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ABSTRACT METHODOLOGY

Rapid advances in technology have empowered musicians all across the globe to share their music easily, resulting in 116 120

intensified competition in the music industry. For this reason, musicians and record labels need to be aware of factors 111 100

that can influence the popularity of their songs. The focus of our study is to determine how sentiments, topics and — E .

terms within song lyrics have changed over time and how these changes may have influenced the popularity of songs. & =

Moreover, We also plan to run time series analysis on the numeric attributes of Billboard Top 100 songs in order to s o0

determine the appropriate combination of relevant attributes that influences a song’s popularity. The findings of our 96 40

study can potentially benefit musicians and record-labels in understanding the necessary lyrical construction, overall 1955 ~ 1965 1975 1985 1995 2005 2015 1985 4Ses - dSds - dSEs o dS9s 2005 2015
topics and terms, in an effort to reach the highest chart position on the Billboard Top 100. The Billboard Top 100 is an Fig. 3 Avg. BPM of songs throneg 1 1955-2015 Fig. 4 Avg. Words per minute t aFough 1955-2015

optimal source of data, as the list is an objective measure of popularity. Our data has been collected from open
sources. Our dataset consists of all 334,784 Billboard Top 100 observations for the years 1955-2015, with metadata
covering all 26,869 unique songs that have appeared on the chart for that period. Our lyric dataset currently contains
18,002 of those songs. ey : :
can use this historical information to produce an optimal forecast.
METHODOLOGY  Figure 3 provide us insight about variation of beats per minute or tempo of billboard Top 100 songs with time.

: : Clearly there are some period specific variations and we can capitalize it to produce forecasts.
Data Preparation and Analysis Y P P p p

* Figure 2 gives us information on how duration of Billboard top 100 songs have varied through years. It can be seen
that duration of these successful songs after 1995 has pretty much been between 3.5 minutes to 4.3 minutes. we

* Figure 4 shows the words per minute of billboard Top 100 songs with time. It is evident that from year 1985 the

 We collected billboard Top 100 data from the official American Top 40 Website, lyrical data was collected from open : :
number of words per minute of songs have been on arise.

source lyric websites using web crawlers and further supplemental data was collected from the dataset of the
Whitburn Project. * With all the individual Univariate forecast of above properties of Billboard Top 100 songs, we can equip the

upcoming artist, song writers and record labels with optimal information of duration, WPM and BPM, so that they

. lidated dataset included followi iables: Title, Artist, Week Date, Thi k ition, Last k
Our consolidated dataset included following variables: Song Title, Artist, Week Date, This week position, Last wee can increase their chances of making into the billboard Top 100 by following the forecast.

position, song lyrics, song lyrics with chorus, duration, beats per minutes, words per minute etc.

 We did our analysis in two steps. In the first step, we performed the text mining in order to identify period specific [t sEies

popular topics and terms used in the song lyrics. In the second step, we performed time series analysis on numeric
properties of Billboard top 100 songs such as words per minute(WPM), beats per minute(BPM) etc.

 We utilized SAS® Enterprise Miner 13.1 to execute the text mining process by utilizing the text parsing, text filter
and text topic nodes to identify the most popular topics and terms of Billboard Top 100 songs, firstly for all songs
from 1955-2015, and then for every 5 year period ranging from 1955 to 2015. We use the term cutoff values to
( 4.5 decide the rankings of the topics and terms.

e To identify most popular topics in all the
Billboard top 100 songs from 1955-2015. - Term Cutoff W | Topic | Mumber of Terms | # Docs |
e To identify the most popular terms and g 0061 +Kiss, maoney well +home, +big 109 4637
topics in each 5 year period from 1955-2015 o; 3-5 DDE-1 +I:|"IEIFI_IS.I:|EI.+'I.-'E! FSE.gDﬁEI.'l-FElEIEEIt EEI ESEEI
© 0057 +right,+thing,+wrong,+kKnow,gotta a3 43549
\ s 3 0.056+boy, +man,+young,+die,god a0 4112
/ o 25 0.052va,+keep,+stop,gotta,lovin a3 4034
e To forecast attributes of Billboard Top 100 ' 0.03Z2+long,+night,+night long,+wrong,+wait 64 3012
songs such as Words per minutes(WPM), ) 0.051 +fire +burn,+light,+high,+soul 0 2952
Beats per minute(BPM) and Duration , in 0.050+eye +look,+smile.+close +face 22 4378
;J}:der tc;td%tetrmi:he Ehe optimal value? of 1955 1965 1975 Yealr985 1995 2005 2015 0.049+down_+fall +lie forever +town 67 4049
ese attributes that increases a song’s

chances of making it in Billboard Top 100. e e Ll Zaid

N Fig. 5 Top 10 Key Topics and included Terms used in Billboard Top 100 songs from 1955-2015

Fig. 1 Outline of Analysis method Fig. 2 Average Duration of songs through 1955-2015
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RESULTS RESULTS

