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Title 

Toward a method for the rapid collection of public concerns and benefits of emerging energy 

technologies 

 

Abstract  (168 words) 

The speed and scale with which new technologies emerge sometimes force decision makers to 

act without the benefit of thorough risk analyses and environmental and social impact analyses. 

Insights from interested and affected parties (IAPs) can be tapped to alert decision makers to 

expected risks and benefits associated with emerging technologies. One of the methodological 

challenges has been to identify IAPs with relevant knowledge of the emerging technology. Here 

we show how Facebook’s marketing tool can be employed to reach IAPs with experience and 

knowledge in a new energy technology and recruit them to a survey instrument. We demonstrate 

the approach in the context of hydraulic fracturing for oil and gas in the United States. A $200 

one-week Facebook ad produced a diverse sample of 379 IAPs from 36 states that identified 41 

benefits and 80 risks. This knowledge can be used to steer the direction of analyses for impact 

assessments. Comparison to a similar study showed a surprising number of differences, 

suggesting that larger samples are needed. 
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1. Introduction 

Society's intense dependence on energy and increasingly urgent need (Rogelj et al. 2016) to 

transition to lower carbon energy drives new energy technologies to scale up with dramatic 

speed. In the United States, the contribution of gas produced from hydraulic fractured (HF) wells 

increased from less than 5% in 2005 to 47% in 2015 (EIA, 2017). Solar photovoltaic electricity 

generation in Germany has risen from 0.04% in 2002 to 9.1% in the first half of 2017 (Wirth, 

2017). In China, nuclear power production is projected to triple by 2022, with the construction of 

nearly 40 new plants (World Nuclear Association, 2016). Benefits and costs associated with such 

rapid deployment can emerge at an equally fast pace, making it particularly challenging to 

recognize, mitigate, or prevent unwanted effects and amplify positive effects. 

 

As technologies emerge, industry, regulators, and policymakers have obligations to address 

worker and public health and safety, environmental protection, security of financial interests, and 

community interests while not unduly compromising innovation, production, and the ability of 

companies and landowners to profit from legal activities. Regulators and industry usually rely on 

expert knowledge from the community of risk scientists to mitigate risk and produce benefits 

(Dietz and Rycroft 1988). However, for emerging technologies, expert knowledge is limited or 

immature simply because the technology is new and studies have not yet been done. In such 

cases, asking experts to characterize risk may be unproductive because they are not yet aware of 
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the magnitude and probability of the risks. 

 

For problems that are technologically complex and have high value stakes – both features of 

many emerging energy technologies – the risk policy literature has pointed to the shortcomings 

of the technological risk approach and has advocated an iterative, learning-based model that 

integrates input from experts, officials, and interested & affected parties (IAPs) in science and 

policy making (IAPs are publics or stakeholders who self-select as being interested or who are 

affected). The US National Research Council has long advanced a model called analytic 

deliberation (NRC 1996, 1999, 2008) and the International Risk Governance Commission 

(IRGC) has advanced a similar model called risk governance (IRGC 2008; Van Asselt & Renn 

2011; Renn 2008). We will not review those models here, merely point out that the first step in 

both of these models is to find out what IAPs care about. 

 

Analytic deliberation and risk governance start with IAPs because, to be successful, policy must 

address their concerns. Experts in risk sciences have a history of advancing the normative belief 

that risks with high quantitative technical risk measures ought to be given priority among 

managers. However, it has long been known that publics care about several dimensions of risk, 

including, but not only the magnitude of technical risk assessment (i.e., magnitude times 

probability). Risk perception research has revealed that several risk dimensions (e.g. dread, 

voluntariness, perceived control, reversibility, etc.) are considered by publics when reaching 

opinions about risk tolerance (Slovic et al. 1980). 
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For these reasons, it is helpful to elicit and synthesize input from knowledgeable interested and 

affected parties (IAPs) in addition to experts (Schroeter et al. 2016; North et al. 2014). 

Knowledgeable IAPs are individuals who have experiential knowledge based on living or 

working with the technology. They may also be self-educated citizen activists. Their input can 

frame the scope of risk studies and supplement existing knowledge from risk scientists. 

 

However, identifying these IAPs in the context of an emerging energy technology and eliciting 

their knowledge can be challenging and costly. This research addressed the question of how 

input from knowledgeable IAPs can be efficiently gathered and summarized. The proliferation of 

mobile technologies and social media platforms provide new opportunities to meet this 

challenge. Recent years have seen dramatic growth in the utility of Facebook as a demographic 

targeting tool as it has increased accessibility to its users’ interests and behaviors for advertising 

and social research purposes (Wilson et al. 2012).  

 

An early attempt to use Facebook to rapidly assess IAP concerns for HF for natural gas was 

reported by Israel at al. (2015). This project continues in the spirit of that work and seeks to 

develop a standardized methodology. 

 

2. Understanding the risks and benefits of an emergent energy technology: Hydraulic 

fracturing for tight oil and gas 

High volume hydraulic fracturing (HF) to produce shale gas and oil was known in the 1950s, but 

not widely used in its current form before 2000. It has expanded rapidly since 2005. The 
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technique involves long horizontal drilling into rock formations at depths of over one mile. 

These horizontal wells are cracked with explosive charges and then injected with high pressure 

fluids, which contain a variety of compounds designed to promote gas and oil recovery. 

Flowback fluid and water produced from the well, which is mainly contaminated with salts, but 

at times also radiation and heavy metals, is disposed by underground injection, often in wells 

hundreds of miles from the drill site. Earthquakes have resulted near some well sites. Given the 

expansion of HF across large areas, one of the main concerns is groundwater contamination 

through well failure. The scale of oil and gas recovery has also led to concerns about oil trains 

exploding and apprehension that fugitive methane releases will contribute to global climate 

change. Benefits of HF have included regional economic development, individuals receiving 

revenue windfalls from royalties, jobs in the oil and gas industry, greater national energy 

independence, and a reduction in coal burned for electricity generation. 

