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ABSTRACT
Synthetic gene drive approaches are nascent technologies with potential
applicability for pest control for conservation purposes. Responsible
science mandates that society be engaged in a dialogue over new
technology, particularly where there exist global ramifications as with
gene drive. We hypothesize that public attitudes towards gene drive are
not formed on scientific knowledge or demographics alone, but are
heavily influenced by underlying worldviews, which encapsulate a broad
and interactive system of attitudes, beliefs, and values. To test this, we
conducted a national survey in New Zealand (n = 8199) and found that
respondents clustered into four distinct segments with underlying
worldviews, better able to explain attitudes toward gene drive than
either the participants’ scientific knowledge or other explanatory factors
such demographics, political ideology or religiosity. We found that the
use of gene drive for biodiversity conservation currently has moderate
(32%) levels of support in New Zealand but that varied substantially
across the four segments. Should gene drive become a technically viable
approach for pest control, understanding the worldviews that shape
public decision-making can guide a more empathetic engagement
process and empower society to participate in informed decision-
making about if and how gene drive should be used for conservation
purposes.
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Introduction

Utilizing gene drive to spread genetic traits through pest populations that result in their decline
(Burt, 2003) theoretically offers efficacy and efficiency benefits (Eckhoff, Wenger, Godfray, &
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Burt, 2017; Prowse et al., 2017) and circumvents some negative impacts of conventional pest control
(NASEM, 2016). However, such approaches are contentious due their extinction potential and gene-
editing basis (Redford, Brooks, Macfarlane, & Adams, 2019; Webber, Raghu, & Edwards, 2015).
Thus, understanding public attitude formation toward gene drive is essential as public opinion
can influence political and social support during the development phase and ultimately public
opinion must play a role in the determination of if and how such technologies are used (NAS/
NAM, 2017).

Responsible science mandates that society be engaged in a dialogue over new technology
(Ancillotti, Rerimassie, Seitz, & Steurer, 2016), particularly where there exist global ramifications
as with gene drive (NASEM, 2016). Scientists commonly adopt the knowledge-deficit model of
public engagement, which assumes that public concern arises from a lack of scientific knowledge
(ignorance) and can be overcome through the provision of technical information (Bauer, Allum,
& Miller, 2007). However, this approach often exacerbates public concern and the polarization
of social views (Pauwels, 2013) evidenced by experience with climate change (Hornsey, Harris,
Bain, & Fielding, 2016), GMO food (Gaskell et al., 2000), nano-technology (Lee, Markowitz,
Howe, Ko, & Leiserowitz, 2015), and synthetic biology in general (Akin et al., 2017). A greater under-
standing of the human decision-making process and implementing engagement initiatives derived
from social science research may result in a more constructive public conversation about novel
methods pest control methods (Estevez, Anderson, Pizarro, & Burgman, 2015).

Though it may be uncomfortable to accept that people (scientists included) are not entirely
analytical when it comes to decision-making, this process is an adaptive mechanism given the abun-
dance of information-processing required for daily life (Evans & Frankish, 2009). The dual-process
model has been developed across many disciples, each with its own nuances, such as the Elaboration
Likelihood Model from persuasion theory (Petty, McMichael, & Brannon, 1992), System 1 and Sys-
tem 2 from behavioral economics (Kahneman, 2011), and psychology (Evans, 2008). According to
the dual process model (Evans & Stanovich, 2013), analytic (factual) decision making is cognitively
demanding. Hence, it is often more efficient to guide decisions by heuristics (Hedlund-de Witt, De
Boer, & Boersema, 2014). This more intuitive and often quicker form of decision making is particu-
larly useful when encountering new and complex information (Evans & Stanovich, 2013).

Society is not homogenous in their decision making nor the underlying heuristics and worldviews
that shape the public’s decision-making process. Instead, the public often consists of subgroups with
varying, and sometimes conflicting, attitudes and values (Scheufele, 2018). Identifying these sub-
groups, known as audience segmentation, is a basic premise of effective science communication
(Mazerik & David, 2014). Segmentation models have been developed for climate change (Hine
et al., 2014), environmental behaviors (Tabi, Hille, & Wüstenhagen, 2014), science communication
(Schäfer, Füchslin, Metag, Kristiansen, & Rauchfleisch, 2018), stem cell research (Nisbet & Marko-
witz, 2014), and more recently pest management (Mcleod & Hine, 2019) but are underutilized in
conservation. There are many methods to develop segmentation models, see Hine et al. (2014) for
a review, and recent calls for greater rigor in their development and application (Füchslin, 2019).

