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Abstract—We introduce culturomic studies on a leading Ben-
gali newspaper corpus - Ananda Bazar Patrika, in the same
spirit as [15]. Based on 11 years’ worth of Bengali newswire
text, we are able to extract trajectories of salient words that are
of importance in contemporary West Bengal. To the best of our
knowledge, this is the first time a culturomic trend analysis is
being performed on an Indic language. As a result of our analysis,
we obtain interesting insights into word usage and cultural shift
in contemporary West Bengal. Moreover, we model culturomic
trajectories using ARIMA and obtain word usage predictions
that closely follow actual usage patterns.

I. INTRODUCTION

Bengali culture and language enjoy a unique place in the
world, shaped by millennia of assimilation, conflicts and
refinement. From the very early kingdom of Shashanka (ca.
7th century AD [28]) to modern age, the culture of Bengal has
been continuously enriched by many hundreds of poets, artists,
musicians, litterateurs and critics. Bengali language has, at the
same time, experienced profound changes. A language that
started its journey as a mere offshoot of the now-defunct
Magadhi Prakrit, has gradually become one of the richest
Indic languages spoken by 230 million people across the
world [26].

Today, Bengali is spoken not only by the people of
Bangladesh and West Bengal, but also by many people in the
Indian states of Tripura and Assam [26]. Moreover, Bengali
is predominantly spoken among the first-generation Bengalee
immigrants in other countries. The language continues to
change and evolve. New terms are introduced, and old ones
are gradually replaced. Capturing the temporal trend of such
changes is a challenging task. It is further compounded by
the fact that in recent years, globalization has introduced new
terms and cultural dimensions that were previously unheard
of.

In this paper, we attempt to address this challenge by
restricting our attention to the changes West Bengal has
experienced in the last decade (2001-2011). We further restrict
our attention to a leading Bengali daily that enjoys wide
circulation in West Bengal - the Ananda Bazar Patrika (ABP)1.
Based on 11 years’ worth of Bengali newswire text from ABP,
we are able to extract some very interesting information. For
example, in the same spirit as [15], we have created culturomic
trajectories of salient words found in newswire text. For each

1http://www.anandabazar.com/

salient Bengali word or bigram, we have created a vector of
normalized term frequency for every month in the 11-year
period. Once those vectors are created, we plot them and
analyze their temporal trend (Section III-B).2

Then we move one step further and model the culturomic
trajectories using ARIMA [25]. Here our goal is to predict
the usage of a particular term in a future month. As we
will show in Section IV, our ARIMA models are able to
give predictions that closely follow the actual usage pattern
of words. Note, however, that we only have 11 years’ worth
of data, as opposed to 200 years of English text analyzed
in [15]. So we train our ARIMA models on the first ten years
(120 months), and test them on the last one year (12 months).
Since we only focused on salient words and terms that are
of importance in contemporary West Bengal, we do not yet
have a comprehensive database of culturomic trajectories of
all words and n-grams. Building that database is part of our
future plan (Section V).

II. RELATED WORK

The Google Culturomics Project3 and its flagship endeavor
- Google N-gram Viewer4 - constitute the pioneering step in
the area of Culturomics. With the help of automatic book
scanning and advanced Optical Character Recognition (OCR)
technology, Google has successfully digitized millions of
books across the world [15]. Once digitized and OCR-ed, the
next step was to observe temporal trends in the usage of words.
It was generally observed that topical words tend to follow a
particular event, rise sharply just after the event occurs, and
then gradually drops [15].

Following Google Culturomics Project, other researchers
applied the general idea of Culturomics to a variety of do-
mains. Culturomics has been used in tracking emotion [5, 16],
word semantics [24], writing style [10, 17], and popular
music [20]. It has also been used in mining marketing his-
tory [2], human behavior [12], institutional identities [21, 22],
and scientific terms [1]. Moreover, researchers have combined
culturomics with random fractal theory [8], and proposed sta-
tistical laws governing fluctuation of word usage patterns [19].

2Complete code and data available at http://www.4shared.com/archive/
Fa4P5bxe/ialp 2012 code and datatar.html

3http://www.culturomics.org/
4http://books.google.com/ngrams/
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Equally varied are the corpora on which culturomic analyses
have been performed. Researchers have conducted culturomic
studies on scientific articles [9, 21], newswire text [3, 7, 12],
literary text [17], commit logs [14], and even fairy tales [16,
23]. Two groups have also suggested conceptual extension to
the basic idea of culturomics. The first one, Hedonometrics [5],
deals with tracking happiness. The second one, computational
history [3], follows historical events on a large newswire
corpus.

While all these studies are extremely important, none have
so far looked into Indic languages. The main roadblock that
continues to stymie culturomic studies in Indic languages like
Bengali comes from the shortage of large diachronic corpora,
as well as the not-so-mature-yet OCR technology [18]. We
circumvent these roadblocks by focusing on an online archive
of Bengali newswire text available from Ananda Bazar Patrika
(ABP) website.

