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Abstract Machine learning algorithms provide a research observation pathway for vocal technique training
processes. This paper examines the impact of vocal technique training on singing ability and artistic expression,
utilizing kernel ridge regression methods to study their specific enhancement relationships. Kernel methods are
employed to transform relational issues into high-dimensional linear problems. Ridge regression algorithms are
combined to enhance model fitting capabilities. Nonlinear regression methods (KRR) are integrated to improve
regression performance in high-dimensional spaces. Research findings: The internal consistency reliability of the
five influencing factors reached 0.936, with validity exceeding 0.7. The impact on singers' artistic expression
exceeded 0.06. The experimental group's artistic expression was significantly superior to the control group at the
0.01 level, with average scores exceeding 90 points.

Index Terms vocal technique training, artistic expression, kernel ridge regression method, high-dimensional linear
regression

. Introduction

The Role of Professional Vocal Training in Enhancing a Singer's Artistic Expression Artistic expression in vocal
performance refers to the emotions, style, and flavour that a singer conveys through their performance, based on
their personal knowledge of vocal theory, vocal performance skills, and stage experience. This expression is
achieved through a comprehensive analysis and understanding of the piece, and it can resonate with the audience,
leaving a lasting impression. From this theory, it is clear that artistic expression in vocal performance has a decisive
impact on the quality of the performance.

In contemporary vocal music education, most singers have already mastered certain vocal performance skills.
Technically, singers do not face significant issues; they can both fully interpret a piece and perform vocally
challenging works with high quality. However, they often struggle to leave a lasting impression on the audience [1],
[2]. Singers' performances seem to be focused on completing a challenging task, turning their singing into a mere
display of vocal technique. This is a direct manifestation of the lack of artistic expression. Singing that lacks artistic
expression not only goes against the basic principles of vocal art development but also hinders the professional
growth of singers [3]-[5].

Therefore, enhancing artistic expression must be given full attention by university teachers and made a priority in
teaching, with continuous improvement in practice, in order to achieve the comprehensive development of singers
in vocal music education. Ding [6] noted that good vocal art expression requires a healthy voice and emotional
expression, and that emotional vocalisation can enhance the artistic expression of music. Fernandez-Fresard and
Acevedo [7] developed a training tool called the ‘Voice Expression Chart,” which can be used to enhance performers’
vocal expressiveness. Meissner and Timmers [8] found in a study on children's musical performance that a
dialogue-based teaching model centred on teacher demonstrations can help improve children's musical
performance expressiveness. Wang et al. [9] found that integrating Italian Belcanto singing techniques with Chinese
ethnic vocal music can enhance the vocal expressiveness of Chinese singers.

Vocal music is both a technical skill and an art form, characterised by the integration of ‘technique’ and ‘artistry.’
Technical training is undoubtedly the most fundamental and essential aspect, but teachers often overlook the
importance of artistry, confining vocal performance solely to the realm of technical training. However, the true
pinnacle of vocal performance lies in the expression of style and emotion [[10]-[13]]. In summary, the cognitive biases
and shortcomings of teachers are the direct causes of the lack of artistic expression in vocal music performances
by professional singers. Additionally, artistic expression in vocal music requires scientific training methods and long-
term practice to achieve ideal results. However, given the current age, experience, and background of singers,
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achieving meaningful innovative performances or expressions without targeted training is extremely challenging
[14]-[16]. More concerning is that, without proper methods as a reference, some singers, in their pursuit of novelty,
often fall into misconceptions, resulting in counterproductive outcomes. Therefore, professional vocal training is
urgently needed to assist singers in developing their artistic expressiveness. Chen and Tao’s [17]] research indicates
that sustained and scientific vocal training is a crucial factor in enhancing singers” perception of roughness, control,
vocal clarity, pitch accuracy, and expressiveness.

