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Abstract Multimodal as a new teaching concept and mode, applied to musicology professional education is still in the primary
stage of development, still lacks a more perfect teaching system. This paper categorizes students’ music learning types based
on the modal types of sensory channels under multimodal teaching. The intelligent whiteboard technology is proposed to
integrate the multimodal teaching technology. In the research of audio emotion recognition technology, the sample audio signal
is preprocessed and emotional features are extracted in order to get the emotional features of the audio, and the construction
of the WLDNN-GAN music emotion recognition model is completed. The emotional feature analysis of 500 music songs of
the subjects shows that the emotional color with the largest standard deviation is "music", with a value of 11.6004, indicating
a large degree of dispersion. The multimodal music teaching mode was designed and compared with the traditional music
teaching mode to verify the application effect of the multimodal teaching mode. The multimodal teaching mode is basically
better than the traditional teaching mode in terms of teaching matching degree, teaching interaction, and teaching effect, and
the students’ music classroom performance score is 8.2639 under the multimodal teaching mode, which is much higher than
the traditional teaching mode.

Index Terms multimodal teaching, audio affective features, WLDNN-GAN model,
music education

I. Introduction

Music serves as a pivotal vehicle of culture throughout
the vast expanse of human history, evolving in tandem

with the progression of human civilization and embodying
the essence of human spiritual achievements. The renowned
Orff music education system underscores this holistic perspec-
tive, stating, "Music is a multifaceted concept: it transcends
singular forms, integrating movement, dance, and language
into a cohesive artistic whole that transcends mere auditory
experience or vocal expression." This notion underscores not
only music’s inherent nature as a unified entity comprising
diverse modalities but also highlights the necessity for multi-
sensory engagement in musical learning, as it constitutes the
most direct pathway to acquiring skills and fostering emo-
tional attitudes [1-4].As the avenues for delivering aesthetic
education broaden and teaching content diversifies, it becomes
increasingly challenging to adhere to traditional, inflexible
classroom methodologies. Consequently, the pedagogy of
aesthetic education necessitates continuous innovation and
efficiency enhancement. To elevate the efficacy of music class-
rooms, it is imperative to embed practicality within routine
lessons, attending meticulously to the modalities employed
by educators and being vigilant to students’ feedback, thereby
promptly identifying and addressing issues [5-8].Furthermore,

educators should harness modern information technologies
to augment their instructional strategies, fostering height-
ened student engagement. By integrating innovative teaching
methodologies, we can strive to achieve the objectives of
strengthening artistic expression, deepening aesthetic expe-
riences, sparking creative endeavors, and enriching cultural
comprehension—all essential components of reforming aes-
thetic education [9-12].

Music education underscores the cultivation of students’
aesthetic perception, artistic expression, and cultural com-
prehension. From the perspective of nurturing the "holistic
individual," the aesthetic environment and music classroom
ought to be vibrant, multifaceted, and adaptable [13-15]. This
necessitates addressing various requirements pertaining to
three dimensions of the music classroom: the teacher’s dimen-
sion, the dimension of educational technology, and the stu-
dents’ dimension. Numerous music educators have embarked
on this path, consistently integrating innovative pedagogies
and emerging information technologies into the classroom to
facilitate effective classroom interactivity [16-18].However,
several teaching issues have surfaced, transitioning from the
conventional "teacher-centered lecture format" to the "sole
reliance on simplistic courseware demonstrations." Instances
include teachers’ PowerPoint presentations that are detached
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from reality, often recycled without modification, and in-
stances where teachers’ efforts on the podium fail to ignite
students’ interest. This scenario may erroneously suggest a
lack of enthusiasm on the teacher’s side, yet the underlying
issue transcends mere enthusiasm; it is about the ineffective
engagement of students. Apparent "liveliness" and sensory
enrichment can sometimes mask the blind copying of content,
neglecting the fundamental nature of classroom teaching as
a collaborative process where teaching information is trans-
mitted and received, thereby creating meaning [19-21].Hence,
comprehending students’ preferred sensory modalities and
interests is paramount for enhancing the efficiency of infor-
mation reception. This approach aligns with the "student-
centered" pedagogy, aiming to elevate the effectiveness of
music classrooms. Multimodal teaching underscores the pro-
motion of multi-sensory learning via diverse channels. It is
only through fostering multi-sensory experiences that we can
offer students tailored and enriching educational encounters,
thereby optimizing their learning outcomes.

