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From what place does innovation 
come?  How might one capture it 
so that innovation might be drawn 
upon as needed - infusing it into 
new concepts, plans, and projects 
such that what was once obvious, 
mundane, and unexciting 
becomes bold, provocative, and 
paradigm-shifting. The potential 
for new avenues of thought 
are endless. Just think of what 
constantly available innovation 
could do for art, for design…for 
science!  How do we get there?

It so happens that the understanding of innovation, originality, and novelty is 
a science in itself.  It necessitates a systematic chemistry of the right people, out of 
their usual comfort zones, seeking a common goal, with the right guides to facilitate 
and light the way.  Innovation must then be coaxed, cajoled, and cultivated - permitted 
to be unbounded, unafraid, and allowed to be unlimited. Innovation by itself, however, 
means little without inspiration. Indeed, there is a natural duality between inspiration 
and innovation. If done right, inspiration is sparked and innovative ideas, once 
reluctant and elusive, present themselves and then flow like a great river. 

Since 2015, we have run a series of five-day, residential, mentored, and 
facilitated workshops termed “Biomedical Data Science Innovation Labs” – that 
is, the use of mathematical, statistical, and computational science approaches in the 
analysis, inference, wrangling, and modeling of biomedical data types.  We partnered 
with the NIH, the NSF, and Knowinnovation to develop a unique framework for 
multidisciplinary teams to form around innovative project ideas involving large-scale 
biomedical data.  Private organizations, such as the Jayne Koskinas Ted Giovanis 
Foundation, have taken notice of our activities and helped to provide project valuable 
seed funding. The topics of interest have involved the data from wearable sensors, 
from the microbiome, and, in 2018, data on the spatiotemporal dynamics of individual 
cells.  The latter of these forms the basis for this book in which we describe the 
process behind a Biomedical Data Science Innovation Lab, who are the stakeholders, 
who takes part, and, importantly, how we aim to channel innovation into new and 
exciting applications of data science to biomedical science.

We hope that in the pages that follow, we illustrate to you our Biomedical Data 
Science Innovation Lab process, the experience, and how we help to encourage 
interdisciplinary teams, comprised of biomedical and computational scientists, to think 
differently, spark new ideas, develop novel research projects, challenge themselves, 
and to be innovative.

Where does innovation 
come from?

FOREWORD

From the Director

Innovation Labs have been described as 
an “opportunity to build collaborations that 

would take a year or more, in a single week.”
“

Description and Background

Innovation Labs bring together researchers from across scientific, technical 
and design disciplines to develop new and innovative grant proposals. Teams 
form and ideas are developed through real-time peer review over the course 
of multiple days, as facilitators and mentors guide participants through the 
early stages of proposal development. 
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Innovation Labs bring together researchers from across scientific, technical and design disciplines 
to develop new and innovative grant proposals. Teams form and ideas are developed through real-
time peer review over the course of multiple days, as facilitators and senior scientists (mentors) guide 
participants through the early stages of proposal development. Innovation Labs have been described as 
an “opportunity to build collaborations that would take a year or more, in a single week.”

The Innovation Lab methodology refers to a process of organizing intensive multidisciplinary interactions 
involving around 30 participants, with the aim of developing new and bold approaches to address 
grand challenge or moonshot-type areas that could benefit from fresh or divergent perspectives. Prior 
knowledge of research is not required; rather, applicants with different expertise who demonstrate 
their willingness to engage in collaborative multidisciplinary research are sought. Teams are highly 
encouraged to develop proposals for submission to funding agencies after the conclusion of the 
workshop. Professional facilitators and mentors with relevant expertise and exposure to the topic area 
assist the participants throughout the experience. The scientific experts serve as mentors or subject 
guides during the process. Working under the guidance of these mentors, participants form teams during 
the workshop to develop interdisciplinary projects to solve the challenge at hand. 

The original concept for such an event was born out of the “Sandpit” workshops developed in 2003 by 
the Engineering and Physical Sciences Research Council (EPSRC) of Great Britain. Knowinnovation (KI, 
http://knowinnovation.com/) was engaged to help with the early versions of these workshops. This model 
has now been utilized to facilitate dozens of these workshops in the United Kingdom - known for being 
extremely intense, interactive and demanding.
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 Before the beginning

The goal of the 2018 Innovation Lab was to foster the formation of new interdisciplinary collaborations 
that would generate creative strategies for addressing challenges associated with the visualization, 
modeling, and analysis of single cell big data. Such challenges arise from multifaceted data structures 
like networks and images, gaps (e.g missing data) or sparsity of data, streaming of non-stationary 
time series data, the need for integration from multiple sources of data, interaction effects, etc. This 
Innovation Lab intended to bring together expertise from the mathematical, statistical, and biomedical 
fields, to address interdisciplinary topics in biomedical data science critical to the study of the dynamics 
in single cell heterogeneity (In this book, the term “biomedical” is used in the broadest sense to include 
biological, biomedical, behavioral, biophysical, ecological, social, epidemiological, and clinical studies 
that relate to understanding health and disease). Single cell dynamics was defined for the purposes of 
this workshop as the relevant data associated with single cell heterogeneity with a health or biomedical 
research objective (e.g. the underlying metagenomic diversity, proteomic and metabolomic profiles 
or other high-dimensional systems biology data coming from such single cells and their surrounding 
tissue environments). It was anticipated that collaborations formed during the Innovations Lab could 
result in NSF or NIH grant proposals to further develop, refine, and test group hypotheses and projects.

Program Officials

National Institutes 
of Health

The NIH Program Officers are key 
stakeholders in the Innovation Lab. Their 
participation involves assisting with the 
planning process, providing direction, and 
attending the Innovation Lab events. Their 
input and knowledge can help participants 
explore the issue and shape potential ideas.

The NIH provided funding to TCC to plan 
and organize this event. This funding 
supported the facilitating team, all meeting 
and venue related costs, and travel.

Jennifer Couch
Eric M. Johnson Chavarria

Shannon Hughes
Carol Shreffler

National Science 
Foundation

The NSF funded the travel of the 
participants from a quantitative discipline.

Funders

The Jayne Koskinas Ted Giovanis 
Foundation for Health and Policy (JKTG 
Foundation; http://www.jktgfoundation.org/) 
provides support for innovative medical 
research, data analysis, scientific events, 
and other unique projects. The JKTG 
Foundation graciously took part in all our 
activities and provided seed funding to 
several Innovation Lab teams and their 
proposed research projects. 

Graham Atkinson 
Ted Giovannis
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The director is fundamental to a 
successful Innovation Lab. The 
director provides leadership for 
each workshop and the vision and 
enthusiasm to shape the process. 
Work starts about eight months before 
a workshop is held, from appointing 
mentors to ensuring the call for 
participants reaches those with the 
desired skills. During the event itself, 
the director, with support from mentors 
and facilitators, maintains the group’s 
focus on the key aim and helps ensure 
the intensive environment remains 
constructive. The director is essential 
in clarifying the vision of the event 
and providing leadership for the 
mentor team. Post Innovation Lab, the 
director, with the mentor team, plays a 
key role in validating, providing advice, 
monitoring projects, and tracking the 
progress of the participants.

Jack Van Horn

Director

A team of mentors work alongside the director in 
selecting the participants and providing objective 
advice, feedback and input at the Innovation 
Lab. Selected for their knowledge and rich 
content experience, their overall aim is to ensure 
the output leads to high-quality innovative 
research. Like the director, mentors need the 
intellectual standing and impartiality to lead the 
group through this challenging experience. They 
have a pivotal role in establishing an open and 
creative environment acting as a sounding board 
for work groups, and as a connector to other 
participants and ideas percolating at the event.

While the director and mentors 
are responsible for the content 
of the Innovation Lab, KI, as 
facilitators, are responsible for 
the process. They design the 
activities and sessions to create 
an environment where innovative 
ideas can be formed, developed 
and implemented. Facilitators 
constantly adapt schedules and 
activities to help the group maintain 
focus and forward progress.

These are carefully selected 
“instigators”, “agitators”, and 
“innovators” who can provide novel 
context by giving brief but engaging 
presentations which illustrate key 
concepts, real-world examples, and 
inject original or provocative thinking 
into the event.This year, they gave 
presentations on single cell mapping 
and served as guest mentor, helping 
with the mentor feedback.

James Eberwine
Laura Heiser

John Lowengrub
Vinay Pai

Nick Tatonetti
Navin Varadarajan

Tim Dunne 
Stavros Michailidis

Donnalyn Roxey

Markus Covert 
Rick Horwitz

Mentors Facilitators

Provocateurs

Based at the University of Southern California 
(USC), the Training Coordinating Center (TCC; 
https://bigdatau.org) works closely with the 
facilitating team in preparing for this workshop. 
The main tasks include selecting the ideal 
venue for the Innovation Lab. In addition, this 
team coordinates all logistics for the attendees, 
leading up to the Lab, at the workshop, and after 
the event has concluded. 

