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People design, build, and track to better 
understand and improve their health

2

openaps.org

Dana Lewis 
Created DIY Pancreas



People design, build, and track to better 
understand and improve their health

3

Created DIY Pancreas

openaps.org    github.com/openaps 

Pebble watch with  
glucose monitoring

Design with algorithm 
details at OpenAPS blog

Code on Github 



Lead users create different—and in some 
cases better designs—than experts 
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1 Lived experience  
2 A tight feedback loop 
3 Strong personal motivation

Democratizing innovation: The evolving phenomenon of user innovation. Eric von Hippel.  MIT, 2005.



More commonly, people use online health 
fora to share insights and look for answers

5

I’ve discovered that finding relief from IBS is like 
finding a needle in a haystack. I am still searching. 
My faith is what is getting me through each day. I 
am listing all the things that I have done or tried. 
Maybe it will be someones needle in the haystack: 
Upper GI, Colonoscopy, Vaginal ultrasound, 
Gluten and food allergy test, Gallbladder 
ultrasound, Stomache scoped, Abdominal CT 
scan, Dicyclomine, Probiotics, Colestipol…Glutten 
Free Diet and Special Carb Diet. Let me know if 
any of these help you.

connect.mayoclinic.org/discussion/ive-discovered-that-finding-relief-from-ibs-is-like-finding-a-needle



Goal: Scale and deepen contributions
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Citizens have successfully solved expert-
defined problems as sensors or algorithms
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Tracking bird migration 
eBird

Folding proteins 
Foldit

eBird: A citizen-based bird observation network in the biological sciences. Brian L. Sullivan, Christopher L. Wood et al. Biological Conservation, 2009. 
Predicting protein structures with a multiplayer online game. Seth Cooper, Firas Khatib, Adrien Treuille. Nature 2010.



A state of the art example for tracking

8merlin.allaboutbirds.org

Identify using prompts
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Identify using prompts Directly manipulate 
protein structures

Example of citizens as algorithms 



People need better knowledge support 
for complex work such as….
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… 
Generating hypotheses 

Experimentation 
Data Analysis 

Communication: Writing+Talks 
…
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Conceptual: 
WHAT 

Concepts, 
principles, 
theories, models

Procedural: 
HOW 

Methods, 
procedures, 
operation

Hiebert, James, and Patricia Lefevre. "Conceptual and procedural knowledge in mathematics: An introductory analysis." Conceptual 
and procedural knowledge: The case of mathematics 2 (1986): 1-27.
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Thesis statement

13

Procedural guidance in social 
computing catalyzes personally 
meaningful & useful scientific work



Three systems and corresponding 
studies have evaluated this thesis

14

From intuition.. 
  ..to questions (Gut Instinct: Learn & Ask; CHI 2017)

..to hypotheses (Docent: Learn-Train-Ask; L@S 2018)
..to experiments (Galileo: Design-Review-Run; Soon)



Three systems and corresponding 
studies have evaluated this thesis

15

From intuition.. 
  ..to questions (Gut Instinct: Learn & Ask; CHI 2017)

..to hypotheses (Docent: Learn-Train-Ask; L@S 2018)
..to experiments (Galileo: Design-Review-Run; Soon)

600 users 
29 countries 
400 hypotheses

37 novel ideas 
66 experiments 
5 communities
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Understanding the human microbiome 
requires insights into people’s lifestyles

Multiple New York Times articles
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Understanding the human microbiome 
requires insights into people’s lifestyles

Nascent       Experts know little 

Motivating  People care 

Contextual  Huge individual  
                      differences

Multiple New York Times articles
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UC San Diego’s American Gut is the world’s 
largest microbiome citizen science project

1: Create an online account and 
support the project

2: Send in your fecal/oral/skin samples using 
AGP provided swabs

americangut.org



19

Participants generate hypotheses by 
looking at the data

americangut.org

      Is my data point unique  
      because 
   1 My diet is vegetarian? 
   2 I am of Indian descent? 
   3 I grew up in India?



