., auditory and visual), and this is the case for adults of
all ages (for a review, see Wahn and Konig, 2017). This can
lead to impairment in the processing of one or both modalities.
For example, when auditory and visual stimuli are presented
simultaneously in an attentional task, both auditory and visual
processing are slowed down (Dunifon et al., 2016). However,
the effect of background music on attentional control in young
and older adults is still not fully understood and needs
further investigation.

In sum, normal aging is accompanied by cognitive decline
that affects attentional control. Thus, it is important to find
easy and pleasant ways for older adults to maximize their
attentional control in everyday situations, for example with
background music. However, the beneficial effect of background
music on different executive functions is not fully understood,

possibly due to the fact that the arousal level of music is not
always controlled in previous studies. More particularly, the
comparison between young and older adults in the effect of
background music on attentional control specifically needs
more investigation.

This study aimed to determine if the influence of background
music, and more specifically its arousal level, might improve
visuo-spatial attentional control in older adults and whether
this effect is similar across older and young adults. To do
this, we compared the effect of stimulating and relaxing music
on performance on the flanker task, with a silence condition
representing the base level performance.

Regarding the effect of background music, we expected faster
answers and fewer errors for older adults under the stimulating
music condition compared to both the relaxing music and
silence conditions. As for young adults, knowing that results
in the literature about the effect of background music on
attentional control are still heterogeneous, there were no
hypotheses concerning the effect of background music on their
performance on the flanker task.

MATERIALS AND METHODS

Participants

Nineteen older adults and 21 younger adults participated in
this experiment. They all provided informed consent and
received financial compensation for their participation. All
participants were francophone Quebecers and reported to
have normal audition, as well as normal or corrected-to-
normal visual acuity. They also reported information about
their music listening habits. None reported neurological,
neurodevelopmental, or diagnosed psychiatric disorders.
Depression and anxiety questionnaires were used to ensure
that participants did not have clinically significant levels of
anxio-depressive symptoms.

Young adults completed both the Beck Anxiety Inventory
(BAI; Beck et al, 1988) and Beck Depression Inventory II
(BDI-II; Beck et al, 1996), for which scores over critical
thresholds (26/63 and 29/63, respectively) were considered
exclusion criteria. All young adults presented scores of 12 or
lower (M = 4.36; SD = 3.83) for the BAI and scores of 20
or lower (M = 7.24; SD = 5.32) for the BDI-II.

Older adults completed the Geriatric Anxiety Inventory
(GAI; Pachana et al., 2007), as well as the short form of the
Geriatric Depression Scale (GDS-SF; Burke et al., 1991). Scores
over critical thresholds (9/20 and 5/15, respectively) were
considered exclusion criteria. Older participants had scores of
8 or lower (M = 2.05, SD = 2.59) on the GAI, as well as of
3 or lower for the GDS-SF (M = 0.79; SD = 1.08). In addition,
general cognitive state was evaluated using the Mini Mental
State Examination (MMSE; Folstein et al., 1975; Commenges
etal,, 1992) to ensure no deficits (e.g., mild cognitive impairment).
Based on previous studies (Folstein et al., 1975; Hudon et al.,
2009), older participants whose scores were over the threshold
of 27/30 were retained in the study. All older participants had
scores of 28 or more (M = 29.26; SD = 0.73).
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In addition, basic executive functioning was assessed using
the color-word interference test, from the Delis-Kaplan Executive
Function System battery (D-KEFS; Delis et al, 2001). The
color-word interference condition consists of naming the color
of the ink with which each word is printed, thus permitting
an evaluation of inhibition processes. No inhibition deficits
were observed in either group, with standard scores in the
average range when compared to age-based norms (M = 10.29,
SD = 1.82 for young adults; M = 1042, SD = 1.98 for
older adults).

The two groups were significantly different in age (see
Table 1). They were matched in terms of sex, years of schooling,
and years of musical training, with a similar proportion of
men and women and equivalent years of schooling and years
of musical training (see Table 1). However, our participants
were mainly women (i.e., 18 older women for one man and
19 young women for two men). For musical expertise, none
of the participants were professional musicians.

The music listening habits of our sample did not appear
to be different between young and older adults, neither as
principal activity (reported by 13/21 young adults with a mean
of 2.69 h/week and 13/19 older adults with a mean of 2.76 h/
week) nor as background music (reported by all young adults
with a mean time of 8.1 h/week and 13/19 older adults with
a mean time of 8.79 h/week).

