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Hana Vizcarra represents clients in complex environmental litigation
matters arising under state and federal statutes and common law claims.
Ms. Vizcarra also counsels clients on environmental compliance and
regulatory matters and environmental aspects of transactions. She has
worked with clients in energy (exploration and production, midstream, and
refining), power production, technology, transportation, mining and other
industries. Her practice also includes counseling clients on international
regulatory developments.

Hana's experience includes:1 

Complex civil litigation matters involving the Clean Air Act,
CERCLA, RCRA, and other state and federal environmental laws such
as:  

Defending a Clean Air Act citizen suit also involving state
tort claims for which Ms. Vizcarra briefed motions regarding
fact and expert discovery issues, worked with expert
witnesses, managed aspects of the discovery process, prepared
for depositions, conducted significant research and other
trial preparation activities.

Drafting briefing to support remand to state court and
defend a motion to dismiss as well as drafting discovery
requests and working with experts in a matter involving
project development and state land use and zoning issues.

Representing a Third Party Defendant in a CERCLA matter
as part of a Joint Defense Group.  

Counseling clients on regulatory and enforcement matters involving
the Department of Transportation (FMCSA and PHMSAA),
Environmental Protection Agency, Department of Interior (BSEE,
BOEM, BLM), and other state and federal agencies.

Advising clients on changing legislative and regulatory frameworks at
the state, federal and international levels. For example, providing a
comprehensive review of the regulatory framework for electronic waste
in certain Latin American countries and tracking domestic and
international regulatory developments for shale gas development and
hydraulic fracturing.

Counseling clients on environmental aspects of transactions: including

(continued)
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conducting due diligence, reviewing contract documents, aiding
clients in developing risk allocation and liability mitigation options,
and advising international and domestic clients on U.S. law regarding
contaminated properties and voluntary cleanup programs.

Aiding clients in the permit transfer and notification process following
a sale or merger. 

Prior to her legal career, Hana spent seven years working in political
campaign communications and research. Hana also represents pro bono
clients in immigration law matters. Hana is an active member of the
Women’s Council on Energy and the Environment.

 1 Experience listed here includes work done at prior law firms.
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Lis Castillo Nelis, Ph.D.
Senior Scientist

Ecological & Biological Sciences

Seattle

(425) 519-8743

lnelis@exponent.com

Dr. Lis Nelis’ primary expertise is in the effects of anthropogenic and natural stressors on ecosystems and native

populations. Her work has special relevance to endangered species and other populations at risk from human-caused

environmental disturbances including chemical and oil spills. This work includes disturbances to habitat, invasive species,

grazing, erosion, and climate change. She is experienced in planning restoration, management, conservation, and monitoring

studies. Dr. Nelis has evaluated Natural Resource Damage Assessment claims regarding oil spills and has provided litigation

support on a wide range of issues. She also uses her extensive analytical and programming skills to database, analyze, and

model large data sets in support of these claims.

Dr. Nelis has 14 years of experience conducting and managing environmental studies in three states and on two different

continents. She has provided scientific and strategic consultation to government agencies on management plans for a national

park, including support in negotiations between government officials and local residents.

Dr. Nelis’ research expertise includes designing and implementing large-scale, long-term, experiments that explore the fate of

stressed ecosystems. In her work she integrates field data with mathematical models to make data-based predictions about

ecosystem outcomes. She is skilled in the ecological application of Ricker Models (often used in fishery research), Markov

Chain Models, and other matrix models. She programs in Matlab and in R.

CREDENTIALS & PROFESSIONAL HONORS

Ph.D., Evolutionary Biology, University of Chicago, 2008

M.S., Evolutionary Biology, University of Chicago, 2004

B.S., Evolutionary Biology, Michigan State University, 2000, honors

Certified Senior Ecologist, Ecological Society of America, 2015
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Morrison Institute for Population and Resource Studies Research Grant, Stanford University, 2012

SACNAS Leadership Institute Award, 2012

LANGUAGES

Spanish

PUBLICATIONS

Nelis LC. Life form and life history explain variation in population processes of a grassland community invaded by exotic

plants and mammals. PLoS ONE 2012; 7(8):e42906.

Nelis LC. Grouping plant species by shared native range, and not by native status, predicts response to an exotic herbivore.

Oecologia 2012; 169(4):1075–1081.

Nelis LC, Wootton JT. Treatment-based Markov Chain Models clarify mechanisms of invasion in an invaded grassland

community. Proceedings B, The Royal Society of London 2010; 277:539–547.

Schmidt KA, Nelis LC, Briggs N, Ostfeld RS. Invasive shrubs and songbird nesting success: Effects of climate variability and

predator abundance. Ecological Applications 2005; 15(1):258–265.

 

Presentations

Nelis LC, Ladau J, Sanders NJ, Fitzgerald K, Heller NE, Appel JS, Gordon DM. The impact of the invasive Argentine ant

(Linepithema humile) on association network structure of native ant species in Northern California. Ecological Society of

America, 2012.

Nelis LC. Do population dynamic parameters differ between native and exotic grassland species? Ecological Society of

America, 2010.

Nelis LC. A double-blind study with Argentine ant researchers: Do native and exotic plants have fundamentally different

roles in the community? Ecological Society of America, 2011.

Nelis LC. Effects of exotic herbivores and disturbance on invasion success: Does shared evolutionary history matter?

Ecological Society of America, 2008.

Nelis LC. An investigation of synergistic interactions among invasive species. Ecology and Evolution Departmental Natural

History Seminar, University of Chicago, 2008.
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Nelis LC, Wootton JT. Using Markov models to examine mechanisms of interaction among multiple invasions on Robinson

Crusoe Island, Chile. Ecological Society of America, 2007.

Nelis LC. Effects of invasive rabbits on exotic grassland plants. Ecology and Evolution Departmental Natural History

Seminar, University of Chicago, 2007.

Schmidt KA, Nelis LC, Briggs NM, Ostfeld RS. Climatic variability and predator abundance mediate the interaction between

an invasive shrub and nesting success in a woodland songbird. Ecological Society of America, 2004.

PROFESSIONAL AFFILIATIONS

Society of Environmental Toxicology and Chemistry

Ecological Society of America

Society for the Advancement of Chicanos and Native Americans in Science—SACNAS
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Yesenia Villaseñor
Assistant General Counsel
Exelon Corporation (Chicago, IL)

Yesenia Villaseñor is a mother, world-traveler and an advocate for judicial, 
ethnic and socio-economic justice. Her accomplishments range from 

achieving asylum relief for a tortured West African political refugee to assisting Central 
American children facing deportation. Ms. Villaseñor is currently an Assistant General Counsel 
with Exelon Corporation and was formerly an Environmental, Health & Safety attorney at 
Caterpillar and an associate at the law firm of Drinker Biddle & Reath. Ms. Villaseñor graduated 
from Chicago-Kent Law School and earned her MS in Environmental Management from the 
Stuart School of Business. She serves as a volunteer and pro-bono attorney for organizations 
including the National Immigrant Justice Center. She has also served on the board of the 
Hispanic Lawyers Association of Illinois (HLAI) as well as co-chaired the HLAI’s JD Mentors 
Program for 5 years. She has received numerous recognitions for her pro bono work including a 
2010 award for Excellence in Pro Bono from the Northern 9 District of Illinois and the Chicago 
Chapter of the Federal Bar Association in a child abduction case under The Hague Convention. 
Ms. Villasenor currently serves in the capacity as legal advisor to the Illinois State Chapter of 
The League of United Latin American Citizens. She is the first female to serve in the capacity as 
legal advisor to the Illinois State Chapter of The League of United Latin American Citizens. In 
addition to her contributions in the legal profession, Yesenia is passionate about the subject of 
Climate Change and Environmental Sustainability. In 2009, she was selected to join the Climate 
Reality Project, an organization founded and chaired by former Vice President and Nobel 
Laureate, Al Gore. The Climate Reality Project is dedicated to unleashing a global cultural 
movement demanding action on the climate crisis and includes volunteers from around the 
world. As a volunteer, Yesenia provides free presentations on the issue of climate change, 
audiences have included middle & high school students at various schools and the FBI Chicago 
Office as part of Hispanic heritage month. As of late, Ms. Villaseñor has taken on another role as 
a talk show host for a sustainability pilot produced by Mainstream Media Inc.



 

1  w w w. l o w e n s t e i n . c o m  

 

 

Nikki Adame Winningham 
Counsel 
 
Tel 973.597.2534 Fax 973.597.2535 
E-mail: nadame@lowenstein.com 

 

Practice 

Nikki brings years of hands-on experience to her work in environmental litigation, regulatory compliance, and 

transactional support related to air, water, waste, and site remediation issues. Aided by her undergraduate- and 

graduate-level training in environmental engineering, she has a keen understanding of the complex technical and 

regulatory requirements that shape the field of environmental compliance. Clients also value Nikki’s effective 

communication with regulators, a skill she acquired while working for state and federal environmental regulatory 

agencies.  

  

 Nikki advises a diverse roster of clients, from global corporations and private real estate entities to family-owned 

businesses. She handles an array of environmental issues that arise from corporate and real estate transactions, as 

well as federal and state regulatory issues applicable to operating businesses, which include appropriate handling of 

asbestos, PCBs, and other hazardous substances.  

  

 Prior to joining the firm, Nikki practiced in Texas, where she focused on environmental permitting and enforcement 

matters, administrative litigation, and appeals. 

Representative Experience 

• Regulatory and Transactional  
o Represents industrial and commercial clients conducting site remediation under CERCLA or NJ 

ISRA, including the acquisition of real property, coordination with environmental consultants and 
regulators, and negotiation of access and easement agreements.  

o Represents and counsels industrial clients regarding compliance with RCRA and Clean Air Act 
construction and operating permits, including corrective actions and revising the permits.  

o Represents national and international clients on environmental due diligence issues relating to the 
acquisition of real property throughout the United States, including drafting environmental 
provisions related to liability for state and federal environmental, endangered species, and historic 
preservation obligations, and implementing engineering and institutional controls.  

o Counsels clients regarding sustainability disclosures (e.g., conflict minerals) in SEC filings. 

• Environmental Litigation  
o Represents industrial clients in class action toxic tort suits alleging property damage and injury from 

groundwater plumes and vapor intrusion in state and federal courts.  
o Represents national and international corporations in CERCLA Superfund administrative and 

litigation proceedings involving multiple responsible parties alleged to have contaminated large 
river systems and upland sites.  

o These matters also involve natural resource damages. Represents creditor committees of debtors 
with environmental obligations and liabilities.  

o Represents global corporations and private real estate entities involved in contribution and cost 
recovery suits under CERCLA and the NJ Spill Act. 
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Education 

• Tulane University Law School (J.D., 2004), cum laude 

• Cornell University (M.E., 2000) 

• Cornell University (B.S., 1999) 

Affiliations 

• New York State Bar Association 
o Committee on Women in the Law 

Publications 

• "Conflict Minerals Rule Disclosures Update: D.C. Circuit Maintains Status Quo,"  Richard F. Ricci, 
Laura R. Kuntz, Nikki Adame Winningham, Kate Basmagian, Corporate Finance & Securities Client Alert, 
September 21, 2015 

• "Remediation Timeliness Does Not Create Common Law Liability...For Now,"  Richard F. Ricci, Nikki 
Adame Winningham, Environmental Client Alert, August 17, 2015 

• "Fourth Circuit Addresses CERCLA Arranger Liability,"  James Stewart, Nikki Adame Winningham, 
Environmental Client Alert, April 16, 2015 

• "Be Wary Of Inadvertent Waivers In Contamination Claims,"  Richard F. Ricci, Nikki Adame 
Winningham, Law360, September 11, 2014 

• "Litigants: Be Wary of Inadvertent Waivers of Claims,"  Richard F. Ricci, Nikki Adame Winningham, 
Environmental Law & Litigation Client Alert, September 3, 2014 

• "June 2, 2014 Conflict Minerals Disclosures Deadline Remains in Effect,"  Richard F. Ricci, Laura R. 
Kuntz, Nikki Adame Winningham, Corporate Finance & Securities Client Alert, May 2014 

• "D.C. Circuit Obscures SEC Conflict Minerals Reporting Obligations,"  Richard F. Ricci, Laura R. 
Kuntz, Nikki Adame Winningham, Corporate Finance & Securities Client Alert, April 2014 

• "Fighting Conflict with Transparency: Conflict Minerals Disclosures Due Soon,"  Richard F. Ricci, 
Laura R. Kuntz, Nikki Adame Winningham, Corporate Finance & Securities Client Alert, February 2014 

• "Emergency Coastal Permitting Rules To Be Published, Opening 30-Day Public Comment Period,"  
Richard F. Ricci, Nikki Adame Winningham, Environmental Law & Litigation, May 2, 2013 

Bar Admissions 

• 2013, New York 

• 2014, New Jersey 

• 2004, Texas 

• 2014, Washington 
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CONCLUSIONS AND RECOMMENDATIONS
• Unfortunately, we found many examples of studies in published reports and journals lacking  

in scientific quality and transparency, as have others

• Publication is easier than ever, thus critical review is even more important

 – Work can be self-published online or published by predatory journals with minimal standards

 – Often once something is published, it is difficult to completely remove discredited or subpar 
research, so these papers often continuously appear throughout the literature and, in many 
instances, lose the context of being discredited by the scientific community

• Results should be transparent to reduce the potential for investigator bias

• The peer-review process must be made more robust at all stages

 – Internal and/or external (peer-) review process should always be established prior to the start  
of any study

 – Conduct peer review of all documents to ensure that the results are effectively communicated, 
represented by the data, and do not over reach in the conclusions

 – Caution should be taken in setting up reviews to give minimally-biased assessments

 – In some cases, it may be appropriate to include several reviewers to review specific parts of  
the research

 – When a team of reviewers are used, one reviewer should evaluate the entire body of work

• In the absence of critical review prior to publication of results, more responsibility falls to readers  
to view science skeptically

 – Often when questionable science is observed, readers do not know how to proceed

 – The new SETAC committee on Scientific Integrity is working on providing training

 – SETAC’s journals have developed best practices for article review

LITERATURE CITED
Bollen, K., J.T. Cacioppo, R.M. Kaplan, J.A. Krosnick, and J.L. Olds. 2015. Social, Behavioral, 
and Economic Sciences Perspectives on Robust and Reliable Science. Report of the Subcommittee 
on Replicability in Science; Advisory Committee to the National Science Foundation Directorate for 
Social, Behavioral, and Economic Sciences. May, 2015.

