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The relief of anxiety is important for physical health. This paper briefly introduces music therapy and 

the multimodal fusion-based emotion classification algorithm used to accurately select appropriate 

emotion music for music therapy. Afterwards, the algorithm was first tested in an experiment, and then 

the efficacy of music therapy was tested with 80 contemporaneous anxiety patients from XX Hospital in 

Binzhou City, Shandong Province. The results showed that the multimodal fusion-based music emotion 

classification algorithm was sufficiently accurate; conventional medication and care were also effective 

in relieving the anxiety symptoms, but music therapy further alleviated patients’ anxiety. 

Povzetek: Opisana sta glasbena terapija in algoritem za klasifikacijo čustev, oboje testirano na 

anksioznih pacientih. 

 

1 Introduction 
In today's fast-paced life, anxiety and stress have become 

common problems faced by many people. If these 

problems are not addressed or alleviated in a timely 

manner, over time, the negative effects caused by 

psychological problems will gradually affect 

physiological state [1]. Generally, anxiety and stress can 

be relieved by self-regulation of one’s psychological state 

or distraction by other things without serious effects, but 

when anxiety cannot be relieved autonomously, it may 

develop into a mental illness. While medication can treat 

anxiety [2], it only relieves physical symptoms and has 

side effects. In addition to medication, music can also be 

used as a non-pharmacological treatment in the process of 

anxiety treatment. Music uses its own specific rhythm to 

help anxiety patients relax and relieve anxiety in the 

treatment process [3]. By using the music emotion 

classification algorithm, an intelligent algorithm, 

therapists can more accurately select emotionally 

appropriate music to achieve better treatment outcomes. 

This paper briefly introduced music therapy and the 

multimodal fusion-based emotion classification algorithm 

used to accurately select emotionally appropriate music in 

music therapy. The multimodal fusion-based emotion 

classification algorithm was first tested in an experiment, 

followed by a test of the efficacy of music therapy with 80 

contemporaneous anxiety patients from XX Hospital in 

Binzhou City, Shandong Province. In previous studies, 

music therapy has been examined for its therapeutic 

effects on mental disorders. This article takes a 

perspective of selecting appropriate therapeutic music and 

utilizes an emotion classification algorithm to choose 

suitable music for treating anxiety. By employing this 

algorithm, it aims to enhance the treatment effectiveness 

by selecting music that is better suited for patients. 

2 Related works 

Authors Main content Results 

Lu et al. They investigated the 

efficacy of music 

therapy on sleep 

disorders in patients 

with schizophrenia. 

The music 

therapy was 

effective in 

treating sleep 

disorders in 

patients with 

schizophrenia. 

Zhao [5] They proposed an 

optimized restricted 

Boltzmann machine 

(RBM) feature 

extraction model 

combined with a 

softmax classification 

algorithm to detect 

electroencephalogram 

changes in children 

with autism spectrum 

disorder during music 

therapy. 

They 

validated the 

accuracy of 

the algorithm 

through 

experiments. 

Chen et al. 

[6] 

They investigated the 

effects of group music 

therapy on improving 

anxiety and self-

esteem in Chinese 

prisoners. 

The group 

music therapy 

appeared to be 

effective in 

improving 

anxiety and 

self-esteem, 

and was most 

beneficial for 

prisoners who 

were young or 

less educated.  
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3 Music therapy 
Routinely, anxiety gradually subsides without serious 

consequences as long as it is regulated by the autonomy of 

the psychological state, but there are also cases where 

stress or other factors lead to anxiety that cannot be 

relieved in time and eventually affects physiological 

health. In such cases, anxiety is no longer a conventional 

negative emotion [7], but rather a real psychological 

disease that requires external interventions for treatment. 