20

Participants generate hypotheses by 
looking at the data

      Is my data point unique  
      because 
   1 My diet is vegetarian? 
   2 I am of Indian descent? 
   3 I grew up in India?

americangut.org



v0.1: Learn about probiotics + the 
microbiome

Watch a 4-minute lecture 
that synthesizes current 
research about probiotics

Gut Check: Exploring Your Microbiome. Coursera. 2016 21



Expectation: People will come up with 
crisp intuitions

22

Like:  
“I think consuming probiotics reduces 
my sugar cravings”

Dissertation Chapter 3; ACM CHI 2017. Gut Instinct: Creating Scientific Theories with Online Learners.   
Vineet Pandey, Amnon Amir, Justine Debelius, Embriette R Hyde, Tomasz Kosciolek, Rob Knight, Scott Klemmer



Reality: People don’t structure their 
intuitions in useful ways

23

1 Rambling anecdotes  

2 Technical details about 
probiotics 

3 Questions from general curiosity  



Reality: People don’t structure their 
intuitions in useful ways

24

1 Rambling anecdotes  

2 Technical details about probiotics  

3 Questions from general curiosity  



Insight: Scaffold hypothesis-generation 
using procedural training

25

1 Teach people about the success  
    criteria of sharing questions, and 

2 Support this in the interface



Learn about a lifestyle topic + the microbiome

Reflect on lifestyle by 
answering basic questions 
about probiotics use

26



Learn about probiotics + the microbiome

Watch a 4-minute lecture 
that synthesizes current 
research about probiotics

27
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Train to frame useful 
questions
Guidance using examples 

29



30

Just-in-time 
guidance using 
checklist

Ask questions



Contribution: Learn-Train-Ask workflow

31

Learn Train Ask
Dissertation Chapter 4; ACM Learning at Scale 2018. Docent: Transforming personal intuitions to scientific hypotheses through content 
learning and process training. Vineet Pandey, Justine Debelius, Embriette R Hyde, Tomasz Kosciolek, Rob Knight, Scott Klemmer.

31



Between-subjects experiment for Learn 
and Train w/ 2x2 factorial study

H1 Access to learning 
improves question’s 
content 

H2 Just-in-time training 
improves question’s 
structure Baseline

Train

Learn

Both

Learn=YesLearn=No

Train=Yes

Train=No

Method

32

N=344



Between-subjects experiment for Learn 
and Train w/ 2x2 factorial study

Measures

Content 
Insightful: Does the question & discussion link to 
existing knowledge of the microbiome? 
Novel: Is there a chance the world will learn 
something? 

Structure 
Answerable: Is it a question about the participant? 
Specific: Does it ask about only one topic? 
 
Creativity 
Is it reasonably interesting/ creative?

33

N=344



Learn-Train yields better questions

Permutation test w/ 10,000 
replications 
95% CI [-24.5, 24.5] 

p <.05
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N=344



Learn-Train yields better questions

Learning improves content  
M=0.06 vs. M=0.11; 95% CI [-9, 9] p <.05 

Training marginally improves 
structure:  
M= 0.21 vs. M= 0.29; 
95% CI [-9.5, 9.5],  p<.06
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N=344



Why did Learning and Training help?

• Content learning engaged people 
• greater time on task → more questions 
• exposure to more ideas → more questions 

• Tight integration of training with question asking 
• reminder of the goal (focus on one topic + answerable) 
• makes it easy to edit in-place

36



399 hypotheses, 75 considered novel by 
experts

37

Personal Insights provide Novel Hypotheses 
 
Does drinking 100ml of kefir  
and milk (50:50) before bedtime  
induce or improve sleep? 

Is yogurt better for your gut at 
room temperature? 

 
Most Questions contained Known Facts 
Do antibiotics lead to GI issues? 

Do you use the bathroom more 
often when you have exercised?

Common themes

Fermented 
Food

Medicine

Diet style

Exercise
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People contributed in different ways

Add follow-on questions Discuss questions and responses Share scientific feedback38
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Users

Questions

Answers

Collab work

0 25 50 75 100

13

19

58

65

6

11

12

11

38

15

15

27

18

11

7

49

19

5

1

Lead Help Participate Lurk Dropout

% % % % 

Add & answer 
questions, add 
follow-ups

Add & answer questions, 
add follow-ups, edit 
others’ questions, discuss

Add questionsAdd & answer 
questions 

Add a question;  
never return



Stack Overflow’s Wizard uses procedural 
guidance for remedial question asking

40stackoverflow.com/questions/ask/wizard (March 2019)

Procedural guidance with a checklist in 
Docent



Kombucha: a popular drink
41

Social platforms support rapid 
spread of ideas



How might people design and run experiments 
to test such ideas?