 From Figure 5, we can see the Top 10 Topics of all billboard Top 100 songs from 1955 to 2015. This means that Song  From figure 6, we discover that there are many topics that are common in songs belonging to specific 5 year periods
Artists, record labels, writers etc. can all increase their likelihood of entering Billboard Top 100 if they use the terms and these corresponding topics are also present in the overall Top 10 topics of all Billboard Top 100 songs from
and topics present in the Top 10 topics list, to construct the lyrics of songs. 1955-2015.
. ‘ « Some of the common Topics and terms are:
+STMIe, FCROTUS, HrSe, dear,Hove +O|d'+h0me'+gr0w'+b|g'+,m8n lovin,+stop, tkeep,darlin 3 +pe0ple, +Orotner +ve +peace, +world 1) Money- Money, Pay, Buy, Price, Big, home and similar related terms and synonyms.
+feel.+stay.+darling.+hear.+cause +ffee,+sgt.+good',+rqn,+WIsh | +5ummer,god,+warm.+winter.+snow +Iyric.+want+display.+|icense,+thUfe 2) Love- Lover, kiss, soul, dear, dream, darling, friend, babe and similar related terms and synonyms.
+fUﬂ.+QUﬂ.+ﬂf9.+0 016D :::22:2'3 g+rzl:3:g$en;?23;8|ng +fide +down +lrain +iime.+fun +0and +0oogie +play +0oy +wal 3) Feelings- Heart, soul, treat, feel, stay, belong, wrong and similar related terms and synonyms.
HOVET +I0N Y88, IS8 HIUe [ove +toni§ht+|.ig?]tfrt(;morrovi&stfinewlive +mind +50ul +hard +music +easy #ight +night +wrong, Hight Honignt 4) Body- Shake, body, booty, party, work, pump, jump and similar related terms and synonyms.
qonna +down ya +ight +look +keep +matter qonna.+cause +follow 00d +S0ul +Child +young,+orother #iftle +qirl +Dite +pretly +wait 5) Religious- Pray, heaven, help, god, angel, child, brother, soul and similar related terms and synonyms.
 055_1060 1061-1965 966-1970 1971-1975 6) Age/Gender — old, young, age, die, time, run, boy, man, girl and similar related terms and synonyms.
 We also discovered that songs having Chorus and verses are more likely to enter into billboard top 100. As chorus
+keep +ate qotta +wat +ime +H10me,always, alone +ing, +wait +Daby, come on +Dabe +ove, +world +DUMP, +Shake, #jump,+qirl +urn and verses are present in more than 50 percent of the billboard top 100 songs from 1955-2015. This can be
+(razy +drive +wheel +high +keep +remember,+forget,give up,forever +0ack +leave +3tep love,comin +0Uy +car money. +home well vaIidatI:d by Io?king in the ovehrall top 1|O topic list (Fif. 5), where the tferms thorus and Verse are Lanked 2|”d |
. - . — . * [t can be seen from Figure 6 that song lyrics starting from 1955-1990 focused more on topics such as Feelings, love,
Hover, friend,+aream +crazy, +hur +run.+pay.+pnce.+stay,gonna 03, el Hurt +ATong fa +00N, +01Ing, 0y, #ain, 00 religion and age/gendger described abgO\Ye. Whereaf song lyrics from 1990s- 2015 are moF;e inclined towardgs topics
+man, +boy,money, +old well +ine +red +blue +wine +Kiss +Deal +0oy, Hnear +eel +real +ind +un, +wish thome, +belong like Money and Body.
+ady +fall yes, +old +party +3hine +Sun +moon +ady +eye +C01US, +5hake,na +0se +hing +lay, +qame +want +wrong, +ool e Also, starting 2000, a disposition of using slang and racial slur in song lyrics can be seen. We can see use that
1976-198C 1081-1985 1986-199( 1991-1995 popular billboard Top 100 songs of this period heavily use slang terms like black, nigga, booty, ass etc.
 Also the year 2000 marks dominant use of slang contraction such as ‘aint’, ‘gotta’, ‘da’. From year 2000 onwards a
#man money +old +itdle +pay +([y, +03ddy,+kid +ather +mam3 money,+ain,+0ig +buy, +pay #erse Nook +0ody +chorus, bridge trend of consonant reduction in songs can be seen, for example, them is reduced to em, nothing is reduced to
+Dra heaven,od help+angel +heaven wanna +lace oy #wind  im cantdontha,skeep +sMake, 55, D00ty ya,work  nothin, him s reduced o im €tc.
. . e , Time Series Analysis
+0reak +Hall, #heart +0ack +um dont,+chorus, da, +0ody,aint +Country,+old +home, +down #itte ~  boutnothin feelin +worry getin . . . . . .
, . | . . ,  Since we have Beats per minute, words per minutes and song duration as properties of songs which have already
#happy +ree +augh +0abe +smife +6M,nigga,niggas, +olock gotta 0ut/ooKin,notnin, +00dy, goin +happen always, +Kind, How +feel been in Billboard Top 100, we can make forecasts about these properties such that new songs adhering to the
310ne +home +eave +phone +sleep +CNOMUS, #Verse X2, bridge, +woman +ump,+down, +step,+bring +deep eautiful, bom +baby, god,+black values of our forecast might have higher likelihood of making into the Billboard top 100.
o e  SAS® Enterprise Guide 6.1 was utilized to perform the times series analysis on attributes of Billboard Top 100 songs
such as Words per minute(WPM), Beats per minute(BPM), duration of songs etc.
e We used PROC VARMAX functionality to make optimum forecasts of Beats per minute, Words per minute and
Fig. 6 Top 5 Topics used in Billboard Top 100 songs for every 5 year period between 1955-2015. duration of billboard top 100 songs.
* Figure 6 shows us how the Top 5 topics and terms of billboard top 100 songs have changed every 5 year starting * Moving Average of past 5 years was selected to forecast Beats per minute, whereas Autoregressive moving average

from 1955-2015. model(ARMA(1,5)) was selected to forecast words per minute(WPM) and duration of songs.



