
  

Wood et al Sexual Cycles                                                                                                     Supplementary Materials 

 

Title:  Human Sexual Cycles are Driven by Culture and Match Collective Moods 

Authors:   Ian B. Wood1, Pedro Leal Varela2, Johan Bollen1,3, Luis M. Rocha1,2*, and Joana Gonçalves-

SáÀ2 

Affiliations:  
1 School of Informatics & Computing, Indiana University, Bloomington, IN, USA. 
2 Instituto Gulbenkian de Ciência, Oeiras, Portugal. 
3Wageningen University, The Netherlands.  

Correspondence to: À mjsa@igc.gulbenkian.pt and *rocha@indiana.edu  

 

  

mailto:mjsa@igc.gulbenkian.pt
mailto:*rocha@indiana.edu


Wood et al Sexual Cycles                                                                                                     Supplementary Materials 
 

Page 2 of 67 

 

Supplementary Materials 

 

Supplementary Methods 
S1. Notes on ñmisclassificationsò for Country Classification from sex-searches  

S2. Mean Sentiment Correlations with Sex-Search Volume 

S3. Singular Value Decomposition 

S4. Data Reconstruction 

S5. Eigenmood Selection and Characterization 

S6. Eigenmood correlations to Sex-search volume in target Holidays  

 

Supplementary Figures 
Fig. S1. GT query [sex] results for the USA. 

Fig. S2. GT query [sex] results for France. 

Fig. S3. Monthly birth data shifted by nine months and weekly averaged Google Trends results for ñsex-

searchesò 

Fig. S4. Averaged sex-searches 

Fig. S5. Averaged holiday-centered results 

Fig. S6. Monthly birth data for Turkey and Egypt 

Fig. S7. Monthly birth data for Russian and Serbian Orthodox Countries, and South Korea 

Fig. S8. Total number of weekly geolocated tweets matching ANEW for countries selected for 

Eigenmood analysis. 

Fig. S9. Reconstructed valence heatmaps for multiple countries, centered on cultural holidays. 

Fig. S10. ANEW component response to Christmas by country. 

Fig. S11. ANEW component response to Eid-al-Fitr by country. 

Fig. S12. Linguistic Variable value membership functions over 25 bins. 

Fig. S13. Linguistic Variable Response to relevant holidays selected for each country. 

Fig. S14. Average year reconstructed heatmaps. 

Fig. S15. Eigenmood projections and regressions. 

 

Supplementary Tables 
Table S1. Searches for ñsexò in select countries. 

Table S2. Countries analyzed and categorized according to religion and geographical location 

(hemisphere). 

Table S3. Correlation Table for the averaged time series of all countries grouped either by hemisphere 

(Northern or Southern) or by religion (Muslim or Christian). 

Table S4. The three major Muslim holidays, in regard to the Gregorian calendar, for the period under 

analysis. 

Table S5. Starting day of the ñChristian Calendarò, starting day of the weeks that included December 25th 

ï Christmas (always on week 26), the last week of each centered year and the discarded exception weeks 

after centering. 

Table S6. Weeks that included Eid-al-Fitr and the discarded exception weeks after centering. 

Table S7. Z-scores on the corresponding centered week for all countries in the dataset, calculated from the 

each countryôs average for each week, as detailed in the Methods. 

Table S8. Correlation between the Z-scoresô time series for all countries in the data set. 

Table S9. Monthly birth data available for countries. 

Table S10. Multiple linear regression statistics with all three ANEW dimensions. 

Table S11. Linear regression statistics for individual ANEW dimensions. 

Table S12. Ordinary least squares linear regression statistics for sex-searches v.s. proximity in eigenmood 

to Christmas. 

Table S13. List of words and expressions removed from the Twitter/ANEW analysis. 

  



Wood et al Sexual Cycles                                                                                                     Supplementary Materials 
 

Page 3 of 67 

 

Supplementary Methods 
 

S1. Notes on ñmisclassificationsò for Country Classification from sex-searches  

Some of the countries identified as Christian celebrate the nativity according to Julian calendar, with 

Christmas falling on January 7th or January 14th of the Gregorian calendar. Such is the case of the Christian 

countries: Belarus, Bosnia and Herzegovina, Georgia, Macedonia, Moldova, Montenegro, Serbia, Slovenia, 

Russia and Ukraine. Neither of these countries has a national holiday on December 25th nor shows an increase in 

sex-searches around December 25th. Had these countries been labeled as ñOtherò, the percentage of countries 

identified as Christian for which we see a significant increase (z-score>1) in sex-searches would have been of 

91%. In addition to not celebrating the Christmas on December 25th, some of these countries also have a sizeable 

percentage of population that self-identifies as Muslim. Such is the case of Montenegro (29%), Macedonia (39%) 

and Bosnia and Herzegovina (45%). 

