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The Data 
Deluge

Artificial Intelligence only 
as good as its training.

✦ Volume
✦ Variety
✦ Velocity
✦ Veracity

time



Which is better at spotting the tiger?

VS



Which is better at spotting the tiger?



Cognitive Surplus?

128 years
every hour!!



Zooniverse.org

Launch of DIY Project Builder
https://www.zooniverse.org/lab/

● Started with Galaxy Zoo in  2007
● ~2.5 million volunteers worldwide
● 641,078,369 classifications (as of 

last night)
● 300+ projects
● 300+ peer reviewed papers



Space Science Projects - finished - paused- active



Multiple marking & drawing tools

Task Types

“Survey” or “filter” tool

Decision trees

Transcription and annotation tools



● Volunteers classify (assess data) 
independently

● Brute force retirement*: between 3 and 
80 classifications per image/video file 

(aka subject)
● Responses are aggregated for 

consensus
● Raw and consensus data are made 

available to researchers (and, 

eventually, open to the public)
● Volunteers interact with researchers 

on Talk boards, blog posts, social media

Consensus 
Answer

How does Zooniverse work?

*Can use volunteer skill for more sophisticated retirement 



● Launched 2007 with 1 
million SDSS galaxies

● ~40 million classifications 
by nearly 150,000 users

● Roughly 3.3 continuous 

person-years!

Used brute force retirement of subjects ~40 classifications per galaxy

The Galaxy Zoo Era

Galaxy Zoo solved the intermediate big 
data issue of not enough “experts” to 
produce morphological catalogs from 
surveys on the scale of SDSS.



Increasing Overall System Efficiency

•About 20 Tbytes total data in 10 years

•About 1 million galaxies imaged

Credit: Sloan Digital Sky Survey

Need to 
deploy 

artificial 
intelligence!

2.0 meter Sloan Digital Sky Survey Telescope 

Credit: LSST Project/NSF/AURA

8.4 meter Large Synoptic Survey Telescope 

•About 15 Tbytes total data PER NIGHT

• About 50 Petabytes data in 10 years

•About 20 billion galaxies imaged

But what about the next 
generation surveys? 

2017



Increasing Overall System Efficiency

Dieleman et al. 
arXiv: 1503.07077

Machines require large sets of images to train them correctly …

Training the Machines



Deploying Artificial Intelligence

2021

Camera Trap Projects

Swanson et al. (2015) 

Snapshot Serengeti Launch: 2012

7 million images over 6 seasons

Need to deploy 
artificial 

intelligence!

All machines need is just large training sets… ????



Deploying Artificial Intelligence

Getty Images

Training the Machines

Are we really ready 
for this?



Deploying Artificial Intelligence

SnapshotSerengeti.org

The Zorilla Problem

http://snapshotserengeti.org/
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Do you think the 
machines will find 

me?



Machine Learning Needs Citizen Science

“Contribute to Research”
most common 
motivation to participate 
in Galaxy Zoo. Wow!

Raddick et al 2010

Understanding Human Classifiers



Machine Learning Needs Citizen ScienceUnderstanding Human Classifiers

Expert vs Non-expert classifier



Machine Learning Needs Citizen ScienceUnderstanding Human Classifiers



Machine Learning Needs Citizen ScienceUnderstanding Human Classifiers

Posting “strange things” to a discussion board 



Machine Learning Needs Citizen ScienceUnderstanding Human Classifiers

Searching for explanations…



Machine Learning Needs Citizen Science

Galaxy Zoo Green Peas

Entirely new class of galaxy 
discovered by volunteers!

Humans Make Serendipitous Discoveries



Machine Learning Needs Citizen Science

Since 2007, ~330 papers and growing on the topic of Green Peas



Machine Learning Needs Citizen Science

Hanny’s Voorwerp

Humans Make Serendipitous Discoveries



Selected articles from 
Zooniverse astronomy projects 
with citizen scientists as co-authors:

PlanetHunters: 
Boyajian, LaCourse, et al. (2016)
Schwamb, ... Gagliano, Jek, et al. (2013)
Fischer, ... DeFouw, Hajduk, Neal,Nemec, 
Schuepbach, Zimmermann et al. (2011)

Disk Detective:
Kuchner, ...Biggs, Bosch, Cernohaus, Luca, 
Hyogo, Wa, Piipuu, Pineiro. (2016)

Radio Galaxy Zoo:
Banfield, ... Matorny, Terentev, et al. (2016)

Galaxy Zoo:
Simmons, ... Jek, et al. (2016)
Lintott, ... van Arkel, et al. (2011)
Schawinski, ... van Arkel et al. (2014)
Keel, ... van Arkel et al. (2014)
Keel, ... Proctor (2014)

