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Abstract

The failures of governance processes and societal values made ev-
ident during the first year of the Covid-19 pandemic have a com-
monality: the equally challenged processes for disseminating in-
formation under uncertainty. This paper demonstrates an applied 
AI-genetic algorithmic workflow to discover attractors in the at-
tention economy, with applications to policy communications.
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Descubrimiento automático de flujos de 
atención bajo incertidumbre política

Resumen

Las fallas de los procesos de gobernanza y los valores sociales que 
se hicieron evidentes durante el primer año de la pandemia de Co-
vid-19 tienen un punto en común: los procesos igualmente desafia-
dos para difundir información en condiciones de incertidumbre. 
Este artículo demuestra un flujo de trabajo algorítmico genético-IA 
aplicado para descubrir atractores en la economía de la atención, 
con aplicaciones a las comunicaciones de políticas.

Palabras clave: complejidad, flujos de atención, COVID-19, polí-
tica pública

Journal on Policy and Complex Systems • Volume 7, Number 1 • Spring 2021

doi: 10.18278/jpcs.7.1.5

mailto:v.percy@economymonitor.com


Journal on Policy and Complex Systems 

42

政策不确定性背景下注意力流的自动发现

摘要

新冠肺炎（COVID-19）大流行第一年里，治理过程和社会价
值出现的失败有一个共同点：信息传播过程在不确定性情境
下受到同等程度的挑战。本文应用一项人工智能遗传算法工
作流程，以期发现注意力经济中的吸引力因素，并将该工作
流程应用于政策传播。
关键词：复杂性，注意力流，新冠肺炎（COVID-19），公共
政策

Introduction

What have you learned one 
year into the pandemic? 
“We had a failure of gov-

ernance process, and, a failure of soci-
etal values.” It may sound like a harsh 
post-mortem, generalized with the 
benefit of hindsight, until we learn that 
those are the words of Prof. Yaneer Bar-
Yam, president of the New England 
Complex Systems Institute and leader of 
EndCoronavirus. This group published 
the first policy note on Covid-19 back 
in January 2020 and launched the ini-
tiative that has brought together 4,000 
volunteers and includes scientists, engi-
neers, medical doctors, and citizens. In 
their paper “Systemic risk of pandem-
ic via novel pathogens—Coronavirus”, 
published on January 26, 2020, Joseph 
Norman, Yaneer Bar-Yam, and Nassim 
Nicholas Taleb exercised foresight when 
they advised for what could have been 
perceived as extreme measures at the 
time “If you have uncertainty and the 
absence of evidence, it should lead you 

to more precaution” (Bar-Yam January 
26, 2020). Moreover, the experience 
of running endcoronavirus.org and its 
multiple spin-off projects has given this 
team an unusual opportunity to witness 
the gaps in decision-making in our or-
ganizations and countries—verify how 
the points got connected. 

The failures they describe are in 
no small part related to coordination 
problems—it turned out that we were 
not only over-connected in our travel 
networks, but we are also wired in our 
communication networks in ways that 
make calibration on simple facts a very 
difficult task. In the paper “Factoring 
Attention Price into Investment Deci-
sions,”  (Venegas, Krabec, and Čižinská 
2018), this author discussed the idea 
of  attention-trust trade-offs  largely in-
spired in Fukuyama’s work on trust in 
the context of the attention economy; 
Herbert A. Simon’s clever observation 
that “What information consumes is 
rather obvious: it consumes the atten-
tion of its consumers. Hence a wealth 
of information creates a poverty of 
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attention and a need to allocate that 
attention efficiently among the over-
abundance of information sources that 
might consume it.”; and Kevin Kelly’s 
famous assertion that “the money in 
this networked economy…follows the 
path of attention, and attention has its 
own circuits.” 

The motivation for this line of re-
search is to answer: how can we create 
early alert systems to discover the crit-
ical nodes in those attention circuits? 
i.e., where a network intervention could 
be performed for optimal policy reach 
or for identifying vulnerabilities to at-
tention attacks and malicious manip-
ulation of public opinion? It turns out 
that evolutionary dynamics is how com-
plexity arises (Bar-Yam 2002), so it may 
sense to use the same evolutionary pro-
cess to map the system and discover the 
drivers. In the paper, we show how to 
use symbolic regression via genetic pro-

gramming and click-stream data to in-
crease policy delivery effectiveness un- 
der uncertainty. 