From the 30 Muslim countries, Pakistan was classified as Christian and 6 other countries didnôt make the 

threshold. Pakistan is highly related to Christmas, probably due to the fact that there is a public holiday on 25th 

December, which coincidentally celebrates the birthday of Muhammad Ali Jinnah, founder of Pakistan. The other 

six countries also correspond to the ones for which the quality of the sex-search data was the poorest. 

Keeping in mind that we were looking for countries that culturally relate to a Christian or Muslim 

religious background, all countries that didnôt make the threshold to be labelled as either are classified as Other. 

Unsurprisingly, there are many countries who are originally labelled as Other and end up classified as either 

Christian or Muslim. European countries, such as the Czech Republic, Estonia and the Netherlands, whose 

majority does not identify as religious are classified as Christian, most likely due to the fact that these populations 

celebrate the holiday as well, even if secularly. 

 

S2. Mean Sentiment Correlations with Sex-Search Volume 

As shown in Supplementary Table S9A, there is a highly significant, moderate fit (R2 > 0.1) across all 

countries, demonstrating a significant correlation between volume of sex-searches and mean sentiment as 

measured by the three ANEW dimensions.  The coefficient of determination is generally stronger for Christian 

countries than Muslim Countries. Similarly to the GT data, the multiple linear regression models can be improved 

by averaging sentiment and sex-search volume across years using the 52-week Christmas centered calendar for 

the USA, Australia, Brazil, Argentina, and Chile, , and the 50-week Eid-al-Fitr centered calendar for Indonesia 

and Turkey. This smooths out extraordinary events that are picked up by sentiment analysis. The results of this 

centered-data regression are presented in Supplementary Table S9B. The fit is highly significant for all countries, 

and improves for all countries, (R2 > 0.26). In every case, valence is yields a positive coefficient, while 

dominance a negative coefficient; so the happier but less dominant the sentiment expressed by a country, the more 

sex-searches tend to increase. As far as significance is concerned, t-tests reveal that the valence dimension is most 

often significant, followed by dominance, with arousal the least likely to be a significant factor. 

Interestingly, as shown in Supplementary Table S10, when we computed the ordinary least squares 

estimate of a standard linear regression on each ANEW dimension independently, we obtained very poor (but 

significant) goodness of fit, as measured by R2. Therefore, the mean value of each ANEW dimension on its own is 

a poor predictor of sex-search volume in all countries (with few exceptions such as Arousal in Brazil). We can 

thus say that mean sentiment correlates with sex-search volume (Supplementary Table S9) but the timeseries of 

mean weekly values of each ANEW dimension do not yield a nuanced characterization of sentiment correlated 

with interest in sex. 

 

S3. Singular Value Decomposition 

Singular value decomposition (SVD) is a method by which a matrix can be linearly decomposed into 

ordered orthonormal components, each explaining as much of the linear variation as possible, after the 
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components that came before it.  The SVD of any m × n matrix M of real or complex numbers can represented as 

follows in Equation 2: 

M=USVT 

Where U is an m× n matrix with orthonormal columns, V is an n× n matrix with orthonormal columns, and S is an 

n× n diagonal matrix. The columns of U and V are referred to as the left and right singular vectors of M 

respectively. These singular vectors are eigenvectors of the matrices MMT and MTM respectively. The diagonal 

entries of S, called the singular values of M, are the square roots of the eigenvalues of the matrices MMT and 

MTM. By convention, the singular values are ordered from greatest to least. The columns of U form a basis for the 

column space of M and the columns of V form a basis for the row space of M. The right singular vectors are also 

known in principal component analysis (PCA) as the loadings of the original variables (bins) onto the new 

coordinate system. The relative variance explained by each component can then be calculated for each component 

k as ÓȾВ Ó  where ί is the kth diagonal component of S. It is important to note that matrices can be 

reconstructed with a lower rank by setting elements of S to zero. Typically only the top l singular values are kept 

in order to reduce noise and create the closest rank-l approximation of the original matrix19. 

