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This research uses facial expression recognition software (FaceReader) to explore
the influence of different sound interventions on the emotions of older people with
dementia. The field experiment was carried out in the public activity space of an
older adult care facility. Three intervention sound sources were used, namely, music,
stream, and birdsong. Data collected through the Self-Assessment Manikin Scale (SAM)
were compared with facial expression recognition (FER) data. FaceReader identified
differences in the emotional responses of older people with dementia to different sound
interventions and revealed changes in facial expressions over time. The facial expression
of the participants had significantly higher valence for all three sound interventions than
in the intervention without sound (p < 0.01). The indices of sadness, fear, and disgust
differed significantly between the different sound interventions. For example, before the
start of the birdsong intervention, the disgust index initially increased by 0.06 from
0s to about 20s, followed by a linear downward trend, with an average reduction of
0.08 per 20s. In addition, valence and arousal were significantly lower when the sound
intervention began before, rather than concurrently with, the start of the activity (o < 0.01).
Moreover, in the birdsong and stream interventions, there were significant differences
between intervention days (o < 0.05 or p < 0.01). Furthermore, facial expression valence
significantly differed by age and gender. Finally, a comparison of the SAM and FER results
showed that, in the music intervention, the valence in the first 80s helps to predict
dominance (r = 0.600) and acoustic comfort (r = 0.545); in the stream sound intervention,
the first 40 s helps to predict pleasure (r = 0.770) and acoustic comfort (r = 0.766); for the
birdsong intervention, the first 20 s helps to predict dominance (r = 0.824) and arousal
(r=0.891).

Keywords: facial expression recognition, sound intervention, emotion, type of sound source, elderly with dementia

INTRODUCTION

Dementia is a set of syndromes characterized by memory and cognitive impairment caused by brain
diseases. China currently has the largest population of older people with dementiain the world,
~14 million (Jia et al., 2020). The decline in cognitive function causes older adults with dementia
to gradually lose the ability and opportunities to engage in various activities, and scarce activity
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Cls. NS, no sound; M, music; S, stream; and B, birdsong.

FIGURE 5 | The valence for the different intervention sound types and the no-sound intervention at 20's (A), 40's (B), 60s (C), and 80s (D). The error bars show 95%

TABLE 4 | The average difference in valence between different sound source types at 20, 40, 60, and 80s during the intervention.

Intervention time point NS&M NS&S NS&B M&S M&B S&B
20s 0.021 0.017 0.170
405 0.001 0.038 0.029
60s —0.018 0.022 0.059" 0.057
80s ~0.289 -0.145 0.648 0.794"

**p < 0.01, *p < 0.05; NS, no sound; M, music; S, stream; and B, birdsong.

identify differences in the emotional responses of older people
with dementia to different intervention sound sources.

By performing linear, quadratic, or tertiary regression analysis
on each intervention, Figure 6 shows the trend of valence over
time for each of the three sound interventions. Valence changed
significantly over time for music (p = 0.001) and birdsong (p =
0.016) sound interventions but the valence for the sound of a
stream intervention did not change. In the music intervention,
valence decreased at around 60s by 0.058 and then recovered
slightly. In the birdsong intervention, valence dropped by 0.091

from 0 to 40s, then rose by 0.138 until 100 s, before subsequently
declining again. These results demonstrate that FaceReader can
reflect how the facial expressions of elderly with dementia change
over time.

The Influence of Sound Interventions on

Facial Expression Indices
Figure 7 shows the differences in facial expression indices of
the participants between the three types of sound sources.
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FIGURE 6 | The relationship between valence and time for the sound interventions of music (A), stream (B), and birdsong (C).
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Sadness (mean = 0.036, SD = 0.015), fear (mean = 0.049,
SD = 0.022), and disgust (mean = 0.042, SD = 0.021) all
differed significantly between interventions (p < 0.01), whereas
happiness (p = 0.081), surprise (p = 0.503), and anger (p =
0.071) did not. Therefore, facial expression indices of sadness,
fear, and disgust were selected to analyze the impacts of different
sound interventions.

Figure 8 shows the results of linear, quadratic, and cubic
regression analyses for the facial expression indices of sadness,
fear, and disgust. All three expression indices were significantly
affected by time except for disgust with the sound of
a stream (p = 0.920) and for fear with the birdsong
intervention (p = 0.682).