Method

The Covid-19 attention economy

To understand the demand-for-infor-
mation side, we use The Global Con-
sumer Survey by Statista, which is a 
worldwide online survey among inter-
net users between 18 and 64.  (Statista 
2020)

What people wanted to know

At the beginning of the pandemic, 
a large share of the public wanted to 
know about Testing for Covid-19, which 
was the dominant topic at 50%. But the 
combined percentage of respondents 
interested in policies (for work, travel, 
school) was much larger, 76%. 

Table 1. Which of the following aspects of the COVID-19 / Corona pandemic, do you 
feel you need more information on? Source: Statista  Global Consumer Survey March 
2020, (multi-pick) Base: all respondents.
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Which were the preferred sources  
of information?
They were consuming more Covid-relat-
ed information on TV (68%) and News 

websites (51%) than in scientific sourc-
es. However, most of the information 
was accessed online, with scientific and 
medical websites accounting for 23%.

Table 2. What sources do you actively use to keep informed about the COVID-19 / Coro-
na pandemic? (multi-pick) Base: all respondents.

Web attention flows

Using clickstream data from web 
panel data providers  (Similar-
web 2021) we are able to make 

an exploratory data analysis of the be-
havior of internet users, the consumers 
of information. 

Scientific websites will rarely re-
ceive the whole share of traffic as direct 
visits (the 23% reported in Table 2); usu-
ally, they will receive visitors that begin 

the journey with a search in Google or 
other search engines (Organic Search), 
who come from other sites (Referrals), 
follow Social networks links, or arrive 
via paid advertisement.

As a case in point, when compar-
ing Covid resources sites, Johns Hop-
kins has a larger share of direct visits 
than the World Health Organization. 
It also has more direct visitors than the 
average for government websites. 

Figure 1. Web traffic sources to Covid19.who.int and Coronavirus.jhu.edu,  
compared to a benchmark of Government sites. Source: SimilarWeb.
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On the other hand, WHO at-
tracts more visitors using paid ads, 
matching the search intent of people 

with specific bids on terms; the top ad 
positions are gained by bidding for pol-
icy-related keywords.

Table 3. Paid Google Search ads. Accessed February 2021. Source: SimilarWeb

In turn, Johns Hopkins attracts 
most of the visits referred (or initiated) 
by other websites. The composition of 
that traffic (and audience) differs no-

toriously, too; for instance, 63.3% vs. 
11.7% of the visits originate in news 
media sites.

Figure 2. Incoming web visits distribution comparison(desktop),  
March 2020 to February 2021. Source: SimilarWeb

Genetic programming modeling

Symbolic Regression

From Complexity Science, we know 
that the space of possibilities is equiv-
alent to information. While it is always 

possible to connect the dots in hind-
sight, we need a way to narrow the 
space to gain foresight. A start point is 
to identify driving variables and derive 
quantitative expressions.
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For modeling, we use Data Mod-
eler, the Mathematica genetic program-
ming package. Symbolic Regression 
can identify driving variables and re-
turn quality models. The expressions 
obtained do not suffer from  artificial 
constraints and assumptions of a pri-
ori knowledge (e.g., polynomials) that 
are the norm in  conventional econo-

metrics and machine learning meth-
ods. (EvolvedAnalyticsLLC 2020)

In this framework, Accuracy is 
measured by the error (R2) and Com-
plexity refers to structural complexi-
ty—the visitation length of the number 
of nodes passed through from the root 
note to each of the leaves.

Figure 3. Creative hypothesis generation. Source: Evolved Analytics

Figure 4. Sample tree structure of the model genotype;  
operators are Square, Minus, and Product

Empirical hypotheses generation 

To create our model, we use web panel 
data to put together a list of 489 web-
sites that referred traffic/provided vis-
itors to the website of the The Johns 

Hopkins Coronavirus Resource Center, 
CRC (Coronavirus.jhu.edu). The site 
dashboards are widely used and Re-
search!America named the CRC a re-
cipient of its “Meeting the Moment for 
Public Health” award (Research!Amer-
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ica 2021) . The dataset contains dai-
ly time series with the number of web 
visitors from November 2020 to Febru-
ary 2021; data for the modeling target, 
Coronavirus.jhu.edu, is available since 
March 2020 when the site was launched.