Kombucha: a gut probiotic?
42

Adriana: Kombucha producer (Rio)



Experimentation requires many 
decisions

Idea: “Kombucha 
helps the gut” 

Follow these steps Provide your data

43



Experimentation requires many 
decisions

How to measure 
“helps the gut”?

Do people  
understand the  
instructions?

How might 
participants 
provide their data?

44

Idea: “Kombucha 
helps the gut” 

Follow these steps Provide your data



Experimentation requires many 
decisions

Know what makes 
for an experiment

Iterate to improve  
the design

Run it correctly 

45

Idea: “Kombucha 
helps the gut” 

Follow these steps Provide your data



Experimentation requires many 
decisions

Know what makes 
for an experiment  

Iterate to improve  
the design

Run it correctly 

46

Structured 
collaboration

Consistent 
implementation

Conceptual & 
Procedural guidance
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A second example of procedural 
guidance: Experimental design workflow
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A second example of procedural 
guidance: Experimental design workflow
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PRE-POPULATED TEXT

A second example of procedural 
guidance: Experimental design workflow
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A second example of procedural 
guidance: Experimental design workflow

PRE-POPULATED TEXT



51Experiment Design Summary



52Improve using scaffolded community reviews



Participants join online and provide data via text 
reminders

53



Participants join online and provide data via text 
reminders

54



Online Architecture for Experimentation:  
Design → Review → Run

55

Experimenter manages



Galileo’s architecture

56

Review with 
scaffolded 
collaboration

Run with consistent 
implementation

Design with 
procedural guidance

Dissertation Chapter 5; In submission. Galileo: Procedural Support for Citizen Experimentation. 
Vineet Pandey, Tushar Koul, Chen Yang, Daniel Mcdonald, Mad Price Ball, Bastian Greshake Tzovaras, Rob Knight, Scott Klemmer



Does reifying the activity in software 
with procedural guidance work?

57

Q1

Research Questions



Does reifying the activity in software 
with procedural guidance work?

58

People design better 
with procedural 
guidance (N=72)
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Do people collaboratively create useful 
experiments?

59

Q2

Research Questions
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People design structurally-
sound experiments with 
reviewers’ help (N=66)

Do people collaboratively create useful 
experiments?

Q2

Research Questions



Do people successfully run experiments?
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Q3

Research Questions



Do people successfully run experiments?

62

Three communities ran 
experiments about gut 
health, effect of social media, 
and circadian rhythms (N=68)
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Structure (13pts) 
Hypothesis: Is the hypothesis concrete?  

Measurement: Are the cause and effect properly 
manipulated/measured? 
 
Conditions: Are the conditions designed 
correctly? 

Steps: Are experimental steps clear?  

Criteria: Are the participation criteria 
appropriate? 

Run: Can the overall experiment be run as is?

People design structurally sound 
experiments

63
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N=66 experimentsResults



Avoiding foods high in lectins cures 
long-term post-infectious diarrhea 
 
Drinking kombucha regularly reduces 
joint inflammation/arthritis symptoms 

Having dry mouth (or Sjogren's 
Syndrome) promotes the growth of less 
beneficial gut microbes 

Eating yogurt makes a person have a 
more regular bowel movement

People draw from personal insights
N=66 experimentsResults



Avoiding foods high in lectins cures 
long-term post-infectious diarrhea 
 
Drinking kombucha regularly reduces 
joint inflammation/arthritis symptoms 

Having dry mouth (or Sjogren's 
Syndrome) promotes the growth of less 
beneficial gut microbes 

Eating yogurt makes a person have a 
more regular bowel movement

People draw from personal insights

Content (3pts) 
Novelty: Is there a chance the world will 
learn something? 17% 

Popularity: Is the world already curious 
about this hypothesis? 51%  
Topics: Diet (dietary styles, alcohol, 
fermented foods), Medicines, Alternative 
treatments 

Lived experience: Did the hypothesis come 
from personal experience? 38% 65

N=66 experimentsResults



“A simplistic Likert scale seems like a bad idea. 
There has to be something better than this. At 
least a couple questions? Like, optimism, 
excitement, depression, anxiety?” 

 

Reviewers provide feedback on structure, 
content, and participant experience

Improving structural 
correctness 

66

N=205 commentsResults



“A simplistic Likert scale seems like a bad idea. 
There has to be something better than this. At 
least a couple questions? Like, optimism, 
excitement, depression, anxiety?” 

“A1C is measured monthly and won’t change 
after 1g. You mean the BG value?” 
 