Solar Stormwatch:
Davis, ... Baeten (2012)
Barnard, ... Wilkinson, Baeten, Poeffel, Harder (2017)

Space Warps:
Küng, ... Baeten, ... Cornen, Macmillan, ... Wilcox (2015)
Geach, ... Baeten, ... Cornen, ... Macmillan, ... Wilcox et 
al. (2015)
Marshall, ... Wilcox, Baeten, Macmillan, Cornen et al. 
(2016)
More, ... Baeten, Wilcox, Macmillan, Cornen et al. 
(2016)



Machine Learning Needs Citizen ScienceRare and unknown objects

Serendipitous discovery or finding 
“known unknowns” by volunteers.

Galaxy Zoo Green Peas A rare “zorilla” in Snapshot Serengeti

Planet Hunters KIC 8462852 or “WTF” star 
New LIGO “glitch” class

Hanny’s Voorwerp - light 
echo of a quasar

From primary task (known knowns) to finding “known unknowns” to serendipitous discovery 
(unknown unknowns) by volunteers.



wallpaperpulse.com – artistic design by Cherif

Combining Humans + Machines

I can make serendipitous 
discoveries because I’m good 

at finding strange and rare 
things in the data! 

My processors are so 
powerful I am super fast at 

finding things I am trained to 
find! 



Zooniverse can tackle Big Data by optimally combining 
machines and humans to quickly get through Big Data while not 
missing serendipitous discoveries.

Combining Humans + Machines



Deploying Artificial IntelligenceHuman-in-the-loop Infrastructure

Decision engine functionality

• Early Consensus vs “brute” force retirement

• Dynamic Subject Generation

• User Promotion

👍👎 Cascade filtering on 
mobile: 43% fewer 
classifications needed

+ Mobile



Increasing Overall System Efficiency

Now live on Galaxy Zoo !

Active Learning

Machine predicts which image, when classified, 
will give it the most new information

Work by Mike Walmsley; Oxford arXiv:1905.07424

● Model retrains and requests new 
classifications daily

● New surveys get classified on a timescale of 
weeks, not years

● Every galaxy seen by at least 3 volunteers

More of these Less of these



Optimizing for serendipityActive Learning + Leveling Up Humans

Provide volunteers opportunities to “level up” – helps in 
detecting new types of glitches for LIGO



Optimizing for serendipity

“Helix”

Volunteers use discussion boards to create collections to 
help identify new glitch classes

A Haystack of Needles

“Paired Doves”



Solar Stormwatch was one of the very first projects on the 
Zooniverse platform!

Solar and Space Science on Zooniverse

Launched Dec 21, 2009



Solar Stormwatch was one of the very first projects on the 
Zooniverse platform!

Solar and Space Science on Zooniverse

…and a follow-on project from May 2018 
to Nov 2020.

Led to 7 papers…

See https://zooniverse.org/publications



Newly launched! Solar Jet Hunters with SDO data.

Solar and Space Science on Zooniverse

Launched Dec 7, 2021

● First workflow to identify if solar jets are 
in a 15 frame clip

● Took only 2 days for 700 volunteers to 
classify 4000 clips in data from 2011-2013 

● 1200 clips contained at least one solar jet 
confirmed by at least two people

Led by Sophie Musset,  Lindsay Glesener, Gregory Fleishman, Navdeep Panesar, et al.



Newly launched! Solar Jet Hunters with SDO data.

Solar and Space Science on Zooniverse

● Second work flow – provide location of jet base 
at start/end of jet and length/width at 
maximum extent.

Harder workflow 
turned on!

Number of classifications per day

● Ultimate goal: develop machine learning 
algorithm to identify and locate solar jets.

Highly engaged “tail”
contributing >500 
classifications per day!



Volunteer Engagement

Human Engagement critical to science outcomes

Cox et al 2015

Bowyer et al 2015 HCOMP

When tasks are hard or machines are in the loop, need to 
be mindful that people are complicated…

BUT…!



When tasks are hard or machines are in the loop, need to be 
mindful that people are complicated…

Volunteer Engagement

Recall volunteer 
incentive: contribute to 
research
• Many will stay through 

hard projects if you 
keep them engaged.

• Make sure very clear 
messaging to 
volunteers if machines 
are deployed at all!



Summary

Zooniverse is ready to help close the analysis gap in 
astrophysics, solar science and more!



Advertisement

If you have an idea for a NASA-funded citizen science project apply to the 
Citizen Science Seed Funding Program: 
https://science.nasa.gov/science-news/citizenscience/
nasa-funding-available-for-scientists



Thank you!
lucy@zooniverse.org

@lucyfortson

And thanks to all of our volunteers!!!