 

S4. Data Reconstruction 

It can be clearly seen from the data reconstruction averages in Extended Data Fig. 8 and Supplementary 

Fig. S6, that the distribution of sentiment shifts towards higher bins during holidays, represented by redder high 

bins and greener low bins on holidays. Christmas stands out in the USA (US), Australia (AU), and Brazil (BR). 

Eid-al-Fitr stands out in both Turkey (TR) and Indonesia (ID), and in Turkey the beginning of Ramadan is 

emphasized a few weeks before. The centering performed only looks at weeks within the surrounding cultural 

year, such that Christmas is week 26 of a 52 week year (starting with a first week 1), while Eid-al-Fitr is week 25 

of a 50 week year. Other weeks are averaged in this range according to their displacement from the holiday week 

(e.g., a week two weeks before the Christmas week in 2012 is averaged with weeks two weeks before Christmas 

in all other years). This obscures the emphasis on holidays using another calendar, such that Indonesia also has a 

strong signal on Christmas, but these signals are averaged over multiple weeks when the calendars are misaligned. 

The heatmaps for all countries centered on all holidays are included in Supplementary Fig. S6. 

 

S5. Eigenmood Selection and Characterization 

The mean value of a holidayôs projection on various components for different countries are shown in 

Supplementary Figures S2 and S3 for Christmas and Eid-al-Fitr respectively, with the two components selected 

for each country highlighted in red. As described, since the first component corresponds to the basic distribution 

of sentiment in the language and overwhelms projections because of how much it explains, and the last few 

components are mostly noise, we only look at the components explaining 95% of the variance after the removal of 

the first. The second component usually describes a variation over the whole time series of out data, thus it tends 

to have a large standard deviation. 

To better understand how the selected components describe the mood, we define an interpretable 

linguistic variable29. The linguistic variable can take five fuzzy values, òlowò, òmedium-lowò, òmediumò, 

òmedium-highò, and òhighò with membership functions defined over the 25 bins of the original twitter sentiment 

distribution. These membership functions are shown in Supplementary Fig. S4 and were chosen such that each 

original binôs membership in all values sums to one, and the area under each membership function is the same. 

The response of the linguistic variable to the holiday in each selected eigenmood is shown in 

Supplementary Figure S5 for the selected relevant holiday for each country. These responses were calculated by 

reconstructing the distribution bins with only the eigenmood selected for the country and holiday, multiplying the 

reconstructed bin value by its memberships, and summing over all bins for each linguistic value. These responses 

can be interpreted as the change from the languageôs base sentiment distribution on the holiday contributed by the 

selected eigenmood. The response characterized by the Christmas eigenmood in the USA is an increase in 
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medium-high happiness, with decreases in other levels of happiness, low and medium happiness in particular. 

How mood changes on a major holiday varies between countries but generally we see that the selected eigenmood 

describes increases medium-high or high valence on the holidays, with decreases in low, medium-low, and 

medium valence, as well as lower or more moderate dominance and arousal. The behavior of the dominance 

mood dimension in the week of Eid-al-Fitr in Indonesia highlights the importance of the more nuanced mood 

measurement that eigenmoods afford. While the ANEW mean value measurement above suggested a dominance 

decrease towards a less ñin-controlò mood, what we have at Eid-al-Fitr is a shift away from the extremes to a 

collective mood state that is neither very ñin-controlò nor very ñcontrolledò ï coherent with a happier and calmer 

mood scenario typically found in these holidays for all countries. In other words, during most weeks of the year, 

there is increased bimodal dominance activity in higher and lower bins (simultaneously high ñin-controlò and 

ñcontrolledò, respectively), but in the week of Eid-al-Fitr, the dominance mood converges to a mid-level 

dominance (Figure 4 column A, row 3, dominance panel). 

 

S6. Eigenmood correlations to Sex-search volume in target Holidays  

As a measure of mood similarity between weeks in a space defined by a selected eigenmood, we use the 

dot product between their coordinates in this space20. This measure increases between weeks with similar 

(positive or negative) projections onto the eigenweeks forming the space, becomes negative with opposite 

projections, and decreases in magnitude with weeks that are not correlated with the eigenweeks and are thus 

projected near the origin. Due to the properties, it is important to select an eigenmood that strongly corresponds to 

a week or weeks of interest, by containing high-magnitude values in the corresponding eigenbins. The similarity 

can then be expressed as w · c where w and c are weeks projected into the eigenmood, which is equivalently the 

vector of corresponding weighted eigenbin values. In comparison between weeks and a holiday averaged over 

years, these vectors are the element-wise averages of the weekôs projection coordinates over the years. We report 

results with these averages, but these results are robust to yearly, non-averaged data, as well as different selection 

criteria for the eigenmoods (for example, allowing a greater number of components). The projection spaces for 

each eigenmood are shown in Supplementary Fig. S7. 

