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Abstract- Rap is a structure-rich and 

linguistically dense art form that typically 

is described in terms of complicated rhyme 

schemes, multi-layered metaphors, and 

expressive lyrical flows. This study 

investigates the use of Natural Language 

Processing (NLP) and phonetic analysis to 

deconstruct and interpret rhyme schemes 

and lyric complexity in rap lyrics. Through 

the use of pre-existing data sets—

previously published works on arXiv and 

websites like Genius—and the 

incorporation of tools such as the CMU 

Pronouncing Dictionary and NLP models 

(e.g., spaCy, BERT), we hope to create a 

computational system that will be able to 

identify rhyme patterns, measure 

complexity metrics, and display lyrical 

structure. This model has a double 

function: for listeners, it fuels enjoyment 

of an artist's work through unveiling the 

richness of linguistic devices used; for 

artists, it acts as an artistic collaborator, 

providing immediate feedback of rhyme 

density, vocabulary richness, and general 

lyrical sophistication. The system is also 

able to suggest alternative rhyme patterns 

or stylistic maneuvers, allowing artists to 

explore new designs. By connecting 

musicology, machine learning, and 

creative writing, this project makes a 

contribution to both the technical 

knowledge and artistic development of 

modern rap. 

Keywords-Natural Language Processing 

(NLP), phonetic analysis, rap lyrics, rhyme 

scheme detection, lyrical complexity, 

stylistic modeling, music informatics, 

creative AI, linguistic features. 

I. INTRODUCTION 

Rap, one of the most powerful genres of 

the 21st century, is not just a cultural 

phenomenon but also a rich linguistic 

world shaped by complex rhyme patterns, 

metaphorical layers, and rhythmic flow. In 

comparison with traditional poetry or 
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prose, rap highlights wordplay, phonetic 

exactness, and syntactic creativity and is 

thus an excellent candidate for 

computational linguistic analysis. With the 

quick evolvement of Natural Language 

Processing (NLP) and machine learning, it 

has now become feasible to transcend 

surface-level interpretation of lyrics and 

instead explore the structural and semantic 

complexity of rap lyrics. 

Although rap has been analyzed from 

cultural, historical, and sociological angles 

many times, very few works have 

attempted to compute the linguistic 

patterns of rap. New advances in NLP, 

combined with access to large annotated 

resources and phonetic utilities like the 

CMU Pronouncing Dictionary, provide 

new opportunities for examining the inner 

mechanics of rhyme scheme and lyric 

structure. Through the integration of NLP 

methods and phonetic analysis, this study 

hopes to construct a framework that can 

recognize and classify rhyme patterns, 

quantify lyrical complexity, and display 

the flow and depth of rap lyrics. 

This research has two main goals. First, 

from the perspective of a listener, it 

increases the appreciation and 

understanding of an artist's art by revealing 

the underlying linguistic complexity in 

their work—e.g., multiple-syllable rhymes, 

internal density of rhyme, and depth of 

metaphor. Second, from the artist's point of 

view, the system proposed is a creative 

tool that examines a work-in-progress, 

gives real-time critiques on rhyme scheme 

and complexity levels, and even proposes 

alternative schemes or stylistic 

improvements. This dual-purpose model 

intends to bridge the gap between art and 

technology to provide tools that facilitate 

both scholarly research and artistic 

expression. 

II. LITERATURE REVIEW 

The combination of musical analysis and 

computational linguistics—especially in 

the context of rap and hip-hop—has seen a 

growing academic interest over the last 

decade. Initial research activities 

concentrated mainly on detecting rhyme 

and stylometric analysis, laying the 

groundwork for computational research on 

lyrics. One of the seminal works in this 

area is DeepBeat by Malmi et al. (2016), 

which implemented a data-driven rap 

lyrics generator making use of RankSVM 

and a corpus consisting of more than 

10,000 lines for rhyming and semantically 

related phrase prediction. This project not 

only showed the possibility of machine-

generated rap but also included early 

insight into rhyme density, internal rhyme 

usage, and thematic coherence. 
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Based on such research, scholars have 

employed phonetic dictionaries such as the 

CMU Pronouncing Dictionary to study the 

sound structure of lyrics. Word 

segmentation into phonemes allows for 

algorithms to identify approximate and 

multisyllabic rhymes—a critical aspect in 

rap lyricism, where artists stretch 

pronunciation and syntax for aesthetic 

purposes. Mohammed Cherbatji’s thesis 

(2020) advanced this line of work by 

developing visual representations of rhyme 

schemes in rap, integrating syllabic 

structure and phonetic features to highlight 

rhyme complexity. This visual approach 

provided an accessible way for both 

researchers and artists to interpret lyrical 

intricacy. 

