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Abstract. Music going viral is not new, but the Web and social platforms have
amplified its global reach. While related, virality and commercial success re-
main distinct. This work analyzes music virality and its relation to mainstream
success from a data science perspective through three steps: characterization,
causality analysis, and temporal modeling. Results show that artist-related and
temporal features best distinguish both phenomena, which can sometimes pre-
dict each other. Furthermore, epidemiological models capture viral dynamics
more accurately than long-term success. Overall, this work reinforces the dif-
ferences and symbiotic links between virality and success, contributing to com-
puting, musicology, and the music industry.
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Highlights

* Music virality and success are considered distinct yet interconnected phenomena;

* Artist-related and temporal features strongly discriminate virals from hits;

 Causality analysis reveals that there is no universal virality-success pathway;

* Novel wave-based epidemic model that captures multiple bursts of music virality;

» Epidemic approach generalizes across platforms: validated on both Spotify and TikTok.
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1. Context and Problem

Every day, people have access to a massive volume of content on the Web, especially
on Social Networks. In social media, “going viral” means that specific content spreads
quickly across social platforms, being shared by thousands or even millions of users in
a very short time span [Guerini et al. 2011]. Music is no exception, with viral songs
widely shared in a short amount of time, and they may (but not necessarily) become
successful by reaching the top of the charts with millions of streams and digital sales.
Despite this, virality and commercial success remain conceptually distinct: a song can
go viral without sustaining long-term chart performance, and vice versa. Understanding
the interplay between these two phenomena is of paramount importance not only for the
music industry but also for the broader fields of social computing and data science.

Therefore, in this thesis, we tackle the problem of understanding and modeling
the music virality phenomenon on social platform data, as well as uncovering its relation
with mainstream success. From a data management and social computing perspective,
the challenge lies in (i) properly characterizing the two phenomena from heterogeneous
data sources; (ii) uncovering the causal temporal dynamics between virality and success;
and (iii) modeling the propagation process in a principled, interpretable way. Existing
literature largely treats virality and success as synonymous or focuses on either domain
in isolation [Sachak-Patwa et al. 2018, Rosati et al. 2021, Li and Shao 2024], leaving a
critical gap in understanding their symbiotic relationship.

2. Research Goal

This thesis aims to understand the phenomenon of music viralization on social plat-
forms and its relationship with mainstream success. We do so by using a data-driven
methodology, combining disciplines such as machine learning, time series analysis, and
epidemiology-inspired modeling. Specifically, our analyses are divided into three specific
research goals (RGs):

RG1. Characterize viral and hit songs to identify the factors that distinguish them;

RG2. Analyze music virality as a stepping stone for mainstream success, i.e., the tempo-
ral relationship between both concepts; and

RG3. Model music virality as a process of social contagion for a deeper understanding
of the dynamics of music viralization on such platforms.

3. Contributions

C1. Dataset: MGD+, an enhanced dataset on musical success over time in global and
regional markets with enhanced artist and genre collaboration information. [Zenodo]

C2. Literature Review: A systematic review of 23 peer-reviewed studies on music viral-
ity (2009-2024), analyzing approaches, mechanisms, platforms, and methodologies;

C3. Quantitative Characterization: A data-driven binary classification of viral vs. hit
songs shows F1-Scores above 0.7, with SHAP-based feature importance revealing
that artist-related features and temporal features are the strongest discriminators.
Acoustic features alone are insufficient.

C4. Causality Analysis: Granger Causality and Causal Discovery over Spotify data con-
firm that virality may forecast success (and vice versa). However, this cannot be
generalized, reinforcing the distinction between the two phenomena.
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C5. Epidemic Modeling: We propose a novel wave-based approach for music popular-
ity, which decomposes a song’s streaming trajectory into multiple epidemic waves.
Besides Spotify, our approach is validated on TikTok data, with forecasting perfor-
mance comparable to or surpassing classical methods in several scenarios.