Beats Per Minute

WPM

Change in Themes of Billboard Top 100 Songs

Jayant Sharma, MS in Business Analytics, Oklahoma State University

John Harden, Business Management Professional, Sandia National Laboratories

RESULTS

. Model and Forecasts for Beats_Per_Minute T}‘FIE!- I:If MI:II:IE!-I r'u'll,ﬂ'L[ﬁ]
Estimation Method | Maximum Likelihood Estimation
y f}”@jﬁ; of <k g Forecasts

e O ATAT i Standard
°.° | G i T Al o e | Variable Obs Time Forecast  Error 95% Confidence Limits
=] NS VN o/ VTV Beats Per Minute = 62 2016 10728062 162730 104.09116 110.47007
\ 63 2017 107.08631 235441 10247175 111.70087
64 2018 106.89824 292448 10116637 11263011
65 2019 10771355 340028 101.04913 11437797
e i G 95% Configume Limits 66 2020 10716422 380224 9971197 11461647

Fig.7 MA(5) Forecast Model For Beats per Minute(BPM) Fig. 8 Forecasts of BPM from year 2016 to 2020

From figure 7 and 8, we observe that the forecast for Beats per Minute(BPM) from year 2016-2020 is almost 107.
This means that song artists, record labels etc. can have more chances of making into billboard top 100 if they keep
the BPM of their songs close to 107.

Model and Forecas ts Ffor WPFPM

RESULTS
ﬁ N —— Type of Model ARMA(1,5
| Estimation Method | Maximum Likelihood Estimation
S e _/N ) Forecasts

_ e TN Segenss Standard
= PR Variable Obs| Time Forecast Error 95% Confidence Limits
= OOC‘D Duration 62 2016 434066 008889 416643 451487
oo%o%?peg@@"_ b3 2017 419892 010106  4.00085  4.396%9
. od 2018 443497 012152 419679 467315
1950 13850 1370 190 1sso 2000 2010 2020 63 2019 441779 016529  4.09383  4.74176
At FredCe W G5 Corfdenes LIS 66 2020 447393 019072 410012 484774

Fig. 11 ARMA(1,5) Forecast model for Song Duration Fig. 12 Forecasts of Duration from 2016-2020

CONCLUSION

The followling factors can Increase the likellhood of songs making into the Billboard top 100 |ist:

1) By using the following topies and terms in songs: Money-Money, Pay, Buy, Price, Big, home and similar related
terms. Body- Shake, body, booty, party, work, pump, Jump and similar related terms Eeelings- Heart, soul, treat,
feel, stay, belong, wrong and similar related terms.

2) By making use of Chorus and verses in a song. Additionally, the presence of slangs, slang reduction, slurs and
consonant reduction in song may increases the probabllity of entering Billboard top 100.

Type of Model ARMA(T, 2]
| Estimation Method | Maximum Likelihood Estimation

o Q‘:‘_?é‘5’*@:3:@9---..;:’@,?’ Forecasts

G% e Standard

. SVl Variable Obs Time Forecast Error| 95% Confidence Limits
ol AN 4 WPM 62 2016/ 99.73833 314843 93.56753  105.90917
R e W e 63 2017 10035643 3.68637 9333080 107.78193
i i 64 2018 10360306 445573 94.86398 112.33613
1850 1550 1570 1580 1530 2000 2010 2020 63 2019 105.62262 5.03583 9571336  113.53187
o Actua R Start of multi- step forecasts 66 2020 102.01433 552433 9118636  112.84233

Fig. 9 ARMA(1,5) Forecast model for WPM

Fig. 10 Forecasts of WPM for year from year 2016-2020

Figure 9 and 10 imparts a better understanding of the forecasted values of Words per minute(WPM) from year 2016
to 2020 which ranges from 99.73 to 105.62. By following the forecast of WPM for respective year as shown above,
song writers, record label, artist etc. can increase their chances of making into the billboard top 100 list.

From Figure 11 and 12 we can witness that the forecast for song duration from 2016-2020 is on an increasing trend,
increasing from 4.19 to 4.47 minutes. Thus, keeping the duration of songs between 4-4.5 minutes can assist artist,

song writers and record labels in making into the billboard top 100 list.

3) By keeping the beats per minutes (BPM) of upecoming songs close to 107 and the duration between 4 to 4.5 minute.

4) By keeping the words per minute of upcoming songs between 95 to 105 words per minute
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