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Abstract

Introduction: As the risk of infection in a pandemic is determined by both the individual's behavior and the object being interacted with,
understanding how information-seeking behaviors and risk perceptions is critical for public health outcomes.

Materials and Methods: This study aimed to analyze interrelated digital footprint data on the internet between January 1 and May 1, 2020 in
Turkey. The first data were about search on measures to reduce the spread of Coronavirus disease-2019 (COVID-19) on Google. The second data were
obtained from web research using terms related to COVID-19 such as “Coronavirus" and “Koronaviriis" on Google. In addition, this study aimed to
examine whether there was a correlation between Google search volumes on measures to reduce the spread of COVID-19 and the total number of
confirmed COVID-19 cases, recoveries, and deaths.

Results: Until the virus was detected in Turkey, it is observed that many COVID-19 related web searches were conducted. The apex point was seen
around March 11, 2020, when the first case was announced in the country. The continuous high search volumes about COVID-19 were 28 days from
March 11 to April 8, 2020, and a diminishing trend in web searches was observed after April 8. A strong positive correlation was found between the
search terms “"Corona” and measures to reduce the spread of the virus. On the other hand, there is a strong negative correlation between search
volumes and the number of COVID-19.

Conclusions: As countries endeavor to flatten the pandemic curve and reduce deaths and long-term restrictions, understanding how individuals
respond to this situation has become more important than ever for the ultimate solution to the current crisis. Therefore, authorities should further
strengthen/raise national awareness of COVID-19 and keep the public informed.
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Giris: Bir pandemide enfeksiyon riski, hem bireyin davranisi hem de etkilesimde bulunulan nesne tarafindan belirlendiginden, bilgi arama davranisi
ve risk algilarinin toplumda nasil degisebilecegini anlamak halk saghgr sonuclari icin kritik neme sahiptir.

Gerec ve Yontem: Bu calismanin amaci, Tirkiye'de 1 Ocak-1 Mayis 2020 tarihleri arasinda internetteki birbiriyle iliskili dijital ayak izi verilerini
analiz etmektir. ilk veriler, Koronaviriis hastali§i-2019'un (COVID-19) yayilmasini azaltmaya yonelik dnlemlerin Google'da arastiriimasiyla ilgilidir.
ikinci veriler, Google'da “"Coronavirus”, “Koronaviriis” gibi COVID-19 ile ilgili arama terimleriyle yapilan web arastirmasindan elde edildi. Ayrica, bu
calisma COVID-19"un yayilmasini azaltmaya yonelik dnlemlere iliskin Google arama hacimleri ile dogrulanan COVID-19 olgu, iyilesen ve 6len sayilari
arasinda bir iliskisi olup olmadi§ini incelemeyi amaclamistir.

Bulgular: Tirkiye'de viriis tespit edilinceye kadar ¢cok sayida COVID-19 ile ilgili web aramasi yapildigi goriilmistir. Zirve noktasi, tilkede ilk olgunun
aciklandigr 11 Mart 2020 civarinda goriilmustir. Koronaviris hastaligi-2019 ile ilgili stirekli yiiksek arama hacimleri 11 Mart 2020'den 8 Nisan 2020'ye
kadar 28 giindiir. 8 Nisan'dan sonra web aramalarinda bir azalma trendi goriilmiistiir. “Corona” arama terimleri ile azaltma dnlemleri arasinda giicli
bir pozitif korelasyon bulunmustur. Ote yandan, arama hacimleri ile COVID-19 olgu sayilar arasinda giiclii bir negatif korelasyon vardir.
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Sonug: Ulkeler pandemi egrisini diizlestirmeye, liimleri ve uzun siireli kisitlamalari azaltmaya calisirken, bireylerin bu duruma nasil tepki verdiklerini
anlamak mevcut krizin nihai ¢6ziimi icin her zamankinden daha dnemli hale gelmektedir. Bu nedenle, yetkililer COVID-19 konusunda ulusal

farkindaligi daha gtiglendirmeli/artirmali ve halki bilgilendirmelidir.