 

HF operations and impacts differ with location. In places where expansive oil and gas 

development is relatively new, such as Pennsylvania or North Dakota, the entire physical and 

regulatory infrastructure had to be developed from scratch. Regulations had to be written and 

staff hired and trained. Gas gathering lines and pipelines had to be installed. Oil and gas workers 

needed housing and access to basic necessities (groceries, entertainment, security, health care…). 

Transportation corridors for oil, sand, water, fracking fluids, and wastewater had to be 

established. These things present risks and benefits to the local environment and community. 

Yet, in states where oil and gas development is well-established, such as Texas and Oklahoma, 

risks and benefits may manifest as a different profile. This wide variation makes the challenge of 
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characterizing risks and benefits difficult. 

 

A wide range of decision makers need to understand the risks and benefits of HF. These include 

the professionals who design, drill, and complete the well; land owners who may receive 

royalties or whose property many be impacted by access roads, well pads, or gathering lines; 

state regulators; and governmental officials. Ideally, decision makers who are aware of the risks 

and benefits should produce better decisions. Despite the potential benefits, a reasonably 

complete list of risks was not available until 2013 when Krupnick et al. published their list of 

264 risk pathways (earlier and less complete lists included reports by the Secretary of Energy 

Advisory Board, 2011; Moniz et al. 2011; and EPA 2012). The US National Academy of 

Sciences did not issue a report on risks of HF until 2014, the same year of the annual review 

article by Jackson et al. that listed many of the costs and benefits of fracking for gas (Jackson et 

al. 2014). Indeed, expert characterization of risks from HF is still rather young. 

 

Decision makers benefit from scientific risk characterizations, but such expert knowledge is 

frequently not available when the decision makers need to act on an emerging technology. 

Fractracker estimates that there were already 1.1 million hydraulically fracked wells in 35 states 

as of February 2014, several months before the NRC report was published. It is also possible that 

experts miss risks or benefits that are apparent to knowledgeable IAPs. Certain things will 

inevitably be highly specific to jurisdiction, geography, and demographics, and an informed 

individual may have relevant insights than an expert panel with a national perspective does not 

(Wheeler et al., 2015). For these reasons, we argue that some form of non-expert rapid 
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accounting of risks and benefits could return information valuable to many different kinds of 

decision makers during the early stages of an emergent energy technology. The first step is to 

simply list the risks and benefits so that decision makers can investigate those salient to their 

decision making context. 

 

3. Methodology 

3.1 Social media-based inquiry 

Until recently, internet-based research was known to over-sample younger demographics. Today, 

social media use has increased dramatically for all age groups (Wilson, Gosling, & Graham, 

2012). A 2015 Pew research study indicated that 85 percent of the US adult population are 

internet users and of this population, 72 percent were Facebook users (Duggan, 2015). A rapidly 

growing body of research recognizes the utility of social media sites such as Facebook and 

Twitter to recruit participants from many demographic groups. Researchers are also recognizing 

the potential for targeted recruitment of participants based on specific interests, attitudes, beliefs, 

and values (Murphy, 2014; Wright, 2005). Boulianne (2015) notes that many interest groups and 

organizations now promote themselves through the use of social media platforms. The public 

nature of these groups on social media presents a bounty of data, freely available to researchers 

to access a variety of populations who are affiliated with these groups or interests. 

 

3.2 Recruitment strategy 

Our purpose was to elicit input from IAPs knowledgeable about HF. To find these individuals, 

we used Facebook to deliver a recruitment message to relevant parties that directed them to an 
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on-line survey which elicited their input on the risks and benefits of oil and gas extraction. We 

took advantage of Facebook’s marketing tools to distribute an advertisement for our research 

survey to users who Facebook has identified as having an interest in HF. In principle, this 

approach should reach a nationwide audience of people with positive and negative attitudes 

toward the technology. 1 The survey included a text box asking people to describe their concerns 

with HF and the benefits they associate with HF. We used the term “hydraulic fracturing” 

because “fracking” is interpreted as pejorative by some parties. 

 

3.3 Facebook advertising campaign 

Facebook provides a newsfeed for its users with content based on pages the user has liked. It also 

inserts paid advertisements into people’s newsfeed that encourage the user to click on a link. 

Users see these ads as they scroll through their regular content. Ads comprise a picture, text on 

the picture that is no more than 25% of the space, a 25 character headline, and 90 characters of 

text. Another 200 characters of text are visible only on desktop devices. We designed our ad with 

a strong visual cultural archetype for the oil and gas industry and a headline that emphasized the 

controversial nature of hydraulic fracturing (see Figure 1). The image, which we purchased from 

Adobe Stock, balances foreboding dark colors in the sky with pleasant greens of new grasses 

                                                
1 The approach incorporates targeting used in Rapid Rural Appraisal (RRA) and Rapid Participatory Assessment 
(RPA). These practices have been in use since the 1970’s, and provide the means to gather relevant local knowledge 
in an expedient and cost-effective manner (Thomsen, 1990; Zanetell & Knuth, 2002). RRA and RPA are critiqued 
for selecting samples that do not allow one to draw sound statistical inferences to a population, but their strength is 
that they provide a low-cost approach to gather input that can be highly informative. Results can inform studies by 
identifying important issues for hypothesis formulation and areas of interest for further study (Pepall, Earnest, & 
James, 2007). The formation of knowledge partnerships that use layperson knowledge to generate theories and areas 
of concern, and expert knowledge to explore and test these theories, contribute to accurate and complete 
characterization of emerging technologies and their associated risks and benefits. 
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sprouting in a meadow, while at the center is an archetypical oil well pump. We add a phrase 

onto the picture encouraging people to click on the survey. 

 
 
Figure 1. 
Facebook ad used to recruit input from IAPs. 
 

