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There are problems to be overcome: negative faculty attitudes 
toward compliance with regulations, the entrenched reward 
system for hyper-productive individuals and aggressive research 
groups, and the opprobrium of being known as a  whistle-blower. 
The leadership must provide convincing assurances that fine work 
will be rewarded and that error and fraud will both be weeded out 
and corrected. Faculty members should be rewarded for the 
quality of their work rather than for the length of their 
bibliographies. Administrators can limit the growth of laboratories 
to a size in which trainees can be adequately supervised by 
exercising proper control of space and personnel resources. …The 
integrity and good judgment of the administration in dealing with 
its faculty, department chairs, and the public sets a standard for 
the integrity of the faculty and trainees. 

JAMA, Oct. 7, 1988—Vol 260, No.13

1988
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Topics

Academic policy development

Workplace violence team

Bullyproofing academic units

Academic  leadership  
development, support

RIO: research misconduct 
allegations, investigations

Dysfunctional academic unit  
assessment, recommendations

Hearing officer (degree 
revocation, grievances, etc.) 

IRB director, after breach

Grievance system oversight: 
discrimination, harassment

Internal investigations

Recognizing and preventing 
career TRAGEDIES, PRCR

Career, negotiation skills, 
preparation

Intentional leadership & 
coaching

Dysfunctional unit intervention
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!
People are complicated

Context matters

Institutional research environments can be a part of the 
problem—and should be part of the solution

Overview

2017 NASEM Report:  
Fostering Integrity in Research
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Ann M. Arvin, Stanford University 
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Moses H. Chan, Pennsylvania State University 
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W. Carl Lineberger, University of Colorado 
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1. Introduction 
2. Core values and 

guiding norms 
3. Trends and changes 

in the environment

1. Context and definition 
2. Incidence and 

consequences 
3. Understanding the 

causes 
4. Addressing misconduct 

and detrimental 
research practices 

5. Exploring new 
approaches

1. Best practices for 
research integrity (for 
researchers, 
institutions, sponsors, 
journals, and 
societies) 

2. Education in the 
Responsible Conduct 
of Research 

3. Findings and 
Recommendations

Part 3: Fostering IntegrityPart 1: Integrity of 
Research

Part 2: Research 
Misconduct and 

Detrimental Research 
Practices

Appendices include:     1. Five detailed case studies       2. Empirical research on RCR efficacy.

Fostering Integrity in Research
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A Complex Adaptive System

Fostering Integrity in Research

National Center for 
Professional & Research Ethics

Research is being transformed:

Technology

Globalization

Collaboration across disciplines and sectors 
(e.g. industry)

Growing competition

Increased policy relevance

Fostering Integrity in Research
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These trends are changing 
the research environment 
and creating new challenges 
for fostering integrity.

Fostering Integrity in Research
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Integrity of Research: 
Core Values ?

Fostering Integrity in Research
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Objectivity Openness Accountability

Fairness StewardshipHonesty

Core Values

Fostering Integrity in Research
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Chapter 9:  Best Practices 

For all involved parties: 

1. Research institutions 

2. Individual researchers 

3. Journals 

4. Research Sponsors 

5. Scientific Societies 

Addresses relationships between, among components

Includes concise checklists

Fostering Integrity in Research
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Framework: Disciplinary Authorship 
Standards 
• Contributions defined: design, conduct, data analysis 

and drafting for intellectual content, etc. 

• All authors approve final manuscript, 

• Identify author(s) responsible for entire work, require 
disclosure of roles, 

• Unacceptable: gift/honorary, coercive, and ghost 
authorship, 

• Developed by leading societies and/or journals

Fostering Integrity in Research
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Detrimental Research Practices  
(“DRPs”) 
• Authorship misrepresentation 

• Not retaining or making available data, code,  
or other significant information 

• Misleading statistical analysis 

• Neglectful or exploitative supervision in research 

• Inadequate institutional policies, responses 

• Irresponsible publication practices by journal 
editors, peer reviewers
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Roman Eugeniusz

International issues, local challenges

National Center for 
Professional & Research Ethics People are complicated

Cognitive 
Biases

[You] are the easiest person to 
fool. So you have to be very 
careful about that. After you’ve 
not fooled yourself, it’s easy not 
to fool other scientists…

Richard Feynman, 1974

“

”
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Cognitive 
Biases

Nothing is easier 
than self deceit.