Anahtar Kelimeler: Koronaviris, 6nlem, risk algisi, toplum ilgisi, Google Trends

Introduction

In December 2019, a novel coronavirus was reported in Wuhan,
Chinal. The World Health Organization immediately declared it
as a pandemic on March 11, 2020, due to the rapid spread of the
virus to many countries in a short time!?. The virus was named
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2).
By May 1, 2020, 3,489,053 confirmed cases were reported, and
241,559 people died from Coronavirus disease-2019 (COVID-19)
worldwide®,

Causes such as the alarming spread of COVID-19, difficulty in
controlling its spread and grave health consequences, and lack of
effective drug and vaccine have encouraged official authorities
to take measures to reduce the spread of COVID-19 such as
closures of schools, mosques, churches, and even international
borders®*s. Measures to reduce the spread of COVID-19 have
significant psychological, social, and economic impacts and
have greatly affected people's daily lives.

When faced with an important situation, people wonder and
search what they encounter, how they can control the spread
of COVID-19, and what they can do in terms of precaution
measures. In the digital age, this concern is reflected in internet
searching behaviors. According to Kata, 80% of internet users
search for health information online. However, the same
study also warned that the Internet facilitates the spread of
misinformation and good information®. Despite this concern,
the use of internet data is being increasingly preferred in the
health area for predicting and analyzing human behaviors.
Also, online search data are being widely used for predicting
and monitoring disease occurrence and outbreaks”. The most
popular tool in addressing health issues and topics with the
use of internet data is Google Trends, an open online tool that
provides both real-time and archived information®?,

The important issue in the use of internet data is the availability
of digital infrastructure and widespread access of network.
Internet penetration is high in Turkey. The rate of using
information technologies in institutions was 96.7% in 2019. In
the same period, the rate of internet access at home was 88.3%.
Majority of the population (75.3%) actively use internet, and
most users are between 16 and 74 years old'. The average daily
time spent on the Internet is around 7 hi",

The Situation of the COVID-19 Pandemic in Turkey

The Turkish government has managed the COVID-19 pandemic
according to a national pandemic plan advised by the
Coronavirus Scientific Advisory Board['2.

The first case was announced in Turkey on March 11, 2020. Before
COVID-19 arrived in country, the government began taking
temperature upon arrivals at international airports. Then, the
government announced travel restrictions in 31 metropolitan
cities. By this time, flights had been suspended between Turkey
and different countries. Citizens who were returning from
abroad were also put in quarantine for 14 days['>-'®.

During the early stages of the outbreak, the government
began taking steps to curtail interactions between infected
and uninfected populations. The methods used include
isolation of infected patient, quarantine, social distancing
practices, school and mosque closure, and travel restrictions.
On March 11, the government began issuing “stay at home"
orders. A total curfew was imposed for people under 20 and
over 65 years old or those with chronical illnesses. Using face
masks in public places also became mandatory. Meanwhile,
two pandemic hospitals have been constructed to manage
COVID-19 cases in Istanbul, which has a higher proportion of
cases and deaths('>-19,

As of May 1, 2020, the number of cases in the country was over
129,491, of which 73,285 recovered and 3520 died. The fatality
rate in Turkey (around 3.7%) increased for several reasons such
as the relatively young population of the country, a higher
number of available intensive care beds, and the number of
tests performed!'?.

The purpose of this study was to analyze interrelated digital
footprint data on the Internet between January 1 and May 1,
2020, in Turkey. The first data were about search on measures
to reduce the spread of COVID-19 on Google. The second
data were obtained from web research using terms related to
COVID-19 such as "Coronavirus" and “Koronaviriis” on Google.
In addition, this study aimed to examine whether there was
a correlation between Google search volumes on measures
to reduce the spread of COVID-19 and the total number of
confirmed COVID-19 cases, recoveries, and deaths.
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Materials and Methods

Research Questions
We aimed to answer the following questions in this study:

1. Is there any correlation between the total number of
confirmed COVID-19 cases, recoveries, and deaths, data about
search on measures to reduce the spread of infection, and data
about the use of search terms related to COVID-19 on Google?

