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Abstract

The amount of new information transmitted per day can be overwhelming.
The data available through Ngram Viewer allows statistical examination to de-
termine the most salient topics, as well as lagged correlation and lagged vari-
ance to support possible causal connections between concepts. Using this da-
tabase, we determined that COVID, crypto, microplastics, and especially social
media are important topics of the last few years. We also present results that sug-
gest the development of the internet and the iPhone fueled the prominence of
social media, and the access of the iPhone also increased access to the internet.
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http://creativecommons.org/licenses/by/4.0/ 1. Introduction

In 1982, Naisbitt highlighted that the US was shifting from an industrial society
to an information society. Indeed, anyone accessing the World Wide Web daily
may feel overwhelmed by the new information encountered. The ngram database
(Aiden & Michel, 2013; Michel et al., 2011) is publicly available data that can be
statistically analyzed to see which themes are indeed salient and growing. This
database was originally released with words up to the year 2009, and has since
been updated with 2012, 2019, and 2022 versions (Solovyev, 2024). It is comprised
of phrases from scanned books and phrases from one to five words may be

searched. Google Books Ngram reflects word frequency in published books, not
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direct public behavior or platform usage. Initially in this paper, we identify a num-
ber of “vanguard” terms; terms that have recently been increasing at a steep rate
(crypto, microplastics, and covid). Following this, we found an extreme vanguard:
“social media”. Next, we conduct lagged correlations to suggest that the internet
contributed to the rise of social media, and to suggest that the advent of the iPhone,
provided a boost to “internet” and a more pronounced boost to “social media”.

The first and second authors have been having Statistics 1 students use the
Ngram database to conduct linear regressions, lagged correlations, and t-tests,
since 2020. In our first article, we identified and discussed years that are more
persistent in the Ngram database than the typical year, which drops off quickly.
The years we identified were of historical importance and consisted of 1799 in the
French and Russian corpus, 1865 in the American English and Hebrew corpus,
1917 in the Hebrew and Russian corpus, 1945 in the German and Hebrew corpus,
and 1948 in the Hebrew corpus (Zywiak, Bobroff, & Niu, 2021). This paper used
a t-test.

In our second article, we found the four most prominent character strengths
in the American English corpus in 2019 (the most recent data point available
when we were preparing this article) to be love, hope, perspective, and leader-
ship (Zywiak & Niu, 2021). In this paper, we ranked frequencies, used four linear
regressions, and used a pie-chart. These two papers are summarized by Solovyev
(2024) of Russia, in her review of Ngram articles that assess societal change.

Our third paper was derived from an assignment turned in by a student for AA
205: Intro to Applied Analytics. As a student veteran he was interested in using
the Ngram database to discern the extent to which money may be one of the causes
and effects of war. In the Ngram plots for war in the American English corpus, the
Revolutionary War, the War of 1812, the American Civil War, WW1, and WW2
were quite evident. Since a word may be salient because of good or bad press (va-
lence is not tagged, see e.g, the plot for the insecticide DDT), we examined plots
for “cost of war”. This paper used linear regressions (McFadden, Zywiak, Bobroff,
& Niu, 2022). The rationale and details for this line of research are further detailed
in the McFadden et al. (2022) paper.

The present paper is meant to be an exemplar for providing support for causal
relationships in historical data, though causality is not proved, since there is no
random assignment to a manipulated independent variable. The inability to ma-
nipulate an independent variable (e.g., increased substance use to affect level of
purpose in life) dictates that statistical approaches are used in naturalistic longi-
tudinal designs to provide evidence of relationships between variables (Harlow,
2023: p. 19). In total, these four papers show examples of how regressions, lagged
correlations, and t-tests can be used by Statistics 1 students to explore how differ-

ent terms are related in published books.

2. Method

The 2022 version of the Ngram data was accessed, by googling “ngram viewer”.
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American English corpus was selected since that is the culture best known by most
of the authors. Smoothing was set to zero (default is 3) so that the raw data could
be accurately viewed. The Case Insensitive setting was left in the default position.
Data was retrieved by having the mouse on a given year, and transcribing the value
from the screen with pen and paper, and entering the data into an Excel file. Sta-
tistical analyses were conducted in Excel. The data for every year is available from
the first author, or by repeating this procedure. The exact search strings and year

ranges were “covid”, “microplastics”, and “crypto” from 2010 to 2022, and “social

» o«

media”, “internet”, and “iPhone” from 1990 to 2022.

3. Results

After examining several terms, we noticed that three “vanguards” were rapidly
increasing over time; crypto, microplastics, and covid are plotted in Figure 1 for
the period from 1990 to 2022. These terms show rapid increases, and will be
discussed further in the Discussion. When we add the 2-gram “social media”, this

overpowers the previous terms. See Figure 2. Note that because of scaling, the
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Figure 1. COVID, microplastics, and crypto, 2010 through 2022.
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Figure 2. Social media, COVID, microplastics, and crypto, 2010 through 2022.
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Figure 3. Social media, internet, and iPhone, 1990 through 2022.

three lines in Figure 1, look relatively flat in Figure 2. The internet began becom-
ing prominent in the 1990s and a plot for social media and internet is depicted in
Figure 3 from 1990 to 2022. These two terms show a classic pattern that can be
used to examine the extent of the lagged correlation.