Flanker Task

All participants performed an arrow version of Eriksens flanker
task (Eriksen and Eriksen, 1974) from a viewing distance of
100 cm from the screen. We followed previous recommendations
for size and spacing parameters (Zeef et al., 1996; Maylor and
Lavie, 1998; Hsieh and Lin, 2014). Participants were asked to
focus their attention on the central arrow (0.4° of visual angle
vertically and 0.6° horizontally) of a series of five and to indicate
the direction in which it pointed, as quickly and accurately as
possible. The target was flanked by two arrows on the left and
two arrows on the right and could either point the same direction
(congruent condition: right > > > > > or left < < < < <) or

TABLE 1 | Comparison between older and younger adults on demographic
variables.

Age groups

Older Young df t/? P Effect

adults adults size (r)
N (M, F) 19(1,18) 21(2,19) 1 0.26 =0.61 =0.08
Age (years) 67.26(3.16) 23.95(3.51) 38 -40.82 <0.001  =0.99
Years of 16.16 (2.69) 16.48(1.86) 38 0.44 =0.66  =0.07
education
Years of 1.37 (2.17) 2.81 (4.69) 38 1.23 =0.23 =0.2
musical
training

Except for sex, this table presents means (and standard deviations). M = male,
F = female. Group composition was compared for sex, using a chi square test, and for
age, years of education, and years of musical training using independant t-tests.

the opposite direction (incongruent condition: right < < > < <
or left > > < > >) as the central arrow (see Figure 1).

Each trial contained five steps (see Figure 1). First, a fixation
cross was displayed in the center of the screen for 500 ms,
followed by an array of arrows in the middle of the screen
for a duration of 250 ms. Next, a black screen was presented,
and participants had a maximum of 2,000 ms to provide their
answer regarding the direction of the central arrow. After the
answer was given or the time limit was over, the screen remained
black for 500 ms. Finally, the symbol “--” was presented in
the middle of the screen during the inter-trial interval (duration
between 850 and 950 ms). Depending on the participant’s RT
and the duration of the inter-trial interval, the total duration
of one trial varied between 2,500 and 4,200 ms.

The experiment comprised 21 blocks containing 32 trials
each (with an equal number of congruent and incongruent
trials) for a total of 672 trials. Both blocks and trials were
presented in a randomized order for each participant. Of the
21 blocks, seven were allocated to each of the three auditory
conditions (stimulating music, relaxing music, and silence).
For the two musical conditions, each block was associated
with a different musical excerpt. Participants could take breaks
between each block to rest. The total duration of one block
varied between 80 and 90 s, depending on the RT of the
participant. Without the breaks between each block, the total
duration of the entire task was approximately 30 min. To
familiarize participants with the task, it was preceded by a
practice block that included feedback to inform the participants
about their performance. The practice block was presented
with background music characterized by an intermediate tempo
(i.e,, 110 beats per minute, BPM). The flanker task and the
music were presented using MATLAB (MATLAB Release 2018a,
The MathWorks, Inc., Natick, Massachussetts, United States)
with the “Psychophysics Toolbox Version 3” extension (Brainard,
1997; Kleiner et al., 2007).

Musical Stimuli

All participants performed the flanker task under three auditory
conditions: stimulating music, relaxing music, and silence. The
music was pleasant sounding instrumental works composed
in a major mode, chosen from the classical repertoire. Inter-
rater agreement between three researchers was used to select
the seven most stimulating (e.g., William Tell Overture: Final,
composed by Giochino Rossini), as well as the seven most
relaxing (e.g., Suite Bergamasque, Clair de Lune composed by
Claude Debussy), musical excerpts from a larger pool of musical
material in use in our laboratory. Excerpts of 100 s were chosen
from the original pieces, so that the arousal and valence levels,
as well as the tempi, were stable throughout each excerpt. The
stimulating musical excerpts had a mean tempo of 153.14 BPM
(SD = 23.35), while the relaxing musical excerpts had a mean
tempo of 59.29 BPM (SD = 11.34). All excerpts were normalized
at peak value (90% of maximum amplitude) and logarithmic
fade-ins and fade-outs of 500 ms were added at the beginning
and end of each excerpt, using Adobe Audition 3.0 software
(Adobe Systems, Inc. San Jose, CA, United States).
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FIGURE 1 | The course of a flanker task trial. Symbols are not to scale; they have been enlarged to be visible in this diagram.