This paper starts from the multimodal teaching model
of music, categorizes the modal types of sensory channels
under multimodal teaching, classifies students into visual,
auditory, kinesthetic, and tactile learners based on the types
of sensory channels, and develops corresponding teaching
strategies. Integrate multimodal teaching techniques through
intelligent whiteboards. A computational model of music
emotion features is constructed for emotion processing in
auditory modality. Adopt first-order digital filter to realize
music pre-emphasis processing, and ensure the stability of
audio signal by shortening the sub-frame length. A non-
rectangular window is added to improve the frequency leakage
problem in the music pre-processing process. Sequentially
using Mel frequency cepstrum, perceptual linear pre, Schenkel
analysis, and chord information extraction, the music emotion
feature processing is completed. Based on Wacenrt and GAN
algorithms, the WLDNN-GAN music emotion recognition
model is constructed, and the model is applied to actual music
emotion feature recognition. A multimodal music teaching
model is designed with this core technology, and the effec-
tiveness of multimodal music teaching is obtained through
comparative experiments.

II. Integration of Multimodal Music Teaching Models and
Pedagogical Technologies
A. Application of multimodal teaching model in music
classroom
1) Types of sensory channel modalities under multimodal
instruction
Figure 1 for music teaching multimodal categorization, mul-
timodal teaching mode focuses on students’ spiritual realm
of aesthetic inculcation, and music education is aesthetic
education, music education, the beauty of the ubiquitous, the
beauty of this must be "relaxed", "pleasant to the ear," but also
This beauty must be "heartwarming" and "pleasant to the ear",
and it must be reached through the senses in terms of emo-
tion, imagination and will. In the perspective of multimodal

Figure 1: Music teaching multimodal classification

teaching, there are three elements in the classroom: teach-
ers, students and teaching materials, and then there will be
text, language, body language and other teaching modalities
with meaningful representations, which are conveyed to the
students through the sensory channels, and then the sensory
modalities are created. It can be said that multimodal teach-
ing exists in fact, even though it is currently receiving little
attention from music educators. Therefore, the instructional
design of multimodal teaching in the music classroom is a
combination of modality and modality, of multiple channels
and multiple senses, and it is one of the most common and
straightforward concepts.

Multimodal teaching incorporates a myriad of symbols,
including text, language, attitude, auditory stimuli, visual el-
ements, and more, into the information transmission process.
From this novel perspective, the music classroom transcends
being merely a language or communication channel; it be-
comes a dynamic space where students engage with diverse
modalities, encompassing listening, moving, and tactile ex-
periences. The role of the teacher evolves beyond that of a
mere presenter or manipulator of lectures; they now serve
as the curator of various modal channels, a collaborator in
devising teaching methodologies, an active facilitator and
demonstrator, and a guide who nurtures students’ sensory ex-
ploration and preferences. By harnessing multimodal teaching
strategies, teachers can enhance students’ understanding of
their individual sensory orientations and preferences, effec-
tively integrating various instructional approaches to foster
innovation and creativity in every music class.
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B. Types of student learning in multimodal instruction

Each student possesses unique characteristics in terms of their
learning styles and preferred sensory modalities for informa-
tion reception. Some students may exhibit a keener compre-
hension of linguistic elements and patterns, while others may
have a more profound appreciation for tactile experiences,
and yet, there are those who possess a heightened sense of
smell. Multimodal teaching acknowledges this diversity and
categorizes learners broadly based on their dominant sen-
sory modalities: visual learners, auditory learners, kinesthetic
learners, and tactile learners.

1) Visual Learners
They prefer to learn through visual media such as images,
graphics, and animations. Visual demonstrations and image-
based learning are particularly appealing to this type of
learner, enabling them to comprehend various aspects of
information effectively from visual sources. However, they
may struggle with lengthy textual information, become easily
frustrated with pure audio learning, and find themselves easily
distracted by movements or vibrant colors. Consequently,
when employing multimodal teaching methods, teachers must
avoid using tedious audio and inserting irrelevant images that
might detract from the focal content. Conversely, judicious use
of pertinent images can significantly enhance these students’
interest and attention. Furthermore, teachers should encourage
students to maintain organized notes or create mind maps as a
supplementary learning tool.

2) Auditory learners
Auditory learners prefer to learn primarily through listening,
such as by attending to the teacher’s explanations, audio
playbacks, and appreciate it when the teacher integrates class-
room content into a cohesive storyline for teaching purposes.
In the context of a music classroom, auditory learners are
particularly receptive to this approach.