Avnish Bhattrai
Caroline O’Driscoll

Jeana Kamdar
Crystal Stewart

Camryn Van Horn (Intern)

Training Coordinating 
Center Staff & Interns
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Fred Hutch Cancer Research Center

Oregon Health and Science University

University of Southern California
University of California, Los Angeles

University of California, San Francisco
University of California, Davis

Stanford University

University of Colorado, Denver

University of Houston

University of Florida

Knowinnovation

National Institutes of Health

JKTG Foundation

The Jackson Laboratory
University of Michigan

University of Akron

Purdue 
University

University of Illinois

JanusView
University of Virginia

University of Maryland, Baltimore
University of Pennsylvania

Columbia University

University of Connecticut
Yale University

Harvard University

Johns Hopkins University

National Institutes of Health
University of North Carolina, Chapel Hill

University of California, Irvine

J. Craig Venter Institute
University of California, San Diego

Willamette University

Allen Institute

Knowinnovation

BEND, OREGON

ATTENDEE MAP

Participant

Map Key

Funder Organizer

Facilitator

Mentor

Inter American 
University of 
Puerto Rico

Knowinnovation 
Barcelona

Applications were considered from a diverse group representing content expertise across 
the many facets of the Innovation Lab topic area. All applications were carefully reviewed by 
an occupational psychologist working with KI, who helped rate the list of potential attendees 
to potentially narrow down the pool to those with the greatest potential to benefit from this 
intensive event. Up to thirty final participants were selected based on a balance of topic 
expertise, academic level, geography, and the inclusion of women and underrepresented
ethnic groups. Applicants were selected based on a variety of criteria which included:  
1) Qualifications of the applicant to conduct a project in this field of research; 2) Evidence 
of ability to work collaboratively in an interdisciplinary team; 3) If the applicant is in the early 
stage of an independent career, whether he/she has appropriate experience and training; and 
4) the applicant’s working environment and quality of institutional support. Applicants were 
also expected to stay the entire duration of the event.

Participants
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Benedict Anchang
Rhonda Bacher
Michael Blinov
Bryan Bryson

Young Hwan Chang
Bin Chen

Yang Chen
Haiyan Cheng

Kwangbom Choi
Roy Dar

Audrey Hendricks
Stephanie Hicks
Sahand Hormoz

Yuchao Jiang
Michael Konopka
Minjoung Kyoung

Javier Lopez
Jing Ma

Michael Mak
Aaron Meyer

Eran Mukamel
Mónica Nadal-Quirós

Idoia Ochoa
Yu “Max” Qian

Tara Sigdel
Tamar Sofer

Daniela Valdez-Jasso
Mohit Verma
Roy Wollman

Chongzhi Zang
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The importance of the physical space and environment

Creative Environment Physical Environment 
KI focuses on accelerating scientific 
innovation through engineering creative 
environments around scientific and 
academic challenges. In order to achieve 
this, the facilitating team creates an 
environment ripe for innovation by bringing 
each participant from a “knower” mindset, 
where everything must be backed up with 
facts and data, to a “learner” mindset, 
where new ideas are explored with curiosity 
and judgment is deferred. It is this latter 
mindset – an openness to new thinking 
and a suspension of assumptions – that 
participants can fully experience the benefits 
of a creative environment. To encourage 
the learner mindset, the team strategically 
designs each event to maximize an open, 
trusting, and creative environment which 
organically draws out novel ideas from 
individuals with diverse areas of expertise. 

The physical environment is as important as the 
psychological environment. KI and TCC spent time 
looking for the ideal venue. They seek space that inspires 
interactions and creativity. Thought was given to every 
aspect of a venue including things such as, a room’s 
natural light, the amount of space to move around, walls 
that can hold the volume of ideas to be hung, a natural 
setting for breaks and walks, food that is nourishing 
and delicious, and much more. Attention was paid to 
how the tables were set and what workshop materials 
were made available. Sharpie® and Post-it© notes 
were provided to capture ideas as they occurred. Small 
toys were also set out for attendees to play with while 
contemplating a thought or considering an idea. Even a 
non-traditional slide deck was utilized to craft a unique 
space for the participants to explore new ideas with new 
people. The calm and scenic environment of Riverhouse 
on the Deschutes in Bend, Oregon,(https://riverhouse.
com/) offered the ideal space and surrounding for the 
participants’ imagination to pursue ideas limitlessly.
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Overview of the Project Generation Process

The Innovation Lab asks participants to generate novel and exciting research proposals to address a bold 
and compelling research area. The ideas often do not start out great, but multiple rounds of exploration and 
iteration unearth some truly unique gems as the week goes on. This is the journey of the Innovation Lab 
participants, but the journey of the Innovation Lab facilitators is not all that dissimilar. For the facilitators, 
the journey is a process of learning to ask better and better questions for the participants to address. The 
process starts on Sunday evening. The facilitators run the Funders, Director, and Mentors through an on-
site orientation to review the agenda and everyone’s role throughout the week. This is the beginning of a 
week-long intimate partnership between the facilitators who shape the events and activities of the week 
and the participants who shape the scientific content.

Over the course of the week, participants get to know one another and the expertise each brought to the 
lab. They began by exploring the problem space from multiple points of view to identify areas of opportunity 
for novel and multidisciplinary research. These areas were further mined to create hundreds of potential 

Process Stage

Scientific Outcome

Opportunity
Expertise needed

Key obstacles
Recommendations

Candidate Projects

Create Options

flip 
chart 
sheets

“Wouldn’t it be great 
if (aspiration) by 

(broad approach).” 

Aspirational 
Challenges

Identify 
Opportunities

large Post-its

Learn about People 
and Purpose

Questions
Ideas & Insights
Relevant Data

Thoughts

small Post-its

Title & Team
Challenge & Approach

Outcomes & Impact
Funding Request

Working Projects

Refine Projects

slides

slides & pre-
proposal template

Final presentation & 2-page summary from each group
Pre-proposals

Present the Results

Days

SUNDAY

12-5 pm
Venue preparation 
for the facilitation & 
organization teams

5-7 pm
Onsight orientation 
for mentors

7-9 pm
Reception 
dinner for all

0

research project opportunities. Once these were evaluated and prioritized, teams formed around the eight most 
exciting ideas. Under the gentle guidance of the mentors, participants then spent the next 36 hours developing 
these ideas in a collaborative and iterative process which accelerated their progress. The final projects were 
presented on the last day of the lab and the mentors provided their recommendations to the funders.

The Night 
Before

30 individuals 
form 6-8 teams

1 2 3 4

5 6 7 8

1716



It Starts Participants arrived to find what looked like a standard large meeting room 
setup with round tables. A few things stood out as unusual.

1 32

The standard complimentary 
hotel notepad and pen at each 
seat was replaced with a fine 
point Sharpie, a Post-it note 
pad, and small toy for people to 
fidget with as they are thinking.

The room 
appeared to be 
about 3 times the 
size it needed 
to be for the 30 
participants.

Their pre-printed name tag with all 
the standard details such as title 
and institution was missing. Instead, 
they were given scented markers, 
a blank name tag, and a request to 
only write down their first name.

This is when you begin to realize who the extrovert and outspoken participants are in the room. These 
participants are keen to set their own agenda of why they have come to this lab. However, interestingly 
enough, it is quite opposite for those who have an open mind but are more reserved when arriving. 
These participants realize that everyone in the room could be a potential team member. The balance 
of having a set agenda and open framework is key to the success of both the individual participant and 
their team. Regardless, both approaches require quick information gathering and creating an idea of 
the expertise and resources within the room.

MONDAY

9:00 9:30 10:30
Welcome & KI Intro Ice breaker activity Territory Mapping

*

1 2:30 3:30 4:301:00
Provocateur Speed dating Closing PlenaryCall to Action

Buddy Introductions scattered throughout the day*

A variety of small touches arranged by the facilitation team served to communicate to both participants 
and mentors that “this is no ordinary meeting. Your job today is to be curious, open and playful. Get to 
know one another. Figure out what and who is interesting to you.” The events that followed all had a dual 
purpose. Firstly, to begin breaking the ice. To disrupt the normal conference habit of nesting – nesting 
is a common conference behaviour in which attendees quickly secure a permanent conference location 
and a set of conference friends. Secondly, to begin exploring the science and the goals of the event. 
They included getting to know and introduce one another, collaboratively drawing a map of the people 
and expertise in the room, listening to and discussing the event’s goals, being intellectually stimulated 
by a speaker (in fact, the only speaker of the whole week) dubbed a provocateur, and multiple rounds of 
speed dating where random pairs of participants prompted: If you had to collaborate on something, what 
might it be? The day ended with a few closing remarks and a short plenary discussion.

“This isn’t an ordinary meeting. Your job today is to be 
curious, open and playful. Get to know one another. 

Figure out what and who is interesting to you.”

“
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“Really excited to try to formulate more bigger 
questions for the future. Not only questions that 
might be of interest right now, but questions 
that might of interest in a year or two or three.”

