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Abstract: In this paper, we explore the role of the cello in an ensemble both functionally and emo-
tionally. We have selected representative symphonic and chamber music works and analyzed their
acoustic characteristics, such as spectral distribution, dynamic range, and duration, from recordings.
This analysis allowed us to assess the performers' skills and gather listener evaluations through
questionnaires and interviews. By multiple regression and cluster analyses, we clarify how diverse
acoustic features and instrumental skills work towards emotional expression. The study, through
the analyses, reveals several key points: (1) the cello's low-frequency timbre is a significant factor in
the overall tonal balance of the ensemble; (2) certain performance techniques (legato as an example
of the techniques, and vibrato) of the cello symbolize distinct pairs of emotions such as sadness and
happiness; and (3) the listeners' emotional cello-timbre perceptions are in the same direction as the
measurable changes of the acoustic features of this instrument. At the end of the paper, we provide
ideas on the necessary cello placements for different ensemble configurations and consider the fu-
ture implications of these findings in music-emotion computing and intelligent performance assis-
tance.

Keywords: ensemble performance; emotional expression; acoustic features; multiple regression
analysis

1. Introduction

Known for its warm and rich sound, as well as its expressive power, the cello acts as
one of the prime instruments in the symphony as well as in chamber settings; at the same
time, it can take on the role of a semi-soloist. Techniques like legato, détaché, and vibrato
make it possible for it to communicate a wide variety of feelings. Much of the scholarship
to date has been directed to the cello's emotional impact as a solo instrument and at the
same time that it is used at schools. Nevertheless, what still is not clear is the absence of a
systematic, quantitative analysis that talks about the cello's role in the ensemble's sonic
environment and its capability of expressing feelings at the emotion transmission level.
To fill in this gap, we carried out a two-pronged study: one of the points was to extract
acoustic features from the ensemble recordings, and at the same time, through question-
naires and interviews, we sought the feedback of the listeners. Additionally, a further step
in the process is the application of various statistical methods including multiple regres-
sion and clustering that reveal the connections between the properties of sound and the
ways of performing a sound and three emotional spaces: sadness-joy, warmth-coldness,
and tension-calm.
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2. Literature Review
2.1. Historical Evolution of the Cello in Ensemble Performance

The cello has its roots in the late 16th-century viol family and used to play a subordi-
nate part in the Baroque chamber and sacred music as a basso continuo instrument. From
that, the early cello composers just like Giovanni Gabrieli and Handel were very much at
ease with the fact that the instrument was there to take care of the bass lines, but they
further wanted the cello to underscore ensemble harmony and ensure a soulful tempo and
rhythm. As Baroque style matured, composers like Vivaldi began writing solo concertos
for the cello, showcasing its wide range and lyrical capabilities [1].

In the span of the Classical age, Haydn and Mozart were the ones who established
the cello as a standard string quartet and symphony orchestra instrument, assigning
mostly inner voices two to four cellos. However, the function of the cello increased signif-
icantly in Beethoven's works, for instance, in his Third Symphony where the cello motif is
really the tension builder with the chain-like figures, off-beat accents and the Fifth and
Ninth Symphonies where the cello not only has more independent motifs and counter-
point that affirm its semi-solo status but also has more meat. Dramatic era was the period
when symphonies and concerts for cello gained more diversity and richness. Composers
like Schumann and Dvorak wrote not one but many cello concertos and diversified the
cello section in their orchestral scores to express more profound feelings. Bruch, who was
a German Romantic, used the cellos in chamber music in a manner resembling a real writ-
ing for a voice and in this way the idea of vocalized orchestral performance was pushed
further. In the 20th century, new composers followed the lead of Shostakovich and Barber
in their exploration of the cello's unique acoustic palettes and rich emotional potential,
while orchestral traditions of the time sustained its function as a bass instrument in a sym-
phony and introduced new techniques such as bowing close to the bridge and striking
with the wooden stick [2].

Overall, the cello's ensemble function has evolved from a simple bass accompanist to
a versatile voice blending ensemble support with individual expressiveness, laying a rich
historical groundwork for contemporary acoustic and emotional analysis.