3) Kinesthetic Learners
Kinesthetic learners learn predominantly through physical
movement, preferring to directly experience and comprehend
concepts through physical engagement. They excel at ex-
pressing themselves through the use of their bodies, dance,
and movement. Nevertheless, these students often encounter
challenges in maintaining concentration when confronted with
books and other passive learning environments, as they re-
quire a greater proportion of practical, hands-on experiences
compared to theoretical ones to grasp knowledge effectively.
Consequently, incorporating activities, dance movements, or
role-playing into the music classroom setting is crucial for
enriching the learning environment and fostering a deeper
understanding among kinesthetic learners.

4) Tactile learners
Tactile learners comprehend concepts more effectively when
they engage their sense of touch, preferring to employ fine

motor skills to explore textures. Distinct from kinesthetic
learners, tactile learners do not primarily focus on bodily
movement but rather on tactile exploration and manipulation
of objects. Nevertheless, they too face challenges in passive
learning settings, often struggling to maintain concentration
during monotonous lectures, and may resort to fidgeting with
small objects on their desks as a result. In the context of music
lessons, it is imperative to engage tactile learners through
play-based learning methodologies and to capitalize on the
unique qualities of music by introducing a diverse array of
instruments and tactile props into the classroom. This ap-
proach enables them to experience music in a tangible and
interactive manner, thereby fostering a deeper understanding
and appreciation of the subject.

C. Multimodal music teaching based on intelligent
whiteboards
The electronic whiteboard represents a high-tech innovation
that integrates cutting-edge electronic technology, software
engineering, and other advanced research and development
methodologies. By leveraging the principle of electromagnetic
induction in conjunction with computers and projectors, it
facilitates the realization of a paperless environment for both
office work and educational instruction. The incorporation of
whiteboard technology into music teaching stems from the
myriad advantages it offers within this context.

1) Enabling a dynamic teaching process
The utilization of whiteboards enables the integration of
dynamic visuals, animations, and other multimedia content,
thereby transforming the entire classroom experience into a
dynamic and interactive process. This approach facilitates
students’ acquisition of a broader range of knowledge and
skills. For instance, in the context of music teaching during the
celebration of the New Year, the whiteboard can be employed
to display videos and textual materials pertaining to the New
Year festivities during the introductory phase of the course.
This not only familiarizes students with the upcoming topic
but also encourages their active participation in subsequent
teaching activities, immersing them in the festive ambiance
and enabling them to personally experience the joy and spirit
of the New Year. Such an approach is significantly more
engaging and captivating than solely relying on verbal expla-
nations from the teacher.

2) Promote student interaction and cooperation
The use of whiteboard technology can simplify the teaching
burden of teachers to a large extent, and transform more
content that needs to be told directly into a dynamic process.
Through the guidance of video, pictures, animation and other
content, students’ interactive and cooperative activities will
have objects that can be imitated, and the effect of cooperative
exchanges will be better. In the study of "I love China", I
can use whiteboard technology to create a realistic situation
for students. Students are then asked to work interactively in
groups to sing these songs. This gives students a basis for
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interactive cooperation and allows practical activities to lead
to the improvement of students’ practical skills.

3) Diversification of teaching methods
By harnessing the advancements of modern technology, the
electronic whiteboard serves as a versatile tool that signifi-
cantly enriches the teaching methodologies employed by edu-
cators. Beyond merely presenting teaching content, instructors
can leverage the capabilities of the whiteboard to engage in
interactive board writing sessions, display engaging teaching
activities, and much more.

III. Multimodal Music Emotion Recognition Technology
and Analysis
In this paper, we address the challenges pertaining to auditory
emotion processing by focusing on the cognitive laws govern-
ing auditory emotion in the brain. We integrate methods for
emotion analysis and recognition of both sound signals and
electroencephalography (EEG) signals, thereby embarking on
an investigation into the cognitive mechanisms underlying
auditory emotion and developing a computational approach
for audio emotion analysis.

A. Music pre-processing

1) Pre-emphasis
Because the quality of the read music data varies, to avoid the
music data in the transmission process of signal weakening, so
take the means of pre-emphasis to improve the high-frequency
part. For a sound signal such as music, the energy is mainly
distributed in the low-frequency band, and the power spectral
density of the sound decreases as the frequency increases,
which will have a great impact on the signal quality. Pre-
emphasis is realized by a first-order digital filter with the
formula:

H(z) = 1− µz−1. (1)

In Eq. (1), the pre-emphasis factor u is a constant decimal
close to 1, and z represents the input signal, which is passed
through this digital filter, and the output at moment n is:

Y (n) = Y (N)− µY (n− 1). (2)