“Just listening to the terminologies and trying 
to understand better what the community is 
thinking. When we communicate, which we tend 
to communicate in science more by publication 
and grants, understanding what is the common 
thought behind these terminologies.”

DunneTim

HendricksLopez

Interview with Facilitator

Audrey
Javier“

The outcomes of the first day revolve around individual participants reluctant ability to let go of traditional 
conference norms. The whole process is highly interactive leaving very little time to even consider 
checking on work outside of the lab. Participants early on need to embrace the full aspect of the activities 
and networking involved in the first day. The stage is set by the call to action, where participants are 
encouraged to think outside of their projects and discover the possibilities for collaboration in the room. 
The speed dating quickly allowed everyone to have a snapshot of the backgrounds within the room. 
The seemingly innocuous picasso-in-the-bag activity artfully set the stage for creating biosketches of 
each participant. This was important because it provided a way for a day-to-day reference check of the 
knowledge in the room and the ability to post questions and ideas to any participant. The overall outcome 
provided the scientific foundation for the rest of the week. In other words, establishing your “tool belt” or 
knowing the “rules of the game or players involved”. This was very evident with the scientific territory 
mapping of the whole group and how they all interconnected.

Looking in the Negative Space
Any given audience is collectively more interesting than whomever they are there to see. Think about it. 
The speaker may be able to tell a particular story or share a handful of insights but the sheer number of 
stories and insights that exist amongst all of the audience members far outweigh those of the speaker. 
The audience, in its entirety, is simply more knowledgeable than the speaker. Furthermore, what the 
audience collectively knows, still pales in comparison to what the audience still doesn’t know. The 
purpose of day 2 at the Innovation Lab is to unearth what lies between the knowledge areas of the people 
in the room. What do they collectively not know, but together stand a chance of figuring out?
 
The day started by dividing the participants into homogeneous discipline groups. Once in these groups, a 
question (but no answer) session followed in which each group asked the others everything they wanted 
to know about their discipline. The groups went off and prepared a presentation for their fellow colleagues 
to address these questions. The result - the identification of the knowledge gaps between the disciplines. 
These gaps were identified, named and prioritized using the very scientific scale of “Spicy”, “Medium”, 
and “Mild”.

Q- What do you think the value proposition of 
these Innovation Labs is for junior investigators?

A- I think people who are younger - not always but 
often - are just prepared to listen more and that kind 
of behavior creates more opportunities when you’re at 
a Innovation Lab environment when you know there 
is a learning component - it’s the nature of crossing 
disciplines.

Q - Can you comment a little bit on the role of 
an occupational psychologist in the selection 
of Innovation Lab participants and why that’s 
important?

A -In our experience, what we’ve been able to avoid 
by bringing a professional in to look at the applications 
is to avoid those people who would really throw a 
wrench in the works. The ones who’s world view or 
view of their own science is so fixed that they end up 
being an immovable object in the room when some 
flexibility is required for every participant.

Q - Are there any other parting thoughts that you have 
about the value of Innovation Labs, their success, 
importance, the theme of data science as kind of a 
thread that weaves through whatever topic we, in 
biomedical data science, seek to hit upon?

A - What I really get excited about is when you talk to 
people five years after they’ve been to one of these events 
and they say- “Yeah..I’ve been working with and so-and-
so on two different projects now for the last three years 
and we met five years ago at an Innovation Lab. This has 
fundamentally changed who I work with and what I do.” I 
guess my other favorite thing is at the end of a week when 
someone says “well, I didn’t get funded but this was still a 
super use of five days of my time and I can’t believe I’m 
saying that because I’m so busy.”
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TUESDAY

9:00 4:00 4:301:00
Knowledge from the room Spicy, Medium, Mild Closing Plenary“Wouldn’t it be great if” - WIBGI2

The scientific outcome of second day circumscribed the more refined ideas in the room. Participants 
were free to think out loud and generate ideas through “Wouldn’t it be great if” (WIBGI) by outlining 
their thoughts on larger Post-its. However, these ideas had foundational support through the previous 
day of learning about the other participants through the speed dating and conversations discussing 
the research challenges they faced. With these generated ideas, the whole group was able to 
determine the level of priority or excitement around certain WIBGIs. Some ideas were quickly clarified 
or addressed by participants acknowledging existing initiatives or resources not familiar with the rest 

The purpose of the third day was to give each 
participant the opportunity to explore three projects 
and three teams before making a larger commitment. 
Temporary groups were convened around some of 
the spiciest ideas from the previous afternoon. Groups 
were asked to steward these for 90 minutes, which 
is the process of exploring the idea on behalf of the 
whole group. The output of each session is a set of 
recommendations to any team that might decide to 
pursue this idea as a research project, questions like:

Before the day was over, teams formed around the 
ideas and people that were most suitable to the 
participants. Each team went to work for a quick round 
of project development and collected some peer 
feedback from everyone else at the lab.

How much should you network 
before you collaborate?

What’s the essence of the project?
• What’s the “wow”? What is truly exciting about this project?
• What types of expertise are needed to pursue this project?
• What will some of the biggest challenges be?

of the group. Other ideas fermented increasing excitement and were prioritized for further refinement. 
Participants also used time throughout the day to post ideas to each other’s biosketch around the room 
after pairs of participants introduced each other in the morning’s “Knowledge in the Room” activity. 
Here, we survey not only the expertise of each participant and how their “knowledge” intersects with 
that of others, we also try to identify what expertise we might be lacking and where it might be found. 
In conclusion of the second day activities, program and coordinators were able to conceptualize starter 
teams around the prioritized ideas.
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WEDNESDAY

9:00 1:00 3:00 4:3011:00
Candidate Projects
Round 1

Team Formation & Working Time Project presentation - Round 13
Round 2 Round 3

Teams began the fourth day by continuing work on their projects. After having 
looked through their peer feedback and slept on the critiques for both positive 
and opportunities for improvement, teams worked on their next iteration of 
project development. These were presented and more feedback was collected.
 
The afternoon consisted of mentor panels. These were 20 minute sessions in 
which each team got uninterrupted time with all of the mentors to ask questions, 
collect feedback and refine their projects. Then they went back to work, working 
late into the night, to prepare their final presentations.

Feedback Makes Perfect: Great proposals are 
an art of correction, not perfection!

The third day scientific output was putting into practice the highly interesting and potentially 
promising WIBGIs into candidate projects. This endeavor included outlining the opportunity, 
expertise needed, obstacles and challenges, and recommendations for approaching the project. 
The whole group went through three rounds of candidate projects until a subset of refined 
project proposals elevated to the top. From this, participants were encouraged to form teams 
and promulgate their project proposal within their team and to the whole group. Scientifically 
and personality wise, participants quickly realized if they were the best fit for a certain project 
team or if they needed to make a move. After the first round of project presentations, it was 
apparent which teams were quickly organizing and synchronizing their thoughts into a cohesive 
project plan. However, somewhat elusive was whether these teams had strong opinionated 
leaders taking charge or if they were working as a team equally contributing and formalizing 
their project proposal. Wednesday evening quickly became an avenue of free agency among 
participants with some making moves to join other project teams or working on multiple teams.
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HeiserLaura
Interview with Mentor

Questions for the Group

Q - Drawing on your past experience as a participant 
in these types of events, how is it being a mentor? 
Please describe?

A - In this particular case, you actually had a better chance 
to meet everybody. So in terms of really networking, I think 
this approach of taking everybody here and having all of 
the networking and getting-to-know-you happen here, 
where there is a lot of true intermixing of everybody, gives 
you the chance to really get to know everybody. I think 
one of the big reasons for coming to one of these things 
is definitely to talk about science and learn new things 
but really from a community building standpoint, this is an 
amazing experience.In setting up new collaborations, it’s 
a great opportunity. 

I jumped at the opportunity (to mentor) because I really 
enjoyed the experience (in previous workshops) so much 
in terms of having this chance to come in an informal way in 
terms of the networking and discussions. This intersection 
between biology and computational mathematics or 
computer science is an area that’s still relatively new. 
Giving people a chance to crossover and intermix in those 
groups is really important.

Q- Are we really pushing forward the boundary of 
biomedical data science? 

A - It is an interesting process to watch. At the beginning, 
there is this establishing (of) what is known and 15 mins 
later someone comes and asks “have you read so and so 
paper” and so (there is) this ability to do that in a really 
rapid time and to quickly establish what is known and 
what is new and how to build on what is already known. 

Q- How has it been being part of the mentor team on 
that dynamic and interacting with your colleagues?

A - It’s interesting to be on the other side and, in particular, 
I feel that to have some insight about what participants are 
going through gives me slightly different perspective as a 
mentor as compared to some of the others. (This could 
be) in terms of thinking about what ultimately down the 
road is going to work or not, in terms of the make-up of the 
group and the group size. But it’s fun to be able to watch 
people go through the process. It is a little bit of controlled 
chaos but fun to be able to contribute to people’s ideas.