Reviewers provide feedback on structure, 
content, and participant experience

Improving structural 
correctness 

Providing domain-specific 
knowledge 

67

N=205 commentsResults



“A simplistic Likert scale seems like a bad idea. 
There has to be something better than this. At 
least a couple questions? Like, optimism, 
excitement, depression, anxiety?” 

“A1C is measured monthly and won’t change 
after 1g. You mean the BG value?”  
 
“, . . . the timing of this [reporting steps taken] 
vs. social media use measure is off and that 
makes me worry about intervening use 
throwing things off (e.g. “phew! I’ve reported 
my facebook for the day, now I can go use it”?”

Reviewers provide feedback on structure, 
content, and participant experience

Improving structural 
correctness 

Providing domain-specific 
knowledge 

Considering participant’s 
experience

68

N=205 commentsResults



Kombucha community: Does drinking kombucha 
improve stool consistency?

Kombucha: a gut probiotic?
69

Adriana: Kombucha producer (Rio)



Kombucha community: Does drinking kombucha 
improve stool consistency?

70

Design + 
Pilot



Kombucha community: Does drinking kombucha 
improve stool consistency?

71

Design + 
Pilot

Gathering 
participants



Kombucha community: Does drinking kombucha 
improve stool consistency?

72

Design + 
Pilot

Gathering 
participants
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Kombucha community: Does drinking 
kombucha improve stool consistency?

73

N=36

between-subjects 
experiment; p<0.03



Kombucha community: Does drinking 
kombucha improve stool consistency?
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between-subjects 
experiment; p<0.03

N=36



Kombucha community: Does drinking 
kombucha improve stool consistency?

75

People are  
keen to  
participate

between-subjects 
experiment; p<0.03

N=36



Kombucha community: Does drinking 
kombucha improve stool consistency?

76

between-subjects 
experiment; p<0.03

N=36

People are  
keen to  
participate
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Challenge: Limited update for running the experiment 

1 Few people ran experiments 
2 Experiments were underpowered 
3 Varying levels of adherence

Democratizing education? Examining access and usage patterns in massive open online courses. J.D. Hansen and Justin Reich. 
Science. 2015.
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Some avenues to explore for future work 

Democratizing education? Examining access and usage patterns in massive open online courses. J.D. Hansen and Justin Reich. 
Science. 2015.
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Some avenues to explore for future work 

Democratizing education? Examining access and usage patterns in massive open online courses. J.D. Hansen and Justin Reich. 
Science. 2015.
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Some avenues to explore for future work 

Democratizing education? Examining access and usage patterns in massive open online courses. J.D. Hansen and Justin Reich. 
Science. 2015.
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Does experimenting update beliefs?
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Does experimenting update beliefs?

Caren Walker (UCSD) +  
Micah Goldwater  
(University of Sydney) plan to 
run studies using Gut Instinct 



 
Thesis statement
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Procedural guidance in social 
computing catalyzes personally 
meaningful & useful scientific work



create 
evaluate 
analyze 
apply 

understand 
remember

Learning hierarchy (Bloom) 

Learning in Social Computing:  
Doing big things, together!

citizen control 
partnership 

placation 
consultation 

informing 
therapy / manipulation

lea
rn

ing
 to

ol
s

ex
pl

ici
t c

on
tro

l

84Participation levels (Arlington) 



Contributions
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1. An architecture integrating online learning with scientific work 
2. A workflow enabling people to rapidly test their intuitions 
3. Integrating traditional science with work performed by 

distributed communities@scale+diversity of the internet



1 Full Papers
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1. In Submission. Galileo: Procedural Support for Citizen Experimentation 
Vineet Pandey, Tushar Koul, Chen Yang, Daniel Mcdonald, Mad Price Ball, Bastian Greshake Tzovaras, Rob Knight, Scott 
Klemmer 

2. 2018 ACM Learning at Scale. Docent: Transforming personal intuitions to scientific hypotheses through content learning and 
process training 
Vineet Pandey, Justine Debelius, Embriette R Hyde, Tomasz Kosciolek, Rob Knight, Scott Klemmer 

3. 2018 American Society for Microbiology mSystems. American gut: an open platform for citizen science microbiome research 
Daniel Mcdonald, Rob Knight, Vineet Pandey, Scott Klemmer, American Gut Consortium 

4. 2017 ACM CHI. Gut Instinct: Creating Scientific Theories with Online Learners.  
Vineet Pandey, Amnon Amir, Justine Debelius, Embriette R Hyde, Tomasz Kosciolek, Rob Knight, Scott Klemmer 

5. 2017 ACM SIGMOD. Concerto: A High Concurrency Key-Value Store with Integrity. 
Arvind Arasu, Ken Eguro, Raghav K., Donald Kossmann, Pingfan Meng, Vineet Pandey, Ravi R. 