2.2. Existing Research on Cello Emotional Expression

During the mid-20th century, a publication gained attention for the results from stud-
ies on the emotional content of the cello. These findings were primarily applied in the
fields of music education and performance. Teachers associated specific techniques, such
as vibrato and détaché, with emotions like sorrow, joy, anger, and wrath, forming "emo-
tional performance taxonomies" to guide their teaching methods. Musicians have found a
way to recognize and control specific emotions in players by means of these techniques.
Psychologists have since conducted controlled experiments to examine which playing
techniques can elicit emotions such as agony and how these techniques can leave players
feeling cheerful. The researchers realized that the intensity and force of subtlety, volume,
bow speed, and left-hand pressure control the emotions of the player, thus they give birth
to the findings quantifying the links between technique and emotion [3]. Considering that
signal processing and machine learning technologies have become increasingly advanced
over the last ten years, emphasis has been placed on expressing and recognizing emotion
from the audio domain through the extraction and analysis of speech features. This has
been made possible by the researchers who have been able to abstract such audio features
as spectral energy distribution, loudness contours, and pitch stability, and in turn, influ-
ence the way the support vector machines (SVM), convolutional neural networks (CNN),
and several other algorithms are fully or partially operational in identifying the emotional
part of cello through the rich cues in the acoustic signal. Various studies also incorporate
multimodal data, such as performers' facial expressions and gestures, to provide a more
in-depth understanding and better recognition of emotions like warmth, tension, and sad-
ness using technology. On the subjective side, questionnaires and interviews with both
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professional listeners and enthusiasts assess emotional perception. Listeners consistently
rate the cello highest for "melancholy” and "gravitas", but perceive it as less "bracing" or
"bright" than violins or brass instruments. Moreover, listener background, cultural context,
and performance environment significantly influence emotional judgments. These find-
ings suggest that the cello's emotional impact in an ensemble depends not only on the
instrument itself but also on broader sonic and situational context [4].

Taken together, existing research offers solid quantitative and qualitative founda-
tions but lacks a holistic study combining real-world ensemble acoustics, dynamic balance,
and live audience feedback — an interdisciplinary approach this study aims to deliver.

2.3. Current Status of Orchestra Instrumentation and Cello Role Positioning

In instrumentation research, the cello is typically seen as a fundamental part of the
bass section whose role is determined by the size of the orchestra and the scoring wishes
of the author. The early examinations feature the model of the four-group layout in string
instruments which is: the first violins, second violins, violas, cellos, and double bass —
pointing out the cello and basses' joint foundation to the upper-voice melodies' support.
What happened in the Romantic era was that orchestras grew in number, cello sections
got larger from two or four players to six or more, and the outstanding example of com-
posers like Prokofiev and Shostakovich writing independent cello lines that, on the com-
bination with violas and basses, make up "triple bass" textures were seen. Not only that
but the latest reports dig into the functions of the cello in smaller chamber ensembles and
crossover groups whose instruments mix electronics or percussion. The cello in string
quartets and modern fusion settings can also act as a "rhythmic anchor" through which it
performs repeating bass figures or it can turn into a melodic instrument in dialogues with
violins. Its big and powerful sound and, therefore, the capacity to integrate the role of a
sonic bridge, have been pointed out by the scholars [5].

Recent instrumentation studies combine acoustic modeling with listener feedback to
map cello sound projection and emotional effect in different venues. For example, simu-
lations comparing the cello's dispersion in Vienna's Golden Hall versus modern concert
halls show that changing cello numbers can dramatically reshape balance and spatial per-
ception, though optimal configurations vary with repertoire and venue. Overall, the field
is shifting from static scoring toward dynamic, spatial, and emotional analyses — foun-
dations upon which our data-driven approach builds [6].

3. Theoretical Foundations
3.1. Overview of Music Emotion Theory

The music emotion theory aims to define the ways music messages elicit and express
human emotions. The two main approaches in which the field has developed are discrete
emotion models and dimensional emotion models. The construction of these models is
radically different, and they are used primarily to different ends. Discrete models, the
most famous of which is considered to be Hevner's emotion word cloud, take a music
signal and assign it a certain mood or feeling to fit into a category, such as joy or sadness,
and assess the appropriateness of the mood or feeling based on instrumental performance.
Meanwhile, dimensional models, the prototype of which was suggested by Russell, con-
struct a 2D map where emotions are distributed based on two dimensions: arousal and
valence. The third axis of this model is "dominance", which adds a sense of intensity and
control to the music in various styles [7].

The "Mechanisms of Music-Induced Emotion" framework introduced by Juslin et al.
list the seven channels of emotion the music operates through to affect our emotions:

1) audio-emotion associations (e.g. pitch, duration, dynamics linked to basic feel-

ings).

2)  brainstem reflexes (rthythmic entrainment of heart rate).

