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Abstract

There is great uncertainty due to challenges of escalating population growth and climate

change. Public perception that diverges from the scientific community may decrease the

effectiveness of scientific inquiry and innovation as tools to solve these challenges. The

objective of this study was to identify the factors associated with the divergence of public

opinion from scientific consensus regarding the safety of genetically modified (GM) foods

and human involvement in global warming (GW). Results indicate that the effects of knowl-

edge on public opinion are complex and non-uniform across types of knowledge (i.e., per-

ceived and actual) or issues. Political affiliation affects agreement with science; Democrats

were more likely to agree that GM food is safe and human actions cause GW. Respondents

who had relatively higher cognitive function or held illusionary correlations about GM food or

GW were more likely to have an opinion that differed from the scientific community.

Introduction

Science, which plays an important role in innovation [1] and biotechnology [2], does not oper-

ate in a vacuum. Particularly, it is unclear whether some of the general public is in agreement

with much of the scientific community regarding the safety of genetically modified (GM) food

and human involvement in global warming (GW). Gaps between science and public opinion

regarding these issues can be burdensome because the ultimate decisions are not made solely

by scientists or elected officials. Individuals have the ability to affect policy in the voting booth

and the ability to affects markets by choosing certain foods or relatively climate-friendly goods

and services. Thus, public opinion could theoretically reduce investments in public science in

these areas.

Recently, the Pew Research Center surveyed scientists belonging to the American Associa-

tion for the Advancement of Science (AAAS) and the U.S. general public to examine opinions

about contemporary issues in biomedical sciences, and climate, energy, space sciences [3]. The

majority of AAAS scientists agreed that it is safe to eat GM foods (88%) and that human activi-

ties cause GW (87%). While it appears that the scientists surveyed have reached a near consen-

sus, the general public is not as convinced. The same study revealed that only 37% and 50% of

U.S. adults believed that GM foods are safe to eat and GW is related to human activity,
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respectively. The 51 percentage point gap between AAAS scientists and public opinion about

GM foods was the largest gap for biomedical sciences and the 37 percentage point gap for

anthropogenic GW was the largest for climate, energy, space sciences. Obviously, these are two

issues for which there is great dissonance between science and public opinion.

Because there is often a gap between science and public opinion [4,5,6], there is a need to

better understand what factors affect the dissonance. The objective of this study was to deter-

mine the factors associated with public opinion that oppose scientific consensus regarding

GM foods and human involvement in GW. The analysis is structured as follows: a background

on factors associated with dissonance between science and public opinion is discussed, then a

detailed methodology of the study is presented, followed by results and conclusions.

Background

The gap between science and public opinion may be explained by a deficiency in knowledge

by the general public [7]. Intuitively, it would seem likely that greater knowledge would be

associated with being more agreeable with science. Indeed, individuals with greater actual

knowledge are more agreeable science in general, however, individuals with greater actual

knowledge become less agreeable when the issues are contentious [8]. The issues of GM food

safety and anthropogenic GW are contentious. When examining the effects of knowledge on

public opinion, knowledge is typically measured by asking participants a question about per-

ceived knowledge [9,10,11,12], or actual knowledge is measured with assessment questions

[8,13], or both perceived and actual knowledge are measured [14]. Previous research has con-

cluded that concerns about the safety of GM food are affected by perceived knowledge affects

[9] and actual knowledge [10]. Findings for how concerns about human involvement in GW

are affected by perceived knowledge are not consistent [11,12] but the effect of actual knowl-

edge has been found to be powerful [13].

Public opinion about issues, especially those that can be affected by a matter of vote, can

become politically polarized. Political affiliation is one of the most consistent predictors of

concern about GW [15], such that more Democrats accept human involvement in GW than

do Republicans [16]. Republicans are sometimes characterized as science deniers [17,18] or as

incapable of fully understanding the possible impacts of GW [19]. The political division is less

defined on the safety of GM foods. Other types of complexities associated with GM food safety

and GW include corporate control in the production of food and government intervention,

respectively. The Anti-Reflexivity Thesis attempts to account for these complexities by postu-

lating that Republicans (Democrats) are more (less) likely to agree with science that provides

innovations for economic production and less (more) likely to agree with science that identi-

fies negative impacts of economic production [20]. According to this thesis, Republicans

should be relatively more agreeable towards GM foods and Democrats should be relatively

more agreeable to anthropogenic GW.

Cognitive characteristics may cause some of the general public to form beliefs that disagree

with scientists. Computational constraints often require consumers to employ heuristics, or

rules of thumb, which can lead to biases [21]. Exploration into the psychology of beliefs and

deviation from normative decision-making prompted the partition of cognitive function. Sta-

novich and West [22] formally defined the two modes of cognitive function as System 1 and

System 2, and the systems can be thought of more generally as intuition and reasoning, respec-

tively [23]. Individuals who rely on System 1 make more emotionally charged decisions, while

individuals who rely on System 2 make more analytical decisions. Tendencies to make emo-

tionally charged decisions may have implications for beliefs formed despite evidence to the

contrary.
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There are differences in the demographic characteristics associated with the gap between

science and public opinion concerning GM food safety and GW. Younger, more educated,

and male are associated with being more accepting of GM foods [14]. Younger and female are

associated with being more concerned about GW [11,16], but education is not [24]. Income

does not appear to be related to opinions about either issue.