6. 2016 ACM CHI. Framing Feedback: Choosing Review Environment Features that Support High Quality Peer Assessment.  
Catherine M Hicks, Vineet Pandey, C Ailie Fraser, Scott Klemmer 

7. 2015 arXIv.org (NOT PEER REVIEWED). An HCI View of Configuration Problems.  
Tianyin Xu, Vineet Pandey, Scott Klemmer 

Dissertation Outcomes



2 Extended Abstracts (Workshops, Posters, Demos) 
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1. 2019 ACM Creativity and Cognition. Experiment Reconstruction Reduces Fixation on Surface Details of Explanations 
Samuel Lau, Tricia J Ngoon, Vineet Pandey, Scott Klemmer 

2. 2019 American Society of Microbiology. Citizen Microbiology: Moving Beyond Crowdsourcing to Active, Participatory Science by 
the Public. Vineet Pandey, Scott Klemmer, Daniel McDonald, Rob Knight. 

3. 2019 ACM CHI. Improving Health Outcomes by Integrating Personal Knowledge, Community, and Data.  
Vineet Pandey 

4. 2018 American Society of Microbiology. Transitioning the American Gut Project to the Microsetta Initiative. Daniel McDonald, 
Alexander Aksenov, Alexey Melnik, Pieter Dorrestein, Larry Smarr, Rashmi Sinha, Vineet Pandey, Scott Klemmer, Rob Knight. 

5. 2018 ACM CSCW. Creating Scientific Theories with Online Communities using Gut Instinct.  
Vineet Pandey 

6. 2016 AAAI HCOMP. Integrating citizen science with online learning to ask better questions.  
Vineet Pandey, Scott Klemmer, Amnon Amir, Justine Debelius, Embriette R Hyde, Tomasz Kosciolek, Rob Knight  

7. 2016 ACM CSCW. Game-theoretic models identify useful principles for peer collaboration in online learning platforms.  
Vineet Pandey, Krishnendu Chatterjee 

8. 2016 ACM CHI. Education Across Borders: Technology Supported Mentoring and Teambuilding.  
Vineet Pandey 

9. 2015 ACM Learning@Scale. Connecting Stories and Pedagogy Increases Participant Engagement in Discussions.  
 Vineet Pandey, Yasmine Kotturi, Chinmay Kulkarni, Michael S Bernstein, Scott Klemmer

Dissertation Outcomes



Talks and Outreach
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Dissertation Outcomes



Talks and Outreach

89Health Data Exploration, 2017    MIT Innovation Lab, 2018        
SD Fermentation Festival, 2019  

Dissertation Outcomes

Digestive Disease Week, 
Chicago, 2017 
Precision Medicine Initiative,  
La Jolla, 2018 
American Society of 
Microbiology, SF, 2019 
Citizen Science Association, 
Raleigh, 2019 

Other honors: 
1. Taught at USC: 

Computing for Social 
Good class 

2. 2019 Jacobs School of 
Engineering Henry 
Booker Award for 
Exemplary Ethical 
Engineering 

3. Interviewed with KPBS/
NPR 

Outreach in SD:  
Maker Faire, Nerd Nite,
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Brian Chen

Tushar

Rachel Crystal

Sam

Liby

Kaung

Dingmei 

Aliyah

Dissertation Outcomes

Orr CodyHedy Senyan

Collaborators: Students mentored



Collaborators 
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Brian Chen

Tushar

Rachel Crystal

Sam

Liby

Kaung

Dingmei 

Aliyah
Orr CodyHedy Senyan

Collaborators: Students mentored + 
Microbiome experts

Embriette Tomasz Daniel

Justine Amnon
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Next step: Postdoctoral work for 
patient-led experimentation

w/Professor Krzysztof 
Gajos at Harvard 
University 



Thank You

93

Whenever you are in doubt, or when the self becomes too much 
with you, apply the following test. Recall the face of the poorest and 
the weakest person whom you may have seen, and ask yourself, if 
the step you contemplate is going to be of any use to them.

- Mahatma Gandhi


