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Abstract: Digital technology has an important role in mitigating the adverse effects of social
distancing measures on the economy. Locked up at home, society faces new challenges. We need
to find new ways to learn, to work, to meet our needs. The internet helps during these
unprecedented times. Online tools have received extra load and extra attention during COVID-19,
and they have worked very hard to keep the economy running. The aim of this study is to analyze
online trends during the epidemic. Specifically, the study examines the interest of internet users
(that is, search volumes and online encyclopedia views) in certain online services that may be given
increased attention during social distancing. Changepoints in the trends are identified, and
correlations with the spread of the virus and with the performance of the stock market are reported.
The results show that COVID-19 generally implied a high volatility in interests, however, the
patterns of the trends vary.

1. Introduction
COVID-19 strongly affects our lives. Schools are closed, plants are shut down, movements are
restricted—it is definitely a war situation. A war against an invisible enemy. And this war requires
sacrifices. A wide variety of sacrifices: from human lives to a degrading economy. Governments
had to choose from different bad choices, and they made a humane choice: saving lives at the price
of an economic crisis.
Therefore, the COVID-19 problem is, at least, two-fold. It is a problem for the health
system, and also for the economy. Both problems are challenging, and relieving one of them must
go to the detriment of the other. It is very hard to find the right balance and the right solution.
Digital revolution is there to help. While government measures aimed at limiting the spread of the
virus can seriously harm the economy, certain online services can and do help to keep businesses
running.
Social distancing affects several areas of life. Human contact has fundamentally changed—
it has moved to the online space. In these times, we can’t really see anyone in person, except our
closest relatives. As a result, there are several fundamental activities that we cannot do without
internet connection. We cannot learn as we used to, we cannot work as we used to, we cannot even
eat as we used to. If there was no internet, we would hardly have a connection with the world.
COVID-19 is a very difficult time for the economy. The restrictions caused exceptionally high
unemployment. Coibion, Gorodnichenko, & Weber (2020) claim that far more jobs were lost than
over the entire Great Recession, and many of the unemployed people are not actively looking for
a new job. This is not a simple economic downturn. Entire industries were forced to stop.
Digital applications have the power to mitigate the damage. Video communication tools
allow various businesses to work from home. E-commerce allows retailers to keep working during
the lockdown. Online food ordering tools allow restaurants to reach their excluded consumers.
These 3 industries are the subject of this study.
While online services should come to the rescue of the economy, the current situation might be not
only a challenge but also an opportunity for them. Online businesses have to face this unexpected
load, but if they succeed, they may come out as winners of the crisis. But what does this increased
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load look like? Is it temporal or is it permanent? Is the effect of the virus constant or variable? In
order to evaluate the economic impact of digital tools during the COVID-19 crisis, it is very
important to understand those details. The aim of this study is to acquire this understanding.
We are going to analyze digital trends during the COVID-19 pandemic. Those trends will be
quantified by internet search volumes and online encyclopedia views of the industries under study.
Changepoints in the trends will be identified, and correlations with the COVID-19 cases and with
the S&P 500 stock market index will be reported, in order to get a complete picture of the respective
businesses during the crisis.
The study has the following structure. The next section gives a brief summary of the relevant
literature. The one after that presents the empirical study. Then the final section concludes the
findings.
2. Literature review
Fernandes (2020) claims that this crisis is different from the 2008 financial crisis, since
there are new challenges. Now the world is more integrated, interest rates are at historical lows,
demand and supply are destructed simultaneously, and so on. There were several business events
that made this crisis different from the previous ones. Fernandes (2020) lists several examples:
schools are closed, tourist destinations are deserted, sports events are cancelled, etc.
During COVID-19, we were (and we are) forced to change our lives. We had to quit the comfort
zone. We had to change our behavior, we had to change our daily routines. What remains from
these changes for the future, is an open question.
Social distancing measures were applied. It means limiting close contacts in order to reduce
the spread of the virus. As it has become mandatory to keep physical distance, tools that help us to
keep a virtual contact have gained importance. Various activities were moved to the online space.
We study at home, we work at home, we buy things at home, we eat at home. By at home, I mean
on the internet.
Greenstone & Nigam (2020) estimated the economic benefits of social distancing in the
United States. They found that the reduced fatalities could deliver economic benefits as large as
one third of the U.S. GDP. Distributed among households, it roughly equals the median household
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income. Thus it seems that social distancing is reasonable not only medically, but also