4. Advances over the state-of-the-art

Prior work on music virality is either qualitative [Edmond 2014, Kahl 2012] or proposes
epidemiological models validated on downloads and views from platforms such as BitTor-
rent and YouTube [Nika et al. 2015, Sachak-Patwa et al. 2018, Rosati et al. 2021], with
no study systematically examining virality in modern streaming environments nor explic-
itly separating it from mainstream success. This thesis advances the state of the art on
three fronts. First, unlike [Barbieri and Bonchi 2014] and [Seufitelli et al. 2022], we in-
troduce a quantitative, multi-dimensional characterization that operationally distinguishes
viral from hit songs using acoustic, lyrics-based, and extrinsic features from Spotify and
Genius. Second, different from [Wallsten 2010], who investigates Granger causality only
in a political YouTube context, we bring causal analysis to the streaming era by combin-
ing Granger Causality and Causal Discovery on global chart time series. Third, while
[Nika et al. 2015] and [Sachak-Patwa et al. 2018] apply compartmental models to popu-
larity data, neither addresses streaming charts or proposes a wave-based decomposition
for multi-peak virality curves—a novel contribution of this thesis. Together, such ad-
vances constitute a novel integrated data science framework that combines characteriza-
tion, causal analysis, and contagion modeling for music virality on contemporary stream-
ing platforms.

5. Summary of the Solution

This thesis investigates music virality and its relationship with mainstream success
through a three-stage data science framework applied to Spotify and TikTok chart data.
Quantitative characterization (RG1). We integrate the MGD+ dataset with Spotify
chart data (2017-2022) with Genius metadata and lyrics, then perform a comparative
analysis of acoustic, intrinsic, and extrinsic features (including LIWC psycholinguistics
and LDA topic modeling), followed by a classification experiment to distinguish viral
from hit songs. Feature importance is then analyzed using SHAP values. Causal analy-
sis (RG2). We model each song’s chart performance into two time series (i.e., virality and
success) and applied Granger Causality alongside PCMClI-based causal discovery to infer
causal relationships between virality and success over time and verify whether the viral-
ity—success relationship can be generalized as a universal temporal precursor. Epidemi-
ological modeling (RG3). We fit SIR, SEIR, SEIRS, and Open SEIRS compartmental
models to streaming time series and propose a novel wave-based approach that segments
each series into independent epidemic bursts, fitting a separate SEIR model per wave to
capture multi-peak virality dynamics and enable competitive forecasting against ARIMA,
SVR, and Prophet, which was validated on both Spotify and TikTok data.

6. Evaluation

Quantitative characterization (RG1). The classification experiment with 5-fold cross-
validation shows that considering both intrinsic and extrinsic features yields the best F1-
scores for distinguishing virals from hits (0.755 +0.009), with SHAP analysis confirming
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that extrinsic features such as time-to-chart-entry and artist genres are the most discrim-
inative factors. Causal analysis (RG2). Granger Causality shows that 61.86% of songs
have a bidirectional temporal relation (i.e., virality can forecast success and vice versa),
while PCMCI causal discovery, which has stronger causal assumptions, reveals that there
is no causal link in 52.46% of songs. Such findings suggest that there is no universal
virality-to-success pathway, and such a relationship may be strongly influenced by ex-
ternal factors, including the diffusion process itself. Epidemiological modeling (RG3).
Whereas SEIR achieves the best median RMSE for virality on Spotify among traditional
models, our wave-based approach yields a more realistic representation of virality patterns
by capturing multiple engagement periods. Our forecasting experiments show that 50%
of wave data suffices to achieve near-full-fit accuracy (RMSE 0.091 vs. 0.061), perform-
ing comparably or better than tradicional time series baselines (i.e., ARIMA, SVR, and
Prophet). Case Study on TikTok. Replicating the epidemic modeling on TikTok daily
video time series for 104 songs (sampled from 10% of our Spotify dataset), our wave-
based approach outperforms all single-model baselines and, in several scenarios, also
surpasses traditional forecasting methods. These results highlight the strong potential for
generalizing the epidemiological framework to social media platforms more broadly.

7. Scientific and Technical Production
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