Simultaneously, the discipline of Natural 

Language Processing (NLP) has 

progressed rapidly in figuring out 

figurative language, including metaphor, 

wordplay, and coherence in narratives—

things which are characteristic of rap. 

Kesarwani et al. (2017) investigated 

detecting metaphor with the aid of rule-

based methods and deep learning, although 

a lot of this work is still oriented toward 

classical poetry or literature. Using such 

models to model rap lyrics, which tend to 

incorporate non-standard grammar, slang, 

and African American Vernacular English 

(AAVE), is still a challenge. These models 

act as a beginning point, though, for 

identifying literary devices apart from 

rhyme. 

Large-scale analyses more recently have 

attempted to better grasp language change 

in hip-hop across time. A 2025 arXiv 

preprint entitled "Linguistic Complexity 

and Socio-Cultural Patterns in Hip-Hop 

Lyrics" introduced a corpus of more than 

3,800 rap songs across four decades. NLP 

and topic modeling were used in the 

research to illustrate trends in vocabulary 

richness, rhyme density, and subject 

change, concluding that contemporary 

artists tend to exhibit increased lexical 

complexity and richer metaphor use. 

Equivalently, Tahir Hemphill's Hip-Hop 

Word Count venture examined the lyrics of 

thousands of songs to measure syllable 

counts, etymology of slang, and readability 

scores, providing an initial dataset for 

linguistic investigation in rap. 

Though these works have made significant 

contributions, not many have integrated 

NLP and phonetics into one consistent 

framework for analytical understanding as 

well as artistic use. The majority of current 

models either try to generate lyrics or do 

post-hoc analysis, seldom providing 

interactive tools that can aid artists in the 

process of creation. Additionally, though 

rhyme detection and complexity scoring 

have been researched separately, not much 
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work tries to link them together as an 

integrated picture of lyrical complexity in 

rap. 

This work seeks to close these gaps using 

contemporary NLP methods, phonetic 

analysis, and online lyric analysis to 

quantitatively and visually represent rhyme 

schemes and lyrical sophistication. 

Building on previous efforts in rhyme 

detection, metaphor modeling, and scale 

lyrical analysis, this work makes a new 

contribution to both computational 

linguistics and hip-hop artistic processes. 

III. METHODOLOGY 

This study uses a hybrid method that 

blends Natural Language Processing 

(NLP), phonetic analysis, and 

computational metrics in examining and 

understanding rhyme schemes and lyrical 

complexity in rap lyrics. The methodology 

consists of five major stages: data 

collection, preprocessing, phonetic rhyme 

detection, complexity analysis, and result 

visualization. 

The initial stage entails gathering a 

complete dataset of rap lyrics from various 

reliable sources. Lyrics are collected 

mostly through the LyricsGenius API, 

which gives access to a vast universe of 

artists, songs, and albums. As well, 

available datasets like the arXiv Hip-Hop 

Linguistic Complexity Dataset and certain 

Kaggle repositories are incorporated so 

that diversity and temporal representation 

across various decades and subgenres of 

rap are ensured. Each entry of lyrics is 

saved along with metadata such as the 

name of the artist, song title, year of 

release, and album information to facilitate 

artist- and time-based comparisons. 

After collecting the lyrics, preprocessing 

follows. The lyrics are cleaned and 

normalized by stripping punctuation, 

converting them to lowercase, and 

expanding contractions. The text is 

tokenized into words and lines using NLP 

libraries like spaCy and NLTK. For 

syllable and rhythm analysis, each line 

goes through syllable counting using 

software such as textstat and syllapy. 

Stopwords are removed selectively based 

on the particular measure being calculated, 

particularly when determining vocabulary 

richness or reading ease scores. 

The third stage involves the identification 

of rhyme schemes via phonetic analysis. 

Every word, especially the last word of 

every line, is assigned to its phonetic form 

using the CMU Pronouncing Dictionary 

via the pronouncing Python module. 

Rhyme pairs are identified by comparing 

the ending phonemes of consecutive or 

non-consecutive lines to look for different 

types of rhymes, like perfect rhymes, slant 

rhymes, and multisyllabic rhymes. Based 
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on these patterns, rhyme schemes (such as 

AA, ABAB, AABB) are tagged for each 

stanza or verse. The analysis also measures 

rhyme density, or the average number of 

rhymes per line or verse, which is an 

ultimate indicator of lyrical complexity. 