economically.
Chiou & Tucker (2020) analyzed data from mobile devices to track movements during the
pandemic. They found that in regions with high income and high-speed internet people are more
likely to stay at home. That is, high-speed internet connection may help regions comply with social
distancing. This finding suggests that the COVID-19 times might have a particular influence on
internet-related businesses.
Office work was strongly influenced by COVID-19. Companies allowed workers to work
from home, many of which had not planned it previously. Working from home requires several
digital tools and services in order to work seamlessly.
Hill, Ferris, & Märtinson (2003) studied 3 different work venues: traditional office, virtual
office (work wherever it makes sense), and home office (work from home). They found that virtual
office has mostly positive influence on work but negative influence on personal life, traditional
office has negative influence on both, while home office has a mostly positive influence on both
work and personal life.
Dingel & Neiman (2020) found that about 34% of jobs in the United States can be
performed at home, which account for 44% of wages.
Both students and workers can take advantage of video communication tools during social
distancing. The application of such tools is not a novelty. Coventry (1995) described the use of
video conferencing in higher education. The author claims that it is more suitable for small groups
rather than masses, and it has the benefits of eliminating expensive travel, making good use of
limited time, and allowing immediate two-way communication. Video communication softwares
have since become much more widespread, and are playing an important role during social
distancing.
Favale, Soro, Trevisan, Drago, & Mellia (2020) analyzed the network traffic of an Italian
university campus during the lockdown measures, and found that while incoming traffic decreased,
outgoing traffic more than doubled. Online collaboration and remote working exploded, and
hundreds of e-teaching classes were served each day.
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Shopping is another aspect of our life that is moving to a large extent into the online space.
While social distancing does not necessarily mean that shopping is forbidden, going to offline
shops makes it much more difficult to keep physical distance. E-commerce and home delivery offer
an alternative.
E-commerce increasingly gained attention and acceptance over the years. According to
Goolsbee & Klenow (2018), the e-commerce share of retail spending has almost tripled in 10 years.
This increasing share of e-commerce in retail spending might have important economic
implications. Goolsbee & Klenow (2018) measured the inflation in e-commerce (digital price
index) and found that it is lower than in the overall consumer price index. It suggests that if the
quarantine influences the popularity of e-commerce services, it may also have an inflationmodifying effect.
Ungerer, Portugal, Molinuevo, & Rovo (2020) claim that e-commerce can help reduce the
risk of new infections and can also help preserve jobs during the crisis. They report key measures
that governments can take to support e-commerce and digital entrepreneurship. Governments
should help businesses and households connect the digital economy, ensure the safety of ecommerce, and have a clearly communicated e-commerce strategy. Ungerer, Portugal, Molinuevo,
& Rovo (2020) argue that this crisis may have a permanent impact on shopping patterns and
consumer preferences.
There is a relative of e-commerce that may also get more attention during quarantine times: online
food ordering.
According to Shahidi (2020), the virus is not transmitted by food, yet COVID-19 poses
challenges to the food industry. For example, harvesting, transportation and distribution are
affected by the virus, and it may lead to disruptions of supply. Consumers’ overstocking also affects
the supply chain. Shahidi (2020) also reports that consumers shop solely or primarily online due to
the lockdown measures, and it delivers growth opportunities for catering in the e-commerce space.
Suhartanto, Helmi Ali, Tan, Sjahroeddin, & Kusdibyo (2019) studied the influence of food
quality and e-service quality on loyalty toward online food delivery. The study delivered an
interesting finding: e-service quality influences food quality. While the delivered food is the final
product, consumers first browse the website and order, and this experience will influence the
perception of food quality. Therefore, the digital side of the food is also very important.
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3. Empirical study
Digital revolution got a boost during the pandemic. We had to change the way we study,
the way we work, the way we live. And we had to make this change very quickly. Luckily, digital
tools gave a hand.
If the internet and excellent digital tools had not been there to help, we couldn’t have made
the required transformations so seamlessly, and the economy should have become even more
damaged. Schools were closed, and the whole education moved to the online space. It would have
been very challenging even if there had been enough time to prepare—but there had not. It
happened very quickly.
Businesses left their offices. Workers were ordered to work from home. Several company
managers had to do it, even those who had been reluctant to do so before.
Restaurants and shops got closed. Since we could not leave our homes, we had to find new
ways to meet our needs. It led to new opportunities for e-commerce services and home delivery.
While several parts of the economy were forced to stop, digital services and the internet got an
extra load. This study aims to examine how they performed.
3.1.

