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Abstract
Public trust in agricultural biotechnology organizations that produce genetically-modified
organisms (GMOs) is affected not only by misinformed attacks on GM technology but also by
the worry among some that the drive for profits among GMO producers overrides concern for
the public good, a sentiment exacerbated by publicized cases of problematic industry behavior.
In an experiment, we found that reporting that the industry engages in open and transparent
research practices increased the perceived trust in university and corporate organizations
involved with GMOs. Participants also expressed less skepticism about researchers from the
organizations that reported transparent practices. Universities were considered more trustworthy
than industry organizations overall, supporting prior findings in other technology domains (e.g.,
stem cell research). The results suggest that communicating the fact that an organization engages
in open and transparent research practices should be part of the process of implementing
agricultural biotechnologies.

Keywords
Agricultural biotechnology, Center for Open Science, commercialization, GMO, public opinion,
responsible innovation, trust, transparency

TRUST, TRANSPARENCY, AND GMOS

3

Disclosure of Open and Transparent Research Practices, Public Trust, and GMOs
1. Introduction
On July 29, 2016, US President Barack Obama signed a bill that mandated the labeling of
foods containing genetically modified ingredients. The enactment of the bill marked the latest
step in an often contentious debate involving agribusiness, interest groups, scientists, legislators,
and the general public since the first GM food products were approved by the Food and Drug
Administration in the early 1990s (Lang & Hallman, 2005). The recent legislation received
widespread media coverage.
Since at least the 2000s, surveys have shown that Americans do not know much about
agricultural biotechnology (e.g., Brossard & Nisbet, 2007) or its most tangible product,
genetically modified organisms (or GMOs; e.g., Bellows, Alcaraz, & Hallman, 2010; Cuite,
Aquino, & Hallman, 2005; Hallman, Adelaja, Schilling, & Lang, 2002; Hallman, Hebden, Cuite,
Aquino, & Lang, 2004). When asked for their opinion, many nonetheless express negative
attitudes and elevated perceptions of risk (APPC, 2016).
What might account for such responses? For one, negative attitudes and perceptions of
higher risk might stem in part from a lack of trust. Indeed, consumers are influenced both by how
much they trust specific organizations as well as the extent to which they trust the broader
context in which transactions are taking place (Grayson, Johnson, & Chen, 2008). For instance,
there may be mistrust in the regulatory process implemented to determine the safety of GMOs
(Gutteling, Hanssen, Van Der Veer, & Seydel, 2006). A recent survey found that a little over half
of individuals surveyed expressed skepticism towards federal regulatory agencies’ (e.g., USDA,
FDA) abilities “to provide impartial and accurate findings on the safety of genetically engineered
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or modified crops”; only 42% of survey respondents reported “a great deal” or “a fair amount” of
trust, whereas 55% reported “just some” or “very little” trust (APPC & Pew, 2015).1
In addition to skepticism toward regulators, negative attitudes may stem from a lack of
trust in the organizations that are researching, developing, producing, and marketing geneticallymodified products in the first place—particularly when they have a financial stake in the success
of research outcomes. For instance, when participants were asked about their overall opinion of
Monsanto, an agriculture company known for making genetically-modified products, 43.1%
offered an unfavorable opinion compared with only 20.6% reporting a favorable one2 (APPC &
Pew, 2015). In comparison, when asked their opinion about the United States Department of
Agriculture (USDA), 30.4% of participants reported having an unfavorable opinion and over
70% of participants expressed a favorable one.
Indeed, when it comes to controversial science (e.g., stem cell research), people are less
trusting of research from for-profit corporations than from non-profit organizations, such as
universities (Critchley, 2008; Critchley & Nicol, 2011). Moreover, members of the public
demonstrate significantly more overall trust3 in universities than in industry (Lang & Hallman,
2005). But, when industry funding is involved, even universities studying non-controversial
science can be suspect. In September of 2016, for instance, a review article published in the
internal medicine division of the Journal of the American Medical Association revealed the
previously undisclosed fact that the sugar industry had funded decades-old Harvard research that