3) evaluative conditioning (melody triggering personal memories).
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4) emotional contagion (listener resonating with performer's intent).
5) visual imagery.

6) expectancy (cognitive appraisal of musical structure).

7) empathy.

These mechanisms direct the researchers to use specifically the acoustic features of
the sound such as spectral properties, temporal patterns, and dynamics, and they also
justify performing quantitative signal analysis together with the listener questionnaires
and interviews in order to determine the role of each mechanism in the perceived emotion.
Summing up, the scientific community has moved forward from the concept of basic emo-
tion categories to multidimensional spaces and even further to multi-mechanism expla-
nations. The latter idea is the basis for our dual acoustic-and-cognitive approach to meas-
ure cello emotional expression [8].

3.2. Orchestration in the Symphony Orchestra and the Cello Section’s Function

The cello, as a solo instrument, is often called a "diva", due to its rich and luminous
tone, as well as its soaring melodies of buttery smoothness and extensive range. In all
sections of the orchestra, the cello is usually found in the center. This is why its lines are
mostly written in the bass and tenor clefs, requiring it to switch registers constantly. In its
highest register, the cello can join the first and second violins, which it does quite rarely,
while in its low register, the cello can take up the violas' and second violins' position and
play melodically [9].

Up to our times, the style and form used in composing have influenced the technique
of writing for the cello, which has remained the same from the Classical music period to
modern times, although the Romantic and Impressionistic periods introduced many new
forms of interpretation. By N. D. For The New York Times Up to our times, the style and
form used in composing have influenced the technique of writing for the cello, which has
remained the same from the era of the Classical music period to the modern time, alt-
hough the romantic and impressionistic periods have introduced to the world and to the
composers many new forms of interpretation [10].

From a logistical viewpoint, the majority of the large orchestras have from four to six
cellists and position them a little behind and to the left of the conductor's podium. The
reason for this is their tone will be in line with the basses' but it will be easily mixed with
the strings higher in pitch, and that way neither frequency range will dominate, nor dis-
appear. In other words, the cello is considered by orchestration theory to be a dual agent
that carries a solo melody and emotions, and at the same time, a team member that creates
harmony, counterpoint, and emotional color of the symphonic music.

4. Research Design and Methods
4.1. Research Samples and Repertoire Selection

To show the various roles of the cello in the concert hall and also in small ensemble
music, we have picked a mixture of orchestral and chamber works from two periods, in-
cluding the Classical and early twentieth century. Our choice of the symphonic pieces was
directed towards three main examples: Beethoven's Fourth Symphony, Beethoven's Sev-
enth Symphony, and Dvorak's Ninth Symphony ("From the New World"). These works
demonstrate that the cello is able to perform two functions at the same time: as part of the
harmonic base that holds the whole string section and, in moments that serve pivotal func-
tions, as a semi-solo voice that introduces the theme or provides a counterpoint to the
broader orchestral texture. In Beethoven's Fourth, the cello's repetition of the half notes
supports the main motive of the first movement, whereas in the Seventh Symphony, the
cello occurs with singing, syncopated lines through which a new music period with all
characteristics of a Romantic song is suggested. In Dvorak's Ninth, the cello is a frequent
contributor of folk-style melodic inserts that renew and amplify the orchestral narrative.
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As for chamber music, we have opted for Schubert's String Quintet in C major, Mendels-
sohn's Cello Sonata No. 2 in D major, and Debussy's Cello Sonata in D minor. Schubert's
Quintet has a larger than usual string ensemble of five parts, putting the cello in the spot-
light with the first and second violins and the viola, and a lot of melodic dialogues that go
far beyond the traditional bass-line functions also feature. The Mendelssohn's Sonata, un-
like the deceptively simple and straightforward music of Classical era, is a feast for the
cello player's finest abilities as besides articulating difficult passages, they are needed to
play rapid ones too. Debussy's work is a typical chamber music of the time of Impression-
ism, which is written in the most colorful and sophisticated musical language, and here
the violoncellist also must change palettes of sound of a medium volume that are light.
The numerous examples of world-class orchestras and soloists of the past decade that we
accessed for the recordings — like the performances of the Vienna Philharmonic under a
conductor that is specialized in melodic music from Bach to Beethoven, and the brilliant
recital records of well-known cellists, such as Alisa Weilerstein, we are in possession of —
are the examples thereof. We ensured that all audio files were of high quality, with at least
a 44.1 kHz sampling rate, 16-bit depth, and no post-production processing. These stand-
ards are for the purpose of the acoustic expert who extracts the significant features from
the sound prescribing the audio signal high fidelity and the information that it is reliable.
For the purpose of data strength, we took the approach of breaking each larger piece into
representative excerpts: two strategically selected phrases from each symphony move-
ment, representing important themes or distinct cello textures; and one or two key sec-
tions from each chamber movement, exemplifying contrasting styles and technical de-
mands. In total, twenty-four excerpts (four from each symphony and four to six from the
combined chamber works) were collected and analyzed by the researchers. We recognized
the influence of diverse listener backgrounds on emotional perception. To cater for this,
we invited twenty participants, among whom there were ten musicians of high level (in-
cluding cellists and conductors) and another ten professional music enthusiasts. The
members of this group provided their personal responses through rating and in-depth
interviews, and various perspectives were obtained from them. The combined verbal and
emotional reports from the respondents are causing a shuffling of the data, which is nec-
essary, for further correlation and clustering analyses and which will help to get a clear
and definite understanding of the influence of particular cello roles and repertoire choices
on the sound and emotional effect of the ensemble performance.