A sample of the variables shows 
how there are shapes in the series that 
appear to match the target very closely 
(contemporaneous peaks).

Figure 5. Website visits time series
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The correlation is strong among 
CRC and other Johns Hopkins sites and 

health policy sites in countries such as 
Poland and Italy.

Figure 6. Correlation chart. Red are anti-correlations
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By running the first round of 
modeling, a group of candidate driver 
variables is discovered. Note that we are 
modeling a causal relationship: the re-

sponse of the target variable directly de-
pends on the incoming visits from the 
sites included in the empirical model.

Figure 7. Drivers

We found surprises: for instance, 
the dependence on a mapping software 
vendor (partnership with Arcgis) and 
the site’s utility to the general public 
in Finland (via local news site yle.fi)—
both sites appear in over 80% of the 
models. Nevertheless, even in the case 

of sites too large to be correlated (as the 
Russian search engine Yandex), a rela-
tionship emerges—probably the gener-
al public in Russia started finding utility 
in CRC resources, so after the result was 
indexed, more people started using the 
site.
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Figure 8. Models quality plot

Discussion

In total, 719 models were generat-
ed; however, we need to narrow the 
field, so we focus our search on the 

best candidates. There are 96 models in 
the knee of the Pareto that are both sim-
ple and accurate.

Figure 9. Models in Focus

Several expressions provide the 
same accuracy but have different lev-
els of complexity. Since our purpose is 

about understanding rather than purely 
predictive, we concentrate on the prev-
alent variable relationships.
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Attention flows arise from any of 
the sites where incoming visits to the at-
tractor (the CRC site) originate; howev-
er, there is also a quantifiable interplay 
between sources, with more prevalent 
variable combinations among inter-

national news sites—this makes sense 
since there is less competition for at-
tention in countries where Covid policy 
resources in the native language may be 
scarce.    

Table 4. Model report: 6 independent evolutions, 3 minutes model development.

Figure 10. Variable Association at 0.1 significance level
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Conclusions

Any meaningful policy inter-
vention to the fabric of soci-
ety begins with understanding 

how attention flows. The discovery 
process could be a daunting task un-
less augmented intelligence techniques 
are utilized. Here we demonstrated an 

effective approach that uses the mech-
anisms of evolution to generate creative 
hypotheses while providing a quantita-
tive measure of the Complexity of the 
system under study—which can serve 
organizational planners and public 
policy-makers to define priorities and 
achievable specific goals. 
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Appendix

A selection of Prof. Yaneer Bar Yam Video Transcript Points

COVID-19: How to Win

Governments can say that they want communities to do some things (New En-
gland Complex Systems Institute, 2020). But the community has to make the de-
cision that it wants to do it. Government should be representing and helping the 
community.
New England Complex Systems Institute. (2020, September 10). COVID-19: How 
to Win [Video]. YouTube. https://www.youtube.com/watch?v=X_0tTXfbGPA

Green Zone Strategy

Need not wait for government to do it. If local community takes responsibility, 
then can go ahead and make their green zone (New England Complex Systems 
Institute, 2020).
New England Complex Systems Institute. (2020, September 8). Green Zones Strategy  
to Crush COVID-19 [Video]. YouTube. https://www.youtube.com/watch?v=Sbp 
CoLi9VD0

Firefighting and Covid-19: Getting rid of the virus and keeping numbers low

Recommends a five-week complete lockdown for countries to contain coronavirus 
(New England Complex Systems Institute, 2020). This was implemented in Ire-
land, Iceland, New Zealand, etc. Lockdown can be eased in areas that are able to 
contain the virus, he calls them Green Zones. It has to be a community decision, 
cannot wait for the government.
New England Complex Systems Institute. (2020, September 25). Crushing COVID- 
19 [Video]. YouTube. https://www.youtube.com/watch?v=rp-d-9Qxllg

