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Transmission: Insights on COVID-19

Welcome back to the Complexity of COVID-19 course from the Santa Fe 
Institute. This week’s batch of Transmissions essays speaks to the various 
ways we approach decision making with incomplete, inaccurate, and/or 
conflicting information. Shelter-in-place orders are handed down from our 
president, our governors, our mayors and our communities, but they rarely 
align. Where does the authority lie? Given that decisions made during this 
epidemic will have broad-reaching consequences, it makes sense that we would 
want to amass as much information as we possibly can, to inform whatever 
decisions we make. But are there ethical limitations to how we collect and 
transmit that data? 

Amateur and expert scientists alike are modeling potential outbreak 
scenarios and predicting peak dates and death tolls. But what does a model 
produce if it’s fed incorrect information? States and nations are reeling 
from economic downturn and are eager to re-open markets, but what if more 
than closure is the cause? How is the epidemic itself directly impacting 
the economy? During this time we have to read up on current conditions and 
inform ourselves of how we, as individuals, would prefer to proceed. Perhaps 
we’ve noticed that the As or Bs we earned in social-studies and geometry 
didn’t prepare us for living through this epidemic event. 

The authors of these essays present us with insights toward how we navigate 
the world we’re living in now. We’ll touch on themes from the past courses 
(trust and possibility), and we’ll begin to think the dynamic processes at 
work that make decisive action so difficult.
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Federalism During a Pandemic | Anthony Eagan, Philosopher

Since before the founding of the United States as a sovereign nation, there has 
been debate between federalism (a strong national government, overseeing state 
and local governments) and anti-federalism (which advocates against a central 
power, preferring greater state and local authority) — all amounting to a top-down 
vs. bottom-up approach to governance over the complex and vast landscape of our 
country. National action has the obvious advantage of a quicker, more unified and 
consistent response; local action has the advantage of specialized adaptation to 
the needs of the nearby community. 

We are seeing today how prevalent these tensions remain in light of the COVID-19 
epidemic, even internally. People are calling for swift Executive action in 
response to things like loss of wages and the lack of available testing, while 
simultaneously fearing that any overreaching measures enacted during catastrophic 
times will result in the whittling-down of freedoms in the future, and greater 
authoritarian power in Washington.

As with most answers to complex problems, there is no wholly right or wrong 
solution, and often compromise is the tool with which more successful futures are 
built. As we wait and observe the ongoing governmental responses at the municipal, 
state, and national levels, it is important to keep in mind that as individual 
agents we maintain that bottom-up control, even if we lack decisive federal power. 
Whether one is a Federalist or an Anti-Federalist, as this pandemic continues, it 
remains the case that the most local response possible falls upon the individual. 
The more uniformly and selflessly we act, the more control we have. And in this 
way, the robustness of our nation may prove to be bottom-up.
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The COVID-19 pandemic has created an inadvertent experiment in the value 
of traditional higher education models — an experiment which should leave a 
lasting mark – with the unwitting participants being the students themselves. 
Coincidentally, the last dramatic transformation of education in the U.S. occurred 
around the time of the 1918 influenza — not in response to the pandemic itself, 
but rather to the change in economy resulting from technological advancement (and 
therefore job displacement) in the manufacturing and agricultural sectors. In the 
decades preceding the pandemic, the majority of Americans completed no more than 
eight grades, with only ~10% graduating from high school. By the mid-1920s, more of 
the population was eager to complete high school and college to prepare for newly-
possible professional lives.

In today’s landscape, it is hard to imagine that many students are satisfied 
with the current constraints of the American education system — from ridid 
learning methods such as Common Core and standardized testing prior to college, 
to prohibitive tuitions in higher education environments, and outdated, siloed 
departmental instruction. Apart from hosting labs, sports, and arts, what is the 
unique value of in-person education? Meanwhile Minecraft has amassed 100 million 
monthly players worldwide, who embark on strategic partnerships, build cities, 
engage in economies, and even prevent pandemics. Minecraft is a platform for 
experiential and versatile learning, but it’s not valued as such. Why?

The necessary shift to completely-virtual learning during this pandemic should 
allow us to consider the permanent expansion of online courses, utilizing 
technology to emphasize more immersive and creative learning methods, while 
additionally questioning the traditional structure of academic institutions. If we 
can educate students in a virtual setting, how does that change the role of costly 
and exclusive brick-and-mortar institutions? We know our 
post-pandemic world is going to be different — and for our 
kids’ sakes, education should be different, too.

Image: “The Oregon Trail” by Albert Bierstadt, 1869.

The Future of Education | Carrie Cowan, Science Educator
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Pervasive surveillance is quickly becoming the new normal, whether the surveillance 
infrastructure is developed by governments for control, or by large tech companies 
for profit. In the age of coronavirus, these are tempting tools to turn to, either 
to stamp out misinformation (censorship), to detect social-distancing cheaters 
(surveillance), or to use for contact-tracing. For instance, the health technology 
company Kinsa made headlines in March when they created a fever map showing a 
downward trend in fevers across the nation using data from 1 million internet-
enabled thermometers. Many of us would like to contribute to databases such as 
these; however, we’re wary of the implications of widespread Internet-enabled 
surveillance. Can we participate without sacrificing anonymity?