A phenomenon that is sometimes observed when there is discourse between public and sci-

entific opinion is illusory correlation. This occurs when an individual believes a correlation

exists between two events that are uncorrelated, or are correlated but to a lesser extent than

believed, or are correlated in the opposite direction than believed [25]. Illusory correlations

may contribute to the formation of false hypotheses [21]. One example of illusory correlation

is the causal connection between vaccinations and autism. Despite findings that there is no

increased risk for autistic disorder due to exposure to vaccines [26], some of the general public

continue to believe that vaccinations will cause autism. Similarly is the concern about the asso-

ciation between GM food and autism. It is impossible to know whether illusory correlations

cause the formation of false hypotheses, or illusory correlations are formed to protect false

hypotheses.

Methods

Respondents and Survey Overview

This study was approved by the institutional review board at Oklahoma State University. The

survey was conducted online and participants consented before taking the survey. Consent

was obtained and recorded using Qualtrics (survey design and data collection software).

To address the research questions, an internet survey was developed and administered to a

representative sample of the U.S. population. The survey was sent to a sample of 961 respon-

dents enrolled in an online panel maintained by Qualtrics and their associated partners. Five

respondents did not respond to all questions and therefore were excluded from this study. The

survey was fielded from April 24, 2013 through April 27, 2013. Qualtrics prescreened respon-

dents by sex, education, and income to ensure the sample was representative of the U.S popula-

tion. According to the 2012 U.S. Census Bureau, females represented 50.8% of the population,

28.2% of persons age 25+ held a Bachelor’s degree, and the median household income was

$52,762. The survey sample closely matched the 2012 population statistics. Fifty-one percent of

the survey sample was comprised of females (SD = 0.50), 29% percent held a Bachelor’s degree

(SD = 0.46), and the median income category was $40,000 to $59,999. However, the median age

of the sample was 26 years of age, which is younger than the U.S. median of 37.2.

After consenting to take the survey, respondents were asked questions about GM food and

GW that were arranged in separate blocks; the blocks were counterbalanced across respon-

dents to eliminate an order effect. Within each block, questions were asked in the following

order: 1) questions that measured a respondent’s beliefs about the safety of GM foods or

human involvement in GW; 2) a question that determined whether the respondents believed

scientific research supported a belief; 3) questions that determined whether a respondent held

illusory correlations about GM food or GW; and 4) questions that determined objective

knowledge of GM foods or GW.

Respondents completed the Cognitive Reflection Test (CRT) introduced by Frederick [27]

after answering the two blocks of questions about GM food and GW. The CRT is a three-ques-

tion test designed to generate incorrect intuitive answers and has been used to measure the abil-

ity of an individual to engage in higher forms of reasoning. Recent studies suggest that the CRT

is superior to self-reported measures and can predict performance on rational-thinking tasks

[28] and susceptibility to cognitive biases [29]. Respondents finished the survey by answering
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questions that determined political party affiliation and demographic characteristics. The spe-

cific questions asked are provided in the supplementary material for the interested reader.

Variables and Summary Statistics

A respondent’s belief about an issue was measured by asking the level of agreement with a

statement about the safety of GM food and GW. The statements presented were: “Genetically

modified crops are safe to eat” and “The Earth is getting warmer because of human actions,”

respectively. Respondents chose a level of agreement for each statement from a symmetric

five-point scale with the following response options: Strongly Disagree, Disagree, Neither

Agree nor Disagree, Agree, and Strongly Agree.

Fig 1 shows the relative frequencies of respondent beliefs about the safety of GM foods or

human involvement in GW. Approximately 12%, 23%, 36%, 26%, and 3% of respondents

strongly disagreed, disagreed, neither agree nor disagree, agreed, and strongly agreed that GM

foods were safe to eat, respectively. Conversely, approximately 7%, 11%, 21%, 41%, and 20% of

respondents strongly disagreed, disagreed, neither agree nor disagree, agreed, and strongly

agreed that human activities cause global warming, respectively. As shown in Fig 1, respon-

dents were more likely to agree that human actions cause GW than that GM food is safe to

consume (P< 0.01, paired t-test).

These findings are reasonably similar to those found by Pew Research Center [3]. Com-

pared to the Pew Research Center, the present study found lower support for safety of GM

food (29% vs. 37%) and higher support for human involvement in GW (61% vs. 50%). The

small differences in responses between the two surveys could be attributed to differences in the

way the questions were asked or the response categories used. For example, to measure GW

beliefs, Pew Research Center asked which of four statements about the earth’s temperature

came closest to the respondent’s view. The four response categories were: 1) “the earth is get-

ting warmer mostly because of human activity such as burning fossil fuels” (49% picked this

option), 2) “The earth is getting warmer mostly because of natural patterns in the earth’s envi-

ronment” (36% picked this option), 3) “There is no solid evidence that the earth is getting

warmer” (11% picked this option), and 4) “Don’t know” (4% picked this option).