Fairbrother, A. 2016. New Subcommittee on Scientific Integrity. SETAC Globe 17 (Issue 2), February 
18, 2016.

Roland, M-C. 2009. Quality and integrity in scientific writing: prerequisites for quality in science 
communication. Journal of Science Communication(JCOM) 8(2)A04.

SETAC. 1999. Sound Science. Technical Issue Paper. Society of Environmental Toxicology and 
Chemistry. http://c.ymcdn.com/sites/www.setac.org/resource/resmgr/publications_and_
resources/setac_tip_soundsci.pdf.

Designing, Performing, and Reviewing Toxicity Tests  
for Effective Presentation in Reports and Journals  SETAC North America 37th Annual Meeting  |  Orlando, FL  |  November 6–10, 2016

William L. Goodfellow, Jr.1, Margaret E. McArdle2, and Konrad J. Kulacki2
1  Exponent, Alexandria, VA
2  Exponent, Maynard, MA

ABSTRACT
Arguably, the experimental design and 
performance of the toxicity tests are critical to  
the validity and usability of toxicity test results,  
but few consider the importance of peer-review  
in this process.  The backbone of the scientific 
process is founded on the requirement of 
transparency of the methods and results 
employed such that another researcher has 
sufficient information to reproduce the study.  
Often, individuals believe that the peer-review 
process is only needed to publish a paper in a 
peer-reviewed journal.  It is often believed that 
research submitted to non-peer-reviewed journals 
or books, or research in stand-alone reports does  
not need the same degree of transparency and 
reproducibility. This is one reason that there 
is a mountain of poorly-executed studies with 
inadequate (if not incorrect) data and conflicting 
results that often leave data users baffled and 
confused.  Screening the literature and only 
using studies from peer-reviewed outlets that are 
held to the highest levels is one way to address 
this concern; however, many chemicals or test 
species lack sufficient studies from peer-reviewed 
sources.  Although established practices, such 
as “Good Laboratory Practices” (GLP), typically 
result in using appropriate protocols and 
promote transparency through documentation 
requirements, they may not always ensure that 
the study was adequately performed despite  
a solid track record of past performances.  
Through the use of case examples, this paper 
will discuss important considerations for the 
design and performance of toxicity tests as well 
as the presentation of the results, discussion, and 
conclusions.  Additionally, we will recommend 
internal and external review strategies for all 
types of communications, not just papers for 
peer-reviewed journals.

INTRODUCTION
• The quality and integrity of scientific reporting has become a much-discussed issue

• Article retractions have increased in recent years

• Scientists often feel pressure to generate and publish impactful research and research  
organizations often create “headline” oriented press releases that can be taken out of context

• Protocols and practices attempt to reduce publishing questionable results

 – Software to identify plagiarism

 – Multiple peer-review protocol to conduct independent reviews

• Peer reviews do not often catch all fabrication or falsification

 – Raw data such as the bench sheets, original data sheets, etc., are not often reviewed

• Data reproducibility by other scientists is another level of protection, but not often done

TEST DESIGN AND PERFORMANCE
In a recent review of a large ecotoxicity study with acute and chronic toxicity tests, we found the 
following deficiencies, many of which could be found elsewhere in the published literature:

• Tests initially appeared to be adequately performed and reported

• However, deeper reviews uncovered limited or missing information, and some tests were 
inadequately performed

Our Responsibility as Scientists

“Researchers, because they are authors 
and reviewers of scientific papers, which 
are the sources that feed the channels of 
science communication, are responsible 
for quality in the first place...” (Roland 
2009)

“Quality communication will not be 
achieved without thoroughly rethinking 
current practices and training in the 
scientific community” (Roland 2009)

National Science Foundation’s Key 
Findings and Recommendations on Robust  
and Reliable Science (Bollen et al. 2015)

• Evaluate the reproducibility of the 
findings, especially instrumental findings 
for the paper

• Replicate a study by using similar 
methods and procedures

• Often research has some unique 
conditions, making reproducibility or 
replicability difficult

• Inconsistent findings could be due to the 
failure to generalize across dissimilar 
conditions in diverse studies rather than  
a lack of relationships between variables

• Confirmation bias may exist due to 
a tendency to search for or interpret 
information in a way that confirms one’s 
preconceptions or hypotheses

SETAC’s Initiatives on High Quality 
Science

• “Sound Science” (SETAC 1999)
 – Be attentive to how the public might 
use our research results

 – Be a vigilant voice demanding 
research of the highest quality, 
reported with the least amount of bias

• SETAC recently formed a subcommittee 
on this topic; goals include:

 – Ensure objectivity in review, editing, 
and presentation in all of their 
publications (ET&C, IEAM, SETAC 
Globe, workshop proceedings and 
books)

 – Create a culture of objectivity in 
presentations at all SETAC-sponsored 
events, meetings, and workshops

 – Develop continuing education 
opportunities for SETAC members 
about scientific integrity

 – Be a leader in the community 
conversation about scientific bias, 
ethics, and transparency

 – For more information see the February 
2016 SETAC Globe Article by  
A. Fairbrother

PRESENTATION/DISCUSSION OF RESULTS
Our review of many published studies found:

• Numerous instances of cherry picking published studies to support study results

• Often potentially influencing variables are downplayed or even ignored

• Citing unpublished data or personal communications to support study results

• Some studies had small sample sizes with the findings inappropriately scaled

• Cases of far-reaching statements and absolute certainty

• Mentioning findings (or stretching findings) in the abstract and/or 
conclusion that are not supported in the results

• Repurposed data that did not comply with the guidelines of the new 
purpose

 – Different data quality objectives between original study and new one

• Inferences of cause versus effect relationships

• Inappropriately-applied statistics to support study conclusions

 – No reference toxicant testing

 – Test and culture monitoring benchsheets were 
not provided

 – Limited water quality measurements during 
test duration

 – Used a non-standard acute exposure 
duration

 – Use of mixed age of adult organisms and 
the young produced were highly variable

 – A priori selection of some test endpoints and 
quality assurance variables

 – Use of pseudoreplicates

 – Test treatments were unequally spaced 
resulting in biased NOECs and LOECs

 – Incorrect daily observations of the young 
produced (e.g., young were not cleared 
from test vessels following counts)

 – Results were commingled over many days 
and could not be independently verified, 
making assessment impossible
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An Analysis of the Use of Multiple Comparison Corrections
in Ophthalmology Research

Andrew W. Stacey,1 Severin Pouly,2,3 and Craig N. Czyz4

PURPOSE. The probability of type I error, or a false-positive
result, increases as the number of statistical comparisons in a
study increases. Statisticians have developed numerous cor-
rections to account for the multiple comparison problem. This
study discusses recent guidelines involving multiple compar-
ison corrections, calculates the prevalence of corrections in
ophthalmic research, and estimates the corresponding number
of false-positive results reported at a recent international
research meeting.

METHODS. The 6415 abstracts presented at ARVO 2010 were
searched for statistical comparisons (P values) and for use of
multiple comparison corrections. Studies that reported five or
more P values while reporting no correction factor were used
in a simulation study. The simulation study was conducted to
estimate the number of false-positive results reported in these
studies.

RESULTS. Overall, 36% of abstracts reported P values and 1.2% of
abstracts used some form of correction. Whereas 8% of
abstracts reported at least five P values, only 5% of these used
a multiple comparison correction. In these highly statistical
studies, simulations resulted in 185 false-positive outcomes
found in 30% of abstracts.

CONCLUSIONS. The paucity of multiple comparison corrections
in ophthalmic research results in inflated type I error and may
produce unwarranted shifts in clinical or surgical care.
Researchers must make a conscious effort to decide if and
when to use a correction factor to ensure the validity of the
data. (Invest Ophthalmol Vis Sci. 2012;53:1830–1834)
DOI:10.1167/iovs.11-8730

Inflated type I error due to multiple statistical comparisons is
a well established problem in medical literature.1–3 Prior to

beginning an analysis, researchers must agree on an acceptable
type I error rate, or alpha level. When more than one
significance test is performed in a study, the type I error rate
for each individual test remains equal to the alpha level;
however, the probability of obtaining at least one false-positive
result in the study as a whole increases. This is known as the
multiple comparison problem or the multiple testing problem.

To illustrate this phenomenon, consider a standard coin flip.
Each time a coin is flipped there is a 50% chance of the coin
landing on ‘‘heads.’’ Now consider flipping the same coin 10
times. Each individual flip still results in a 50% chance of
‘‘heads.’’ However, the probability of obtaining at least one
‘‘head’’ among all 10 coin flips is much larger than 50%. The
same phenomenon occurs when 10 separate tests are per-
formed using an alpha level of 0.05; the probability of
obtaining at least one false-positive result out of all 10
individual tests is larger than 5%.

The probability of making at least one type I error in a study,
referred to as the familywise error rate (FWER), is directly
proportional to the number of comparisons made. If one
assumes an alpha level of 0.05, then the FWER equals the
following equation: FWER = 1 – 0.95n, where n is the total
number of comparisons made in a study. This equation is
represented graphically in Figure 1, which demonstrates how
FWER is related to the number of comparisons in a study and
the predetermined alpha level.

The dramatic rise in FWER with additional significance
testing is a serious dilemma for the investigator. As illustrated
by Figure 1, if researchers test 14 comparisons in a study with
alpha 0.05, a false-positive result will be reported 50% of the
time. In light of this potentially deleterious effect, statisticians
have devised a number of multiple comparison corrections to
account for an increasing FWER.

If, how, and when to use multiple comparison corrections is
a historically important debate in the peer-reviewed medical
literature.4–12 Although there is still ongoing discussion about
the more esoteric points of the argument, many researchers
and international organizations agree that multiplicity correc-
tions must be used to rein in type I error.13–24 In fact, a number
of recent studies have identified the lack of multiple
comparison corrections to be the underlying cause of
unwarranted shifts in clinical care paradigms.13,25,26 Although
reported guidelines for use vary, most sources agree that: (1)
the multiple comparisons problem should not be ignored or
type I error inflation can occur; (2) the best way to address the
problem is to limit the number of comparisons; (3) rationale
for and against using a correction factor should be discussed
before data analysis is undertaken and should be properly
documented; and (4) corrections are strongly encouraged
when separate comparisons are related or when a study is
confirmatory in nature. The difference between ‘‘exploratory’’
and ‘‘confirmatory’’ analysis, often described as inductive
versus deductive research, is not finite and also must be
discussed during study design.

Recent literature has demonstrated the extensive use of
statistical analysis and need for multiplicity corrections in
ophthalmology research.27–29 However, an analysis of the
prevalence of multiple comparison corrections in ophthalmic
research and its implications has not been addressed. In this
study the prevalence of multiplicity corrections in ophthalmic
research is estimated using abstracts at an international
research conference. The analysis focuses on studies that
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report large numbers of statistical comparisons, because these
represent research where multiple comparison corrections
would need to be considered. Simulation techniques are used
to estimate the number of type I errors reported in these
statistically rigorous abstracts.

METHODS

In the spring of each year The Association for Research in Vision and

Ophthalmology (ARVO) conducts an international research meeting,

bringing together researchers in all fields of ophthalmology. Research

presentations at ARVO are delivered using both oral and poster

methods. Each presentation is submitted in abstract form and is peer-

reviewed prior to acceptance. At the conclusion of the meetings, ARVO

publishes the abstracts for every poster and oral presentation online in

portable document format (PDF). At the time of this study, the most

recent abstracts available through ARVO online were from the meeting

held in May 2010. Presentations at ARVO 2010 were divided into 16

subspecialty categories (Table 1).

Every abstract presented at ARVO 2010 was downloaded in PDF

and searched for P values. The PDF document was searched for the

terms, ‘‘P value,’’ ‘‘P ,’’ ‘‘P,’’ ‘‘P,’’ and all spatial variations of the same.

All abstracts were also searched for the most common multiple

comparison correction methods using the terms ‘‘Bonferroni,’’

‘‘Scheffe,’’ ‘‘Tukey,’’ ‘‘Duncan,’’ ‘‘Dunnett,’’ ‘‘Newman-Keuls,’’ ‘‘Si-

dak,’’ ‘‘Least Significant Difference,’’ ‘‘False Discovery Rate,’’ as well

as the general terms ‘‘multiple comparison’’ and ‘‘multiplicity.’’ The

search was automated, highlighting all the terms listed above. After the

automated search was complete, two of the authors (AS and SP) and

two assistants conducted a manual review of the search results,

assessed the results for validity, and recorded two variables for each

abstract: the number of reported P values and whether a correction

factor was used.

Studies that reported considerable statistical output, in the form of

5 or more reported P values (FWER of 23% or greater) and 10 or more

P values (FWER of 40% or greater), were analyzed for their use of a

correction factor. If a correction factor was not mentioned, the

abstracts were used in a simulation study. The goal of the simulation

study was to estimate the number of type I errors expected in these

statistically rigorous studies. Criteria for inclusion in the simulation

were 5 or more reported P values and no reported correction factor.

For each abstract that met inclusion criteria, a binomial distribution

was used to simulate the number of type I errors reported in the

abstract using the number of reported P values as the ‘‘number of

observations’’ parameter and an assumed alpha level of 0.05 as the

‘‘success’’ parameter. The simulation parameters can be written as Yi ~
BINOMIAL(ni, p), where ni is the number of reported P values in the

ith abstract, P equals the alpha level (0.05) or the probability of type I

error, and Yi is the resulting number of simulated type I errors in the ith

abstract. Because the null hypothesis was unknown in all cases, it was

assumed to be true for all statistical comparisons. One simulation was

complete when the resulting number of type I errors for each abstract

was estimated using the above distribution. At the end of one

simulation, results were recorded including: the total number of type

I errors in all studies, the number of simulated studies with type I

FIGURE 1. FWER, the probability that at least one type 1 error will
occur in a study, increases as the total number of significance tests
performed within the study increases. The solid line represents the
FWER at an alpha level of 0.05. The FWER is smaller when the alpha
level is decreased (alpha = 0.01, dotted line) and is larger when the
alpha level is increased (alpha = 0.10, dashed line).

