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The pandemic has put science—and scientists—into a 
white-hot spotlight. For those of us who haven’t spent 
our lives in the field, the process of science can look 
confusing. For some, that can lead to an outsized faith in 
the discipline (“Science is magic!”), while for others, it 
can give rise to deep skepticism (“Science is bunk!”).

The reality is that neither is true. The careful, 
methodical processes that are the foundation of science 
have been honed over centuries, and scientists follow 
them for good reason. But science also has flaws, just 
like any human endeavor. Still, its larger aim of under-
standing the world more clearly through observation 

and experiments is one that most of us can get behind.
So what does the work of a scientist really entail? 

How do researchers think about scientific questions and 
try to solve them? How do they make sure their output 
is good and that their very best ideas make it out into the 
world to improve lives?

Sure, you could carve out the next decade of your life 
to earn an MD or PhD and find out for yourself. Don’t 
have that kind of time? We’ve condensed some of the 
most important insights about scientific thinking into a 
six-lesson minicourse you can take right now.

Let’s get started.

What are the practices and mindsets that help drive great science?  
We asked Cedars-Sinai researchers and experts to weigh in about the 

processes scientists use to shape their work and drive progress.

By ERIN PETERSON   
Illustration by BRIAN STAUFFER
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THE BIG ASK:  
CREATING A BETTER  

RESEARCH QUESTION
We asked a few scientists to share the rules they 
follow when generating their research questions. 
Here’s what they told us.

Pursue the surprising observation. “A good 
question is one in which someone looks at a 
problem and they notice something—they see 
something that is different from what other 
people see. And then the question is: why?”
–Keith Black, MD, chair of the Department of 
Neurosurgery, who studies the biology of the 
blood-brain barrier

Pose a question in which any answer will 
illuminate something that matters. “One of 
my mentors taught me that a worthwhile 
research question—one that’s worth your 
time, effort and resources—is one in which the 
answer, whether positive or negative, will be 
interesting either way. If you know that an 
intervention doesn’t work, for example, is that 
still important?”
–Susan Cheng, MD, MPH, MMSc, director of 
Public Health Research in the Smidt Heart Institute, 
who asks questions about cardiovascular aging

Think ahead to your next questions. “It’s a 
little like chess, where you’re thinking four 
moves ahead. Sometimes that means you 
have to rethink the chess game if the answers 
are leading in another direction—but you’re 
always thinking ahead. There’s never a ‘final 
question’ until we get to the meaning of life.” 
–Clive Svendsen, PhD, executive director of the 
Cedars-Sinai Board of Governors Regenerative 
Medicine Institute, who investigates neurodegenera-
tive diseases
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H O W  TO  T H I N K  L I K E  A  S C I E N T I S T H O W  TO  T H I N K  L I K E  A  S C I E N T I S T

T R I A L  A N D  E R R O R

Refine your questions
THE QUESTION THAT SAVED A 

DECADE’S WORTH OF WORK
Joanna Chikwe, MD, was stuck. 

She knew that patients with a heart 
condition known as a leaky mitral valve could 
choose one of two major types of valve 
replacements as part of their treatment: a 
valve made of animal tissue or metal. 

Either way had trade-offs. An animal-tissue 
valve would need to be replaced after a 
decade or so, requiring surgery. A metal valve 
would last longer but would require patients 
to take a daily blood thinner and lead to a 
slightly higher risk of stroke. But doctors didn’t 
know whether one choice might ultimately 
give patients a longer lifespan.

The gold-standard study for such a 
question was a large, randomized trial, 
requiring researchers to follow two groups of 
patients for a decade or more. It would be 
expensive and time-consuming, an doctors 
wouldn’t have good answers for their patients 
for years. “It wasn’t practical,” Chikwe says.