4.2. Data Collection: Recording Sampling, Questionnaires, and Interviews

We employed three distinct methodologies to collect both objective acoustic data and
subjective listener responses. We have chosen top-notch records made by leading orches-
tras and soloists in the last ten years. Each audio file was recorded at a high sampling rate,
44.1 kHz/16-bit or higher, without any artificial post-production effects. The excerpts were
selected to isolate passages where the cello played the most harmonious or melodic roles,
as shown in Table 1.

Table 1. Sample Data.

Duration Rate Bit

Sample Piece Performer/EnsembleYear ) (kHz) Depth
Beethoven 3y;;1phony No. Vienna Philharmonic2018 480 44.1 16
o Dvorak NewWorld® 4 i Philharmonic 2019 540 48 24
Symphony, I
Schubert String Quintet in

C major, TII Amaryllis Quartet 2020 300 441 16

Vol. 1(2025)


https://cpcig-conferences.com/index.php/bssp

Bus. Soc. Sci. Proc.

https://cpcig-conferences.com/index.php/bssp

4 Mendelssﬁ‘: zceIHO Somata i Mills 2021 360 441 16

The listeners included both professional musicians and knowledgeable music enthu-
siasts. Ten professional musicians and ten dedicated amateurs had to judge, using seven-
point Likert scales, the musical excerpts in terms of three emotional patterns-Sadness-Joy,
Warmth-Coldness, Tension-Calm. Participants were also asked to report their musical
background and preferred genres. Internal consistency (Cronbach's a = 0.87) and ex-
ploratory factor analysis validated the three emotional dimensions. After filling out the
questionnaires, the subjects of the survey, eight in number (four of them professionals and
four of them amateurs), were interviewed for 30 minutes. They provided examples of the
way the tone, phrasing, and technique of a cello player impacted their feelings. The inter-
views were turned into thematic codes, and were subsequently used to refine the qualita-
tive data and at the same time to add life to the quantitative data that would be analyzed
later in the statistics stage.

5. Data Analysis
5.1. Acoustic Feature Statistics of the Cello

We calculated five major acoustic features namely the first Mel-Frequency Cepstral
Coefficient (MFCC1), spectral centroid, spectral flux, RMS energy, and dynamic range
from each excerpt on the basis of frame. We then calculated and analyzed their overall
means and standard deviations. The results are presented below in Figure 1:

Statistical summary of cello acoustic features

MFCC1
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Figure 1. Statistical Summary of Cello Acoustic Features.

Some insights: MFCC1 and spectral centroid are very different in the set of pieces,
indicating changes in the low-and mid-frequency timbre. Emotional characteristics of
cello playing are clearly perceived in samples 2 and 4. In contrast, string quartet samples
show less distinct traits, being more dissonant and contrapuntal in nature. The dynamic
range is usually wider in orchestral fragments than in chamber compositions, suggesting
that in a symphony the cello players have a larger amplitude variety. These are the facts
which establish the connection between the acoustic properties and the emotional re-
sponses.
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5.2. Correlation between Performance Techniques and Emotional Annotations

We examined correlations between the frequency of four cello techniques (legato,
détaché, vibrato, col legno) and the listener scores on the three emotion factors — Sadness-
Joy, Warmth-Coldness, and Tension-Calm — was carried out with Pearson's r. As seen in
the Figure 2 below:

p-values between Performance Techniques and Emotional Dimensions

0.001 0.020 0.150

Legato

0.001 0.001

Détaché

0.020 0.030 0.100

Vibrato

0.001

Col legno

!
Tension-Calm p-value

Sadness-Joy p-value Warmth-Coldness p-value

Figure 2. Correlation Coefficients between Performance Techniques and Emotional Dimensions.