Here we present a national-scale study which examined public attitudes towards three novel tech-
nologies that are in development and assessed how underlying worldviews were related to attitude
formation. The national population was then segmented based on the data. Identifying these sub-
groups, rather than looking at overall national opinion, is essential to effective communication as
smaller groups with vastly different attitudes and values require different approaches to be reached,
communicated with or motivate (Donovan & Henley, 2010).

New Zealand presents an interesting case when considering public attitudes to genetic technol-
ogies in the environmental space. First, New Zealand has a well-established and deeply entrenched
identity as an environmentally and conservation-focused nation (Russell, Innes, Brown, & Byrom,
2015; Seabrook-Davison & Brunton, 2014). Second, New Zealand is currently pursuing ambitious
conservation goals, most notably the 2016 government announcement of the “Predator Free
2050” initiative that aspires to eradicate key introduced predators impacting native biodiversity by
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2050 from the entire country (DOC, 2018). Finally, New Zealand has strong anti-GMO attitudes and
legislations (El-Kafafi, 2017). This mix of pro-environmental and anti-GMO attitudes, and the fact
that New Zealand has arguably one of the most ambitious conservation policies in which genetic
technologies might play a role, makes the public attitudes of New Zealanders an interesting counter
point to the better rehearsed EU and US cases. Our research sought insights into public attitudes
towards gene drive and two other emerging technologies for comparative purposes: the Trojan
Female Technique (Dowling, Tompkins, & Gemmell, 2015) and a pest-specific toxin (Campbell
et al., 2015) (see Supplementary Information for details on each technique).

Worldviews for profiling segments

To develop a segmentation model that explains attitudes towards novel pest control technology we
built on theoretical and empirical insights from the literature on public attitudes towards the
environment (e.g. Manfredo, 2008), new technology (e.g. Akin et al., 2017), science (e.g. Hornsey
& Fielding, 2017), and invasive species (e.g. Kapitza, Zimmermann, Martín-López, & von Wehrden,
2019) and selected constructs that may influence people’s perceptions of novel pest technology. The
use of multiple variables, rather than just a few, that cover a wide range of factors is an emerging
practice and provides a holistic approach to understanding public perception towards pest species
management (Shackleton et al., 2019). We term the following chosen constructs collectively as
worldviews and introduce the theoretical rationale for their inclusion in the segmentation model
below. Further details of the scales we selected to operationalize the worldviews can be found in
the Supplementary Information.

Environmental attitudes
The three novel pest control technologies have potential to achieve significant environmental and
conservation gains. Sharp, Larson, and Green (2011) found that overall pro-environmental attitudes
to be the best predictor of support for pest management. We selected three attitudinal scales (New
Ecological Paradigm (NEP), Dunlap, Van Liere, Mertig, and Jones (2000); New Zealand pest man-
agement scale, Aley (2016), and attitudes towards current pest control methods) to evaluate the lin-
ear premise that if people care and take action for the environment (Kollmuss & Agyeman, 2002),
they would be supportive of tools that offer biodiversity gains (Peltzer et al., 2019); i.e. the environ-
mental outcome justifies the tool.

Conservation and environmental behaviors
In addition to attitudes, we assessed participation in environmental behaviors (Sivek & Hungerford,
1990) and a subset of behaviors specific to conservation of biodiversity (Schultz, 2011). Participation
in these behaviors was collected as sometimes there is a gap between attitude and behavior (Kollmuss
& Agyeman, 2002) or engagement in the behaviors occurs for other reasons than environmental
benefits, known as co-benefits (MacDonald et al., 2019). Furthermore, participation and engagement
in pest species issues has been linked to support of management options in some studies (Ford-
Thompson, Snell, Saunders, &White, 2015) but not others (Sharp et al., 2011). We assessed behavior
as a measure of engagement in conservation issues and its relationship with support for novel pest
control methods.