2. Is there any similarity between web search on those protective
measures against the infection and the number of confirmed
COVID-19 cases, death, and recoveries in Turkey?

3. Is there any similarity between web research done using terms
related to COVID-19 on Google and the number of confirmed
COVID-19 cases, death, and recoveries in Turkey?

4. Is there any similarity between web research done using
terms related to COVID-19 on Google and web searches on
those protective measures against the infection in Turkey?

5. Is there any difference among the cities of Turkey regarding
web search on measures to reduce the spread of the infection?

Dataset

In this study, three datasets were used to explore the
relationship between the total number of confirmed COVID-19
cases, recoveries, and deaths, measures to reduce the spread of
infection, and data using search terms related to COVID-19 on
Google. First, the total number of COVID-19 cases, deaths, and
recoveries was obtained from the Turkish Ministry of Health
and The Scientific and Technological Research Council of Turkey
COVID-19 web portall'2'9. Second, measures to reduce the spread
of infection was proposed by the National Scientific Committee,
selected as health protective behaviors that are easily accessible
and applicable. Data about search related to these protective
measures, which include frequent handwashing, social
distancing, and wearing facemasks, were obtained via Google
Trends. Third, data using search terms related to COVID-19 on
Google were also obtained via Google Trends!'”.

Google is the most popular search engine worldwidel™®. Google
Trends is an online tool that is used to retrieve data on internet
user search activities, trends, and patterns of Google search!'2],
Real-time and archived data on Google search queries are divided
according to the total searches of the geography and time range
it represents to compare relative popularity. These normalized
data are expressed as the relative search volume (RSV). At this
stage, repetitive Google searches made by the same user in a
short time are not considered automatically. The retrieved data
are scaled from 0 to 100, with 100 representing the maximum
searching activity given relative to this. Periods with very low
search volumes are identified as zero activity!'72'?%,

Search Term Selection

The selection of the correct keywords when using web-based
search data is key to obtain valid results. Google Trends is not
case sensitive, but it considers accents, plural or singular forms,
and spelling mistakes. Multiple terms could be entered using
the plus sign (+), which means "OR," to include more results.
Another important aspect is the use of quotation marks for
keyword with two or more words?'?, In this context, Google
Trends data were queried in four sections.

1. COVID-19: The keywords used related to COVID-19 were
“Corona” and "Korona" because of the society's high preference
in the speech term. Other relevant keywords - “Coronavirus" or
"Koronaviriis" or "Koronavirus" or "COVID 19" or "COVID-19" or
“Pandemi (pandemic)” or “Salgin (epidemic)" or “SARS-CoV-2"
or "SARS-CoV2" or “2019-nCoV" - had low search volumes, and
they were deleted to avoid noisy data during the analysis period.

2. Social distancing: To indicate the search volume for social
distancing measures on Google via Google Trends, the following
queries were used: “stay at home (evde kal)" or "don't go out
(sokaga ¢ikma)" or “social distancing (sosyal mesafe)” or “social
isolation (sosyal izolasyon)" or "quarantine (karantina).”

3. Face mask: To indicate the search volume for face mask
measures on Google via Google Trends, the following queries
were used: “"medical mask (tibbi maske)" or "face mask (yiiz
maskesi)" or “protective mask (koruyucu maske)" or “surgical
mask (cerrahi maske)" or "N95."

4. Handwashing: To indicate the search volume for handwashing
on Google via Google Trends, the following queries were used:
"handwashing (el yikama)" or "hand sanitizer (el dezenfektani)"
or "hand antiseptic (el antisepti§i)” or "hand hygiene (el hijyeni)"
or “antiseptic.”