While medication serves as a natural form of anxiety 

treatment, it can only suppress the physiological 

symptoms presented and address the symptoms rather than 

the underlying cause; moreover, medication may also 

have side effects [8]. In addition to medication, music can 

also be used as a non-pharmacological approach to 

treating anxiety disorders [9]. Common music therapies 

include listening to music therapy, performing music 

therapy, and combined music and sports therapy. In 

listening to music therapy, the therapist selects appropriate 

music and musical rhythms to influence the patient's mood 

and behavior, resulting in stress reduction, pain relief, and 

improved sleep. On the other hand, performing music 

therapy allows patients to play instruments or sing to 

promote physical and mental health through musical 

activities. Combined music and exercise therapy allows 

patients to exercise with music to relax and adapt 

physically and mentally at the same time. 

4 Music emotion classification 

algorithm 
A brief introduction to music therapy was given earlier. 

The therapeutic principle of this treatment is to use the 

rhythmic melody and other characteristics of music to 

guide the relaxation of the patient's physical and mental 

state [10], thus interfering with negative psychological 

states. Regardless of the type of music therapy, the choice 

of music is very important in the process of treating 

patients. The therapist must select music that contains 

appropriate emotional states according to the patient's 

emotional state. For the therapist, an intelligent algorithm 

such as the music emotion classification algorithm can 

help therapists better understand the emotional 

characteristics of the music and thus make a more accurate 

selection. 
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Figure 1: Basic flow of multimodal fusion-based 

music emotion classification algorithm. 

 

Figure 1 shows the basic flow of the multimodal fusion-

based music emotion classification algorithm. In this 

paper, the Hevner emotion ring model is used for 

classifying music emotions, and there are eight emotion 

types. The specific steps of the algorithm are shown below. 

① The audio of the music and the corresponding lyrics 

are input respectively [11]. 

② The audio and lyrics are preprocessed separately. 

③ Features are extracted from the audio and lyrics using 

Mel-frequency cepstral coefficient (MFCC) and 

Word2vec, respectively [12]. The extraction formula of 

MFCC feature is: 
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where )(kY  refers to the frequency domain signal after 

FFT [11], )(ny  refers to the original time domain signal, 

k  refers to the number of sampling point, n  refers to the 

time sampling point of the time domain signal, )(P  is 

the instantaneous energy of )(kY , )(kH
m

 is the 

frequency response of a triangular filter, m  is the serial 

number of a triangular filter in a group composing of M  

filters,  )(mf
 
is the central frequency of the m -th 

triangular filter in a group, )(lc  is the L -order MFCC 

feature parameter, and )(mS  is the energy spectrum 

function of the frequency domain signal after filtering 

processing. 

④ An audio emotion classifier and a lyrics emotion 

classifier are used for emotion recognition, respectively. 

The audio emotion classifier performs emotion 

recognition on the Mel inverse spectrogram of the audio 

features, so a convolutional neural network (CNN) 

suitable for image recognition is used. When performing 

emotion recognition on audio, the CNN first performs 

convolutional computation on the Mel inverse 

spectrogram using convolutional kernels in the 

convolutional layer. It then compresses the convolutional 

feature map in the pooling layer. The formula of the 

convolutional computation is: 

 

)( 1 iiii BWOfO += − , (2) 

 

where 
iO  and 

1−iO  are the feature maps output from the 

i -th and 1−i -th layers, 
iW  is the weight in the i -th 

layer structure, 
iB  the bias in the i -th layer structure, and 

)(f  is the activation function. Convolution and pooling 
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in the CNN can be repeated as required, and the final 

convolutional feature maps will be computed in the fully 

connected layer to obtain the emotion recognition results. 

The lyrics emotion classifier performs emotion 

recognition on vectorized lyrics text using long short-term 

memory (LSTM) suitable for sequence information 

recognition [13]. 

⑤ After obtaining the emotion recognition results of 

the music using the audio emotion classifier and the lyrics 

emotion classifier [14], the results are weighted and fused 

according to the ratio of the weights that the two classifiers 

have. Finally, the overall emotion classification results of 

the music  are obtained. 

5 Example analysis 

5.1 Experimental environment 

Before testing the efficacy of music therapy using an 

emotion classification algorithm, the proposed 

multimodal fusion-based emotion classification algorithm 

was first tested to verify its effectiveness. The validation 

of the emotion classification algorithm was performed on 

a server in the laboratory. 

