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ARTICLE INFO ABSTRACT

Keywords: The study investigated seasonal variations in mating behavior by
COVID-19, analyzing the search for sex during the COVID-19 quarantine in
Google trends, Google trends. Causal impact analyses were used to examine the
life history theory, trends of Google keyword searches during the period in which the
sex, quarantine and post-quarantine period lasted in Chile, for topics
mating related to mate preferences. Results indicated a consistent

difference during the post-quarantine peaks of Google trends
related to short-term and long-term mating behaviors. Such results
complement research about the change in mating strategies from
an evolutionary approach which predicted decreased a long-term
investment during periods of uncertainty caused by the pandemic.
We discuss the implications of this method to advance the
comprehension the effects of pandemic on mating preferences.

1. Introduction

Life history theory states that all organisms, including humans, must make concessions in the
allocation of resources based on ecological conditions of resource availability (Charnov, 1993;
Roff, 2003; Stearns,1992). An evolutionary perspective predicts that these compensations
trigger different short- or long-term mating strategies in humans, allowing for increased
reproductive success in certain ecological niches (Buss, 2019). Economic recessions influence
psychology and behavior (Ermer, Cosmides, & Tooby, 2008; Hill et al., 2012a ; Hill et al.,
2012b; Van Vugt, De Cremer, & Janssen, 2008). In general, research shows that individuals
who live in harsh environments marked by scarcity of ecological resources or economic
recession have a decreased choice of a long-term mating strategy, due to the crucial role
resources play in facilitating human offspring and investing in a fast reproductive endeavors
(Chisholm, 1993; Roff, 2003; Stearns, 1992; Belsky, Schlomer & Ellis, 2012; Simpson et al,
2012). Research of previous economic recessions in which sex-specific income/capitalization
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strategies have been studied, showed that during crisis women increase their consumption of
products that enhance their attractiveness to the opposite sex ("lipstick effect") compared to
other types of products (Hill et al, 2012). This empirical evidence supports the evolutionary
prediction that women will put more effort into ensuring a financially secure partner in an
environment where long-term partners are scarce (Hill et al, 2012; Jennions & Petrie, 1997).
In addition, marriage rates have been reported to plummet while people postpone reproduction
during crises (Sobotka et al., 2011). For example, data show that in the pandemic peak of 1918
there was an immediate decline in fertility that was sustained by economic recession,
unemployment, and uncertainty (Balbo et al, 2013; Wagner et al, 2020).

Consequently, mating strategies suffer a great impact when resources are scarce. Following
this perspective, the COVID-19 pandemic is influencing these mating strategies and will have
a profound impact on divorce and birth rates (Seitz et al.,2020). The coronavirus crisis triggered
an economic recession in which budget constraints and resource consumption priorities
(quotes) change (Seitz et al.,2020). In addition, it must be taken into account that social
constraints limited by a virus, cause the distribution of resources to change strongly, so the
resource budget that previously allowed for increased time and energy for social activities
could be reduced considerably. These limitations, such as the fear of contracting the disease or
public policy restrictions, may increase the cost of a short-term strategy, but this factor will not
change the psychological motivations produced by the abrupt change in the amount of
resources and a future period of uncertainty during a crisis. This is because the characteristics
of COVID- 19 are not consistent with the presence of signs that generate negative emotions
such as disgust (Seitz et al.,2020). Even if this was the case, Hatz and colleagues (2020) have
studied sexual decisions with sexually transmitted diseases (ETS) and found that young people
make rational decisions that minimize the possibility of infection and maximize physical
attractiveness, and that these decisions are rational.

For this reason, we expected that people will prioritize short-term decisions related to sexuality
over long-term relationships, which will recover when people may go out without restrictions
again. To test this hypothesis, we first evaluated self-reporting of the words commonly used
for short-and long-term motivations in online searches, and then assessed how these words
change in periods of quarantine and post quarantine looking at Google keyword searching
trends. In general, Google trends are useful for understanding certain behaviors that change
over a period of time and predict different searching activities. This research includes
political (Jun et al, 2016; Mavragani et al, 2016), disease tracking (Ginsberg et al., 2009;
Nindrea et al, 2020; Yang, Huang, Peng, and Tsai, 2010), and seasonal preferences, where
people often use the Internet as a means for finding potential partners and even to obtain sexual
gratification (e.g., to find pornography, engage in prostitution, obtain romantic partners, etc.;
Markey and Markey, 2013).