1

Participants were part of the wave 11 Pew American Trends Panel, a probability based online sample of 3,057 U.S.
adults, surveyed between June 8, 2015 and July 29, 2015. Note that attrition does occur for each wave of the
American Trends Panel, but the sample has remained demographically and ideologically diverse. For more
information, see http://www.pewresearch.org/methodology/u-s-survey-research/american-trends-panel/
2
Of the remaining participants, about 30% reported either not being sure or never having heard of Monsanto and
6.4% refused to answer.
3 In that survey, overall trust was composed of items regarding an organization’s competence, honesty, likelihood of
doing what is right for society, and usefulness as a source of information
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downplayed sugar’s contributing role to coronary heart disease and instead stressed the role of
fats (Kearns, Schmidt, & Glantz, 2016). This revelation received extensive media attention
(Bailey, 2016; Domonoske, 2016; O'Connor, 2016; Shanker, 2016; Sifferlin, 2016), with articles
labeling the situation a scandal and taking the time to highlight other instances of questionable
industry-funded research (Rodman, 2016; Schumaker, 2016). A statement from the Sugar
Association in response to the findings said that the sugar industry “should have exercised
greater transparency in all of its research activities” (O'Connor, 2016).
Such revelations, of course, fuel public skepticism about industry-funded research.
Concerns are exacerbated when the research domain is controversial or perceived as high risk, as
is the case with agricultural biotechnology. However, to our knowledge, there has been no work
on how to address the lack of trust in research from corporations, or on whether making research
practices more open and transparent, and disclosing their existence, might promote trust. This
study examines these possibilities.
2. Trust, Credibility, and Conflict of Interest
When people are unable to judge the quality of information from highly specific
scientific domains, as is the case with various emerging technologies (Hardwig, 1985; Hendriks,
Kienhues, & Bromme, 2016; Siegrist, 2000), they end to rely on expert scientists and scientific
organizations to communicate accurate and helpful information about the associated risks and
benefits. However, even expert communication can vary from accurate and representative to
misleading or downright false. In order to determine whom to trust (Landrum, Eaves, & Shafto,
2015), the public relies on cues that indicate the knowledgeability and motivations of
communicators (i.e., the communicators’ credibility).
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Although there may be multiple cues indicating the circumstances under which the public
should question scientists’ and organizations’ credibility, one important cue, as discussed earlier,
is the potential for conflicts of interest. For agricultural biotechnology, similar to the
pharmaceutical and nanotechnology research sectors, there is a clear role for private
corporations—namely, investing. By hastening knowledge production, such investments can
hasten product development (Chalmers & Nicol, 2004; Critchley, 2008). However, such
investments can create conflicts of interests, and with them worry that such conflicts may cause
researchers to overstate the benefits and understate the risks of any particular product or
technology. Accordingly, when university researchers engage in collaborative efforts with
industry partners, or when corporations hire their own researchers to test and develop products,
questions are understandably raised about the reliability and full disclosure of all results
(DeAngelis, 2000; Myhr & Traavik, 2003).
Also problematic is the fact that undisclosed conflicts of interest may undermine the
ability of scientific organizations to make accurate consensus statements. For example, a recent
consensus panel from the National Academy of Sciences determined, among other conclusions,
that there have been no negative health effects attributable to consuming GMOs (NASEM,
2016b). At the same time, it found that industry-funded studies are more likely to cast GMOs in
a positive light (Diels, Cunha, Manaia, Sabugosa-Madeira, & Silva, 2011).
Such conflicts of interests do not go unnoticed by consumers, which recognizes that
financial motivations may eclipse a commitment to contribute to the public good (Chalmers &
Nicol, 2004). Although many research institutions have implemented conflict of interest policies
to reveal when research is industry-funded (Gurney & Sass, 2001), such measures are not enough
to thwart bias. Instead highlighting potential conflicts of interest may reinforce antagonistic
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attitudes. If the goal is increasing justified trustworthiness, we argue that it would be helpful to
implement a set of standards that hold researchers accountable for the full reporting of results.
One set of standards is telegraphed by the terms “open and transparent research practices”
(Alberts et al., 2015; Nosek et al., 2015).
3. Open and Transparent Science
Although academic research is less often subject to conflicts of interest than corporate
work, academic studies are vulnerable to bias that could also be addressed by open and
transparent research practices as well. For example, studies that find a significant effect are more
likely to be submitted and accepted for publication than are those that do not find an effect. This
phenomenon, known as publication bias, leads to overestimation of the strength and robustness
of research findings.
Another troubling phenomenon is finding greater statistically-significant evidence for
hypotheses than is probable given their sample sizes. This suggests that some process is
overstating the evidence. Researchers may change their hypotheses after the fact to find support
(i.e., "hypothesizing after the results are known"; Kerr, 1998) or may attempt many analyses but
report only the ones finding the desired result ("p-hacking"; Simmons, Nelson, & Simonsohn,
2011). Finally, mistakes do happen in analysis, but when raw data remain the exclusive property
of the original laboratory, they are more likely to go undetected and uncorrected.
To address these problems, a number of open and transparent research standards have
been developed. To prevent publication bias, some journals have adopted the “registered report”
format for academic articles. In a registered report, peer reviewers evaluate and accept an article
on the basis of its methods; once accepted, the research is performed and published regardless of
the statistical significance of its results. Similarly, to prevent selective analysis, researchers can
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“preregister” a set of intended primary analyses before conducting a study or experiment. This
prevents them from changing the hypotheses, analyses, or outcomes to try to find support for a
preferred conclusion. Finally, the open sharing of data facilitates scrutiny across laboratories,
enabling additional layers of error and fraud detection as well as correction (see: COS, 2016).
Free online tools for preregistration and data-sharing are provided by the Center for Open
Science, a non-profit organization. In addition to building and maintaining such tools as the
Open Science Framework (Spies, 2013), the Center for Open Science organizes collaborative
projects between researchers in order to conduct research in a transparent way that minimizes
opportunities for biases caused by self-interest.
The same principles could, in theory, be applied to the corporate world. If corporations
engaged in some variant of open and transparent research practices, checks and balances would
be in place to ensure that research does not suffer from the deleterious effects that can be
produced by conflicts of interest. Indeed, the presence of such checks and balances seems to
have strong effects on reported research. For instance, in the year 2000, the U.S. National
Institutes of Health required that all large randomized clinical trials preregister their outcomes
and analyses. Since that time, such trials are more likely to report null or negative, rather than
positive results. Prior to these regulations, 17 out of 30 randomized clinical trials reported
significant benefits; after these regulations, only 2 out of 25 reported significant benefits (Kaplan
& Irvin, 2015). Thus, open and transparent research practices appear to reduce the influence of
conflicts of interest.
4. Aims of this Experiment
This experiment examines the effects of organizational context (university versus
corporation) and open and transparent research practices (versus “business as usual” practices)
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on public trust in the organizations and researchers examining and developing geneticallymodified organisms (i.e., GMOs). Prior survey work has shown that the public has greater
confidence in universities than in corporations when issues involving researching and regulation
of GMOs are at play (e.g., Lang & Hallman, 2005), and experimental work has shown that
participants trust universities more than industry (and industry-funded organizations) when it
comes to controversial science such as stem cell research as well (Critchley, 2008; Critchley &
Nicol, 2011). Therefore, our first hypothesis states that
H1.

Universities will be perceived as more trustworthy than corporations when it
comes to researching and developing genetically modified organisms.

Moreover, we expected that the general public would recognize that open and transparent
research practices hold organizations more accountable for reporting findings objectively,
leading to our second hypothesis that
H2.

Organizations described as engaging in open and transparent research practices
will be perceived as more trustworthy than organizations not described in this
way.

Importantly, however, other heuristics are also likely to be used when evaluating trustworthiness
of these organizations and their researchers. For example, research that supports one’s views is
often seen as more trustworthy than that which challenges them (e.g., motivated reasoning,
confirmation bias, myside bias; Baron, 2000; Koehler, 1993; Kunda, 1990; MacCoun, 1998).
Accordingly, members of the public who hold strong anti-GMO attitudes are not likely to trust
organizations using that technology, regardless of the sponsoring organization or whether that
organization engages in open and transparent research practices. Thus, our third hypothesis states
that:
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Negative attitudes towards GMOs will be negatively associated with trust.

To examine these hypotheses, we conducted an online experiment. Prior to data collection, we
preregistered the experiment design and our hypotheses with the Center for Open Science using
their Open Science Framework.
5. Method
Sample
Participants for this experiment were part of a consumer panel recruited by Research
Now, a digital data collection company, and were compensated by Research Now, in line with
the company’s policies. See supplementary material A for information on the recruitment,
compensation, and exclusion of panel participants. The final sample consisted of 1097
participants.
This population was demographically and ideologically diverse and comparable to many
national surveys in terms of age and gender. Participants ranged from 18 to 98 years old (median
= 48 years, mean = 47.39). About 48.9% identified as male, 51.0% identified as female, and two
participants declined to provide gender information. Sixty-five percent (65.6%) identified as
white, non-Hispanic, 14.2% identify as black or African-American, 8.7% identify as
Latino/Hispanic, and 7.8% identify as Asian. Regarding political affiliation, 47.4% reported
being democrats or leaning toward supporting the democratic party, 35.5% said they were
republicans or leaned toward supporting the republican party, and 13.3% identified as strictly
independent. Regarding ideology, 35.3% saw themselves as very or somewhat liberal, 34.0%
identified as moderate, and 30.7% identified as very or somewhat conservative. Importantly,
these demographic variables did not vary significantly across experimental condition. See
supplementary material B.
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Experiment Design
Participants were randomly assigned to one of six conditions. In each, subjects read a
press-release from an organization describing its research activities. Organization and research
practices varied by condition. Four of the conditions were parsed into a 2 (Organization:
university agricultural department vs. novel corporation) X 2 (Research practices: baseline vs.
open & transparent) experimental design. A fifth condition described a real corporation engaging
in the baseline research practices; in this condition, the organization was Monsanto, a
recognizable agricultural corporation known for researching and developing GMOs45. The sixth
condition was a control unrelated to GMOs: in it subjects read a press release about a baseball
research society’s upcoming conference.
The press releases used in the four main experimental conditions were based on the
material from the original press release used in the fifth, real corporation condition; and, as
previously stated, there were two manipulations in each press release: the organization type and
its research practices. For all of the conditions, except the sixth, baseball condition, the press
release described an organization that is developing a new type of soybean that benefits the
consumer by offering an improved nutritional profile. In the two novel corporation conditions,
the press release was designed to look as if it came from an agricultural corporation called
“Virens”, a company that we fabricated for the purpose of this study. In the two university
agricultural department conditions, the press release was designed to look as if it came from the
University of Pennsylvania College of Agriculture and Life Sciences, a department which does
not exist. The press release also included a “research practices” section. In the baseline