Facebook ads are shown to users with specific characteristics and interests. Characteristics 

include age, gender, location and technology (mobile or desktop). We targeted adults of any age 

and gender living anywhere in the USA with mobile and desktop. Interests are selected from a 

master list provided by Facebook and updated frequently. We selected interests that we thought 

would reach people who are knowledgeable about hydraulic fracturing and would have a wide 

range of opinions about the technology. They included the following (with the number of 

Facebook users with that interest in parentheses): “Bakken formation” (777), “Frack Off” 

(3,938,773), “FrackNation” (37,730), “Gasland” (125,530), “Hydraulic fracturing” (488,700), 

“Marcellus Formation” (62,870) and “Natural Gas Now” (29,190). Presumably, interests such as 
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“Frack Off” and “Gasland” suggest a negative attitude toward HF while interests such as 

“FrackNation” and “Natural Gas Now” suggest a more positive attitude. Our intention was to 

reach both advocates and opponents of HF. 

 

The “reach” of the ad is shaped by the interests and characteristics selected and the length of 

time the ad runs. Facebook requires a marketing budget amount be set and a period of time for 

the ad to run, however this does not mean Facebook will deliver the add to all of the specified 

users for that entire period. Ad campaigns compete with one another for space in users’ 

newsfeeds. Facebook will only insert a certain number of ads in anyone’s newsfeed, so, if that 

individual is targeted by more than one campaign, Facebook will choose the ads based on how 

much the advertiser bid for their campaign. This means that the cost for each viewed ad depends 

on what other advertising campaigns are targeting the same audience at that time. Because 

people have many interests, a research survey campaign about HF may be competing with an 

advertising campaign about something entirely different. Thus, it is impossible to know how 

much you need to spend to reach a given number of people. Instead, Facebook provides 

continuous feedback on the distribution of the ad and the campaign budget can be increased or 

time extended if more responses are needed. 

 

Facebook delivers the ad to people who meet the specified criteria, however it also offers an 

addition feature called “lookalike audiences,” which we opted not to use because it expands the 

ad’s visibility to people who are friends of the targeted audience. We believe our budget was best 

spent on people who have made the effort to “like” a HF-related group or page. The ad was 
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visible on a computer, laptop, tablet, or smart phone. The advertisement was distributed through 

the Western Washington University Facebook account. 

 

We had Facebook distribute the ad for one week. Reported click-rates in the literature vary 

dramatically. Facebook estimates audience “reach” for a specified audience segment, number of 

days the campaign runs, and the budget. For our audience, over one week, a $200 budget 

corresponded to an estimated reach of 370,000 people. From the 410,000 people in our interest 

group, 370,000 people were considered by Facebook to be accessible, because of ad blockers 

used by some users. Of those 370,000 people, 3,500-9,300 people were expected to see the ad 

daily. Given that these people are interested in hydraulic fracturing, we estimated a 5% click rate, 

or 18,500 clicks to our survey. We estimated that 5% (925 people) of these would complete the 

survey. Contrary to our estimate, we received 379 responses to the survey, which averages to 

$0.53 per response. 

 

3.4 Survey instrument 

The survey instrument included seven close-ended questions that gathered attitudes about HF, 

two open-ended questions about risks and benefits, and six demographic questions (see Table 1). 

We provided a completion bar at the top of the page showing how far the survey taker had 

progressed.  

 

4. Results 

4.1 Quantitative Data Analysis 
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We received 379 responses from people in 39 states. Our respondents were overwhelmingly 

male (79%), over 55 years old (46%), more conservative (47%) than liberal (27%), and did not 

identify with the Tea Party (89%). Thirty-one percent identified as Republican, 32% 

Independent, 21% Democratic, 7% other, and 8% refused to answer. Over two-thirds indicated 

that they somewhat or strongly supported HF, while 29% somewhat or strongly opposed it. Less 

than 3% were undecided, which suggests these are IAPs who feel informed. 

 

 
Much 
Worse Worse 

About 
the 
Same Better 

Much 
Better 

Overall, has hydraulic fracturing made the United 
States better or worse off? 16% 10% 3% 17% 53% 
Overall, has hydraulic fracturing made our 
environment better or worse off? 23% 8% 40% 13% 16% 
Overall, has hydraulic fracturing made our 
economy better or worse off? 5% 7% 15% 18% 55% 
Overall, has hydraulic fracturing made you better 
or worse off? 6% 10% 23% 21% 40% 
Has hydraulic fracturing made you financially 
better or worse off? 4% 5% 30% 27% 34% 
Has hydraulic fracturing made your health better 
or worse off? 5% 10% 66% 9% 10% 

 
Table 1 
Attitudes toward HF and its effects. 
 
 

As seen in Table 1, a strong majority (70%) believed that HF has made the country better or 

much better, and 73% believed HF has improved the economy. Opinions were split as to how HF 

has affected the environment, but the largest segment (40%) felt the environment is about the 

same. Opinions about the effects of HF on oneself followed the same pattern, but were weaker. 

61% reported HF made them better off (in general) and financially, but only 19% felt their health 
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was better off. The majority (66%) thought HF had not affected their health. 

 

Younger respondents were more likely to support HF than those over 35 years old (p=0.0001) 

and believe that HF made the nation (p=0.007), the environment (p=0.003), the economy 

(p=0.0001), them (p=0.0006), their finances (p=0.01) and their health (p=0.02) better. Older 

respondents were less likely to support HF (p=0.005) and more likely to believe HF made them 

worse off (p=0.006). Female respondents had more negative views toward HF than the men on 

every measure (p=0). Thirty-nine respondents volunteered information that identified them as 

employed by the oil & gas sector. These individuals were more likely to hold favorable views on 

all variables (p<0.02). 

 

4.2 Qualitative Data Analysis  

The qualitative data were gathered in open-ended text boxes where the respondent was invited 

to, “describe the benefits you perceive to be associated with shale oil/gas extraction through 

hydraulic fracturing.” A second asked them to, “describe the concerns you have for shale oil/gas 

extraction through hydraulic fracturing.” The size of the text box was essentially limitless. The 

longest entries were 887 characters for benefits and 2148 characters for concerns. 

