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ABSTRACT

In the current era of big data, high volumes of a wide variety of valuable data—which may be 
of different veracities—can be easily generated or collected at a high speed in various real-life 
applications related to art, culture, design, engineering, mathematics, science, and technology. A 
data science solution helps manage, analyze, and mine these big data—such as musical data—for 
the discovery of interesting information and useful knowledge. As “a picture is worth a thousand 
words,” a visual representation provided by the data science solution helps visualize the big data and 
comprehend the mined information and discovered knowledge. This journal article presents a visual 
analytic system—which uses a hue-saturation-value (HSV) color model to represent big data—for 
data science on musical data and beyond (e.g., other types of big data).
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INTRODUCTION

In the current era of big data, high volumes of a wide variety of valuable data—which may be of 
different veracities (e.g., precise data, imprecise and uncertain data)—can be easily generated or 
collected at a high velocity in various real-life artistic, cultural, design, engineering, mathematical, 
scientific, and technological applications. Music repository, music and sound art, new media art, net 
art, performance art, visual arts, poems, video games, social networks, and World Wide Web are 
some sources of big data. Embedded in these big data are rich sets of implicit, previously unknown, 
and potentially useful information and valuable knowledge, which can be discovered by data science 
solution. In general, data science solutions apply big data mining, machine learning, high performance 
computing, statistical methods, mathematical modelling, and other related tools for managing, 
analyzing and visualizing data.

In general, music can be played, sung and heard as a form of art or entertainment (e.g., in music 
concerts, orchestra performance, theater shows, radios, TVs, CD or MP3 players). It can also be 
used as therapy to improve or maintain people health. In addition, it can play a key role in religious 
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ritual or cultural ceremonies. With advances in technology, musical data on traditional forms (e.g., 
audio or video records, CDs) can be easily digitalized, collected and stored on the internet. These 
musical data are examples of big data. Since music has played an important role in our life, having the 
capability to manage these musical data and understand their contents is desirable (Li & Li, 2011). For 
instance, music data management helps users effectively manage huge volumes of data (e.g., search 
and retrieve a particular song based on lyrics). Music data mining (Li et al., 2011, 2014; Neubarth 
& Conklin, 2016; Martínez & Liern, 2017; Barkwell et al., 2018; Karydis et al., 2018) helps users 
discover implicit, previously unknown, and potentially useful information and valuable knowledge 
from musical data (e.g., find popular verses). Different music data mining techniques—such as lyric 
text mining, cognitive musicology, computational musicology, and computational music analysis 
(Meredith, 2016)—focus on mining different aspects of musical data, as listed below:

•	 Lyrics (e.g., verses, choruses);
•	 Metadata (e.g., song title, band or singer’s name, album name);
•	 Genre (e.g., classical, folk, Jazz, Blues, country, hip-hop, rock, metal or heavy music);
•	 Social tags (e.g., hash tags); and/or
•	 Acoustic features (e.g., harmony, intensity, melody, pitch, rhythm, tempo, timbre).

In the current journal article, we focus on lyric text mining, which aims to analyze musical 
lyrics—i.e., sets of words in verses or choruses that make up a song in a textual form—for interesting 
patterns such as frequently occurring sets of words in different types of music genre (i.e., popular 
words or phrases in a musical piece or song). This mined knowledge and useful information reveals 
characteristics of the musical pieces, styles of songwriters (or music composers or lyricists), and 
preference of audiences or listeners. This, in turn, tells us more about the art and cultural of songwriters 
in a particular region of the world and/or at a particular time period.

Lyric text mining can be considered as a special case of frequent pattern mining where the data to 
be mined are musical lyrics. Over the past two decades, numerous frequent pattern mining algorithms 
(Rompré et al., 2017) have been designed and developed. Many of them have been focused on either 
functionality or efficiency. These algorithms usually return the mining results in textual form (e.g., 
a very long list of frequent patterns). Consequently, users may not easily comprehend the mined 
knowledge and useful information from the textual list. When compared with textual representation of 
the data and the mined results, visual representation (Keim et al., 2010; Tanaka et al., 2016; Ventocilla 
& Riveiro, 2017; Jentner & Keim, 2019) is more comprehensible to users.

Some existing visualization systems were developed to visualize data (e.g., VisDB (Keim & 
Kriegel, 1996)) or missing data (Sjöbergh & Tanaka, 2017), as well as decision trees (Ankerst et 
al., 1999), association rules (Yang, 2005; Blanchard et al., 2007), and clusters (Hassan et al., 2010). 
However, not too many visualization tools were designed to support frequent pattern mining, let alone 
lyric text mining. In the past few years, we designed some tools and techniques to visualize patterns 
involving sets of items or related co-occurring entities. A common characteristic among the visualizers 
that were designed to support frequent pattern mining is that they display the mined frequent patterns 
in a traditional two-dimensional rectangular space. Consequently, the users who face the unfavorable 
orientation may have difficulty in comprehending the displayed frequent patterns (e.g., important 
information such as frequency is not easy to read from those rotated graphs). Moreover, many existing 
visualizers do not clearly indicate the subset-superset relationships between items (e.g., {a, c} is a 
subset of {a, b, c}). For those visualizers that try to reveal these relationships (e.g., multi-circular 
graph (Bothorel et al., 2013)), they are not clearly show due to massive overlapping of curves.

Our objective of the current journal article is to improve these situations. Specifically, we present 
a system for visualizing and analyzing big (musical) data. Our key contribution of this article is our 
system that focuses on the big data science task of the discovery and exploration of frequent patterns 
(e.g., frequently occurring sets of lyrics in different types of music genre) from musical data. Our 
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