Guidelines for High-risk institutions

Many aspects covered in this study by University of Michigan (published in Jour-
nal of American Geriatrics Society) were covered in the EndCoronavirus.org’s 
Guidelines for High Risk Care Institutions (Stephane Bilodeau 2020). These were 
highlighted as successful measures that played a crucial role in containing the 
outbreaks of Covid 19 in the study facilities. One of these included the facility’s 
leadership regularly communicated about testing and results with residents and 
healthcare professionals. Other aspects included in the guidelines were screening 
questions to quickly identify the risks.

https://www.youtube.com/watch?v=X_0tTXfbGPA
https://www.youtube.com/watch?v=SbpCoLi9VD0
https://www.youtube.com/watch?v=SbpCoLi9VD0
https://www.youtube.com/watch?v=rp-d-9Qxllg
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Stephane Bilodeau. (2020, October 16). Nursing Homes Study and ECV Guide-
lines Update by Stephane Bilodeau [Video]. YouTube. https://www.youtube.com/
watch?v=lc7R9qNR9zg

 
Yaneer Bar-Yam and Nassim Nicholas Taleb discuss making  
decisions with uncertainty and how acting early would cost less.
Need to understand scaling, that a cure for an individual is not the same as a cure 
for a community, that some risks percolate and go up much faster than others 
(New England Complex Systems Institute 2020). And in a risk domain, do not use 
naïve scientific evidence. You need much stiffer requirements. The asymmetry is 
not something everyone gets, that uncertainty on one side is not the same as un-
certainty on another side. If you have uncertainty and the absence of evidence, it 
should lead you to more precaution. At a systemic-level, you should worry about 
risks that are explosive and fat-tailed. There is a structural difference between the 
uncertainty when you don’t know what things are happening, and the certainty 
when you actually see what is coming at you. The precautionary principal should 
not be used for trivial matters. People who think strategically and understand that 
bad things can happen, yesterday is not same as tomorrow, that’s the people we 
need executing the current situation.
New England Complex Systems Institute. (2020, March 21). Nassim & Yaneer dis-
cuss making decisions with uncertainty and how acting early would have cost less 
[Video]. YouTube. https://www.youtube.com/watch?v=FUgHKX0clhU

 
Yaneer Bar-Yam and Nassim Nicholas Taleb discuss super  
spreaders, optimism on lock downs, and ergodicity.
Leaving out tail-events by not having a fat-tail distribution is critical to real mod-
eling of an outbreak that includes the kind of dynamics we are seeing here (New 
England Complex Systems Institute 2020). If you base the analysis of an outbreak 
before the earliest period of time, before a super spreader event happens, then you 
are mis-estimating the parameters. Because once there is a super spreader event, it 
increases the sampling of the tail. On the way up, you do not know who is infected, 
so the dynamics are described by a certain set of equations. But on the way down, 
you have isolated people so you know who is infected. So the same equations do 
not hold. Because you mainly have transmission within families, not so much 
within the public at large. So the whole framework of the equations has to change. 
New England Complex Systems Institute. (2020, March 19). Nassim & Yaneer dis-
cuss super spreaders, optimism on lock downs, & ergodicity [Video]. YouTube. 
https://www.youtube.com/watch?v=LX_bqMQfWlw

 