Legato exhibits a high negative relationship with the Sadness-Joy category (r =
—0.54,p < 0.01), suggesting that more frequent legato use is perceived as more tragic
and has a rather weak positive relationship with Warmth-Coldness (r = 0.38,p = 0.02).
Détaché is mostly positively associated with Tension-Calm (r = 0.51,p < 0.01) and neg-
atively with Warmth-Coldness (it causes discomfort). Vibrato has a moderate positive re-
lationship with both Sadness-Joy and Warmth-Coldness, so it generates a feeling of loss,
as well as a warm character. Col legno is highly positively associated with Tension-Calm
(r = 0.59,p < 0.01), serving often as a source of tension in drama. These results high-
light that distinct emotional responses can be effectively elicited through different cello
performance techniques.

5.3. Listener Emotion Perception Questionnaire Results

Twenty listeners (ten professionals, ten amateurs) rated four sample excerpts on the
three emotion dimensions. Figure 3 shows their mean scores and standard deviations:
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Mean and Standard Deviation of Audience Sentiment Evaluation

Sadness-Joy
Warmth-Coldness
Tension-Calm

Sentiment Evaluation (mean * std)

cip cip? o ? cie &
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Figure 3. Mean and Standard Deviation of Audience Sentiment Evaluation.

Key points: Music clip 3 from the Schubert Quintet III registers the maximum Sad-
ness-Joy (5.02) with a broader range (1.30), wwhich reflects a rich variety of interpretations
within a generally shared emotional impression. Clips 1 and 4 receive the highest scores
on the Warmth-Coldness scale (4.85 and 4.30), which is a key indicator of the warm tone
of the Classical and early Romantic performance. Clip 2 ("New World" I) records the high-
est score of Tension-Calm (5.30), thus confirming that the excerpt features a high propor-
tion of détaché and col legno techniques. All of the samples show a standard deviation
greater than 1.0, which implies that individual participant characteristics and the listening
contexts are key factors influencing emotional ratings. These composite ratings can con-
sequently serve as valid dependent variables for the subsequent regression models.

6. Conclusion

A novel approach is proposed in this paper for studying the emotional impact of a
cello when playing in an orchestral or chamber ensemble. The approach extracts the emo-
tion-specific acoustic features from the recordings of symphonic and chamber music and
uses regression and clustering for the elicitation of these features. The results show that
MEFCCI1 stands out with its strong positive correlation to Sadness — Joy (8 = 0.45,p <
0.01); spectral flux is the main factor responsible for Tension — Calm (f = 0.50,p <
0.001); and spectral centroid has a significant effect on Warmth — Coldness (8 =
—0.42,p < 0.01). The correlations at the technique level suggest that legato causes sad-
ness, détaché and col legno raise tension, and vibrato portrays both feelings of sadness
and warmth. Identifying the two clusters of performers according to their "lyrical-melan-
cholic" and "tense-intense" characters, we find the results closely related to the listeners'
understanding of the performance.

The implications of these findings are not only enriching for studies in the domain of
music emotion and orchestration theories, but they also provide real-world, data-hosted
principles of music ensemble construction. Future studies may involve the use of virtual
or robotic instruments and the collection of real-time feedback from live audiences, with
a view to extending the application of music emotion computing and intelligent interven-
tion performance.

1. R.V.Anand, A. Q. Md, G. Sakthivel, T. V. Padmavathy, S. Mohan, and R. Damasevicius, “Acoustic feature-based emotion
recognition and curing using ensemble learning and CNN,” Appl. Soft Comput., vol. 166, p. 112151, 2024, doi:

10.1016/j.as0c.2024.112151.

Vol. 1(2025)


https://cpcig-conferences.com/index.php/bssp
http://doi.org/10.1016/j.asoc.2024.112151

10.

Bus. Soc. Sci. Proc. https://cpcig-conferences.com/index.php/bssp

E. A. Alkhamali, A. Allinjawi, and R. B. Ashari, “Combining Transformer, Convolutional Neural Network, and Long Short-
Term Memory Architectures: A Novel Ensemble Learning Technique That Leverages Multi-Acoustic Features for Speech Emo-
tion Recognition in Distance Education Classrooms,” Appl. Sci., vol. 14, no. 12, p. 5050, 2024, doi: 10.3390/app14125050.