Digital Trends

There are freely available data sources that can help us to analyze the current trends in the
society. We spend a huge proportion of our time on the line—not only in epidemic-times, but now
even more so. This allows large websites to collect data on our activities, and those activities tell
stories. In this study, we will use internet usage datasets to analyze the trends of digital technology
during the coronavirus pandemic.
We will use 2 excellent datasets which are freely available for anyone on the internet:
Google Trends and Wikipedia Pageviews. Google makes its search history available. Actually, not
the exact daily numbers of historical search queries, but only normalized values scaled to between
0 and 100. Still, it is a very valuable source of information. We can obtain the historical trends of
any arbitrary keyword. Wikipedia offers an API to access the historical pageviews of its articles.
These pageview numbers are even better than Google’s trends in the sense that they are not
normalized. These are true values, and they allow for comparisons between different articles.
Essentially, these 2 data sources are very similar. Both can tell how we use the internet, what we
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search for, what we do. They are produced by websites that have millions or billions of visitors, so
they are very reliable. They can truly tell what is happening around us in the world.
We will use the APIs of Google and Wikipedia to access the search volumes and article views of
digital technology-related keywords during the COVID-19 pandemic. By analyzing the obtained
time series, we can evaluate the changing digital trends and their impact on the economy.
3.2.

Changepoints

In this section we are going to use Facebook’s Prophet algorithm [Taylor & Letham (2018)]
to identify changepoints in the time series of digital trends. It is a modular regression model which
allows for modeling different trends, seasonalities and events. It has a built-in mechanism for
automatic changepoint selection. A large number of potential changepoints need to be specified
(either manually or automatically), and the algorithm selects the most significant ones by using a
sparse prior on the magnitudes of the changes. The flexibility of the changepoint selection might
be adjusted, so we can fine-tune the algorithm according to our requirements. In this case, we aim
to find just a few truly important changepoints, so that we can find the changing trends due to
COVID-19 events, so we will go with low flexibilities.
We are going to analyze the digital trends between 2020-01-01 and 2020-05-01. The first
confirmed COVID-19 cases were identified in January. At the time of writing, the pandemic is not
yet over. So, we can’t analyze the impact of the virus in retrospect, and we can’t be sure that it will
not have further consequences that we can’t yet see. All we can do is to analyze the first few months
of the virus and the crisis it implies.
The trends of the following 3 topics are analyzed: e-commerce, digital communication, and
food delivery apps. We are examining a few prominent representatives from each industry.
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3.2.1. E-commerce
Amazon is a huge e-commerce company. (It is also the name of a river, but I would argue
that the primary association is the company.) Originally, it was an online marketplace for books.
Today, it is one of the largest tech companies, offering various services, but it is still primarily
known as an e-commerce giant.
The plot below shows the Google Trends of the keyword “amazon” (Figure 1).
The black dots show the true observations, the blue line shows Prophet’s estimate (together with
uncertainty intervals). The red line shows the identified trends, while the vertical dashed lines show
the changepoints.
We can see 2 sets of changepoints. The first group is observed during February. There was a
remarkable boost in the search volumes for Amazon around this time. The other group of
changepoints is around the end of March, where the positive trend continues, but at a lower pace.

Figure 1: trend changepoints - Google Trends, keyword: “amazon”
The Wikipedia pageviews show a somewhat different picture (Figure 2). The trend turned
negative at the end of January, and it only turned positive in mid-March. Then this positive trend
kept on till (at least) May.
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Figure 2: trend changepoints - Wikipedia Pageviews, article “Amazon (company)”
The plots below show a similar analysis for another very well known e-commerce company, called
AliExpress. AliExpress is based in China. It is hardly surprising that there was a strong and steady
decrease in the search volumes for the company from January, when COVID-19 was identified in
Wuhan (Figure 3). However, during March, this trend turned around. From March, we can see a
very strong recovery in search interest, but it is still far from its high in the beginning of 2020.