“Getting in a room where Spanish is not the main language 
and you have to speak in English, that sometimes freaks me 
out. But the way the organizers are managing this, the way 
they put you so that you can interact with people, is nice.”

Monica

Nadal-Quirós

“Those types of workshops tend to be the best experiences 
when it’s a small enough group and focused on a particular 
topic. It’s super exciting and very stimulating and it’s a very 
unique opportunity to make a lot of progress very quickly.”

“It’s really exciting. I never had this kind of engaging 
interactive activities that made my brain constantly thinking. 
This is really accelerated learning. You wouldn’t learn what 
I had learned through reading books or through internet 
because you have experts. Whenever you have questions, 
you directly get answers.” 

“You can’t do this in a lecture, sitting in there, experts 
feeding you knowledge. You will get tired. From educator 
perspective, I think this is great. In the future, I am adopting 
some way in my classroom discussion. That’s how you 
keep young students engaged.”

“This kind of iterative process made sure the new concepts, 
something that is new to me first time but then second time, 
oh it gets reinforced and third time I feel more and more 
comfortable. Actually, I can use term. It’s become mine.” 

Hicks

Cheng

Stephanie

Haiyan

“

Q- What is the origin of the idea for “Under-
standing therapeutic failure” group? 

(Answer by Michael Knopka) - The idea came from 
the third session that we did. It was one of the 
ideas about structural aspects that organically 
worked out and the three of us agreed on it. We all 
brought a skill that would help address the problem 
together. One of them came from the three-way 
listening. It had to do with whether is there a way 
that we could either isolate mitochondria or study 
isolated mitochondria with minimal damage.

Q - How did you become part of the “cell 
dynamics for precision medicine” team?
(Answer by Stephanie Hicks) - I try to focus heavily 
on putting the problem first and understanding the 
biology about how the data is generated and what 
are the aspects. There are experimental aspects 
that need to be accounted for or incorporated into 
the model or addressed as opposed to saying “I’m 
a statistician. I work with this kind of model and 
I’m in search for a particular type of data set that 
I can apply that model to”. I was very inspired by 
the problem itself and I think it has a big potential 
for great applications and so for me it was very 
exciting to be part of.

Q - How you chose the “Omics to dynamics” 
team?
(Answer by Haiyan Cheng) - 3 things – people, 
topics and complementary expertise. So through 
bouncing ideas around, we always see we’re kind 
of similar. We are talking about similar stuff. There 
are key terms overlapping so that’s how I naturally 
grouped together with my team.I’m learning from 
scratch in that aspect so I think we have an ideal 
data science team.
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“It’s super exciting and very stimulating and it’s a very 
unique opportunity to make a lot of progress very quickly.”

“

THURSDAY

9:00 2:0011:00
Working Time Mentor panelsProject presentation - Round 24

The critiques and suggestions provided 
by the mentors helped the teams form 
a realistic perspective on accomplishing 
their projects and deciding on the 
appropriate level of budget support 
needed. The mentor panel reviews also 
helped to delineate and discern if their 
was any existing scientific overlap with 
participant’’s own current independent 
projects. This helped the teams make 
clear and distinct project proposals 
that would push the boundaries at the 
intersection of mathematical challenges 
and single cell dynamics.

In the morning of the fourth day, teams continued to work and evolve with members deliberating on sticking 
with their project or moving to a different project. Some participants even were recruited to another project 
team because of their translational experience, clinical expertise or their biospecimen resource access that 
could benefit many projects. Project presentations round two served multiple purposes including finalizing 
teams and provided refined project proposals that could be evaluated constructively by the mentor panels. 
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FRIDAY

9:00 12:0010:00
Working Time Mentor deliberations and funding decisionsFinal project presentations5

Each group prepared and delivered 
their final 10 minute presentation and 
proposal. The mentors deliberate 
and made their final support 
recommendations to the JKTG 
Foundation. To pursue preparation 
of successful grant proposals, 
support was provided for continued 
collaboration and interactions after 
the event to 5 out of 8 groups.
 
Even the teams that were not 
supported, have continued to 
collaborate due to the amount of 
concentrated interaction and support.

An end to the Lab and the beginning of promising new collaborations 
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Q- Just to get some of your impressions 
about the 2018 Innovation Lab, maybe 
I could just start with what initial 
impressions did you have? What did you 
feel coming in? Were you excited about 
it and did it meet those expectations?

A- I thought that was a really clever idea to 
deal with a couple of problems that might 
otherwise occur so if some people are shy 
and won’t talk much of themselves. I thought 
that leaving up the sheets with a summary 
of people’s background and interests for 
a few days was useful because it meant 
that if you thought “ I remember hearing 
somebody say something about X topic” 
you could go back and check-up and find 
out who it was and refresh your memory so 
I thought that worked pretty well.

Q- What did you like about the process of 
getting people together into the groups?
 
A- I thought that their technique of getting 
together into groups of a similar expertise 
was quite clever.The initial reaction is 
“why are you forming groups with only 
statisticians or only cell biologists or only 
modelers?” but then I realized that what 
it accomplished was that everybody else 
could see who had a particular expertise 
and idea and within the groups. People 
could talk and differentiate themselves 
based on their particular expertise. I thought 
that was unexpected but I think it really did 
accomplish something.

Atkinson
Graham

Interview with Funder

“The whole workshop is so dynamic and it’s 
changing all the time and there’s new ideas 
emerging and the project itself is also morphing 
as we get feedback essentially to make it more 
relevant, more useful, more viable.” 

VermaMohit
“

“One of the things that we just love about this 
event is that everybody here was not only really 
interested in collaborating and working with each 
other and brainstorming and coming up with novel 
ideas, everybody is also very nice. You do find that 
in science but not always.

Hendricks
Audrey

Outcomes
Exhausted and exhilarated, teams made their final 
stand and pushed to deliver polished presentations 
of their project proposals on the last day. These 
presentations were not taken lightheartedly, as 
evidence of many teams working into the late 
hours of night. The eight teams that developed were 
a good mix of quantitative and biomedical expertise, 
with some team members involved in more than one 
project. The following teams formed around the eight 
projects, some with thought provoking titles:

This group has monthly virtual meetings and met 
in person in Boston on March 8, 2019 to analyze 
data being generated in the Dana-Farber Cancer 
Institute lab. They are currently focusing on data 
analysis and writing a paper.

8

Months Later

8

March 2019

Stephanie 
Hicks, 

Sahand 
Hormoz, 

Yuchao Jiang

1 Single-Cell Dynamics for Precision Medicine in Cancer 

Most cancers are comprised of multiple genotypically and phenotypically distinct 
cell populations in the same patient. Although recent single-cell sequencing 
technologies circumvent the averaging effects associated with traditional bulk-
tissue sequencing and provide a finer resolution of cellular heterogeneity, critical 
limitations remain to be addressed: (i) Existing single-cell RNA sequencing (scRNA-
seq) studies in cancer ignore genomic and epigenomic variation and to our best 
knowledge there is no existing cancer dataset by single-cell assay for transposase-

accessible chromatin using sequencing (scATAC-seq); (ii) There are no scalable experimental and 
computational methods that simultaneously measure and profile genomic, transcriptomic, and 
epigenomic features from the same (set of) cells from the same patient with high throughput and 
accuracy; (iii) There are no existing studies or methods that investigate the differential dynamics 
and trajectories both within and across patients and associate them with therapeutic response and/
or clinical outcomes. Here, we propose to fill the aforementioned gaps with a novel experimental 
and computational framework to understand the manifestation of Philadelphia chromosome-negative 
chronic myeloid leukemia (CML) using multimodal single-cell omics data collected from the same 
patient. We will characterize the dynamics of cell-state transitions from in vitro experiments using 
progenitor cells collected from each patient and associate changes in differentiation trajectories with 
drug treatment response. Our findings will greatly facilitate understanding of CML progression, aid 
biomarker discovery for diagnosis, and tailor personalized treatment.
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Unmasking the Heterogeneity of Cellular Responses to Pulmonary 
Arterial Hypertension

Pulmonary arterial hypertension (PAH) is a severe disease of the pulmonary vasculature 
that is characterized by high blood pressure in the pulmonary arteries. During the 
development of PAH, the smooth muscle cells grow, the pulmonary vasculature remodels, 
and normal physiological function is compromised. In particular, the pulmonary blood 
vessels undergo irreversible changes and develop obstructive lesions that alter their 
biomechanics and mechanobiology of the vascular cells. Hypothesized mechanism 

Daniela 
Valdez-Jasso, 
Mohit Verma, 
Tamar Sofer, 
Javier Lopez

4

of these changes is Notch3 signaling, which has been 
found to induce pulmonary arteriolar smooth muscle 
cells to proliferate. In this project, we hypothesize that 
the homeostatic single cell response to high pressure is 
heterogeneous. Leveraging the expertise of our group in 
nanotechnology engineering, cardiovascular cell biology, 
molecular statistics, and biomechanics, we will test our 
hypothesis by perturbing the microenvironment in a 
novel multiwell-plate-based platform to characterize the 
heterogeneous response under pulsatile flow.