 

4.2.1 Coding methodology 

To analyze the qualitative responses about risks and benefits, we used an inductive analytic 

approach based on Glaser and Strauss’s constant comparison method, commonly called coding 

(Glaser 1965). Coding open-ended responses is an accepted methodology for qualitative data 
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analysis and has been used in other studies of people’s concerns about risks (Fisher et al. 1991; 

Webler et al. 1995). In coding, a researcher identifies an excerpt of text and assigns it a short 

label that summarizes its content. We used the web-based tool, Dedoose, to coordinate coding 

across our team. Three coders worked separately, generating codes inductively from the 

responses and conferring often to develop consistent coding practices. We ended up with 125 

codes representing concerns and perceived benefits. Of our 379 respondents, only 185 listed a 

concern or benefit. Of these, 130 listed at least one concern and one benefit, 160 listed at least 

one benefit, and 146 listed at least one concern (not including the response “none”.) 

 

4.2.2 Inter-coder reliability 

Dedoose has a built-in tool to test inter-coder reliability, and report a pooled Cohen’s kappa 

statistic (Cohen 1960). This compares inter-coder agreement against the rate of agreement 

expected by chance. While there are different interpretations of what values of kappa are 

acceptable, a customary interpretation is that it should be above 0.61 and preferably above 0.80 

(Landis & Koch 1977). Our kappa statistics were 0.76, 0.81, and 0.87, all indicating acceptable 

levels of inter-coder reliability. 

 

4.3 Reported concerns with HF 

Following Israel et al., we adopted the conceptual schema of the causal chain of hazards (Kates 

et al. 1985) and supplemented it with the theory of risk amplification (Kasperson et al. 1988) to 

help interpret concerns (see Figure 2). Hazards are implicit dangers. Hazard events release the 

danger. Consequences are negative outcomes of the hazard event. Risk amplifiers make a hazard 



 

16	
	

event worse and precursors generate hazards, hazard events, or risk amplifiers. 

 

 

 
 
Figure 2 - Categories used to distinguish the location of concerns in the hazard chain. 

 

Responses to the prompt asking people to report their concerns with HF yielded comments about 

all five elements in the hazard chain (see Table 2). Tables in the supplemental material present 

the detailed concerns and benefits from both studies, side by side. To facilitate comparison 

across the two studies, wherever possible, we adopted the codes of Israel et al. We omitted seven 

codes from that were identical to sub-category labels and did not produce those codes in this 

study, because they are too vague to be useful. These were: costs, economy, externalities, social, 

quality of life, data, and corporate culture. While we could report the number of respondents 

raising each concern or benefit, the relative prevalence is less important than the simple mention 

of items, as the purpose of this study is to reveal as complete a set of risks and benefits of interest 

to IAPs so that decision makers can investigate those salient to their decision making context. 

 

5. Discussion 

5.1 Comparison of concerns 

Perhaps the most intriguing finding is the very different concerns gathered in the two studies. 

This study identified 87 concerns and Israel et al. identified 121 (this excludes the seven we 

Precursors 

Hazard Hazard	Event Consequence 

Risk	Amplifier 
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removed, see above). A total of 164 unique concerns were identified by the two studies, but only 

48 (29%) were found in both studies (see Table 2). A quarter of the concerns appeared only in 

this study and 47% appeared only in Israel et al. For the category of consequences, which was 

the most often mentioned type of concern in each study, a mere 36% were found in both studies, 

29% were unique to this study, and 35% unique to Israel et al. 

 

5.1.1 Code detail and comment specificity 

One possible explanation for the observed difference is code detail. For instance, both studies 

found concerns for habitat degradation, but Israel et al. reported specific concerns for aquatic 

habitat and terrestrial habitat (see Table SI-1). Likewise the codes “aquifer depletion” and 

“stream depletion” in Israel et al. are subordinate to “water quantity,” a code found in both 

studies. Two of the 19 consequences unique to this study and eight of the 23 in Israel et al. can 

be explained in this way. These differences could be due to inconsistent coding across the two 

studies or they could be due to one study eliciting much more detailed comments. The latter is 

clearly the case. The lead author on both studies was the same, which helps ensure that coding 

was done in a similar manner in both studies. The average length of comments in Israel et al. 

was much longer (856 characters) than in this study (174 characters). It is not clear why one 

study received comments that were much longer and more specific. 

 

5.1.2 Pro-HF concerns 

Some of the concerns elicited in this study came from people who were clearly pro-HF. For 

instance, one concern unique to this study was that there is not enough HF happening, therefore 
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the transition off coal is slowed. In the governance category (see Table SI-7), we found several 

concerns from a pro-HF perspective: federal regulations usurp states’ regulations, too much 

regulation or taxes, misinformed public (of the benefits with HF), and public opposition to HF. 

Almost half of the nine unique governance codes and one of the 19 unique consequence codes in 

this study is due to a stronger pro-HF perspective in this study. 

 

Table 2 
Comparative code counts by category. 
 
 

 
Table 2 - 

Comparative 

code counts by 

category. 

 

5.1.3 Concerns 

about social 

impacts 

When we 

compare the 

concerns about 

social impacts 

we see 

substantive differences among the two studies. One-third of codes were identical and one-third 

Category 

Total 
number 
of 
codes 

Identical to 
both 
studies 

Unique to 
this study 

Unique to 
Israel et al. 

Consequences     
    Environmental 25 12 4 9 
    Health 8 1 4 3 
    Social 33 11 11 11 

Subtotal: 66 24 19 23 
  36% 29% 35% 
     

Hazards 23 6 3 14 
Hazard Events 24 9 7 8 
Risk Amplifiers 5 1 0 4 
Precursors 7 1 1 5 

Subtotal: 59 17 11 31 
  29% 19% 53% 
     

Governance 39 7 9 23 
  18% 23% 59% 
     

Total 164 48 39 77 
  29% 24% 47% 
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unique to each study. The differences appear to be profound (i.e. they are not explained by code 

specificity or pro-HF perspectives). For instance, this study found unique concerns for use of 

eminent domain, drugs, homelessness, job loss, and resource wars. Israel et al. found other 

unique concerns for insurance costs, property damage, cultural heritage, and happiness. One 

possible explanation is that some problems have become more prevalent in the two years since 

the first study was done. The differences also suggest that neither study reached a sample large 

enough to achieve theoretical saturation. 