TABLE 1. The Prevalence of P Values Reported at ARVO 2010, by Category

Total # of

Abstracts

# Reporting

P Values

% Reporting

P Values

Max # P Values

Reported

Median # of

P Values

(where reported)

# of Abstracts

Reporting

>5 P Values

# of Abstracts

Reporting

>10 P Values

Anatomy 225 68 30% 50 2 12 2

Biochemistry 562 124 22% 20 3 33 10

Clinical epidemiology 348 169 49% 14 3 49 5

Cornea 878 321 37% 1,000,000 3 56 8

Eye movements 272 97 36% 29 3 19 6

Genetics 48 6 13% 100,000 2.5 2 2

Glaucoma 752 459 61% 100 3 135 31

Immunology 362 88 24% 12 2 11 2

Lens 240 46 19% 12 3 11 2

Multidisciplinary 177 51 29% 21 2 10 1

Nanotechnology 25 6 24% 2 1 0 0

Physiology 312 112 36% 24 3 25 6

Retina 1076 463 43% 20 2 112 14

Retinal cell biology 600 163 27% 100,000 2 27 2

Visual neurology 265 48 18% 10 3 8 1

Visual psychology 273 100 37% 9 2.5 28 0

Total 6415 2321 36% 1,000,000 3 538 92
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errors, and the number of simulated studies with more than one type I

error. This process was repeated 10,000 times and the average results

were calculated. A separate simulation study was carried out for all

abstracts with 5 or more P values, and all abstracts with 10 or more P

values. The simulation study was completed using the R software

(GNU Project) statistical package (provided in the public domain by

the R Foundation for Statistical Computing, Vienna, Austria, available at

http://www.r-project.org/).30

RESULTS

A total of 6415 abstracts in 16 categories were presented at
ARVO in 2010. Table 1 reports the overall prevalence of P

values in these abstracts, separated by category. A total of 36%
of all abstracts (2321) reported statistical comparisons in the
form of P values. Researchers in glaucoma registered the
highest percentage of abstracts reporting P values (61%),
whereas those in genetics reported the lowest percentage
(13%). Overall, 23% (538) of those abstracts that reported P

values presented >5 and 4% (92) reported >10 P values.
Table 2 summarizes the prevalence of multiple comparison

corrections. A total of 74 abstracts mentioned some form of
correction. This represents 1.2% of all abstracts and 3.2% of
those abstracts that reported the use of P values. The most
common correction method used was a Bonferroni correction,
which represented 32% of all corrections. Researchers also
used Tukey’s (28%), False Discovery Rate (7%), Least Significant

Difference (5%), Dunnett’s (4%), Scheffe’s (3%), and Newman-
Keul’s (3%) methods. A nonspecific multiple comparison test
was used in 13 (18%) abstracts. The Duncan or Sidak methods
were not used. The abstracts within the genetics section,
which reported the lowest prevalence of P values, demon-
strated the most proficient use of multiple comparison
corrections with 8.3% of all genetics abstracts reporting some
form of correction. Of the abstracts that reported at least 5 P

values, only 5% (27 of 538) reported a correction factor. In the
511 abstracts with at least 5 P values and no correction factor,
there were a total of 3703 reported P values (per-abstract mean
= 7.2, median = 6, max = 44). Of the abstracts that reported at
least 10 P values, only 13% (12 of 92) reported a correction
factor. In the 80 abstracts with at least 10 P values and no
correction factor, there were a total of 1054 reported P values
(per-abstract mean = 13.2, median = 11, max = 44).

A total of 511 abstracts met inclusion criteria for the
simulation study involving abstracts with 5 or more P values. A
total of 80 abstracts met criteria for the simulation study
involving 10 or more P values. The characteristics of the
studies that met inclusion criteria and the results of the
simulation study are displayed in Table 3. The simulation study
resulted in a false-positive outcome in an average of 30% (154
of 511) of abstracts reporting 5 or more P values and in nearly
half (48%, 38 of 80) of abstracts reporting 10 or more P values.
In addition, multiple type I errors were found in an average of
5.2% of studies with 5 or more comparisons and 14% of studies
with 10 or more.

TABLE 2. Analysis of the Prevalence of Multiple Comparison Corrections in Ophthalmic Research Presented at ARVO 2010

Bonferroni Tukey

False

Discovery

Rate

Least

Significant

Difference Dunnett Scheffe

Newman-

Keuls

Multiple

Comparison

NOS Total

% of All

Abstracts

% of All

Abstracts

Reporting

P Values

Anatomy - - 2 - - - - 2 4 1.8% 5.9%

Biochemistry 2 - 1 - - - 1 1 5 0.9% 4%

Clinical epidemiology - 1 - - - - - - 1 0.3% 0.6%

Cornea 7 1 - 2 - 1 - 4 15 1.7% 4.7%

Eye movements 1 3 - - - - - 1 5 1.8% 5.2%

Genetics 3 - - - - - - 1 4 8.3% 66.7%

Glaucoma 4 1 1 2 1 1 1 3 14 1.9% 3.1%

Immunology - - - - - - - 1 1 0.3% 1.1%

Lens - 3 - - - - - - 3 1.3% 6.5%

Multidisciplinary 1 - - - - - - - 1 0.6% 2%

Nanotechnology - - - - - - - - 0 0% 0%

Physiology - 2 - - 1 - - - 3 1% 2.7%

Retina 3 4 - - - - - - 7 0.7% 1.5%

Retinal cell biology 1 1 - - - - - - 2 0.3% 1.2%

Visual neurology - 1 1 - 1 - - - 3 1.1% 6.3%

Visual psychology 2 4 - - - - - - 6 2.2% 6%

Total 24 21 5 4 3 2 2 13 74 1.2% 3.2%

TABLE 3. Simulation Characteristics and Results

Abstract Characteristics Simulation Results

# of

Reported

P Values

# Abstracts

Meeting

Criteria

Total # of

P Values in

Included Studies

Average # of

Simulated

Type I Errors

Average # of

Simulated Studies

with a Type I Error

% of

Simulated Studies

with a Type I Error

% of

Studies with Multiple

Type I Errors

5 or more 511 3703 185.3 154.2 30.20% 5.20%

10 or more 80 1054 52.7 38.2 47.70% 14.00%

The number of abstracts meeting each simulation criteria and the corresponding number of reported P values are displayed. The number of
type I errors in each of these abstracts was simulated 10,000 times and the average results are reported: total number of type I errors in all included
abstracts, number, and percentage of abstracts that reported a type I error, and the percentage of studies that reported more than one error.
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DISCUSSION

Although the need for multiple comparison corrections has
been understood for many years, its application in medical and
ophthalmic research has been slow to follow. Indeed, in this
analysis a correction factor was used in only 1.2% of all studies
and in only 5% of statistically rigorous studies. Many of the
uncorrected P values were likely part of exploratory analyses
where an inflated FWER is acceptable, a fact that would need
to be addressed a priori and cannot be discerned by any a
posteriori analysis. Nevertheless, 1.2% is a very low estimation,
especially when compared with other literature reviews where
the number of studies reporting correction factors is often 40%
and as high as 60%.31

Although the simulated percentage of statistically rigorous
abstracts reporting a type I error is already large (30%), it
should be noted that this is likely an underestimate. Due to a
process called publication bias, the number of reported P

values is expected to be an underestimate of the total number
of statistical comparisons conducted.11 Inevitably, there are
numerous statistical comparisons that were conducted but not
reported, whether due to a nonsignificant result, space
constraints, or other reasons. An evidence of this fact is that
a small number of abstracts reported the use of a correction
factor but reported no P values. The results of this and any
similar analysis, therefore, will underestimate the number of
statistical comparisons conducted by researchers, which leads
to an underestimate of the type I error rates and an
underestimate of the need for multiple comparison correc-
tions.

Although it is tempting to determine, a posteriori, which
studies required a correction factor, it is well understood that
there can be no steadfast rules on when corrections methods
are required.13,23 Any retrospective analysis of studies without
a priori knowledge of inherent correlations in statistical
comparisons or knowledge of whether the study is ‘‘explor-
atory’’ versus ‘‘confirmatory’’ in nature would lead to arbitrary
results, at best. Additionally, it should be noted that if a study
has numerous, unrelated comparisons that are ‘‘exploratory’’
in nature, this does not decrease the FWER of the study; it
only makes an elevated type I error rate more acceptable. For
example, suppose a study uses one data set to conduct 10
related comparisons, whereas another study uses 10 different
data sets to conduct 10 different comparisons. Both studies
conduct 10 comparisons, which at an alpha level of 0.05 results
in a type I error rate (FWER) of 40%. Although the elevated
type I error rate is less desirable in the study that uses one data
set because the comparisons are related, the probability of type
I error remains identical between the two studies. The
approach used in this analysis of identifying statistically
rigorous studies with high FWER provides the best available
sample of studies where a correction factor would need to be
considered.

Although the analysis in this study is adequately robust to
explore the use of multiple comparisons in ophthalmic
research, the data do have a number of limitations. The peer-
review process for conference abstracts is likely less selective
than that for manuscript publication, resulting in study designs
and statistical analyses that are incomplete or less polished. In
the past, researchers used journal searching techniques to
estimate the usage of statistical analysis in ophthalmology
research. However, these techniques have focused on subspe-
cialty-specific journals and are not representative of all
ophthalmology research. The technique used herein allows
the analysis to include an unprecedented number of interna-
tional research studies, categorized by subspecialty. Theoreti-
cally, researchers may conduct a multiple comparison
correction without mentioning it in the text. However, our

analysis was focused on only those studies that report multiple,
numeric P values. It would be illogical and inconsistent to
report a corrected P value without reporting the new alpha
level; such a practice would leave the reader unable to
interpret any results. We assumed, therefore, that if specific P

values were reported and a correction was conducted, it was
mentioned in the text. Space and time constraints in
conference abstracts may lead to increased publication bias,
but this would only result in an underestimate of the type I
error rate. The simulation analysis in this study resulted in
nearly one third of all statistically rigorous studies reporting a
type I error. Although these numbers may underestimate the
error rate, they illustrate very well the need for more liberal
use of multiple comparison corrections in ophthalmic
research.

It should be noted that this analysis refers only to type I
error in the form of statistical analysis. Indeed, the type I error
of a final conclusion can be kept in check using alternative
methods. If researchers are diligent in confirming statistical
tests with biologic or experimental research, they will also be
able to rein in the probability of a false-positive result. These
practices, however, do not alter the expected, a priori FWER,
and a discussion of multiple comparisons is still warranted.

Referencing the results generated in this study and current
guidelines, we suggest that ophthalmic researchers routinely
address the need of multiple comparison corrections during
study design. Although there is no gold standard for their use,
researchers should strongly consider these correction methods
in any confirmatory analysis or when multiple, related
significance tests are performed. This is especially important
if the authors are suggesting alterations in accepted clinical or
surgical practices where any error in data reporting can have
significant deleterious effects. When researchers are data
mining, hypothesis generating, or performing other explorato-
ry studies, these corrections may not be necessary. However,
reasoning for not correcting an alpha level should be
deliberately considered, discussed, and published.
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Clear Reception
Elucidating the Binding Characteristics of
Bisphenol A
Several studies have indicated that bisphenol A (BPA), which is
widely used in polycarbonate plastic and epoxy resin manufactur-
ing, can disrupt normal endocrine function. Given that BPA’s
estrogen receptor (ER) binding and interaction are 100–1,000
times weaker than those of endogenous hormones, researchers have
hypothesized that BPA interacts with nuclear receptors other than
ER. A recent study directly assayed BPA’s interaction with estrogen-
related receptor-γ (ERR-γ), one of a family of “orphan” nuclear
receptors—those for which natural ligands are unknown—and
clarified the structural requirements that enable BPA to bind this
receptor [EHP 116:32–38; Okada et al.].

Earlier research by the same team demonstrated that BPA
strongly binds ERR-γ. The research also showed that BPA preserves
ERR-γ ’s high constitutive activity. Receptors with constitutive
activity trigger molecular events in the absence of a ligand; specific
ligands known as inverse agonists can deactivate these receptors. 

The authors emphasize the importance of this investigation by
noting that ERR-γ is very strongly expressed in the mammalian

brain during development and in the brain, lung, and other tissues
in adults; unpublished results from this group show the highest
expression in the placenta. It is possible that BPA’s binding ERR-γ
could affect the receptor’s role by activating transcription at the
wrong times.

Using tritium-labeled BPA, the researchers conducted the first
saturation binding assay to precisely characterize how strongly BPA
binds ERR-γ. They also ran competitive binding assays with BPA
analogs and other industrial chemicals, including phenol deriva-
tives, to identify which structural characteristics of the chemicals
are critical for binding ERR-γ and maintaining its constitutive
activity. They found specific, extremely high binding affinity of
BPA for ERR-γ. BPA analogs varied in their ability to bind the
receptor, and phenol derivatives were newly discovered to be
potential candidates for ERR-γ–mediated endocrine disruption.

These findings raise the immediate question of whether report-
ed BPA-related endocrine disruption might actually be mediated
through ERR-γ rather than through ER. Additionally, the
researchers stress the need to determine the normal physiologic
roles of ERR-γ as well as the ways in which BPA might affect these
roles. Given the strong expression of ERR-γ in the fetal brain and
placenta, further information is especially urgent with regard to
outcomes for newborns. –Julia R. Barrett

Mitigating Methylmercury
Exposure
Study Confirms Potential of NAC as Antidote
and Biomarker 
Researchers have been searching for better ways to quantify and mitigate
exposures to the neurotoxicant methylmercury (MeHg). Results from a
new animal study confirm that N-acetylcysteine (NAC), already used to
treat acetaminophen overdose, may serve as a quick-acting antidote for
and biomarker of MeHg exposure [EHP 116:26–31; Aremu et al.].

MeHg is created when elemental mercury released through the
burning of coal, waste incineration, and other industrial processes is
metabolized by aquatic microorganisms such as anaerobic bacteria. It
bioaccumulates rapidly, with concentrations in some top marine preda-
tors reaching 100,000 times that of surrounding seawater. Fish con-
sumption is the major source of human exposure. MeHg can cause
irreversible brain damage, and the
developing brain is especially vulnera-
ble to its effects. 

Treatments to mitigate MeHg
exposure involve chelation, the
administration of compounds that
bind mercury, speeding its elimina-
tion from the body and thereby mini-
mizing its toxicity. Current chelation
methods can be nonspecific, depleting
not only MeHg but also minerals
required for normal cell function,
such as calcium. 

In contrast, chelation treatment
with NAC does not affect levels of
essential minerals. NAC, a derivative
of the amino acid L-cysteine and a pre-
cursor of the antioxidant glutathione,
is itself a potent antioxidant. NAC can
be delivered intravenously or orally. 

