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Abstract

Background

Music-based interventions appear to be efficient non-pharmacological approaches to improve emotional, social, and
cognitive functioning of patients with neurodegenerative diseases such as Alzheimer’s Disease (AD).

Objectives

Because the benefits seem to increase with patients motor involvement, we studied the ability to move in synchrony with
musical rthythms and more specifically the impact of live performance compared to video recording of a musician on
sensorimotor abilities in patients with cognitive impairments (AD, vascular and mixed dementia) and in patients with no
evidence of cognitive impairments.

Methods

Sensorimotor synchronization (SMS) to a metronomic or a musical stimulus was assessed in patients when they were
viewing a live musician or his pre-recorded video.

Results

Participants were better at synchronizing to a metronome than to music but this effect was modulated by the social
context. While SMS to a metronome was better when facing a video than a live performance, there was no impact of the
social context on SMS to music. Lastly, we found no group differences on SMS.

Conclusion

The decrease in synchronization ability to metronome in the live performance may be due to the social pressure
associated with the presence of the musician. Such a pressure might be removed in pleasant and ecological social
activities, like moving with music, explaining the lack of the social context effect on SMS to music. Remarkably, the
group with cognitive impairments performed no worse than the group without cognitive impairments, which suggests
relatively spared SMS abilities in these patients. By showing that it is possible to encourage a patient to synchronize with
others, even in front of a video, the results of our study indicate that SMS can be used as a relevant predictor in clinical
trials and open up promising therapeutic options for patients living in remote areas.

Keywords: Alzheimer’s disease, Dementia, Music therapy, Social interaction, Motor activity, Aging, Cognitive
impairment



Introduction

Alzheimer’s disease (AD) is a neurodegenerative disorder
affecting several aspects of cognition, with symptoms such
as memory dysfunction [1], language impairment [2,3],
emotional deficits and social withdrawal [4]. Due to the
limited efficacy of pharmacological treatments, health
institutions have encouraged the development of non-
pharmacological approaches in the management of
dementia [5]. In parallel, the use of music-based
interventions for patients with AD and dementia has
increased over the last decade [6,7] due to their positive
impact on patients’ emotional, social and cognitive
functioning, as well as on caregiver well-being [8,9].
Musical interventions can cover a large variety of
activities from passive music listening in isolation to
active music making in groups. Some studies reported that
encouraging motor involvement in patients, by making
them move with the musical beats or sing, provides greater
benefits than passive music listening [10,11]. Such a
finding suggests that motor coordination, and more
precisely rhythmic sensorimotor synchronization (SMS),
induced by these activities might contribute to the efficacy
of music-based interventions in patients with dementia.

A central factor of these musical interventions is the social
context: patients generally listen to music in the presence
of others (i.e. in a group or in the presence of a musician).
It has been demonstrated that the presence of a live
musician while listening to music increases patients’
spontaneous motor behaviors, compared with listening
alone to an audio [12—14] or a video [15] recording of a
musical piece. Moreover, previous findings have shown
that social presence can modulate SMS. When two
individuals perform rhythmic movements together, they
tend to spontaneously synchronize their movements
[16,17]. By coupling their rhythmic movements with one-
another, individuals improve their SMS performances [18—
20]. In a previous study, we investigated the impact of
social context on SMS to musical rhythms as well as on
patients’ socio-emotional and motor engagement during
musical activities in patients with AD [15]. Each
participant was asked to tap with a metronomic or a
musical rhythm, in the presence of a musician who
performed the task. The presence of the musician was real
(live condition) or virtual (video condition). Contrary to
our predictions, we found that patients’ SMS was better
when they viewed a video of a musician performing rather
than in a face-to-face live performance with a musician.
We interpreted this finding by accounting for the effect of
social pressure arising from the presence of an observer.
Since the patients involved in our previous study all
presented with moderate to severe dementia (Alzheimer’s
Disease, vascular or mixed dementia), and control
participants without cognitive impairment were not tested,
it remained difficult to determine whether or not the
impact of social pressure was related to or exacerbated by
the progression of the disease, and by cognitive decline.
However, this issue deserves to be further investigated in
elderly patients with different levels of cognitive

impairments.