What is not obvious by examining the relative frequencies of respondent beliefs about the

safety of GM foods or human involvement in GW, as shown in Fig 1, is joint frequency of dis-

agreement with the scientific consensus about both issues. It is possible that some people are

more likely to not agree with science in general, or at least for both of the issues presented

within. To determine whether some respondents were in disagreement with science about

both issues, beliefs for each issue were categorized into one of the following groups: Disagree
or Do not disagree. Respondents who chose either Strongly Disagree or Disagree as the level of

agreement for a given issue were placed in the Disagree category, while respondents who chose

Neither Agree nor Disagree, Agree, or Strongly Agree were placed in the Do not disagree cate-

gory. The joint frequencies of disagreement about the GM food safety and anthropogenic GW

are shown in Table 1. The majority of respondents (54%) did not disagree with science about

either issue, while a small percentage of respondents (7%) disagreed about both. Twenty-eight

percent of respondents disagreed that GM foods were safe to eat but agreed that human

actions are causing GW; 11% responded in the opposite manner.

Explanatory variables were created using responses from the previous questions. Descrip-

tions and means of explanatory variables are shown in Table 2. On average, respondents had

significantly higher levels of perceived knowledge about GW than GM food (P< 0.01, paired

t-test), but significantly lower levels of actual knowledge (P< 0.01, paired t-test). Furthermore,

illusory correlation was significantly higher for GM food than GW (P< 0.01, paired t-test).
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Econometric Models

Individual differences that affected the level of agreement about the safety of GM foods and

human involvement in GW were examined by estimating an ordered probit model for each

issue. An ordered probit is the appropriate model for regressing the level of agreement on

Fig 1. Relative Frequencies of Beliefs about the Safety of Genetically Modified Foods (GM) and Human Involvement in Global Warming (GW).

doi:10.1371/journal.pone.0166140.g001

Table 1. Joint Frequency of Disagreement with Scientific Consensus about the Safety of Genetically

Modified Foods and Human Involvement in Global Warming.

Human Involvement in Global

Warming

Safety of Genetically Modified Foods Do not disagree Disagree

Do not disagree 522 (54%) 104 (11%) 626 (63%)

Disagree 265 (28%) 64 (7%) 329 (37%)

787 (82%) 168 (18%) 955 (100%)

Note: Percentages in parentheses are relative frequencies.

doi:10.1371/journal.pone.0166140.t001
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individual characteristics because level of agreement is a limited, ordered choice possibility

that is measured discretely across individuals. The mathematical description of the ordered

probit provided below closely follows Greene [30].

Respondents level of agreement, denoted as y� and illustrated in Fig 1, depends on the

explanatory variables measured, denoted as x, and unobservable factors, denoted as ε, and can

be expressed by:

y� ¼ x0βþ ε; ð1Þ

where β are unknown parameters to be estimated. While we do not observe y�; however, we

do observe y which is the level of agreement that most closely represents a respondent’s belief

about the safety of GM foods and human involvement in GW. Therefore,

y ¼

0) Stongly Disagree if y� � 0

1) Disagree if 0 < y� � m1

2) Neither Agree=Disagree if m1 < y� � m2

3) Agree if m2 < y� � m3

4) Stongly Agree if m3 < y�

; ð2Þ

8
>>>>>>><

>>>>>>>:

Table 2. Descriptions and Means of Explanatory Variables.

Explanatory

Variables

Descriptions Means

Perceived knowledge

GM

An integer variable ranging from 1 (strongly disagree) to 5 (strongly agree),

determined by the level of agreement that scientific research supported a

belief about the safety of GM foods.

3.278

Perceived knowledge

GW

An integer variable ranging from 1 (strongly disagree) to 5 (strongly agree),

determined by the level of agreement that scientific research supported a

belief about human involvement in GW.

3.662

Actual knowledge

GM

An integer variable ranging from 0 to 3, determined by the number of

correctly answered true/false questions about GM foods.

2.050

Actual knowledge

GW

An integer variable ranging from 0 to 3, determined by the number of

correctly answered true/false questions about GW.

1.062

Strong Democrat 1 if a respondent self-identified as a Strong Democrat, 0 otherwise. 0.094

Democrat 1 if a respondent self-identified as a Democrat, 0 otherwise. 0.192

Lean Democrat 1 if a respondent self-identified as an Independent Lean Democrat, 0

otherwise.

0.106

Independent 1 if a respondent self-identified as an Independent, 0 otherwise. 0.221

Lean Republican 1 if a respondent self-identified as an Independent Lean Republican, 0

otherwise.

0.080

Republican 1 if a respondent self-identified as a Republican, 0 otherwise. 0.149

Strong Republican 1 if a respondent self-identified as a Strong Republican, 0 otherwise. 0.063

CRT An integer variable ranging from 0 to 3, determined by the number of

correctly answered Cognitive Reflection Test questions.

0.319

Age Age in years. 26.752

Bachelors 1 if Bachelor’s degree or higher, 0 otherwise. 0.293

Female 1 if female, 0 if male. 0.512

Income An integer variable ranging from 1 to 8, used to represent income

categories (1 = $0–19,999, 2 = $20,000-$39,999. . .8 = $140,000 or more).

3.355

Illusory correlation

GM

An integer variable ranging from 3 (strongly disagree) to 15 (strongly

agree), determined by the sum of three level of agreement questions

measuring illusory correlations about GM foods.