Scientific knowledge
There is a linear assumption that a well-informed, scientifically literate population will be accepting
of scientific policy (Burgess, Harrison, & Filius, 1998; Nisbet, 2005). Based on the knowledge-deficit
hypotheses, providing more facts and information via education and increasing the public’s scientific
knowledge should resolve any discord with scientific topics (Bubela et al., 2009; Owens, 2000). How-
ever, the link between knowledge and support in scientific issues or policy can be tenuous and
depends on the specific scientific topic investigated and can be influenced by other variables, as
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seen with nanotechnology (Akin et al., 2017) and climate change (Zia & Todd, 2010). Pest manage-
ment research has shown that people with greater knowledge of pest species are often more in favor
of management options (Kueffer, 2013; Sharp et al., 2011). While utilizing other behavioral science
frameworks, not based on the knowledge-deficit hypothesis, for more effective engagement in pest
management has been suggested, (McLeod, Hine, Please, & Driver, 2015), there is still a reliance
on raising awareness of pest species in this field (Andreu, Vilà, & Hulme, 2009; García-Mira,
Real, & Romay, 2005). Given the novelty of the scientific tools in this research, we wanted to explore
the relationship between different types of scientific knowledge (scientific intelligence, pest-specific
knowledge, subjective knowledge) and the level of public support for the tools and test the knowl-
edge-deficit hypothesis.

Trust
Trust is a key predictor of public support of policy across many disciplines (Thaker, Howe, Leiser-
owitz, & Maibach, 2018), especially when the issue is new or complex (Slovic, 1987). Individuals are
more likely to adhere to messages and information from sources they trust and discount the infor-
mation from sources they distrust (Williams, 2001). In pest management, mistrust between stake-
holders and decision makers is a key source of conflict (Estevez et al., 2015). Thus, there was a
strong theoretical justification for including trust in our model, which we measured via two scales-
trust in science and trust in organizations.

Values
Values are deep-rooted goals or motivations that can inform attitudes and guide behaviors (Bardi &
Schwartz, 2003; Vaske & Manfredo, 2012). Values have been found to be a key influence on opinion
towards novel technology (e.g. Ho, Brossard, & Scheufele, 2008; Su et al., 2016) and pest control
management (Novoa, Dehnen-schmutz, Fried, & Vimercati, 2017). To date, most research on the
role values play on pest management decisions has focused on environmental values (Estevez
et al., 2015). For the purpose of our study, we wanted to examine a much wider and holistic
range of values that have been applied across multiple disciplines, not just emerging technology
or environmental issues, thus we utilized the personal-values questionnaire (PVQ) (Schwartz, 2003).

Socio-political views
How an individual views the social structure of society, if there are social ingroups and outgroups,
and the degree to which the current social system should be preserved has been linked to an indi-
vidual’s attitude towards numerous collective challenges facing society today. Individuals that
believe in a strong group-based hierarchy and legitimise the inequity between groups are suppor-
tive and justify numerous issues such as racism, prejudice, and policies supporting conflict over
social programs (Feygina, Jost, & Goldsmith, 2010; Pratto & Sidanius, 2006). Socio-political views
have recently been effective at explaining attitudes towards the environment and denial of climate
change with individuals with authoritarian, hierarchical or dominance-based attitudes more
likely to reject climate change and not support pro-environmental actions or policies (Stanley
& Wilson, 2019). These individuals may believe humans are hierarchical to nature and thus
are justified in the exploitation of the environment. Furthermore, they do acknowledge that
the exploitation results in a problem thus they do not see a need to alter their current behavior.
We included two well-used socio-political metrics, social dominance orientation (Pratto & Sida-
nius, 2006) and system justification (Feygina et al., 2010), as they have been effective at explaining
attitudes on a range of social issues, including environmental, but have not been applied to pest-
management for conservation gains to date. These measures have been more effective at explain-
ing attitude towards environmental issues than political orientation alone (Stanley & Wilson,
2019).
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Methods

A representative sample of New Zealanders (n = 8,199; reflective of the 2017 adjusted census) was
surveyed using the online Colmar Brunton Panel™ which adheres to ISO 20252:2012 certification
and the project adhered to Research Association of New Zealand’s Code of Practice; all responses
were confidential. Respondents received points for each survey they completed which are redeemed
against goods or services. Participants were only awarded points for completing the entire survey and
responding to all questions; thus, there was no missing data.