4 The press release material for Monsanto was constructed from real press release material, but was shortened so
that the length matched the other conditions and to increase the likelihood that participants read the press release.
5
A survey from the Pew American Trends Panel shows that close to 70% of participants have heard of Monsanto
(Center & Center, 2015).
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conditions (including the real corporation condition, condition 5), the research practices section
had text from the real corporation’s website:
[Organization Name] pledges to take responsibility in achieving results. This pledge
includes:

Building strong relationships with our external partners;

Making wise decisions; and

Taking responsibility for achieving agreed-upon results.
“Our research and development team is dedicated to developing seeds that make
growing vegetables easier for farmers, while also meeting the needs of everyone in
the produce chain –including retailers, food service, and consumers.”
In the open and transparent conditions, the research practices section included text we drafted
based on information from the Center for Open Science on open and transparent research
practices.
[Organization Name] now partners with the Center for Open Science (COS), a nonprofit dedicated to fostering the integrity and reproducibility of scientific research. As
a part of this partnership, [organization] has adopted COS research guidelines. We
now:

Pre-register our research studies (reporting in advance what we
plan to do);

Make our data available to the public; and

Explain all of our methods for analyzing data.
“These guidelines are aimed at making sure our research upholds the values of
scientific integrity. We pledge to make information available, accessible, and
understandable.”
The sixth condition, the baseball research organization, did not have any information about
research practices. Instead, it discussed an upcoming convention, including a list of the
scheduled speakers, the dates the convention was to be held, and the location of the convention.
The control condition made it possible to determine whether the GMO knowledge and attitudes
items (which occurred after the manipulation) were influenced by the manipulations (the press
releases) that discussed GMOs. See supplementary material C for comparisons of GMO items
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across conditions. Table 1 shows the experimental design and the number of participants in each
condition. Supplementary material C contains press releases used in the experiment.
Table 1. Conditions and experiment design with the number of participants in each condition
reported.
Organization Type
Control
Research
Novel
University
Real
Baseball
Practices
Corporation
Ag Dept
Corporation
Baseline

Condition 1
n = 199

Condition 3
n = 200

Open &
Transparent

Condition 2
n = 136

Condition 4
n = 151

Condition 5
n = 201

Condition 6
n = 210

Dependent Variables
Our study aimed to examine the influence of our manipulation on how trustworthy participants
found the organization and its researchers to be. We operationalized trustworthiness in four
ways:
1.

Ratings of Organization Credibility: the perceived credibility of the organization
itself;

2.

Ratings of Researcher Credibility: the perceived credibility of the researchers at
that organization;

3.

Ranking of Researcher Knowledge: the relative knowledgeability of the
researchers at the organization compared to researchers at other relevant
organizations; and

4.

Ranking of Researcher Ethics: the relative ethical behavior of researchers at the
organization compared to researchers at other relevant organizations.

Organization Credibility. Our first measure of trustworthiness, organization credibility,
was created by combining two ratings of organization credibility on scales from 0 to 100 into an
averaged index. The first item asked how credible the research is that comes from the
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organization (M = 60.28, SD = 24.14) and the second asked how credible the organization itself
is (M = 59.79, SD = 25.76). The two items were highly correlated (r = .866, p < .001) and
showed similar relationships as one another to education, familiarity with GMOs, and perception
of GMO safety.
Researcher Credibility. Our second measure of trustworthiness was created using a
researcher credibility scale that we adapted from Critchley (2008). Each item was rated on a
scale from 1 to 6, where 6 indicates higher agreement. See supplementary material D. A factor
analysis revealed three primary factors: one reflected participants’ trust that researchers are
competent (e.g., researchers are very knowledgeable about their areas of expertise), one reflected
participants trust that researchers are benevolent (e.g., researchers consider how their research
influences the health and well-being of the American public), and the third reflected participants’
skepticism towards researchers (e.g., researchers are primarily motivated by financial interests).
We used the items that loaded onto each factor to create an averaged index of each factor: Trust:
Competent (M = 4.68, SD = 0.85); Trust: Benevolent (M = 4.25, SD = 1.06); and Skeptical (M =
3.39, SD = 0.96). For the two trust scales, higher scores indicated more trustworthiness, and for
the skeptical scale, higher scores indicate less trustworthiness (more skepticism).
Researcher Rankings. Our third and fourth measures of trustworthiness were obtained by
asking subjects to rank a set of 7 organizations (one of which was the test organization) on how
knowledgeable the researchers are when it comes to research about GMOs (knowledge ranking)
and how ethical the researchers are when it comes to research about GMOs (ethics ranking). The
other organizations listed were scientific organizations (e.g., the National Academies of
Science), non-profit organizations, university agricultural departments and research centers, antiGMO advocacy groups (e.g., Non-GMO project, Organic Consumers Association), regulating
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agencies (e.g., the Food and Drug Administration), and agricultural corporations (e.g., DuPont,
Syngenta). Note that the lower the score, the higher the ranking, such that 1 = top-ranked and 7 =
bottom-ranked. See Table 2 for the mean and median rankings collapsed across condition. These
two rankings served as our dependent variables for further analyses.
Table 2. Rankings for each of the organization types collapsed across condition. Note that
participants in the control condition (Baseball) did not see this item. The mean ranking is shown
in parentheses.
Median
Ranking

Knowledge

Ethics

1st
2nd
3rd
4th
5th
6th

Scientific Organizations (M = 3.14)
University Ag Departments (M = 3.44)
Regulating Agencies (M = 3.49)

Scientific Organizations (M = 3.27)
University Ag Departments (M = 3.42)
Non-Profit Organizations (M = 3.47)

Non-Profit Organizations (M = 4.19)

Regulating Agencies (M = 3.62)

Agricultural Corporations (M = 4.43)

Anti-GMO Advocacy Groups (M = 4.67)

Anti-GMO Advocacy Groups (M = 5.00)

Agricultural Corporations (M = 5.05)