Rhythmic SMS requires core cognitive skills such
as anticipation, adaptation and attention [21], as well as
accurate sensorimotor control. Although spontaneous
rhythmic movements are frequently observed, SMS has
been rarely investigated in patients with neurodegenerative
disease such as AD. Since most studies have explored
deficits in cognition, little is known about the motor
disorders associated with AD or other types of dementia
[22,23]. The few studies that have examined rhythmic
tapping abilities in AD have used continuous metronomic
tapping tasks [24,25]. In these motor tasks, which are
more cognitively challenging than SMS tasks, patients
start by tapping with metronome but are required to
continue reproducing the metronome even after its
removal. Results have shown a decrease in tapping
regularity and accuracy in patients with AD, even at the
early stage of the disease, as compared with matched
elderly participants. However, the origins and the
specificity of this decline in performance are not known.

When evaluating SMS, generally two types of
sound sequences are used: metronome or musical
sequences. Whereas the beat is directly perceived with a
metronome, it has to be extracted from the complex
auditory patterns in music. It is therefore harder to
synchronize with music than with metronome beats
[26,27] even though tapping with music is more
motivating and enjoyable. Additionally, SMS can be
characterized by two complementary measures:
consistency (i.e. tap regularity), and asynchrony (i.e. tap
precision or  anticipation). In the field of
neurodegenerative pathologies, data reported in the
literature has shown that SMS with music in patients with
Parkinson's disease is less consistent and less anticipated
than in controls [28-30]. No study, to our knowledge, has
compared SMS in patients with AD and in controls.

In line with our previous study, the present one
aimed to investigate the impact of social context on SMS
to musical rhythms in a different group of cognitively
impaired elderly patients (CI group) and compare their
performances to elderly participants with no cognitive
impairments (NoCI group). The novelty of our paradigm
lies in our ability to manipulate the social contexts, in
which the task was performed. For this purpose, we used a
simple paced tapping task, where participants
synchronized tapping to beats in an auditory sequence.
While performing the task, each participant viewed a
musician who was also tapping synchronously to the
auditory sequence, but this occurred in two distinct social
environments. In one, participants were privy to a live
performance by the musician, leading to face-to-face
interactions (live condition). In the other condition,
participants were shown the musician’s pre-recorded
performance projected on a life-sized screen (video
condition). Furthermore, auditory context was manipulated
by examining SMS in two types of auditory sequences: a
metronomic and a musical sequence. These were analyzed
based on the participants’ consistency and asynchrony. We
also measured the participants’ spontaneous tapping in



order to have an independent evaluation of their
production abilities. For this task, participants were
instructed to tap as regularly as possible at a comfortable
rate. In line with previous findings, we expected SMS to
be more consistent and more anticipated with metronome
than with music, and in video than in live condition. We
predicted that SMS in the CI group will be globally less
consistent and anticipated than in the NoCI group; and
consequently, based on the social cognition deficits
associated with cognitively impaired elderly, we
hypothesized that any interaction of social and auditory
contexts may be more pronounced in participants with no
cognitive impairment.

Materials and Methods
Participants.

Ninety-seven participants were recruited at the Bateliers
Day Hospital (Lille University Hospital, France) in the
context of their scheduled medical consultations
(following memory or fall problems). All participants
were right-handed, and native French speakers. A group of
48 patients with cognitive impairments (CI group)
including patients with mild to moderate AD (n=12),
patients with mixed dementia (n=30) and patients with
vascular dementia,(n=6) participated in this study. The
diagnosis of Alzheimer’s disease (AD), vascular or mixed
dementia was based on the Diagnostic and Statistical
Manual of Mental Disorders-V criteria (American
Psychiatric Association, 2013) and made by a geriatrician.
Their results were compared to those of a group of 49
matched patients with no sign of cognitive impairments at
the time of testing (NoCI group).

Demographic data encompassing age, gender, socio-
cultural level [32], musical expertise [33], as well as
clinical information, including State-Trait Anxiety
Inventory [34], Activities of Daily Living [35], and Mini-
Mental State Examination [36] for both groups are
presented in Table 1. The study was approved by the
Comité de Protection des Personnes (CPP 18/012) and the
Commission Nationale de I'Informatique et des Libertés
(CNIL).