Statistical Analysis

SPSS version 24.0 was used for the correlation analysis between
the daily search volumes of COVID-19 (with related terms),
measures to reduce the spread of infection, and the number of
cases, recoveries, and deaths. Since the data are not normally
distributed, Spearman’s rank correlation coefficients were
used for the analysis. Results were considered significant if the
p-value was less than 0.01.

COVID-19 Data and Search Volumes

Figure 1 compares Google Trends data of the keywords “"Corona”
and "Korona" and the number of confirmed cases, death, and
recoveries data from January 1 to May 1, 2020. According to
Figure 1, until the virus was detected in Turkey, it is observed
that many COVID-19 related web searches were conducted.
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1. A small peak was seen around January 30, 2020, when the
epidemic was announced in China.

2. A clear peak was seen around February 26, 2020, when the
number of infections rapidly increased in close geographies
such as Italy and Iran.

3. The apex point was seen around March 11, 2020, when the
first case was announced in the country. This search behavior
decreased toward the beginning of April, when much of the
population already had knowledge about COVID-19. The
continuous high search volumes about COVID-19 in Turkey were
28 days from March 11 to April 8, 2020.

Measures to Reduce the Spread of COVID-19

According to Figure 2, interest in face mask searches continued
intermittently from late January to mid-April. Particularly, face
mask search started to demonstrate spikes in late February.

Moreover, handwashing search trends were very similar to
COVID-19 search trends (Figure 3). On the other hand, search
for social distancing and face mask terms continued at high
rates between mid-March and mid-April due to the rapid spread
of COVID-19 and expansion of quarantine restrictions in Turkey.
Overall, social distancing has the highest number of search
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Figure 1. Coronavirus Google Trends data and the number of of
Coronavirus disease-2019 cases, recoveries, and deaths

among preventive measures against COVID-19. The term social
distancing saw a considerable interest and attention after mid-
March 2020.

Regional Differences Among Measures to Reduce the Spread
of COVID-19

Figure 3 shows the distribution of search volumes for the
protective measures against COVID-19 among the cities in
Turkey. According to the RSV, social distancing was the most
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Figure 2. Comparison of Google web search trends
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Figure 3. Comparison of Google web search trends and the
number of Coronavirus disease-2019 cases, recoveries, and deaths

Table 1. Correlation matrix between relative search volume indexes and the number of Coronavirus disease-2019 cases, recoveries,

and deaths
3gii:r!cin g Efzfsek \I-Allggl?ing Total cases Recoveries | Deaths Corona Korona
Social distancing 1.000
Face mask 0.732® 1.000
Hand washing 0.531* 0.680™ 1,000
Total cases —-0.599** -0.779" | -0.837* 1.000
Recoveries —-0.643** -0.779* | -0.825" 0.992* 1.000
Deaths -0.583* -0.759" | -0.838™ 0.999* 0.991* 1.000
Corona 0.883* 0.895" 0.687* -0.976 -0.984** -0.976" | 1.000
Korona 0.900™ 0.844™ 0.632* -0.915" -0.939* -0.916™ | 0.963* 1.000

“p<0.01
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searched protective measure, and this search trend was seen in
every city. The two cities in the central Anatolia region have
searched face masks more than istanbul where the number
of cases and deaths was the highest. Search volumes for
handwashing were also higher in the two cities with a high
number of cases.

It was found that search volumes between measures to reduce
the spread of COVID-19 differed among cities. The search
intensity was low in cities such as Agri, Hakkari, and Kilis where
the number of cases and population was low. On the other hand,
several cities have a high number of searches, although the
density of patients is relatively not high (Figure 4). This situation
has given rise to the thought that people who live in these cities
have a high risk perception level regarding COVID-19.