Demosthenes, 3rd Century, BC

“

”
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Problems Bad or careless people

People are complicated
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Cell Reports

Commentary

Sorting Out the FACS: A Devil in the Details
William C. Hines,1,5,* Ying Su,2,3,4,5,* Irene Kuhn,1 Kornelia Polyak,2,3,4,5 and Mina J. Bissell1,5
1Life Sciences Division, Lawrence Berkeley National Laboratory, Mailstop 977R225A, 1 Cyclotron Road, Berkeley, CA 94720, USA
2Department of Medical Oncology, Dana-Farber Cancer Institute, Boston, MA 02215, USA
3Department of Medicine, Brigham and Women’s Hospital, Boston, MA 02115, USA
4Department of Medicine, Harvard Medical School, Boston, MA 02115, USA
5These authors contributed equally to this work
*Correspondence: chines@lbl.gov (W.C.H.), ying_su@dfci.harvard.edu (Y.S.)
http://dx.doi.org/10.1016/j.celrep.2014.02.021

The reproduction of results is the corner-
stone of science; yet, at times, reproduc-
ing the results of others can be a difficult
challenge. Our two laboratories, one on
the East and the other on the West Coast
of the United States, decided to collabo-
rate on a problem of mutual interest—
namely, the heterogeneity of the human
breast. Despite using seemingly identical
methods, reagents, and specimens, our
two laboratories quite reproducibly were
unable to replicate each other’s fluores-
cence-activated cell sorting (FACS) pro-
files of primary breast cells. Frustration
mounted, given that we had not found
the correct answer(s), even after a year.
Rather than giving up or each publishing
our data without the other laboratory, we
decided to work together to solve these
differences, even traveling from one
laboratory to the other in order to perform
experiments side by side on the same
human breast tissue sample. This ex-
ercise confirmed our suspicions and
resolved our problem. Here, we summa-
rize our cautionary tale and provide
advice to our colleagues.
The ever-increasing use of flow cytom-

etry and FACS in the past decade has
been accompanied by a surge of interest
in learning how to incorporate primary
normal breast tissues and breast tumors
in biomedical research. This interest in
primary-tissue-based research stems
from increased awareness that cell polar-
ity and shape, mechanical forces, and
tissue organization are all potent regula-
tors of cell and tissue phenotype, func-
tion, and physiology (for a review, see
Nelson and Bissell, 2006). Taking these
factors into account adds many more
dimensions to an already considerable
body of work on cellular heterogeneity of
breast tissues and its tumors. The height-
ened awareness of the critical importance

of studying cells close to their context
in vivo makes the exercise even more
challenging.
Paired with in situ characterizations,

FACS has emerged as the technology
most suitable for distinguishing diversity
among different cell populations in the
mammary gland. Flow instruments have
evolved from being able to detect only a
few parameters to those now capable
of measuring up to—and beyond—an
astonishing 50 individual markers per
cell (Cheung and Utz, 2011). As with any
exponential increase in data complexity,
the importance of developing robust
preparation and analytical protocols that
generate reproducible results increases
commensurately (Alexander et al., 2009;
Herzenberg et al., 2006). Here, we share
our surprising and time-consuming expe-
rience of trying to achieve similar data
sets in the East and West Coast settings
while collaborating on a shared grant.
The task at hand was to confirm each
other’s data so that we could move to
the next stage of collaboration. Given
that CD44 and CD10 are frequently used
as markers in most lineage and ‘‘cancer
stem cell’’ studies, and because there
are substantial disagreements and confu-
sion about the significance of what
FACS fractions from mammary gland
and breast tumors signify in different lab-
oratories, we paid special attention to
these two markers. A set of data that
was supposed to be completed in a few
months took 2 years to understand and
sort out.
Our challenges began when our two

laboratories, located in Boston and in
Berkeley, began our joint funded project
to study the involvement of myoepithelial
cells in breast tumor progression. An early
aim was to separate and characterize
cellular subpopulations derived from

breast reduction mammoplasties. Molec-
ular analysis of separated fractions
was to be performed in Boston (K.P.’s
laboratory, Dana-Farber Cancer Institute,
Harvard Medical School), whereas func-
tional analysis of separated cell popula-
tions grown in 3D matrices was to take
place in Berkeley (M.J.B.’s laboratory,
Lawrence Berkeley National Lab, Univer-
sity of California, Berkeley). Both our
laboratories have decades of experience
and established protocols for isolating
cells from primary normal breast tissues
as well as the capabilities required for
flow sorting primary cells from mice and
women.

We settled on isolating cell populations
independently in each laboratory in
order to avoid potentially adverse effects
caused by shipping freshly sorted cells
across the country (Figure S1A). We
carefully characterized antibodies for
CD24, CD10, and CD44 and gauged their
specificity. Because we were initially
interested in the nonluminal subfractions,
we were subtracting (gating out) the
CD24+ luminal cells on the cytometer
and analyzing CD10 and CD44 expres-
sion in the remaining subpopulations.
We quickly discovered, however, that
reproducing each other’s FACS profiles
would not be so straightforward. Despite
the fact that both groups began with
primary breast tissues from reduction
mammoplasty and the set of FACS pro-
files obtained in each laboratory was
consistently reproducible, the profiles
obtained in Boston and Berkeley were
not similar (Figure S1B). The question
was why.