Apparatus

The experimental device consisted of two chairs facing
each other. A tablet equipped with a force sensor was
attached to the right armrest of each chair, allowing the
participant and the musician to perform the SMS task by
tapping on the tablet with a ball-like probe in their hands
(Figure 1.A). Two social contexts were tested. In the
video condition, the musician appeared in front of the
participant on a life-size screen (158 x 92 c¢m) at a distance
of 215 cm (Figure 1.B). In the live condition, the musician
was facing the participant at a distance of 200 cm (Figure
1.C). The experimenter was hidden behind a curtain in
both social contexts.

Two 60-second auditory sequences were used: a
metronomic and a musical sequence, both presented at the
same tempo (inter-onset interval (IOI) of 800ms,
corresponding at 75 beats per minutes (bpm)). The
metronomic sequence was composed of regular beats. The
musical sequence was a musical excerpt from a French
folk song ("La Java Bleue"), very well known to the
elderly as attested by the participants themselves, with a
ternary metric. Four initial beats preceded each auditory
sequence to give the tempo.

Design and procedure

Each participant was tested individually. First, participants
performed a spontaneous motor task, by tapping as
regularly as possible for 30 taps at a comfortable tempo.
Then, participants performed the SMS task by tapping at
every beat for all the auditory sequences. The musician
also tapped on his tablet at every beat of the auditory
sequences, in both, live and video conditions. In addition,
he pronounced "ta" at each beat of the metronome
sequence and sang the lyrics of the song in the music
sequence, with the exact same song excerpts being used
during live and video conditions. The participant and the
musician performed the SMS task together. The
experimental design of the SMS task included one
between-subject factor: GROUP (CI /NoCI); and two
within-subject factors: AUDIO (Metronomic/Musical) and
SOCIAL CONTEXT (Video/Live). The order of
presentation of the four experimental conditions was
counterbalanced.

Data analysis

The analysis of the spontanecous motor tapping was
performed on 20 taps (the first eight taps and the last two
taps being discarded). The mean tapping rate (mean inter-
tap interval, ITI) and the tapping variability (coefficient of
variation (CV) of the ITI) were calculated.

SMS measures were analyzed on 64 beats, from a
60-second auditory sequence for each condition (providing
256 measures by participant), using circular statistics [37]
with the CircStat Matlab Toolbox [38], which is a robust
tool to quantify SMS when there is not a perfect match
between the number of taps and the pacing stimuli [19].
Thus, it is appropriate when participants tend to miss taps
or to tap more than once in response to one beat.

Each tap was represented on a circular scale
going from -180° to +180°, representing the 800 ms 101
(see Figure 2). The beat’s occurrence corresponds to 0°: it
is the time at which participant was expected to tap. Taps
were placed on the circular scale depending on their time
delay in relation with the beats. For example, a tap
occurring 200 ms after a beat is represented by a unit
vector with an angle of +90°, whereas a tap occurring 200
ms before a beat corresponds to a unit vector with an angle
of -90°. All vectors were averaged to obtain a mean

resultant vector R [37,38] allowing for the calculation of



synchronization consistency (i.e. regularity) and the

accuracy. Vector R length indicated the consistency
between 0 and 1, with 1 corresponding to perfect
consistency (all taps occurred at the same delay to the
beat) and O corresponding to an absence of
synchronization (the taps were randomly distributed
between the beats). Accuracy was calculated only if
participant’s taps were not randomly distributed. Random
distribution of taps was tested using the Rayleigh test for
circular uniformity [37,39]. Accuracy was determined
based on the angular deviation ('0") of vector R from zero,
which was then transformed back into milliseconds.

The musician's synchronization performance was
checked on the basis of the same 64 beats. The
consistently good and proper performances by the
musician did not justify the use of circular statistics. The
accuracy and variability of synchronization were
calculated by the mean and the CV of asynchronies
expressed in milliseconds.

For each analysis, distribution normality was
verified using the Kolmogorov-Smirnov test. Wilcoxon
Mann-Whitney U t-test, a non-parametric test, was used in
cases where the distribution was not normal. The
Pearson’s Chi-squared test was used for categorical
variables (gender and socio-cultural level ratios). The
sample effect size for ANOVA was estimated with the
partial eta-squared (12p).