 

5.1.4 Concerns about governance 

The largest difference was found in the category of governance; a label used by Israel et al. to 

gather concerns about decision making. Our study found only half as many concerns as Israel et 

al. and missed many significant topics, especially under the sub-themes of corporate 

culture/practice and legal systems. One possible explanation is that Israel et al. may have 

acquired results from people knowledgeable in governance. This could be because Israel et al. 

asked members of a National Research Council committee to help distribute the recruitment 

message. Those members may have sent it to policy makers. This is pure speculation as Israel et 

al. did not gather information on how committee members helped to distribute the message. 

Although they did not report this, seven of their respondents identified themselves as policy 

makers. 

 

5.1.5 Concerns about hazards, hazard events, risk amplifiers, and precursors 

Considerable differences were found in the types of hazards and hazard events. People identified 
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many more hazards in Israel et al. Only brine, filter socks, and oil trains were unique to this 

study. Brine is quite close to wastewater and oil trains are not relevant to gas extraction, the 

focus of Israel et al. Over a dozen other hazards were listed by Israel et al. that might readily 

have been elicited in this study. 

 

Hazard events is a completely different story. Here about one-third were shared and one-third 

unique to each study. Fires, illegal dumping, and land subsidence were some codes unique to this 

study, while blow-out, pit liner failure, and sand mining were come that were unique to Israel et 

al. 

 

Risk amplifiers and precursors were small categories in each study with proximity to homes or 

schools as the one risk amplifier both studies found. The small number of concerns in these 

categories may be due to the fact that these tend to be more abstract and so can be coded with 

fewer labels. People may also be hesitant to draw connections between factors that are far 

removed from consequences. 

 

5.1.6 Methodological differences 

Both studies used Facebook to deliver a recruitment message to IAPs familiar with HF, but there 

were notable methodological differences. First, we used Facebook’s marketing tools to distribute 

an advertisement for our research survey to users who Facebook has identified as having an 

interest in HF while Israel et al. sent messages from the personal Facebook page of one of the 

researchers to Facebook groups opposed to HF. They also encouraged members of the National 
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Research Council committee to forward the message to parties they thought would be interested 

in replying. Our approach would seem to offer more confidence that a broad sample of people 

for and against HF would be reached. 

 

Second, we elicited perceived benefits and concerns with HF for oil and gas, whereas Israel et 

al. focused only on concerns about HF for gas. Asking about benefits and concerns presumably 

sends a signal that the researchers are interested in all opinions. 

 

Third, the elicitation period was one week in this study and nearly one month in the Israel et al. 

study. Both of these time periods were arbitrarily determined. Results suggest that our campaign 

should have run at least one week longer. 

 

Fourth, we collected data during 2015 while Israel et al. collected data in 2013. Given the rapid 

emergence of this technology, this time difference could be significant. It is difficult to find good 

data on the number of HF wells in the U.S., but Fractracker.org estimated there were 1.1 million 

wells in 2014 and 1.7 million in 2015 (Kelso 2017). Presumably, more wells would mean more 

people are more familiar with the benefits and the risks. It is also possible that, as it matures, the 

industry has found ways to prevent or mitigate unwanted consequences such that public concerns 

are abated. 

 

Fifth, Israel et al. used the term “fracking” and we used the term “hydraulic fracturing” to avoid 

any perception of bias. A recent study, however, discovered that the term “fracking” has no 
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pejorative connotation (Stoutenborough et al. 2016). 

 

6. Conclusions 

The literature on analytic deliberation and risk governance argue for eliciting input from 

informed interested and affected parties (IAPs) about risks and benefits of emerging 

technologies. This information can fill a critical gap, particularly when expert risk 

characterizations are not yet available by helping decision makers see the broad scope of the 

issue. However, it is a profound methodological challenge to identify this subset of the 

population and elicit their knowledge and attitudes. Facebook offers new opportunities for 

researchers to identify and recruit research participants from this population in a speedy and cost-

effective manner. 

 

This study replicated the 2013 study by Israel et al., although it adapted the methodology to 

speed up the elicitation and expand its reach. We also standardized the methodology by relying 

only on a single Facebook ad to draw IAPs to our survey instrument. We asked seven attitudinal 

questions before the text boxes that invited them to write down their concerns and perceived 

benefits with HF. All respondent completed the attitudinal questions, but only about half of the 

reported concerns or benefits. To encourage more people to respond to the open-ended questions, 

we would recommend moving the attitudinal questions after the open-ended questions. 

 

We found that the method efficiently reached people with positive and negative attitudes about 

HF from shale plays all across the country. Both studies found that people mentioned a large 
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number of concerns and most of the concerns had to do with consequences of hazard events. 

Most consequence concerns centered around impacts to the environment or to society. 

 

Both studies captured things that the other study missed, but there was a surprising lack of 

repetition. Only 29% of the concerns listed were found in both studies. This suggests that neither 

study reached saturation and more respondents ought to have been recruited. The budget and the 

period of time that the ad runs are two levers researchers can use to alter the number of 

responses. Reorganizing the survey to eliminate or re-order the attitudinal questions may help. 

Supplementary ethnographic research can produce much more detailed explanations (Ellis et al. 

2016), although that takes time and money. 

 

We conclude that using a Facebook advertisement that targets specific interests is a promising 

way to rapidly elicit concerns and benefits of rapidly emerging energy technologies from IAPs. 

Facebook makes it impossible to know how many people will see the ad for a given budget, but 

300-400 responses did not produce saturation of concerns. To ensure that a reasonably complete 

set of concerns and benefits is elicited, we recommend running the ad until more than 700 

responses are acquired. 
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Supplemental Material 
 
1. Reported concerns with HF 
Following Israel et al., we adopted the conceptual schema of the causal chain of hazards (Kates 
et al. 1985) and supplemented it with the theory of risk amplification (Kasperson et al. 1988) to 
help interpret concerns (see Figure S-1). Hazards are implicit dangers. Hazard events release the 
danger. Consequences are negative outcomes of the hazard event. Risk amplifiers make a hazard 
event worse and precursors generate hazards, hazard events, or risk amplifiers. 
 