She ruminated on the problem until one 
day she had what she describes as “a classic 
lightbulb moment.” What if instead of 
collecting data for many years into the future, 
she and colleagues sifted through data from 
patients who had undergone similar proce-
dures during the past 15 years and measured 
those outcomes? It was a way of using the 
past to help peer into current patients’ futures.

Chikwe and her colleagues tracked down 
data from thousands of patients who had 
surgery for the condition during the previous 
15 years. With support from a biostatistical 
team, they controlled for many variables that 
could have influenced the outcomes. 

It wasn’t a perfect recreation of a clinical 
trial, but Chikwe got access to valuable 
information far more quickly than she could 
have with a study started in the present. 

The results? Survival rates were essentially 
identical, no matter which valve was chosen.

For Chikwe, an insightful reframing made 
all the difference. “When you’ve got a really 
important question with a number of ways to 
answer it, your goal is to recognize its 
limitations while maximizing its strengths,” 
she says. “If you do it well, you can make a 
profound difference—you can help patients 
make an informed decision on something that 
can alter the course of their life.”

C A S E  S T U D Y
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2Collaborate strategically 
to amplify great ideas

F O R M U L A

THE POWER OF MORE

Paul Noble, MD, director of the Women’s Guild Lung Institute, has spent his 
career studying the mechanisms of lung inflammation and fibrosis. 

He’s made many of his career decisions with collaboration explicitly in mind: 
His roles at Johns Hopkins University, Yale University, Duke University—and now, 
Cedars-Sinai—have been driven by his desire to propel great research with the 
very best partners. “Collaboration has been one of the most salient aspects of 
my scientific career development,” he says.

What’s the formula for success? On the next page, he spells it out.

We’re all familiar with the lone genius  
myth—a wild-haired scientist mixing  
burbling chemicals in a basement laboratory—
but the reality is that the best scientists team  
up with others to pursue ambitious work.  
Here’s how they find the right collaborators to 
solve big problems.

By the time we’re old enough to speak in  
sentences, we’re asking questions: Why is the 
world this way? How can we make it better? 

Scientists ask versions of these questions, 
too—and the stakes of the questions they 
choose to ask can be as high as life or death.

“You’ve got to ask questions you’re genuinely 
excited to know the answer to, because there’s 
a good chance you’ll spend months—if not 
years—addressing them,” says Joanna Chikwe, 
MD, founding chair of the Department of 
Cardiac Surgery.

L E S S O N
L E S S O N
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(GOOD IDEA + ADVANCED 
TECHNOLOGY) x RESOURCES = 

DISCOVERY
During an early-career fellowship at the University of 
Colorado and the National Jewish Health research 
center in the early 1990s, Noble was investigating 
immune cells known as macrophages, which 
seemed to be malfunctioning in ways that led to 
lung scarring. He identified a specific sugar, a 
glycosaminoglycan, that was modified in lung 
inflammation and triggered macrophages to drive 
the scarring. He wrote a paper on the finding.

Eager to learn how this sugar could induce genes 
that might be influencing these activities, he found a 
team at Johns Hopkins that had developed new 
technology to identify genes that were expressed by 
cells grown in culture. It was just what he needed.

With support from the National Institutes of 
Health (NIH), Noble joined the Johns Hopkins team 
to learn these techniques and technology. Ultimate-
ly, he identified a handful of genes linked to this type 
of lung scarring.

SCIENTIFIC SKILLS  
+ BIG VISION  

= LEAPS FORWARD
Later in Noble’s career, when he was at Duke, he 
pondered a fundamental question: Where do the 
cells that cause scarring come from? There was a 
raging debate about whether they might come from 
the lining of the lungs, called the epithelium. To test 
the idea, he’d need some help.

He zeroed in on Brigid Hogan, PhD, a brilliant 
developmental cell biologist also at Duke who had 
been a pioneer in developing the technique called 
“lineage labeling.” The process could help Noble 
follow the fate of these epithelial cells. 