This paper analyzes the content of vocal technique training and identifies the key factors influencing the
relationship between vocal technique training and the artistic expressiveness of singing. It introduces a kernel-based
ridge regression method, combining kernel methods with ridge regression, to explore the linear relationship between
vocal technique training and the artistic expressiveness of singers. Specifically, to address the issue of inseparability
between vocal technique training data and artistic expression data, kernel methods are used to map low-
dimensional data to high-dimensional data, providing a high-dimensional space for the ridge regression algorithm
to operate in. By incorporating a regularization term into the ridge regression, the model's fitting accuracy is
enhanced, enabling a deeper exploration of the relationship between the two variables.

ll. The Impact of Vocal Technique Training Based on Nuclear Ridge Regression on
Artistic Expressiveness

Il. A.Exploring the Impact of Vocal Technique Training on Singers

Il. A.1) Vocal technique training to improve singing ability

In the field of vocal art, vocal technique training has long been regarded as one of the key methods for enhancing

a singer's overall proficiency. Vocal technique training encompasses a wide range of content, including voice control,

expanding vocal range, emotional expression control, and pitch accuracy. Systematic vocal technique training not

only helps unlock a singer's innate talent and potential but also comprehensively enhances their vocal performance

capabilities, thereby improving their professional and overall artistic literacy. Mastering vocal techniques to control

singing voice is of great significance. Good voice control techniques can make singers' performances more stable

and clear during singing.

First, through effective vocal technique training, singers can master proper breathing methods and vocal
techniques, thereby avoiding issues such as voice breaks or vocal cord damage during performance, and presenting
singing works with stable performance. Secondly, pitch accuracy is an important criterion for evaluating a singer's
professional level. During general vocal technique training, pitch accuracy can be improved through exercises such
as “listening and identifying pitch.” From the audience's perspective, good pitch accuracy not only reflects a singer's
professional competence but also enables listeners to more accurately understand and feel the theme and inner
emotions of the song. Additionally, expanding a singer's vocal range is another important method to enhance their
singing performance capabilities. Generally, singers select songs within their suitable vocal range based on factors
such as their voice quality and timbre. However, with the diversification of music genres, many singers now venture
beyond their comfort zones during vocal technique training to expand their vocal ranges, increase the diversity of
their repertoire choices, and thereby enrich their musical expression.

As such, vocal technique training significantly influences a singer's performance capabilities. Through exercises
in voice control, pitch accuracy, and vocal range expansion, vocal technique training can elevate the overall level of
singing performance. Moreover, vocal technique training can expand a singer's vocal range and enhance their
performance capabilities. This plays a crucial role in improving a singer's professional and comprehensive skills,
meeting audience expectations for musical appreciation, and promoting the development of vocal performance arts.

Il. A.2) Vocal technique training promotes artistic expression

Vocal techniques, as tools for artistic expression, should provide strong support for artistic expression during the
singing process. The application of techniques should not merely be for the purpose of showcasing the singer's
vocal skills, but rather to better convey the emotions and depth of the song. During singing, techniques can add
depth to the voice, but their purpose is to better present the emotional tone of the song. Every note and every lyric
in a song carries specific emotions and stories, and the use of techniques should align with these emotions. This
means that when employing techniques, singers should consider how to use their voices to better express the
song's emotions, rather than merely pursuing vocal brilliance. Techniques should serve as a medium for conveying
emotions, helping singers establish a deeper emotional connection between the song and the audience. During
technical training, singers can consciously apply techniques to key sections of a song, emphasizing emotional
climaxes or turning points to enhance the song's expressive power. Additionally, techniques can be used to highlight
emotional keywords in the lyrics, enabling listeners to more deeply understand the emotions the song aims to convey.
However, this does not mean that techniques should be overly emphasized on every note; rather, they should be

2901



f

Analysis of the role of professional vocal training in enhancing singers' artistic expressiveness

used appropriately to achieve an organic integration of technique and emotion.

Il. B.Vocal technique training based on kernel ridge regression methods

Il. B.1) Nuclear Methods

The data from the professional vocal technique training process is used as the independent variable data, while the
data on the singer's artistic expression is used as the dependent variable data. The kernel ridge regression method
is employed to analyze the relationship between the independent and dependent variables. This study aims to
investigate the specific impact of vocal technique training on the singer's artistic expression.

Kernel methods are machine learning algorithms commonly used to address nonlinear problems. Data that is
linearly inseparable in a lower-dimensional space may be linearly separable in a higher-dimensional space.
Therefore, kernel methods transform data from a lower-dimensional space to a higher-dimensional space through
feature transformation, thereby converting the nonlinear problem into a linear problem in the higher-dimensional
space.