2. Materials and Methods

2.1. Participants

2.1.1. Sociodemographic Information

Participants answered sociodemographic questions including sex, age, relationship status,
socioeconomic level, and sexual orientation, time you have been with your partner, number of
relationships they have had in their lives and number of children.
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2.1.2. Self-Reports

A total of 285 subjects participated in the study. All the participants resided in Chile. The mean
age of participants was 26.274 (SD = 12.597) years. 23 were in a causal relationship 94
committed and 116 were singles. Everyone answered this question in their version for a
committed relationship and for a causal relationship:

“Imagine an alien, who has never visited Earth, comes to your house and asks you how
could you search for a committed relationship/causal relationship on Google? Write just
one word that will present you with good search results.”

2.1.3. Google Trends

Participants for this study were any individuals residing in Chile who entered select keywords
into the Google trends engine between January 2018 and November 2020.

2.2. Measurement of Google Trends for a Causal Impact Analysis

Causal impact analysis estimates the impact of an intervention on an objective time series,
using untreated control series to construct a counterfactual condition, and to estimate the causal
effect as the difference between observed values after intervention and control values
(Brodersen et al., 2015). Specifically, the model allows the choice between candidate
keywords, which are selected without reference to external characteristics and purely on the
basis of how well they explain short- and long-term behavioral preferences before the
quarantine and post-quarantine periods. Furthermore, the model was based on the Bayesian
structural time series, adopting synthetic controls of words that do not participate in the
incidence of time variations.

2.2.1. Short-Term and Long-Term Behavior Keywords

The results of the self-report show that 8.9% of the subject’s associate love with a committed
relationship and 15.1% relate the word sex to a causal relationship. The other percentages
belong to words that do not match and empty spaces. Consequently, we analyze these two
words in Google trends. Long term preferences refer to love and short term for sex respectively.
It is worth mentioning that the word Tinder was repeated in both questions 20% and 47.1%
respectively (The percentages were calculated with validly answered responses). These words
were used in the causal impact analysis for evaluated to assess their change in the quarantine
and post-quarantine periods.

2.2.2. Control Keywords

We follow the strategy of to Brodersen (2015) for construct a counterfactual based on available
information. specifically, we use time series of words that do not reflect changes in the
interventions we want to study, so we generate a set of candidate predictor variables with a
keyword category. In general, we tried to choose word sets that have both self-reporting
preferences such as “tinder” and word sets that do not have clear seasonal incidence (e.g.,

nn n"nn

"wild", "specimen", "grade", "recording", “air”,” hacker”).

2.3. Causal Impact Analysis

We conducted three exploratory studies to evaluate the period of the quarantine on the search
for the words sex and love in Google trends. In the first study we evaluated the effect of
quarantine, and on the other two studies the effect of post quarantine periods. In general, we
used data based on web searches, provided by Google Trends (s.f.) The words we searched for
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were the reported choices by Chileans as short-term preferences for sex and long-term
preferences for love. The treatment variable consisted of observations of the word sex and love
in Google trends for the weeks from January 2018 to November 2020. The quarantine in Chile
became effective on April 5 and the post-quarantine period became effective with the Chilean
government's “step-by-step” plan, where there was a quarantine release and fewer restrictions
to move around the country, on September 13" (Chilean information and restrictions due to
COVID-19, s.f.). The causal impact model allows for choosing among candidate controls,
which are selected without reference to external characteristics and based purely in terms of
how well they explain the behavior of sex and love preferences prior to quarantine and post-
quarantine periods. The model employs a synthetic control that is based on a combination of
dates prior to the intervention, while an independent time series was also used with the word
tinder, since the subjects in their self-report said that it represented both preferences. In
addition, we compared these to the words that shouldn’t be affected by the intervention as a
control. In general, the model builds on the synthetic controls (control keywords, see 2.2.2) we
used for the first two studies. For the third study we wanted to add a variable to the synthetic
control that was correlated with our variables in study, such as it is the word tinder (love and
sex with the word tinder present a Pearson correlation coefficient of 0.47 and 0.46,
respectively)

We carried out tree causal impact analyses to estimate the influence of the quarantine and post-
quarantine periods caused by covid-19, on the aggregate number of Google trends for sex and
love in our area of interest. In our case, we consider two interventions for the analysis,
respectively:

The week corresponding to April 5, 2020 is taken as the starting date for quarantine.