https://www.youtube.com/watch?v=lc7R9qNR9zg
https://www.youtube.com/watch?v=lc7R9qNR9zg
https://www.youtube.com/watch?v=FUgHKX0clhU
https://www.youtube.com/watch?v=LX_bqMQfWlw
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WellenbrecherJetzt ZeroCovid Germany discussions with End-
Coronavirus founder Yaneer Bar-Yam - 1
We have eliminated many of the diseases we used to have. We have done that by 
fighting them using different tools. One is social action where we separate peo-
ple and prevent transmission, and the other is by vaccination (WellenbrecherJetzt 
#NoCovid Deutschland 2021). We want to take this strategy of elimination, and if 
we take this strategy, that guides our thinking and what we should do. The process 
(of lockdown) does not take very long, and because it does not take very long, the 
idea that we have to trade off between economic effect and health effect is wrong. 
That is a misconception. If it takes you a long time to solve the problem, then you 
have anyway hurt the economy. But in a short period of time if you can get to a 
condition where you no longer have the disease, then the economy and the public 
both can be healthy. At any time we are 4-6 weeks away from removing the disease. 
If we take very strong and concerted efforts, we will get rid of it. The disease pushes 
us to a point where we have to shut down; but every moment in time before that, we 
could have shut down. The decision is to get the disease down to a point where you 
no longer have to use strong restrictions to control it. Then you don’t have to use 
restrictions that are holding back the economy. While making it go down fast, it is 
important that everyone is on board to do this. People should know what the goal 
is, not just that there are restrictions. Early case identification, isolation and quar-
antine are important tools. We want to stop transmission completely.  The second 
is making sure it stays down. That is where tools like contact tracing, mass testing. 
It is always better to fight a few cases than to fight many cases. If you get it to zero, 
then use what we call a Green Zone strategy. Use limited travel restrictions. As we 
get to zero, there are going to be some places that have cases and some that have no 
cases. So we want to make zones where once you get to zero, you protect it using 
non-essential travel restrictions. So then you are able to open up specific areas, 
then you open up the travel between them. It doesn’t take very long. We have seen 
many countries do this, Western nations like New Zealand and Asian countries 
like Vietnam and Thailand. There is no circumstance that hasn’t had this work. It’s 
just a question of taking the right places. We know this is extremely difficult in ma-
jor slums. But there have been places where it has been successful in major slums. 
It’s a question of adapting the method, realizing what the goal is, and making sure 
people understand there is an opportunity to get rid of the disease. Europe has not 
faced an outbreak like this in many years. So there isn’t the expertise. What you 
do is sit down with the people who have done this, and see if you can apply it to 
your place. It is not as difficult as it seems. It is a misconception that this takes very 
long. What is important is to make the decision what to do. Once you make that 
decision, the execution steps becomes the way you work towards the goal, and it 
becomes easier and easier as you go forward. Anybody who says it cannot be done, 
they should be faced with what was done in other places, and asked why it was 
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possible to do it there. It is also possible to improve upon what the successful one 
have done, and do it even faster. Mass vaccinations is still some time away, and if 
we wait for the vaccinations, there are new challenges. The virus mutates, and as 
the virus mutates, it can be more rapidly transmitting. The best strategy is to act 
the fastest. Why should we compromise and let it be longer than it has to be. We 
want to take the economic hit quickly, rapidly, and open up to normal. Then we 
will have less problems, less vulnerabilities, less new problems. Every time we wait, 
the situation for us gets worse and the situation for the virus gets better.
WellenbrecherJetzt #NoCovid Deutschland. (2021, January 2). How to END the 
crisis (Part I: Scientific Perspective) - Prof. Schneider and Prof. Bar-Yam [Video]. 
YouTube. https://www.youtube.com/watch?v=AZ_MlIJL2MQ

 
What can we do about the coronavirus (COVID-19)?
In China and South Korea, they controlled by taking an area where there was an 
outbreak and completely locking it down, for three or four weeks so that makes 
it tough to transmit (New England Complex Systems Institute, 2020). And they 
prevent travel so that people do not carry the virus to other areas. And then you 
do a lot of testing, both where you have lockdown and even where you do not have 
lockdown, and ensure all those who have symptoms are isolated individually and 
get the medical care they need. If you wait to do these, it’s going to get a lot worse 
because the virus multiples exponentially by a factor of 10 every week.
New England Complex Systems Institute. (2020, March 16). What can we do about 
the coronavirus (COVID-19)? [Video]. YouTube. https://www.youtube.com/watch 
?v=fXUVFqKKcBM

 
How do we protect our family from COVID-19?
It has to start by discussing with them what the disease is and how dangerous it 
is, to understand how it is changing the world (New England Complex Systems 
Institute, 2020). And we do have to change how we act. It starts from being aware 
how it transmits. And you would not know who is sick because they have mild 
symptoms and are not showing them, but you may get sick from them. And that 
has happened a lot. So, we have guidelines, both for individuals and how they deal 
with the environment and for protecting your family by creating a safe space.
New England Complex Systems Institute. (2020, March 16). How do we protect  
our family from COVID-19? [Video]. YouTube. https://www.youtube.com/watch? 
v=bIThSYMlDH4