Define a nonlinear mapping @
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where N and m represent the number of samples and the number of variables, respectively, and & is the
dimension of the projected variables. Kernel methods introduce kernel functions to replace inner product
calculations in high-dimensional spaces and do not require an explicit expression of the nonlinear mapping @y .
Available kernel functions include linear kernels, polynomial kernels, and Gaussian kernels. The Gaussian kernel
is the most commonly used kernel function due to its nonlinear mapping capabilities and good numerical stability,
and is expressed as:
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Here, o is a hyperparameter used to control the range of Euclidean distance. The following explains why the
Gaussian kernel function can project variables into infinite dimensions. ;; can be expressed as:
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Expand according to the polynomial theorem : [z ka
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Therefore, from equation (), we can see that 7 is an integer without an upper bound, so #(x) is infinite-
dimensional, and k;; is the inner product of an infinite-dimensional vector. Before implementing the algorithm, it
is typically necessary to perform decentralization processing. The decentralized ®, and K are represented as

- 1
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Among them, 7, € is the identity matrix, and 1, €0 N~1is a column vector with all elements equal to 1.0.

IIl. B.2) Ridge regression

Ling regression is an improved algorithm of least squares, which adds a regularization term to the least squares
optimization objective to solve the multicollinearity problem in multiple regression. Ling regression is a biased
regression algorithm that improves the fitting performance of ill-conditioned matrices by sacrificing regression
accuracy. The optimization problem of multiple Ling regression can be described as

2 2
min HY - WTXH + ;tHWT ” (8)
/4 F F
where the ridge parameter A > 0.0 . The optimal solution w” s easy to obtain.
* -1
w =(/11+XXT) xy” )

The size of the ridge parameter is set according to the actual data situation. A commonly used setting method is
to control the ridge parameter to obtain a suitable value by limiting the size of the sum of squared residuals. When
the ridge parameter is set to 0.0, ridge regression degenerates into ordinary least squares.

Il. B.3) Nuclear Ridge Regression

KRR is a nonlinear regression algorithm that combines kernel methods and ridge regression. It projects independent
variables into high dimensions, where independent and dependent variables are more likely to exhibit linear
relationships, thereby improving regression performance. The parameter estimation results based on kernel
methods are as follows:

Pl et
ﬁf:(,uhm)xcbf() Dxy” (10)

However, @, cannot be explicitly expressed, and equation () still needs further processing. Let 4=A41,,
C=Iy, U=®,, V=%, according to the formula for the inverse of the sum of matrices (Lemma 1) and its
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generalized form (Lemma 2), we have

R N
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Therefore, W is rewritten as
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At time ¢, the estimated value of the dependent variable can be expressed as:
Y =W p(x,)=Y(ALy +K) " Drg(x,) .
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N S . (14)

Thus, even when the nonlinear mapping is unknown, the original data can be projected from low dimensions to
high dimensions, and then the ridge regression algorithm can be performed in the high-dimensional space to
effectively solve nonlinear regression tasks.

Lemma 1: Formula for the inverse of the sum of matrices: Suppose that 4, C,and A+UCV are nonsingular
matrices satisfying

(a+vcy)'=at-alu(c+ VA’IU)il va (15)

Lemma 2: Generalized form of the inverse formula for the sum of matrices: Suppose that 4, C,and A+UCV
are non-singular matrices satisfying

(4+ucy)' =47 —A_lUCV(I+A‘1UCV)71 A7 (16)

lll. The influence of singers’ artistic expression on practice based on nuclear ridge
regression

lll. A. Analysis of Factors Affecting Artistic Expressiveness
lll. A. 1) Analysis of basic information about survey participants

The study focuses on the artistic expression and influencing factors of 250 students across four grades at the Music
College of University A. To identify the influencing factors of vocal artistic expression, a survey was conducted using
questionnaires. A total of 250 questionnaires were distributed, 250 were returned, and all 250 were valid, resulting
in a 100% response rate. Table [1) summarizes the basic information of the 250 participants. Among them, 40% were
male and 60% were female. The proportions of students across the four grades were 30%, 24.8%, 22%, and 23.2%,
respectively. The largest proportion of students studied bel canto singing (48%), followed by ethnic singing and pop
singing (26%). Among those studying for 1-3 years, 40% were enrolled, with the proportion decreasing as the
duration of study increased.
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Table 1: The basic information of 250 student participants