III. CULTUROMIC ANALYSIS

A. Dataset
We downloaded all HTML files from Ananda Bazar Patrika

(ABP) archive5, and converted them into Unicode Bengali
text. Note that ABP started using Unicode Bengali on their
website from June 2011. All HTML files before June 2011
used a non-standard Bengali font proprietary to ABP, and we
had to convert non-standard HTML files into Unicode HTML
first.6 We removed all kinds of advertisement, feedback pages,
English characters, special characters, symbols and numbers
from the HTMLs before converting them into Unicode Bengali
text. The filtered text only contains news-related content
starting from 1st January 2001 till 31st December 2011. It
is 3997 days’ worth of Bengali text spanning 11 years (132
months).

The Unicode text files were subsequently processed to
obtain normalized term frequency of salient Bengali words
and bigrams in each of the 132 months. We did not attempt
stemming, lemmatization, POS tagging or stop word removal.
Stemming, lemmatization and POS tagging models for unre-
stricted Bengali text are not sufficiently reliable and robust
yet, and although there are studies that looked into these
issues [4, 6, 11, 13], training data and resources are still scarce.
And since Bengali is a highly inflected language, it has no
well-defined list of stop words either. Treating most frequent
words as stop words does not help because very often the
most frequent words are content words. Without stemming,
lemmatization and stop word removal, the unigram count of
each year was obtained as shown in Table I. Note that the
number of unique Bengali words increased over the years
(except a small dip in 2005), indicating a possible influx of
new terms and foreign words (Bideshi Shobdo).

B. Culturomic Trajectories

We studied Bengali words and bigrams that are important
in contemporary West Bengal. For each salient term, we

5Available at http://anandabazar.com/archive/, as of December 1, 2011.
6We used the Python proxy from http://anandabazar-unicode.appspot.com/.

TABLE I: Unigram Counts for Each Year

Year Total Unigrams Unique Unigrams
2001 33,829,382 200,995
2002 15,853,776 221,419
2003 18,069,992 262,542
2004 35,531,251 302,969
2005 19,354,115 272,571
2006 23,121,779 306,113
2007 22,747,540 307,130
2008 21,996,939 309,994
2009 19,386,663 311,938
2010 20,620,798 315,725
2011 19,772,468 318,239

plot its normalized monthly frequency across the 132-month
period from January 2001 to December 2011, and analyze the
trend. To compensate for the effects of not doing stemming
and lemmatization, we created vectors of normalized term
frequency by treating each term as a “prefix”. For example,
the term frequency of Kaaj (“work”) also includes terms like
Kaajer (“of work”) and Kaaj-kormo (“chores”). With this
slight modification, all words that begin with Kaaj are treated
as a single term. In the following discussion we will only use
these “prefix” terms.

The first set of figures (Table II first row) explores ortho-
graphic variation of Bengali words. Note that Ananda Bazar
Patrika adopted a spelling reform in 1994, and old spellings
were gradually replaced with new ones. However, old variants
still surface occasionally. The spelling reform affected both
native and foreign words. By 2001, however, old spellings
were mostly suppressed and new variants firmly established.
For example, Figure 1ta (Table II) shows two spellings of the
word SongGhaat (“conflict”) - an older spelling (Songhaat)
and a newer spelling (SongGhaat). Note the extremely low
frequency of the old spelling as compared to the new spelling.
The same observation is repeated in Figure 1tb, where we show
two spellings of the word Cheen (“China”) - the old spelling
(Cheen) and the new spelling (Chin).

A different trend is observed in Figure 1tc, where we
have shown three orthographic variants of the word “Gandhi”
- the original spelling (Gandhee), and two new spellings
(Gnadhi and Gandhi). Note that the original spelling (Gand-
hee) dominates the other two variants. We conjecture that this
discrepancy comes from our “prefix” method. The old spelling
Gandhee still enjoys wide usage in words like Gandheemurti
(“Gandhi statue”), Gandheejoyonti (“Gandhi’s birthday”), etc.
Since these words are coalesced with Gandhee into a single
term, the overall frequency remains high.

The second row of Table II talks about politics in West
Bengal. There are three most prominent political parties -
CPM, Congress and Trinamool (Figure 2ta in Table II). After
some initial ups and downs, frequency of all three parties
increased from January 2007 to January 2010, then stabilized
with Trinamool having the highest frequency. As if on a
cue, Trinamool-chief Mamata Bandyopadhyay superseded the
erstwhile chief minister Buddhadeb Bhattacharya in popularity
(Figure 2tb) and was elected chief minister of West Bengal

http://anandabazar.com/archive/
http://anandabazar-unicode.appspot.com/


TABLE II: Culturomic trajectories

1ta. Songhaat (“conflict”) - smoothing 7 1tb. Cheen (“China”) - smoothing 5 1tc. Gandhi - smoothing 5

2ta. Political parties - smoothing 11 2tb. Chief ministers - smoothing 5 2tc. Nirbachon (“election”) - smoothing 5

3ta. Boimela (“book fair”) - smoothing 5 3tb. Natural disaster - smoothing 7 3tc. Facebook - smoothing 5

in 2011 assembly election. The word “election” (Nirbachon)
itself shows a periodic trend (Figure 2tc). Its stronger peaks
align with Lok Sabha and West Bengal assembly elections that
happen every five years, and weaker peaks correspond to other
elections (like municipality or Panchayat elections).