A Multi-Pronged Single-Macrophage Platform Towards Defeating Mtb

Mycobacterium tuberculosis (Mtb) is the 
leading cause of infectious death. Nearly 
one-third of the global population is 
infected by Mtb, and variability in control 
of the pathogen is a defining feature of Mtb 
infection. In order to leverage immunity 
in altering the course of Mtb disease it is 

essential to induce antimicrobial programs effectively across 
all infected cells; however, the mechanisms that underlie Mtb 
control remain incompletely understood. To address these 
challenges and advance new therapies for Mtb treatment, this 
project will leverage a novel platform for identifying drugs that 
enhance the homogeneous induction of antimicrobial programs. 
Additionally, this project will also leverage a combined experimental and computational approach with sorted 
subpopulations of infected macrophages (MØ) that have successfully killed Mtb or not to define transcriptional 
signatures associated with successful Mtb control. The identified signatures through single-cell transcriptional 
profiling will then be used to computationally identify compounds that can improve MØ control of Mtb.

Bryan 
Bryson, 

Bin Chen, 
Roy Dar

2

This group is actively engaged in 
conducting experiments for the 
first two aims of their projects. 
They are preparing to submit an 
NIH Exploratory/Developmental 
Research Grant Award application 
in the Fall of 2019.

8

The group has met virtually 
post-Innovation Lab with plans to 
continue meeting. They will submit 
to the NHLBI R01 Research Grant 
and/or the joint DMS/NIGMS 
Initiative to Support Research at 
the Interface of the Biological and 
Mathematical Sciences.  
https://www.nsf.gov/pubs/2018/
nsf18566/nsf18566.htm

8

This group met in person six months post-Innovation Lab to discuss recent progress in 
integrative approaches to unraveling regulatory program underlying lineage differentiation of 
neuronal cells. Members of this group continue to meet virtually biweekly, to develop novel 
statistical models for single-cell multi-omics data analysis, and to develop a single-cell genomics 
strategy to improve the clinical applications of flow cytometry, with the aim of an efficient system 
to enrich rare but clinically important cells. They will submit to the joint DMS/NIGMS Initiative to 
Support Research at the Interface of the Biological and Mathematical Sciences (https://www.
nsf.gov/pubs/2018/nsf18566/nsf18566.htm) Manuscript submissions are being prepared on the 
following project topics:1) A model selection approach for differential analysis of count data
2) A Bayesian normalization method for scRNA-seq data.

8

Looking at Heterogeneity in Drug Response Through a Dynamic Model

Targeted and cytotoxic therapies can 
show striking initial responses but 
ultimately resistance develops. While 
frankly resistant tumors are amenable 
to extensive molecular characterization, 
resistance initially develops from a single 
progenitor cell during processes that are 

poorly understood. Previous data implicates a two-step process, 
in which cell variability enables a subset of cells to tolerate 
therapy in a pre-resistant state, and then these cellsultimately 
stochastically transition to resistance. Studying the dynamics 
and origins ofresistance requires both single-cell experimental 
approaches along with models of this stochastic process to identify points of effective intervention.

Michael Mak, 
Roy Wollman, 
Aaron Meyer, 

Yang Chen

3

The group continues to meet post-
Innovation Lab. They are preparing 
an administrative supplement to 
NIH award 1U01CA215709-01-A1 
to support their future research.

8

Inferring Lineage Program Regulating Transcription Factors 
for Neuronal Cell Type Identity from Multi-Modal Single-Cell 
Transcriptome and Epigenome Data

The mammalian brain develops through sequential waves of neuronal and glial cell 
proliferation, differentiation and maturation. Distinct cell types arise at specific time 
points during prenatal development, forming the layers of cortex in an inside-out 
fashion. The correct establishment of each neuron’s molecular cell type identity, defined 
by the expression of key identity-driving transcription factors (TFs) and corresponding 
epigenomic modifications throughout the genome, is critical for subsequent circuit 

formation, maturation and cognitive development during childhood and adolescence. Neurodevelopmental 
disorders, including autism spectrum disorders (ASD) and schizophrenia, are linked to disruption of neural 
circuit formation, but the role of specific excitatory and inhibitory neuron types remains unclear. For example, 
although a number of candidate genetic loci have been linked with ASD and schizophrenia through genome-
wide association studies (GWAS), these data do not identify the cell type(s) that are directly affected by genetic 
and/or environmental insults. The transcription factor FOXP2 has been linked with language development and 
cognition in humans, and is expressed in a subset of deep layer cortical excitatory neurons. However, the 
precise identity of the cells defined by the key regulator FOXP2, as well as their distribution across regions 
of the cerebral cortex, are unknown. By combining a rich database of empirical transcription factor binding 
information with single cell resolution transcriptome and epigenome data from mouse brain cell types, we will 
identify the key transcriptional regulators of cell identity for cortical neurons including FOXP2-expressing deep 
layer excitatory neurons.

Eran Mukamel, 
Chongzhi Zang, 
Yang Chen, Yu 
“Max” Qian, 
Kwangbom 

Choi

5
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Multiscale Modeling of Cell State Dynamics Based on Single Cell 
“Omics” Data to Predict EMT Phenotype Changes in Lung Cancer

 Despite the therapeutic advances, lung cancer remains the leading cause of cancer-
related death in the US. Metastasis and recurrence may be responsible for the failure 
of treatment. EMT is a powerful process exploited by tumor cells for invasion and 
metastasis. The partial “hybrid” EMT states are of most clinical importance partly 
because these are readily detected in specimens and are considered most plastic 
in nature. Most studies are restricted to expression of gene and proteins at bulk cell 

population. Because of availability of cyToF 
technology that analyzes millions of cells at a 
single cell level to generate high dimensional 
single cell proteomic data for deep dynamic 
views of complex processes, we are proposing 
to use this technology to interrogate EMT 
transition in lung cancer metastasis. Our plan is 
to optimize EMT in cell culture by using TGFb 
as a stimulator. With the use of modelling driven 
by data generated by cyToF and scRNA Seq, 
we hope to identify critical time points for EMT 
transition. This approach will potential identify 
EMT- therapeutic targets for (i) clinical use and 
(ii) interventional experiments to validate EMT 
or MET transitions in vitro.

Benedict 
Anchang, Michael 

Blinov, Haiyan 
Cheng, Mónica 
Nadal-Quirós, 
Idoia Ochoa,  
Tara Sigdel

6

Minjoung 
Kyoung, Michael 
Konopka, Tara 
Sigdel, Young 
Hwan Chang, 

Jing Ma

7

After the meeting in Oregon, this team has continued 
collaborating via conference calls to talk about the 
progress of their proposed individual aims. Currently 
they have submitted a manuscript on some of 
the preliminary work which is under review. They 
are looking to experimental collaborations to help 
generate new data for and a grant submission. Their 
publication resulting from the lab is Mapping Lung 
Cancer Epithelial-Mesenchymal Transition States 
and Trajectories Using High-Dimensional Single-
Cell Time-Course Analysis. https://www.biorxiv.org/
content/10.1101/570341v1

8

The group has met virtually post-
Innovation Lab and has plans to 
continue meeting. They are planning 
to submit a proposal to CDMRP 
Breast Cancer Research Program. 
https://cdmrp.army.mil/funding/bcrp

8

Understanding Therapeutic Failures Through 4D Single-Cell Analysis 
of Metabolic Heterogeneity

The objective of our proposed research is to develop novel tools to dissect drug 
resistance of cancer cells in breast cancer. We will achieve this goal by collecting, 
analyzing, and modeling spatiotemporal dynamics of mitochondrial structure, function, 
and transcriptome at the single cell level. Many studies suggest mitochondria and 
metabolic association with therapeutic responses. We hypothesize that in cancer 
cells mitochondrial characteristics can guide proper therapeutic approaches. Due to 

the complex and dynamic nature of mitochondria in cancer cells, existing data from univariate and static 
measurements of mitochondria are not sufficient because they lack spatial and temporal dynamics aspect. 
In addition, the transcriptome data are usually collected 
from mixture of dead cells which may not fully represent real 
physiological events. To address these challenges, we need 
novel imaging and molecular profiling tools on live cells aided 
with sophisticated analytical models. The biomedical problem 
being addressed is why some cancer cells are sensitive to 
drugs and others are resistant using a breast cancer cell model. 
To solve this biomedical problem, single cell data is critical in 
monitoring cell fate in terms of resistance or sensitivity after 
each cell is treated with the drug.