5.2 Experimental data 

Music and corresponding lyrics were crawled by a crawler 

program from the song lists of different emotion 

classifications on the NetEase Cloud platform for 

conducting the simulation experiments on the emotion 

classification algorithm. There were 12 emotion 

classifications in the song lists on the platform, and 50 

songs were crawled from each song list. In total, 600 

pieces of music and their corresponding lyrics were 

collected. The emotion classification of music in the 

NetEase Cloud platform is for user experience, and the 

emotion boundary between some song lists is relatively 

blurred, which is not conducive to the selection of music 

emotions in music therapy. Therefore, this paper used the 

Hevner emotion ring model to organize and summarize 

the crawled music. The music waveforms of some of these 

emotions are shown in Figure 2, from which it can be seen 

that there were obvious differences between the music 

waveforms of the two emotions. 

 

 
Figure 2: Music waveform diagrams of some emotions. 

5.3 Test items 

(1) Testing of a multimodal fusion-based emotion 

classification algorithm  

The parameters of the CNN as an audio emotion classifier 

in the multimodal fusion-based sentiment classification 

algorithm are shown below. The number of convolutional 

layers was set to 4, with 32 convolutional kernels of 22  

in each layer, and the sigmoid activation function was used. 

After every two convolutional layers, there was one 

pooling layer, and the mean pooling with a 33  pooling 

frame was used. The parameters of the LSTM as a lyrics 

emotion classifier are as follows. The number of 

dimensions of Word2vec vectorization was set to 200. 

Two hidden layers were used, with 512 nodes in each 

hidden layer, and the sigmoid function was used as the 

activation function. In addition to the above emotion 

classification algorithm, two unimodal emotion 

classification algorithms were tested as a comparison. 

(2) Testing of the efficacy of music therapy using emotion 

classification algorithms 

Eighty contemporaneous anxiety patients were selected 

from XX Hospital in Binzhou City, Shandong Province. 

All selected patients voluntarily participated in the test and 

signed an informed consent form. The patients were 

divided into two groups, the control group and the test 

group, and there was no significant difference between the 

two groups. The criteria for selection were meeting the 

diagnostic criteria for anxiety disorder, over 18 years old, 

being voluntarily participated in the test and signed an 

informed consent form. The exclusion criteria were 

intellectual disabilities, language barriers, severe systemic 

diseases, and severe organ dysfunction. 

Patients in both groups received conventional medication 

and conventional nursing interventions during the test 

process. The nursing interventions included education on 

medical knowledge related to anxiety disorders, rational 

use of medication, guidance on diet and rest, as well as the 

development and implementation of exercise training. The 

test group received additional music therapy, which was 

performed as follows. ① The therapist was required to 

conduct one-on-one treatment under the premise of 

gaining the patient's trust. During the treatment process, 

the therapist was required to fully understand the patient's 

condition and emotional characteristics. Before formally 

applying music therapy, the therapist was required to 

communicate with the patient for 15-20 minutes to guide 

the patient to express the negative emotions, providing 

part of the basis for the subsequent music selection. ② 

When music therapy was formally administered, the 

therapist selected the appropriate music for the patient 

based on the emotions previously expressed by the patient, 

combined with the emotion recognition results of the 

music to be selected by the emotion classification 

algorithm, and adjusted the patient's physical and mental 

state to a positive and optimistic state through music. 

The music therapy interventions for the patients were 

performed three times a week, with each session lasting 

one hour. The treatment lasted for six weeks in both the 

control and test groups. In addition, anxiety levels of 

patients in both groups were assessed before and after the 

treatment using the Self-Rating Anxiety Scale; psychiatric 

symptoms were assessed using the Psychiatric 

Assessment Scale. Finally, SPSS software [15] was used 
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for data statistics. The t-test was used to detect the 

differences between the two groups. 

5.4 Test results 

Figure 3 shows the emotion recognition accuracy test 

results of the three emotion classification algorithms. 