Project Category Name Percentage/% (quantity)
Male 40% (100)
Gender
Female 60% (150)
1 30% (75)
2 24.8% (62)
Grade
3 22% (55)
4 23.2% (58)
Opera singing style 48% (120)
Professionalism National singing style 26% (65)
Pop singing style 26% (65)
1-3 40% (100)
. ) 4-5 22% (55)
Training duration
6-7 22% (55)
8-10 16% (40)

. A. 2)

Descriptive indicators of factors influencing artistic expressiveness
Based on the results of the questionnaire survey and the opinions of vocal experts, the factors influencing the artistic
expressiveness of singers were identified. Table |2/ shows the specific descriptive indicators of the factors influencing
the artistic expressiveness of singers. There are five major categories of influencing factors, namely breathing
methods, vocal techniques, pitch accuracy, vocal range, and emotional expression techniques. Each category
contains two descriptive indicators.

Table 2: Factors Affecting the Artistic Expression of Singers

Influencing factors Serial Number Description of Indicators Serial Number
. Smooth breathing B1
Breathing methods A1 - -
Unnoticeable breathing B2
. . . Stable voice production B3
Voice production skills A2
No broken sounds B4
. Timbre accuracy B5
Pitch accuracy A3 -
Pitch accuracy B6
Appropriate range B7
Range breadth A4 ?p P g
Diverse repertoire B8
. . . Various levels of emotional expression B9
Emotional expression skills A5 - — -
Appropriate application of techniques B10

. A. 3)

Reliability testing of influencing factors
The internal consistency reliability of the five influencing factors was examined. Table 3| shows the reliability results
of the survey on the influencing factors of singers' artistic expressiveness. The reliability coefficients for the five
influencing factors are 0.931, 0.925, 0.917, 0.946, and 0.963, respectively. The internal consistency reliability
reaches 0.936, which is greater than 0.900. This indicates that the consistency reliability of the survey on the

influencing factors of singers' artistic expressiveness is relatively good.

Table 3: Reliability of Factors Affecting Artistic Expressiveness

Overall Cronbach coefficient

Variable Cronbach's coefficient
Breathing methods 0.931
Voice production skills 0.925
Pitch accuracy 0.917
Range breadth 0.946
Emotional expression skills 0.963

0.936

. A. 4)

Factor analysis structural validity statistics
Using SPSS software, factor analysis was conducted on each item, with the KMO and Bartlett's sphericity test
selected. A KMO value closer to 1.0 indicates better questionnaire quality. Table 4] presents the structural validity
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statistics from the factor analysis. As shown in Table @ the KMO values for all influencing factors exceed 0.7,
indicating a high overall explanatory power, with each factor having only one common factor. The overall KMO value
for the questionnaire is 0.912, indicating that this dimension is suitable for factor analysis. The eigenvalue is 4.729,
explaining 79.231% of the variance. This suggests that the items effectively reflect the factors, and the observed
variables adequately represent most of the information in the corresponding latent variables, allowing the study to
proceed. The questionnaire designed in this study to investigate the factors influencing singers' artistic
expressiveness through professional vocal technique training can accurately and effectively reflect the impact of
various factors on singers' artistic expressiveness. Further research analysis can be conducted to identify the
specific role of vocal technique training in enhancing singers' artistic expressiveness.

Table 4: Factor analysis structural validity

Factor Overall Overall Questionnaire
. . X . Overall explanatory power
Influencing factors KMO explanatory power | questionnaire KMO characteristic ] .
of the questionnaire
value of factors value value
Breathing methods 0.793 79.302%
Voice production skills 0.802 80.217%
Pitch accuracy 0.814 81.425%
0.912 4.729 79.231%
Range breadth 0.767 76.710%
Emotional expression
) 0.785 78.501%
skills

lll. B. Analysis of the relationship between vocal technique training and artistic expressiveness

lll. B. 1) Descriptive statistics of influencing factors

Using nuclear ridge regression methods, descriptive statistics and correlation analysis were conducted on the
collected data related to influencing factors to identify the impact of vocal technique training on singers' artistic
expressiveness. Table |5] presents the descriptive statistical results for the five influencing factors. In the descriptive
statistics of the influencing factors, vocal technique had the highest average score at 0.852, with a skewness of only
0.034. The lowest average score was for breathing technique, at 0.805, with a skewness of 0.019.