7th
Our third hypothesis involved examining how attitudes toward GMOs influenced trust.
Thus, we included a series of attitudes towards GMO items, participant policy positions
regarding GMOs, and knowledge about GMO items. See supplementary material C. For the
attitude items, we asked participants whether they perceived GMOs to be safe where 4 was
“GMOs are as safe as conventional crops” and 0 was “GMOs are NOT as safe as conventional
crops” (M = 1.94, Med = 2.0, SD = 1.19). We also asked participants a series of risk and benefit
items. These items were combined into an averaged index of GMO risk perceptions (M = 1.32,
Median = 1.25, SD = 0.55) and an averaged index of GMO benefit perceptions (M = 1.31,
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Median = 1.25, SD = 0.56), both of which were on a scale from 0.25 to 2.25. We also asked
participants whether they purposefully avoid eating GMOs (34% agreed).
Regarding participant’s GMO policy positions, we asked participants’ whether GMO
technology should be (a) banned in all circumstances, (b) banned for making food items, but
allowed for making non-food items, or (c) should not be banned. We recoded this into two
variables: one representing whether the participant believes in banning all GM technology
(10.8% of the sample) and one representing whether the participant believes in banning GM food
only (40.8% of the sample). We also asked participants’ whether GMOs should be labeled (about
90% agreed) and whether GM technology should be regulated (85% agreed).
Regarding participants’ knowledge about GMOs, we asked how much they would say
that they have heard or read about GMOs on a scale from 1 (not very much at all) to 5 (a great
deal; M = 3.11, SD = 1.11). We also asked participants which best describes the process used to
create GMOs. About 10% thought the description of mutagenesis best described geneticmodification process, about 45% thought that gene-editing best described the geneticmodification process, and the remaining either chose cross-pollination (16%) or said that they
did not know (27.4%). We dummy coded the variable so that we had a variable for those who
thought it was mutagenesis and one for those who correctly chose gene-editing.
Importantly, although we asked these items after the experimental manipulation (so we
would not influence participants’ responses to the trust items by priming them to think about
their views toward GMOs), we did not expect that knowledge about and attitudes toward GMOs
would vary based on our experimental manipulation. To test this, we compared the each of the
knowledge and attitudes items across the six conditions, which included the baseball control
condition. No condition varied significantly from the baseball condition, for which participants
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were not primed to think about GMOs prior to answering the knowledge and attitudes questions.
These analyses are reported in supplementary material C with the description of each of the
items.
6. Results
We used hierarchical ordinary least squares (OLS) regression models to separately test each of
the dependent variables6. In hierarchical OLS, the independent variables are entered in blocks in
order to examine their relative explanatory power. We entered our independent variables in the
following blocks:
Block 1. Organization type (university = 1; corporation = 0);
Block 2. Research practices (open & transparent = 1; baseline = 0);
Block 3. Attitudes towards GMOs (views about the safety, risks, benefits, and avoidance of
GMOs);
Block 4. GMO policy positions (banning GM technology, banning GM food, labeling GMOs,
regulating GMOs); and
Block 5. Knowledge about GMOs (familiarity, process knowledge: genetic engineering, process
misconception: mutagenesis, and correct identification of consensus).

See Table 3 for the results from the regression analyses.

6

We excluded the sixth baseball control condition from this analysis.
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Table 3. Results from regressions. Final betas (standardized) displayed. Note that Knowledge Ranking and Ethics Ranking are coded
such that top rankings (1st) are lower numbers than bottom rankings (7th), so negative relationships indicate higher trustworthiness.
Rating of Org
Organization
Trustworthiness
(Final β)

†

Block 1: Organization Type
University
Incremental R2 (%)
Block 2: Research Practices
Open & Transparent
Incremental R2 (%)
Block 3: GMO Attitudes
safety
risks
benefits
avoid GM food
Incremental R2 (%)
Block 4: GMO Policy Positions
Ban all GM technology
Ban just GM food
Label GMOs
Regulate GMOs
Incremental R2 (%)
Block 5:Knowledge about GMOs
Familiarity
Process: Genetic Engineering
Process: Mutagenesis
Consensus
Incremental R2 (%)
Total R2 (%)

Trust:
Competence
(Final β)

Rating of Researchers
Trust:
Benevolence
Skepticism
(Final β)
(Final β)

Ranking of Researchers
Knowledge
Ethics
Ranking
Ranking
(Final β)
(Final β)

0.15***
3.40***

0.07*
0.88**

0.17***
4.03***

-0.10**
1.96***

-0.16***
3.56***

-0.23***
6.98***

0.09**
0.84**

0.03
0.17

0.04
0.21

-0.10**
1.02**

-0.08*
0.50*

-0.06*
0.28

0.15**
-0.13***
0.34***
-0.06
26.63***

0.12**
0.01
0.32***
-0.01
20.81***

0.18***
-0.11**
0.40***
-0.05
34.94***

-0.01
0.20***
-0.25***
0.02
19.76***

-0.09†
0.16***
-0.14***
-0.02
9.05***

-0.08†
0.21***
-0.11**
-0.01
11.44***

0.05
-0.00
0.01
-0.02
0.25

-0.11**
-0.06
0.05
0.02
1.36 **

-0.04
-0.03
0.02
0.03
0.19

0.09*
0.10*
-0.02
0.01
1.30**

0.00
0.01
-0.01
0.05
0.26

-0.05
0.04
0.02
0.06†
0.98*

-0.01
-0.01
0.03
0.04
0.22
31.34

0.06†
0.03
-0.01
0.06†
0.92*
24.15

-0.07*
-0.05†
0.04
0.01
1.11**
40.47

0.13***
-0.04
0.06†
-0.05
2.23***
26.26

0.08*
0.02
0.00
-0.00
0.61
13.97

0.08*
0.03
-0.01
-0.03
0.83†
20.51

p < .10, *p < .05, **p< .01, ***p < .001
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Effects of experimental manipulations. As hypothesized (H1), we found a significant
effect of organization type for each of the dependent variables, such that participants who read
about the university agricultural department found the organization to be more trustworthy than
participants who read about a corporation. We also found partial support for our second
hypothesis (H2). Overall rating of organization trustworthiness (see Figure 1), rating of
skepticism towards researchers, and the relative rankings of knowledge and ethics varied such
that organizations that were described as engaging in more open and transparent research
practices were seen as more trustworthy. However, the use of such research practices had no
significant effect on ratings of researchers’ competence and benevolence.
Effects of GMO attitudes. Attitudes toward GMOs also influenced perceptions of trust
in the organizations researching and developing GMOs (H3). Perceptions of risks and benefits
influenced perceptions of trustworthiness in the anticipated direction: higher perception of risk
lead to less trustworthiness and higher perceptions of benefits lead to more trustworthiness7.
Beliefs about the safety of GMOs only partially predicted trustworthiness: it was positively
associated with ratings of organization trustworthiness and trust in researchers to be competent
and benevolent, marginally positively associated with the ranking of researchers on knowledge
and ethics, and not significantly related to skepticism toward researchers.
Effects of GMO policy positions and knowledge. Results regarding GMO policy
positions were mixed. Participants who would like to ban all GM technology or ban just GM
foods were more critical (i.e., higher skepticism scores) of researchers developing GMOs. Policy
positions on labeling and regulating GMOs, however, were not related to trustworthiness.
Similarly, knowledge about GMOs was also mostly unrelated to perceptions of trustworthiness.