From Figure 3, it can be seen that the classification 

accuracy of the same emotion classification algorithm was 

similar for music with different emotions; for music with 

the same emotion, the multimodal fusion (CNN+LSTM)-

based emotion classification algorithm had the highest 

recognition accuracy among the three emotion 

classification algorithms, the LSTM-based algorithm for 

music lyrics was the second, and the CNN-based 

algorithm for music audio was slightly lower than the 

LSTM-based algorithm. 

 

 
Figure 3: Recognition accuracy of three emotion 

classification algorithms. 

 

Table 1 shows the anxiety scores of the control and test 

groups before and after the treatment. As can be seen from 

Table 1, before the treatment, the anxiety scores of both 

the control group and the test group were above 50, i.e., 

both suffered from anxiety disorders, and the difference 

between the two groups was not significant. After the 

treatment, the anxiety score of the control group decreased 

to below 50, and there was a significant difference 

compared to pre-treatment; the anxiety score of the test 

group decreased significantly compared to pre-treatment, 

their anxiety scores were below 50, i.e., the anxiety 

symptoms were significantly reduced, and the score was 

significantly lower compared to the control group. 

 

Table 1: Anxiety level of patients in both groups. 

 Before 

treatment 

After 

treatment 

P value 

Control 

group 

59.68 ± 

5.24 

49.68 ± 

4.25 

0.002 

Test group 59.63 ± 

4.57 

37.21 ± 

2.56 

0.001 

P value 0.923 0.002  

 

Table 2 shows the results of the psychiatric assessment 

before and after the treatment in the control and test groups. 

As can be seen from Table 2, there was no significant 

difference in the scores on the same psychiatric 

assessment dimensions between the control and test 

groups before the treatment, and both maintained 

relatively high scores. After the treatment, there was a 

significant decrease in the scores of the control and test 

groups on all five assessment dimensions, indicating that 

the treatment modalities received by both groups were 

effective. When comparing the scores of the two groups 

on the same dimensions, it can be seen that the score of 

the test group was significantly lower. 

 

Table 2: Results of psychiatric assessment in both 

groups before and after treatment. 

Psychiat

ric 

assessm

ent 

dimensi

ons 

Group Before 

treatmen

t 

After 

treatmen

t 

P value 

Anxiety 

and 

depressi

on 

Control 

group 

6.13 ± 

1.11 

5.03 ± 

1.13 

0.000 

Test 

group 

6.11 ± 

1.02 

3.25 ± 

1.14 

0.001 

P value 0.689 0.000  

Thought 

disorder

s 

Control 

group 

6.89 ± 

1.24 

5.12 ± 

1.11 

0.002 

Test 

group 

6.78 ± 

1.13 

3.14 ± 

1.47 

0.000 

P value 0.788 0.001  

Lack of 

vitality 

Control 

group 

6.32 ± 

1.41 

5.11 ± 

1.23 

0.001 

Test 

group 

6.22 ± 

1.36 

3.05 ± 

1.57 

0.000 

P value 0.874 0.001  

Activati

on 

Control 

group 

6.35 ± 

1.53 

5.24 ± 

1.63 

0.002 

Test 

group 

6.33 ± 

1.44 

3.07 ± 

1.21 

0.001 

P value 0.845 0.000  

Hostility 

and 

suspicio

n 

Control 

group 

6.58 ± 

1.11 

5.16 ± 

1.25 

0.001 

Test 

group 

6.55 ± 

1.37 

3.11 ± 

1.14 

0.000 

P value 0.748 0.001  

6 Discussion 
Under the pressure of fast-paced life, people tend to be 

more prone to anxiety. In general, anxiety can be relieved 

through psychological self-regulation, but sometimes 

anxiety cannot be relieved in time due to stress or other 

factors and eventually induces a mental illness such as 

anxiety disorder, which interferes with normal life. In this 

case, it is necessary to intervene using external means. 