The week corresponding to September 13, 2020 is established as the change of phase or
post-quarantine

The analysis of the causal impact was done with the statistical package "Causallmpact". The
reproducible software codes. This package using a structural time-series models to estimate
forecast without intervention and then it repeatedly generated data, as described above, under
different true effect sizes. We then computed the posterior predictive distribution over the
counterfactuals and recorded whether or not we would have concluded a causal effect, or in the
other words, posterior probabilities of causal effect.

2.3.1. Quarantine Causal Impact Analysis

For visualizing the effect of the quarantine, we used the Google trends for sex and love from
January 2018 to the week before the beginning of the quarantine April 5, 2020 as a control
condition. The Google trends for sex and love did not decrease over time from January 2018
to April 2020, but only showed predictable seasonal patterns. Therefore, we estimated the
causal impact of the quarantines (beginning as of April 5th) by comparing the counterfactual
values represented by the Google trends of the control.

2.3.2. Post-Quarantine Causal Impact Analysis

For estimating the effect of the post-quarantine period, we used the Google trends for sex and
love from April 5, 2020 to the week before the start of the "phase change" or end of strict
quarantine on September 13, 2020 as a control. The Google trends decreased over time from
April 2020 to September 2020 (quarantine time). Therefore, we estimated the causal impact of
the post-quarantine period (from September 13, 2020), comparing the counterfactual values
represented by the Google trends of the control.
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2.3.3. Post-Quarantine Causal Impact Analysis with Tinder

To see the effect of the post-quarantine period, we use Google trends for sex and love from
April 5, 2020 to the week before the beginning of the "phase change" or the end of the strict
quarantine on September 13, 2020 as a control. In addition, we added a time series of the word
"tinder" as a control to the model. Google's trends decreased over time from April 2020 to
September 2020 (quarantine time). Therefore, we estimated the causal impact of the post-
quarantine period (from September 13, 2020) by comparing the counterfactual values
represented by the quarantine Google trends.

3. Results

We found that the quarantine led to a reduction of the trend for the word love and sex in Google.
Comparing the period after quarantine (April 2020) with the period before quarantine, the
estimated reduction in searches for the word love are maintained in post-quarantine periods
(during the confinement), and the word sex has an increase in searches, compared with the
period after quarantine (September 2020). In relative terms, response values showed a decrease
of the words love and sex in Google searches of 11% and 19% respectively in quarantine
periods (Figure 1). In the case of post quarantine periods there was a difference in searches for
love and sex. Specifically, love follows the trend present in quarantine with no significant
changes (p = 0.225) in the post- quarantine causal analysis. In contrast, sex shows an increase
in Google searches from the quarantine period to the post-quarantine period of 8.8% (p =
0.005). The 95% confidence interval of this percentage was [2%, 15%], which means that the
increased effect observed during the post-quarantine period was statistically significant and it
is unlikely to be due to random fluctuations. To corroborate this outcome, we conducted the
third causal analysis study with the post-quarantine period by adding a counterfactual series
with the word tinder. The results show the same positive effect exclusive of sex with a relative
effect increase of 11% (see Table 1, column 3 “Post-quarantine tinder).
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prediction. The vertical dotted line denotes the quarantine initiation, after which, the actual behavior (solid line)

The shaded region surrounding the dotted trend line represents the confidence interval for counterfactual
clearly moves outside the confidence interval.

Figure 1: Causal impact analysis for the google trends for love (Fig 1a) and sex (Fig 1b) in quarantine