7

Perceptions of risk did not predict ratings of researchers’ competence, but did significantly predict all other
dependent variables.
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The exception is self-assessed familiarity: people who reported more familiarity with GMOs
were also more skeptical of the researchers working on GMOs, less likely to rate those
researchers as benevolent, and more likely to give the organization that they read about lower
rankings (higher numbers such as 6th and 7th versus lower numbers like 1st and 2nd) in both
knowledge and ethics.
Exploratory Analyses
Although we found some support for the hypothesis that disclosing open and transparent
research practices would increase trustworthiness, these findings were not very robust nor did
they hold across all dependent variables. One reason that the effects of disclosing open and
transparent research practices were not stronger may be due to a lack of public understanding
about what the benefits are of open and transparent research practices. Although we described
such practices in the press releases in a way that we hoped would make sense to the general
public, our sample may not have been sure what to make of this information. To gain a sense of
what the sample knew about the ubiquity of such practices, we asked participants the following
two questions regarding open and transparent research practices near the end of the experiment:
1. True or False: Scientists are usually required to post their data publicly, so that it may be
analyzed and checked by other scientists (ans: false); and
2. True or False: Scientists are NOT required to specify what types of analyses they are
going to do before collecting their data, which allows them to try several different options
before reporting their results (ans: True).
Examining participants’ responses suggests that people are not really sure what typical
practices are. Regarding the first item about posting data, only 19.8% of the sample correctly
answered that scientists are not usually required to post data, whereas close to half of the sample
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(48.1%) thought that scientists are required to do this (32% were uncertain). Regarding the
second item about specifying analyses in advance, only 31.6% of the sample correctly stated that
scientists are not required to specify the types of analyses they are going to do in advance,
whereas 28.3% stated that scientists do have to do this and 40% were uncertain. Importantly, the
experimental manipulations did not seem to affect participants’ responses to these items: chisquare tests demonstrate that participants’ responses do not vary based on the experimental
condition to which they were randomly assigned (question 1: χ 2 (8) = 11.11, p = .196;
question 2: χ 2 (8) = 8.21, p = .414). See Figure 1.

Figure 1. Percent of participants (N = 1097) responding “True”, “False”, or “Unsure” to the two
questions about O&T research practices. The answer to the top question (about open data) is
false, despite nearly 47% thinking it was true. The answer to the bottom question (about analysis
transparency) is true, with the largest proportion of participants reporting that they were unsure.
These results suggest that, at least among this sample and using these questions, people
are not familiar enough with what open and transparent research practices are for them to
increase trust drastically. People’s knowledge about the process of science and about open and
transparent research practices should be further explored.
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7. Discussion
The current study finds that the general public places greater trust in the ability of
universities, as opposed to corporations, to provide credible, knowledgeable, and ethical research
and development of GMOs. Additionally, open-science disclaimers in press releases may have a
positive, albeit small and somewhat inconsistent, influence on perceived credibility. In contrast,
pre-existing attitudes toward the safety, risks, and benefits of GMOs were strongly associated
with the perceived credibility (knowledge and ethical behaviors) of researchers.
Although open-science disclaimers did have some positive effects on credibility, we were
surprised that the effects were not larger. Two factors may have limited the influence of the
current study’s open-science disclaimer. First, the open-science disclaimer is small and
resembles boilerplate press release material. Thus it may not have sufficiently captured
participants’ attention. Future research might examine the influence of more visually salient cues
for open and transparent research, such as the badges designed by the Center for Open Science
for attaching to research articles (COS, 2016). Second, our exploratory analyses suggest that
participants may not be familiar with the distinction between open-practices and typical
practices. A plurality of participants thought that data-sharing was already standard practice in
research. Thus, the open-science disclaimer may have been interpreted as indicating business- asusual. Additionally, the benefits of preregistration may still be unclear to respondents. The
hazards of adjusting analysis plans after data has been collected and explored are likely too
technical to be a primary cause of public distrust in corporations developing GMOs.
Nevertheless, this research highlights a potential benefit of engaging in open and transparent
research practices: an increase in public trust. In industries on which public opinion exerts
considerable pressure on policymakers (e.g., agricultural biotechnology), an organization’s
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ability to innovate partly rests on its ability to first elicit public trust (Hicks, 1995; Marcus,
2014).
The normative desirability of these practices is well established. As stated by Marcia
McNutt, former editor-in-chief of Science and current president of the National Academies of
Science, Engineering, and Medicine, “Nothing matters more than a good reputation in science.
Always take the high road and strive for openness and transparency” (Stanford Medicine News
Center, 2016). Likewise, a recent report from the National Academies of Science, Engineering,
and Medicine (NASEM) recommends that gene drive research embrace transparency as a crucial
component of public engagement (NASEM, 2016a), and a forthcoming report on gene-editing
will likely make similar recommendations. Innovators in these biotechnology areas understand
the societal implications of their research; developing and implementing these technologies will
depend on productive dialogue with a wary public. Reporting the incorporation of openness and
transparency into research practices can lend credibility and increase the likelihood that future
research is perceived as responsible innovation rather than as industry advocacy.

TRUST, TRANSPARENCY, AND GMOS

24

References
Alberts, B., Cicerone, R. J., Fienberg, S. E., Kamb, A., McNutt, M., Nerem, R. M., . . . Jamieson,
K. H. (2015). Self-correction in science at work. Science, 348 (6242), 1420-1422.
doi:10.1126/science.aab3847
APPC. (2016). Annenberg Science Knowledge Survey: March 9-13, 2016. Retrieved from
http://cdn.annenbergpublicpolicycenter.org/wp-content/uploads/GMOS-WK5Appendix.pdf
Bailey, M. (2016). How the Sugar Industry Artificially Sweetened Harvard Research PBS
NewsHour.
Baron, J. (2000). Thinking and deciding: Cambridge University Press.
Bellows, A. C., Alcaraz, G., & Hallman, W. K. (2010). Gender and food, a study of attitudes in
the USA toward organic, local, US grown, and GM-free foods. Apetite, 55(3), 540-550.
doi:10.1016/j.appet.2010.09.002
Brossard, D., & Nisbet, M. C. (2007). Deference to scientific authority among a low information
public: Understanding U.S. opinion on agricultural biotechnology. International Journal
of Public Opinion Research, 19(1), 24-52. doi:10.1093/ijpor/edl003
Center, A. P. P., & Center, P. R. (2015). Pew American Trends Panel - Wave 11.
Chalmers, D., & Nicol, D. (2004). Commercialisation of biotechnology: Public trust and
research. International Journal of Biotechnology, 6(2/3), 116-133.
doi:10.1504/IJBT.2004.004806
COS. (2016, 06/22/2016). Openness is a core value of scientific practice: Badges to acknowledge
open practices. Open Science Framework. Retrieved from
https://osf.io/tvyxz/wiki/home/