Focusing first on sadness, Figure 8A shows that, for the
music intervention, sadness expression increased by 0.015
from 0 to 40s before gradually decreasing. For the stream
sound, sadness dropped by 0.003 from 0 to 20s and then
gradually rose by 0.014 until 80 s, before subsequently decreasing
again. For birdsong, sadness gradually increased over time
(by ~0.01 every 20 s).

Turning to fear, Figure 8B shows a gradual rise from 0 to 50s
(0.009 every 20 s) for the music intervention and then a decrease
of 0.007 from 50 to 80, followed by a linear rise (of 0.002 every
205s). For the stream sound, fear expression increased by 0.021 in
the first 60 s and then decreased by 0.035 from 60 to 120s. For
birdsong, the fear expression did not change significantly over
time (p = 0.682).

Regarding disgust, Figure 8C shows a rapid rise of 0.028 from
0 to 40s for the music intervention and then a slow drop of
0.008 from 40 to 100s. For birdsong, disgust increased by 0.06
from Os to about 20s and then showed a linear downward
trend, with an average decrease of 0.03 every 20s. For the stream
sound, disgust expression did not change significantly over
time (p = 0.920).

The above results show that, under different sound
interventions, sadness, fear, and disgust are all significantly
affected by time. Therefore, in the study of emotions in older
adults with dementia, these facial expression indices can be used
to evaluate the effects of emotional intervention.

The Influence of Time on Facial

Expressions of Elderly With Dementia

To explore the influence of intervention duration on facial
expressions, we conducted a further set of experiments in
which the intervention sound (music) began to be played 2 min
before the exercise started (advance group) and at the beginning
of the exercise (normal group). The other experimental steps
were unchanged.

Figure 9A shows that valence significantly differed between
the advance group and the normal group at 20's (p = 0.003), 40's
(p = 0.021), 60s (p = 0.019), and 80s (p = 0.019). In addition,
valence in the advance group (mean = —0.156, —0.156, —0.119,
—0.120) was significantly lower than that in the normal group
(mean = —0.047, —0.07, —0.081, —0.082) at the four respective
time points.

In terms of arousal, Figure 9B shows significant differences
between the advance group and the normal group at 20s (p
= 0.001), 40s (p = 0.003), 60s (p = 0.001), and 80s (p =
0.001). Moreover, arousal in the advance group (mean = 0.315,
0.304, 0.308, 0.298) was significantly lower than in the normal
group (mean = 0.444, 0.401, 0.378, 0.361) at the four respective
time points.

The Influence of Intervention Duration on
Facial Expression Indices

Figure 10 shows the relationship between the intervention
duration (advance group and normal group) and the six facial
expression indices. There are significant differences between the
advance and normal groups in happiness (p = 0.002), fear (p =
0.018), and surprise (p = 0.001).

Figure 10A shows that happiness expression was significantly
lower in the advance group (mean = 0.022, SD = 0.024) than in
the normal group (mean = 0.035, SD = 0.026), with the largest
difference at 80 s. Figure 10D shows that surprise expression was
also significantly lower in the advance group (mean = 0.021, SD
= 0.026) than in the normal group (mean = 0.039, SD = 0.032),
with the largest difference at 60s. Figure 10E shows that fear
expression in the advance group (mean = 0.038, SD = 0.036) was
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FIGURE 8 | The relationship between facial expression indices— (A) sadness, (B) fear, and (C) disgust—and time for different sound interventions. M, music; S,

significantly lower than that in the normal group (mean = 0.060,
SD = 0.071), most substantially at 80s.

DISCUSSION

To decide whether and how FaceReader can take the place of
questionnaires as a tool in sound perception research, the results
of these two methods should be discussed. As mentioned earlier,
FaceReader can recognize the facial expressions of older people

with dementia. Whether FaceReader can replace the subjective
evaluation scale as a tool for emotional research in older people
with dementia is discussed. Bivariate Pearson correlations were
used to analyze the relationship between the subjective emotional
evaluation of the participant and facial expression valence,
reporting the effect size of Cohen’d (Table 5). Based on the sign
of 1, the valence of facial expressions is positively correlated with
the subjective evaluation of pleasure, arousal, superiority, and
acoustic comfort. In the music intervention, pleasure (r ranging
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TABLE 5 | The relationship between subjective emotional evaluation and facial expression valence in three sound interventions at 20, 40, 60, and 80.