Results

Preliminary analyses
Demographic and clinical data

We compared demographic and clinical data of the CI and
NoCI groups. As summarized in Table 1, the analyses
showed no group difference in terms of age (#(95) = 1.74,
p = .08), gender (Chi-squared Pearson test : y*(1, N = 97)
= .18, p = .67), socio-cultural level (Chi-squared Pearson
test : *(3, N = 97) = 3.38, p = .34), musical expertise
(Mann-Whitney U test : U = 1075, p = .46), and mood
assessed with the STAI mood questionnaire (Mann-
Whitney U test : U = 930, p = 0.08). In contrast, the two
groups differed in the severity of cognitive impairment as
assessed by the MMSE (Mann-Whitney U test: U = 0, p
<.001), and in functional status as assessed by ADLs
(Mann-Whitney U test : U= 543, p <.001).

Spontaneous motor tapping task

Group comparison revealed no difference in ITIs and CV,
indicating that pace and variability did not differ between
groups (Mann-Whitney U test: p >.05 in both cases)
during spontaneous motor tapping (see Figure 3).

Sensorimotor synchronization task

By using the Rayleigh test, we first verified whether
participants tapped in synchrony with the beat or at
random. All the tests were significant except for one NoCI
participant who had a non-significant Rayleigh test in one
condition, suggesting that this participant did not succeed
at synchronizing the taps to the beat in this case. Since this
occurred in only one condition for the participant and not
in the other conditions, this specific value was replaced by
the group average for this condition.

SMS Consistency. We conducted an ANOVA on SMS
consistency with the factors AUDIO (metronome/music),
SOCIAL CONTEXT (video/live) and GROUP (CI/NoCI).
Analysis revealed significant main effect of AUDIO
(F195= 70.60, p <.001, n?p =.43), participants’ taps being
more consistent in metronome than in music conditions.
There was also a significant main effect of SOCIAL
CONTEXT (Fuesy = 2948, p <001, n’p =.24),
participants’ taps being more consistent in video than in
live conditions. Finally, there was a significant AUDIO by
SOCIAL CONTEXT interaction (F(;, 95y = 32.44, p <.001,
n?p =.25). When synchronizing with metronome beats,
participants’ taps were more constant in the video
condition than in the live condition as confirmed by post-
hoc test with Bonferroni correction for multiple
comparisons (p <.001), which was not the case when
synchronizing with musical beats (see Figure 4.A). There
was no significant GROUP effect or any other significant
interactions (see Figure 4.C).

SMS Accuracy. We conducted an ANOVA on SMS
accuracy with the factors AUDIO (metronome/music),
SOCIAL CONTEXT (video/live) and GROUP
((CI/NoCI). Analysis revealed significant main effects of
the AUDIO (Fos5 = 134.6, p <001, n?p =59),
participants’ taps being more anticipated in the metronome
condition than in the music condition. There was also a
significant main effect of the SOCIAL CONTEXT (£ o5
=18.09, p <.001, n?p =.16), participants’ taps being more
anticipated in the video condition than in the live
condition. Finally they was a significant AUDIO by
SOCIAL CONTEXT interaction (F( 95y = 49.58, p <.001,
n?p =.34). When synchronizing with metronome beats,
participants’ taps were more anticipated in the video
condition than in the live condition, as confirmed by post-
hoc test with Bonferroni correction for multiple
comparisons (p <.001), whereas when synchronizing with
music (see Figure 4.B), the accuracy was not affected by
the social context (p >.05) with taps being slightly delayed
in both live and video conditions. There was no significant
GROUP effect or any other significant interactions (see
Figure 4.D).

To wverify whether or not singing during the music
conditions interfered with SMS scores, we tested the
correlations between duration of lip movements during
singing and the two SMS measures (consistency and
accuracy). The results showed no correlation in the live
and video conditions with music (all ps >0.05) suggesting
that singing activities did not disrupt SMS scores.