Noble was ready to support the collaboration with 
funding, and a bright, budding pulmonary physician- 
scientist in the Duke fellowship led the charge in 
Hogan’s lab. In the end, Hogan was moved by 
Noble’s pitch that their work could fuel progress in 
the field and ultimately improve lives. 

“It’s about persuading others,” he explains. “Can I 
get them excited about the larger vision?”

WAIT, WHAT DOES 
BIAS LOOK LIKE? 

Bias is often so subtle that it’s easy to miss on a 
project-by-project basis. Here are just two ways that it 
can prevent or impede good science.

COMMON BIAS #1: 
THE BIAS OF RESEARCH 

DIRECTION 
When the interests of researchers and the funding of 
science and medicine as a whole don’t reflect the 
needs of the larger population, important problems 
can get overlooked, says Gideon Manning, PhD, a 
historian of medicine at Cedars-Sinai. 

For example, one study found that both federal 
funding and philanthropic support are significantly 
higher on a per-affected-individual basis for cystic 
fibrosis—a condition that affects primarily white 
people—than for sickle cell disease, a condition with 
many similar impacts that is more likely to affect 
Black patients. Another study found that cancers 
linked to stigmatized behaviors—like lung cancer—get 
relatively less philanthropic support than other types 
of cancers. Some types of menopause research and 
funding lag significantly behind that for women’s 
reproductive health. 

“Values enter into the choices about what gets 
investigated and what gets funded,” Manning says. 
“For that reason, we want to get many diverse voices 
involved in the decision-making process.” 

COMMON BIAS #2: 
THE BIAS OF HOPE

Many scientists are motivated by the desire to 
improve the world, and science offers a tantalizing 
opportunity to solve hard problems. 

But getting too invested in a specific outcome has its 
own problems. Careers and companies can get built on 
faulty research premises. “If you’ve spent years 
discovering a particular signaling pathway that you think 
is the cause of cancer, you don’t want it not to be the 
cause of cancer,” says Clive Svendsen, PhD, executive 
director of the Cedars-Sinai Board of Governors 
Regenerative Medicine Institute. “But you can’t be 
attached to the outcome of a research question: It’s 
emotionally wrong. It’s against scientific principles.” 
That’s why he reminds trainees to stay invested in the 
process of science, regardless of any specific outcome. 

“If you’re asking questions and you’re getting 
answers, no matter what the answers are, you’re 
winning,” he says.

Shelly Lu, MD, director of the Karsh Division of Gastroenterology and 
Hepatology, and José M. Mato, PhD, a research professor at the CIC 
bioGUNE in Bilbao, Spain, have collaborated for decades. They’ve co-
authored more than 100 papers on such topics as liver injury. Lu explains 
their success. “It’s important to work with people who you trust and 
have expertise that complements yours, because you won’t succeed if 
you don’t have more than one point of view,” she says. “As a Spaniard, 
Mato is mainly funded by Spanish and European grants. We’re not 
competing for resources, we’re pooling them.”

Bias can be as simple as hoping for a certain out-
come in an experiment—but its tentacles can be 
far-reaching and harmful. Good science requires 
investigators to systematically identify certain 
types of bias and take steps to avoid them.
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F E AT U R E D  E X P E R T S

TIME x SUCCESS = CREATE YOUR SCIENTIFIC DREAM TEAM
     For many scientists, 

including Noble, 
achieving their biggest 
scientific goals requires 
them to move to where 
the best collaborators 
are at the time.  

The payoff of this 
approach often comes 
much later. Since joining 
Cedars-Sinai in 2013, 
Noble has assembled a 
group of talented 
physicians and 

scientists who can 
propel big projects. 

“Because of the 
resources we have here, 
I’ve been able to bring 
together people I’ve 
always wanted to work 

with,” he says. “Collec-
tively, we work to find 
new treatments for 
advanced lung 
diseases.” 