Uncovering the Life Clock of Red Blood Cells Using Single-Cell 
Analysis

Red blood cell life span affects clinical parameters used for diagnosis and monitoring 
of diseases decreasing the efficacy of these univariate metrics for subpopulations 
of people. Red blood cell lifespan may also be altered in diseases. There are no 
existing models or methods for attaining multidimensional single-cell parameters that 
quantitate RBC life span in clinical practice. We propose to develop a mathematical 
model to predict the age of single RBCs using single cell bio-physical, molecular 

and RNA measures. Using mathematical models of decay (i.e. exponential or gamma) we will develop and 
recalibrate a model of RBC life span using bio- physical measures detectable at the same time on a single 
cell. Additionally, we will develop 
mathematical and statistical models 
of mRNA distributions as a function 
of pseudo-age and disease as well as 
multivariate models of single cell bio-
physical and molecular by pseudo-age 
and disease. Later, we will develop 
compositional models of mRNA and 
micro-RNA as a function of pseudo-
time and distribution kinetics across 
patients. Single cell data enables the 
creation and analysis of a life cycle 
clock for each single RBC and how 
that clock (and its distribution) varies 
in healthy and diseased states.

Each of these projects are aimed at 
overcoming data gaps and knowledge gaps 
to overcome mathematical challenges that 
arise when confronted with dynamic single 
cell data. These projects will be interesting 
to follow and see how teams continue to 
collaborate on their projects. The team 
projects had common theme or intent of 
understanding heterogeneous molecular 
characterizations of single cells to develop 
models that can infer and predict outcomes 
of health and disease progression.

Rhonda 
Bacher, 
Audrey 

Hendricks, 
Javier Lopez

8

This group has monthly virtual conference calls to discuss 
the progress on the experiment and review paper. 
An in person meeting being held in Denver in March, 
2019 to analyze preliminary data and discuss modeling 
approaches. Further in person meetings are planned 
for the year. The appropriate RFA and foundation for 
submission will be identified at their in-person meeting in 
March. They are currently writing a review paper on uses 
and analysis approaches for integrating flow cytometry 
data and single-cell RNA-seq data on the same cell.

8
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Divergent Thinking 
The process of creating options, usually as part of idea generation.

Convergent Thinking 
The process of making choices, including the improvement of existing options.

Climate
The observable physical and psychological environment.

Facilitate
The act of guiding others through a collaborative problem solving process.

Innovative
Something that is both novel and appropriate.

Picasso-in-a-bag
Picasso-in-a-bag is a short ice-breaker activity that gets people laughing and paves way for amiable 
interactions. Despite lacking serious artistic skills, the generated sketches are enjoyed and appreciated by 
everyone. It also proves to be a great way for people to introduce themselves and segue into their background 
and research interests.

The Duck of Doom
An awkward sounding alarm that quacks when time’s up. The facilitators use it to help short presentations stay 
on time. If the duck of doom is ignored however, you might just find yourself getting a friendly bear hug too.

““I believe a team comprising of people with a diverse 
background, minds and ideas has the potential to 
solve any complex problem. I was impressed with the 
ability of the lab organizers to bring computational 
and experimental researchers to brainstorm about 
science for a few days in a single room.”

“The Single Cell Innovation Lab was and extremely 
positive experience that both increased my research 

network and prompted novel and exciting collaborations.”

“It was an eye-opening experience for me. I 
would definitely recommend it to my colleagues.”

Afterwards

Glossary of Innovation Lab Terms
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Donnalyn Roxey
Donnalyn’s passion for creativity, coupled with her long standing involvement in biological 
research, has led to her focusing her energy on the emerging field of the science of team 
science. She is fascinated by how research teams operate, and how they can work even 
more effectively. If you catch her in the wild, you will typically find her with a book in hand 
(and another 2 in her bag), playing with a tech gadget, or possibly eating tacos. At home she 
enjoys spending time with her littles, Ella and Madeline, working on puzzles, climbing trees 
or playing board games.

Tim Dunne
Tim Dunne owes his love for creativity and innovation to his 
mother. She began attending the Creative Problem Solving 
Institute, CPSI, in 1976. He attended his first CPSI conference 
in 1993. At the time, Tim was a banker. He began to use creative problem solving to address 
challenges with his clients and found it effective. Thus began his love affair with the practicality 
of creativity. In 1999, Tim left the world of banking, moved to Paris and turned this passion 
for creativity from avocation to vocation. Tim’s been leading and teaching structured creative 
process at conferences and for clients ever since. When he’s not handing out Post-it notes you’ll 
find him enjoying his favorite moment in life: moving and cogitating, hopefully on a mountain trail 
or a dirt road, on foot or on a bike. His second favorite moment is when he witnesses anyone, 
including himself, having an “Oh, I must change” moment.

Stavros Michailidis
Stavros has a long Greek surname 
that nobody can remember, let alone 
pronounce. Fortunately his first name 
is unique and memorable, just like him. 
A long entrepreneurial journey and a 
diverse educational foundation give 
Stavros his individual point of view. 
From his Bachelor of Professional 
Studies in Construction Management, 
to his Master of Science in Creative 
Studies, to his distressed takeover of 
the family business and the founding 
of a chain of eco-friendly dry-cleaners, 
it seems like Stavros has done it all. 
Currently he loves his job facilitating 
and training collaborative creativity, 
and he also teaches at the University 
of Southern Florida in St. Pete where 
he lives with his family. (Apparently 
it’s impossible for him to do just one 
thing). He enjoys friends, philosophy 
and sailing. Jibe Ho!

Carol Shreffler
Dr. Shreffler is the Program Officer for the 
Training and Career Development Program at 
NIEHS. Shreffler is the NIEHS representative 
on the NIH Training Advisory Committee and the 
NIH Molecular Libraries and Imaging Roadmap 
Committee.She is credited with developing and 
managing the Outstanding New Environmental 
Scientist Program, a R01 research grant aimed 
at outstanding new Early Stage Investigators in 
the Environmental Health Sciences. 

Jennifer Couch
Dr. Couch is the Chief of the Structural 
Biology and Molecular Applications 
Branch in the Division of Cancer Biology, 
NCI, NIH. She as the NIH Citizen Science 
and Crowdsourcing Coordinator which 
explores the use of and potential for 
citizen science approaches to biomedical 
research and provides resources to the 
research community. In addition, Dr. 
Couch participates in several trans-NIH 
and trans-agency efforts and has helped 
to organize workshops and programs 
in areas such as Quantitative Systems 
Pharmacology, Multi-Scale Modeling, 
and Games for Biomedical Research.

Eric M. Johnson Chavarria 
Dr. Johnson Chavarria is a AAAS Science and Technology Policy Fellow serving in 
the Structural Biology and Molecular Applications branch within the Division of Cancer 
Biology at NCI/NIH. Eric works in open innovation approaches including coordinating 
innovation labs and challenge prize competitions. He also aims to bridge emerging 
technology to address cancer challenges and health disparities by contributing in 
several working groups including Cancer Tissue Engineering Collaborative, The 
Human Tumor Atlas Network and The Human Biomolecular Atlas Program. He also 
is an advocate for diversity, inclusion and mentorship by volunteering with the NIH 
SACNAS Chapter.

Shannon Hughes
Dr. Hughes joined the National Cancer 
Institute’s Division of Cancer Biology in 2015 
as a Program Director for the Cancer Systems 
Biology Consortium and the Physical Sciences 
in Oncology Network. Her interest in cancer 
systems biology and physical oncology stems 
from her background in applying chemical 
and biomedical engineering principles to 
investigate cell signaling pathways involved in 
cell migration, invasion, and cancer metastasis. 
She is currently co-lead of the Human Tumor 
Atlas Network and additionally manages the 
Cancer Systems Biology Consortium.

J. Graham Atkinson
Dr. Graham Atkinson is the JKTG Foundation 
executive vice president for research and 
policy. He holds a Doctorate degree from 
Oxford University. His other experiences 
include being one of the original developers 
of the Maryland case mix reimbursement 
system, serving as an expert in various court 
cases, and is widely recognized for his health 
policy expertise. He has been involved in the 
design and development of various RUGs 

based nursing 
facility payment 
systems; DRG, 
APC, and APG 
outpatient payment systems; and the Medicare 
payment system for ambulance services. He has also 
been extensively involved in the development of state 
rate systems.

Theodore “Ted” Giovanis
Ted Giovanis is the President and founder of the 
Jayne Koskinas Ted Giovanis Foundation for Health 
and Policy and provides overall direction for the 
Foundation’s activities. His work experiences include 

work in government relations, 
health policy development, and 
management of health care 
organizations covering nearly 
four decades. He has been 
involved in the development of 
many Medicare regulatory and 
legislative policy changes such 
as the creation of the Medi-
care Geographic Classification 
Review Board and Section 508 
Reclassifications. He was also 
solely responsible for the iden-
tification and prosecution of 
the rural floor budget neutrality 
issue which resulted in a multi-
billion-dollar settlement for 
hospitals nationally.
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James Eberwine
Dr. James Eberwine is the Elmer Holmes 
Bobst Professor Systems Biology at 
University of Pennsylvania Perelman 
School of Medicine. His scientific interests 
revolve around the variation in function of 
single cells in complex cellular networks. 
This interest led him to develop, among 
other methodologies, single cell PCR, the 
aRNA amplification protocol and to coin 
the phrase “expression profile” to describe 
the relative abundances of RNAs, thus 
pioneering the field of single cell biology. 