2) Framing
In the realm of music processing, the duration of sub-frames
is typically set within the range of 10-40 milliseconds (ms).
From a macroscopic perspective, the frame length must be
sufficiently short to ensure that the signal within the frame
remains stable and approximately time-invariant. This is due
to the fact that the duration of instrument articulation loudness
generally spans from 40 to 200 ms. Consequently, the frame
length is commonly chosen to be less than 40 ms. On the
other hand, from a microscopic viewpoint, the sub-frame
length must encompass at least one complete vibration cycle,
implying that it must capture the fundamental frequency of the
instrument, which often approximates 100 Hz. Given that the
fundamental frequency of a piano is approximately 100 Hz,

the sub-frame duration is typically set to be at least 10 ms to
accommodate this requirement.

The selection of speech frame lengths can significantly
influence the performance of a given task, emphasizing the im-
portance of choosing an appropriate frame length. To ensure
a seamless transition between consecutive voice frames, it is
crucial to incorporate overlap between frames. This overlap,
measured by the temporal shift in the starting position between
two adjacent frames, is commonly referred to as the frame
shift. Typically, the frame shift is set to be either half (1/2) or
three-quarters (3/4) of the frame length.

3) Adding windows
In order to make an improvement in the frequency leakage, the
method of adding a non-rectangular window will be used, and
the usual solution is to add a Hamming window, which is very
suitable for this experiment because it has the property of a
large sidelobe attenuation, which is able to attenuate the peak
of the main and the peak of the first sidelobe by up to 40db.
The formula is as follows, where a0 is taken as 0.53836:

ω(n) = a0−(1− a0)•cos
(

2πn

N − 1

)
, 0 ≤ n ≤ N−1. (3)

B. Music emotion feature extraction
1) Mel frequency cepstrum coefficients
A musical piece can be segmented into numerous frames, with
each frame undergoing Fast Fourier Transform (FFT) compu-
tation to yield a corresponding spectrum. This spectrum cap-
tures the relationship between frequency and energy, specifi-
cally, the variation in amplitude across different frequencies.
The sound spectrogram, which is a visual representation of
the spectrum over time, should comprehensively reflect the
relationships between all frequencies and their corresponding
energies. As a result, the output is often a substantial map.
To extract sound features that are pertinent for the ultimate
goal of music emotion recognition, this map is typically
processed through a Mel-scale filter bank, transforming it into
a Mel spectrum. The transformation from the conventional
frequency scale to the Mel frequency scale is carried out as
outlined below, and the mapping relationship is detailed as
follows:

Mel(f) = 2595 • log10(1 + f/700), (4)

where f denotes the frequency (in Hz).

2) Perceived linear prediction
Music is not a simple splicing of information from frame
to frame, so it is necessary to add some features to indicate
that the cepstrum coefficients are changing with time, i.e.,
when making the inherently static waveform graph move. We
call ∆∗,∆2∗ as ∆ features, that is, dynamic features to time
derivation, cepstrum features ∆ features of the formula is
shown below:

d(t) =
c(t+ 1)− c(t− 1)

2
, (5)

74



Tang :Exploration of Multimodal Teaching Methods in Emotionally Empowered Music Education

c(t) is the dynamic features of music at 2 moments.
Figure 2 shows the perceptual linear prediction computation

process, through the derivation of the way can reflect the
dynamic characteristics of the music information to a certain
extent, can be more optimized for the extraction of features.

Figure 2: Perceptual linear prediction calculation process

3) Schenkel analysis
The central idea of Schenker’s theory is melodic reduction,
i.e., retaining the backbone of the musical weight and remov-
ing some of the other passing tones and ornamental tones,
which play little role in the expression of the main musical
feeling.

This is computed as a string of notes N , where all possible
Schenkel analyses of N can be enumerated as A1 . . . Am,
and for some integer m we wish to obtain the most probable
analysis as argmax

i
P (Ai|N), with Ti1, ...Tip denoting the set

of triangles that make up the analysis A, where Lij ,Mij , Rij

is the three vertices of the triangle Tij , with the formula shown
in (6) below:

argmax
i

P (Ai|N)=argmax
i

P (Ti,1, . . . , Ti,p)

= argmax
i

p∏
j=1

P (Ti,j)

= argmax
i

p∏
j=1

P (Mi,j |Li,j , Ri,j) . (6)