In the current study, adult rats were injected with NAC
(1 mmol/kg) 2 hours after being exposed to MeHg (0.1 µmol/kg).
The treated animals excreted about 5% of their body burden of
MeHg within 2 hours, compared with less than 0.1% excreted by
untreated animals. The response was transient and dose dependent,
with larger doses of NAC resulting in higher rates of MeHg excretion. 

These effects were not seen in preweaned rats (age 15–19 days)
treated with NAC. The researchers speculate that the transporter sys-
tems needed to move the MeHg–NAC complex through the kidney
do not mature until animals reach adulthood (around 30 days of age).
However, oral NAC treatment in pregnant rats (10 mg/mL in drink-
ing water) did protect their fetuses, reducing concentrations in the
placenta and the whole fetus by 70–90%. In the dams themselves,
NAC also reduced MeHg concentrations by 70–90% in the brain, by
about 20% in the kidney, and by 60–80% in the blood and liver.  

NAC’s short half-life, about 2 hours, may allow it to serve as an
accurate real-time biomarker of MeHg exposure. According to the
researchers, such a quick-acting biomarker could provide critical

early warning of possible acute expo-
sures, where early treatment is criti-
cal to prevent neurological damage.
In the current study, MeHg excre-
tion in animals treated with NAC
was proportionate to MeHg body
burden at the time of treatment. In
contrast, standard monitoring tech-
niques, which use hair analysis, can
provide only a history of exposure
and cannot guide immediate treat-
ment for acute exposures. The
researchers propose that future stud-
ies test NAC in adult humans as a
biomarker of exposure  and a possi-
ble treatment for MeHg exposure,
especially for pregnant women
whose unborn children are in dan-
ger of prenatal MeHg exposure.
–Kris Freeman

NAC offers promise as an antidote to acute MeHg exposure
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Science in the Courtroom
Examining Standards for Litigation-Based Research
Over the last 20 years, the term “junk science” has gained increasing
use by defendants in toxic tort litigation as a pejorative phrase to
discredit health effects data that do not meet some standard for sci-
entific validity—or, some say, that are favorable to the interests of
plaintiffs. Proponents of tort reform have argued that many large
jury verdicts are the unjustified products of questionable scientific
data presented by plaintiff lawyers to easily swayed jurors. Courts
have responded by raising the bar that scientific evidence must
exceed in order to be admitted as evidence. But has this change pro-
duced sound results? Is there really a distinction between litigation-
based science and other science? In a mini-monograph in this issue,
5 articles examine these questions and others that arise when exam-
ining the juncture of science and litigation [EHP 116:116–147].  

Acknowledging that conflicts of interest are an inherent compo-
nent of science-based litigation, authors Ronald L. Melnick, Kristina
A. Thayer, and John R. Bucher of the NIEHS conclude that public
health decisions to allow exposure to possible carcinogens should not
rely “on untested hypotheses that are promoted to explain away
adverse outcomes.” Their article focuses specifically on rodent car-
cinogenicity studies and examines how strict attention to design and
evaluation can reduce inaccurate conclusions and provide data that
are useful for evaluating human
health risks.

The authors cite early animal
studies on benzene as an example
of poor design that failed to detect
carcinogenic effects, even though
epidemiologic studies demonstrat-
ed a causal association between
benzene exposure and leukemia in
humans. Those early studies
employed too few animals, insuffi-
cient controls, too short a study
duration, and inadequate levels of
exposure. In addition, the authors
write, “evaluations that are based
on incomplete necropsy or
histopathology, do not combine
related tumor effects, fail to adjust
for differences in animal survival,
or incorrectly use historical con-
trol data would not be expected to
produce reliable information on
chemical carcinogenesis.”

Courts, meanwhile, have also
taken steps to reduce the likeli-
hood of “junk science” influencing juries. Two of the articles in the
mini-monograph, the first by Leslie I. Boden and David Ozonoff
of the Boston University School of Public Health and the other by
Sheila Jasanoff of Harvard University’s Kennedy School of
Government, examine the assertion that science conducted to sup-
port litigation must be held to tougher admissibility standards than
other science. Appeals Court Judge Alex Kosinski made this claim
in 1995 in response to the Supreme Court remand in Daubert v.
Merrell-Dow Pharmaceuticals, Inc., deciding that judges were
henceforth required to assume roles as gatekeepers with the respon-
sibility of culling out unreliable expert evidence. As the authors
describe, many courts following Daubert have held that research
conducted specifically for the purpose of a litigation is inherently
less reliable than other science.

Boden and Ozonoff re-examine whether litigation-based science
should be treated differently from other science offered as evidence in
the courtroom. They conclude that it shouldn’t. Their contentions
include an assertion that cross-examination by attorneys aided by
competent experts, not just journal peer review, also serves the ends of
justice. They further argue that any science is subject to a variety of
biases; for example, they write, studies funded by pharmaceutical
companies or investments by corporations in research agendas tend to
favor their own economic interest. Finally, the authors argue that
tougher standards for litigation-generated science unfairly burden
plaintiffs.

In her article, Jasanoff agrees that restrictions placed on litigation-
based science following Daubert are misconceived because the scien-
tific knowledge needed to resolve legal disputes often arises only in
response to litigation. Rather than assign judges the role of gatekeep-
er, a more sensible approach, she writes, would be for judges to
assume the position of referee. In this role, judges would “focus on
the process through which litigation science is generated rather than
on its validity or invalidity. They would be in a position to structure
agreements among the parties that would be most conducive to pro-
ducing relevant and reliable knowledge.”

In a fourth article, Carol J. Henry and James W. Conrad, Jr., of
the American Chemistry Council focus on the role of federal agencies
rather than that of the courts. They write that the quality of agency
scientific research and testing is already subject to a variety of stan-

dards and practices (e.g., the
Federal Information Quality Act,
and peer review and transparency
in research practices), and argue
that these standards and practices
allow agencies to judge the quality
of work regardless of the reason
for which it was created. They also
point out that federal agencies are
required to accept and fairly con-
sider information provided by any
interested person in the course of
decision making. 

In the last paper, William R.
Freudenburg of the University of
California, Santa Barbara, takes a
critical look at the nature of bias
itself, concluding that scientists
oftentimes are not conscious of its
influence on them. Drawing from
personal experience, Freudenburg
describes litigation-based research
he conducted for a company that
never tried to censor his work and
consistently praised him for being

principled and credible. But he subsequently came to realize that
praise for his objectivity actually encouraged him to interpret his find-
ings in ways that would favor his corporate sponsors more than if they
had tried to tell him what to say. The problem, he writes, was “the
temptation to start changing my own judgments . . . in response to
their repeated insistence that it was precisely my independent and sci-
entific credibility that they valued.” 

The articles in the mini-monograph share a common thread:
when science is used to serve the purposes of litigation or administra-
tive proceedings, great care is needed to ensure its proper deployment,
and a courtroom judge is probably not the appropriate person to
decide on the reliability and relevance of scientific evidence.
Furthermore, the perception that bias is inherently bad or avoidable
may itself be biased. –Richard C. Dahl

Environmental Health Perspectives • VOLUME 116 | NUMBER 1 | January 2008 A 37

Should research conducted expressly for court use be held to
higher standards than any other research?
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Preparing For The Imminent Rise Of Citizen Science
Law360, New York (June 24, 2016, 12:21 PM EDT)  The rise of citizen
science will pose major challenges to industry in environmental
permitting, compliance, enforcement and risk management. Fueled by
advances in information and monitoring technologies, adapted by a
public that is concerned about its “personal environment,” and fostered
by the U.S. Environmental Protection Agency, citizen science is starting
to generate data that does not fit easily into the traditional
environmental compliance and risk management model.

Advances in Information and Monitoring Technology

The EPA blandly describes citizen science as “projects and programs
that engage the public in scientific investigations, such as asking
questions, collecting data and interpreting results.”[1] In that sense,
citizen science is not new; after all, members of the public have long
volunteered to assist or be subjects in university or government studies.

What is new is that advances in information and monitoring technologies increasingly put portable,
small, lowercost monitoring devices into the hands of individuals or groups interested in air or
water quality in their personal environments.[2] Indeed, some are attached to smart phones.[3]
Data collected by individual devices can be sent to a central database, where this “crowdsourced”
data can be aggregated and evaluated.[4]

The EPA Fosters the Development and Use of Citizen Science

The EPA has developed “tool boxes” to provide interested citizen users with resources to collect,
analyze, interpret and communicate environmental data.[5] For example, the EPA has developed
the “Air Sensor Toolbox for Citizen Scientists,” which includes information about sampling
methodologies, calibration of monitoring devices, and interpretation of data.[6] The EPA recently
trained citizen scientists from each of the 10 EPA regions on the use of this toolbox and best
practices for conducting community air monitoring.[7]

Recognizing that the quality of data from small, portable monitoring devices is not (yet) typically
of the same quality as compliance data from continuous emission monitoring and other devices,
the EPA also works with technology developers to meet the stringency required to provide credible
data and to make these lowercost alternatives to traditional monitoring more acceptable to
scientists and engineers.[8]

The EPA provides grants to enable communities to collect their own environmental data for use in
evaluating local environmental conditions, such as high rates of asthma in industrial
neighborhoods.[9]

Enabling Communities to Monitor Environmental Conditions

Nongovernmental organizations and community activists have always had the legal authority to
threaten or bring citizen’s suits. However, doing so typically involves a large (and limiting)
expenditure of resources, particularly to parse voluminous monitoring reports or gather their own
data.

https://www.law360.com/agency/u-s-environmental-protection-agency
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The EPA’s next generation compliance strategy aims to put compliance information directly into
the hands of the community, through advance monitoring, realtime reporting requirements and
other “transparency” measures.[10] The EPA will incorporate these strategies in all enforcement
actions in fiscal years 2017 through 2019.[11]

Emission sources and related control and monitoring equipment often are within facility
boundaries, where citizen science devices don’t reach (and likely do not yet generate data
equivalent to static compliance monitors.) Recent enforcement actions[12] and regulations suggest
that the EPA seeks to move compliance points to the “fence line” of facilities, where communities
may be better able to collect their own data using new portable air monitoring devices.[13] Some
within the EPA advocate for designing rules to support citizen monitoring.[14]

New Tools to Assess Risk From Local Sources of “Pollution”

The EPA is developing several risk screening tools, including the CommunityFocused Exposure and
Risk Screening Tool (CFERST), which is a geographic information system and resource access
web tool designed to support community partners making decisions to reduce pollution and
minimize exposures. Future versions may include “ongoing human exposure science.”[15] It will
be available to the EPA and its community partners (although the EPA has not announced plans to
make CFERST available to the regulated community.)[16]

One major hurdle for plaintiffs in “toxic tort” lawsuits by neighbors of industrial facilities is the
legal requirement to demonstrate exposure to an injurious agent in sufficient concentration to
cause personal injury or property damage. If CFERST aggregates existing emission data and
provides relevant “exposure science,” those hurdles may be reduced.

Citizen Science Will Change Environmental Risk Management

States and localities will likely be burdened by having to evaluate the data collected by citizen
scientists to determine if the information is credible and whether some state or local action is
necessary. A business suggested to be contributing to elevated risk in an area, based on
crowdsourced data, will be burdened in determining whether it is credible — it will be difficult to
test whether the data are accurate, unbiased and reproducible, and what, if anything they mean
about risk to human health.

Citizen science data may eventually undermine the existing permit system of environmental
compliance based on emission limits, measured by static emission monitoring devices. It may lead
to additional regulation to prevent poorly defined “effects” beyond facility boundaries.

Nuisance and other toxic tort lawsuits may be easier to bring, based on more available data
purporting to demonstrate that neighbors and others have been exposed to contaminants.

What Can Companies Do to Prepare?

Companies should monitor developments in analytical devices and EPA tool boxes for such
devices. The EPA has been very open about its efforts to foster citizen science. At a minimum, a
qualified environmental engineer or other professional should monitor the EPA’s activities and
announcements.

It may be prudent, however, for other companies to engage in a more thorough, privileged
evaluation. Such companies might include those with significant air emissions or waste water
discharges, facilities that already have neighborhood complaints about emissions, or those with
facilities in communities identified as overly burdened from an environmental justice standpoint.
Legal counsel should direct a privileged evaluation by qualified professionals regarding how such
citizen science devices might be used around company facilities, what they might show, how that
data compare to compliance monitoring data, and how the company might respond to complaints
based on such data.

Monitor what the EPA is doing with respect to citizen science. Has it made grants to any
community groups to conduct citizen science projects that might be directed at company facilities?
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Is there anything in the EPA’s various screening and mapping tools about a company facility?

Track what the EPA is doing with next generation compliance enforcement actions and
settlements, and in particular whether the EPA utilized citizen science generated data. This is a
lowcost way to anticipate what the EPA might next seek as best practices or requirements for
your industry, such as transparency with affected communities, fence line monitoring, and new
compliance requirements.

Based on these evaluations, companies should review, and, if necessary, revise their existing
environmental management and compliance plans. Companies should also evaluate their
communication plans. How do we communicate with the regulators, the public, customers,
employees and other constituencies about whether conditions are safe? Do we need to do more to
engage our communities about what we do, and how we manage those operations?

Conclusion

Citizen science is developing rapidly. Companies will confront information about their facilities, the
provenance and accuracy of which will likely be unclear. Preparing now is prudent. Accurate and
timely communication with the public about environmental and public health conditions at
company facilities will be critical.

—By Delmar R. Ehrich, Faegre Baker Daniels LLP

Del Ehrich is a partner and leader of the environmental practice area at Faegre Baker Daniels' in
Minneapolis. 

The opinions expressed are those of the author(s) and do not necessarily reflect the views of the
firm, its clients, or Portfolio Media Inc., or any of its or their respective affiliates. This article is
for general information purposes and is not intended to be and should not be taken as legal
advice.

[1] https://www.epa.gov/sites/production/files/201409/documents/citizensciencefactsheet.pdf
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Enviro Citizen Science: Promises, Perils And Protections
By Lester Sotsky, Michael Daneker and Eric Rey, Arnold & Porter LLP

Law360, New York (November 14, 2016, 12:16 PM EST)  Last week’s election of
Donald Trump as president portends many changes in public policy and government
administration, including in the realm of environmental protection. While it is far too
early to predict the exact ways in which those changes will play out or how they will
affect the role of citizen science, we believe citizen science is here to stay. Indeed, we
postulate that citizen science activism and its potential significance in disputed,
controversial or highly publicized environmental matters most likely will grow in inverse
proportion to any perceived or real paring back of environmental enforcement and
regulation under the new Trump administration. With that backdrop, we discuss the
current state of affairs and some of its challenges and opportunities.