Survey design

The survey (see Supplementary Information A for the full survey) consisted of all Likert-style ques-
tions. Respondent’s score for each measure was computed by averaging over the items after reverse
coding relevant items, unless otherwise noted. We considered all variables unidimensional in all
analyses.

Environmental attitudes
The New Ecological Paradigm (Dunlap et al., 2000) was measured with fifteen items, e.g. when
humans interfere with nature, it often produces disastrous consequences, on a scale from 1 (strongly
disagree) to 7 (strongly agree).

New Zealand pest management attitude scale (Aley, 2016) was measured with nine items, e.g. pest
species are a significant conservation problem, on a scale from 1 (strongly disagree) to 7 (strongly
agree).

Current pest control attitudes (Department of Conservation, 2016) were measured with ten pest
control statements, e.g. hunting, trapping, with participants rating each statement from 1 (should
never be used) to 6 (I have no concern at all about this method).

Environmental behaviours
Current conservation and environmental behaviors (Hughey, Kerr, Cullen, & Bay, 2013) were
measured by participants rating six activities, e.g. compost organic waste, on a scale of 1 (every
week) to 7 (never).

Scientific knowledge
Scientific knowledge was measured utilizing Kahan’s (Kahan, 2017) ordinary science intelligence
(OSI) scale. Respondents answered six questions, e.g. lasers work by focusing sound waves, as 1
(true), 2 ( false) and 3 (don’t know). Individual scores were calculated as the number of correct
answers.

Pest-specific objective knowledge, based on Sharp et al. (2011), was measured with four questions,
e.g. possums spread tuberculosis (Tb) to livestock, as 1 (true), 2 ( false) and 3 (don’t know). Individual
scores were calculated as the number of correct answers.

Subjective pest-control knowledge (Flynn & Goldsmith, 1999) was measured with five items, e.g. I
think I know enough about pest control to feel pretty confident about my view on the topic, with par-
ticipants rating each statement from 1 (strongly disagree) to 5 (strongly agree).

Trust
Trust in science and scientist (Nadelson & Hardy, 2015) was measured with six items, e.g. today’s
scientists will sacrifice the well-being of others to advance their research, on a scale from 1 (strongly
disagree) to 7 (strongly agree).

Trust in organizations (Akin et al., 2017) was measured with eight questions, with participants
rating each organization, e.g. elected officials, business leaders, from 1 (strongly distrust) to 7
(strongly trust).
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Values
Portrait Values Questionnaire (Schwartz, 2007) was measured with twenty-one value-based state-
ments describing a person, e.g. she believes that people should do what they are told. She thinks people
should follow the rules at all times, even when no one is watching, with participants rating how much
the person is like him/her on a 6-point scale ranging from 1 (very much like me) to 6 (not at all like
me). The PVQ’s 10 values were calculated by centering each respondent’s responses around his/her
mean responses to all 21 items.

Socio-political views
Social Dominance Orientation (Ho et al., 2012) was measured with eight items, e.g. an ideal society
requires some groups to be on top and others to be on the bottom, with participants rating statements
as 1 (strongly oppose) to 7 (strongly favour).

General system justification (Feygina et al., 2010) was measured with four items, e.g. in general, I
find society to be fair, on a scale from 1 (strongly disagree) to 7 (strongly agree).

Demographic variables
The following demographics were collected from each respondent: geographic region, age, gender,
ethnicity, political orientation, religiosity, country of birth, education level, and income.

Measuring level of support for pest control
We measured levels of public support of gene drive, the Trojan female technique, and a species-
specific toxin for pest-control using two Likert methods and choice modeling. The two Likert
methods were: (1) when presented with only the term, i.e. gene drive; respondents answered on 6-
point Likert attitudinal support measure (1 = should never be used to 6 = I have no concerns at all
about this method); followed by (2) the same attitudinal support measure but when presented
with a short, technical description of the tool (i.e. genetic editing that results in most offspring
being male). We chose these two formats to investigate the impact on decision making when respon-
dents had potentially little knowledge of the subject (term only) compared to when they were pro-
vided with additional information, as Pauwels (2013) found that the presentation of more facts led to
greater risk perception, not less, contract to the knowledge-deficit hypothesis.