Table 5: Descriptive statistics of the five influencing factors

Influencing factors N Mean Std.dev. Min Max Skewness
Breathing methods 250 0.805 0.732 0.000 5.000 0.019
Voice production skills 250 0.852 0.561 0.000 5.000 0.034
Pitch accuracy 250 0.824 0.609 0.000 5.000 0.057
Range breadth 250 0.810 0.745 0.000 5.000 0.062
Emotional expression skills 250 0.816 0.692 0.000 5.000 0.047

lll. B. 2) Correlation analysis of influencing factors

Figure 1] shows the results of the correlation analysis between the five influencing factors. In the figure, * indicates
p < 0.05, ** indicates p < 0.01, and *** indicates p < 0.001. Based on the correlation results of the five influencing
factors, the p-values for all correlations between the factors are greater than 0.05, indicating that there is no
significant correlation among them. Additionally, the influence of the five vocal technique training methods on the
singer's artistic expression is greater than 0.06, indicating that all five influencing factors have a positive correlation
with the singer's artistic expression.

A540.072 0.077 0.082 0.079 1

A440.062 0.069 0.071 1 0.079

A340.085 0.071 1 0.071  0.082

Influencing factors

A240.073 1 0.071  0.069 0.077

A4 1 0.073  0.085 0.062 0.072

— B - < "
< < < < <

Influencing factors

Figure 1: The correlations among the five variables
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lll. C. Controlled experiment on improving artistic expressiveness based on kernel ridge regression
method

lll. C. 1) Research subjects and research design

This section investigates the impact of different vocal technique training methods on singers' artistic expressiveness,
employing a controlled experiment to assess the role of nuclear ridge regression analysis in evaluating the
effectiveness of vocal technique training and making continuous adjustments. The experiment involved 120
students from the Music College of University A who were studying bel canto singing. The 120 students were evenly
divided into two groups of 60 each. Prior to the experiment, there were no significant differences between the groups,
and the initial artistic expressiveness levels of the singers within each group were comparable. The experimental
group combined the kernel regression method to study the relationship between vocal technique training and artistic
expression, and adjusted training techniques based on the regression results. The control group used traditional
examination methods to study the relationship and adjusted training techniques based on examination results. The
experiment lasted for one academic year, and after its conclusion, singing tests were conducted to evaluate the
artistic expression of students in both groups.

Analysis of the role of professional vocal training in enhancing singers' artistic expressiveness

lll. C. 2) Testing the difference in artistic expression between the experimental group and the control group

Table @ presents the results of the post-experiment comparison of artistic expression between the two groups of
students. After a one-year controlled experiment, the average scores of the 60 students in the experimental group
all exceeded 90 points, while the highest average score of the 60 students in the control group was only 81.25
points, with a difference of over 8.75 points between the two groups. Furthermore, in five influencing factors, the p-
values for both the experimental and control groups were less than 0.01, indicating that the experimental group's
vocal artistic expression was significantly superior to that of the control group at the 0.01 level. This suggests that
using nuclear ridge regression to study the impact of vocal technique training on artistic expression, and dynamically
adjusting the training process, can enhance singers' artistic expression, making vocal performances more
compelling to audiences.

Table 6: Comparison of differences in artistic expression between 2 groups

Influencing factors Group N M SD T P
. Experimental group 60 90.38 0.33
Breathing methods 15.30*** 0.001
Control group 60 80.19 0.47
. . . Experimental group 60 91.06 0.41
Voice production skills 12.19*** 0.000
Control group 60 79.28 0.52
. Experimental group 60 90.92 0.37
Pitch accuracy 13.48*** 0.002
Control group 60 81.25 0.76
Experimental group 60 91.64 0.40
Range breadth 12.37*** 0.000
Control group 60 80.24 0.78
. . . Experimental group 60 92.71 0.29
Emotional expression skills 13.56*** 0.000
Control group 60 80.63 0.81

IV. Conclusion

This paper employs nuclear ridge regression to analyze the linear relationship between vocal technique training
and artistic expression, enabling targeted adjustments to the training process to enhance singers' artistic expression.
The average score for vocal techniques was 0.852, with a minimum skewness of 0.034. The five technical factors
had a positive correlation with artistic expression. In the control experiment, the average score difference in artistic
expression between the experimental group and the control group exceeded 8.75 points, with p < 0.01. Based on
the regression results, dynamically adjusting the training methods can effectively enhance singers' artistic
expression.