A simple explanation could have been
that the FACS instruments used at each
institution differed: a FACSAria was used
in Boston, whereas a FACSVantage was
used in Berkeley. However, we quickly

779Cell Reports 6, March 13, 2014 ª2014 The Authors Open access under CC BY-NC-ND license.
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Sure, there are bad apples

We are each always individually responsible for our own actions.

People are complicated
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And, the barrel shapes 
perceptions and choices.

Context matters
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Consider the environment. 
We know that people are influenced by the 
choices of those around them.
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The amount of cheating in which 
human beings are willing to 
engage depends on the structure 
of our daily environment.

The Truth About Dishonesty, Ariely 2013

Research tells us:

The Environment

“

”

Context matters
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… reward systems that are 
fouled up in that the types of 
behavior rewarded are those 
which the rewarder is trying 
to discourage, while the 
behavior desired is not being 
rewarded at all.

Steven Kerr 
Academy of Management Executive, 1995

On the Folly of Rewarding A While Hoping for B

“

”

Context matters
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PERSPECTIVE

Rescuing US biomedical research from its
systemic flaws
Bruce Albertsa, Marc W. Kirschnerb, Shirley Tilghmanc,1, and Harold Varmusd
aDepartment of Biophysics and Biochemistry, University of California, San Francisco, CA 94158; bDepartment of Systems Biology, Harvard
Medical School, Boston, MA 02115; cDepartment of Molecular Biology, Princeton University, Princeton, NJ 08540; and dNational Cancer
Institute, Bethesda, MD 20892

Edited by Inder M. Verma, The Salk Institute for Biological Studies, La Jolla, CA, and approved March 18, 2014 (received for review March 7, 2014)

The long-held but erroneous assumption of never-ending rapid growth in biomedical science has created an unsustainable hypercompetitive
system that is discouraging even the most outstanding prospective students from entering our profession—and making it difficult for
seasoned investigators to produce their best work. This is a recipe for long-term decline, and the problems cannot be solved with simplistic
approaches. Instead, it is time to confront the dangers at hand and rethink some fundamental features of the US biomedical research
ecosystem.

graduate education | postdoctoral education | federal funding | peer review

By many measures, the biological and med-
ical sciences are in a golden age. That fact,
which we celebrate, makes it all the more
difficult to acknowledge that the current
system contains systemic flaws that are
threatening its future. A central flaw is the
long-held assumption that the enterprise
will constantly expand. As a result, there is
now a severe imbalance between the dollars
available for research and the still-growing
scientific community in the United States.
This imbalance has created a hypercompet-
itive atmosphere in which scientific pro-
ductivity is reduced and promising careers
are threatened.
In retrospect, the strains have been build-

ing for some time, but it has been difficult to
recognize them in the midst of so much
success. During the last half century, bio-
medical scientists have discovered many of
the fundamental principles that instruct cell
behavior in both health and disease, pro-
viding a framework for exploring biological
systems in great depth: the genetic code, the
sequence and organization of many genomes,
the cell’s growth and division cycle, and the
molecules that mediate cell signaling. Many
diseases—infectious, hereditary, neoplastic,
circulatory, and metabolic—are now ap-
proached and often prevented, controlled,
or cured with measures based on these and
other discoveries.
The American public rightly takes pride in

this and has generously supported research
efforts through the National Institutes of
Health (NIH) and numerous other federal
agencies, foundations, advocacy groups, and
academic institutions. In return, the remark-
able outpouring of innovative research from
American laboratories—high-throughput

DNA sequencing, sophisticated imaging,
structural biology, designer chemistry, and
computational biology—has led to impressive
advances in medicine and fueled a vibrant
pharmaceutical and biotechnology sector.
In the context of such progress, it is re-

markable that even the most successful
scientists and most promising trainees
are increasingly pessimistic about the fu-
ture of their chosen career. Based on ex-
tensive observations and discussions, we
believe that these concerns are justified and
that the biomedical research enterprise in
the United States is on an unsustainable
path. In this article, we describe how this
situation arose and propose some possible
remedies.