TRUST, TRANSPARENCY, AND GMOS

25

Critchley, C. R. (2008). Public opinion and trust in scientists: the role of the research context,
and the perceived motivation of stem cell researchers. Public Understanding of Science,
17, 309-327. doi:11.1077/0963662506070162
Critchley, C. R., & Nicol, D. (2011). Understanding the impact of commercialization on public
support for scientific research: Is it about the funding source or the organization
conducting research? Public Understanding of Science.
Cuite, C. L., Aquino, H. L., & Hallman, W. K. (2005). An empirical investigation of the roll of
knowledge in public opinion about GM food. International Journal of Biotechnology,
7(1-3), 178-194. doi:10.1504/IJBT.2005.006453
DeAngelis, C. D. (2000). Conflict of interest and the public trust. JAMA, 284(17), 2237-2238.
doi:10.1001/jama.284.17.2237
Diels, J., Cunha, M., Manaia, C., Sabugosa-Madeira, B., & Silva, M. (2011). Association of
financial or professional conflict of interest to research outcomes on health risks or
nutritional assessment studies of genetically modified products. Food Policy, 36(2), 197203.
Domonoske, C. (2016). 50 Years Ago, Sugar Industry Quietly Paid Scientists to Point Blame at
Fat. NPR. Retrieved from http://www.npr.org/sections/thetwoway/2016/09/13/493739074/50-years-ago-sugar-industry-quietly-paid-scientists-to-pointblame-at-fat
Grayson, K., Johnson, D., & Chen, D.-F. R. (2008). Is firm trust essential in a trusted
environment? How trust in the business context influences customers. Journal of
Marketing Research, 45(2), 241-256.

TRUST, TRANSPARENCY, AND GMOS

26

Gurney, S., & Sass, J. (2001). Public trust requires disclosure of potential conflicts of interest.
Nature, 413(6856), 565-565.
Gutteling, J., Hanssen, L., Van Der Veer, N., & Seydel, E. (2006). Trust in governance and the
acceptance of genetically modified food in the Netherlands. Public Understanding of
Science, 15(1), 103-112.
Hallman, W. K., Adelaja, A. O., Schilling, B. J., & Lang, J. T. (2002). Public Perceptions of
Genetically Modified Foods: Americans Know Not What they Eat. Retrieved from
Hallman, W. K., Hebden, W. C., Cuite, C. L., Aquino, H. L., & Lang, J. T. (2004). Americans
and GM Food: Knowledge, Opinion, and Interest in 2004. Retrieved from
https://ideas.repec.org/p/ags/rutfwp/18175.html
Hardwig, J. (1985). Epistemic dependence. The Journal of philosophy, 82(7), 335-349.
Hendriks, F., Kienhues, D., & Bromme, R. (2016). Trust in Science and the Science of Trust
Trust and Communication in a Digitized World (pp. 143-159): Springer.
Hicks, D. (1995). Published papers, tacit competencies and corporate management of the
public/private character of knowledge. Industrial and corporate change, 4(2), 401-424.
Kaplan, R. M., & Irvin, V. L. (2015). Likelihood of Null Effects of Large NHLBI Clinical Trials
Has Increased over Time. PloS One, 10(8), e0132382. doi:10.1371/journal.pone.0132382
Kearns, C. E., Schmidt, L. A., & Glantz, S. A. (2016). Sugar Industry and Coronary Heart
Disease Research: A Historical Analysis of Internal Industry Documents. JAMA Internal
Medicine. doi:10.1001/jamainternmed.2016.5394
Kerr, N. L. (1998). HARKing: Hypothesizing after the results are known. Personality and Social
Psychology Review, 2(3), 196-217.

TRUST, TRANSPARENCY, AND GMOS

27

Koehler, J. J. (1993). The influence of prior beliefs on scientific judgments of evidence quality.
Organizational Behavior & Human Decision Processes, 56, 28.
Kunda, Z. (1990). The case for motivated reasoning. Psychological Bulletin, 108(3), 480-498.
doi:10.1037/0033-2909.108.3.480
Landrum, A. R., Eaves, B. S., Jr., & Shafto, P. (2015). Learning to trust and trusting to learn: a
theoretical framework. Trends in Cognitive Sciences, 19(3), 109-111.
doi:10.1016/j.tics.2014.12.007
Lang, J. T., & Hallman, W. K. (2005). Who does the public trust? The case of genetically
modified food in the United States. Risk Analysis, 25(5), 1241-1252.
MacCoun, R. J. (1998). Biases in the interpretation and use of research results. Annual review of
psychology, 49(1), 259-287.
Marcus, E. (2014). Credibility and reproducibility. Cell, 159(5), 965-966.
Myhr, A. I., & Traavik, T. (2003). Genetically modified (GM) crops: precautionary science and
conflicts of interests. Journal of agricultural and Environmental Ethics, 16(3), 227-247.
NASEM. (2016a). Gene Drives on the Horizon: Advancing science, navigating uncertainty, and
aligning research with public values. Retrieved from Washington, D.C.:
NASEM. (2016b). Genetically Engineered Crops: Experiences and Prospects. Retrieved from
Washington, D.C.:
Nosek, B. A., Alter, G., Banks, G., Borsboom, D., Bowman, S., Breckler, S., . . . Christensen, G.
(2015). Promoting an open research culture. Science, 348(6242), 1422-1425.
O'Connor, A. (Producer). (2016). How the Sugar Industry Shifted Blame to Fat. Retrieved from
http://www.nytimes.com/2016/09/13/well/eat/how-the-sugar-industry-shifted-blame-tofat.html

TRUST, TRANSPARENCY, AND GMOS

28

Rodman, M. C. (2016). Holes in Harvard Sugar Study Expose Dangers of Industry Funding.
Harvard Crimson. Retrieved from http://www.thecrimson.com/article/2016/9/14/sugarstudy-exposes-dangers/
Schumaker, E. (2016). Harvard's Sugar Industry Scandal Is Just the Tip of the Iceberg. The
Huffington Post. Retrieved from http://www.huffingtonpost.com/entry/sugar-harvardscandal-nutrition-study_us_57d8088ee4b0aa4b722c6417
Shanker, D. (2016). How Big Sugar Enlisted Harvard Scientists to Influence How We Eat--in
1965. Bloomberg. Retrieved from http://www.bloomberg.com/news/articles/2016-0912/how-big-sugar-enlisted-harvard-scientists-to-influence-how-we-eat-in-1965
Siegrist, M. (2000). The Influence of Trust and Perceptions of Risks and Benefits on the
Acceptance of Gene Technology. Risk Analysis, 20, 195-203.
Sifferlin, A. (2016). How the Sugar Lobby Skewed Health Research. Time Magazine.
Simmons, J. P., Nelson, L. D., & Simonsohn, U. (2011). False-positive psychology undisclosed
flexibility in data collection and analysis allows presenting anything as significant.
Psychological science, 0956797611417632.
Spies, J. R. (2013). The open science framework: Improving science by making it open and
accessible. (PhD), University of Virginia, ProQuest. (3570855)