Medication is a common treatment, but it is not a cure and 

has side effects. Music can also be used to treat anxiety 

disorders. In the process of using music therapy, the 

therapist must choose music that contains the right 

emotions according to the patient's current mood in order 

to regulate their negative emotions. Therefore, it is 
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important to accurately identify and select the emotions 

contained in the music. In this paper, a multimodal fusion-

based algorithm for emotion classification was used to 

identify the emotions in music and assist therapists in 

selecting the music with appropriate emotion. In the 

subsequent experiments, the performance of the 

multimodal fusion-based emotion classification algorithm 

was verified by comparing it with the CNN-based audio 

emotion classification algorithm and the LSTM-based 

lyric emotion algorithm. Multimodal fusion recognized 

music emotion as a whole from both audio and lyrics 

perspectives, so it had a better recognition performance 

than the other two one-sided algorithms. 

After validating the accuracy of the emotion classification 

algorithm, the efficacy of music therapy was tested on 80 

patients with anxiety. They were divided into a control 

group and a test group, both of which received the same 

conventional medication and care during the treatment 

cycle. However, only the test group received additional 

music therapy. Anxiety and psychiatric assessments were 

conducted before and after treatment in both groups. The 

final results showed that conventional medication and care 

were effective in relieving anxiety, but the test group 

receiving music therapy had better anxiety relief and more 

significant results. The reasons are as follows. 

Conventional medication and nursing care can suppress 

the surface anxiety symptoms, and the requirement for 

sufficient exercise during the care process facilitated 

adjustment of psychological state through physiological 

changes. Therefore, the control group, which only 

received conventional treatment, experienced significant 

relief of anxiety after treatment. In the test group, music 

therapy was added. The audio and rhythm of music could 

resonate with the body cells of patients and stimulate their 

cerebral cortex to indirectly regulate and control emotions. 

At the same time, music could also divert patients' 

attention away from negative thoughts and relieving their 

anxiety at a psychological level. 

Compared to the studies mentioned earlier regarding 

music therapy, which mostly focused on examining the 

therapeutic effects of music therapy on mental disorders 

such as depression and anxiety, this article instead 

emphasized how to select appropriate music for treating 

anxiety. When classifying and identifying the emotions 

contained in music, it is not like traditional recognition 

methods that only distinguish the emotions of music based 

on audio or lyrical text. Instead, it combined the audio and 

lyrical text of the music, using CNN to recognize the audio 

and LSTM to recognize the lyrical text. Then, a weighted 

combination of both recognition results was used to obtain 

the final result. This paper utilized multimodal features 

such as audio and text to classify and recognize the 

emotions in music, thereby providing appropriate 

emotional music tailored to patients' actual experiences. 

Furthermore, this study examined the effectiveness of the 

proposed algorithm in music therapy specifically for 

anxiety patients, offering valuable insights for enhancing 

the efficacy of music therapy. 

The limitation of this study lies in the insufficient diversity 

and quantity of samples used to train the emotion 

classification algorithm, which can easily lead to 

overfitting. Therefore, future research directions include 

expanding the range and number of samples to further 

enhance the recognition performance of the emotion 

classification algorithm for music, thus better assisting 

music therapy. 

7 Conclusion 
This paper briefly introduces music therapy and the 

multimodal fusion-based emotion classification algorithm 

used to accurately select music with appropriate emotions 

for music therapy. Then, the multimodal fusion-based 

emotion classification algorithm was tested in an 

experiment, and the efficacy of music therapy was tested 

on 80 contemporaneous anxiety patients from XX 

Hospital in Binzhou City, Shandong Province.The 

following results were obtained. (1) The multimodal 

fusion-based (CNN+LSTM-based) emotion classification 

algorithm had the highest recognition accuracy, the 

LSTM-based music lyrics emotion classification 

algorithm was the second, and the CNN-based music 

audio emotion classification algorithm was slightly lower 

than the LSTM-based algorithm. (2) Both the control and 

test groups showed significant relief from anxiety after 

treatment, and the test group that additionally received 

music therapy showed greater relief. (3) After the 

treatment, psychiatric scores were significantly reduced in 

both the control and test groups, with a more significant 

reduction in the test group. 
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