The music was presented via Beyer Dynamic Headphones
(Model DT 770 Professional, 250 OHM).

Musical Evaluation

After completing the flanker task, participants were asked to
listen carefully to each musical excerpt without time restriction
and to evaluate how much the piece was considered to be (a)
arousing, i.e., relaxing or stimulating, (b) unpleasant or pleasant,
and (c) unfamiliar or familiar, using a continuous visual analogue
scale from 0 (extreme left) to 100 (extreme right). Thus, a
low score on the arousal dimension would mean that the
musical excerpt was judged as relaxing.

Data Analysis

Group composition was compared for sex, using a chi square
test, and for age, years of education, and years of musical
training using independent ¢-tests.

Performance on the flanker task was analyzed using RT
and error rate (ER). Average RT values for successful trials
were calculated in milliseconds for each flanker congruency
type of trial (i.e., congruent and incongruent), each auditory
condition (stimulating music, relaxing music, and silence), and
each participant separately. The averages and standard deviations
of ER as percentages (excluding missed trials) were also calculated
for each participant, as well as for each flanker congruency
and auditory condition. RT and ER scores were entered into
separate mixed-design analyses of variance (ANOVAs) with
Age Group (older and young adults) as a between-subject
factor, Auditory Condition (stimulating music, relaxing music,
and silence), and Flanker Congruency trial type (congruent
and incongruent) as within-subject factors. When interactions

between repeated measure factors were significant, a standard
contrasts analysis was used to determine if the difference
between congruent and incongruent trials (i.e., flanker effect)
was the same between auditory conditions.

To confirm that the musical conditions differed in perceived
arousal level and to explore whether there was a difference
between older and younger adults’ judgments, a mixed-design
ANOVA with the between subject factor Age Group (older
and younger adults) and the within subject factor Music
Condition (stimulating music and relaxing music) was conducted.
Two other exploratory mixed design ANOVAs were conducted
with the judgments of valence and familiarity.

All statistical analyses were performed using IBM SPSS
Statistics 24 (IBM Corp., 2016). Behavioral mean results (music
evaluation and flanker performance) as well as statistical results
are presented in Tables 1-4.

RESULTS

Musical Stimuli Evaluation

As expected, stimulating music was judged to be significantly
more arousing than relaxing music by both older and young
adult groups, the size of this effect being large (see Figure 2
and Table 2). There was no difference between older and young
adults in their evaluation of the arousal level of musical excerpts
and no significant interaction between Music Condition and
Age Group.

Relaxing music was considered significantly more pleasant
than stimulating music by both older and young adults, with
this effect being large (see Figure 2 and Table 2). Older adults
generally judged the musical excerpts to be more pleasant
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TABLE 2 | Results of the analyses of variance (ANOVA) for the evaluation of
arousal, valence, and familiarity.

Predictor df F P 7
Arousal
Music Condition 1,38 1453.3 <0.001 0.98
Age Group 1,38 0.016 =0.9 0.00
Music Condition x Age Group 1,38 2 =0.165 0.05
Valence
Music Condition 1,38 32.28 <0.001 0.46
Age Group 1,38 7.53 =0.009 0.17
Music Condition x Age Group 1,38 0.009 =0.926 0.00
Familiarity
Music Condition 1,38 1.32 =0.258 0.033
Age Group 1,38 21.48 <0.001 0.36
Music Condition x Age Group 1,38 0.08 0.778 0.002
TABLE 3 | Results of the ANOVA for the flanker task RT.
Predictor df F P s
Omnibus analysis
Age Group 1,38 55.02 <0.001 0.59
Flanker Congruency 1,38 418.75 <0.001 0.92
Auditory Condition x Flanker 2,67 3.995 0.027 0.095
Congruency
Contrasts analysis
Relaxing vs. Stimulating 1,38 10.61 =0.002 0.22
Relaxing vs. Silence 1,38 4.29 =0.045 0.1
Stimulating vs. Silence 1,38 0.116 0.735 0.003

than young adults, with this effect also being large. There was
no significant interaction between Music Condition and the
Age Group.

Older adults were significantly more familiar (M = 84.41,
SD = 16.73) with the musical excerpts than young adults
(M = 62.32, SD = 17.41), with the size of this effect being
large (see Table 2). There was no difference between stimulating
and relaxing music in their level of familiarity. Finally, there
was no significant interaction between Music Condition and
the Age Group.