There are complex systems thinking strategies that we can utilize for such 
problems. For instance, the immune system learns to recognize itself from invader 
pathogens by using a trick reminiscent of a high-contrast optical illusion, like 
Rubin’s Vase Illusion (above) — wherein the immune system builds a map of itself 
by determining where it isn’t. This idea of “negative selection” can be coded 
as an algorithm to disguise location information, from individuals taking their 
temperatures with the Kinsa product, for example.

However, epidemiologists believe the most effective way to stop the spread of 
disease is to do rigorous contact tracing with cell phone data. As a result, we’ve 
seen an explosion in “privacy-preserving” apps, because cell phone data is rich 
with information, and the potential for its abuse is high. Despite the urgency of 
the situation we are currently in, we cannot allow standards to slip. This is the 
time to insist on strong guarantees (on both data collection and its use), and 
on secure methods for computing and alerting contacts. Poorly planned, massive 
surveillance roll-outs put the principles of a free and open democratic society 
at risk. We must take care to deploy methods for collecting 
information to preserve public health without crossing the 
line into the virtual equivalent of unreasonable search and 
seizure.
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Digital Privacy Concerns | Stephanie Forrest, Computer Scientist
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Quantifying Economic Impact | Sidney Redner, Statistical Physicist

Is there a principled way of calculating the burden of disease on the economics of 
a nation? The quality of information we have is heterogenous, and our understanding 
of COVID-19 improves every moment. But, with some common-sense estimates, we may 
be able to understand the costs associated with deaths and hospitalizations on a 
nation. We’ll use Italy as an example.

The current life expectancy is 82.8 years, and the documented death rate in Italy 
is 10.6 deaths per year, per thousand people. Taking these figures into account 
along with Italy’s estimated population of 60 million, we can make a naïve estimate 
that without COVID-19, about 2,200 people die in Italy each day. Near the end of 
March, COVID-19 deaths accounted for an additional ~35% above that 2,200 estimate. 

We know that a substantial fraction of COVID-19 patient deaths occur in a hospital 
setting, so we can use comparable data from US hospitals to get an idea of the 
impact of increased ICU admissions on the Italian healthcare system: In a regular 
year, 1/6 of all daily deaths occur in ICUs, so we could expect 350 Italians to 
die in ICUs each day. However, last month when the epidemic reached its peak, the 
daily deaths in Italian ICUs was ~2.5 times larger than that. Clearly, COVID-19 is 
stressing the healthcare system’s physical capacities, but the economic impact on 
the country has been equally overwhelming. 

There have been roughly 44,000 patients in Italy who required ICU care, and the 
typical length of stay for COVID-19 patients is 10 days. At $1,600/day, that 
amounts to ~$700 million spent over the past month just to tend to ICU patients. 
The total cost is ~$2 billion, when we include non-critical care patients. The 
final costs will clearly be much higher, but by using fairly certain estimates we 
can make projections into domains of high uncertainty, and quantitatively 
think about the mortal and economic impact of this epidemic 
on a nation.

A comprehensive breakdown of Redner’s mathematics can be found in the full text.
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Statistical Tools for Pandemic Predictions | David Wolpert, Computer Scientist

There are many difficult decisions to make in the days ahead, which will require 
a host of predictions. One of the many challenges in making accurate predictions 
is that they require us to specify the dynamic processes involved, and specify the 
initial conditions of the variables for our models. But even that’s not easy to do 
with noisy data like the kind we’re collecting during this epidemic. 

Consider a blood test for COVID-19 that is 90% accurate. You just took it and 
tested positive. How worried should you be? You might think you have a 90% of being 
infected, but that’s not true, because there are other factors at play. Let’s also 
suppose that COVID-19 only infects 1% of the population. The question now changes 
from “What is the likelihood that I have COVID-19?” to “What is the likelihood that 
I have COVID-19, given that only 1% of the population is likely to be infected?” 
We can use Bayes’ Theorem to figure out how both of these pieces of information 
impact the probability of infection. Bayes’ Theorem helps statisticians describe 
the probability of an event based on prior conditions that might be related to 
that event. Taking the 90% test accuracy and the 1% infection rate together, you’d 
only have a 10% change of being infected, not a 90% change. That’s better, right? 
But the problem we run into now is that Bayes’ Theorem embodies one of the deepest 
truths of life: garbage in, garbage out. 

The truth is that if we don’t have accurate data about the starting conditions 
(for example, knowing how many people in the population are actually infected), 
so whatever we plug into our simulation will hand us back a result based on a 
fantastical foundation. Converting noisy data into actionable probabilities is 
difficult in the best of times, and we are not in the best of times. Until we have 
solid data at the outset of running predictive models, it 
won’t matter if the math itself is correct or compelling — 
it will still be presumptive.
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Transmission: Insights on COVID-19

Complexity Podcast: Transmission Series Ep. 4
“Rethinking Our Assumptions”

In the fourth episode of this special supplementary 
mini-series with SFI President David Krakauer, 
we build on the themes of earlier installments to 
study five new articles where rigorous uncertainty, 
complex time, and the creative opportunities of 
crisis intersect.

Transmission: Insights on COVID-19 Quiz 4

This weekly quiz will cover topics and details from 
this week’s batch of articles so you can test your 
knowledge. Included in the quiz are more long-form 
discussion questions, which we hope will instigate 
interesting conversations between everyone in your 
household.

Related Recommendation: Reading
Harrison Bergeron
by Kurt Vonnegut

The InterPlanetary Team recommends this 
delightfully-dystopian short story about a future 
society, centrally governed and heavily surveilled, 
where everyone is equal.
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