He is the Elmer Holmes Bobst Professor Systems Biology at University 
of Pennsylvania Perelman School of Medicine. His scientific interests 
revolve around the variation in function of single cells in complex cellular 
networks. This interest led him to develop, among other methodologies, 
single cell PCR, the aRNA amplification protocol and to coin the phrase 
“expression profile” to describe the relative abundances of RNAs, thus 
pioneering the field of single cell biology.

John Lowengrub
Dr. John Lowengrub is a professor in 
the Department of Mathematics at the 
University of California, Irvine. Professor 
Lowengrub’s research areas include applied 
and computational mathematics along with 
mathematical and computational biology.

Laura Heiser
Dr. Laura Heiser is an assistant professor in the Biomedical Engineering department at 
the Oregon Health & Science University. Dr. Heiser’s research is focused on identifying 
pathways and aberrations associated with therapeutic response and resistance in 
cancer. In her studies, she uses an integrative systems biology approach to understand 
cancer as a complex system. Dr. Heiser is also an 
active member of the DREAM Consortium, which 
is a community-based effort to rigorously assess 
and advance algorithms in computational biology.

Nick Tatonetti
Dr. Nicholas Tatonetti is the Herbert Irving 

Assistant Professor of Biomedical Informatics in the Departments of Biomedical 
Informatics, Systems Biology, and Medicine and is Director of Clinical Informatics 
at the Institute for Genomic Medicine at Columbia University. His lab at Columbia is 
focused on detecting, explaining, and validating drug effects and drug interactions 
from large-scale observational data.

Vinay Pai
Dr. Vinay Pai has a background in biomedical imaging 
and biomedical informatics. He has been in the federal 
government for more than a decade and his last posting 
was as director of the division of health informatics 
technologies at the National Institute of Biomedical Imaging 
and Bioengineering (NIBIB), National Institutes of Health 
(NIH). Prior to federal service, he was on faculty at New 
York University School of Medicine and at SUNY Upstate 
Medical University, in the department of radiology. He has 
seven patents in medical device development and novel 
approaches in magnetic resonance imaging.

Navin Varadarajan
Dr. Navin Varadarajan is an associate professor of Chemical and Biomolecular Engineering at the University of Houston. His 
single-cell lab is developing high-throughput screens designed to characterize a wide range of biological functions ranging 
from the properties of proteins in single cells to antigen mediated cellular cytotoxicity.

Markus Covert 
Dr. Markus Covert is an Associate Professor 
in the Bioengineering Department at the 
Stanford university. His research focuses 
on focus is on building computational 
models of complex biological processes, 
and using these models to guide an 
experimental program. Such an approach 
leads to a relatively rapid identification 
and validation of previously unknown 
components and interactions.

Rick Horwitz
Dr. Rick Horwitz is the Executive 
Director of the Allen Institute for Cell 
Science. He spent the past 15 years 
in the Department of Cell Biology, as 
Harrison Distinguished Professor and 
University Professor, at the University 
of Virginia, School of Medicine, where 
his lab investigated the mechanisms 
of cell migration and dendritic spine 
morphogenesis.

Jack Van Horn
Dr. Jack Van Horn is the Associate Professor in Clinical Neurology 
and the Director of Education in the Mark and Mary Stevens 
Neuroimaging and Informatics Institute at the Keck School of 
Medicine, USC. He is interested in studying neurophysiological 
human cognition using in vivo neuroimaging techniques, e.g. 
functional MRI, diffusion tensor imaging, and its relations to other 
biological systems. Areas of interest in neuroimaging include – 
visuo-spatial task performance, motor learning, working memory, 
and continuous task performance.

Jeana Kamdar
Ms. Kamdar is the Project Manager for the BD2K 
TCC. She received her masters in Public Health 
from the George Washington University. She 
specializes in higher education management 
and operations and has earned the Project 
Management Professional Certification. She is 
actively involved in the planning and organization 
of the Innovation Lab and works closely with the 
Director, the TCC team, KI, and the NIH program 
officers in coordinating this workshop. 

Avnish Bhattrai
Mr. Avnish Bhattrai is a Project specialist at the BD2K TCC. He is extensively 
involved in the curation and indexing of resources for the TCC as well as 
contributing to the organization of the Innovation Labs. He holds an M.S. in 
Pharmacology and an M.S. in Neuroimaging. His research interests include 
studying the physiological and neurochemical changes in the human brain post-
injury to better identify prognostic tools and therapeutic interventions. 
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Aaron Meyer
Dr. Aaron Meyer is an Assistant Professor in the Department 
of Bioengineering at UCLA. His lab focuses on combining 
experimental and computational techniques to reverse engineer 
cancer and innate immune signaling, with the goal of designing 
immune- and cancer-targeted therapies.

Audrey Hendricks
Dr. Audrey Hendricks is an 
Assistant Professor in the 
Department of Biostatistics and 
Bioinformatics at University of 
Colorado, Denver. She is interested in developing and applying new 
methods to more fully and robustly use the huge data resources 
available. This includes methods to use publicly available data 
as external controls in case-control analysis and new methods to 
identify disease subgroups within large, population based cohorts.

Benedict Anchang
Dr. Benedict Anchang is located in the 
Department of Radiology at Stanford 
University. He is interested in using 
computational systems biology and 
medicine to study heterogeneity in 
normal and disease progression as well 
as improve patient health by developing 
better diagnostic and treatment strategies 
using high throughput technologies.

Bin Chen
Dr. Bin Chen is an Assistant 
Professor in the Department of 
Pharmacology & Toxicology at 
the Michigan State University. 
His lab is interested in leveraging 
data and artificial intelligence to 
connect different components 
(patients, tissues, in vitro models 
and in vivo models) in translational 
research. They currently focus 
on liver cancer, breast cancer, 
and pediatric cancers.

Bryan Bryson
Dr. Bryan Bryson is an Assistant professor in the Department 
of Biomedical engineering at the Massachusetts Institute of 
Technology(MIT). He is interested in developing new tools to dissect the 
complex dynamics of bacterial infection at a variety of scales ranging 
from single cells to infected animals sitting in both “reference frames” 
by taking both an immunologist’s and a microbiologist’s perspective.

Chongzhi Zang
Dr. Chongzhi Zang is an Assistant Professor in the Center for Public 
Health Genomics, University of Virginia. Chongzhi is a computational 
biologist with expertise in cancer epigenomics. His research focuses 
on algorithm development for high-throughput genomic data analytics 
and integrative modeling of gene regulatory networks in mammalian 
cell systems. 

Daniela Valdez-Jasso
Dr. Daniela Valdez-Jasso is an Assistant Professor in 
the Department of Bioengineering at the University of 
California, San Diego. Her research focuses on soft-
tissue biomechanics and multi-scale mathematical 
modeling of organ and tissue function, particularly as 
they pertain to understanding the ventriculo-vascular 
adaptations to pulmonary hypertension (PH).

Eran Mukamel
Dr. Eran Mukamel is an Assistant Professor in the 
Department of Cognitive science at the University of 
California, San Diego. His lab focuses on developing 
large-scale computational analysis and machine 
learning algorithms to extract 
biological insight from whole-
genome DNA methylation data 
sets related to the development 
and maturation of human and 
mouse brain cells. A second 
focus is the temporal structure of 
cortical electrical activity during 
the induction of and recovery 
from general anesthesia.

Crystal Stewart
Ms. Stewart, holds a M.A. in clinical professional psychology and is a trained 
educational outreach specialist for the BD2K Training Coordinating Center. In addition 
to her contributions to the assessment process for our Biomedical Data Science 
Innovation Labs, communicating with fellows before, during, and following each 
event, she also coordinates the BD2K TCC science rotation program. In each, she 
administers assessment tools for evaluating team collaborative success and how 
individual career-paths have been affected through our workshops and other events.

Camryn Van Horn
Ms. Van Horn is a fourth year high school student at 
Palisades Charter High School in Pacific Palisades, 
California. The 2018 Innovation Lab was her third, where 
she greatly enjoys working closely with the TCC Team, 
assisting the Knowinnovation facilitation team with all their 
activities, and interacting with all the interesting participating 
scientists.

Haiyan Cheng
Dr. Haiyan Cheng is the Department 
chair and an Associate Professor in the 
Computer Science Department at the 
Williamette University. Her research 
interests include Scientific computing, 
Hybrid numerical methods for data 
assimilation,Uncertainty quantification 
and reduction techniques for large-
scale simulations, data science and 
machine learning.
 