Flanker Task

Reaction time performance on the flanker task revealed a
significant and general slowing in older adults compared to
young adults (large effect, see Table 3 and Figure 3). For
both older and young adults, RT was significantly slower in
the incongruent trials than in the congruent ones, i.e., a flanker
effect was clearly observed. Moreover, an interaction between
Auditory Condition and Flanker Congruency showed that the
difference in RT between incongruent and congruent trials
varied between the three conditions. More specifically, the
influence of background music revealed a greater flanker effect
for relaxing music than for stimulating music or silence, these

TABLE 4 | Results of the ANOVA for the flanker task ER.

Predictor df F P 7

Omnibus analysis

Age Group 1,38 9.86 =0.003 0.21

Flanker Congruency 1,38 66.28 <0.001 0.64

Age G Flank

ge aroup xranter 1,38 1405  <0.001 027

Congruency

Auditory Condition 2,38 2.46 =0.097 0.056
Post-hoc analysis (ANOVAs)

Difference between older and

young adults for congruent 1,38 1.13 =0.294 0.03

trials

Difference between older and

young adults for incongruent 1,38 11.45 =0.002 0.23

trials

effects being, respectively, large and average (see Figure 4 and
Table 3). These two latter conditions did not differ in terms
of flanker effect (see Figure 4 and Table 3).

Older adults made fewer errors overall compared to young
adults, and this was a large effect (see Figure 3 and Table 4).
Also, for both older and young adults, ER was significantly
higher for the incongruent than the congruent trials, this
effect also being large. Moreover, an interaction between Age
Group and Flanker Congruency showed that there was no
age-related difference for the congruent trials, while older
adults made significantly fewer errors in the incongruent trials
compared to young adults (see Figure 5 and Table 4). There
were no significant differences between the three experimental
conditions in ER.

DISCUSSION

This study aimed to explore the effect of the arousal level of
background music on visuo-spatial attentional control in young
and older adults. To do this, both groups performed an arrow
version of the flanker task under three auditory conditions:
stimulating music, relaxing music, and silence.

Error Rates and Reaction Times in the
Flanker Task

The effects on ER seemed quite limited, probably due to the
ceiling effect observed in both older and young adults (success
rate > 95% for all participants). All participants presented
expected slower RT and increased errors in the incongruent
trials compared to the congruent ones, suggesting greater
difficulty in inhibiting the distracting and incongruent arrows
(Eriksen and Eriksen, 1974; Eriksen, 1995). Importantly, older
adults had overall slower RT and lower ER than young adults.
They seemed to favor accuracy over speed in their performance
on the flanker task, while young adults favored speed over
accuracy, which is consistent with previous studies using the
same task (Wild-Wall et al., 2008; Hsich and Fang, 2012;
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Hsieh and Lin, 2014). Although normal aging has been linked
to impairments in attentional control (Hasher and Zacks, 1988;
Hasher et al., 1991; Buckner, 2004; Gazzaley et al., 2005; Darowski
et al.,, 2008), the slower results observed in our older adults
during incongruent trials might be explained by compensatory
mechanisms adopted to adequately complete the task (Wild-
Wall et al., 2008; Hsieh and Fang, 2012; Hsieh and Lin, 2014),
or decreased eyesight and hearing, which has been linked to
cognitive performance deficits (Li and Lindenberger, 2002;
Wahl and Heyl, 2003; Lin et al., 2013).

In addition, results obtained in the flanker task might have
been influenced by the female dominance of our sample. A
previous study demonstrated that visual selective attention
performance of women is more affected by invalid cues, while
men benefit from those invalid cues (Merritt et al., 2007).
Also, women are more influenced by irrelevant spatial cues

compared to men (Bayliss et al, 2005). Finally, a study
demonstrated that incongruent flankers impair women’s
performance more than men’, showing a gender difference in
visuo-spatial selective attention (Stoet, 2010).

The Effect of Background Music on
Attentional Control

In our study, the influence of background music during a
visuo-spatial attention task revealed impaired attentional control
performance during relaxing music exposure compared to
silence and stimulating music. These results are not consistent
with the Arousal-Mood Theory (i.e., stimuli rated as pleasant
and stimulating can increase the arousal level and improve the
mood in listeners) and other previous studies demonstrating
that stimulating and pleasant music enhances cognitive
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performance (Thompson et al., 2001; Mammarella et al., 2007;
Jiang et al., 2011; Bottiroli et al., 2014; Shih et al., 2016; Fernandez
et al,, 2020). They are also inconsistent with recent research
that suggests no influence of relaxing or stimulating background
music on inhibitory processing, albeit using a different type of
inhibition task (go/no-go; Burkhard et al., 2018).