 

 
Figure S-1 
Categories used to distinguish the location of concerns in the hazard chain. 
 
 
Responses to the prompt asking people to report their concerns with HF yielded comments about 
all five elements in the hazard chain. Tables S1 through S-9 explore these categories of concerns 
in-depth. Where possible, we adopted the codes of Israel et al. We omitted seven codes from 
Israel et al. that were identical to sub-category labels and did not produce those codes in this 
study, because they are too vague to be useful. These were: costs, economy, externalities, social, 
quality of life, data, and corporate culture. While we could report the number of respondents 
raising each concern or benefit, we consider relative prevalence less important than the simple 
mention of items, as the purpose of this study is to reveal risks and benefits so that decision 
makers can investigate those salient to their decision making context. 
 
 

Category This study Israel et al. 
Consequences 56 71 

Environmental 15 21 
Health 5 4 
Social 22 22 
Governance 14 24 

Hazards 9 20 
Hazard events 16 17 
Risk amplifiers 1 5 
Precursors 2 6 

Table S-1 
Number of responses in each study by hazard chain category 
 

Precursors 

Hazard Hazard	Event Consequence 

Risk	Amplifier 
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Table S-2 
Environmental concerns mentioned in each study. 
 
1.1 Environmental consequences 
This category includes risks related to the local and global environment (see Table S-2). Impacts 
to air, water, soil, ecology, and climate were found in both studies. Climate change-related 
concern mainly focused on the fact that methane is a potent greenhouse gas. Ozone depletion 
was mentioned by one respondent. Israel et al. considered energy-related impacts a sub-set of 
global climate change risks, but we elected to give them their own category here simply because 

Environmental concern This study Israel et 
al. 

 Air Impacts   
 Air quality √ √ 
 Water Impacts   
 Drinking water √ √ 
 Water quantity √ √ 
     Aquifer depletion  √ 
     Stream volumes  √ 
 Water quality √ √ 
     Groundwater contamination √ √ 

      Surface water contamination √ √ 
 Disrupt Earth’s water cycle √  
 Soil Impacts   
 Soil quality √ √ 
 Ecological Impacts   
 Ecosystem  √ 
 Habitat degradation √ √ 
     Aquatic habitat  √ 
     Terrestrial habitat  √ 
 Habitat fragmentation √ √ 
 Deforestation  √ 
 Wildlife √ √ 
 Invasive species  √ 
 Loss of biodiversity  √ 
 Global climate impacts   
 Climate change √ √ 
 Ozone depletion √  
 Energy-related impacts   
 Renewable energy √ √ 
 Does not solve the energy problem √  
 Not enough HF √  
 Energy consumption behavior  √ 
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it was not obvious that people’s concerns focused on global climate impacts. 
 

 Health concern This study Israel et al. 
 Health (unspecified)  √ √ 
 Cancer √  
 Birth defects √  
 Worker health & safety √  
 Public health √  
 Domestic animals  √ 
 Fear and worry  √ 
 Lost sleep  √ 

Table S-3 
Concerns about health impacts in each study. 
 
1.2 Health risks 
The health concerns mentioned in this study capture risks to oneself, family members, neighbors, 
and workers at the drill pad (see Table S-3). Health risks to domesticated animals were 
mentioned in Israel et al. Causes of health risks mentioned included fracking fluids, air pollution 
from flaring, water contamination, and traffic. These are coded as hazards or hazards events (see 
below). 
 
1.3 Risks to community and society 
To ease comparison among the studies for societal risks, we adopted the same subcategories as 
Israel et al.—economic impacts on individuals, public sector costs, social disruptions, and 
quality of life impacts (see Table S-4). Thirty-two concerns were identified among the two 
studies, of which, eleven were shared, eleven were unique to this study, and ten were unique to 
Israel et al. In both studies, people expressed concern that HF would lower their property values. 
One respondent in this study identified herself as a real estate agent and said she feared her 
livelihood would suffer if prices plummeted. Another person in this study mentioned that land 
was being “stolen by eminent domain” if landowners refused to sign a lease. Property damage 
was not explicitly mentioned in this study, but earthquakes and sinkholes were identified as 
sources of “damage” and these were coded as hazards (see Table S-5). 
 
Risks to public sector costs were emphasized in both studies, including loss of tax revenue, 
damage to roads and infrastructure, and additional costs for law enforcement and emergency 
services. Participants in study distinguished burdens to emergency and police services, whereas 
these were combined under “strain to government” in Israel et al. Respondents in both studies 
were aware of the negative side of the “boomtown effect”—vulnerabilities from the boom-bust 
cycle of nature resource dependent communities (Cotese 1977). 
 
This study produced a long list of non-economic risks to society and community. Mention was 
made of homelessness, drug use, violence, and job loss (when the over-supplied industry 
crashes). One person noted that democracy suffers when fossil fuel companies “own politicians.” 
Another linked fossil fuels to resource wars and noted the costs associated with those ventures. 
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Israel et al. received additional comments about cultural heritage, organic gardening, and 
tourism. 
 
Quality of life impacts shared across the studies included loss of beauty and loss of rural 
character. A person in Israel et al. pointed specifically to industrialization of the landscape and 
others mentioned “lost happiness.” 
 

Social concern This study Israel et al. 
 Private economic costs   
 Local business losses √ √ 
 Property values √ √ 
 Land stolen by eminent domain √  
 Agriculture  √ 

 
 

 Tourism  √ 
 Health insurance costs  √ 
 Home insurance costs  √ 
 Property damage  √ 
 Public economic costs   
 Economic decline1 √ √ 
 Infrastructure √ √ 
 Loss of tax revenue √ √ 
 Roadways √ √ 
 Costs for cleanup √  
 Law enforcement √  
 Emergency services √  
 Strain on local government  √ 
 Social & community disruptions   
 Crime √ √ 
 Housing costs √ √ 
 Out migration √ √ 
 Democracy √  
 Drugs √  
 Farming lifestyle √  
 Homelessness √  
 Job loss √  
 Resource wars2 √  
 Violence √  
 Community conflict  √ 
 Cultural heritage  √ 
 Organic gardening  √ 
 Quality of life impacts   
 Loss of rural character √ √ 
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 Loss of beauty √ √ 
 Industrial development  √ 
 Lost happiness  √ 

Table S-4 
Concerns about social impacts in each study  
1 In both studies, economic decline was associated with comments about the boom-bust cycle, but in this study 
concerns were expressed that, if fracking is hindered, the economy will suffer. 
2 According to one respondent, resource wars might emerge from continued dependence on fossil fuels. 
 
