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SOCIETAL BENEFITS OF 

SCIENTIFIC DISCOVERIES 

Virtually every aspect of modern existence has benefited 
from scientific research: 

• Medicine 

• Public health 

• Transportation 

• Food supply 

• Energy 

• Communications 

• Information technology 

• Education 

• Defense 

 

 



THE SCIENTIFIC METHOD 

• Question 

• Background research – what is currently known? 

• Hypothesis 

• Design an experiment 

 independent variable (controlled or changed) 

 dependent variable (is there an effect?) 

• Collect data and analyze 

• Draw conclusions 

 

• Submit for critical review – is the method sound? effects of bias 
addressed? statistically significant? alleged correlations proven? 
can outcomes be replicated? 

• Publish for others to read, critique and replicate?  



“CITIZEN SCIENCE” 

• “Citizen science is the involvement of the public in 

scientific research – whether community-driven 

research or global investigations….  

• Citizen science mobilizes the public to participate in 

the scientific process to address problems….  

• This can include identifying research questions, 

collecting and analyzing data, making new 

discoveries, and developing technologies and 

applications.” 

• https://www.epa.gov/citizen-science/what-citizen-science 
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EXAMPLES OF CITIZENS 

INVOLVED WITH SCIENCE 

• Completing and submitting census data 

• Reporting on the collection of tagged animals – inclusive of 

apps to instantly transmit information 

• Assisting with spotting animals or environmental conditions 

• Personal monitors for air quality, workload, food intake 

• Completing research questionnaires 

• Volunteering to be measured or tracked 

• Sharing shopping or purchasing habits 

• Providing opinions on ads, TV shows 

• Organ or willed body programs  





BENEFITS OF CITIZEN 

SCIENCE 

• A significant “force multiplier” 

• Allows for the collection of data from large populations 

over vast geographic areas and timeframes 

• Heightens citizen awareness about an issue or concern 

• Can expose citizens to the scientific method 

• Can expose citizens to confounders that can impact 

science 

• Can make public aware of issues of how science can 

possibly impact policy  

• Can expose individuals (and their kids) to career fields in 

the sciences 



THE PERILS OF 

CITIZEN SCIENCE 

• Selection bias 

• Sampling bias 

• Calibration? 

• Reproducibility? 

• Inconsistency? 

• Improper technique? 

• Improper or selective interpretation of data 

• Allowing personal beliefs or opinions to impact the process 
(either intentionally or unintentionally) 

• Leaping to inappropriate or over-reaching conclusions 

• Decision-making in the absence of historical reference – this is all 
new territory with such electronic technology 





WHY IS THIS A CONCERN?  

• Photographic images 

• Sound recordings 

• Speed 

• Location 

• Time 

• Temperature 

• Noise 

• Heart rate 

 

 

• Radiation  

• Light levels 

• Lightening strikes 

• Vibration 

• Magnetic fields 

• Particulates 

• Clip-on microscope lens 

• Even a stud finder! 

 

Consider these amazing cell phone enabled data collection and 

sharing capabilities…. 



AND ANOTHER PERIL …. 

• What happens when “Citizen Science” turns into 

“Citizen Journalism” or “Citizen Commentary”? 

• Sending photos, e-mails, tweets, or web 

postings about perceived issues even before the 

process has been completed and properly 

vetted to very large undiscerning audiences 

• And in some cases, even the vetting process 

can be flawed… 

• Lets consider an example…. 



DECEMBER 19, 2011 PRESS 

RELEASE 

MEDICAL JOURNAL ARTICLE:   

14,000 U.S. DEATHS TIED TO FUKUSHIMA 

REACTOR DISASTER FALLOUT 

 
“….according to a major new article in the December 

2011 edition of the International Journal of Health 

Services.” 

 

From: radiation.org 



SUMMARY OF STUDY 

• Study examined CDC MMWR reported death data 

 

• Compared number deaths in 2010 and 2011 during the 14 

week period after the first arrival of Fukushima radioactivity 

in the U.S.  

 

• 4.46% increase in deaths observed after radioactivity was 

detected in U.S. in 2011 – authors speculate the cause of 

death was exposure to radioactivity from Fukushima 



CRITICAL REVIEW 

Beyond the biological implausibility of such health outcomes from 
the measured radiation levels…. 

 

• Limited comparison, 2010 to 2011 – is the “increase” actually real? Or 
did the population grow by 4%? 

 

• Could these deaths possibly be due to any other causes? 

 

• Why was this published in a “health services” journal?  

• Why not a radiological or epidemiological journal?  

 

• Why was there no information on author affiliation that would reveal 
any possible conflict of interest?  

• See “radiation.org” 



radiation.org  

the “Radiation and 

Public Health” 

website 



“Sound Science” 

 

or  

 

“Sounds Like Science”? 

Michaels, D 2008 



THIS LED TO THE REVIEW OF 

ANOTHER PAPER… 

Mangano and Sherman. Long term local cancer reductions 

following nuclear plant shutdowns, Biomedicine International 

Vol 4, No 1. 2013 

 

• Examines reported cancer rates in Sacramento County, 

where the Rancho Seco Nuclear Facility formerly operated, 

as compared to the state average 

 

• Notes a decreased rate of cancer as compared to the state 

average, speculates reduction due to plant shut down 



FAIR COMPARISON? LETTER TO 

THE JOURNAL EDITOR 

“…given all of the statistical analysis reflected in the paper, I 
wondered why a simple summary table had not been included that 
listed the cancer rates for each of the 47 counties in the state. I 
presumed that such a table would highlight a trend unique to 
Sacramento County, but I was wrong.”  