It is difficult to reconcile these results demonstrating a
difference between relaxing and stimulating music with the
existing literature. However, based on previous studies
demonstrating positive correlations between the tempo of music
and cognitive performance across a number of domains,
including reading speed (Kallinen, 2002), perceptual motor
speed (Nittono et al., 2000), spatial ability (Husain et al., 2002),
and visual attention tasks (Bolger et al, 2013; Trost et al,
2014), we hypothesize that this influence of relaxing music
on participants’ reaction times might be associated with the
tempi of our musical excerpts. Greater flanker effects are

observed for the relaxing music condition, which is characterized
by slower tempi, compared to the stimulating music condition,
associated with faster tempi.

The contradiction between our results and the Arousal-Mood
Theory may also be explained by the fact that, in this study,
stimulating music was judged to be less pleasant than relaxing
music, while usually it is judged to be more pleasant (Salimpoor
et al, 2009). In line with this, a previous study that used
music to induced different moods prior the flanker task, showed
that pleasant music induced a general slowdown in RT, as
well as a greater flanker effect, compared to both neutral
condition and unpleasant music (Rowe et al., 2007). Although
all of the musical excerpts in our study were judged to
be pleasant, the fact that relaxing music was seen as significantly
more pleasant than stimulating music might explain why the
former induced a greater flanker effect than the latter. It has
also been demonstrated that listening to highly pleasurable
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music involves more attentional resources, and leads to a decline
in cognitive performance (Nemati et al, 2019). Thus, it is
possible that our relaxing music impaired the flanker task
performance compared to stimulating music and silence by
inducing a higher positive valence in our participants and by
the same token, involving more attentional resources, leaving
less for the execution of the task (Dunifon et al., 2016; Wahn
and Konig, 2017; Nemati et al., 2019). It is possible that the
sharing of attentional resources when processing both auditory
and visual stimuli at the same time is even more difficult
when the auditory stimuli is relaxing music (Dunifon et al., 2016;
Wahn and Konig, 2017; Nemati et al., 2019).

The Effect of Background Music Across Age
Regarding age, the greater flanker effects observed for the
relaxing music condition was similar between both groups.
This is in line with very recent work demonstrating that classical
music with different arousal and valence levels has the same
impact on attention processing in both young and older adults,
even if the latter experience a decline in this particular executive
function (Fernandez et al., 2020). This also mirrors a study
by Alain and Woods (1999), who reported no differences
between older and young adults in their performance on a
visual attention task, while listening to irrelevant auditory
stimuli. However, in their study, the irrelevant sounds presented
simultaneously with the visual attention task provoked greater
event-related potential amplitude in older adults compared to
young adults. These results demonstrate distinct background
sounds processing across age for similar performances in a
visual attention task. The behavioral similarities between older
and young adults in the current study cannot rule out the
possibility of age-related differences in the underlying neural
networks for attentional control. Moreover, given that older
and young adults differed in rating the musical excerpts for
valence and familiarity, it is possible that, with similar ratings
in these two dimensions, we would observe a difference between
the two age groups in the effect of background music on
attentional control.

Musical Stimuli Evaluation

We analyzed participants’ arousal, valence, and familiarity
evaluations of the musical excerpts. Our results indicated that
the arousal level of the musical excerpts was judged as expected
by both age groups. Also, all musical excerpts were evaluated
as pleasant, but unexpectedly, relaxing music pieces were felt
to be more pleasant than stimulating music pieces. This finding
is inconsistent with previous studies demonstrating that
stimulating music generated higher ratings of pleasantness by
listeners (Salimpoor et al., 2009; van den Bosch et al., 2013).
However, those studies used musical material chosen by the
participants or that resembled participants’ favorite music, from
various musical genres (classic, jazz, rock, etc.), whereas in
our study, only classical music selected by the researchers was
used. Indeed, it has been demonstrated that, when listening
to familiar music, there is a strong positive correlation between
the pleasure felt by the listener and his level of arousal, but
when the music is not familiar, there is no longer a clear

relation between pleasure and arousal (van den Bosch et al.,
2013). This might explain why we obtained different results,
since our participants listened to music that they did not
choose and were thus not as familiar as they would have been
with personally chosen music.