The third method was a choice-based conjoint analysis (choice modeling) drawn from behavioral
economics. We selected this method as people’s judgements do not occur in a vacuum, and thus pro-
viding a broader context and allowing people to choose between different scenarios, can provide dee-
per insight into their preferences (Louviere, Hensher, & Swait, 2000). Conjoint analysis is a technique
for studying the choices people make between various attributes – in our case, these were: novel pest
control method (gene drive, Trojan female technique, pest-specific toxin), target species (rat, wasp,
stoat), delivery technique (on the ground or from the air), and outcome (death or infertility). Par-
ticipants were presented with two novel pest-control scenarios nine times and asked to select a pre-
ferred scenario (or neither) and the levels varied over the nice scenarios (see Supplementary
Information B for an example and how the novel technologies were described to participants).

Data analysis

Choice modeling
The choice based conjoint data was subject to Hierarchical Bayes (HB) analysis (Schwartz, 1978).
Sawtooth Software CBC/HB Version 5.5.2 was used to estimate the parameters for preference.
We estimated utility or preference scores for a total of 25 features (the 10 levels of the original vari-
ables and 15 interaction terms) in the choice modeling analysis. To determine the impact of the attri-
butes (novel pest control method, target species, delivery method, and outcome) we calculated the
average importance rating. This provides a relative ranking for which attributes are influencing
preference.
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Segmentation identification
Segments were created following a two-step process as suggested by Swait (1994) based on the world-
view constructs (See Supplementary Information for more details). First, latent class cluster analysis
(LCA) using the thirteen worldview variables was used as a statistical guide to select the number of
segments (Jung & Wickrama, 2008). Next, based on LCA results, a theoretical approach to the seg-
ments was adopted to ensure the chosen clustering was meaningful (Prayag, 2012). Finally, we con-
ducted a discriminant function analysis (Klecka, 1980) to visualize the groups by plotting the
individual scores on the first two canonical variables and reported the cross-validation statistic as
an estimate of model prediction performance (Chan, 2000).

Results

Overall support levels towards novel pest control methods

Participants supported gene drive (32%) the least when compared with the Trojan female technique
(42%) and the pest-specific toxin (52%). Based on choice modeling, average importance ratings indi-
cated that delivery method was slightly more important (AI = 36.1%) than the technology itself (AI
= 30.6%) in determining participants preferences; outcome (AI = 17.9%) and target species (AI =
15.4%) were substantially less important.

Facts lead to polarised concern

Overall, when presented with the technical term only, most participants felt uncertain about gene
drive (Figure 1(A)), with the distribution of public attitudes mirroring the diffusion of innovation
curve (Rogers, 2003). The subsequent provision of short technical descriptions resulted in the polar-
ization of attitudes with a shift towards greater concern (Figure 1(B)), contrary to the knowledge-
deficit model.

Identification and validation of segmentation model

A four-segment solution was considered the most parsimonious option based on LCA results. The
drop in BIC score from aggregate to 2 classes and 2–3 classes was −1.82% and −.86% respectively.
Improvements in BIC were marginal when going from 4 to 5 (BIC =−66%) compared to 3–4 (BIC =
−.65%). The expert panel reviewed the four and five segment options, and only one review round
was needed to achieve consensus support for the chosen four-segment option (the four segments
were referred to as the humanitarian, individualist, pragmatic, and scientific perspectives). The
four-segment model yielded 87% correctly assigned cases in discriminant analysis with humanitar-
ian, individualistic, pragmatic and scientific perspective cross validation at = 86%, 87%, 88% and 87%
respectively. The discriminate function revealed a significant association between groups and all pre-
dictors accounted for 62.6% of between group variability.

Overall, the worldviews explained significantly greater variance in opinion toward gene drive
(R2 = .330, F(8,8190) = 500.812, p < .001) compared to demographics (age, gender, political ideology,
religiosity, education) (R2= .015, F(2,8196) = 61.852, p < .01), confirming the strength of utilizing
worldviews for the segmentation model.