Source: Authors with Causal Impact R Package
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Table 1.
Causal impact results
Quarantine Post-quarantine Post-quarantine tinder
Google Average Cumulative Average Cumulative  Average Cumulative
trends
Love Actual 41 1274 40 319 40 319
Prediction 46 (1.2) 1434 (38.1) 41 (1.8) 330 (14.6) 41 (1.9) 324 (15.2)
(SD)
95% CI [44, 49] [1360, 1507] [38, 45] [301, 359] [37, 44] [294, 354]
Absolute -5.2(1.2) -160.1 (38.1) -1.4(1.8) -11 (14.6) -0.66 (1.9) -5.26 (15.2)
effect (SD)
95% CI [-7.5,-2.8] [-232.5, - [-5,2.2] [-40, 17.8] [-4.9,1.8] [-34.8, 24.7]
85.9]
Relative -11% (2.7%) -11% (2.7%) -3.3% (4.4%) -3.3% (4.4%) -1.6% (4.7%) -1.6% (4.7%)
effect (SD)
95%CI [-16%, -6%] [-16%, -6%] [-12%, 5.4%] [-12%, 5.4%] [-11%, 7.6%] [-11%, 7.6%]
Posterior 0.0002 0.22446 0.37106
tail-area
probability
Posterior 99.97982% 78% 63%
prob. of a
causal
effect
Sex Actual 63 1996 68 541 68 541
Prediction 78 (1) 2427 (33) 62 (2.1) 497 (17) 61(2.2) 488 (17.7)
(SD)
95% CI [77, 81] [2364, 2492] [58, 66] [464, 531] [57, 65] [453,522]
Absolute -15(1) -461 (33) 55@2.1) 43.7(17.0) 6.6 (2.2) 53.0 (17.7)
effect (SD)
95% CI [-17,-13] [-526,-398] [1.7,11] [9.8, 77] [2.4, 11] [18.9,88]
Relative -19% (1.3%) -19% (1.3%) 8.8% (3.4%) 8.8% (3.4%) 11% (3.6%) 11% (3.6%)
effect (SD)
95%CI [-22%, -16%)] [-22%, -16%] [2%, 15%] [2%, 15%)] [3.9%, 18%)] [3.9%, 18%)]
Posterior 0.0001 0.00552 0.0012
tail-area
probability
Posterior 99.98998% 99.44797% 99.87983%
prob. of a
causal
effect

The "Average" column represents the average value of the Google trends after quarantine, post-quarantine,
respectively. The "Absolute Effect” is determined as the difference between the predicted and actual value. The
third column represents the value of the google trends after post-quarantine by adding tinder as a control series.

In general, we can say that the mating preferences assessed with the Google trends words
changed during quarantine and post-quarantine periods. Our causal impact analysis reveals that
in a quarantine period there is a negative impact on the metrics we collected, and that this
impact is not maintained for sex in the post-quarantine period. To better illustrate these results,
we can see that the word sex has a significant increase compared to the search for the word
love in post-quarantine periods, even when adding a counterfactual search directly related to
these two words such as tinder (Figure 2). The post-quarantine period, when mobility
restrictions were dropped in the country, had a differential impact on Google search preferences
for the word sex and love, and these preferences coincided with what people in Chile related
to short- or long-term preferences. Consequently, the results of this study bring us closer to
indirectly measuring the change in short and long-term preferences in a novel way.

These results offer a measured view of the consequences that the Covid-19 crisis may have on
people's mating preferences and the impact it may have in the future. In the case of the analysis
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of post-quarantine results, our current causal analysis cannot account for the possible
subsequent impacts on birth rates and marriages, but it can be said that such interventions could
plausibly contribute to the causal impact of the change in people's preferences that is not
random.
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Figure 2: Causal impact analysis for the Google trends for love (Fig 1a and Fig 1b) and sex (Fig lc
and Fig 1d) in post-quarantine

Fig 1b and Fig. 1d represents the same post-quarantine analysis, but adding tinder as a control series. The shaded
region surrounding the dotted trend line represents the confidence interval for counterfactual prediction. The
vertical dotted line denotes the post-quarantine initiation, after which, the actual behaviour (solid line) clearly sex
moves differently to the counterfactual.

Source: Authors Causal Impact Analysis in R Package.

4. Discussion

This report analyzes the impact of quarantine and post-quarantine during the last months of
2020 on the search for the words love and sex. The results obtained for the quarantine coincide
with the literature suggesting a decrease on the search for sex in periods of confinement
(Lehmiller et al., 2020, Li et al., 2020). The findings obtained for the post-quarantine period
indicate that, according to the existing literature on the effects of economic instability and
future uncertainty, this lead to short-term mating strategies, where casual sex could be an
evolutionarily stable preference for achieving reproductive success in this type of environment.
Undoubtedly, the social distance and stay-at-home orders stemming from the COVID-19
pandemic are affecting people's sex lives and choice for long-term relationships. It is
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challenging to assess whether these changes will have a future impact on marriages, divorces,
and births. This impact may be relevant to public policy measures related to sexuality
precautions if sex is an increasing preference after quarantine. Our analysis of causal impact
only tells us that there is evidence that the post-quarantine period has had a differential impact
on the measures we collect. Nonetheless, it is not possible to identify unsearched external
properties, which may also have played a role in causing the observed impact, such as marriage
rates, birth rates, or other restrictive policies that may provide little motivation to search for
these words. For this reason, this study is an initial step into analyzing what will happen after
the pandemic with data from dating applications, rates of sexually transmitted infections, and
self-reports, among others, to understand changes in mating behaviors when there are
quarantine and post-quarantine periods.