8.981

Illusory correlation

GW

An integer variable ranging from 3 (strongly disagree) to 15 (strongly

agree), determined by the sum of three level of agreement questions

measuring illusory correlations about human involvement in GW.

7.715

doi:10.1371/journal.pone.0166140.t002
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where the μ’s are additional parameters to be estimated. Assuming that ε is independent and

identically distributed normally across observations, then the probabilities that y = 0,. . .4 are

Probðy ¼ 0jxÞ ¼ Fð� x0βÞ

Probðy ¼ 1jxÞ ¼ Fðm1 � x0βÞ � Fð� x0βÞ

Probðy ¼ 2jxÞ ¼ Fðm2 � x0βÞ � Fðm1 � x0βÞ

Probðy ¼ 3jxÞ ¼ Fðm3 � x0βÞ � Fðm2 � x0βÞ

Probðy ¼ 4jxÞ ¼ 1 � Fðm3 � x0βÞ

; ð3Þ

where F denotes the cumulative normal distribution.

The relationship between illusory correlations and level of agreement about GM food safety

and anthropogenic GW were also of interest. However, the illusory correlation variables were

excluded as independent variables in the estimation of the GM and GW ordered probit models

because of possible simultaneity. Therefore, correlations coefficients were estimated to test the

null hypothesis that there was not a relationship between the levels of agreement and illusory

correlations.

To further examine the heterogeneity in disagreement with scientific consensus, the joint

distribution of the Disagree and Do not disagree categories for the GM and GW models, as

shown in Table 1, was used as dependent variables in the estimation of a multinomial logit.

More specifically, binary coding was used to create the following: Do not disagree GM& GW,

Disagree GM& do not disagree GW, Do not disagree GM& disagree GW, and Disagree GM&
GW. A multinomial logit is the appropriate model because the dependent variable is a discrete

measure for an individual across limited, unordered choice possibilities. The mathematical

model of the disagreement with scientific consensus closely follows Greene [30], and is

Prob Yi ¼ jjwið Þ ¼
expðw0iαjÞ

P3

j¼0
expðw0iαjÞ

; j ¼

(
0) Do not disagree GM & GW

1) Disagree GM & do not disagree GW

2) Do not disagree GM & disagree GW

3) Disagree GM & GW

; ð4Þ

where wi denotes a vector of explanatory variables and αj are parameters to be estimated. The

same explanatory variables used in the ordered probit models were used in the multinomial

logit model. However, due to identication problems, the Democrat and Republican indicator

variables were collapsed to create the variables Combined Democrat and Combined Republican.

Results

Marginal effects, rather than coefficients, are reported for the ordered probit models and mul-

tinomial logit model. A marginal effect for an independent variable indicates how the proba-

bility of being in an agreement category–for the ordered probit models–or the probability of

being in a joint distribution category–for the multinomial logit–changes for a given change in

an explanatory variable.

The marginal effects for the GM foods ordered probit model are displayed in Table 3.

Increases in either Perceived knowledge or Actual knowledge decreased the probability of being

in the Strongly Disagree and Disagree categories and increased the probability of being in the

Agree and Strongly Agree categories. Thus, both subjective and objective knowledge affected

the level of agreement that GM food is safe to consume, and higher levels of knowledge were

associated with being in agreement with scientific consensus. The marginal effects for the
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political affiliation variables indicated that respondents who identified as more extreme Demo-

crats or Republican agree somewhat more about the safety of GM foods than those who do not

identified as less extreme. Strong Democrat and Democrat were less likely to be in the Strongly

Disagree and Disagree categories and more likely to be in the Agree and Strongly Agree cate-

gories. Strong Democrat were also less likely to be in the Neither Agree/Disagree category.

Strong Republican and Republican were less likely to be in the Strongly Disagree, and Strong
Republican was also less likely to be in the Disagree category and more likely to be in the Agree

and Strongly Disagree categories. The only other independent variable that had significant

marginal effects in the GM ordered probit model was Female. A respondent who was female

was more likely to be in the Strongly Disagree and Disagree categories and less likely to be in

the Agree and Strongly Agree categories.

The marginal effects for the GW ordered probit are displayed in Table 4. Subjective knowl-

edge affected the level of agreement about human involvement in GM similar to how it

affected level of agreement about the safety of GM food. However, objective knowledge did

not. Increases in Perceived knowledge decreased the probability of being in the Strongly Dis-

agree, Disagree, and Neither Agree/Disagree categories and increased the probability of being

in the Agree and Strongly Agree categories. Conversely, increases in Actual knowledge
increased the probability of being in the Strongly Disagree, Disagree, and Neither Agree/Dis-

agree categories and decreased the probability of being in the Agree and Strongly Agree cate-

gories. Thus, both subjective and objective knowledge affected the level of agreement that

human involvement causes GW, however, subjective and objective knowledge also affected the

level of agreement in the opposite direction. The signs of marginal effects for Strong Democrat
were the same for all level of agreement categories for both GM and GW. Strong Democrat was

less likely to be in the Strongly Disagree, Disagree, and Neither Agree/Disagree categories and

more likely to be in the Agree and Strongly Agree categories. Lean Democrat was less likely to

be in the Strongly Disagree category and more likely to be in the Agree. Strong Republican was

somewhat agreeable about the safety of GM foods, but not about anthropogenic GW. Strong
Republican was more likely to be in the Strongly Disagree, Disagree, and Neither Agree/

Table 3. Marginal Effects from the Genetically Modified Foods Ordered Probit Model.