Relaxing and stimulating music did not differ in terms of
familiarity level here, suggesting that the observed effect of
background music on attentional control is likely due to the
variations in arousal and valence levels only. However, we did
find that music excerpts used in the current experiment were
rated as more familiar and more pleasant for older adults
than young adults. These results might be explained by the
fact that older adults listen more to classical music, while
young adults listen mostly to popular music (Savage, 2006).
Thus, our musical excerpts might have matched older adults’
tastes and habits better than young adults. Another putative
explanation is related to the fact that perception of positive
emotional valence in music increases with age; in other words,
older adults tend to find music more pleasant on average than
young adults (Cohrdes et al., 2020). The authors of this study
interpret this finding in relation to other research that suggests
that older adults’ emotional well-being is more positive than
young adults’ (Carstensen et al., 2011). Hence, it is possible
that our older participants were more inclined to find the
music pleasant than our younger participants due to their age.

Moreover, our participants were mostly women, and gender
is known to have a moderate influence on the emotions induced
by music (Aljanaki et al., 2016). Indeed, women tend to feel
more amazed by classical music than men (Aljanaki et al,
2016). It has been showed that the brain activity linked to
music-induced pleasantness and self-reported feelings of
happiness were significantly greater in women than in men
(Diaz et al,, 2011). Another study demonstrated that women
show elevated electrophysiological activity for arousing and
unpleasant music, compared to men (Nater et al, 2006).
Thus, the female dominance in our study might have influenced
the results concerning musical stimuli evaluation.

Although the evaluation of the valence dimension showed
unexpected results [i.e., (1) relaxing music evaluated as more
pleasant than stimulating music and (2) overall higher valence
scores in the older compared to younger adults], the evaluation
of the arousal dimension of our stimulating/relaxing musical
excerpts were judged as expected. This allowed us to evaluate
the effect of the arousal dimension of background music on
attentional control, as measured by the flanker task.

Conclusion

In conclusion, we observed the expected performance of older
and young adults in the flanker task, with slower RT and
greater ER for incongruent trials compared to congruent trials.
Our results, not supported by the Arousal-Mood Theory, suggest
that relaxing pleasant background music can impair visuo-spatial
attentional control performance, inducing a greater flanker
effect or RT than that observed for stimulating pleasant music
and silence. This effect was the same for older and young
adults despite the typical decrement in attentional control
associated with healthy aging.
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Limitations

This study presents some limitations. First, only classical music
was used and older adults found it more pleasant and familiar
than young adults, potentially inducing a differential impact of
these stimuli on our participants as a function of age. Future
studies should control for the impact of age on emotional
judgments of musical stimuli when comparing older and young
adults. Second, although we screened older adults for cognitive
impairments, given that hearing and vision loss can impact the
cognitive performance of older adults, ideally these perceptual
functions should be measured as well and, if necessary, entered
as covariates in the analysis. Third, the music conditions differed
not only in arousal but also in valence. Even if those two
dimensions often interact together (Jefferies et al., 2008), it would
be interesting to observe their separate effects on attentional
control performance through manipulation of each of these
factors independently. Fourth, given that a single visuo-spatial
task was used to assess attentional control, the conclusions of
this study are limited to visuo-spatial attentional control.

Future Perspectives

In order to improve the evaluation of arousal, future studies
should use real-time objective measurements of arousal through
the recording of electrodermal activity, while participants listen
to the music and execute the task. Also, it would be interesting
to control for inter-individual variability, in general, arousal
level by measuring it before the beginning of the experiment.
It would also be important to take into account the gender
of participants in studying music-induced emotions. Moreover,
to improve the ecological validity of the results, future work
could also investigate the influence of longer periods of
background music listening (in contrast to our 100 s excerpts)
on visuo-spatial attentional control performance. An important
extension to the current research would be the inclusion of
other modalities of attentional control during background music
listening, in order to draw more general conclusions about
attentional control, and not limited to visuo-spatial attentional
control as in the current paper. As mentioned previously, since
some studies found an effect of background music on cortical
activity in absence of a behavioral effect (Alain and Woods, 1999;
Jancke and Sandmann, 2010), it would also be interesting to
investigate the impact of background music on EEG measures.
Finally, if future studies support the present findings
demonstrating a detrimental effect of relaxing background music
on visuo-spatial attentional control performance and reproduce
this effect with other executive functions, this study should
be used as guideline in recommending or not the use of
background music, while performing a cognitive task.
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