Source of the Dilemma
We believe that the root cause of the wide-
spread malaise is a longstanding assumption
that the biomedical research system in the
United States will expand indefinitely at a
substantial rate. We are now faced with the
stark realization that this is not the case. Over
the last decade, the expansion has stalled and
even reversed.
The idea that the research enterprise

would expand forever was adopted after
World War II, as the numbers and sizes of
universities grew to meet the economy’s need
for more graduates and as the tenets of
Vannevar Bush’s “Science: The Endless
Frontier” encouraged the expansion of fed-
eral budgets for research (1). Growth per-
sisted with the coming of age of the baby
boom generation in the late 1960s and 1970s
and a vibrant US economy.
However, eventually, beginning around

1990 and worsening after 2003, when a rapid

doubling of the NIH budget ended, the
demands for research dollars grew much
faster than the supply. The demands were
fueled in large part by incentives for in-
stitutional expansion, by the rapid growth of
the scientific workforce, and by rising costs
of research. Further slowdowns in federal
funding, caused by the Great Recession of
2008 and by the budget sequestration that
followed in 2013, have significantly exacer-
bated the problem. (Today, the resources
available to the NIH are estimated to be at
least 25% less in constant dollars than they
were in 2003.) The consequences of this im-
balance include dramatic declines in success
rates for NIH grant applicants and dimin-
ished time for scientists to think and perform
productive work.
The mismatch between supply and de-

mand can be partly laid at the feet of the
discipline’s Malthusian traditions. The great
majority of biomedical research is conducted
by aspiring trainees: by graduate students and
postdoctoral fellows. As a result, most suc-
cessful biomedical scientists train far more
scientists than are needed to replace him- or
herself; in the aggregate, the training pipe-
line produces more scientists than relevant
positions in academia, government, and the
private sector are capable of absorbing. Con-
sequently a growing number of PhDs are in
jobs that do not take advantage of the tax-
payers’ investment in their lengthy education

Author contributions: B.A., M.W.K., S.T., and H.V. wrote the paper.

The authors declare no conflict of interest.

This article is a PNAS Direct Submission.
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princeton.edu.
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Mixed Messages

Hyper competition

Irresponsibility rewarded (counting papers, H factors)

RCR low priority, status, funding

Culture not tended; dysfunctional units

“Responsible research training” is too compliance-
focused, poorly timed, often ineffective

Context matters
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Mixed 
messages

Results, not 
process

Bad 
examples

Uneven 
mentoring

Abuses  
of power

Problem-solving 
resources lacking

Suppression 
of concerns Retaliation

Context matters

Too Many Environments

National Center for 
Professional & Research Ethics

CONTEXT INDIVIDUAL
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Leaders shape the environment. 
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Tone Buzz
Mood
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Setting the tone requires 
attention to everyday behaviors 
and interactions and formal 
effective, realistic RCR

Improve RCR
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One-size-fits-all multiple choice 
compliance training is not RCR.

Improve RCR
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Even that isn’t reliably done⚠

Mostly delivered through on-line, multiple-choice 
programs (89.6% in one survey).

Focus is on rules and compliance vs. real problems 
encountered in research

#

By some estimates, institutions devote less 
than 0.1% of research funding to RCR

0.1%

Because they are scalable, and documentable

Research Ethics Programs

Improve RCR
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How to have a dispute professionally$

How to maneuver in the trenches for getting credit 
and giving it vs. the formal rules of authorship

✏

The line between making your data look “pretty” and 
manipulating/altering data and images

✂

Finding the line between inappropriate self-
promotion and advancing your career sensibly

&

How to get useful advice, and recognize it, when 
you encounter a problem

❓

How to choose a mentor and colleagues for character(

Professional skills: present research, mentor, 
support diversity, good laboratory practices…

Real-World Research Needs

Improve RCR
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Interactive, experiential; using best practices

Meaningful: related to work being done)

Relevant to the audience ⌚

Required for all+

Delivered at least in part by respected researchers,

Assessed

It Should Be:

Improve RCR
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Career 

TRAGEDIES

Temptation 
Rationalization 
Ambition 
Group, Authority Pressure 
Entitlement 
Deception 
Incrementalism 
Embarrassment 
Stupid Systems

Cognitive 
Biases

People are complicated
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Career 

TRAGEDIES

Incrementalism

Embarrassment

Decep0on

En0tlement

Group, authority pressure

Ra0onaliza0on

Tempta0on

Ambi0on

Stupid Systems

Think about a graduate student who is about to 

submit a paper for publication that will 

determine job prospects.

Example:

We can always justify 
improper actions to 
ourselves

Experiments to complete

Limited time to repeat and iterate

Believes the research is good and important work

Ra#onaliza#on

Data almost tell the best story

People are complicated
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Tone Buzz
Mood
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Action expresses priorities“ ”
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On Misunderstanding Scientific Misconduct  
Paul J. Friedman 
Knowledge: Creation, Diffusion, Utilization.  
vol. 14 No. 2, December 1992 153-156 

The argument that science must be 
regulating itself pretty well because it is 
making progress is far from compelling; 
perhaps progress would be twice or four 
times as fast with greater ‘scrupulosity.’1992

“

”
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Thank you!
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