Sound source type

Subjective emotional evaluation

Time Pleasure Arousal Dominance Acoustic comfort
Music 20s 0.468" 0.282 0.202
40s 0.406 0.431 0.374
60s 0.354
80s 0.343
Stream sound 20s 0.021 0.061 0.102
40s 0.749 0.236
60s 0.192
80s 0.692 0.064 0.697
Birdsong 205 0.727 0824t 0.769
40s 0.768 0.760 0.588
80s 0.796 0.514 0.400
*p < 0.01, *p < 0.01.
A M B /s ¢c B
0. 00 0.05 0.05
L 0o 1 0.00 T
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FIGURE 11 | Changes in valence over 5 days of experiment for different sound interventions. (A) music, (B) stream, (C) birdsong.

from 0460 to 0.679) is significantly correlated with valence at
all four-time points. Dominance (r ranging from 0.282 to 0.600)
and acoustic comfort (r ranging from 0.202 to 0.545) were
significantly correlated with valence at 60 s and 80 s, while arousal
(r = 0.468) was significantly correlated with valence at 20 s. For
the sound of a stream, valence change in the first 60 s can be used
to predict arousal (r ranging from 0.061 to 0.866), pleasure (r
ranging from 0.021 to 0.0762), and acoustic comfort (r ranging
from 0.102 to 0.760), while dominance can be reflected by valence
change at 20 s (r = 0.790). In the birdsong intervention, valence
change in the first 60 s can be used to predict pleasure (r = 0.830),
arousal (r = 0.891), and acoustic comfort (r ranging from 0.769
to 0.907), while dominance (r = 0.824) can be represented by
valence at 20 s.

In terms of individual differences, first, the point-biserial
correlation analysis revealed that gender and facial expression
are not significantly correlated in the music and birdsong
interventions. This is consistent with previous research
conclusions reached from evaluating acoustic environment

using questionnaires (Meng et al., 2020a). However, a significant
correlation was found between facial expressions and gender at
20 in the stream sound intervention, with valence significantly
higher among women than men (r = 0.869, p = 0.011). This
suggests that the sound of a stream can more easily elevate the
emotions of women. Regarding age, the results of the bivariate
Pearson correlation analysis show a negative correlation between
age and facial expression valence (r = —0.467, p = 0.044) at
80s for the music intervention but a positive correlation at 20 s
for the stream sound (r = —0.756, p = 0.049). However, there
was no correlation between age and valence for the birdsong
intervention. Finally, we found no correlation between the
MMES score and facial expression valence for any of the three
sound types.

In terms of intervention days, Figure 11 shows the mean
valence of each day for different sound sources for over 5 days
of intervention. Repeated measurement variance analysis reveals
that the valence for music intervention on the third day (mean
—0.098, SD = 0.014) and fourth day (mean = —0.104, SD =
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0.015) was significantly higher (p = 0.007) than that on the fifth
day (mean = —0.126, SD = 0.016). For the stream sound, valence
on the fourth day (mean = —0.099, SD = 0.046) was significantly
lower (p = 0.041) than that on the third day (mean = —0.356,
SD = 0.017) and the fifth day (mean = —0.023, SD = 0.029).
For birdsong, however, there were no significant differences in
valence between the days (p = 0.094). The above results indicate
that the facial expressions of elderly with dementia are affected
by the number of intervention days for two of the three sound
sources. Therefore, in studying how sound interventions affect
the mood of older people with dementia, the number of days of
the intervention should be considered.

In a field experiment studying the emotions of elderly with
dementia, various factors may affect the facial expressions of
the participant, such as vision, smell, and the mood of the care
partner. This makes it somewhat difficult to recognize emotions
through only facial expressions. Acknowledging this limitation,
the aim of this research was to verify the effectiveness of FER in
emotion recognition for older people with dementia.

CONCLUSIONS

This study proposes FaceReader as a potential method for
evaluating the impact of sound interventions on emotions in
older people with dementia. Through field experiments with 35
participants, the following conclusions were drawn.

First, FaceReader can identify differences in the emotional
responses of older people with dementia using different types
of sound interventions. Among the three sound sources, music
showed the most positive effects on the mood of older adults
with dementia. The effects of music, birdsong, and the sound
of a stream were higher than that with no sound source. The
facial expression indices of sadness, fear, and disgust also differed
significantly between sound sources, while happiness, surprise,
and anger did not.

Second, the sound and activity started simultaneously had
a more positive influence on the mood of older adults with
dementia than when playing the sound before the activity
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