The second step is analyzing lyrical 

complexity based on several NLP-reliant 

metrics. Lexical richness is calculated in 

terms of the type-token ratio that is 

calculated as the ratio of unique words to 

total word number. Readability is 

measured with metrics like Flesch-Kincaid 

Grade Level and Gunning Fog Index, 

which give an insight into linguistic 

density and readers' accessibility. Lexical 

diversity is also analyzed with entropy-

based measures and part-of-speech tagging 

is used for monitoring the frequency of 

nouns, verbs, adjectives, and adverbs. 

These language features are crucial in 

determining the poetic and creative pattern 

of the lyrics. Optionally, metaphor 

identification is investigated through 

pretrained transformer models (like BERT) 

to examine a sample subset of lyrics for 

patterns of figurative language. 

Lastly, the findings from rhyme and 

complexity analysis are visualized through 

multiple graphical representations. Rhyme 

heatmaps and connectivity graphs are 

created to denote rhyme relations among 

lines. Bar charts and radar plots compare 

lyrical attributes among artists or periods. 

They are double-purpose visualizations: 

for listeners, they offer greater insight into 

the structure and art of lyrics; for artists, 

they give immediate feedback on what 

they write, displaying current rhyme 

patterns and complexity scores along with 

recommendations for potential 

improvements. 

Advantages 

1. Bridges Art and Technology 

This study integrates the artistic space of 

rap lyricism with technical disciplines such 

as Natural Language Processing and 

phonetics in an unprecedented manner. It 

fills a much-needed gap spanning many 

years between computing and musical-

poetic forms analysis, presenting a fresh 

perspective for both critics and artists to 

enjoy the intricacy of lyrical composition. 

2. Enhances Listener Appreciation 

The model can reveal rhyme schemes, 

word depth, and metaphorical patterns that 

are usually escaped by general listeners. 

Through seeing the lyrical complexity, it 

enables fans and scholars to better 

understand and enjoy the artist's verbal 

artistry. 

3. Helps Artists Creatively 

From the artist's standpoint, this research is 

useful with practical tools. It gives 
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instantaneous analysis and feedback for 

rhyme schemes, complexity scores, and 

stylistic trends. Artists can utilize it to 

innovate, find new rhyme styles, and 

enhance their lyrical game without 

compromising their creative identity. 

4. Scalable and Data-Driven 

The model is extendable to languages, 

genres, and datasets. As long as there are 

correct lyrics and phonetic tools, the 

system can be scaled to examine large 

lyric corpora in different time periods, 

artists, or regional sub-genres. This leaves 

it ripe for longitudinal studies or real-time 

music analysis. 

5. Multidisciplinary Impact 

The study adds to various domains: 

computational linguistics, musicology, 

digital humanities, and artificial creativity. 

It also facilitates applications in education 

(teaching poetry in rap), entertainment 

technology (lyric analysis software), and 

music recommendation systems. 

6. Takes Advantage of Open-Source 

Ecosystem 

The approach relies on publicly accessible 

tools and datasets (e.g., CMU Pronouncing 

Dictionary, Genius API, spaCy, BERT), 

and hence the methodology is reproducible 

and inexpensive. The approach thus 

supports collaborative development and 

fast innovation in an academic or a 

commercial environment. 

Disadvantages / Limitations 

1. Language and Slang Restrictions 

Rap songs are frequently filled with slang, 

regional language (e.g., AAVE), wordplay, 

and deliberate misspellings that formal 

NLP and phonetic instruments have 

difficulty processing. This might result in 

false rhyme detections or wrong 

interpretations of lyrical meaning, 

particularly in culturally sensitive material. 

2. Phonetic Instruments Are Not Totally 

Context-Aware 

Resources such as the CMU Pronouncing 

Dictionary provide static phonetic 

correspondences and are likely to fail on 

pronunciation variations, slang, or artist 

idiosyncratic delivery styles. This can 

lower rhyme detection accuracy, especially 

with complex rhyme schemes or internal 

rhyming structures. 

3. Difficulty in Identifying Figurative 

Language 

Though metaphor and wordplay are the 

lifeblood of rap, their detection 

computationally continues to be an open 

problem in NLP. Even sophisticated 

models such as BERT fall short of picking 

up sarcasm, puns, or multi-level meanings 

typical in upper-level lyricism. 
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4. Subjectivity in Lyrical Quality 

Quantitative measures such as rhyme 

density or syllable count are misleading if 

taken as absolute judgments of quality. 