 
 

Hazard This study Israel et al. 
 Fracking fluid √ √ 
 Methane √ √ 
 Open pits for fluids √ √ 
 Radioactive materials √ √ 
 Traffic √ √ 
 Wastewater √ √ 
 Brine √  
 Filter socks √  
 Oil trains √  
 Air pollutants  √ 
 Food contamination  √ 
 Heavy machinery  √ 
 Heavy metals  √ 
 Injection wells  √ 
 Light  √ 
 Migrant workers  √ 
 Noise  √ 
 Processing infrastructure  √ 
 Radon gas  √ 
 Silica  √ 
 Sinkholes  √ 
 Solid waste  √ 
 Spent wells  √ 

Table S-5 
Hazards identified in each study 
 
1.4 Hazards and hazard events 
Both studies identified fracking fluids, methane, open pits, radioactive materials, traffic, and 
wastewater as hazards (see Table S-5). This study added only brine, filter socks, and oil trains to 
the list. Missing from this study, but captured in Israel et al. were fourteen other hazards 
including light, noise, silica, sinkholes, and injection wells. Of the 23 hazards listed, only six 
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were elicited in both studies. 
 
Twenty-four hazard events were noted among the two studies, but only nine were common to 
both (see Table S-6). This study identified the following additional hazard events: deep well 
injection, fires, illegal dumping, land subsidence, pipeline leaks, worker mistakes, and over 
production of gas. Two people in this study mentioned they were concerned that an over 
production of gas could lead to job losses or a drop in the price of natural gas. Israel et al. 
reported its respondents also mentioned blowout, exposure to chemicals, pit liner failure, road 
spraying, run-off, sand mining, seismic testing, and traffic accidents. 
 

Hazard Event This study Israel et al. 
 Disposal of waste √ √ 
 Earthquakes √ √ 
 Explosions √ √ 
 Flaring √ √ 
 Leaks √ √ 
 Methane leaks √ √ 
 Spills √ √ 
 Subsurface migration √ √ 
 Well liner failure √ √ 
 Deep well injection √  
 Fires √  
 Illegal dumping √  
 Land subsidence √  
 Pipeline leaks √  
 Worker mistakes √  
 Overproduction of gas √  
 Blowout  √ 
 Human exposure to chemicals  √ 
 Pit liner failure  √ 
 Road spraying  √ 
 Run-off  √ 
 Sand mining and processing  √ 
 Seismic testing  √ 
 Traffic accidents  √ 

Table S-6 
Hazard events identified in each study 
 
 
 

Risk Amplifier This study Israel et al. 
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 Proximity √ √ 
 Transportation of hazardous materials  √ 
 Geographic scope  √ 
 Weather  √ 
 Delayed effects  √ 

Table S-7 
Risk amplifiers identified in each study 
 
1.5 Risk amplifiers 
Table S-7 lists concerns people mentioned which we understand as things that can amplify a 
hazard event, making the consequences worse. The one item among these found in both studies 
is proximity to people’s homes or schools. One participant of this study noted, “The extraction 
process is extremely dirty and dangerous. Operators are moving much closer to homes, schools, 
parks and playgrounds, some as close as 200 feet away.” This individual is from Texas and in 
Fort Worth, HF operations are occurring in urban settings. 
 
1.6 Precursors 
We only learned of one precursor in this study (see Table S-8). One respondent mentioned that 
zoning ordinances that are “are ill prepared cause communities to suffer.” Israel et al. found 
many more precursors, which they sorted into these broad categories: technology, geology, 
historic wells, infrastructure, social services capacity, and state of economy.  
 
 

Precursor This study Israel et al. 
 Geology √ √ 
 Historic wells  √ 
 Infrastructure  √ 
 Social services capacity  √ 
 State of economy  √ 
 Technology  √ 
 Zoning ordinances √  

Table S-8 
Precursors identified in each study  
 
1.7 Concerns about risk governance 
Israel et al. produced a category of concerns about governance and identified 31 concerns under 
the following subcategories: corporate culture and practice, regulation, information, legal 
systems, distributional justice, and political participation (see Table S-9).  
 
Of the items under the sub-category of corporate culture and practice only bribery was 
mentioned in both studies. Corporate greed was mentioned in this study, while Israel et al. also 
found comments about haste, intimidation, unethical behavior, and untrained workers. 
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This study identified only six governance-related concerns under the category of regulation. A 
common comment referred the so-called “Haliburton loophole.” This person noted:  I am 
outraged that this practice was given exemption from the Clean Water Act and chemicals utilized given 
secrecy from the public. Other concerns were that regulations were too weak or too onerous. Regulatory 
capture was mentioned in Israel et al, as was inadequate oversight, political culture, and power of the 
industry. 
 
Under the category of information were found concerns about the public, the media, the industry, and 
science. Some people in this study were concerned that the “liberal media” was misleading the public to 
believe HF was not safe. Other people in this study reported that science was incomplete or flawed, a 
concern also identified by Israel et al. 
 
Concerns about the legal system were only briefly mentioned in this study with one person complaining 
that laws were influenced by “environmentalists or money.” Israel et al. identified a richer list of 
concerns that included liability systems, forced pooling, property rights violations, and water rights. 
 
Distributional justice was only mentioned briefly in this study, by an individual commenting about 
conditions in North Dakota. Israel et al. reported a participant commented about the uneven distribution 
of royalty payments in some communities. 
 
Political participation concerns in this study included worries that politicians were captured by the oil and 
gas industry and that there is too much public opposition to HF. Commenters in Israel et al. complained 
that social norms were being violated because decisions about HF operations were being made without 
proper public consent. 
 