 

“I and my students accessed the California Cancer Registry website 
and created such a table for ourselves…”  

• 16 exhibited increases in cancer rates, while 31 exhibited decreases!  

 

• Since the authors speculate that the observed reduction in cancer 
rates were due to the shutdown of the nuclear power plant, to what 
are we to attribute the reductions in the other counties, some of 
which are situated hundreds of miles away?  

 

• Whatever the explanation may be for these other reductions, might 
they have also been at play in Sacramento County as well?  

 



CLASSIC CASE OF “LYSENKOISM” 

• Trofim Lysenko was a Soviet agronomist 

whose proposed farming  techniques were 

not based on objective science but were 

favored by the leadership 

 

• Widespread use of his techniques almost led 

to the complete collapse of the Soviet 

agricultural enterprise  

 

• “Lysenkoism” is the manipulation or 

distortion of the scientific process to reach a 

predetermined conclusion 

 

• Often dictated by ideological bias, related to 

social or political objectives 



The Texas Sharpshooter 



The Texas Sharpshooter 



The Texas Sharpshooter 



A WORD OF CAUTION ABOUT 

PEER REVIEW! 

Dr. John Bohannon, Harvard biologist 

 

• Crafted a fake research paper, from a 

fake institution with multiple, clear 

flaws 

 

• Submitted to 304 open source journals 

that claimed to use peer review 

 

• 157 accepted it for publication! 

http://www.online-educa.com/OEB_Newsportal/wp-content/uploads/2012/01/OEB-Jan12-Impressions3.jpg


OTHER TECHNIQUES THAT DERAIL 

THE SCIENTIFIC PROCESS 

• Demand science produce absolute certainty of the presence or 

absence of risk – or when convenient, manufacture uncertainty 

• Fund or hire researchers (or citizens) to selectively collect or 

reanalyze data to focus on lack of “scientific certainty” of presence or 

absence of risk 

• Fail to reveal sources of funding, affiliations, conflicts of interest 

• Seize upon the media’s need for “balanced reporting” regardless of 

legitimacy of opposing views 

• Identify and focus on “spurious correlations” 

• See examples from “Spurious Correlations at tylervigen.com”  

 

 
Michaels, D 2008 



Spurious Correlations at tylervigen.com  
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Spurious Correlations at tylervigen.com  



THREE CITIZEN SCIENCE 

RISKS TO LOOK OUT FOR 

• Bias 

• Correlation = Causation 

• Where was it published?  

• The web?  

• An “open source” journal?  

• Or a reputable journal? 
• And by the way, even reputable 

journals can get it wrong sometimes 

• Lancet: vaccinations and autism 

See: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2831678/ 



HOW DOES ALL OF THIS 

IMPACT HEALTH & SAFETY? 

• Individuals harboring concerns about exposures or conditions 

• Members of the public harboring concerns about releases of 

exposures from facilities 

• Collection and dissemination of information by activist groups 

• And for those who are very dissatisfied…. 

• Contacting regulatory agencies (certainly a worker right) 

• The lure of media involvement 

• Possible legal actions 



WHAT TO DO? 

Policies prohibiting phone use at work? 

• may help, but suggest being clear why: patient confidentiality, 
intrinsically safe in combustible settings, safety distractions, 
etc.  

Prohibition against measuring or monitoring at work? 

• Understand that if the rationales listed above don’t apply, then 
the question will be “what are you hiding?” 

Forbidding or monitoring for web/Facebook posts by 
employees? 

• Good luck with that! 

Ignore the risk all together as the results produced are likely 
not reliable? 

• How will that play out on the web or evening news? 

 

 



BUT CONSIDER THE LIKELY 

UNDERLYING EMOTIONAL DRIVER 

FOR SOME CITIZEN SCIENTISTS   

Health & safety issues can be very emotionally charged 

• Does the organization care about me? 

• Do I trust the organization and its leadership? 

• Is there transparency in decision making? 

• Am I free to speak? 

• Is my voice being heard? 

• Am I involved in decision making that affects my health and 

safety? 

• Is there independent validation of what is being portrayed?  



PERHAPS AN IMPROVED 

STRATEGY 

• Assume everything is open and on the record 

• Maintain an active open door policy  

• Over communicate about your goals, efforts, and activities 

• Actively solicit feedback – do you have any safety concerns? 

• When appropriate, relay on third party sampling, analysis 
from accredited labs 

• Provide credible independent sources of information 

• Be attuned to unspoken cues – does an environment of trust 
exist? 

• Ask yourself these acid test questions:  

• Have we done everything we could have reasonably done to 
address this concern? 

• How will our actions be interpreted on the evening news? 

 



POIGNANT QUOTE… 

“Pitfalls of Self-Guided Science” 

Dr. Albert Ghioro’s American Chemical 
Society review of Ken Silverstein’s book: “The 
Radioactive Boy Scout: The True Story of a 
Boy and His Backyard Nuclear Reactor” 

 

“[This] book is a stark reminder that a vivid 
imagination is not sufficient to create real 
scientific breakthrough, though sometimes it 
can initiate one. In the end, knowledge is 
needed, and that comes about, I have found, 
only through education, study and lots of 
experience” 



SUMMARY 

• The concept of citizen science represents an opportunity 
to further understanding and knowledge about the issues 
and challenges that face all of us 

• But the process can be easily derailed by bias and 
selective data analysis, or other confounders 

• The ubiquitous nature of monitoring and sampling 
capabilities has greatly expanded citizen science 
capabilities 

• Health and safety professionals should be aware of these 
issues now, considering both the policy and emotional 
aspects 

• The time to be considering these issues is now! 
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