The problem of computing the probability P (Mij |Lij , Rij)
in which the musical information embedded in Mij , Lij , Rij

is represented by 18 feature values that represent the melodic,
harmonic, beat and timing information of the music. Each type
of triangle is determined by a combination of 18 features with
too large a dimension, so a random forest approach is used
to learn the conditional probability P (Mij |Lij , Rij), where
the set of 18 features contains a subset of six features that
depend on the middle tone M . A single random forest cannot
adequately learn to predict all six features, so the conditional
probability is decomposed into six different products:

P (M |L,R )=P (M1,M2, . . .M6L,R)

=P (M1L,R) ∗ P (M2,M3, . . . ,M6M1, L,R)

=P (M1L,R) ∗ P (M2M1, L,R)

∗ P (M3,M4, . . .M6M1M2, L,R)

=P (M1L,R) ∗ P (M2M1, L,R)

. . . P (M6M1, . . . ,M5, L,R) . (7)

4) Chord information extraction
Using the backpropagation function, the loss E1 is computed
from the inputs and updated inversely for W . Assuming that
the output value is u, i.e., hW = u, the predicted value is:

yi = Softmax (uj) =
euj∑V
k=1 e

uk
. (8)

For an input of length N , the objective function is as
follows:

Eargmax
W,W ′

N∏
i=1

i+w∏
j=i=w

P (yj |yi )

=argmax
W,W ′

N∏
i=1

i+w∏
j=i−w

P (yj |yi)

=argmax
W,W ′

N∑
i=1

i+w∑
j=i−w

logP (yj |yi)

=argmax
W,W ′

N∑
i=1

i+w∑
j=i−w

log
ewj∑V
k=1 e

ui

. (9)

C. Music emotion recognition model construction
WaveNet is an autoregressive probabilistic model that mod-
els the joint probability distribution of musical information
x = {x1, . . . , xT } as p(x) =

∏T
t=1 p (xt|x1, . . . xt−1). This

modeling approach is similar to DeepAR.
WaveNet model where part 1 is: the input layer of WaveNet,

which is used to receive the input of information, part 2 is
the causal convolutional layer, part 3 is the expanded convo-
lutional network of WaveNet, which is the most central part
of the whole network, and part 4 is the output layer, and the
output information is convolved by two ReLu and two 1*1,
and finally outputted by Softmax function.

The residual block is internally using the gate activation
function with the formula:

output = tanh (Wf,k ∗ input)⊙ σ (Wg,k ∗ input) . (10)

This formula outperforms ReLU in activating audio sig-
nals.The WaveNet model provides a good modeling idea for
the processing aspect of audio information, which can achieve
a large sensory field even with a small number of layers, and
can be better used for learning emotional features of music
and automatic labeling of basic information of music.

1) GAN
The objective function to be optimized by the network is:

min
G

max
D

V (D,G)

= Ex∼pdata(x)[logD(x)] + Ez∼p(z)[log(1−D(G(z)))].
(11)

Specifically for G network optimization the objective func-
tion is:

L = log(1− sigmoid(D(G(z))))

≈ − log(sigmoid(D(G(z)))). (12)
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The objective function of optimization for a D network is:

L=− log(simoid(D(x))) + log(1− sigmoid(D(G(z))))

≈ − log(sigmoid(D(G(z)))). (13)

D. WLDNN-GAN modeling
Firstly, the preprocessed data is input into the Wavenet layer to
extract trainable music emotion features that correlate across
different data points. By employing null causal convolution,
the learning of music emotion features becomes more effi-
cient, achieving better results with reduced dimensionality.
Subsequently, these features are integrated with the LSTM
layer, which effectively summarizes the preceding musical in-
formation. This allows the subsequent portions of the model to
more readily classify emotions from the input, while the final
DNN layer deepens the previous hidden layers and fuses the
processed features from Wavenet, transforming the enriched
information into a discriminative feature space.

Initially, the Generative Adversarial Network (GAN) was
proposed for data generation. However, the emotion recog-
nition problem addressed in this paper necessitates a classi-
fication model, requiring modifications to the original GAN
framework. To this end, we devise a feature separation frame-
work grounded in GANs specifically for emotion recognition.
This framework utilizes constraints such as partial feature ex-
change, content loss, center alignment, classification loss, and
adversarial loss to facilitate a direct and highly purified sepa-
ration of music emotion-related features from irrelevant ones.
During classification, the irrelevant features are subsequently
disregarded, mitigating their influence on the classification
task and thereby enhancing classification accuracy.

E. Results of music sentiment analysis
1) Overall musical sentiment analysis
Employing the music emotion analysis model developed in
this study, the sample music was subjected to an emotional
analysis, resulting in the classification of music emotions
into seven distinct emotional categories: joy, happiness, anger,
sadness, fear, eeriness, and surprise.