Funding

This research was supported by the Special Cultural Research Project of Henan Culture Promotion Project in 2023:
The Cultural Connotations of the Sacrifice to Emperor Huangdi in Xinzheng from the Perspective of National Ritual
and Music Culture (Project Approval Number: 2023XWH261).

2907



f

Analysis of the role of professional vocal training in enhancing singers' artistic expressiveness

References

(1]

(2]
(3]

4]
(3]

6]
(71
8]
9]
[10]
(1]
(2]
[13]

[14]
(18]

[16]

(7]

Scherer, K. R., Sundberg, J., Fantini, B., Trznadel, S., & Eyben, F. (2017). The expression of emotion in the singing voice: Acoustic patterns
in vocal performance. The Journal of the Acoustical Society of America, 142(4), 1805-1815.

Dai, Y. (2024). Integration of Vocal Technique and Artistic Expression in Vocal Art Performances. Frontiers in Art Research, 6(2), 7-11.
Whissell, C. (2014). The expressive force of primitive masculine sounds in Schwitter's sonata/poem Ursonate. International Journal of
Language and Linguistics, 2, 343-347.

Zijing, Z. (2022). Artistic and Expressive Space of the Vocal Chamber Works of Bohdana Filtz. Artistic Culture. Topical Issues, 18(2).
Bontempi, P., & Canazza, S. (2025). Expressiveness in popular music performance and production: a reasoned review of interviews with
leading engineers, producers and performers. IASPM Journal, 15(1), 40-57.

Ding, S. (2018, March). Research on the artistic expression of vocal music. In 2nd International Conference on Culture, Education and
Economic Development of Modern Society (ICCESE 2018) (pp. 663-665). Atlantis Press.

Fernandez-Fresard, G., & Acevedo, K. (2024). Voice Performance Chart: A Pedagogical Tool to Enhance Vocal Expressive Ability in Acting
Students. Journal of Voice, 38(3), 797-e1.

Meissner, H., & Timmers, R. (2020, February). Young musicians' learning of expressive performance: the importance of dialogic teaching
and modeling. In Frontiers in Education (Vol. 5, p. 11). Frontiers Media SA.

Wang, H., Jamali, S. S. B., & Muhid, S. H. B. (2025). Fusion and innovation: Exploring the application and effects of the Italian Bel Canto
technique in enhancing the expressiveness of Chinese national vocal performance. Multidisciplinary Reviews, 8(2).

Akkermans, J., Schapiro, R., Miillensiefen, D., Jakubowski, K., Shanahan, D., Baker, D., ... & Frieler, K. (2019). Decoding emotions in
expressive music performances: A multi-lab replication and extension study. Cognition and Emotion.

Allingham, E., & Luck, G. (2018). The Role of Music Performer Gesture in Creating Expressive Sounding Music. R. Parncutt, & S. Sattmann
(Eds.), Proceedings of ICMPC15/ESCOM10, 14-19.

Ovcharenko, N., Samoilenko, O., Moskva, O., & Chebotarenko, O. (2020). Innovative technologies in vocal training: Technological culture
formation of future musical art teachers. Journal of History Culture and Art Research, 9(3), 115-126.

Zheng, X. (2022). Research on the whole teaching of vocal music course in university music performance major based on multimedia
technology. Scientific Programming, 2022(1), 7599969.

Zhou, L. (2023). Cultivation of artistic expression in college music and vocal music teaching. Art and Performance Letters, 4(12), 43-49.
Meissner, H. (2021). Theoretical framework for facilitating young musicians’ learning of expressive performance. Frontiers in psychology,
11, 584171.

Steenstrup, K., Haumann, N. T., Kleber, B., Camarasa, C., Vuust, P., & Petersen, B. (2021). Imagine, sing, play-combined mental, vocal
and physical practice improves musical performance. Frontiers in psychology, 12, 757052.

Chen, Z., & Tao, J. (2025). Exploring the Effects of Vocal Training Programs on the Skills and Development of Chorus Performers. Journal
of Voice.

2908