Musician’s performances

We analyzed the musician’s synchronization with the
auditory sequences in the live condition. The musician’s
mean tapping rate (mean ITI) was significantly smaller
(more synchronous) in the metronome than in the musical
condition (Wilcoxon signed-rank test: Z = 8.21, p <.001),
although his synchronization to the auditory sequences
was highly accurate in both conditions (< 5 ms).
Moreover, the musician’s tapping variability (CV of the
ITI) was significantly smaller in the metronome than the
musical condition (Wilcoxon signed-rank test: Z = 7.43, p
<.001). Table 2 indicates the musician’s performances in
the live and video conditions.

Discussion

The aim of this study was to evaluate the impact of the
social context and of the auditory conditions on SMS
abilities in two groups of elderly patients with or without
cognitive impairments, at the time of testing. SMS was
measured during a hand-tapping task in response to beats
in metronomic or musical sequences, with a live or video
presence of a musician. As expected, participants were
better at synchronizing to metronome than to music with
their taps being more consistent and more anticipated. We
found that the effect of social context varied as a function
of the auditory conditions. Although participants were
better at synchronizing with a metronome beat when
facing a pre-recorded video of a musician rather than a
live performance, the social context had no effect on SMS
in the musical condition. Furthermore, we did not observe
differences between the two patient groups in any SMS
scores.

Participants’ SMS was more consistent and
anticipated in the metronome than in the musical
conditions. To ensure that these results cannot be
explained by the musician's performance, we examined his
SMS scores. As in the patients, they were better with the
metronome than with the music. However, the difference
between the musician's synchronization and the auditory
beats in these two conditions was too small to explain the
observed effect on patients’ synchronization and to
suggest that the musician adapted his performance to the
patient’s taps. Participants’ decline in SMS performance in
the musical condition reflects the complexity of
synchronizing to beats in music. Indeed, SMS with a
musical sequence requires extracting and anticipating the
strong beats in a melody. Such synchronization is
therefore more difficult to achieve than synchronization
with a regular metronomic sequence composed
exclusively of strong beats. This pattern of results, which
has been documented in literature in healthy young adults
[26,40] and in individuals with Parkinson’s disease [41],
also extends to a general aged population.

Interestingly, we found that SMS performances
with metronome and music were differently impacted by
the social context. In other words, when the participant
tapped to a metronome in front of a live musician,

consistency and anticipation decreased, as compared with
a video of the musician. Such social effects were not
obtained when participants synchronized taps to music. In
the metronome conditions, participants’ SMS performance
from the present study was better when facing a video of a
musician, rather a live presence. This result seems
counterintuitive as studies on young adults support the
idea that interpersonal interaction improves SMS with
metronome [20] and also with music [18]. However, the
present result is congruent with data we obtained in a
group of patients with moderate to severe AD [15]. The
deterioration in SMS with live performance may be
explained due to the cognitive load of synchronizing to the
auditory stimuli competing with that of synchronizing to
the musician’s movements [42]. However, this explanation
is unlikely considering the high temporal precision and
regularity with which the musician synchronized with the
auditory sequences. An alternative explanation is that the
SMS performance decreased in the live condition because
of the mere presence of an observer. Audience effects
refer to the social influence of having another individual
present during a task [43]. As reported in social
psychology, the sole presence of an observer induces
social pressure and stress, which can positively or
negatively modulate an individual’s performance in a task
[44-46]. In our study, we hypothesized that live presence
of the musician may improve participants’ performances
by motivating them and by focusing their attention on the
tapping task. On the contrary, it seems that live presence
deteriorated participants’ performances by dividing their
attention. Whatever the underlying mechanism may be,
increased cognitive load or existence of social pressure,
the physical presence of another individual deteriorated
performance in this task. The aforementioned effect was
not dependent on participants’ group, suggesting that this
response pattern is not specific to the neurodegenerative
diseases investigated here (AD, vascular and mixed
dementia). Assessing participants' attention and social
cognition (social anxiety, empathy) may allow a better
understanding of this phenomenon in the future.