8

Figure 3: trend changepoints - Google Trends, keyword: “aliexpress”
The pageviews of the Wikipedia article AliExpress display similar trends (Figure 4). The downturn
came a few weeks later, but it is followed by a very similar recovery to the one observed in the
search volumes. It seems that the outbreak of the virus had a strong (negative) effect, but it also
seems that internet users could quickly forget (or forgive) it.
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Figure 4: trend changepoints - Wikipedia Pageviews, article: “AliExpress”
3.2.2. Video Communication
Video conferencing tools also faced unprecedented experiences. The figures below show the
changing trends of interest towards 2 video communication softwares: Zoom and Skype.
The company behind Zoom is headquartered in California. Even though it launched the software a
few years ago, we could observe a huge jump in search volumes in March (Figure 5). However,
the momentum only lasted until the end of the month, when it turned into decline.
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Figure 5: trend changepoints - Google Trends, keyword: “zoom”
The patterns are very similar for the Wikipedia traffic as well (Figure 6). There was a huge increase
(from near zero), and then a clear decline. It seems that Zoom could not keep its increasing
popularity, but this software received strong criticism due to security issues, so its performance
does not necessarily represent the overall video conferencing market.
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Figure 6: trend changepoints - Wikipedia Pageviews, article: “Zoom Video Communications”
Let’s take a look at another competitor from the video communication industry. Skype was
first released in 2003, and it has been a well-known communication tool ever since. It has a large
market share, and it gained its popularity well before the COVID-19 crisis.
The trends are similar to the case of Zoom. Both the search volumes (Figure 7) and the
encyclopedia views (Figure 8) display similar patterns: a strong rise followed by a strong decline.
(Maybe a bit less strong than in the previous case.)
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Figure 7: trend changepoints - Google Trends, keyword: “skype”

Figure 8: trend changepoints - Wikipedia Pageviews, article: “Skype”
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3.2.3. Food Delivery
Online food ordering and delivery services might also find opportunities to exploit during
quarantine times. As many restaurants had to close, and many people were ordered to stay at home,
three options remained: cooking, starving, and ordering. I would argue that the second option is
not very popular, and the first one is not satisfactory for everyone. Let us see what the online trends
tell us.
Uber Eats is the food ordering platform of Uber, based in California. We may identify two
changepoints in its Google Trends (Figure 9). A remarkable growth started in February, and it kept
on rolling, but from the end of March, only at a slower pace.

Figure 9: trend changepoints - Google Trends, keyword: “uber eats”
The Wikipedia views, however, tell a different story (Figure 10). Disregrading a few outlier points
in January, the Wikipedia traffic for Uber Eats can be described very well with an unchanged
negative trend. It shows no increased interest during the pandemic.
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Figure 10: trend changepoints - Wikipedia Pageviews, article: “Uber Eats”
Delivery Hero is another online food delivery service. The company is based in Germany,
but operates internationally in several countries.
The Google Trends data shows no remarkable changepoints, but there is a positive trend
during the COVID-19 period (Figure 11).
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Figure 11: trend changepoints - Google Trends, keyword: “delivery hero”
The Wikipedia data shows a similar steady and positive trend. It seems that Delivery Hero gained
popularity gradually during the crisis (Figure 12).
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Figure 12: trend changepoints - Wikipedia Pageviews, article: “Delivery Hero”
3.2.4. Summary of Changepoint Detection
Having analyzed the changepoints of online trends, we can see that the quarantine implied by
the COVID-19 pandemic has led to increased interest towards certain digital services, but there are
different patterns. E-commerce websites showed various trends: in the early stages of the epidemic,
we could observe negative trends (especially in the case of the China-based AliExpress), but then
they turned positive. Video communication tools got a huge boost in March, but then they lost the
momentum, and the trends turned negative. Online food delivery services produced less volatile
data, and showed a not too strong but steady (and mostly positive) trend during the quarantine
times.
3.3.