In general, weeks close in proximity in time will be more similar in eigenmood, but certain weeks, often 

other holidays, more distant in time can have a high similarity in eigenmood to the selected holiday. In the USA, 

for example, the weeks closest in eigenmood to Christmas are, in order, the week of New Yearôs Day, the other 

weeks of December, and the weeks following July 4th, Fatherôs Day, and Memorial Day.  National Day in Chile 

is similar in eigenmood and sex searches to Chileôs Christmas. New Yearôs Day and Christmas in Indonesia are 

similar to Eid-al-Fitrôs eigenmood and high sex searches. In Turkey, weeks in late June, early July, and the week 

following Eid-al-Fitr are the most similar in terms of eigenmood and sex search volume to Eid-al-Fitr. 

To investigate the relationship between a weekôs similarity in eigenmood to a holiday and the number of 

sex searches, we perform an ordinary least squares regression between sex searches as the dependent variable, and 

similarity as the independent variable.  Displayed in Figure 4 and reported in Extended Data Table 2 are the 

results of this regression as well as Brownian distance correlation statistics, a nonlinear measure of correlation30. 

The plots of all linear regressions are included in Supplementary Fig. S7. 

There is a fairly strong correspondence (R2 Ó .380) between similarity in eigenmood to Christmas and sex 

searches in the C countries: the US, Brazil, Australia, Argentina, and Chile.  The southern hemisphere Christian 

countries Brazil, Argentina, and Chile also have a noticeable correlation with Eid-al-Fitr, however, the slope of 

the regression is negative, implying that the less like the mood during the winter week of Eid-al-Fitr, the more sex 

searches are conducted. 

In Muslim countries Turkey and Indonesia, we were limited by having less Twitter data and fewer tweets 

that match. However, there are significant correlations between similarity to Eid-al-Fitr and increased sex 

searches. The linear correlation is reduced compared to Christmas in Christian countries, since over time the 

weeks of Ramadan become more similar in eigenmood to Eid-al- Fitr, the festival at Ramadanôs conclusion, while 
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the cultural pressure is one of abstinence, such that these weeks have unusually low sex searches. In the case of 

Turkey in particular, the holiday of Eid-al-Adha, or the Sacrifice Feast, also has high sex searches, but is different 

in eigenmood from Eid-al-Fitr. The positive correlation between sex searches and Christmas eigenmood in 

Indonesia is likely caused by the sizable Christian population living there and effects due to summer. 

Turkey is an interesting case, since it has a very strong negative correlation between sex searches and 

similarity to Christmas although the response to Eid-al-Fitr is smaller. In part, this may be due to limitations in 

our data gathering and method application, since our ANEW is only available in English, Spanish, and 

Portuguese. However, we still have a good number of tweets from Turkey, so we look more closely at its 

eigenmood. The projection of all weeks into its eigenmoods for Christmas and Eid-al-Fitr is shown in 

Supplementary Fig. S7, which happen to be same in this case. The regressions between sex searches and the 

similarity of averaged weeks to Christmas and Eid-al-Fitr are shown in Supplementary Fig. S7. The mood 

associated with Eid is also associated with Ramadan, which emphasizes abstinence. During the weeks of 

Ramadan, there are much fewer sex searches than usual, although the weeks are not too far different in mood. In 

addition, there is a separate holiday, Eid-al-Adha, that is associated with a second peak in sex searches, but with a 

different mood. Perhaps due to Turkeyôs small Christian population and winter timing, Christmas and weeks like 

it in eigenmood have low sex searches and averaging over years decreases the effects of holiday traditions (like 

Eid-al-Fitr) due to misaligned calendars. 
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Supplementary Figures 
 

USA 

 
Fig. S1A. GT query [sex] results for the USA. The weeks containing Thanksgiving day, Christmas and the 4th of 

July are highlighted in blue, red and grey, respectively. 