West Bengal is also known for its Boimela (“book fair”).
The most celebrated Boimela - Kolkata Book Fair, is organized
at the end of January. As Figure 3ta shows, there is a strong
peak every January and the trajectory is clearly periodic.
Periodicity is also observed in natural disasters. Every year,
some parts of West Bengal suffer from severe flood. As we
note from Figure 3tb, Bonya (“flood”) repeats every year with
strong peaks in July-August. Droughts (Khora), however, are

much less prevalent as well as somewhat irregular. Khora
does not have strong peaks, and we found that its frequency
increased every four years, as opposed to Bonya (“flood”).

Now we look into the influx of “new culture” as a result of
globalization. Note from Figure 3tc that the term Facebook has
been gaining popularity since mid-2007, and the popularity has
been increasing ever since, at a steady rate. This validates our
earlier proposition (cf. Section III-A) that Bengali language is
experiencing an influx of new words. The rate of assimilation
(Figure 3tc has a sharp increasing trend) also hints at the
possibility of an overhaul of the Bengali lexicon in near future.

We have been able to extract many more trajectories like
the ones shown in Table II. Here we only present the most



Fig. 1: Forecast of last one-year usage of SontraasBaad.

salient ones due to space constraints.7 One important point
to note, however, is that the trajectories give us a clear idea
about the temporal trend of natural, socio-political, cultural
and economical events in contemporary West Bengal.

IV. TIME SERIES MODELING

Modeling the temporal trend of these culturomic trajectories
is important because the models allow us to forecast future
events. With this view in mind, we move one step further and
model time series trajectories with ARIMA [25]. We found
two studies that looked into time series modeling of culturomic
trajectories - [8] and [19]. But they did not forecast future
usage of words - a feature we introduce.

Recall that our data comes from 132 months of Bengali
newswire text (cf. Section III-A). In other words, for each
salient Bengali term, we have a time series vector of 132
consecutive values. We use the first ten years (120 months)
for estimating our ARIMA model parameters, and last one
year (12 months) for testing the model (i.e. forecasting the
word usage in last one year). If the forecast is close to actual
word usage in the last one year, then we can conclude that
our models are good.

We used the Box-Jenkins Method [27] for estimating
ARIMA model parameters. This involves plotting the data,
taking log transforms if necessary, differencing and seasonal
differencing, and plotting auto-correlation (ACF) and partial
auto-correlation (PACF) functions of the transformed data8.
At the end of Box-Jenkins procedure, we determine whether
a particular time series is fit for ARIMA modeling, and if it
is fit, then what the model parameters are. Note that there are
seven parameters (p, d, q, P , D, Q, S). Once the parameters
have been estimated, we train our ARIMA model on the first
120 months and test it on the last 12 months.

Here we present our analysis of the Bengali word Sontraas-
Baad (“terrorism”). For SontraasBaad, the estimated ARIMA
parameters are: p = 1, d = 1, q = 1, P = 0, D = 0, Q = 0,
S = 1. After ARIMA modeling, we get forecast of last one
year as shown in Figure 1. In Figure 1, the solid line represents
original time series trajectory, red circles represent forecasts
of the last 12 months, and the blue dashed lines represent

7All trajectories are available at http://www.4shared.com/archive/Fa4P5bxe/
ialp 2012 code and datatar.html

8We used R for parameter estimation, modeling and forecasting.

95% confidence interval around the predicted values in last
12 months. Note that the actual usage of SontraasBaad in
last 12 months lies well within the 95% confidence interval,
and is actually quite close to the predicted values (red circles
of Figure 1). We obtained similar results for many other
trajectories, but include only one for space constraints.9

V. CONCLUSION

In this paper we introduced, for the first time, a culturomic
study on an Indic language (Bengali). Based on 11 years’
worth of Bengali newswire text, we were able to plot and
analyze culturomic trajectories of salient words and bigrams.
We also modeled the trajectories using ARIMA and obtained
word usage predictions that closely followed actual usage
patterns.

We plan to implement a Bengali n-gram viewer in the same
spirit as Google n-gram viewer. To accomplish this idea, we
need a comprehensive database of all Bengali n-grams used
in the 132 months. We are currently working on building
this database. Another extension to our present work would
be to include other Bengali newspapers from West Bengal,
Bangladesh, Tripura and Assam, and observe if the temporal
trends of word usage differ significantly among newspapers.
As a future work we also plan to incorporate other types of
genre, e.g. Bengali literary text, into our study.
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