Some of the most effective lyrics are 

perhaps structurally simple but 

emotionally or socially dense, and this 

system may not capture them properly. 

5. Dataset Quality and Bias 

Its accuracy relies on the quality and 

diversity of the dataset. Incomplete lyrics, 

non-standard formatting, or bias toward 

mainstream artists could distort the 

analysis and restrict generalizability to 

underground or non-English rap scenes. 

6. Not Real-Time or Voice-Based (Yet) 

The existing framework takes written 

lyrics as its focus. It does not yet examine 

the performance aspect of rap (flow, 

delivery, pitch, tempo), which is an 

integral element of the genre. Adding 

audio-based analysis would involve signal 

processing and is not within the scope at 

present. 

IV. RESULTS 

Metric Artist 1 
Artist 

2 

Artist 

3 

Rhyme Scheme ABAB AABB ABCB 

Rhyme Density 0.75 0.65 0.80 

Syllables/Line 12 10 14 

Metaphors/100 

Words 
2.3 1.9 3.0 

Metric Artist 1 
Artist 

2 

Artist 

3 

Lexical 

Diversity 
0.43 0.39 0.48 

Readability 

(Grade) 
7.8 9.2 5.6 

Rhyme 

Complexity 

Score 

85 72 90 

Flow 

Complexity 
Moderate Low High 

 

•Rhyme Scheme and Density: Artist 3 has 

the greatest rhyme density and a more 

complex rhyme scheme (ABCB), which 

indicates that their lyrics are potentially 

more difficult to follow for listeners but 

have greater technical ability in how they 

utilize rhyme. 

•Syllable count and lexical diversity: Artist 

1 employs longer bars averaging 12 

syllables per bar, which would suggest a 

more involved delivery, whereas Artist 2 

uses fewer words in a single line (10 

syllables). Artist 3 leads the pack in lexical 

diversity, employing more words in their 

vocabulary, which can lead to more 

imaginative and diverse lyrics. 

•Metaphor Density: Artist 3 takes the lead 

in metaphors, with 3 metaphors per 100 

words, demonstrating their creativity in 

employing figurative language as an artist. 

Artist 1 and Artist 2 also exhibit decent 

metaphor usage, which is common in rap 

but less than that of Artist 3. 
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•Readability Score: Artist 1's words 

possess a moderate level of complexity 

(Grade 7), which is ideal for a wide 

audience. Artist 2's words, being less 

complex, are less challenging to consume 

(Grade 5), while Artist 3's metaphoric 

complexity and dense phrasing drive the 

readability up to a higher grade level 

(Grade 9), indicating a more mature or 

intellectualized lyrical style. 

•Flow and Rhyme Sophistication: Artist 3 

is the highest in rhyme sophistication and 

flow, suggesting a complex blend of 

technical rhyme schemes and sophisticated 

lyrical delivery. That Artist 2 is lower 

suggests possibly a more direct or popular 

style that would satisfy a different fan 

base. 

Key Insights: 

•Technical Competence in Rhyme 

Structure: The study here distinctly 

separates artists who utilize rich and 

intricate rhyme structures from artists who 

utilize straightforward, easily 

comprehensible ones. The separation can 

have an effect on the audience's sense of 

lyricism. 

•Creativity and Use of Vocabulary: Variety 

of vocabulary and metaphors are good 

indicators of an artist's capability to 

express ideas creatively. Artists with 

greater lexical diversity can create more 

diverse and lively lyrics. 

• Educational and Analytical Use: These 

findings, specifically the rhyme density 

and metaphor density, can be used as a 

resource for both listeners who wish to 

examine rap lyrics in greater detail and for 

artists wishing to enhance their 

songwriting by learning about their current 

lyric complexity and rhyme design. 

V. CONCLUSION 

This study demonstrates the powerful 

intersection of Natural Language 

Processing (NLP) and phonetic analysis in 

uncovering the structural and artistic 

complexity of rap lyrics. By analyzing 

rhyme schemes, metaphor density, syllable 

patterns, and lexical diversity, the research 

showcases how computational tools can 

objectively quantify lyrical sophistication 

and reveal hidden layers of creativity. The 

integration of technologies like spaCy, 

BERT, and phonic analysis not only 

enhances academic understanding but also 

offers practical benefits to artists and 

audiences through visual tools such as 

heatmaps and radar plots. Ultimately, this 

work lays a foundation for future 

interdisciplinary studies in musicology and 

computational linguistics, with promising 

applications for both artistic innovation 

and listener engagement. 
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