In general, we can say that the mating preferences assessed with the Google trends words
changed during quarantine and post-quarantine periods. Our causal impact analysis reveals that
in a quarantine period there is a negative impact on the metrics we collected (love: p-value =
0.0002, sex: p-value = 0.0001), and that this impact is not maintained for sex in the post-
quarantine period (increase 5.5 points with p-value = 0.00552). To better illustrate these results,
we can see that the word sex has a significant increase compared to the search for the word
love in post-quarantine periods and it is even more, when adding a counterfactual search
directly related to these two words such as tinder (increase 6.6 points with p-value = 0.00552)
(Figure 2). The post-quarantine period, when mobility restrictions were dropped in the country,
had a differential impact on Google search preferences for the word sex and love (in post-
quarentine, love did not have a significant icrease with p-value = 0.22446), and these
preferences coincided with what people in Chile related to short- or long-term preferences.
Consequently, the results of this study bring us closer to indirectly measuring the change in
short and long-term preferences in a novel way.

These results offer a measured view of the consequences that the Covid-19 crisis may have on
people's mating preferences and the impact it may have in the future. In the case of the analysis
of post-quarantine results, our current causal analysis cannot account for the possible
subsequent impacts on birth rates and marriages, but it can be said that such interventions could
plausibly contribute to the causal impact of the change in people's preferences that is not
random.

Likewise, the present research has several limitations. Causal impact analysis builds synthetic
controls and is recommended to add a series of controls that are related to the variables to be
studied (Brodersen et al., 2015). As controls, we used the word "tinder". This choice was based
on two arguments: (i) The word tinder is related to the two mating preferences found in the
initial self-reports (relating to casual sex as well as love, respectively) (i1) the word tinder has
positive correlations found with both, the word sex and love, which led to conclude that tinder
was a good control. This assumption may be controversial. It is more plausible for many people
to relate sex with tinder, more so than to relate love with tinder. Consequently, the word tinder
does not represent both words equally. For this reason, we believe that in the future we should
take more controls related to both words to further analyze causal impact.

In addition, we know that the words we selected may represent more than one preference for
people. In the case of the word sex, one might think that this represents preferences for
pornography, sex toys, and erotic publications searches, but this type of searched increased in
the quarantine period and users of pornography and sex toys tend to search for specific sites in
Google (Smothers, 2020; Pornhub Insights, 2020, s.f. ; Zanttoni, 2020 ; Zane, 2020). For this
reason, our study corroborates that the word sex does not represent a preference for
pornography and sex toys, since it diminishes during the quarantine. But if we believe that the
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word sex is a good representation approach to a certain preference for human mating it could
explain why it increases post -quarantine.The motivations for post-quarantine sex searches can
be discussed and cannot be justified by a broad theoretical generalization of these findings, as
self-reporting may not be representative of actual behavior, but they are an important and novel
contribution to the literature and to our collective understanding of the influence of the COVID-
19 pandemic on human mating. Conversely, there may be more than one preference for these
words in the searches for love and sex, but their search is not random and may represent
different mating strategies for the Chilean population. For this reason, it is recommended to
replicate this study in cross-culturally to see if there is variance in language and Google
searches related to different preferences.

On the other hand, disgust and fear are helpful and motivate us to avoid people who show clear
signs of illness, such as blood, pale skin, lesions, yellow eyes or runny nose (Tybur et al., 2013;
Lieberman et al., 2018). But with COVID-19 infections, this is not what most people see, as
there is a percentage of asymptomatic people (Furukawa et al., 2020; Seitz et al.,2020). In this
context, the prediction of the behavioral immune system theory (Schaller et al, 2011;
Makhanova et al, 2020) could not affect the shift towards a short-term matching interest, since
without valid indications of infection, the function of preventing contact, or the repugnance,
remains inactive. Therefore, disgust may be important, but less powerful than empathy in
achieving social distancing in the case of this virus (Pfattheicher et al., 2020).

To our knowledge, this is the first study to apply this promising new Bayesian modeling
approach to estimate the effects of partial and total confinement on mating preferences. Our
conclusions are clear: partial bans (post-quarantine) increase sex searches in Google trends.
However, we know that this is an indirect measure of short-term mating preferences, as this
study must be complemented by experimental evidence to measure short-term preferences in
periods of pandemic caused by COVID-19.
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