TRUST, TRANSPARENCY, AND GMOS

29

Supplementary Material A
Participants for this experiment were recruited by Research Now, an online data
collection company, from their US Consumer panel. Data was collected between June 20 and
June 27, 2016.
To compensate panel participants, Research Now uses an incentive-scale based on the
length of the survey and the panelists profile. Panel participants that are considered “timepoor/money-rich” are paid significantly higher incentives per completed survey than the average
panelist so that participating is attractive enough to be perceived as worth the time investment.
The incentive options allow panel participants to redeem from a range of options such as gift
cards, point programs, and partner products and services.
We requested a sample of 1200 participants. To obtain this sample, Research Now
emailed 18,230 panelists; 1,761 opened the email, 1,659 started the survey, and 1,199
participants were coded as “completes”. In order to be considered “complete”, participants had to
meet two requirements. First, we excluded participants who did not click through to the end of
the survey (participants could skip questions they preferred not to answer) and submit their
responses (n = 346; remaining participants = 1,313). Second, we excluded participants who were
suspected of “speeding” through the survey (i.e., clicking random options to quickly get through
the survey and receive their incentive payment). As the survey was designed to take 20 to 25
minutes, and the median response time was 20 minutes, participants who took less than 7
minutes (n = 58) were excluded and participants who took less than 10 minutes (but more than 7)
and missed two or more of the reading check questions (n = 56) were also excluded from being
coded as complete (remaining sample = 1,199).
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When coding participants as complete, we did not take into account participants who took
too long on the survey. Thus, 8 participants were excluded who were 2 standard deviations above
the average number of minutes spent taking the survey (Original Sample: Mean = 33.57 minutes,
Median = 20.05 minutes, SD = 134.30). In addition, 94 participants in the two open &
transparent conditions who missed the manipulation check item (i.e., recognizing that the
organization engaged in open and transparent research practices) were also excluded. The final
sample used for analysis consisted of 1097 participants.
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Supplementary Material B
Because random assignment does not guarantee that people of varying demographics will
be evenly distributed amongst the conditions, we tested to ensure that each demographic variable
did not vary amongst the six conditions. To do this, we used one-way ANOVAs to test the
continuous variables (education, age, religion, ideology, and income) and chi-square analyses to
test the binary variables (gender, Hispanic/Latino, black). No differences were found.
Table A1. Descriptive Statistics for the continuous demographic variables
Cond 1
Cond 2
Age (in years)
45.54
50.26
Mean
16.39
17.06
SD
Education (in years)
13.21
13.31
Mean
1.80
1.80
SD
Income (in thousands)
62.20
61.04
Mean
43.23
43.16
SD
Religiosity (on a scale from 0 to 5)
2.81
2.83
Mean
1.67
1.71
SD
Ideology (on a scale from 1 to 5)
Mean
2.90
2.95
SD
1.16
1.20

Cond 3

Cond 4

Cond 5

Cond 6

Overall

46.76
16.24

47.75
15.69

47.12
16.53

46.93
16.89

47.39
16.48

13.06
1.90

13.24
1.80

13.03
1.76

13.15
1.94

13.16
1.83

57.53
38.44

53.98
40.27

59.40
38.02

55.45
37.31

58.32
39.95

3.03
1.64

2.95
1.72

3.12
1.69

3.03
1.70

2.97
1.69

2.96
1.14

2.81
1.09

2.98
1.29

2.88
1.15

2.92
1.17

Table A2. Results from the one-way ANOVAs.
Age

Education

Income

Religiosity

Ideology

Between
Within
Total
Between
Within
Total
Between
Within
Total
Between
Within
Total
Between
Within
Total

Sum of Squares
1,426.03
296,066.99
297,493.01
10.12
3,667.53
3,677.66
7,535.54
1,477,066.42
1,484,601.958
13.65
3,097.42
3,111.07
3.42
1,446.06
1,449.48

df
5
1091
1096
5
1091
1096
5
925
930
5
1091
1096
5
1047
1052

F
1.051

p
0.386

0.602

0.698

0.944

0.452

0.962

0.440

0.495

0.780
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Table A3. Percentages for the binary demographic variables.
Cond 1
Cond 2
Gender
Female
50.3
50.7
Hispanic or Latino
Yes
6.0
8.8
Black or African American
Yes
15.6
15.4

Cond 3

Cond 4

Cond 5

Cond 6

Overall

50.3

55.6

52.2

47.6

51.0

11.5

9.3

7.5

9.0

8.7

16.0

16.6

16.9

14.3

15.8

Table A4. Results from Chi-Square analysis
Gender
Hispanic/ Latino
Black or African American

χ 2 Value
2.446
4.259
0.642

df
5
5
5

p
.785
.513
.986

Phi
.047
.062
.024
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Supplementary Material C
Attitudes toward GMOs
To measure attitudes toward GMOs, we asked participants what they thought about the
safety of GMOs, about several potential risks and benefits of GMOs, about banning GM
technology, about labeling GMOs, about regulating GMOs, and whether the participant avoids
eating GMOs.
Safety. Participants were asked to state whether they believed that GMOs were safe
where 4 was “GMOs are as safe as conventional crops” and 0 was “GMOs are NOT as safe as
conventional crops” (M = 1.94, Med = 2.0, SD = 1.19). A one-way ANOVA shows no
significant differences between perceptions of GMO safety across the six conditions, F(5, 1091)
= 0.490, p = .784.
Risks and Benefits. Participants to rate a set of four specific potential risks and four
specific potential benefits of GMOs. Participants first had to say “how likely this is to be a real
risk/benefit from GMO technology”. The responses for this item were coded to be a proxy for
the participant’s perception of base rate, where we coded not at all likely as .25, somewhat likely
as .50, and very likely as .75. Then, participants were asked to rate “how dangerous/helpful is
this risk/benefit, if it is a true risk/benefit”. These responses were coded to be degree of
dangerousness or helpfulness, where we coded a little dangerous/helpful as 1, moderately
dangerous/helpful as 2, and extremely dangerous/helpful as 3. We then multiplied these two
values together, allowing us to weight each of the perceptions of how helpful a benefit or
dangerous a risk is with the perceived base rate.
The four risk items were: increased herbicide use, increased allergens, antibiotic
resistance, and unpredictability. These items were internally consistent (alpha = .82) and loaded
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onto one factor in a principal axis factor analysis. Moreover, the items generally show similar
relationships as one another with age, education, and safety8.
The four benefit items were: improving nutrition, saving crops from viruses, combatting
disease, and protecting the environment. These items also loaded onto one factor and had high
internal consistency (alpha = .85). Moreover, like the risk items, the benefit items show similar
relationships as one another with age, education, and perceptions of safety.
Therefore, we combined these items into an averaged index of GMO risk perceptions
(M = 1.32, Median = 1.25, SD = 0.55) and an averaged index of GMO benefit perceptions
(M = 1.31, Median = 1.25, SD = 0.56), both of which were on a scale from 0.25 to 2.25. Oneway ANOVAs show no significant differences of GMO risk perceptions or GMO benefit
perceptions across the six conditions: GMO risks: F(5, 1091) = 1.18, p = .319; GMO benefits:
F(5, 1091) = 1.35, p = .239.
Banning GMO Technology. Participants were also asked whether GMO technology
should be (a) banned in all circumstances, (b) banned for making food items, but allowed for
making non-food items, or (c) should not be banned. We recoded this into two variables: one
representing whether the participant believes in banning all GM technology (10.8% of the
sample) and one representing whether the participant believes in banning GM food only (40.8%
of the sample). A chi-square test showed no significant differences in proportion of participants
supporting the banning of all GM technology across the six conditions, χ 2(5) = 1.43, p = .921. In
addition, a chi-square test showed no significant differences in proportion of participants
supporting the banning of GM foods across the six conditions, χ 2(5) = 6.68, p = .246.