H O W  TO  T H I N K  L I K E  A  S C I E N T I S T H O W  TO  T H I N K  L I K E  A  S C I E N T I S T

THE FINE LINE BETWEEN COMPETITION AND COLLABORATION

K E Y  I N S I G H T 3Understand common biases 
and work to prevent them

R U L E S  O F  T H U M B

L E S S O N
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WHEN SEEING IS BELIEVING

In 2017, Susan Cheng, MD, MPH, MMSc, was studying risk factors for stroke. Her 
research suggested something important: High blood pressure was significantly 
more likely to play a role in strokes in Black people than white people. 

She didn’t want this crucial piece of information to get lost, so she aimed high. 
She submitted the findings to the prestigious New England Journal of Medicine, 
the world’s most influential medical journal.
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IS THIS WHAT SCIENCE 
WITHOUT BIAS COULD 

 LOOK LIKE? 

If we’ve learned one thing during the COVID-19 
pandemic, it’s that big goals, big budgets and laser 
focus can lead to incredible progress.

Many assumed that it would take a decade or 
more to produce an effective COVID-19 vaccine, 
but multiple highly effective vaccines were 
produced within a year. Such work happened, in 
part, because so many different ideas and groups 
brought their perspective and insight to the fight. 

The unique and challenging process of 
scientific publication can help root out 
the most egregious mistakes in research 
before they reach a wide audience. 
The process isn’t perfect, but it’s been 
honed over the course of centuries—
and continues being tweaked to help 
illuminate the best work.

A TIME-TESTED APPROACH

The peer-review process in science requires authors of scientific papers 
to have their work assessed by other experts in the field to determine its 
worthiness for publication in a journal. The first fully peer-reviewed 
journal, Medical Essays and Observations, was published by the Royal 
Society of Edinburgh in 1731.

Zul Surani, MPH, of the 
Cedars-Sinai Cancer 
Research Center for 
Health Equity knows 
that bias can take 
unexpected forms. 
When he and his team 
developed a survey of 
community health in 
L.A., they were eager to 
expand its reach by 
translating it into Korean 
and giving people the 
option to fill it out on 
their smartphones. 

But “with so many 
more characters in 
Korean than in English, it 
just didn’t work,” he 
says. As he and his team 
worked relentlessly to 
make the survey more 
user-friendly, early pilot 
tests alerted them to 
the problem—and gave 
them time to correct it.

Overcoming obsta-
cles like these is just one 
of the many reasons 
that Surani and Robert 
Haile, DrPH, MPH, the 
center’s director, have 
aimed to integrate 
outreach and commu-

nity advisory boards into 
every step of their 
research process. 

The team has an 
LGBTQ+ advisory board, 
a Korean community 
network, a Filipino 
network and a Latino 
community advisory 
board, among others.

These groups play an 
essential role in helping 
researchers understand 
nuances that can have a 
big impact, like 
cancer-screening 
guidelines that don’t 
feel inclusive to trans or 
nonbinary individuals, 
and may be linked to 
lower screening rates.

Advisory boards also 
help researchers test 
assumptions, hone 
questions, and develop 
research and interven-
tions that actually work. 
“Without this type of 
inclusivity, disparities 
may be invisible,” Surani 
says. “We’re constantly 
trying to create that 
visibility, because it 
makes a big difference.”

The most earth-shattering research findings 
won’t make a dent if scientists can’t share 
their results in ways that resonate. Here’s 
how scientists think about it—whether 
they’re publishing their findings in the most 
respected journals or telling the story of their 
work to the rest of us.BUILD AN INCLUSIVE GROUP TO FUEL 

SMARTER RESEARCH QUESTIONS

T H E  C O V I D - 1 9  P I V O T

K E Y  I N S I G H T

H I S T O R Y  L E S S O N

C A S E  S T U D Y

H O W  TO  T H I N K  L I K E  A  S C I E N T I S T H O W  TO  T H I N K  L I K E  A  S C I E N T I S T

4 Collaborate  
strategically to  
amplify great ideas

5Communicate with  
clarity and nuance

WHAT DOES THE PROCESS 
OF PUBLICATION LOOK LIKE? 
According to the information and 
analytics company Elsevier, some 
2.5 million scientific articles are 
published annually. The best go through 
a rigorous process that, all told, can take 
months or even years. Here’s the 
process, distilled.