Citizen Science is what its name suggests: the pursuit, collection, analysis and
communication of “scientific” information that may be of interest on any topic. Citizen
science has been defined by the Office of Management and Budget as voluntary public
participation in the scientific process “in ways that may include formulating research
questions, conducting scientific experiments, collecting and analyzing data, interpreting
results, making new discoveries, developing technologies and applications, and solving
complex problems.”[1] For our purposes, we will focus on the environmental field, one
of the more popular and rich areas in which citizen science has taken root. Our goals
here are to (1) describe the landscape and current frameworks surrounding citizen
science; (2) discuss some of its promises; (3) identify potential perils; and (4) suggest
concretely what prudent, interested parties might do about this brave new world, both
proactively and after the fact.

At its core, citizen science involves the collection and examination of data or other
information by ordinary citizens in two broad forms: direct and verified. Direct citizen
science consists of raw (not validated) data or information collected by the citizen.
Verified citizen science concerns those data that have undergone validation and
verification by a professional scientist qualified in the relevant field. Both these forms of
citizen science are widely used and have utility. Within the realm of citizen science,
there are various subfields and manifestations.

For example, included within citizen science are crowdsourcing and crowdmapping.
Crowdsourcing is when an agency or program calls or solicits openly for voluntary
assistance from a large group of individuals.[2] Crowdmapping is a subset of
crowdsourcing whereby individuals or organizations call upon volunteers for geographic
information or other information within a particular geographical area. This information
often is used to make collaborative maps.[3]

President Barack Obama’s administration has made a pointed effort to encourage federal agencies, including
the U.S. Environmental Protection Agency, to incorporate citizen science and crowdsourcing into their existing
programs.[4] The administration has stressed the following principles with respect to citizen science:

1. Equal standards — holding citizen science to the same standards of quality as traditional or
conventional science;
 

2. “Opendata policy” — making the data readily accessible to the public; and
 

3. Project quality — the citizen science project of the federal agency should “contribute directly to a goal
or need” of that agency’s mission.[5]

https://www.law360.com/agency/u-s-environmental-protection-agency
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In some cases, citizen science is a “bottoms up” enterprise, where the collection of data is designed and
accomplished by individuals interested in the subject, either personally or as an organization. In other cases,
toolkits are provided by a project “host,” which can include regulatory agencies such as the EPA. In fact, the
EPA has initiated a number of different programs in support of the Obama administration’s opendata policy
and its advocacy of citizen science.

For example, the EPA maintains several publicly accessible databases into which citizens may enter data and
from which they can share data. These include: the RealTime Geospatial Data Viewer,[6] which is a free,
webbased tool that anyone may use to upload air quality data and observe how this data interacts with other
data sets; and the Facility Registry Service, a website that allows anyone to search and view detailed facility
reports for all regulated facilities in their area.[7]

Perhaps more controversial is the EPA’s CommunityFocused Exposure and Risk Screening Tool (CFERST),
which is another free, webbased database that provides a mapping tool to assess or understand cumulative
risk in a community.[8] The fascinating thing about CFERST is that it allows citizen scientists to compare air
quality data that they collect with data from other sources or models. Its purpose, according to the EPA, is to
“provide[] information to help users identify environmental issues in their communities, learn about these
issues, and explore exposure and riskreduction options.”[9] As we discuss further below, that noble
aspiration necessarily intertwines with enormous potential for mischief and complication in the traditional
exercise of local, state, and federal permitting and regulatory oversight of activities and businesses that have
inherent environmental impacts.

Toolboxes will vary by project, but are typically available online and include links to guidebooks, reports on
different equipment, techniques for collecting and monitoring data, and blogs or news stories related to the
project. Lay mapping, sometimes referred to simply as “mapping,” is a tool for crowdsourcing citizen science
activities within a geographically limited area.[10] The project will update a map of the area with
observations submitted by citizen scientists via text message, voicemail, email or uploaded directly to the
online host. Typically, anyone can submit to and view the reports on the map. The maps may also include
pictures of the observed area.

What’s Good?

It is selfevident that more information and data, additional observations and an enlargement of the database
against which particular scientific theses or conclusions are tested is, on the whole, a good thing. This
assumes, of course, that weaknesses or flaws in the collection, production and dissemination of citizen
science — each discussed, along with other concerns in the following section below — are either overcome or
corrected. All stakeholders have an interest, ultimately, in public policy and individual decisions that rest
soundly on good science, where science is relevant.

A few members of the regulated community might reflexively anticipate that all citizen science will be bad, at
least for them. We question that assumption. All too often, for reasons of resource limitations, compression
of time and other factors,[11] regulators and other decision makers, including those subject to regulation,
make important decisions about environmental health and protection, human health and the impact of
releases into the environment on the basis of projections, modeling and other inferential or methodological
means. Bits of data strewn across the landscape of “available literature” are strung together to draw
inferences, presumptions and conclusions. Expanding the universe of data that has been collected in the real
world can only help improve the accuracy of our assessments of risks and impacts. (The preceding and other
observations in this section assume, for its purposes, that fundamental weaknesses or potential flaws in
citizen science are neutralized or overcome before its results are utilized.)

To take but one illustration, the (fictional) Gevinch Corporation manufactures a very important chemical
intermediate used in numerous industrial and consumer applications, at its facility in a heavily developed
area adjacent to the Mississippi River, where industry and residential communities live side by side. A risk
assessment, newly initiated by the EPA, concludes that this principal product manufactured singularly by
Gevinch poses risks of cancer previously unanticipated when released into the ambient air surrounding the
facility. The facility has long been in compliance with its permit, and the local cancer registry — as well as
employee health records at the plant — do not indicate any disproportionate increase or incidence of the
suspected cancers in either population.

However, based on the new risk assessment, the EPA and its state counterpart conduct a complicated
modeling exercise, resting on various assumptions, taking into account all manner of sophisticated “fate and
transport” dynamics in the dispersion and transformation of the chemical into “daughter products” under
normal ambient conditions. On that basis, the regulators calculate that if the plant were to release a total of
more than 42 tons per year of the newly assessed chemical, the community would face unacceptable levels
of risk.
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Hearing this, energized activists in the community fan out across adjacent neighborhoods, armed with toolkits
and other devices provided by both federal/state regulators and environmental nongovernmental
organizations to take samples of ambient concentrations. Senior management at the Gevinch Corporation
shivers at the prospect of what these “citizen scientists” will find, though neither they, the regulators nor the
community are quite sure of what the newly collected data will show.

After an exhaustive collection of data far exceeding what the agencies themselves typically collect, followed
by rigorous application of the quality controls and peer review required by both the letter and spirit of OMB
and EPA guidance, the large data set is reduced to a credible, substantial collection of ambient concentrations
of the chemical and its degradation products. Lo and behold, it turns out that in the actual environment, the
chemical dissipates and degrades to a far greater degree than expected, and emissions a full order of
magnitude higher than the 42 tons per year estimated by the finest “modeling” methodologies would pose no
greater risk to the community than exists in countless communities throughout the United States.

What’s Troublesome?

Many have already observed that there are several pitfalls from which citizen science may be prone to suffer.
In the environmental setting, these pitfalls include: poorly or subjectively designed studies with a result
oriented predisposition; lack of professional expertise in data collection and analysis; skewed sampling; and
data manipulation. In the simplest terms: when it comes to matters of environmental science, the protection
of human health and the environment, and risks associated with exposures to various releases and chemicals
in the environment, different segments of our society come to the issues with a range of experiential,
ideological, moral and belief biases.

It is hardly arguable that we live in an age in which substantial segments of our society are suspicious and
distrustful of the government, the “experts,” corporations, public health officials and other players in the
constellation of our national institutions. It has become difficult, if not impossible, to defend cases before
juries when the contestants are (1) a sympathetic, lone individual or group of ordinary people versus (2) a
faceless, large multinational corporation alleged to have failed to protect the community from hazards that
one or more experts are willing to testify under oath have caused or risk serious injury. Why? Because of the
lack of trust in other socalled “experts.”

Citizen science in the environmental field operates in this highly charged, skeptical environment. Many fear
that citizen scientists will utilize the opportunities, toolboxes and sponsorships available to them to prove that
which they already believe: the modern industrial state is poisoning its people. Armed with more equipment
and encouraged by the government, local communities may set about seeking to establish that which they
fear, suspect or think they already know: harmful levels of pollution are everywhere.

This is not to say that populations are not exposed to pollution or that all current exposures are benign.
Rather, it is to suggest that one of the troublesome aspects in the emergence of citizen science is its ready
utility by advocates and lawyers predisposed to believe or argue — sometimes for personal selfinterests —
that harm is being understudied, underestimated or undermeasured. One must therefore look very critically
at the design, conduct and analysis of the collection of environmental data to be sure that intentionally or
unwittingly such citizen science is not feeding today’s rampant skepticism, if not paranoia. In the succeeding
section, we address some of the ways in which that care can and should be taken.

What Should Lawyers Do About the Risks and Challenges of Citizen Science?

A considerable body of academic literature has developed around the subject of data quality and systematic
or sampling biases in citizen science.[12] Notably, there has yet to be judicial consideration, or a great deal
of legal academic discussion, about the value and implications of citizen science, particularly as it relates to
the highly contested and often controversial subjects of facility siting, environmental protection standards and
human health risk assessments.[13] Yet, the risks and rewards for protagonists in all manner of
environmental and associated public health disputes are potentially enormous.

We postulate that parties who may be affected by the theories and conclusions advanced by or drawn from
citizen science can and should address them critically both prophylactically and after the fact. Beginning with
prophylactic measures, it strikes us that an interested party can readily identify — given today’s wealth of
publicly available databases — data gaps that may be relevant to important regulatory, permitting or other
public policy decisions affecting the operation of industrial and other enterprises whose impacts upon the
surrounding environment and communities may be an issue. Where such data gaps exist, interested parties
other than ordinary citizens have the opportunity to fill those gaps themselves. In other words, why wait for a
citizen science project, potentially illdesigned or poorly conducted, to fill a known data gap?

Historically, the regulated community has tended to be wary of collecting data for fear of what it might show.
The infamous “bloody glove” experience in the O.J. Simpson trial is an instantaneous reminder to lawyers and
nonlawyers of the perils of advancing evidence as proof of the truth of an assertion before one knows
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whether it is true. With that fear in mind, some have utilized the protections afforded by the attorneyclient
privilege to undertake confidential data collections and analyses, hoping they might “deep six” any bad
findings or, alternatively, waive the privilege and publicly assert the information, if helpful.

More recent history has demonstrated that the use of the privilege for such purposes is a thin veil, leading to
still further caution about initiating voluntary data collection.[14] The world is changing, however. The advent
and undoubted future growth of citizen science puts at risk the implicit assumption that by not asking the
question or collecting the data, a regulated party may proceed more safely in an atmosphere of limited data
than in an atmosphere of comprehensive data. Stated differently, it may prove to be the case that the threat
or risk of prospective citizen data will and should compel more proactive data collection and analysis by
parties whose conduct, facilities or releases and products are the subject of critical review from the
standpoint of environmental impacts or human health risks.

A second and more limited prophylactic measure for the regulated community and its defense counsel is to
be highly alert to, educated about and possibly engaged collaboratively with local citizen science projects. If
the data will be collected and analyzed anyway, is it prudent to rely on the citizen scientists or individual
regulators to ensure the absence of critical biases or other flaws in the collection, methodology, assumptions
and analyses of such projects? To us, the question answers itself and is rhetorical.

Indeed, a company that proactively engages with enlisted citizens in joint pursuits may generate significant
goodwill that pays later dividends. For example, among our clients, one elected to join citizen scientists in
postcleanup monitoring of an old industrial site and to collaborate with citizen scientists in the remediation of
a habitat. Both experiences reinforced positive ties with the community, ties that may be beneficial to the
company in the future. A cautionary note is warranted here, however. Looking ahead to possible future
litigation defense, there may be issues with the admissibility of citizen science results (or whether an expert
can rely on information or data collected through citizen science). If a company is involved in the underlying
citizen science project, it could give rise to an inference that the results constitute admissions against
interest.

A third and more dramatic prophylactic measure would be to identify practices and materials whose risks are
either known or believed to be so great that the prospect of collecting and analyzing additional data is
demonstrably untenable. One can posit that if the circumstances are so fraught with risk, should those
practices or materials be changed ab inito?

Finally, there are certainly a number of other things that lawyers and their clients should be anticipating and
doing in respect of citizen science to minimize its perils and realize its promises, after the fact. The first of
these, of course, is to insist that the science meet the rigorous tests enunciated by the Obama administration,
embraced by reputable members in the scientific community, and expressly stated by the EPA in its policies,
programs and guidance.[15]

According to the administration’s policy on citizen science, citizen science should be held to the same
standard as traditional science.[16] This broad principle is especially true when citizen science is utilized in a
professional capacity, such as peerreviewed scientific studies by scientists or to inform an agency action.
Second, one should insist that agencies strive for an opendata policy where all project data, applications and
technologies are available to the public.[17] Failing that, citizen science could operate more like a Star
Chamber.[18] And lastly, we should ensure that citizen science projects truly engage “the public” (i.e., not
just particular protagonists) and “contribute directly to a goal or need” of the agency.[19]

If lawyers and their clients are proactive in facilitating and reaping the benefits of citizen science, instead of
merely reacting to its potential downsides, citizen science may become a welcome development in the
environmental field for all those involved.

Lester Sotsky and Michael D. Daneker are partners and Eric A. Rey is an associate at Arnold & Porter LLP in
Washington, D.C.

The opinions expressed are those of the author(s) and do not necessarily reflect the views of the firm, its
clients, or Portfolio Media Inc., or any of its or their respective affiliates. This article is for general
information purposes and is not intended to be and should not be taken as legal advice.
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MEMORANDUM TO THE HEADS OF EXECUTIVE DEPARTMENTS AND AGENCIES 

 

FROM:  John P. Holdren 

  Assistant to the President for Science and Technology and 

Director of the Office of Science and Technology Policy 

 

SUBJECT:   Addressing Societal and Scientific Challenges through Citizen Science and 

Crowdsourcing 

 

Overview   

Through citizen science and crowdsourcing, the Federal Government and nongovernmental 

organizations engage the American public in addressing societal needs and accelerating science, 

technology, and innovation.  In citizen science, the public participates voluntarily1 in the 

scientific process, addressing real-world problems in ways that may include formulating research 

questions, conducting scientific experiments, collecting and analyzing data, interpreting results, 

making new discoveries, developing technologies and applications, and solving complex 

problems.2  In crowdsourcing, organizations submit an open call for voluntary assistance from a 

large group of individuals for online, distributed problem solving.  

