
Why care about scientific computing?



Not a subcluster!

Coronary Artery Disease

Fahed  et al, Nature Communications,  2022 2

Vignette 1: Polygenic Risk Scores & Patient Selection

Khera et al, Nature Genetics, 2018



Vignette 1: Polygenic Risk Scores & Patient Selection

Damask et al, Circulation, 2020
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Vignette 2: Risk Prediction of Incident Afib

4
* Khurshid et al.,Circulation, 2021 

1-D deep convolutional neural network with survival curve loss 
to predict time to AF. 

AFib 
Risk 

Score 

Individuals with high estimated AF risk have a longer P wave 
duration and slightly wider QRS and a flatter ST segment 

P wave and surrounding regions had the greatest 
effect on ECG-AI AF risk 

https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.121.057480


Vignette 2: Risk Prediction of Incident Afib
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https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.121.057480


Magical and sparkly!

Standalone analytic 
software projects

Not software products 
that scale, create 
leverage for others, or 
accelerate other work



~450TB including 
all files in 
Wikimedia 
Commons

~1GB per year of 
novel compressed 
text

Collective intelligence in culture 



Collective intelligence in culture 

2 petabytes / week
50% increase in storage 
cost YoY

40% of data goes unused 

https://netflixtechblog.medium.com/navigating-the-netflix-data-deluge-the-imperative-of-effective-data-management-e39af70f81f7 

https://netflixtechblog.medium.com/navigating-the-netflix-data-deluge-the-imperative-of-effective-data-management-e39af70f81f7


We lack the collective intelligence in science that we have 
in culture

Blockers: data withholding, format 
drift, biological complexity, sharing 
knowledge as papers behind 
paywalls, you name it

Multiple social movements and 
massive investments made to 
address these! Some successful! 



(these are not the blockers)



My own opinion on collective intelligence blockers:

1. It’s hard to make (scaled, platform) 
software that expands the universe 
of biomedical software beyond the 
unicorns - because we don’t meet 
scientists where they live / have an 
expansive idea of “scientist”

2. When we actually do meet scientists 
where they live, the political 
economy of biomedical software 
restricts longitudinal knowledge 
accumulation in many (most?) large 
organizations





Sound familiar? 

“Many of these people work on tasks that rapidly vary on a yearly, 
monthly, or even daily basis. Consequently, their software needs are 
diverse, complex, and frequently changing. Professional software 
developers cannot directly meet all of these needs because of their 
limited domain knowledge and because their development processes are 
too slow.”

“End-user development (EUD) helps to solve this problem. EUD is "a set 
of methods, techniques and tools that allow users of software systems, 
who are acting as non-professional software developers, at some point 
to create, modify, or extend a software artifact" (Lieberman et al 2006)”

https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/end-user-development 

https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/end-user-development










“The earliest spreadsheets were 
ghastly by today’s user interface 
design standards (obscure 
command names, completely 
text-based, etc) but they were 
immediate successes with 
ordinary end users who 
recognized in them the high-
level support for their own 
problem-solving tasks.”

 



Lotus 1-2-3 wins with
macros and graphics 

Success comes from 
giving the user the 
ability to do serious 
computing

Not from treating 
them like novices who 
can’t be trusted with 
power tools!





EUD systems also draw on 
distributed cognition - a 
built environment that 
helps users make good 
decisions as a force of UX 
and habit



(the opposite of magical 
and sparkly)





How do you build a 
complex and useful data 
platform for scientists?  
“Five problems at a time, 
with technical standards 
and steady principles”

It is itself a form of 
collective intelligence built 
over time



Terra, from the Broad’s DSP 

65K
Terra users

110M
Single cells

3M
Participants

100
Petabytes 

of data

30M
Workflow runs

50
Countries

15K+
Algorithms



Copy-paste-edit as collaboration practice



Traditional approach
Bring data to researchers 

Tools

Tools

Tools

Tools

Facilitates collaboration

Cloud-centric approach
Bring researchers to data

Tools

Tools

Tools

Tools

● Data sharing = data copying
● Few audit controls
● Huge infrastructure needed
● Siloed compute

● Cost
● Threat Detection and auditing
● Increased accessibility
● Shared & elastic compute

Discourages shared research
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Software that centers policy 



8 years of platform development for end users

An organization of ~230 software engineers and ML experts, building 
a software platform that spans the lifecycle of biomedical data.
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It is remarkably hard to build and 
maintain this product. Why? 

We fund biology on predetermined 
multi year time cycles, and software 
on the same circadians

Which leads to some truly difficult 
software development models





Stakeholder-led software: 

“Here is a laundry list of 
things that some folks 
wanted, please add them”

“Why can’t you put a 
green button here?”

“Project’s over, time to 
transfer to sustainability!”



Stakeholder-led software: 

“Here is a laundry list of 
things that some folks 
wanted, please add them”

“Why can’t you put a 
green button here?”

“Project’s over, time to 
transfer to sustainability!”

“Can you put some AI in 
it?”



Data data everywhere, let’s all write 15 data access requests





This is the data 
you need?

No, this is the data I can 
access and compute on



(this is all going to get much worse because of scale pressure)





States are figuring this out! 





Communities are figuring this out!



The opportunity / the risk

41

A growing number of biobanks around 
the world collecting exponential genetic 

data on patients

Growing conviction by researchers of the 
value of genotyped patients for research 

and clinical development



The opportunity / the risk
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A growing number of biobanks around 
the world collecting exponential genetic 

data on patients

Growing conviction by researchers of the 
value of genotyped patients for research 

and clinical development

The opportunity exists, now, to connect the explosion in data to the collective intelligence of 
biology writ large - and to make it fair and equitable

. But we won’t meet that opportunity without a systemic and cultural shift in how we fund, 
build, staff, and sustain biological software platforms.



“Most importantly, the 
advanced expertise gained 
by individual users becomes 
more than just the 
knowledge of a single 
individual; it is a shared 
community resource”
(please go read Bonnie Nardi!)



Thank you! 

jwilbank@broadinstitute.org 

mailto:jwilbank@broadinstitute.org