Idoia Ochoa
Dr. Idoia Ochoa is an Assistant Professor in the 
Electrical and Computer Engineering Department 
at the University of Illinois at Urbana-Champaign. 
Her research interests include data compression, 
bioinformatics, information theory and coding, machine 
learning, communications, and signal processing. 
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Javier Lopez
Dr. Javier Lopez is an Assistant Adjunct Professor in the Department of Internal medicine 
at University of Davis. He is interested in studying how soluble factors may regulate the 
transition of cardiac myocytes from regeneration during fetal growth to hypertrophic growth 
postnatally. His laboratory focus is in studying the fundamental mechanisms of this growth 
transition to enhance the translational efficacy of soluble 
factors (drugs) and cell-based strategies (stem-cells) for 
cardiac regeneration in the failing heart.

Jing Ma
Dr. Jing Ma is an Assistant Professor in the Biostatistics 
Program at Fred Hutch Cancer Research Center. Her 
research goals involve developing new statistical methods 
for problems in the emerging ‘omics’ field, including 
genomics, metabolomics and microbiome, and address 
the associated algorithmic and inference issues..

Kwangbom Choi
Dr. Kwangbom Choi is an assistant research scientist 
at Jackson Laboratory.He is interested in designing 
statistical models and machine learning algorithms 
that characterize the genomic landscape underlying 
complex traits from next generation sequencing and 
single-cell technologies. He is working on generalizing 
the current models to different type of NGS data in order 
to study associations in allele-specific methylation, 
allele-specific transcription factor binding, allele-
specific expression, and allele-specific translation.

Michael Blinov
Dr. Michael Blinov is an 
Assistant Professor in 

the Department of Genetics and 
Genomic Sciences at the Univer-
sity of Connecticut. His research 
interest lies in mathematical 
modeling of complex biological 
systems, algorithms and software 
for mathematical modeling and 
biological data processing, storage 
and visualization. He is also working 
on integration of different tools into 
the VCell modeling software. 

Michael Konopka
Dr. Michael Konopka is an Assistant Professor in 
the Department of Chemistry at Rice University. 
His research utilizes quantitative fluorescence 
microscopy techniques to investigate biophysical 
and biochemical interactions in single cells such 
as trying to understand both intracellular dynamics 
and the effects cell-to-cell variation has on a 
population’s response to change.

Michael Mak
Dr. Michael mak is an Assistant Professor of 
Biomedical Engineering at Yale University. His lab 
focuses on multiscale mechanobiology in cancer 
and development. They develop interdisciplinary 
approaches, integrating microfluidics, computational modeling, and novel experimental 
systems, to decipher the principles driving emergent mechanobiological phenomena 
from the molecular to multicellular scales, including structure formation and functionality 
of cytoskeletal networks, invasive behavior of tumor cells, and collective dynamics of 
tumors, organoids, and tissues.

Minjoung Kyoung
Dr. Minjoung Kyoung is an Assistant Professor in the 
Department of Chemistry & Biochemistry at University 
of Maryland - Baltimore County. Her research focuses on 
developing and applying novel bioanalytical and biophysical 
tools to understand molecular underpinnings of how signaling 
pathways cross-talk with metabolic pathways in cancer cells.

Mohit Verma
Dr. Mohit Verma is an Assistant Professor in the Department of 
Agricultural and Biological Engineering at Purdue University. 
His research interest lies in engineering microbiomes to improve 
health and prevent diseases such as obesity, diabetes, cancer, 
and inflammatory bowel diseases, developing biosensors that 
are low-cost and user-friendly and applying the soft actuators 
and robots developed so far to applications in maintaining 
human health and preventing injuries.

Mónica Nadal-Quirós
Dr. Mónica Nadal-Quirós is an 
Assistant Professor at Inter 
American University of Puerto 
Rico. She is interested in 
applying thermodynamic and 
kinetic theories to understand 
biochemical and physiological 
processes. Her approach in 
modeling biological systems 
consists in formulating, para-
meterizing (i.e., obtaining 
unknown parameters using 
numerical optimization tech-
niques) and validating the 
mathematical models by 
emulating empirical (e.g., in 
vitro) and theoretical data.

Rhonda Bacher
Dr. Rhonda Bacher 

is an Assistant Pro-fessor in the Department of 
Biostatistics at University of Florida. Her research 
interests are in the development of statistical methods 
and software for analyzing genetics and genomics 
data. She is specifically focused on statistical solutions 
for analyzing and pre-processing (normalizing) high-
throughput genomic and next-generation sequencing 
data to infer both accurate and novel biological 
insights.

Roy Dar
Dr. Roy Dar is an Assistant Professor in the Department 
of Bioengineering at the University of Illinois at 
Urbana-Champaign. His research interests include 
drug screening, cellular fate-determination and state 
transitions, viral and genetic circuitry, stochastic gene 
expression and single-cell biophysics. 

Roy Wollman
Dr. Roy Wollman is an 
Associate Professor in the 
Department of Chemistry & 
Biochemistry at the University 
of California, Los Angeles. 
He specializes in Structural 
and Computational Biology, 
Systems Biology and Biological 
Regulation and Biochemistry.

Sahand Hormoz
Dr. Sahand Hormoz is an Assistant Professor of 
Systems Biology at the Harvard medical school. 
His lab uses time-lapse microscopy to track the 
lineage history of individual cells as they divide, 
followed by single-molecule imaging to readout the 
expression levels of multiple genes in the same 
cells. They also use synthetic biology to engineer 
novel genetic circuits that can retain the history of 
major transitions in each cell. 

Stephanie Hicks
Dr. Stephanie Hicks an Assistant Professor in the Department 
of Biostatistics at Johns Hopkins Bloomberg School of Public 
Health. She is interested in the Analysis of genomic data from 
single cells, Statistical methods to control for false discoveries, 
Statistical methods for normalization of high-throughput data and 
data science education. 

Tamar Sofer
Dr. Tamar Sofer is an Assistant Professor in 
the Department of Biostatistics at Harvard 
university. Her research currently focuses 
on sleep and related traits as sleep is 
affected by environmental exposures, 
genetics architecture, and is associated 
with other molecular markers. She is 
also interested in studying diverse and 
underserved populations, where she 
believe public health research has much to 
contribute.

Yang Chen
Dr. Yang Chen is an Assistant Professor in the 
Department of Statistics at University of Michigan. 
Her Research interests include computational 
algorithms in statistical inference and applied 
statistics in the field of biology and astronomy.

4746



Tara Sigdel
Dr. Tara Sigdel is an Assistant Professor in the 
Department of Surgery at the University of California, 
San Francisco. He uses proteomics, immune 
response profiling, and gene expression analysis to 
discover sensitive and effective biomarkers that help 
in developing clinical tools for early diagnosis and 
improved patient monitoring. In collaboration with 
researchers at UCSF and other institutes, Dr. Sigdel 
is actively involved in identification of non-invasive 
biomarkers genes, peptides, proteins, and antibodies 
that monitor disease status after organ transplantation.

Yu “Max” Qian
Dr. Yu “Max” Qian is an assistant professor at the J. Craig 
Venter Institute (JCVI). He specializes in single cell cytometry 
informatics.Dr. Qian leads and co-develops a suite of 
standards, models, algorithms, and software systems for 
computational cytometry data analysis, including FLOCK/
ImmPort FLOCK, FCSTrans, FuGEFlow, MIFlowCyt, and 
GenePattern FCM suite.These systems have been used 
by informatics researchers and immunologists to improve 
the management of experiment metadata, explore cellular 
phenotypic profiles, identify novel cell subsets, and quantify 
immune responses to clinical treatments.

Yuchao Jiang
Dr. Yuchao Jiang is an assistant professor in the 
Department of Biostatistics and Department of 
Genetics at UNC, Chapel Hill. Dr Jiang’s primary 
research interests lie in statistical modeling, method 
development and data analysis in genetics and 
genomics. His current research is focused on 
developing statistical methods and computational 
algorithms to better utilize and analyze different types 
of next-generation sequencing data under various 
setting, with application to data from large-scale 
cohort studies of human health and disease.

Young Hwan Chang
Dr. Young Hwan Chang 
is an Assistant Professor 
in the Department of Bio-
medical engineering at 
Oregon Health & Science 
University. His research 
interest includes Quan-
titative imaging analysis, 
Data-driven system identification, Control theory, 
Modeling of biological systems, Estimation, Brain-
Machine-Interface, Machine Learning. 
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Knowinnovation is an international consulting firm that specialises in accelerating scientific 
innovation. The company has offices in Europe, and the United States of America, and 
operates globally. Knowinnovation works with clients ranging from national funding bodies 
through to regional colleges.

The NIH Big Data to Knowledge (BD2K) Training Coordinating Center (TCC) provides 
current and future generations of biomedical researchers with tools and training to navigate 
the rapidly evolving and increasingly complex ecosystem of data science. The TCC is a 
multifaceted program with key projects including a personalized online educational platform, 
science rotations, indexing of instructional resources, community outreach, and coordinated 
biomedical data science training activities through national and international partnerships.

www.knowinnovation.com
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