Figure 3 presents a descriptive analysis of the overall mu-
sic emotion dataset. Through the application of descriptive
statistics to the emotion analysis data, we observe the rela-
tionships and correlations among the relevant values. Given
the significant variation in the overall emotional value across
individual songs, the scores for the seven emotional cate-
gories (good, joy, anger, sadness, fear, eeriness, and surprise)
among the 500 songs exhibit substantial differences. A direct
statistical analysis of these emotional scores would reveal
a high degree of dispersion, thereby limiting the reference
significance. Consequently, we focus on describing the pro-
portion of each of the seven emotional categories within the
total emotional value of the 500 songs.The standard deviation
serves as a metric to quantify the dispersion of data around
its mean. A larger standard deviation indicates that the data
points are more dispersed from the mean, whereas a smaller
standard deviation implies that the data values are closer to the

Figure 3: Descriptive analysis of overall music emotional data

mean. In this context, the emotional category "joy" exhibits
the largest standard deviation of 11.6004, suggesting a high
degree of dispersion in the data. Conversely, the emotional
category "anger" displays the smallest standard deviation of
0.8805, with a minimal range between the maximum and
minimum values (1.52), indicating stability and a low degree
of dispersion. The substantial difference between the largest
and smallest standard deviations (10.7199) underscores the
varying degrees of dispersion across the data.

2) Song-specific emotional validation
Three classical music pieces were selected, and their affective
values were quantified through music modeling. The out-
comes of the subjects’ music affective analysis are presented
in Figure 4.

In Song 1, the emotional hues of "good" and "happy"
constitute 66.37% of the total, indicating a dominant presence
and resulting in a relaxed and optimistic emotional analysis.
This high proportion of positive hues suggests a positive emo-
tional tendency. Conversely, the emotional hues of "sadness,"
"shock," and "fear" account for 13.22%, 3.04%, and 1.52% re-
spectively, which are relatively lower in comparison. Notably,
the hue "evil" comprises 15.48% of the emotional breakdown,
albeit less significant than the positive hues, suggesting a
minority presence.Collectively, these findings reveal that Song
1 exhibits a predominantly positive and optimistic emotional
profile, with a relatively small proportion of negative hues
such as "sadness," "fear," and "shock." Given the overall
balance and prevalence of positive hues, this song can be
classified within the emotion category of "smoothness and
gentleness," which encapsulates its characteristic emotional
tone. Consequently, it is a fitting example within this broader
emotion category.

Based on the values presented in the chart, the emotional
profiles of Song 2 and Song 3 are analyzed sequentially. For
Song 2, the cumulative proportion of positive emotional hues
amounts to 73.51%, exceeding half of the total and surpass-
ing the average benchmark, thereby aligning the emotional
analysis of the song with the category of positive emotions.
Conversely, in Song 3, the emotional hues of "good" and
"joy" constitute 35.78% and 15.63% respectively, which are
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Figure 4: The results of the analysis of the emotional analysis

notably below the average levels for these two hues. As a
result, the proportion of positive emotions, when compared
to other emotional categories, is relatively low. Additionally,
the emotional hues of "sorrow" and "evil" occupy 19.76% and
25.36% respectively, both exceeding their respective averages,
suggesting that Song 3 falls within the category of sadness and
pessimism.

IV. Research Design for the Application of Multimodal
Teaching in the Music Classroom
A. Multimodal music instructional design strategies

This chapter delves into students’ emotional experiences with
songs in the context of music learning, drawing upon the
aforementioned music emotion recognition techniques. Sub-
sequently, the chapter examines the formulation of pertinent
music learning strategies in light of these emotional experi-
ences.

1) Establishment of teaching programs
Teaching objectives are established in accordance with the
needs of students for developing musical literacy, emphasizing
the four pivotal aspects of aesthetic perception, artistic ex-
pression, creative practice, and cultural understanding. These
objectives are further tailored to the requirements outlined in
the music curriculum standards. When setting unit-specific
teaching objectives, adherence to the materials prescribed in
the national curriculum is crucial, ensuring that they neither
exceed the syllabus nor anticipate future learning outcomes.
Additionally, the setting of music teaching objectives must be
grounded in the actual circumstances of the students. Teachers
must be cognizant of the students’ current learning abilities
and, based on their existing capabilities, devise appropriate
learning unit content. Consequently, the implementation of a
thorough pre-course student learning assessment is paramount
to achieving this end.