Dependent Variable: Level of Agreement

Explanatory Variables Strongly Disagree Disagree Neither Agree/Disagree Agree Strongly Agree

Perceived knowledge -0.709*** -0.086*** 0.010 0.129*** 0.017***

Actual knowledge -0.041** -0.050*** 0.006 0.075*** 0.010***

Strong Democrat -0.706** -0.118*** -0.044* 0.190*** 0.043**

Democrat -0.041** -0.057** -0.003 0.087** 0.014*

Lean Democrat -0.018 -0.024 0.001 0.037 0.005

Independent -0.023 -0.030 0.001 0.045 0.007

Lean Republican -0.004 -0.005 0.001 0.008 0.001

Republican -0.032* -0.044 -0.001 0.067 0.010

Strong Republican -0.044** -0.066** -0.011 0.103* 0.018

CRT 0.001 0.001 -0.00 -0.002 0.000

Age 0.000 0.000 0.000 0.000 0.000

Bachelors -0.020 -0.026 0.002 0.039 0.005

Female 0.060*** 0.072*** -0.008 -0.108*** -0.015***

Income 0.000 0.000 0.000 0.000 0.000

Note: Estimates are from an ordered probit model using 955 observations and a log likelihood function of -1,231. Single, double, and triple asterisks (*, **,

***) indicate statistical significance at the 10%, 5%, and 1% level.

doi:10.1371/journal.pone.0166140.t003
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Disagree categories and less likely to be in the Agree and Strongly Agree categories. Cognitive

function, at least as defined by System 1 and System 2 and measured by the Cognitive Reflec-

tion Test, affected the probability of being in a level of agreement category for GW. Increases

in CRT increased the probability of being in the Strongly Disagree, Disagree, and Neither

Agree/Disagree categories and decreased the probability of being in the Agree and Strongly

Agree categories. The only other independent variable that had significant marginal effects in

the GW ordered probit model was Bachelors. A respondent who had obtained a Bachelor’s

degree was less likely to be in the Strongly Disagree, Disagree, and Neither Agree/Disagree cat-

egories and more likely to be in the Agree and Strongly Agree categories.

The null hypothesis that there was no significant relationship between levels of agreement

and illusory correlations was rejected. The Pearson correlation coefficients between illusory

correlation and level of agreement were -0.52 (P< 0.01) and -0.58 (P< 0.01) for GM and GW,

respectively. Although it is unknown whether illusory correlations cause the formation of false

hypotheses, or illusory correlations are formed to protect false hypotheses, there is a significant

relationship between illusory correlations and false hypotheses.

Marginal effects from the multinomial logit model are displayed in Table 5. Increases in

either Perceived knowledge GM or Actual knowledge GM increased the probability of being in

both the Do not disagree GM& GW and Do not disagree GM& disagree GW categories and

decreased the probability of being in the Disagree GM& do not disagree GW category.

Increases in Perceived knowledge GW increased the probability of being in the Do not disagree
GM& GW category and decreased the probability of being in the Do not disagree GM& dis-
agree GW and Disagree GM& GW categories. While increases in Actual knowledge GW
decreased the probability of being in the Do not disagree GM& GW category and increased the

probability of being in the Do not disagree GM& disagree GW category. Similar to results

found in the ordered probit models, subjective and objective knowledge affect beliefs in a simi-

lar manner for GM foods and in a different for GW. Also similar to the ordered probit models,

Democrats were less likely to disagree with scientific consensus. Combined Democrat was

more likely to be in the Do not disagree GM& GW category and less likely to be in the Disagree

Table 4. Marginal Effects from the Global Warming Ordered Probit Model.

Dependent Variable: Level of Agreement

Explanatory Variables Strongly Disagree Disagree Neither Agree/Disagree Agree Strongly Agree

Perceived knowledge -0.045*** -0.109*** -0.169*** 0.150*** 0.173***

Actual knowledge 0.010*** 0.023*** 0.036*** -0.032*** -0.037***

Strong Democrat -0.016*** -0.046*** -0.088** 0.043*** 0.107**

Democrat -0.005 -0.013 -0.021 0.017 0.022

Lean Democrat -0.010* -0.027 -0.047 0.032** 0.053

Independent 0.004 0.010 0.015 -0.014 -0.015

Lean Republican 0.013 0.028 0.038 -0.042 -0.037

Republican 0.014 0.031 0.043 -0.046 -0.041*

Strong Republican 0.094*** 0.135*** 0.105*** -0.227*** -0.107***

CRT 0.007** 0.016** 0.025** -0.022** -0.026**

Age 0.000 0.000 0.000 -0.001 -0.001

Bachelors -0.008** -0.021** -0.034* 0.027** 0.035*

Female -0.005 -0.012 -0.018 0.016 0.018

Income -0.001 -0.002 -0.004 0.003 0.004

Note: Estimates are from an ordered probit model using 955 observations and a log likelihood function of -1,107. Single, double, and triple asterisks (*, **,