Correlation Matrix of RSV Index and COVID-19

Table 1 presents Spearman's rank correlation matrix of RSV index
for COVID-19 and measures to reduce the spread of infection
between COVID-19 cases, recoveries, and deaths from January
1 to May 1, 2020.

Results show that the RSV for measures to reduce the spread
of COVID-19 is significant and positively correlated with
each other. A strong positive correlation was noted between
the search terms “Corona” and "Social distancing” (r=0.883,
p<0.01), “Face mask" (r=0.895, p<0.01), and "Handwashing"
(r=0.687, p<0.01). The results are similar for the "korona" search
term. There were significant negative correlations between the
RSV for the keywords “corona” and "korona" and the number of
COVID-19 cases, recoveries, and deaths. A significant negative
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Figure 4. Comparison of Google Trends data on the protective
measures to reduce the spread of Coronavirus disease-2019 by
cities

correlation was found between the RSV for “social distancing”
and the number of recoveries (r=-0.643, p<0.01). Similarly,
there was a negative correlation between the RSV for "social
distancing” and the number of COVID-19 cases and deaths.
There were significant negative correlations between the
RSV for "face mask" and "hand washing” and the number of
COVID-19 cases, recoveries, and deaths.

The study provided a glimpse of people's search activity using
Google Trends data between January 1 and May 1, 2020 in
Turkey. An important observation in the study is the intensity of
web search activities on COVID-19 related terms and measures
to reduce the spread of infection in the country. The increased
internet search queries indicated that more people proactively
engaged in COVID-19 and measures to reduce the spread of
infection, which may have had an effect on reducing the spread
of COVID-19 outbreak after nearly 4 weeks (from March 11 to
April 8, 2020).

In Turkey, the first COVID-19 case was announced on March
11, 2020, and the first death was recorded on March 16, 2020.
After the first case, the number of cases has rapidly increased,
exceeding 100,000, and the death rate was over 3000. Consistent
with search volumes reflecting risk perceptions, there was a
drastic increase in Google search for COVID-19 when the first
case was reported in Turkey. It can be observed that the search
terms reached a maximum level of interest during mid-March as
the case numbers significantly increased in close countries such
as Iran and Italy. During the COVID-19 pandemic, the experience
of these countries had caused worry and anxiety among people
in Turkey. According to a study by Strzelecki?¥, the worldwide
search trends are significantly, positively, and strongly correlated
with the trends in China, Italy, South Korea, and Iran.

The duration of public attention for COVID-19 was 28 days in
Turkey. Hu et al.l'® revealed that this duration was 27, 23, 22,
13, and 11 days in the United States, United Kingdom, Australia,
Canada, and New Zealand, respectively. The Center for Diseases
Control and Prevention and the federal and local health
departments have played an important role in increasing public
attention in the United States by applying robust methods to
prevent the spread of diseases and to increase public awareness
associated with public health. It can be interpreted that increase
in public attention in those aforementioned countries occurred
immediately after the announcement of the first confirmed
cases.

It is observed that web searches on “face mask" were almost
similar before the first recorded COVID-19 case in Turkey
and its aftermath. The significant increase in searches for
“face mask" revealed the general population's worry toward
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COVID-19 and general anxiety toward sufficient face mask
supply. The increased search for "face mask” might indicate
the increased number of people wearing face masks, but it
might also result from the short supply or increase in face
mask demand in the country. According to Lin et al.?®, “the
increased Google search for ‘wash hand’ would simply indicate
people engaged more in hand hygiene” On the other hand,
our findings show that the least searched web query was
"handwashing” during the research period. However, before
putting on a face mask?® and after touching the outer mask
surface®, it is suggested that hands should be washed with
soap and water for at least 20 s. The awareness of handwashing
is still the most useful infection control measure during the
COVID-19 pandemic®. Lin et al.?® found that the increased
Google searches for "handwashing” correlated with a lower
spread rate of COVID-19. This study highlights the importance
of public awareness of handwashing to prevent the spread of
COVID-19.