Citizen science and crowdsourcing projects can enhance scientific research and address societal 

needs, while drawing on previously underutilized resources.  For example, after analyzing 338 

citizen science biodiversity projects around the world, researchers at the University of 

Washington estimated that the in-kind contributions of 1.3–2.3 million citizen science volunteers 

to biodiversity research have an economic value of up to $2.5 billion per year.3  Other benefits 

include providing hands-on learning in science, technology, engineering, and mathematics 

(STEM), and connecting members of the public directly to Federal agency missions and to each 

other.  In recognition of these potential benefits, this memorandum encourages the use, where 

appropriate, of citizen science and crowdsourcing by Federal agencies. 

Specifically, this memorandum: 

i. Outlines principles that agencies should apply in order to ensure future use of citizen 

science and crowdsourcing in a way that is appropriate and leads to greatest value and 

impact; 

ii. Directs agencies to take two specific steps to advance appropriate application of these 

methods: 

                                                 
1 In both citizen science and crowdsourcing, voluntary participation can be active or passive depending on the nature 

of the project.  
2 This definition should not be interpreted to imply that research projects that incorporate volunteers as “subjects” of 

the research are citizen science projects. 
3 Theobald, E.J., A.K. Ettinger, H.K. Burgess, L.B. DeBey, N.R. Schmidt, H.E. Froehlich, C. Wagner, J. 

HilleRisLambers, J. Tewksbury, M.A. Harsch, and J.K. Parrish. 2014. Global change and local solutions: Tapping 

the unrealized potential of citizen science for biodiversity research. Biological Conservation 181: 236-244. 

doi:10.1016/j.biocon.2014.10.021 
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a. identify an agency coordinator for citizen science and crowdsourcing

projects; and

b. catalog agency-specific citizen science and crowdsourcing projects on a

government-wide online database and website — to be developed by the

General Services Administration (GSA) — in order to make these projects

easier for the public to discover, to help improve collaboration within and

across agencies, and to reveal opportunities for new projects;

iii. Recommends agency actions to build capacity for citizen science and crowdsourcing;

and

iv. Provides, in the Appendix, examples of successful completed and ongoing

applications of citizen science and crowdsourcing at Federal agencies.

Principles for Effective Use of Citizen Science and Crowdsourcing 

Citizen science and crowdsourcing projects should contribute directly to a goal or need relevant 

to the mission of each agency.  Office of Management and Budget (OMB) Memorandum M-15-

16, Multi-Agency Science and Technology Priorities for the FY 2017 Budget, encourages 

Federal agencies to consider incorporating citizen science and crowdsourcing into their 

programs, as appropriate.  To use citizen science and crowdsourcing appropriately and 

effectively, agencies should apply the following principles, where relevant, in project design:  

 Data quality.  Information collected and/or used by volunteers should be credible and

usable.  Recognizing that a “one-size-fits-all” quality-assurance approach will not work

for all projects, Federal agencies should apply the principle of “fitness for use,”4 ensuring

that data have the appropriate level of quality for the purposes of a particular project.  In

addition, citizen science projects should incorporate the same practices generally

followed by all science projects, including data-quality assurance, data management, and

ongoing project evaluation;5 relevant Federal and agency policies for scientific integrity

and ethics; and other applicable agency principles, policies, and practices.

 Openness.  Information is a valuable national resource and a strategic asset to the Federal

Government, its partners, and the public.  Data worth collecting and using also are worth

preserving and sharing.  Federal agencies should design projects that generate datasets,

code, applications, and technologies that are transparent, open, and available to the

public,6 consistent with applicable intellectual property, security, and privacy protections.

Agencies should use machine-readable formats to share data, metadata, and results with

project volunteers and the general public.7

 Public participation.  Public engagement enhances the Government’s effectiveness and

improves the quality of its decisions.  Americans’ collective expertise and information

are valuable assets.    Participation in projects should be fully voluntary, and volunteers

should be acknowledged for their contributions.  Further, volunteers should know how

4 Fitness for use means the degree to which a dataset is suitable for a particular application or purpose, 

encompassing factors such as data quality, scale, interoperability, cost, and data format.  
5 Office of Management and Budget. 2013. Open data policy: Managing information as an asset. Memorandum, 

May 9. Washington, DC. 
6 IBID. 
7 Office of Science and Technology Policy. 2013. Increasing access to the results of federally funded scientific 

research. Memorandum, February 22. Washington, DC. 

https://www.whitehouse.gov/sites/default/files/omb/memoranda/2015/m-15-16.pdf
https://www.whitehouse.gov/sites/default/files/omb/memoranda/2013/m-13-13.pdf
https://www.whitehouse.gov/sites/default/files/omb/memoranda/2013/m-13-13.pdf
https://www.whitehouse.gov/sites/default/files/omb/memoranda/2013/m-13-13.pdf
https://www.whitehouse.gov/sites/default/files/microsites/ostp/ostp_public_access_memo_2013.pdf
https://www.whitehouse.gov/sites/default/files/microsites/ostp/ostp_public_access_memo_2013.pdf
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their contributions are meaningful to the project and how they, as volunteers, will benefit 

from participating.  Where appropriate, agencies should consider engaging other 

countries or regions with relevant experience, programs, or citizenry to provide useful 

scientific data on issues that span national borders and build international understanding 

of shared scientific challenges.   

Improving the Strategic Use of Crowdsourcing and Citizen Science 

To apply the principles outlined above and improve the strategic use of crowdsourcing and 

citizen science, Federal agencies shall: 

 Improve coordination of and support for citizen science and crowdsourcing within and

between agencies.  Within 60 days of the issuance of this memo, each agency shall

identify an agency coordinator for citizen science and crowdsourcing projects on that

agency’s Open Government website.  The coordinator will manage the agency’s

contributions to a public database of Federal citizen science and crowdsourcing projects,

to be developed by GSA (see below).  To increase interagency coordination, the

coordinator will work with both the White House Office of Science and Technology

Policy (OSTP) and other Federal agencies through the Federal Community of Practice for

Crowdsourcing and Citizen Science (CCS), the National Science and Technology

Council (NSTC), and other interagency working groups, as appropriate, to participate in

future policy-development discussions on this subject.  In addition, the agency

coordinator could, as appropriate, seek strategic areas of opportunity for applying citizen

science and crowdsourcing to meet agency goals; serve as an agency-wide resource for

citizen science and crowdsourcing; build awareness of citizen science and crowdsourcing

projects both within the agency and with agency partners; and work to overcome

administrative and policy barriers to citizen science and crowdsourcing within the

agency.

 Contribute to a public database of Federal citizen science and crowdsourcing projects.

Within 180 days of the issuance of this memo, each agency shall catalogue the citizen

science and crowdsourcing activities it directly supports that are open for public

participation.  The purpose of the catalogue is to make it easier for volunteers to find out

about projects they can join, improve cross-agency collaboration, and reveal

opportunities for new high-impact projects.  In collaboration with OSTP and the CCS,

each agency shall provide data to GSA about the activities it directly supports in a form

consistent with GSA requirements; within 90 days of the issuance of this memo, OSTP,

GSA, and CCS will work with agencies to develop the metadata requirements.  The data

will be included in a database to be developed by GSA, which shall be made publicly

available through an open application program interface (API).  Agencies shall continue

to add new citizen science and crowdsourcing projects to the GSA database as the

projects open up for public participation.

Agency Actions to Build Capacity for Citizen Science and Crowdsourcing 

In the 2013 Open Government National Action Plan, the United States committed to develop an 

Open Innovation Toolkit for Federal agencies, in part to help agencies develop citizen science 

and crowdsourcing projects.  The citizen science and crowdsourcing portion of the toolkit, 

https://www.digitalgov.gov/communities/federal-crowdsourcing-and-citizen-science/
https://www.digitalgov.gov/communities/federal-crowdsourcing-and-citizen-science/
https://www.whitehouse.gov/sites/default/files/docs/us_national_action_plan_6p.pdf
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released in September 2015, was jointly developed by OSTP and the CCS.  OSTP urges agencies 

to use the methods and examples in the Federal Crowdsourcing and Citizen Science Toolkit to 

design, carry out, and sustain effective citizen science and crowdsourcing projects.  Agencies 

also should use the toolkit to share case studies, lessons learned, and best management practices.  

In addition, OSTP encourages Federal agencies to build their capacity for citizen science and 

crowdsourcing by taking actions in each of the following areas:  

 Policy.  Develop clear agency-specific policies, procedures, and guidance to encourage

and aid agency coordinators in developing and carrying out effective citizen science and

crowdsourcing projects.  The policies, procedures, and guidance should address common

legal and process steps, including data collection and management, and should also

discuss, as appropriate, issues connected to the Privacy Act, Paperwork Reduction Act,

and protection of human subjects, as well as other ethical, legal, and social issues.

 Resources and staffing.  In crafting programs and future budget requests, allow for the

possibility of allocating funding and staff to citizen science and crowdsourcing projects

(consistent with OMB Memorandum M-15-16, which encourages agencies to take

innovative approaches such as citizen science into account in formulating their fiscal year

2017 budgets).

 Technologies and scientific instrumentation.  Support the development of hardware,

software, and mobile apps for citizen science projects that are affordable and easy to use

and improve.  Investments in low-cost technologies (such as a $1 microscope) can

increase the variety and value of the contributions that citizen scientists can make.8

 Diversity of projects.  Create mechanisms for providing small grants to individuals and

communities that may not be affiliated with universities or traditional government

contractors.  Mechanisms such as DARPA’s Fast Track Initiatives have provided small

contracts to individuals, which has diversified the range of ideas for projects that receive

funding.  Similar approaches could be used to support citizen science and crowdsourcing

projects.

 Rigorous research and evaluation to improve current practice.  Devote resources to

evaluating the effectiveness of citizen science and crowdsourcing projects in achieving

agency objectives.  Resources are also needed to develop methods for validating data and

results from citizen science and crowdsourcing projects, and to evaluate the applicability

of citizen science and crowdsourcing to the topics that are relevant to the missions of

particular agencies.  A broader, cross-project view is also needed such as, investing in the

science of citizen science and crowdsourcing.

8 Lee, M. 2015. Democratized scientific instrumentation: Leveraging the maker movement. Occasional Paper in 

Science and Technology Policy. Science and Technology Policy Institute.  

https://crowdsourcing-toolkit.sites.usa.gov/
http://www.darpa.mil/news-events/2015-05-18
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Appendix 

Benefits and Real-World Impacts of Citizen Science and Crowdsourcing 

 

Citizen science and crowdsourcing are powerful approaches for engaging the public in the 

scientific process and in addressing societal needs.  Federal agencies and nongovernmental 

organizations have mobilized millions of people to accomplish scientific work, from solving the 

structure of an AIDS-related enzyme (which may result in new medications) to mapping the 3-D 

structure of neurons in the brain.  Volunteers have helped to discover a new class of galaxy and 

map the surface of Mars.  Volunteers are collecting air quality and other environmental data to 

improve the health and well-being of their communities.  They are also improving predictive 

models for coastal change and vulnerability to extreme storms.  Researchers and entrepreneurs 

are contributing to biomedical research by partnering with the public to collect personal genomic 

data and patient or caregiver insights into disease.  Volunteers have also enabled Federal 

agencies to address other societal needs beyond scientific research, including crowdsourcing 

time-critical information for emergency response and tagging millions of archival records.  Local 

governments are combining crowdsourced traffic congestion maps and distributed-sensor data to 

shorten commuting times and make roads safer. 

 

In addition, these approaches create opportunities for learning outside the classroom.  Through 

citizen science and crowdsourcing projects, the American public are contributing their talents 

and creativity — as well as insights gained from a wide range of backgrounds and real-life 

experiences — to help agencies and researchers answer questions related to urgent real-world 

problems.  Citizen science and crowdsourcing projects also enable individuals, groups, and local 

or virtual communities to follow their interests in new and unique ways to serve the public.  

Participants in these projects often gain new insights into public services and research, learning 

how to carry out projects at the local, regional, national, or global levels.  When citizen science 

and crowdsourcing projects link American citizens with counterparts in other countries, such 

projects build understanding of shared international scientific challenges.  These projects 

contribute to a more informed citizenry engaged in public service, a foundation of America’s 

democratic system of government.  

 

Most citizen science and crowdsourcing projects provide multiple benefits.  For example, a 2015 

synthesis of peer-reviewed literature describes the individual- and community-level impacts of 

volunteer environmental monitoring.9  Specific outcomes reported in peer-reviewed journal 

articles include “improved communication between government and local stakeholders, 

increased knowledge and changed attitudes among participants, better adherence to natural 

resource regulations by community members, and empowerment of local stakeholders.”  Local 

stakeholders also became more engaged in ecosystem management and policy discussions, and 

the scientific literacy of participants grew.  In addition, community-based monitoring or 

management led to improved relationships with the communities involved. 

                                                 
9 Stepenuck, K.F., and L. Green. 2015. Individual- and community-level impacts of volunteer environmental 

monitoring. The Resilience Alliance. 

http://beamartian.jpl.nasa.gov/maproom#/LearnHow
http://www.epa.gov/heasd/airsensortoolbox/
http://coastal.er.usgs.gov/icoast/
http://coastal.er.usgs.gov/icoast/
http://earthquake.usgs.gov/earthquakes/dyfi/
http://earthquake.usgs.gov/earthquakes/dyfi/
http://www.archives.gov/citizen-archivist/
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Benefits of Citizen Science and Crowdsourcing Approaches 

 

 Enhance scientific research. Citizen science and crowdsourcing help enhance and 

accelerate scientific research through group discovery and co-creation of knowledge.  For 

instance, volunteers can collect data over large areas and long periods of time — and 

sometimes increase the frequency of observations — in ways that Federal agencies may 

not be able to do, given geographic and resource constraints.  Volunteers also can provide 

unique perspectives and local expertise for interpreting data.  In addition, the human eye 

and brain allow volunteers to categorize millions of objects (like galaxies) or find 

solutions to complex problems that computer algorithms may not be able to solve. 