Correlations

In order to measure the economic impact of the changing digital trends, we need to consider
the state of the economy as well. Since economic indicators are not frequently updated, we will use
the stock market instead. In these times of high market volatility, it seems that the performance of
the stock market is not a clear reflection of the performance of the economy. Yet, market
movements are always important indicators.
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The S&P 500 stock market index measures the performance of 500 large U.S. companies. It is
large enough to represent the overall economy. Well, it is not a perfect proxy, as it does not include
small-cap stocks. Also, it is a capitalization-weighted index, which is a reasonable weighting
scheme, but it gives very large weights to just a few very large companies. So it is not perfect, but
it is very often used as a benchmark for the whole stock market of the United States. Investors
generally accept this choice, and so do we, in this study.
In this section, we are going to analyze the correlations between the search volumes and
encyclopedia views of the examined digital services (e-commerce, digital communication, food
delivery), and the S&P 500 stock market index. Correlations with the number of new COVID-19
cases are also reported. The stock market data was obtained from Yahoo Finance1, the COVID-19
data was obtained from edc.europa.eu2.
A strong positive (~1) correlation means that if one variable increases, the other tends to increase.
A strong negative (~-1) correlation means the opposite. A correlation around zero means that the
2 variables do not have a linear relationship. The correlations are displayed in heatmaps for a visual
comprehension.
3.3.1. E-commerce
Correlations for the e-commerce category are diverse. For example, the correlations of Google
Trends data for Amazon and AliExpress have different signs for both the stock market and the
coronavirus variables. We can find further differences between the correlations computed with
search volumes (Figure 13), and the correlations computed with encyclopedia views (Figure 14),
either in magnitude or in sign. There are some remarkably large correlations, but there are also
some seemingly contradictory results. We saw in the changepoint analysis that COVID-19 has been
a very volatile period for e-commerce companies—it might explain the diverse correlations with
the market as well.

1 https://finance.yahoo.com/quote/%5EGSPC/history?p=%5EGSPC
2

https://www.ecdc.europa.eu/en/publications-data/download-todays-data-geographic-distribution-covid-19cases-worldwide
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Figure 13: correlations – Google Trends, e-commerce
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Figure 14: correlations – Wikipedia Pageviews, e-commerce
3.3.2. Video Communication
The correlations of video communication services are much more uniform than those of ecommerce businesses. With one exception, the correlations with the stock market of both Google
Trends (Figure 15) and Wikipedia Pageviews (Figure 16) are negative, and their absolute values
are really high. It shows that when the stock market falls during the epidemic, people’s interest in
video communication tools tends to rise. Correlations with the COVID-19 cases are positive in
each of the examined cases, that is, the online interest in these products tends to rise when there
are more new coronavirus cases identified.
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Figure 15: correlations – Google Trends, video communication
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Figure 16: correlations – Wikipedia Pageviews, video communication
3.3.3. Food Delivery
Food ordering services show similar correlation patterns as the video communication
services for both the Google (Figure 17) and the Wikipedia (Figure 18) data. Here the correlations
are less strong and less clear, and we may observe more noticeable differences between different
companies, but the correlations are generally similar: mostly positive with the market, and mostly
negative with the coronavirus.
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Figure 17: correlations – Google Trends, food delivery

23

Figure 18: correlations – Wikipedia Pageviews, food delivery
3.3.4. Summary of Correlation Analysis
The linear relationships of the studied digital services with the stock market and with the
COVID-19 cases show various patterns. Video communication tools clearly positively correlate
with the market and negatively with COVID-19. Food delivery services produced similar, but less
clear correlations. E-commerce services displayed more varied correlation patterns.
Conclusions
This study analyzed the digital trends during COVID-19. Internet search volumes (Google
Trends) and encyclopedia reads (Wikipedia Pageviews) were used as measures of people’s interest
in different digital services. 3 different segments of tech business have been explored: e-commerce,
video communication and online food ordering. A few example companies have been analyzed
from each segment, in order to identify their trends during COVID-19, and to evaluate their
relationships with the performance of the stock market.
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We may conclude that the COVID-19-implied quarantine brought a high volatility not only
to the overall economy and the stock market, but also and especially to digital technology. High
tech businesses generally received more interest, but with various patterns. E-commerce businesses
had to face a volatile period with changing trends. Video communication services got a boost
during the quarantine—they went up as the stock market went down. Online food ordering
applications achieved a small but steady increase. It is hard to predict how these trends will
continue. The results suggest that the exceptional gain of video communication apps might be only
temporary (or, at least, unsustainable in the long run), while the food delivery services might keep
on growing slowly. But who knows? All we know is that the tech industry and online services were
shook up strongly by COVID-19. And I would argue, they must benefit from this—and the
economy, too.
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