Unlike the metronome condition, the social
context had no impact on participants SMS in the musical
condition, the taps being delayed in response to the
musical beat. Several hypotheses can be proposed to
explain this difference. First, synchronizing with a musical
beat is more difficult than synchronizing with a
metronome one, and account for why SMS scores were
globally less consistent and less anticipated (and even
slightly delayed) in music condition. Tapping variability in
the musical condition may have flattened the differences
associated with social context. Second, music is a pleasant
stimulus that can modulate the emotional state and
increase social sharing of experiences. The stress induced
by a live social presence, leading to performance
deterioration in the metronome condition, may be
mitigated when synchronizing to music due to its positive
emotional impact. Furthermore, moving to music with
another individual is a pleasant and ecological social task,
close to a real life situation [47,48]. Thus, the musical



condition might be more natural and enjoyable than the
metronomic one, diminishing the audience effect.

In contrast to our expectations, we found no
differences in rhythmic performances between the CI and
the NoCI groups, be it in the spontaneous tapping task or
in the SMS task. It is noteworthy that the spontaneous
motor tempo (ITI of 800 ms or less, corresponding to
75bpm or more) obtained in these patients is consistent
with data previously reported in patients with AD [49],
and slower than the tempo generally observed in healthy
elderly people [50]. This result also confirmed that the
tempo that we chose in this study for the SMS task (IOI of
800 ms, or 75bpm) was appropriate for this patient
population. The lack of group difference in SMS
performance may be slightly surprising for some, as
previous studies have reported rhythmic deficits in AD
using continuous tapping tasks [24,25]. However, in these
tasks, participants needed to continue reproducing a beat
without the help of external stimuli, which is more
cognitively demanding in terms of attentional resources
and working memory than the SMS task used in our study.
Our present results suggest that SMS abilities are
comparable in patients with or without cognitive
impairments, despite a significant cognitive and behavioral
decline in the CI group. As evidenced by neuroimaging
studies [51-53], the neural correlates of synchronization
and audio-motor coupling include the pre-motor cortex,
the pre-supplementary motor area, the basal ganglia and
the cerebellum. It might therefore be possible that these
regions are relatively preserved even in moderate AD;
however we approach this interpretation cautiously since
about three quarters of the patients in the CI group
presented a mixed or a vascular dementia with different
cerebral dysfunction. Even though the participants of the
CI group were impaired as compared to participants of the
NoCI group in terms of cognitive (MMSE [36]) and
behavioral measures (ADL score [35]), we cannot be sure
that patients in the NoCI group were all healthy, given that
for many the hospital visit was instigated by a recent fall.
Motor difficulties and particularly those related to walking
and falls can be a predictor for the onset of Parkinson's
disease and even AD [54-56]. We have therefore no
guarantee that the NoCI group were not at a prodromal
stage of a degenerative disease. Nevertheless, we can be
quite confident that these matched participants from the
NoCI group presented fewer cognitive and behavioral
deficits in comparison with patients from the CI group. To
better document this question, further research needs to be
carried out to evaluate SMS abilities in healthy older
adults but also in patients at several time-points during
their disease progression.

To conclude, our results show that it is possible to
collect well-controlled measurements of SMS in elderly
people with or without cognitive deficits. Although
experimental rigor is often difficult to reconcile with the
constraints of clinical reality, particularly in the field of
pathological ageing, this experimental paradigm based on
a hand-tapping task performed with a partner as part of a
musical task, seems suitable for evaluating SMS. Thus,

this study validates an experimental device consisting of a
chair equipped with a tablet to record SMS in patients with
impaired cognitive faculties (decreased attention, motor,
motivation and communication disorders). This paradigm
is also original in its examination of the impact of social
interaction induced by a live partner compared to a virtual
presence. By showing that it is possible to encourage a
patient to synchronize with others, even in the presence of
a video recording, our study provides a relevant measure
to predict clinical effects that might used as outcome
measures in future studies. It also opens up promising
therapeutic potential for patients living at home, in remote
areas or in confinement. Mobile technology might be used
to train patients. By synchronizing movements to music
and engaging patients in rhythmic action with others,
cognitive-motor skills and temporal tracking mechanisms
involved in verbal and non-verbal interaction would be
stimulated. Stimulating SMS and musical entrainment in
patients might increase the alignment of internal
oscillations between brain regions with that of beats in
auditory rhythms. By progressively acting in synchrony
with an environmental system (musical rhythm) through
the coupling of perception and action, we propose that
cognition and social abilities will improve through the use
of rhythmic stimulation in elderly. We therefore predict
that such trainings will better the action-perception
coupling and interpersonal coordination, consequently
boosting verbal and non-verbal communicative skills.
This remains to be verified in the future. The idea is not to
replace musical activities performed in the presence of
others with a virtual interaction, but rather to complement
classical interventions. Virtual initiatives, via tele-health
and similar platforms, are an unexplored cost-effective and
easy to implement tool to address everyday social isolation
experienced by this geriatric population. Being able to
employ video recordings and mobile technology may
allow healthcare providers to circumvent practical
difficulties (i.e. rural and low-resource settings, or other
exceptional situation such as the current pandemic) that
may act as a barrier to providing care that has historically
been considered niche or resource intensive.
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Figure 1: Experimental set-up. (A) Participant performed the SMS task in front of a musician, by tapping on a tablet
fixed on the chair right armrest. The musician was present either as (B) a life size recorded broadcast on a screen (video
condition), or (C) a live performance (live condition)