***) indicate statistical significance at the 10%, 5%, and 1% level.

doi:10.1371/journal.pone.0166140.t004
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GM& GW category. Independent and Combined Republican were more likely to be in the Do
not disagree GM& disagree GW category. Increases in CRT decreased the probability of being

in theDo not disagree GM& GW category and increased the probability of being in both the

Disagree GM& do not disagree GW andDisagree GM&GW categories. Thus, respondents who

tend to be more analytical were more likely to disagree with scientists. Unsurprising, respon-

dents with a college education were more likely to agree with scientists. A respondent who had

obtained a Bachelor’s degree was more likely to be in theDo not disagree GM&GW category

and less likely to be in theDo not disagree GM& disagree GW category. Lastly, female respon-

dents were less likely to be in theDo not disagree GM& GW andDo not disagree GM& disagree
GW categories and more likely to be in theDisagree GM& do not disagree GW category.

Conclusions

There is great uncertainty due to the challenges of escalating population growth and global

warming. Along with the disagreement regarding policy implications, the issues are further

complicated by the gap between science and public opinion. The ability of public science to

contribute to these pressing issues will partly depend on public opinion. This study sought to

provide a better understanding of factors associated with public opinion that opposes scientific

consensus regarding the safety of GM foods and human involvement in GW.

The effects of knowledge on public opinion are complex and non-uniform across types of

knowledge or issues. Perceived knowledge consistently affected opinions for both GM foods

and GW. Individuals with greater perceived knowledge were more likely to agree about the

safety of GM food and human involvement causing GW. Actual knowledge did not consis-

tently affect opinions for either issue. Individuals with greater actual knowledge about GM

foods were more agreeable about GM food safety; however, individuals with greater actual

knowledge about GW were less agreeable about anthropogenic GW. Although, the latter find-

ing appears to confirm the finding of previous research that concluded that greater actual

knowledge is associated with being less agreeable about contentious issues [8], this finding was

Table 5. Marginal Effects from the Multinomial Logit Model.

Dependent Variables

Explanatory Variables Do not disagree GM &

GW

Disagree GM & do not disagree

GW

Do not disagree GM & disagree

GW

Disagree GM & GW

Perceived knowledge

GM

0.051** -0.079*** 0.036*** -0.007

Perceived knowledge

GW

0.102*** -0.008 -0.051*** -0.043***

Actual knowledge GM 0.082*** -0.116*** 0.035*** -0.001

Actual knowledge GW -0.037* -0.002 0.027*** 0.012

Combined Democrat 0.094** -0.059 0.025 -0.060***

Independent -0.015 -0.030 0.052** -0.006

Combined Republican -0.059 -0.062 0.114*** 0.007

CRT -0.088*** 0.056** 0.015 0.016*

Age 0.001 -0.002 0.000 0.000

Bachelors 0.081* -0.032 -0.045** -0.004

Female -0.129*** 0.163*** -0.032** -0.002

Income -0.003 0.004 -0.000 -0.001

Note: Estimates are from univariate probit models using 955 observations. Standard errors are reported in parenthesis. Single, double, and triple asterisks

(*, **, ***) indicate statistical significance at the 10%, 5%, and 1% level.

doi:10.1371/journal.pone.0166140.t005

Examining the Gap between Science and Public Opinion about GM Food and Global Warming

PLOS ONE | DOI:10.1371/journal.pone.0166140 November 9, 2016 10 / 14



inconsistent for both issues. It is unclear why respondents with relatively higher actual knowl-

edge about GW were more likely to disagree that human involvement causes GW. It could be

that people who do not agree with science about GW may have sought information to be more

knowledgeable about the subject. Public disagreement with science may be characterized as a

deficiency in knowledge or understanding [7] and it has been suggested that increased com-

munication can help to resolve these deficiencies [13,24]. However, it is not clear that provid-

ing the public with more information would have a desired outcome if the goal of increased

communication is to decrease the gap between the public and science. Moreover, research that

has examined the effects of information concluded that simply providing individuals with

information is insufficient for changing behavior [31,32].

Whether human involvement causes GW continues to be a politically polarizing issue for

individuals at the extreme ends of the political affiliation spectrum (Democrat vs Republican).

Democrats were more likely to agree that human involvement is causing GW, and strong

Republicans were most likely to form the exact opposite opinion. An interesting result was

that respondents identifying as a strong Democrat or Democrat agreed that GM food was safe

to consume, while Republicans did not. These results do not diminish claims that Republicans

are science deniers. Giving more credence to claims that Democrats are more accepting of sci-

ence was the result that Democrats was more likely to be in the joint categories of Do not dis-
agree GM& GW and Disagree GM& GW. Referring back to the Anti-Reflexivity Thesis [20], it

was expected that Republicans would be relatively more agreeable towards GM foods and

Democrats should be relatively more agreeable to anthropogenic GW. While this was not the

confirmed when examining agreement with the issues independently, there was confirmation

of the Anti-Reflexivity Thesis when examining agreement with the issues jointly. Republicans

were more likely to be in the joint Do not disagree GM& disagree GW category which is exactly

what the Anti-Reflexivity Thesis postulated. Therefore, it is important to examine opinions for

issues jointly as well as separately.