2) Study music curriculum standards and materials
The most salient feature of the music curriculum standard lies
in its prioritization of musical literacy as the cornerstone of
student training, thereby further elucidating the central role of
musical literacy in shaping the positioning of music education.
By placing the promotion of students’ holistic development
at the forefront, it ensures ample preparation for students
to navigate societal advancements and lead healthy lives,
simultaneously laying a robust foundation for their lifelong
learning and development.

3) Integration of pedagogical content
To facilitate students’ mastery of musical concepts, teachers
must promptly evaluate their learning progress. Adhering to
the music curriculum standards, educators should meticu-
lously observe whether students have achieved the objectives
of teaching and learning activities, fulfilled their assigned
tasks, and met the criteria for developing musical literacy. This
assessment serves as the cornerstone for classroom, annual,
and ultimately, academic quality evaluations. The content of
instructional materials is systematically integrated and inter-
connected, adhering to this evaluation approach, ensuring that
the materials are seamlessly incorporated into music teaching
with an emphasis on nurturing students’ holistic development.
Furthermore, students’ capacity to tackle practical issues in
society is seamlessly integrated into classroom instruction
through subject-specific knowledge, ultimately fostering their
musical literacy within the music discipline as the ultimate
goal.

B. Analysis of the effectiveness of multimodal music
instruction

1) Analysis of the effect of multimodal music teaching
application
In this research, the questionnaire data collected both prior to
and subsequent to the implementation of multimodal teaching
were analyzed using a paired-samples t-test in SPSS 21.0.
The survey instrument was structured into four distinct sec-
tions: affective attitudes and values, process and methodology,
knowledge and skills acquisition, and overall satisfaction. A
five-point Likert scale was employed, where a score of 1
represented complete disagreement, 2 signified disagreement,
3 denoted neutrality or fairness, 4 conveyed agreement, and 5
stood for complete agreement.

Figure 5 illustrates the outcomes of the paired samples t-
test, revealing that the overall mean post-multimodal teaching
was 1.0185 units higher than that prior to the intervention,
with a standard error of the mean (SEM) of 1.265. Statisti-
cally significant differences (p<0.01) were observed across
all four dimensions of the questionnaires administered be-
fore and after the implementation of multimodal teaching.
Consequently, the efficacy of music teaching subsequent to
multimodal teaching was notably enhanced compared to pre-
intervention levels, indicating that the multimodal teaching
classroom model contributes to the improvement of music
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Figure 5: Matching sample t test results

teaching and learning outcomes. Furthermore, this teaching
modality facilitates the enhancement of music classroom in-
struction’s effectiveness. Analyzing the changes in the mean
values across dimensions, the most pronounced increase was
observed in overall satisfaction, with a difference of 1.965
between pre- and post-multimodal teaching. It is imperative to
recognize that music teaching should not merely be regarded
as imparting specialized knowledge to students but rather as
fostering an appreciation of music as a source of joy and plea-
sure. Therefore, in the teaching process, emphasis should be
placed on the methodology and approach adopted by students,
emphasizing their experiential journey with music.

2) Analysis of the effectiveness of music teaching
Table 1 presents an analysis of the effectiveness of mu-
sic teaching, specifically examining the impact of teaching
methodology on student comfort levels. The results indicate
that students who were exposed to the traditional teaching
model of the music course reported significantly less com-
fort with the teaching approach, in contrast to those who
underwent the multimodal teaching model, who expressed
a high degree of comfort with the manner in which the
course was conducted. Notably, the difference in adaptation
to the classroom teaching style between the multimodal and
traditional instructional approaches amounted to 1.56 units on
the relevant scale. In terms of teaching objectives, students
instructed via the traditional teaching mode reported a notably
clear understanding of the objectives and tasks of the music
course. Conversely, students exposed to the multimodal teach-
ing approach indicated an average level of comprehension
regarding the teaching objectives and tasks, which seemingly
correlated with their subpar performance. Consequently, the
degree of alignment between the teaching objectives and
student understanding, as measured by the value of the match,
was slightly inferior to that observed in the traditional teaching
mode.

In terms of teaching interactivity, the mean values per-
taining to teacher-student interaction, student-student interac-
tion, and the variety of interaction modes were all notably
higher in the multimodal teaching mode compared to the
traditional teaching mode, exhibiting differences of 1.1704,

0.513, and 0.0791 units, respectively. Analogously, in as-
sessing teaching effectiveness, the scores achieved under the
multimodal teaching mode surpassed those of the traditional
mode across various dimensions, including self-evaluations of
learning efficacy, classroom performance, perceived learning
pressure, and evaluations of the teaching approach itself. This
superiority is particularly evident in the realm of classroom
performance, where the average score of students’ classroom
performance in the multimodal teaching mode, at 8.2639,
significantly outpaces that of the traditional music teaching
mode.