Another important observation in our study is that the public's
interest in social distancing takes longer than other measures to
reduce the spread of COVID-19. Social distancing means keeping
a safe distance of around 6 feet from others, avoiding contact
with people, and staying at home®®?%?%, Since a comprehensive
curfew was implemented in Turkey, it is unsurprising to see the
popularity of this topic.

Results suggest that despite the increasing case numbers in the
country, public interest in COVID-19 did not increase that much.
There was a strong negative correlation between the Google
search volumes and number of COVID-19 cases in Turkey, which
means that people care enough for COVID-19.

Thisstudy suggests that interestin COVID-19 for either education
or protection can have an impact on the awareness of the public
and the spread of the virus. As the awareness level increases, it is
expected that precautionary behaviors will be more common®?.
In other words, the behavior of an individual who is faced with
a threat is an emotional response to escape from that threat. On
the other hand, if the worry that is caused by the fear of getting
infected is not controlled, panic may prolong the pandemic. The
worry over a threat creates an environment where individuals
immediately react to the stimuli®". In this context, circulating
myths and gossips have the potential of “emotional contagion”
during the pandemic.

Another factor reflecting the risk perception of COVID-19 is
trust. According to the trust and confidence model, the existence
of a threat that affects people's decisions about the risks and
related benefits may impact the adoption of the recommended
measures to reduce the spread of COVID-19. Therefore,
confidence in authorities will help countries effectively manage
public communication and handle crisis during the pandemic

period. Itis a key for authorities to provide accurate information
to the public about the pandemic to prevent panic and increase
awareness level®'3%,

As is evident by the findings of this study, there are limitations
to the use of Google Trends analysis. First, this method requires
individuals to have access to the Internet and to be actively
engaged in searching. This study, therefore, does not represent
the total population of Turkey. Second, sociodemographic
factors such as age and sex were excluded from the analysis
because it was impossible to recognize the people who did
the web search. Third, the selection of user input of query
keywords plays a crucial role in ensuring the validity of the
results. Although several keywords or keyword combinations
were chosen, there is a risk that several other keywords related
to COVID-19 might be dismissed.

There are no previous studies on the public's risk perception of
COVID-19 particularly quantitative studies that try to measure
risk perception through web searches of internet users. Thus,
this study attempts to fill this gap on people's perception of
COVID-19. As the risk of infection in a pandemic is determined
by both the individual's behavior and the object being interacted
with, understanding how information-seeking behaviors and
risk perceptions is critical for public health outcomes.

As countries struggle to flatten the pandemic curve and
lessen deaths and prolonged restrictions, understanding how
individuals react to this situation becomes of more importance
to the ultimate resolution of the current crisis. The limited
availability of most health data, especially the large timeframe
needed for data collection and analysis on disease occurrence,
means researchers cannot access real-time data. However, this is
extremely important for health assessment. In this context, data
from several online sources are being widely used to monitor
outbreaks and their occurrence®?,

Results show that the population in Turkey has a high awareness
level about the pandemic. On the other hand, low mortality rates
reduce interest in measures to reduce the spread of COVID-19. It
is stated that major coronavirus outbreaks frequently occur in
waves, and the first wave may be accompanied by a misleading
sense of immunity in survival. Such a case “can lead to apparently
conflicting worry-behavior correlations"®". Therefore, to reduce
deaths associated with COVID-19, authorities need to make
continuous public health activities to increase public awareness
and inform communities within a system that provides adequate
and appropriate measures for protection. In this way, it will be
possible to prevent disease-related emergency demand, shorten
the community's reaction time of the disease, and reduce
potential losses.
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As a result, this study has shown that Google Trends could
be used to monitor public interest related to the pandemic.
Therefore, authorities should strengthen further the publicity of
COVID-19 nationally and inform the public.
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