STEP 1 
Come up with  
a great question. 

STEP 2

Do the research and 
analyze the results.

STEP 3 
Decide on your  
audience, and write up  
your results.

STEP 4 
Send to a  
publication for review.

STEP 5 
Get your research  
reviewed by peers. 

STEP 6 

Revise. Go to step 4.

STEP 7 

PUBLICATION.  
Congratulations!  
Time to start again. 
Go to step 1.

Was it 
accepted?  

No

Yes
w/revisions

Yes

A L G O R I T H M

L E S S O N

L E S S O N

L E S S O N  3
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and get the same answer.” 
Over many iterations, the markers 

were taken up by a company that 
helped to winnow down the 
potential options to a handful of 
promising targets, which went 
through even more rigorous analysis 
with specific cohorts of certain 
categories of patients until Van Eyk 
found just what she needed.

This process—developing the right 
technology and supporting years of 
work in the lab—requires millions of 
dollars. As a result, Van Eyk and her 
team must continue to pursue 
funding to keep the process moving, 
from grants to venture capital 
support that ensure flexibility to find 
markers for more than just traumatic 
brain injury.

For projects like hers that have 

Jennifer Van Eyk, PhD, director of the 
Advanced Clinical Biosystems 
Research Institute, wanted to develop 
a diagnostic blood marker for 
traumatic brain injury. She knew it 
would be useful for diagnosing 
patients, including war veterans and 
children with severe conditions who 
temporarily need machines to support 
their heart and lungs. So she prepared 
herself for what she knew would be a 
years-long grind.

First, Van Eyk, along with her 
collaborators, thought about who 
might benefit from such a marker, so 

she identified a wide spectrum of 
patients who had some level of 
subclinical brain injury. Then, she and 
her team set out to find proteins that 
showed promise as a marker present 
uniquely in the blood. 

To do so, Van Eyk created an 
assay—a lab process that measures 
the presence of a blood protein—from 
scratch. 

“It’s not like there’s a magic pot 
where these assays just exist,” she 
says. “You have to develop each one, 
and it has to be consistent enough to 
run today, tomorrow and the next day, 

To make the findings stand out, she and 
her team transformed spreadsheets of 
numbers into a compelling and easy-to-
understand graphic. “We wanted the 
image to be as good as the infographics 
you get in The New York Times during 
election season,” she says.

It worked: The findings were published 
in the letters section of a publication with 
600,000 weekly readers. “We knew that 
this was an important message, and we 
knew that if doctors understood the contri-
bution of high blood pressure to stroke for 
Black patients, they would likely put more 
effort into controlling it in Black patients at 
risk for stroke,” she says.

Viewed through the lens of history, science 
moves at a relative gallop. Smallpox, a disease 
that existed for at least 3,000 years and killed 
up to 30% of those infected, was eradicated 
through a two-decade, worldwide vaccination 
campaign that ended in 1980. Scarlet fever, 
the leading cause of death in children in the 
early 1900s, was all but gone by the 1950s in 
the United States, thanks to the development 
of antibiotics in the 1920s and ’30s. 

Those timelines can feel like an eternity if 
you’re the one waiting for a treatment, but the 
reality is that major progress in most fields 
rarely happens overnight. “It took a decade to 
put a man on the moon,” says Keith Black, 
MD. “Good work takes time.”
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significant commercial potential, 
there’s also the matter of securing 
intellectual property rights and finding 
the right company to manufacture, 
market and sell any products that 
result from the research. “We have to 
take so many different steps, and we 
need so many different skill sets—not 
all of which reside within a single lab 
group,” she says. “It takes a village, 
and we don’t always have a village.”