A relatively higher cognitive function, as measured by the Cognitive Reflection Test [27],

was associated with beliefs that contradict the scientific community. This result indicated that

people who rely more on analytical intelligence (System 2) were more likely to disagree with

scientific consensus about GM food safety and human involvement in GW. Previous research

has found that people who have a tendency to rely more on intuition (System 1) produce auto-

matic judgments that are supported by intuitive belief-formation processes [33]. Thus, people

who adopt a similar opinion as the scientific community may do so because it provides accessi-

ble explanations to questions that require a high level of expertise, whereas people who do not

adopt a similar opinion may do so because of analytical processes. This conclusion would con-

firm Toplak, West, and Stanovinch [28] which concluded that CRT is a potent measure of

miserly processing and tendency to heuristically triggered responses.

While previous research concluded that demographic characteristics were predictors of

concerns about GM food and GW [11,14,16], the effects found within were scarce. Females

were more likely to not be agreeable about the safety of GM foods, but there was no sex effect

for GW. The finding for GW does not explicitly contradict previous research because the ques-

tions asked were different [11,16]. However, females were more likely to be in the joint Dis-
agree GM&Do not disagree GW category which confirms the theory that women express

greater concern about the safety of technological risk and the environment [34]. Individuals

with a Bachelor’s degree were more likely not to be agreeable about anthropogenic GW, but

there was no education effect for GM food. McCright [24] found that education was not signif-

icantly related to concern about GW being a serious threat in a respondent’s lifetime; however,

education was significantly related to the agreement that human actions cause GW.
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There appears to be a strong association between illusory correlations and disagreement

with the scientific community. This study cannot conclude that decreasing illusory correlation

would decrease disagreement. Nevertheless, efforts to decrease illusory correlations may be a

more effective form of scientific communication than simply providing information, which

has been found to be ineffective [31,32]. Future research may provide more insights into the

causal relationship between illusory correlation and beliefs.

There are limitations to this analysis. Focus on agreement with science was placed on politi-

cal affiliation, and while political affiliation is a signal of an individual’s worldview, it is not a

perfect signal. Risk perceptions matter [35], and a consideration of attitudes towards risk may

provide some insight about the gap between public opinion and science [36,37]. Furthermore,

this analysis did not measure trust in corporations or government, which may affect agreement

about both the safety of GM food and human involvement in GW.

Supporting Information

S1 File. Description of Survey Questions.

(PDF)

S2 File. Dataset used in Analysis.

(CSV)

Acknowledgments

An earlier version of this paper was presented at the 143rd Joint European Association of Agri-

cultural Economists and Agricultural & Applied Economics Association, Napoli, Italy. March

25–27 2015. Thanks go to Jayson L. Lusk for insight on this research.

Author Contributions

Conceptualization: BM.

Formal analysis: BM.

Investigation: BM.

Methodology: BM.

Resources: BM.

Software: BM.

Validation: BM.

Visualization: BM.

Writing – original draft: BM.

Writing – review & editing: BM.

References

1. Narin F, Hamilton KS. Olivastro D. The increasing linkage between US technology and public science.

Research Policy. 1997; 26: 317–330.

2. McMillan GS, Narin F, Deeds DL. An analysis of the critical role of public science in innovation: the case

of biotechnology. Research Policy. 2000; 29: 1–8.

Examining the Gap between Science and Public Opinion about GM Food and Global Warming

PLOS ONE | DOI:10.1371/journal.pone.0166140 November 9, 2016 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166140.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166140.s002


3. Funk C, Rainie L, Page D. Public and scientists’ views on science and society. Pew Research Center.

2015. Available: http://www.pewinternet.org/2015/01/29/public-and-scientists-views-on-science-and-

society.

4. Ziman J. Public Understanding of Science. Science, Technology & Human Values. 1991; 16: 99–105.

5. Wynne B. Misunderstood misunderstanding: Social identities and public uptake of science. Public

Understanding of Science. 1992; 1: 281–304.

6. Bensaude-Vincent B. A Genealogy of the Increasing Gap between Science and the Public. Public

Understanding of Science 2001; 10: 99–113.

7. Gross AG. The roles of rhetoric in the public understanding of science. Public Understanding of Sci-

ence. 1994; 3: 3–23.

8. Evans G, Durant J. The relationship between knowledge and attitudes in the public understanding of

science in Britain. Public Understanding of Science. 1995; 4: 57–74.

9. Phillips DM, Hallman WK. Consumer risk perceptions and marketing strategy: The case of genetically

modified food. Psychology & Marketing, 2013; 30: 739–748.

10. Shaw A. “It just goes against the grain.” Public understandings of genetically modified (GM) food in the

UK. Public Understanding of Science. 2002; 11: 273–291. PMID: 12430532

11. McCright AM. The effects of gender on climate change knowledge and concern in the American public.

Population and Environment. 2010; 32: 66–87.

12. Malka A, Krosnick JA, Langer G. The association of knowledge with concern about global warming:

Trusted information sources shape public thinking. Risk Analysis. 2009; 29: 633–647. doi: 10.1111/j.

1539-6924.2009.01220.x PMID: 19302280

13. Bord RJ, O’Connor RE, Fisher A. In what sense does the public need to understand global climate

change? Public Understanding of Science. 2000; 9: 205–218.