 
France 

 
Fig. S1B. GT query [sex] results for France. The weeks containing Easter Sunday, July 14th and Christmas are 

highlighted in purple, grey and red, respectively. 
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USA 

Fig. S2A. GT queries for ñtheò, ñonò and ñandò, in the USA. The weeks containing Thanksgiving day, 

Christmas and the 4th of July are highlighted in blue, red and grey, respectively. 

 

France 

 

Fig. S2B. GT queries for ñleò, ñsurò and ñetò, in France. The weeks containing Easter Sunday, July 14th and 

Christmas are highlighted in purple, grey and red, respectively. 
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NH: Sex searches vs. Monthly Birth Rate 

 
 

SH: Sex searches vs. Monthly Birth Rate 

 
 
Fig. S3. Monthly birth data shifted by nine months (blue shaded area, top and right axis) and weekly 

averaged Google Trends results for ñsex-searchesò (black line, bottom and left axis) plotted for:  

A) All Western Northern countries for which both birth and GT data exist (Austria, Canada, Denmark, 

Finland, France, Germany, Italy, Lithuania, Malta, Netherlands, Poland, Portugal, Spain, Sweden and 

United States of America), also represented in Fig. 1 in the main paper. Births in September are higher 

than the yearly average in all countries but Lithuania and Sweden, with an average variation of 6%). 

 

B) All Southern countries for which both birth and GT data exist (Australia, New Zealand, Chile and 

South Africa). Births in September are higher than yearly average in all countries (average variation 

5.5%, with the difference being as high at 10% in South Africa and New Zealand.) 

 

Births were shifted nine months to match probable conception month. The red line marks Christmas 

week. 
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Sex searches by hemisphere classification 

 

 
 

Fig. S4A. Averaged sex-searches for Northern and Southern countries. R2 is 0.54 with a p-value of 

2E-41. The weeks containing Ramadan and Christmas Day are highlighted in green and red, respectively. 

 

 

Sex searches by cultural classification 
 

 
Fig. S4B. Averaged sex-searches for all Christian and Muslim countries. R2 is 0.19 with a p-value of 

3E-26. The weeks containing Ramadan and Christmas Day are highlighted in green and red, respectively. 
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Fig. S5A. Averaged Christmas-centered results for the Christian (red), Muslim (green) and Other (dark 

blue) country sets. The red vertical bar represents the Christmas week, centered on week 26. 

 
Fig. S5B. Averaged Eid-al-Fitr -centered results for the Christian (red), Muslim (green) and Other 

(dark blue) country sets. The darker green vertical bar represents the Eid-al-Fitr week, centered on week 

25. The light green area represents the remaining Ramadan weeks. 

 
 

Fig. 5C. Averaged December Solstice-centered results for the Northern Hemisphere (blue) and 

Southern Hemisphere (red) country sets. Light blue vertical bar represents the week of the December-

Solstice. 

 
 

Fig. S5D. Averaged June Solstice-centered results for the Northern Hemisphere (blue) and Southern 

Hemisphere (red) country sets. Light pink vertical bar represents the week of the June-Solstice.  
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Fig. S6A. Averaged monthly births (for all available years) for Turkey and Egypt. In some Muslim 

countries, as in these examples, birth records are artificially at their lowest in December (in the case of 

Turkey, 22% below average) and peak in January (in the case of Turkey, 202% above average) , as 

parents prefer to have their children registered in the New Year. 

 

Turkey 

 
 

Fig. S6B Normalized monthly birth data (shaded blue, top and right axis) and Google Trends results of 

ñsexò-searches (black line, left and bottom axis) for Turkey.  Births were normalized so that each yearôs 

maximum becomes 100 and shifted nine months to match with probable conception month. The red line 

represents Christmas week, which was very close to Eid-al-Ada in 2005, 2006 and 2007.  (It is obvious 

that the major registration peak happens in January of each year and itôs not matched by an increase in 

sex-searches).  
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A) Russian and Serbian Orthodox Countries 

 
 

B) South Korea

 
 

Fig. S7. Normalized monthly birth data (shaded blue, top and right axis) and Google Trends results of 

òsexò-searches (black line, right and bottom axis) for  

A) All N orthern and Christian countries for which both birth and GT data exist that Celebrate Christmas 

on January 6th (Macedonia, Moldova, Serbia, Slovenia, Russia and Ukraine).  

B) South Korea, as an example of a Northern Other country, for which both birth and GT data exists. 

 

Births were shifted nine months to match with probable conception month. Vertical lines represent 

Christmas week with red marking the week of December 25th and orange marking the week of January 

6th.  

 

  