 Address societal needs.  Citizen science and crowdsourcing projects not only augment 

and enhance the scientific process, but also address other societal needs while drawing on 

a vast reservoir of untapped resources — the skills, dedication, and ingenuity of the 

American people.  Diverse participation by all parts of society helps bring in new ideas 

and insights and contributes to solutions.  Citizen science and crowdsourcing can address 

a range of societal needs and Federal agency goals, ranging from enhancing the accuracy 

of prediction markets to tagging and transcribing national archive records.   

 Provide hands-on STEM learning and increase STEM literacy.  Whether as youth or as 

adults, participants in crowdsourcing and citizen science projects have the opportunity to 

acquire a life-long enthusiasm for science, along with valuable skills in science, 

technology, engineering, and mathematics (STEM).  For students, working on “real-

world” problems can make classroom learning experiences more exciting.  For adults, 

working on crowdsourcing or citizen science projects can help them advance their 

knowledge and skills while contributing to the larger scientific enterprise.  Volunteers 

gain hands-on experience with the scientific process, and they can apply what they learn 

in everyday life.  Their experiences may also lead them to get involved in community 

decision-making, because active participation in citizen science and crowdsourcing 

projects helps members of the public and communities gain STEM literacy and learn 

about issues important to them.  

 

Real-World Impacts of Citizen Science and Crowdsourcing 

 

Below are summaries of real-world projects that illustrate each of the benefits described above.  

 

Enhance Scientific Research  

 

Advancing Disease Research.  The NSF-NIH-USDA Ecology and Evolution of Infectious 

Diseases Program asked residents in the San Francisco Bay area to report outbreaks of sudden 

oak death, an invasive disease that kills oak trees.  From the data, scientists developed accurate 

computer models for the disease’s spread, showing that properly trained volunteers can collect 

data just as reliably as professionals.  The data collected by participants was used to create the 

best predictive model on the spread of sudden oak death in California, which revealed novel 

findings about the spread of the disease.  A 2015 study confirmed the results.10 

                                                 
10 Meentemeyer, R.K., M.A Dorning, J.B. Vogler, D. Schmidt, and M. Garbelotto. 2015. Citizen science helps 

predict risk of emerging infectious disease. Frontiers in Ecology and the Environment 13: 189-194. 

http://www.fic.nih.gov/programs/Pages/ecology-infectious-diseases.aspx
http://www.fic.nih.gov/programs/Pages/ecology-infectious-diseases.aspx
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Advancing Phenological Research.  In 2014 alone, volunteers participating in Nature’s 

Notebook, a project of the USA National Phenology Network supported by USGS and NSF, 

recorded more than 1.5 million observations related to plants and animals.  Scientists use the 

observations to analyze environmental change.  Since Nature’s Notebook was founded in 2009, 

it has amassed 5,500 active participants, 5.7 million records, and data on 31,000 unique 

organisms, including economically or culturally important species such as sugar maple, quaking 

aspen, monarch butterfly, northern leopard frog, and Sandhill crane.  These crowdsourced data 

have contributed to 17 peer-reviewed scientific publications on topics as diverse as timing of 

ragweed pollen production, plant carbon uptake, onset of tree leafing in the eastern United 

States, and effects of climate variation on production of native seeds in California.  A national-

scale model based on these data demonstrated that 2012 had the earliest recorded onset of spring 

in recorded history, which was followed by a frost that cost millions of dollars in lost agricultural 

production.  The North American Bird Phenology Program (USGS) has released over 400,000 

records examining particular bird species and changes in their geographic locations over time to 

track the impact of a changing climate on migratory birds. 

Identifying New Astronomical Objects of Interest.  In 18 months, roughly 28,000 volunteers 

collectively made 1.4 million classifications of potential debris disks and protoplanetary disks 

surrounding young stars using Wide-field Infrared Survey Explorer (WISE) data through the 

NASA’s Disk Detective project.  Volunteers are needed because computer software cannot 

distinguish these disks from other infrared-bright sources, such as galaxies, interstellar dust 

clouds, and asteroids.  Thousands of new planetary systems may exist in the WISE imagery, but 

the only way to know is to inspect each image by eye.  These classifications have yielded 600 

objects of interest, providing a crucial set of targets for future planet-hunting missions.  The disk 

detective science team has used ground-based telescopes in Arizona, California, New Mexico, 

Hawaii, and Argentina to follow up on more than 200 volunteer-identified objects. 

 

Verifying Weather Models.  NOAA’s mPING mobile app has collected more than 860,000 

weather reports containing information on a variety of weather-related events, including rain, 

snow, ice, wind, tornadoes, floods, landslides, fog, dust storms, and more.  On-the-ground 

weather information is collected from the public through smart phones or mobile devices with 

GPS-location capabilities.  These reports from volunteers are used to improve weather computer 

models, forecast ground icing that could affect road maintenance and aviation operations, and 

predict the potential for in-flight icing.  The data are also used to develop new radar and 

forecasting technologies and techniques. 

 

Gathering Real-Time Natural Hazard Information.  The Did You Feel It? program run by the 

U.S. Geological Survey (USGS) has enabled more than 3 million people globally to share what 

they experienced in earthquakes.  The results contribute to rapid assessments of the extent and 

severity of damage and provide valuable data for scientific research, particularly in areas without 

dense sensor networks.  Another USGS crowdsourcing project, Tweet Earthquake Dispatch 

(TED), searches for the word earthquake on Twitter and detects two to three earthquakes a day, 

on average.  Especially in regions with few seismometers, TED reports often arrive before 

traditional seismic networks detect an earthquake, giving seismologists early warning.  

https://www.pwrc.usgs.gov/bpp/
http://mping.nssl.noaa.gov/
http://earthquake.usgs.gov/earthquakes/dyfi/
http://earthquake.usgs.gov/earthquakes/ted/
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TED sometimes detects earthquakes entirely missed by the USGS’s automatic processing 

system, thereby increasing the number of felt events known to the agency (see 2014 study).11  

 

Mapping the Human Brain.  Based in the Seung Computational Neuroscience Lab at Princeton 

University, EyeWire (NIH) investigators are solving the mysteries of the brain with the help of 

the public.  Over 150,000 people around the world have played what has been called a “3D 

neuroscience coloring book” — a puzzle game anyone can play without having any knowledge 

or experience in the field of neuroscience.  EyeWire researchers aim to eventually map the 

human brain, but for now they are starting with the retina.  Players are mapping the connections 

between retinal neurons, helping researchers understand how neurons process information.12  

Players have already helped researchers understand how a mammal can detect motion, which has 

remained a mystery — until now.  EyeWire researchers hope their work can lead to advances in 

blindness therapies, the development of retinal prostheses, and other benefits. 

 

Address Societal Needs 

 

Improving Human Security through “Open Mapping”.  The Department of State, U.S. 

Agency for International Development (USAID), and Peace Corps support their humanitarian 

and development missions by supplying open geographic data created through crowdsourced 

mapping.  These agencies mobilize volunteers around the world to contribute to OpenStreetMap, 

an open and editable map of the world.  MapGive, a State Department initiative, engages 

volunteers online and holds team mapping events domestically and at foreign posts.  USAID’s 

Mapping for Resilience initiative recruits university students in the United States and abroad to 

collect data for USAID partners.  Peace Corps taps into its network of current and returned Peace 

Corps volunteers to contribute to open mapping; Peace Corps is also recruiting and training 

middle and high school students throughout the United States.  Over the past year, high-quality 

OpenStreetMap data have been used for “geo-coded” surveys to evaluate the effectiveness of 

indoor spraying for mosquitoes to prevent malaria in Botswana; disaster mitigation/planning, 

response, and recovery efforts in Nepal and the Philippines; hazard mapping and risk reduction 

in settlements surrounding volcanoes in Indonesia; and epidemiological monitoring and 

vaccination drives at refugee sites in South Sudan and Ethiopia. 

 

Enhancing the Accuracy of Forecasts for Global Events.  The goal of the Aggregative 

Contingent Estimation (ACE) Program (IARPA) is to dramatically enhance the accuracy, 

precision, and timeliness of forecasts for a broad range of global events.  The program develops 

advanced techniques that gather, weight, and combine the judgments of people from many 

backgrounds, fields, and locations.  Launched in 2010, ACE is based on the idea that combining 

the forecasts of an informed and diverse group often produces more accurate predictions of 

future events than a single expert can.  The objective in this case was to improve forecasting by 

more than 50 percent over the state-of-the-art.  By the program’s end, the Good Judgment 

                                                 
11 S.B. Liu. 2014. Crisis crowdsourcing framework: Designing strategic configurations of crowdsourcing for the 

emergency management domain. Computer Supported Cooperative Work 23: 389-443. 
12 Space-tie wiring specificity supports direction selectivity in the retina. Kim JS, Greene MJ, Zlateski A, Lee K, 

Richardson M, Turaga SC, Purcaro M, Balkam M, Robinson A, Behabadi BF, Campos M, Denk W, Seung HS, 

EyeWirers. Nature. 2014 May 15:509(7500):331-336. 

http://mapgive.state.gov/
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Project had beaten the state-of-the-art by more than 70 percent.  The ACE project shows that 

meaningful geopolitical forecasts can be produced quickly and accurately on topics ranging from 

violent international confrontations to how long international leaders will stay in power.  By 

better measuring exact levels of uncertainty, the project can also increase the rigor of intelligence 

analysis more generally.  Where traditional analysis can take days or weeks, ACE forecasts can 

be obtained in a matter of hours.  And consumers of ACE forecasts can be confident in their 

accuracy, because the technologies have been validated in a real-world forecasting tournament. 

 

Measuring Mobile Broadband Performance across America.  More than 250,000 volunteers 

have joined the Federal Communications Commission’s (FCC) Measuring Broadband America, 

offering broadband performance test data for Android and iOS as well as comments and 

feedback on improving Internet connectivity.  The project does rigorous broadband performance 

testing for 13 of the largest wireline broadband providers, which serve well over 80 percent of 

the U.S. residential market, as well as wireless broadband providers.  Data collected through 

the FCC Speed Test App are a rich source of information for mobile broadband consumers as 

well as industry and policymakers; volunteers can also use the app to test their own mobile 

broadband service on demand.  Crowdsourcing was key to the FCC’s ability to expand the scope 

of the program to include mobile broadband testing across the Nation.  The mobile 

crowdsourcing program provides data that is unavailable from other sources at a cost that would 

be unattainable using traditional collection methods.  The program’s data support the FCC’s 

mission to enable consumer choice and data-driven policy making on broadband and Internet 

services for consumers everywhere. 

 

Tagging and Transcribing National Archival Records.  National Archives and Records 

Administration’s Citizen Archivist Dashboard coordinates crowdsourcing for tagging archival 

records and transcribing documents.  More than 170,000 volunteers indexed 132 million names 

from the 1940 Census in five months, something that the National Archives could not have done 

alone.  Similarly, the Smithsonian Transcription Center’s 5,250 digital volunteers have 

completely transcribed and reviewed over 113,016 pages — a total that includes 859 projects 

shared by 13 Smithsonian archives, museums, and libraries.  The “pages” include biodiversity 

specimens, from which data have been transcribed and used to create 27,004 new collection 

records for bumble bees and 23,488 new records for U.S. National Herbarium sheets. 

 

Contributing Accurate Information about School Districts.  In 2015, the Census Bureau 

introduced a new crowdsourcing application that allows agency geographers and participants 

from 35 states, as part of their State School District Review Program, to tag school district 

boundaries, report updates and changes, and resolve boundary discrepancies remotely and in real 

time.  This simultaneous engagement between state-level geospatial data creators and the Census 

Bureau resulted in 10,000 boundary transactions occurring in its first iteration.  Participating 

states marveled at the online tool’s ease of use, the intuitive interface, and the streamlined 

program process.  Benefits included reduced production times and elimination of mailing costs 

of program materials and maps.  Minimal training was required for a wide range of user 

backgrounds.   

 

Monitoring Pollution in Communities.  The Environmental Protection Agency (EPA) Air 

Sensor Toolbox gives concerned citizens technical information on next-generation air monitoring 

https://www.fcc.gov/measuring-broadband-america
http://www.archives.gov/citizen-archivist/
https://transcription.si.edu/
http://www2.census.gov/geo/pdfs/partnerships/sdrp/SDRP_CCT_Guide.pdf
https://www.census.gov/geo/partnerships/sdrp.html
http://www.epa.gov/heasd/airsensortoolbox/
http://www.epa.gov/heasd/airsensortoolbox/
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devices, including a description of new low-cost, real-time monitoring technologies and how to 

use them to meet a wide range of needs.  The toolbox contains training materials, such as video 

and slide presentations, that are specifically designed for users of the new technologies.  In the 

coming years, EPA will continue to update the toolbox based on its research on emerging 

technologies for air quality monitoring.  By using the Air Sensor Toolbox, citizen scientists can 

help fill knowledge gaps about the quality of their local air, leading to regulatory action, 

technology improvements, and less air pollution.  

 

Provide Hands-on STEM Learning and Increase STEM Literacy 

 

Leveraging Citizen Science for Classroom and Out-of-School Learning.  NSF’s Monarch 

Larva Monitoring Project (MLMP) engages volunteers in monarch butterfly research, collecting 

data that otherwise would be very difficult to get.  MLMP conducts intensive summer workshops 

for teachers and youth leaders, who work with youth in and outside of schools as well as in 

urban, suburban, and rural communities.  They help youth not only collect data for MLMP but 

also examine the data themselves and ask questions of personal interest.  An analysis of all 503 

published papers on monarch butterflies since 1940 showed that 17 percent included citizen 

science data.  The MLMP project has resulted in 18 scientific papers and two education research 

papers to date. 

 

Increasing Scientific Literacy and Local Capacity.  In Puerto Rico, Para La Naturaleza, 

supported by NSF, organizes citizen science projects related to the local environment, including 

monitoring bats, frogs, and coastal sands.  The goal is to generate scientific knowledge about the 

region and build local capacity.  Through self-report surveys, participants have indicated that 

citizen science activities increase their knowledge of local plants, animals, and habitats and their 

ability to generate scientific questions about the environment.  Some participants started out as 

occasional volunteers and now play leadership roles in the research projects, including leading 

and training other volunteers.  

 

Increasing Scientific Literacy through Citizen Science Astronomy.  NSF’s Citizen Sky 

project provides opportunities for participants, whether new to astronomy or seasoned amateur 

astronomers, to engage in various aspects of astronomical research.  Participants collect and 

analyze data on a scale that scientists alone could never match; sometimes the participants join in 

publishing project findings.  A study13 showed that participants’ attitudes toward science 

improved over 6 months of participation, with increases in scientific literacy strongly related to 

participation in the social components of the Citizen Sky project.  Surprisingly, participants’ 

confidence in their own scientific knowledge and ability decreased over the 6-month study 

period.  Interviews with participants suggested that their declining self-confidence resulted from 

having come to a deeper understanding of what they have yet to learn.  