With annual data for the frequency of “internet” from 1990 to 2000 and annual
data for the frequency of “social media” from 1990 to 2022, we conducted lagged
correlations for these two phrases, starting with a simultaneous correlation and
ending with a lag of 17 years. These lagged correlations are depicted in Figure 4.
The most pronounced correlation was equal to a near perfect 0.99235 associated
with a lag of 14 years. Since correlations exaggerate the association between two
variables, we also computed lagged variance, since this indicates the variance
shared between two variables. (For example, a correlation of 0.7 is equivalent to
only 49% shared variance between two variables.) Lagged variance is pictured in
Figure 5, and is still very pronounced with 98% of the variance shared between
the two phrases at a lag of 14 years.

Additionally, we noted that “iPhone” was increasing in the ngram database
from 2006 to 2011 and levelling off thereafter [with a value of 0.0000000665% in
2005, 0.0000001963% in 2006 (triple the 2005 value), and peaking at 0.0000072305%
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Figure 4. Correlation between “internet” and “social media” based on lag in years.
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Figure 5. Lagged variance between “internet” and “social media”.
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in 2011 (37 times the 2006 value) see Figure 6]. Since 7/Phone increased for a dis-
crete period of time and to include the third bivariate analysis focused on in Sta-
tistics I (i.e., a t-test), we examine the frequency of internet and social media, from
2006 and earlier compared to 2007 and later using a t-test. There was a huge dif-
ference in the frequency of social media comparing 1990-2006 versus 2007-2022:
respective M’s (SD’s): 0.00875 (0.00005) versus 13.79 (113.37) words per million,
t (15) = 5.18, p= 0.0001. Additionally, there was an increase in the frequency of
internet from 1990-2006 versus 2007-2022, respective M’s (SD’s): 2.741 (0.0003481)
versus 9.0385 (0.0031673) words per million, t (18) = 4.26, p = 0.0002. Finally,
while the ngram data is right censored at 2022, we note that COVID practically

returns to zero in 2026 in the more up to date Google Trends.

4. Discussion

4.1. Vanguards

A dramatic increase for the term microplasticsis seen in the ngram database start-
ing in 2021. Microplastics are defined as being less than 5 mm in diameter. Mi-
croplastics may be poisonous based on the chemicals they are made of. They are

also an excellent absorbent of other pollutants given their irregular surface area
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(Albazoni, Al-Haidarey, & Nasir, 2024). Microplastics have contaminated water
ways, oceans, soil, and the atmosphere. Microplastics can be found in drinking
water. Microplastics can be directly ingested by animals and ingested secondarily
through ingestion of organisms that ingested microplastics. In comparing micro-
plastic concentrations in polychaetas, copepods, and shrimp, microplastics are
particularly pronounced in shrimp. Microplastics affect invertebrates, fish, birds,
and mammals (Albazoni, Al-Haidarey, & Nasir, 2024). In humans, microplastics
cause oxidative stress conditions, trigger inflammation, cause hormonal disrup-
tion, and increase cancer risk (Sudaryanti & Joewono, 2025).

The most popular cryptocurrencies (crypto) are Bitcoin and Ethereum. Benefits
of crypto are that it eliminates barriers in international trade and currency ex-
change rates (Swathi, 2023). Almeida and Gongalves (2023) reviewed the litera-
ture on crypto and noticed herding behavior, driven by market sentiment, along
with irrational investors, which leads to high trading and speculative bubbles.
Bitcoin peaked at over 123K in October 2025. Both Bitcoin and Ethereum are
products of blockchain. The mathematics that underly blockchain include Mar-
kov chains (Zhang, 2021).

Global excess deaths due to COVID have been estimated as high as 17.7 million
(Jha, Brown, & Ansumana, 2022). COVID-19 affected many aspects of life includ-
ing physical health, mental health, economics, society, and policy (Boutsioli, Bi-
gelow, & Gkounta, 2022). The epidemic revealed structural disparities in access to
and quality of healthcare (Wang & Naeem, 2025). As we noted previously, COVID
practically returns to zero in 2026 in the more up to date Google Trends.

4.2. Social Media

Social media has become ubiquitous, originating on platforms such as MySpace
and Hyves (Utz, 2011). More recent platforms include Facebook and LinkedIn.
As is this case with social interactions, social media has benefits and costs. Social
media affects people in different ways (Pouwels, Beyens, Keijsers, & Valkenburg,
2025; Van der Wal, Valkenburg, & van Driel, 2024). Social media can help people
network at a rapid pace, and social media profiles can both benefit and hurt job
seekers. Social media has amplified bullying, polarized public opinion, and may

be used to promote products as well as ideas.

4.3. Limitations

Ngram data is biased in a number of ways. Given the rapid pace of technological
developments, data anchored on whole years may not be sensitive enough to study
fast changing processes. The word counts are for published books only, and do
not take into account conversations, texts, or posts. The data is right censored at
2022, and updates occur every four years on average. There may be optical char-
acter recognition (OCR) errors present in even the newest data release. Scientific
literature is overrepresented. OCR errors may also add error variance to the years

that words are tagged to (Zhang, 2015). Finally, unless special phrases are used
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like “cost of war” valence is difficult to discern: is a concept popular, unpopular,
or both?

5. Conclusion

Opverall, our results suggest that the ngram data can be used to identify hot topics,
and we hypothesize that this is also true within disciplines. Our statistical analyses
suggest that the internet fueled the development of social media, and that in-
creases in the iPhone are associated with increases in the internet and social me-
dia. Other researchers have highlighted the strengths of lagged correlations. For
example, Luftensteiner, Krikova, and Rainer (2026) emphasize the use of lagged
correlations in industrial settings to optimize predictive maintenance before me-
chanical fajlures occur. We hope other researchers will apply lagged correlations
(and the more accurate lagged variance analysis) to the ngram data in particular,

and time series data in general.
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