W. Zhang et al., “An effective ensemble learning framework for affective behaviour analysis,” in Proc. IEEE/CVF Conf. Comput.
Vis. Pattern Recognit. Workshops (CVPRW), Seattle, WA, USA, 2024, pp. 4761-4772, doi: 10.1109/CVPRW63382.2024.00479.

J. H. Chowdhury, S. Ramanna, and K. Kotecha, “Speech emotion recognition with light weight deep neural ensemble model
using hand crafted features,” Sci. Rep., vol. 15, no. 1, p. 11824, 2025, doi: 10.1038/s41598-025-95734-z.

S. C. Hidayati, M. Subhan, and Y. Anistyasari, “A Novel Stacking Ensemble Learning Approach for Emotion Detection in Au-
dio-to-Text Transcriptions,” in Proc. Int. Sem. Intell. Technol. Appl. (ISITIA), Jul. 2024, pp. 512-517, doi:
10.1109/ISITIA63062.2024.10667800.

Prathyakshini, Prathwini, and Keerthana, “Optimization of Speech Emotion Recognition Through Advanced Ensemble Learn-
ing Techniques,” in Proc. Int. Conf. Commun. Electron. Syst. (ICCES), Dec. 2024, pp. 1324-1330, doi: 10.1109/IC-
CES63552.2024.10859813.

G. H. Mohmad and R. Delhibabu, “Speech Databases, speech features and classifiers in speech emotion recognition: A Review,”
IEEE Access, 2024, doi: 10.1109/ACCESS.2024.3476960.

L.J. M. Raboy and A. Taparugssanagorn, “Versel-Chorus-Verse2 Structure: A Stacked Ensemble Approach for Enhanced Music
Emotion Recognition,” Appl. Sci., vol. 14, no. 13, p. 5761, 2024, doi: 10.3390/app14135761.

N. Aishwarya, K. Kaur, and K. Seemakurthy, “A computationally efficient speech emotion recognition system employing ma-
chine learning classifiers and ensemble learning,” Int. ]. Speech Technol., vol. 27, no. 1, pp. 239-254, 2024, doi: 10.1007/s10772-
024-10095-8.

A. Tripathi and P. Rani, “An improved MSER using grid search based PCA and ensemble voting technique,” Multimed. Tools
Appl., vol. 83, no. 34, pp. 80497-80522, 2024, doi: 10.1007/s11042-023-17915-0.

Disclaimer/Publisher's Note: The views, opinions, and data expressed in all publications are solely those of the individual author(s)
and contributor(s) and do not necessarily reflect the views of CPCIG-CONFERENCES and/or the editor(s). CPCIG-CONFERENCES
and/or the editor(s) disclaim any responsibility for any injury to individuals or damage to property arising from the ideas, methods,
instructions, or products mentioned in the content.

Vol. 1(2025) 9


https://cpcig-conferences.com/index.php/bssp
http://doi.org/10.3390/app14125050
http://doi.org/10.1109/CVPRW63382.2024.00479
http://doi.org/10.1038/s41598-025-95734-z
http://doi.org/10.1109/ISITIA63062.2024.10667800
http://doi.org/10.1109/ICCES63552.2024.10859813
http://doi.org/10.1109/ICCES63552.2024.10859813
http://doi.org/10.1109/ACCESS.2024.3476960
http://doi.org/10.3390/app14135761
http://doi.org/10.1007/s10772-024-10095-8
http://doi.org/10.1007/s10772-024-10095-8
http://doi.org/10.1007/s11042-023-17915-0

	1. Introduction
	2. Literature Review
	2.1. Historical Evolution of the Cello in Ensemble Performance
	2.2. Existing Research on Cello Emotional Expression
	2.3. Current Status of Orchestra Instrumentation and Cello Role Positioning

	3. Theoretical Foundations
	3.1. Overview of Music Emotion Theory
	3.2. Orchestration in the Symphony Orchestra and the Cello Section's Function

	4. Research Design and Methods
	4.1. Research Samples and Repertoire Selection
	4.2. Data Collection: Recording Sampling, Questionnaires, and Interviews

	5. Data Analysis
	5.1. Acoustic Feature Statistics of the Cello
	5.2. Correlation between Performance Techniques and Emotional Annotations
	5.3. Listener Emotion Perception Questionnaire Results

	6. Conclusion
	References