 

Monitoring Beaches for Seabirds.  NSF’s Coastal Observation and Seabird Survey Team 

(COASST) has about 850 volunteers who monitor seabird carcasses at over 350 beach sites in 

California, Oregon, Washington, and Alaska.  Resulting data advance the science of coastal 

                                                 
13 Price, C. A. and Lee, H.-S. (2013), Changes in participants’ scientific attitudes and epistemological beliefs during 

an astronomical citizen science project. J. Res. Sci. Teach.. doi: 10.1002/tea.21090  

http://www.mlmp.org/
http://www.mlmp.org/
https://reservaciones.paralanaturaleza.org/index.jsf
http://www.citizensky.org/
http://www.nsf.gov/cgi-bin/goodbye?http://depts.washington.edu/coasst/what/vision.html
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ecology and contribute to natural resources management.  COASST has documented the world’s 

single largest die-off of seabirds from a harmful algal bloom and contributed to analyses of the 

potential impacts of development on coastal ecosystems in the Pacific Northwest.  COASST 

volunteers learn bird identification skills and the seasonal patterns of bird activity, and they use 

the data they collect in ways relevant to their communities, for example to address the issue of 

fishery bycatch in Boundary Bay, WA.  This project shows how citizen science strengthens 

communities and influences decision making.  

 

Monitoring Precipitation.  The Community Collaborative Rain, Hail and Snow Network 

(CoCoRaHS), supported by NOAA and NSF, offers hands-on STEM education while 

contributing to scientific research by collecting data from an unprecedented number of 

sites.  Each time a rain, hail, or snow storm crosses their area, volunteers measure the 

precipitation using low-cost tools; then they report the measurements on the CoCoRaHS website.  

CoCoRaHS boosts education and climate literacy through daily messages, newsletters, webinars, 

educational videos, and outreach events.  Started in 1997, the network now has over 20,000 

volunteers in all 50 States, the District of Columbia, Puerto Rico, the U.S. Virgin Islands, and 

Canada.  The National Weather Service uses CoCoRaHS data — combined with information 

from other sources — to create daily precipitation maps and decide whether to issue severe 

weather warnings.  The project encourages student participation, and a recent report found that 

participating students made gains in their science skills and were more likely to aspire to a career 

in STEM.  As one teacher put it, “That’s all my kids talked about … They were so excited to 

think that … what we record every day matters.”  Since 2012, over 20 peer-reviewed 

publications have used CoCoRaHS data. 

 

Validating Satellite Data around the World.  Since 1995, the Global Learning and 

Observations to Benefit the Environment Program (GLOBE), supported by NASA and NSF has 

received more than 2.3 million cloud data reports from nearly 15,000 locations around the world.  

In partnership with GLOBE, Students’ Cloud Observations Online (S’COOL) has received more 

than 135,000 observations from around the world since 1997, of which more than half could be 

matched to satellite overpasses.  The GLOBE/S’COOL partnership is a vast source of 

information about clouds, engaging citizens around the world in authentic science.  Students 

work together with scientists on specific questions; collect and enter data into a global 

database; and analyze the data, presenting their research at GLOBE meetings.  Cloud 

observations from the ground complement the data provided by multiple satellites; GLOBE 

students also measure surface soil moisture to help calibrate and validate remote observations.  

GLOBE precipitation data support satellite missions to measure precipitation, and GLOBE 

students also report plant cover to help NASA create “land cover” maps using Landsat natural-

color and infrared imagery.  All of these activities have increased public awareness of satellite 

missions and built a sense of public partnership with the U.S. Government.  Many GLOBE 

students go on to STEM careers, while others work with the GLOBE community as alumni.   

 

https://www.globe.gov/
https://www.globe.gov/
http://science-edu.larc.nasa.gov/SCOOL/
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Despite the recent decision by the Federal 
Reserve to increase interest rates, many 
continue to anticipate steady competition 
for mergers & acquisitions (M&A). With 
sustained demand for deals, there are no 
guarantees that prospective buyers will se-
cure deals even when they offer bids with 
high cash flow multiples. Prospective buy-
ers likely will face a number of the same 
challenges in 2016 that existed in 2014 and 
2015—very short due diligence periods, 
competitive auctions, and “take-it-or-leave-
it” seller-friendly contract terms. To re-
spond to these challenges, buyers are well 
advised to structure the environmental due 
diligence framework to focus on obtaining 
material information at key junctures in the 
transaction process in lieu of the traditional 
model that called for Phase I environmen-
tal site assessments up front, irrespective of 
the bidding structure and deal timeline. 

Environmental issues can significantly 
affect the valuation of a deal for a prospec-
tive buyer. Ensuring that the diligence pro-
cess reflects an appropriate business sensi-
bility can be critical. For example, being 
able to distinguish material environmental 
issues from nonmaterial environmental is-
sues, focusing on what is most important to 
the business client, and finding value driv-

ers in transactions and opportunities for 
cost savings are all key markers for a well-
engineered environmental due diligence 
plan. In addition, a good environmental 
due diligence plan should be adaptable and 
seek opportunities to develop information 
that can be used post closing. For example, 
the due diligence period can be used to 
identify potential risk mitigation tools that 
may be implemented after the deal closes. 
The EPA’s self-audit policy for new own-
ers, “Interim Approach to Applying the Au-
dit Policy to New Owners,” can help new 
owners of companies avoid large statutory 
penalties for violations discovered in the 
course of environmental due diligence if 
they are disclosed in accordance with the 
policy. 73 Fed. Reg. 44,991 (Aug. 1, 2008) 
(EPA’s new owner policy). To qualify for 
the benefits of EPA’s new owner policy, 
however, self-disclosures must be made 
soon after the environmental compliance is 
discovered. 

A thoughtful environmental due dili-
gence plan can also help buyers ensure that 
diligence is conducted in an efficient man-
ner and is tailored to the particular deal, 
target company, and client’s goals. Rather 
than relying exclusively on one lengthy 
diligence memorandum that is produced 

near the end of the diligence period, buy-
ers can request that environmental coun-
sel and consultants provide more frequent 
oral briefings and shorter periodic written 
summaries. 

More frequent communications can 
also help avoid common misunderstand-
ings in the diligence process. By discuss-
ing the following issues at the outset of 
the diligence period, buyers can help avoid 
misunderstandings:

The materiality threshold for environ-
mental issues

The type of site assessment or other en-
vironmental review to be conducted at vari-
ous stages of the diligence process

Who will review documents in the sell-
er’s electronic data room

Client’s preferred manner for presenting 
diligence information (written reports, Ex-
cel spreadsheets, verbally)

Materiality can vary based on the trans-
action size, the risk appetite of the prospec-
tive buyer and the finances of the deal. The 
environmental review should be calibrated 
to take all of these factors into account. Un-
derstanding the types of liabilities or mag-
nitudes of costs that the prospective buyer 
may consider to be showstoppers will help 
inform the approach to diligence. In some 
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cases, environmental costs below $100,000 
may be material to the deal. In other cases, 
materiality may be set substantially higher. 
Regardless of the threshold that is deter-
mined, experienced environmental trans-
action counsel will know to flag environ-
mental concerns that individually may fall 
below the threshold, but in the aggregate 
may present a material issue.

In addition to a customary Phase I Envi-
ronmental Site Assessments (Phase I ESA 
or Phase I), which provides an overview 
of recognized environmental conditions at 
a site through evaluation of publicly avail-
able records, a site inspection with a focus 
on operations at the site and the condition 
of the property, and interviews with own-
ers/occupants—a Phase II Environmental 
Site Assessment (Phase II)—may be use-
ful to the prospective buyer depending on 
the environmental risk profile of the target 
company’s business and the stage in the 
bidding process. 

Phase II ESA activities are undertaken 
to confirm the presence or absence of con-
tamination, set baseline conditions before 
acquiring a site, or reduce the uncertainty 
associated with previously developed cost 
estimates. Planning for and performing 
Phase II activities, however, may add sev-
eral weeks to the due diligence timeframe 
and significant costs as they can range from 
$15,000 to $50,000 per site. Phase II activi-
ties may also expose the parties to possible 
reporting requirements if contamination is 
discovered. 

Working together, environmental coun-
sel and environmental consultants can sep-
arately prepare cost estimate reports, often 
in the form of ranges (or point estimates 
representing varying probabilities of occur-
rence), to address environmental issues that 
have been identified in the course of dili-
gence. These estimates also may be devel-
oped based on the desktop review, but can 
be more useful when they are prepared after 
a Phase I ESA and/or compliance review is 
performed. The components of these costs 
estimate reports typically include 

remediation costs associated with known 
and potential contamination issues; 

capital expenditures required to achieve 

regulatory compliance or bring equipment 
in line with the buyer’s best practices; 

financial assurance obligations for the 
target company’s environmental obliga-
tions that the prospective buyer will need 
to assume post-closing; 

EH&S litigation (toxic tort, worker ex-
posure claims), both pending and potential 
litigation; 

EH&S personnel expenditures required 
post-closing if it is not possible or desired 
for the target company’s EH&S manage-
ment team to remain in place after the clos-
ing; and

regulatory penalties associated with 
known and potential enforcement for non-
compliance with environmental laws.

As early as possible, the buyer should 
discuss a strategy to review documents in 
the electronic data room, with a goal of en-
suring that all of the information is care-
fully reviewed and analyzed while avoid-
ing unnecessary duplication of efforts. A 
logical initial allocation of responsibilities 
could entail the environmental consultants 
focusing on technical and remediation doc-
uments and the legal team evaluating docu-
ments related to regulatory compliance, 
environmental enforcement, litigation, and 
contractual allocations of environmental 
liabilities (e.g., in customer contracts, real 
estate leases, and corporate acquisition 
documents). As a matter of process, envi-
ronmental consultants should flag for fur-
ther legal review any documents that may 
have broader implications to the valuation 
of the company, specific environmental li-
abilities, and other general concerns. Dis-
cussing this division of labor and client 
expectations regarding the review should 
occur early in the process to avoid misun-
derstandings and cost overruns.

In addition to conducting a desktop 
review, environmental counsel and con-
sultants can mine other public sources to 
identify potential environmental risks as-
sociated with the target company and the 
industry in which it operates. For example, 
if the target company is a chemical manu-
facturer, the due diligence plan should in-
clude a regulatory review of the chemicals 
sold and rulemaking activity at the federal, 

state, and local level that could impact the 
ability to sell or distribute the chemicals. 
A consideration of regulatory risks should 
encompass not only environmental, health, 
and safety regulatory compliance, but also 
product safety and product compliance, 
such as Proposition 65 in California and 
the Registration, Evaluation, Authorisation 
and Restriction of Chemicals (REACH) 
in Europe. Additionally, consideration of 
industry-specific regulatory enforcement 
initiatives will aid in highlighting potential 
environmental liabilities that may loom on 
the horizon.

With increased competition for M&A 
deals likely to continue through 2016 and 
potentially accelerate further, a focused, well-
organized and adaptable plan for environ-
mental due diligence including the elements 
discussed above is value added in supporting 
a prospective buyer’s bid and protecting the 
buyer’s interests in the transaction.

Peggy Otum has represented 
clients on complex environmental 
litigation and transaction issues for 
over a decade. Her transactional 
practice includes counseling clients 
with respect to M&A and real 
estate environmental due diligence 
for large-scale and single-parcel 
transactions, insurance and risk 
mitigation counseling, and post-sale 
indemnity disputes.
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Today’s Discussion

• Assessing science (what makes something 
“good” vs. “bad” science?)

− Benefits and pitfalls of published, peer-reviewed science

− Risks and benefits of citizen science

• Using environmental science

− Transactions/Due Diligence

− Regulatory discussions

− Litigation

• Panelists’ experiences

3



Assessing Science
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Assessing Science: Challenges and 
Value of Published Science

Published, peer-reviewed 
science important to fact 
finders

• Can support expert 
qualifications (Fed. R. Evid. 
702) and establish reasonable 
reliability of expert opinion 
(Fed. R. Evid. 703)

• Published papers provide 
persuasive heft

55



Assessing Science: Challenges and 
Value of Published Science

But challenges exist

• Publications as advocacy tools

• Varying degrees of quality

• Errors, bias, and 
misinterpretation possible

• Publication and peer-review does 
not automatically lead to 
“generally acceptable” methods 
or findings

66



Assessing Science: Methodological 
Errors

• Inadequate replication

• Improper sampling and 
pseudo-replication

• Sample mishandling

• Missing information

• Ability to identify errors

• Examining the significance 
of findings

7



Assessing Science: Bias and 
Advocacy

• Signs of bias

− Assumptions not stated

− Alternatives not transparent

− Uncertainties not discussed

− All data not used

− Cited literature incomplete/biased

• Signs of advocacy

− Funding sources

− Authors

− Self-citations

− Methodological issues (cherry-
picked data, lack of 
reproducibility)

8



Assessing Science: Citizen Science

• What is citizen science?

• What are the benefits / 
issues?

• How is it being used?

9



Using Environmental Science
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Global Transactions

• Due diligence

− General assessment of risks

− Bona fide purchaser protections

− Phase I / II assessments

• Challenges in Global 
Transactions

− Multiple regulatory jurisdictions

− Accessibility of properties

− Ability to conduct full assessments

• Use of Environmental Science 
to Help Manage Challenges in 
International Transactions

11



Litigation

• Importance of 
environmental science in 
litigation

• Use of experts (testifying 
and non-testifying)

• Using good science to 
combat bad

12



Enforcement, Regulation, 
Remediation

• Use of environmental science 
in discussions with regulators

• Assessing regulator’s 
scientific support

• Providing scientific support for 
positions with regulators

• Determining proper 
remediation approaches

13



Impacts on Global Businesses



Panelists’ Experiences

• How have your companies 
and clients used 
environmental science?

• What are some good / bad 
experiences you’ve had or 
seen involving proper / 
improper use of science?

• How has science impacted 
your companies’ / clients’ 
marketing and public image?

15



Questions?

16

Thank You!

This presentation is not intended as, nor is it a substitute for, legal advice. You should consult with legal counsel for advice specific to your 

circumstances. This presentation may be considered lawyer advertising under applicable laws regarding electronic communications.
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