Figure 2. Example of synchronization analysis of an experimental trial. Each tap is represented as a blue dot on the
trigonometric circle. Tap position depends on it’s time delay in relation to the beat occurrence. with A negative angle
indicates if the tap occurred before the beat (angle between -180° and 0), and a positive angle is present if the tap
occurred after the beat (angle between 0 and +180°). 0 corresponds to a perfect match between the tap and the beat,
whereas -180°/180° corresponds to a tap at the antiphase of the beat. The mean resultant vector R represents participant’s
synchronization performance: R length gives participant consistency, and R angle with the vertical axis 6 represents
participant accuracy.

BEAT

-180°/180°

Figure 3: Spontaneous tapping task. This figure reports the mean inter-tap interval (ITI) (= SEM) and the mean
coefficient of variation (CV) (= SEM) of the CI group and the NoCI group. No significant difference was found between
groups. n.s.= non-significant
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Figure 4: Analysis of SMS consistency and accuracy. This figure reports mean synchronization consistency (£SEM)
and accuracy (£SEM) depending on the auditory sequence (metronome or music) and the social context (video or live)
(panel A and B), and depending on the participant group (panel C and D). Consistency can vary between 0 (random
distribution of taps) and 1 (perfect regularity of taps). Negative accuracy values indicate taps occurring before the beat
(anticipated), whereas positive accuracy values indicate taps occurring after the beat (delayed). Participants’ consistency
was better with more anticipation when synchronizing with a metronome beat than a musical one. Moreover, when
participants tapped with metronome beats, their consistency was better (panel A) and their anticipation larger (panel B)
with a video presence than with a live presence of a partner. When participants tapped with musical beats, the social
context did not impact their consistency and accuracy. No significant difference was observed between the CI and the
NoCI groups on the consistency (panel C) and the accuracy (panel D). n.s.= non-significant
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Table 1. Demographic and clinical characteristics (mean + std) of patients with cognitive impairments (CI) and
patients without cognitive impairment (NoCI).

CI (V=48) NoCI (N =49) p
Age 82.8+55 80.9 %52 08
Gender (female/male) 38/10 37/12 .66
Socio-cultural level (4 levels)®*[32] 8/26/6/3 7/19/9/14 34
Musical expertise questionnaire (/28) [33] 434310 48432 46
STALI (State-Trait Anxiety Inventory) (/40) [34] 204 +108"° 332+ 123 .08
ADL (Activities of Daily Living) (/6) [35] 50+09° 57406 <.001
MMSE (Mini-Mental Scale Examination) (/30) [36] 20.2+3.6° 28.1+1.2 <.001

*Socio-cultural level evaluated according to 4 levels. Level 1 is the lowest, corresponding to the absence of diploma.
Level 4 is the highest, corresponding to a high school diploma
® missing data for one participant

Table 2. Musician’s performances. Mean hand-tapping rate (mean inter-tap interval, ITI) (SEM) and mean tapping
variability (coefficient of variation (CV) of the ITI) (:SEM) of the musician in both auditory (metronome/musical) and
social conditions (video/live).

Inter-tap interval (ITI) Coefficient of variation (CV)
(ms) (ms)
Metronome  Video -.13 .30
Live 57+ .15 .90 +.031
Music Video 3.81 1.1
Live 435.+.16 1.1+£.18
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