14. Hallman WK, Hebden WC, Aquino HL, Cuite CL, Lang JT. Public perceptions of genetically modified

foods: A national study of American knowledge and opinion. Food Policy Institute, Cook College, Rut-

gers, the State University of New Jersey, New Brunswick, NJ. 2003. Available: www.

foodpolicyinstitute.org.

15. Shwom RL, McCright AM, Marquart-Pyatt ST, Hamilton LC. Public opinion on climate change. Climate

Change and Society: Sociological Perspectives, 2015. pp. 269.

16. Dunlap RE, McCright AM. A widening gap: Republican and Democratic views on climate change. Envi-

ronment: Science and Policy for Sustainable Development. 2008; 50: 26–35.

17. Mooney C. The Republican brain: The Science of Why They Deny Science–and Reality. New Jersey:

Wiley. 2012.

18. Mooney C. The Republican war on science. New York: Basic Books. 2005.

19. Hamilton LC, Cutler MJ, Schaefer A. Public knowledge and concern about polar-region warming. Polar

Geography. 2012; 35: 155–168.

20. McCright AM, Dentzman K, Charters M, Dietz T. The influence of political ideology on trust in science.

Environmental Research Letters. 2013; 8: 044029.

21. Rabin M, Schrag JL. First impressions matter: a model of confirmatory bias. The Quarterly Journal of

Economics. 1999; 114: 37–82.

22. Stanovich KE, West RF. Individual differences in reasoning: implications for the rationality debate?

Behavioral and Brain Sciences. 2000; 23: 645–665. PMID: 11301544

23. Kahneman D. Maps of bounded rationality: psychology for behavioral economics. American Economic

Review. 2003; 95: 1149–1475.

24. Hamilton LC. Education, politics and opinions about climate change evidence for interaction effects. Cli-

matic Change. 2011; 104: 231–242.

25. Chapman LJ. Illusory correlation in observational report. Journal of Verbal Learning and Verbal Behav-

ior. 1967; 6: 151–155.

26. DeStefano F, Price CS, Weintraub ES. Increasing exposure to antibody-stimulating proteins and poly-

saccharides in vaccines is not associated with risk of autism.” The Journal of Pediatrics. 2013; 163:

561–567. doi: 10.1016/j.jpeds.2013.02.001 PMID: 23545349

27. Frederick S. Cognitive reflection and decision making. Journal of Economic Perspectives. 2005; 19:

25–42.

28. Toplak ME, West RF, Stanovich KE. The cognitive reflection test as a predictor of performance on heu-

ristics-and-biases tasks. Memory & Cognition. 2011; 39: 1275–1289.

29. Hope EI, Kusterer DJ. Behavioral biases and cognitive reflection. Economics Letters. 2011; 110: 97–

100.

Examining the Gap between Science and Public Opinion about GM Food and Global Warming

PLOS ONE | DOI:10.1371/journal.pone.0166140 November 9, 2016 13 / 14

http://www.pewinternet.org/2015/01/29/public-and-scientists-views-on-science-and-society
http://www.pewinternet.org/2015/01/29/public-and-scientists-views-on-science-and-society
http://www.ncbi.nlm.nih.gov/pubmed/12430532
http://dx.doi.org/10.1111/j.1539-6924.2009.01220.x
http://dx.doi.org/10.1111/j.1539-6924.2009.01220.x
http://www.ncbi.nlm.nih.gov/pubmed/19302280
http://www.foodpolicyinstitute.org
http://www.foodpolicyinstitute.org
http://www.ncbi.nlm.nih.gov/pubmed/11301544
http://dx.doi.org/10.1016/j.jpeds.2013.02.001
http://www.ncbi.nlm.nih.gov/pubmed/23545349


30. Greene WH. Econometric analysis. Pearson Education India. 2003.

31. Owens S. ‘Engaging the Public’: information and deliberation in environmental policy. Environment and

Planning A. 2000; 32: 1141–1148.

32. McFadden BR, Lusk JL. Cognitive biases in the assimilation of scientific information on global warming

and genetically modified food.” Food Policy. 2015; 54: 35–43.

33. Shenhav A, Rand DG, Greene JD. Divine intuition: cognitive style influences belief in God. Journal of

Experimental Psychology: General. 2012; 141: 423–428.

34. Davidson DJ, Freudenburg WR. Gender and environmental risk concerns a review and analysis of

available research. Environment and Behavior 1996; 28: 302–339.

35. Hossain F, Onyango B, Adelaja A, Schilling B, Hallman W. Consumer acceptance of food biotechnol-

ogy: Willingness to buy genetically modified food products. Journal of International Food & Agribusiness

Marketing. 2004; 15: 53–76.

36. Douglas M, Wildavsky A. Risk and culture: An essay on the selection of technological and environmen-

tal dangers. Univ of California Press. 1983.

37. Kahan DM. Cultural cognition as a conception of the cultural theory of risk. In Handbook of risk theory.

Springer Netherlands. 2012. pp. 725–759

Examining the Gap between Science and Public Opinion about GM Food and Global Warming

PLOS ONE | DOI:10.1371/journal.pone.0166140 November 9, 2016 14 / 14