8 Relationships with age and education are all non-significant except for the risks of antibiotic
resistance item, which was significantly, positively related to education (r = .06, p = .03) and age (r =
.09, p = .005).
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Labeling GMOs. Participants were told that some people believe GMOs should be
labeled because it gives consumers a choice in what they purchase and eat, whereas other people
believe products containing GMOs should NOT be labeled because it intensifies the
misperception that GMOs on the market are toxic or allergenic (the order of these two beliefs
was randomized between participants). Then, participants were asked whether products
containing GMOs should or should not be labeled. About 90% of participants said that GMO
products should be labeled. A chi-square test showed no significant differences in proportion of
participants supporting the labeling of GMOs across the six conditions, χ 2 (5) = 4.21, p = .519.
Regulating GM Technology. Participants were told that some people believe that the
Environmental Protection Agency (EPA) and the Food and Drug Administration (FDA) should
strictly regulate GMOs to make sure that there are no environmental or health risks, whereas
other people believe that GMOs should NOT be regulated because they have been shown to be
as safe as conventional crops and conventional crops are not regulated (the order of these two
was randomized between subjects9). Then, participants were asked whether GMOs should be
regulated or not. About 85% of participants in the study said that GMOs should be regulated.
A chi-square test showed no significant differences in proportion of participants supporting the
regulation of GMOs across the six conditions, χ 2 (5) = 2.77, p = .736.
Avoid eating GMOs. Participants were asked if they purposefully avoid eating GMOs or
not (regardless of whether or not they have ever eaten GMOs). About 34% of participants in the
study said that they purposefully avoid eating GMOs. A chi-square test showed no significant
differences in proportion of participants avoiding GMOs across the six conditions, χ 2 (5) = 4.47,
p = .484.

9

The order of the presented beliefs about labeling that were described prior to asking participants what their own
beliefs about labeling did not influence participants’ responses, χ 2 (1) = .457, p = .499.
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GMO Knowledge
To measure knowledge about GMOs, we asked participants how much they have heard
about GMOs (i.e., familiarity), what they believe is the scientific consensus of GMO safety, and
what process is used to make GMOs.
Familiarity. Participants were asked how much they would say that they have heard or
read about GMOs on a scale from 1 (not very much at all) to 5 (a great deal). Participants across
all conditions had a mean familiarity of 3.11 (“some”) and a SD = 1.11. A one-way ANOVA
showed no significant differences in familiarity with GMOs across the six conditions, F(5, 1185)
= 0.712, p = .615.
Process. Participants were asked, to the best of their knowledge, which best describes the
process used to create genetically-modified organisms10:


Plants are mated or cross-pollinated with other plants in order to create more desirable
traits [cross-pollination].



Plant genomes are subjected to radiation treatments to induce changes to genes in order to
create more desirable traits [mutagenesis].



A specific gene or sequence of genes is targeted and either “turned-off”, “turned-on”, or
exchanged to create more desirable traits [gene-editing].

We dummy coded the variable so that we had a variable for those who thought it was
mutagenesis (10.4%) and one for those who correctly chose gene-editing (45.3%). A chi-square
analysis showed no significant differences in proportion of participants choosing mutagenesis
across the six conditions, X2(5) = 3.33, p = .650; nor was there significant differences in the

10

The labels shown here in brackets were not shown to participants.
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proportion of participants choosing genetic-engineering across the six conditions, X2(5) = 8.40, p
= .136.
Consensus. Participants were also asked what most scientists view of the safety of GMOs
is on a scale from -2 (GMO’s are not as safe to eat as conventional crops) to 2 (GMOs are as safe
to eat as conventional crops), with “uncertain about the safety of GMOs” (0) in the middle. We
recoded this variable into one called “consensus”, such that the two responses that indicated that
GMOs are as safe to eat as conventional crops (2 and 1) were given a 1 and the other responses
were given 0s. A little over half of the subjects recognized that scientific consensus currently is
that GMOs are as safe to eat as conventional crops (51%). A chi-square analysis showed no
significant differences in proportion of participants correctly recognizing what the scientific
consensus is across the six conditions, χ 2 (5) = 6.71, p = .243.
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Example press releases used in the experiment.

Figure B1. Experimental Stimuli for the Open and Transparent Corporation Condition
(Condition 2).
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Figure B2. Experimental Stimuli for the Baseline University Agricultural Department Condition
(Condition 3).
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Figure B3. Experimental stimuli for the real corporation condition using material from the
corporation’s website.
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Figure B4. Experimental stimuli from control condition using material taken from the
organization’s website.

41

TRUST, TRANSPARENCY, AND GMOS

42

Supplementary Material E
Table C1. Items from Critchley (2008) and our changes. Our changes are in red. Items that were
not changed have an asterisk at the beginning. Items that were not used are crossed out. All items
began with the stem: “How likely do you think it is that most of the researchers from
[organization]…” Respondents answered on a six-point scale from highly unlikely to highly
likely. Higher scores indicate higher agreement with the statement.
variable
money

media

society
contrib
unethical
honest
health

intellect
train
hack
work
expert
know

Item
are primarily motivated by money/ financial interests?
Motivated to win prizes and awards
Study things primarily because it will benefit their careers
Enjoy being treated as important people
Like having seek media attention
Want to be famous and well known
want to make life better for ordinary people
Want to improve Australian society
*Want to contribute towards the understanding of our world
Use unethical research methods [Rev coded]
*Are honest about the results of their research
Consider the well being of those who participate in their research how their research
influences the health and well-being of the American public.
Are truly interested in finding out about the things they study
Are naturally curious about their work
Have a true passion for their area of work
*Are very intelligent people
Have a natural talent for their particular area
*Are highly trained in what they do
Are encouraged by higher ranking members of [org] to “bend the rules” when
conducting research in order to report results that would be more profitable.
work at [org] because they were not good enough to get jobs somewhere else? [Rev
coded]
are top experts in their field?
know a lot about their areas of study?

Mean (SD)
4.11 (1.30)

3.81 (1.33)

4.20 (1.22)
4.17 (1.23)
4.11 (1.27)
4.26 (1.14)
4.12 (1.29)

4.75 (1.01)
4.67 (1.04)
3.48 (1.36)
2.53 (1.25)
4.31 (1.08)
4.84 (0.97)