 
Why isn’t the coronavirus like the Flu?
About 10% of the people who have coronavirus have to go into intensive care and 

https://www.youtube.com/watch?v=AZ_MlIJL2MQ
https://www.youtube.com/watch?v=fXUVFqKKcBM
https://www.youtube.com/watch?v=fXUVFqKKcBM
https://www.youtube.com/watch?v=bIThSYMlDH4
https://www.youtube.com/watch?v=bIThSYMlDH4
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be on ventilators and about 20% have to be in hospitals (New England Complex 
Systems Institute, 2020). That would overwhelm hospitals. Also, unlike flu which 
exists as a steady percent, coronavirus infections can grow at an explosive rate.
New England Complex Systems Institute. (2020, March 16). Why isn’t the 
coronavirus like the flu? [Video]. YouTube. https://www.youtube.com/watch?v=qy 
gMBL4wJik

 
What should businesses do in response to the outbreak?
Companies often wait for an employee to get a case of Covid before deciding to 
send employees to work from home (New England Complex Systems Institute, 
2020). Waiting for that to happen is a bad situation. And companies should work 
with the authorities to ensure there is rapid testing. If companies go to the gov-
ernment and go to the local authorities and say that we really want rapid testing 
for our employees to make sure that they are okay, that’s going to be important. In 
industries like hospitality where people are in contact, the whole business process 
has to change.
New England Complex Systems Institute. (2020, March 16). What should busi-
nesses do in response to the coronavirus outbreak? [Video]. YouTube. https://www. 
youtube.com/watch?v=R37lZ8hmw38

https://www.youtube.com/watch?v=qygMBL4wJik
https://www.youtube.com/watch?v=qygMBL4wJik
https://www.youtube.com/watch?v=R37lZ8hmw38
https://www.youtube.com/watch?v=R37lZ8hmw38


Journal on Policy and Complex Systems 

58

References

Bar-Yam, Y.  and Taleb, N. January 26, 2020. “Systemic Risk of Pandemic via Novel 
Pathogens – Coronavirus: A Note, New England Complex Systems Institute”, Jan-
uary 26, 2020.

Venegas, P., Krabec, T., and Cizinska, R. 2018. “Factoring Attention Price into In-
vestment Decisions”. International Advances in Economic Research 24 (4): 379–80. 
https://doi.org/10.1007/s11294-018-9707-7.

Bar-Yam, Y. and Taleb, N. 2002. “Complexity Rising: From Human Beings to Hu-
man Civilization, a Complexity Profile, in Encyclopedia of Life Support Systems 
(EOLSS)”. Developed under the Auspices of the UNESCO EOLSS Publishers, Ox-
ford, UK.

Statistica. 2020. “Global Consumer Survey 2020”. Accessed March 2021. www.
statista.com.

Similarweb. 2021. “Similarweb Data Methodology”. In . https://support.similar 
web.com/hc/en-us/articles/360001631538-Similarweb-Data-Methodology.

EvolvedAnalyticsLLC. 2020. “DataModeler.” In Version 9.5. Rancho Santa Fe, CA 
USA.

Research!America. 2021. “Johns Hopkins Coronavirus Resource Center - 2021 
Meeting the Moment for Public Health Award”. In . https://www.researchamerica.
org/johns-hopkins-coronavirus-resource-center-2021-meeting-moment-public-
health-award.

https://doi.org/10.1007/s11294-018-9707-7.
https://support.similarweb.com/hc/en-us/articles/360001631538-Similarweb-Data-Methodology.
https://support.similarweb.com/hc/en-us/articles/360001631538-Similarweb-Data-Methodology.
https://www.researchamerica.org/johns-hopkins-coronavirus-resource-center-2021-meeting-moment-public-health-award.
https://www.researchamerica.org/johns-hopkins-coronavirus-resource-center-2021-meeting-moment-public-health-award.
https://www.researchamerica.org/johns-hopkins-coronavirus-resource-center-2021-meeting-moment-public-health-award.