The project is now being tested in 
clinical trials—12 years after Van Eyk 
began her search for a biomarker. But 
the payoff—if everything goes to 
plan—is that, someday, when 
someone shows up in the emergency 
room and doctors think the patient 
might have a traumatic brain injury, 
they can use the marker she devel-
oped to diagnose it.

FROM BRAIN TO BEDSIDE TO BENCH: AN INSIDER’S VIEW

H O W  TO  T H I N K  L I K E  A  S C I E N T I S T

Q & A

TOUGH QUESTION

In many cases, scientific 
publications are so technical 
that only a handful of people 
understand them well. How 
can scientists explain their 

research to a wider audience without 
“dumbing it down”?

 “I tell my trainees that if you 
want to increase your reach, you 
need to recognize that what 
you’re doing reflects your insight 
as one of the world’s leading 

experts in whatever topic you’re investigat-
ing. In other words, what may be obvious to 
you isn’t necessarily obvious to anybody 
else. So it’s important, first, to set up the 
problem in context: Why is it important? 
How is it relevant to human disease? Then, 
you’ve got to be able to tell a story. It takes 
a particular conscious effort—a stepping 
back from the minutiae of what you’re 
doing—to ask: ‘What is really vital about 
this, and how does it move the argument 
forward? Or how does it contradict some 
preconceived notion?’ The ability to 
communicate scientific findings clearly is 
difficult, but it distinguishes the very best 
stuff from the rest.”
–Eduardo Marbán, MD, PhD, executive director 
of the Smidt Heart Institute
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C O V I D - 1 9  C O U N T E R P O I N T6 Take the long view: 
Great science takes time

SCIENCE EVOLVES
Even the most highly regarded science in a given 
moment doesn’t always get it right. 

That doesn’t mean it’s shoddy or fraudulent, 
says David Underhill, PhD, chair of the Department 
of Biomedical Sciences. It might just mean that it 
wasn’t replicable in the ways people hoped or that 
the implications turned out not to be relevant. 

“That’s the nature of science,” he says. “But it 
also means it’s self-correcting.”

By contrast, some scientists can toil in relative 
obscurity until the right moment arrives. One 
example? Hungarian-born biochemist Katalin 
Karikó, PhD, whose mRNA research had been 
mostly overlooked, recently became the basis of 
two of the most successful COVID-19 vaccines. 
(She partnered with Drew Weissman, MD, to 
develop the science behind the vaccines.)

This process of reviving once-undervalued 
findings is another benefit of the scientific process, 
Underhill says. “We try to make work as impactful 
as we can, using a peer-review process to get it as 
correct as we can and, at the end of the day, 
science that’s particularly good leads people to 
refer to it, follow up on it and build on it,” he notes. 
“Good science holds up over time.”

ACTUALLY, WE CAN DO 
GREAT SCIENCE FAST, TOO

Science is designed around careful, methodical 
processes, but COVID-19 showed us that, if the need 
is urgent enough, some processes can be fast-
tracked. For example, cientists compressed the 
vaccine development timeline by combining trials 
that would otherwise be split into three phases and 
run sequentially. Early investments in vaccine-devel-
opment companies and manufacturing capacity 
helped make the eventual rollout smoother. 

Susan Cheng, whose lab is pursuing a mix of both 
COVID-19 and other projects, says the seriousness of 
the pandemic led her team to experiment in ways 
that helped them speed up some processes. 

“Instead of having one analyst working on a 
project, we might have two or three,” she says. While 
the changes require careful communication and 
collaboration, they also accelerate the initial 
research as well as parts of the publication-revision 
process. “We’ve adapted,” she says. “But we haven’t 
let up on our quality or rigor.”

B I G  P I C T U R E
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