 

Governance concern This study Israel et al. 
 Corporate culture and practice   
 Bribery √ √ 
 Corporate greed √  
 Corporate culture  √ 
 Haste  √ 
 Industry practices  √ 
 Intimidation  √ 
 Unethical behavior  √ 
 
 

Unqualified/untrained workers  √ 
 Regulation   
 Poor regulations √ √ 
 Exemption from laws √ √ 
 Federal regulators usurp states √  
 Regulations are not followed √  
 Too much regulation or taxes √  
 Unqualified regulators √  
 Inadequate oversight  √ 
 Political culture  √ 
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 Power of industry  √ 
 Regulatory capture  √ 
 Information   
 Deceit √ √ 
 Misinformed public √ √ 
 Science (flawed, biased, or limited) √ √ 
 Capture of media √  
 Data  √ 
 Insufficient disclosures  √ 
 Knowledge  √ 
 Obfuscation  √ 
 Unknowns  √ 
 Legal systems   
 Corruption of legal system √  
 Accountability & liability systems  √ 
 Forced pooling  √ 
 Mineral rights ownership  √ 
 Violation of property rights  √ 
 Water rights  √ 
 Distributional justice   
 Distributive injustices √ √ 
 Exportation of gas  √ 
 Political participation   
 Capture of politicians √  
 Public opposition √  
 Polarization of public opinion  √ 
 Procedural justice  √ 

Table S-9 
Governance concerns identified in each study 
 
2. Reported benefits of HF 
We categorized 40 codes about benefits into six sub-categories: community, economy, energy, 
environment, health, and social (see Table S-10). Communities were seen to benefit from 
largesse of HF companies as well as tax revenues. Families were seen to benefit in numerous 
ways. Economic benefits included jobs, royalties, and cheaper energy prices. Respondents also 
noted that commodities and transportation would become cheaper, in part because the petroleum 
feedstock is plentiful and secure. Energy companies were expected to benefit as would the 
nation’s trade deficit. 
 
People noted several benefits to energy independence, notably pushing back against OPEC and 
ISIS, which had the added benefit of reducing the pressures on the US military. One person 
suggested it would promote energy efficiency, but he or she did not elaborate. 
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Environmental benefits were also noted. Land would be reclaimed better because HF 
concentrates several wells in one well pad, leaving more land unharmed. The substitution for 
coal was noted as an environmental benefit. One person thought that there would be fewer 
marine oil spills, presumably because America would stop importing oil (and would not export 
oil). 
 
Health benefits could result from people being able to purchase health insurance (because they 
have jobs now) or because food, like everything else in the economy, will become cheaper. 
People with jobs will have better mental health. 
 
Social benefits mentioned included “more freedom,” because of cheap energy, a larger middle 
class, a larger upper class, less poverty, and less out migration of youth from North Dakota. 
 
 

Category of benefit 
 Community 

 Companies “give back” 
 Helps families 
 More tax revenues 
 Economic 
 Cheaper commodities 
 Cheap energy 

  Energy companies 
 Energy exports 
 Energy security 
 Industrial feedstock 
 Jobs 
 Landowners royalties 

 
 

 
 

Low transportation costs 
 Regional economic benefits 

  Stronger economy 
 Trade deficit reduced 
 Energy 
 Energy independence 
 Weakens OPEC 
 Reduces demands on military 
 Hinders ISIS 
 Energy supply expansion 
 Makes CNG vehicles possible 
 Promotes energy efficiency 
 Environmental 

 Better land reclamation 
 Cleaner energy 
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 Fewer coal emissions 
 Fewer marine oil spills 
 Less impacts that conventional 
 Lower GHG emissions 
 More water in the water cycle 
 Health 
 Better health care system 
 Better health insurance 
 Cheaper healthy food 
 Emotional 
 Family better-off 
 Worker morale 
 Societal 

 Builds middle class 

 Builds upper class 
 Keeps young people in ND 
 More freedom 
 Reduces poverty 

Table S-10 
Benefits associated with hydraulic fracturing that were identified in this study. 
 
3. Reach 
Both studies received input from about the same number of people (378 this study, 361 Israel et 
al.), however only half as many (N=185) participants in this study listed a concern or benefit. It 
is likely that a longer study period would yield more responses. 
 



 

41	
	

 
Figure S-2.  
Number of respondents for Israel et al. normalized to state population. 
 

 
Figure S-3. 
Number of respondents for this study normalized to state population. 
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This study received replies from people in 39 states, 62% more states than Israel et al. Figures S-
2 & S-3 show number of respondents normalized to state population for each of the studies. The 
data show that this study had the highest per-capita representation from ND and WY, followed 
by SD, MT, WV, CO, and WA, while Israel et al. sampled heavily from WV, NY, CO, and OH. 
Since Washington has no oil and gas development, we suspect that these responses are triggered 
from the ad coming from Western Washington University. Since Israel et al. focused on gas, and 
the Marcellus was in full-swing at the time of their study, it makes sense that WV and OH would 
provide many of their respondents. Israel et al. also received 40% of their responses from NY, 
which at the time was preparing an environmental impact statement (EIS) and contemplating a 
statewide ban. Many of the respondents in NY had likely commented on the state’s EIS because 
Israel et al. received many lengthy comments. Borick et al. found that, compared to 
Pennsylvania residents, New York respondents were more informed about HF and were much 
more likely to rate the risks of HF highly (2014). Our study took place five months after NY 
banned HF and only 5% of our responses were from NY. The largest number of responses (16%) 
in our study came from Texas. 
 
4. Attitudes of respondents 
Attitudes of respondents toward HF clearly differed across the two studies. 70% of our 
respondents had favorable attitudes toward HF. Israel et al. did not measure attitudes, but 
reported that 56% of respondents were members of groups opposed to HF. We did not ask 
respondents to characterize themselves, but 39 individuals (10%) mentioned that they were 
employed in HF operations. Although they did not report these data, Israel et al. had only five 
respondents (1.3%) who were employed in HF operations, only eight (2.2%) who were members 
of pro-HF groups, and twenty-five (7%) were landowners with leases. 
 
 