V. Conclusion
In this paper, we commence by categorizing the modal types
of sensory channels employed within the framework of multi-
modal teaching, with the aim of identifying the corresponding
types of students’ music learning experiences. To integrate
the information derived from these multimodal teaching tech-
niques, we utilize intelligent whiteboard technology. Subse-
quently, we constructed the WLDNN-GAN music emotion
computation model, specifically tailored to address the chal-
lenge of auditory emotion processing. The practical efficacy
of this model is rigorously validated through comparative case
studies. The subsequent sections present the outcomes of both
the music emotion analysis and the analysis of the music
teaching’s effectiveness.

1) In our analysis of seven types of music-evoked emo-
tions across 500 musical subjects, the emotion category
exhibiting the greatest variability, as indicated by the
largest standard deviation, is "music" itself, with a value
of 11.6004, suggesting a wide dispersion of responses.
Conversely, the emotion with the smallest standard devi-
ation, indicative of more uniform responses, is "anger",
having a deviation of just 0.8805. It appears that there
was an oversight in stating the maximum and minimum
standard deviation values, as they were erroneously
repeated as the same (0.8805). The actual difference
between the highest (11.6004) and lowest (0.8805) stan-
dard deviations amounts to 10.72, highlighting a sub-
stantial disparity in the dispersion of responses across
different emotion categories.

2) For the purpose of specific analysis, three songs were
carefully selected from a pool of 500 songs. In song 1,
the combined percentage of the emotional colors "good"
and "happy" amounted to 66.37%, indicating a substan-
tial proportion of positive sentiments and thus suggest-
ing a positive emotional inclination. Consequently, the
emotional classification of this song can be deemed as
relaxed and optimistic.

3) A paired-sample t-test was conducted to compare the
outcomes before and after the implementation of the
multimodal teaching model. Subsequent to the appli-
cation of the multimodal music teaching approach, the
overall level witnessed a statistically significant increase
of 1.0185 units, accompanied by a standard error of
1.265. This finding was confirmed by a p-value less
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Teaching matching
Index Teaching mode N Max Min Mean SD

Course teaching Tradition 55 1 5 2.5965 1.5955
Multimodal state 55 1 5 4.1565 0.6244

Teaching target Tradition 55 1 5 4.6855 0.8611
Multimodal state 55 1 5 4.4255 1.1455

Teaching content Tradition 55 1 5 3.5522 1.2658
Multimodal state 55 1 5 3.7952 1.2684

Learning demand Tradition 55 1 5 3.8564 1.2965
Multimodal state 55 1 5 3.9755 1.2648

Learning interactivity
Student interaction Tradition 55 1 5 3.4855 1.2684

Multimodal state 55 1 5 4.6559 1.0325
Biointeraction Tradition 55 1 5 3.7554 1.1982

Multimodal state 55 1 5 4.2684 1.2682
Interactive mode Tradition 55 1 5 3.9154 1.1544

Multimodal state 55 1 5 3.9945 2.0589
Teaching effect
Learning effect self-evaluation Tradition 55 1 5 3.7811 1.2654

Multimodal state 55 1 5 4.0366 2.0644
Classroom performance Tradition 55 1 10 6.5944 1.1658

Multimodal state 55 1 10 8.2639 1.1765
Learning pressure Tradition 55 1 5 3.4752 1.3264

Multimodal state 55 1 5 3.6748 2.6748
Teaching method evaluation Tradition 55 1 10 7.1679 1.2647

Multimodal state 55 1 10 7.9958 1.5956

Table 1: Analysis of the effect of music teaching

than 0.01, indicating a high level of statistical signif-
icance. Notably, errors were observed across all four
dimensions under consideration. Among these, the most
pronounced effect was observed in the improvement of
overall satisfaction, which exhibited an amplitude of
enhancement amounting to 1.965 units.

4) In the comparative analysis of traditional music teach-
ing and the multimodal teaching mode, students re-
ported a higher level of adaptability towards the latter,
exhibiting a notable difference in adaptability scores
of 1.56 points. Regarding pedagogical compatibility,
the multimodal teaching mode surpassed the traditional
teaching mode in all other assessed dimensions, albeit
marginally falling short in terms of meeting specific
teaching objectives as compared to the traditional ap-
proach.

In conclusion, the multimodal music teaching mode proposed
in this paper has a good application effect.
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