Four segment model
The first segment (n = 2443; 32%), humanitarian, had the highest levels of environmental concern
(M = 5.20 +/− 0.01), and strong levels of conservation behavior (M = 4.66 +/− 0.02); but lower levels
of pest-specific knowledge (M = 2.82 +/− 0.02), and the lowest level of support for current pest con-
trol methods (M = 3.03 +/− 0.01) (Figure 2). They had moderate levels of trust in science and scien-
tists (M = 4.08 +/− 0.02), trust in organizations (M = 3.77 +/− 0.02) and objective general science
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Figure 1. Percentage of Participants (n = 8199) and their opinion toward gene drive as a pest control method based on (A) word
association and (B) short technical description (see SI Appendix for methods). With more factual information (i.e. B compared to A),
15% of participants became more concerned whereas only 5% became less concerned.

Figure 2. Underlying worldviews across the four perspectives of New Zealand society (n = 8199). Error bars represent 95% confi-
dence intervals.
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knowledge (M = 4.13 +/− 0.03). This segment also had the lowest score for social dominance orien-
tation (M = 2.90 +/− 0.02) and system justification (M = 3.83 +/− 0.02) (Figure 2). Analysis of New
Zealand pest management attitude scale revealed this segment are least likely to support killing pos-
sums and stoats to protect New Zealand’s native species (M = 5.47 +/− 0.03), less likely to agree
native species have greater rights over exotic species (M = 5.52 +/− 0.03) and believe pest control
interferes with nature (M = 4.27 +/− 0.03). Analysis of PVQ scores for this segment found the
high levels of universalism (tolerance and protection for the welfare of all people and for nature)
and benevolence (preservation and enhancement of the welfare of people with whom one is in fre-
quent personal contact) but low levels of achievement (personal success) and conformity (restraint of
actions, inclinations and impulses likely to upset or harm others and violate social expectations or
norms) (Figure 3). The humanitarian perspective had the least support for a new pest-specific
toxin baiting system (29%), moderate support for the Trojan Female Technique (39%) and gene
drive (36%) (Table 1).

The second segment (n = 1449; 18%), individualistic, was characterized by a high degree of
environmental concern (M = 5.17 +/− 0.03), high levels of objective scientific knowledge (M =
4.40 +/− 0.04), pest-specific knowledge (M = 3.25 +/− 0.02), and New Zealand pest management
attitude (M = 4.8 +/− 0.02). In contrast they had the lowest rate of conservation behaviors (M =
4.22 +/− 0.03), trust in organizations (M = 3.35 +/− 0.02) and trust in scientists (M = 3.19 +/−
0.02) (Figure 2). The individualistic segment had low scores for social dominance orientation (M
= 3.06 +/− 0.03) and system justification (M = 3.52 +/− 0.03) (Figure 2). This segment was the high-
est in benevolence, universalism, and self-direction (Independent thought and action-choosing,
creating, exploring) partnered with the lowest levels of conformity, achievement, hedonism (pleasure
and sensuous gratification), and power (social status and prestige, control or dominance over people
and resources) (Figure 3). The individualistic perspective had low level of support for the Trojan
Female Technique (29%) and gene drive (28%) and greater levels of support for a new pest-specific
toxin baiting system (45%).

The pragmatic segment (n = 2536; 31%) had the highest rate of conservation behaviors (M = 4.73
+/− 0.02) but the lowest level of environmental concern (M = 4.54 +/− 0.01), pest-specific knowledge
(M = 3.25 +/− 0.02), and New Zealand pest management attitude (M = 4.80 +/− 0.02); however, this
segment rated pest species as a significant threat to conservation at the highest rate (M = 6.04 +/−
0.02). They had moderate levels of trust in scientists (M = 4.00 +/− 0.00) and attitudes towards cur-
rent pest control methods (M = 3.17 +/− 0.01). The pragmatic segment had the highest score for
social dominance orientation (M = 3.41 +/− 0.02) and high level of system justification (M = 4.04
+/− 0.02). Based on PVQ scores, this segment was the highest in security, conformity, and tradition
(respect, commitment and acceptance of the customs and ideas that traditional culture or religion

Figure 3. Average centerd personal values [Portrait Values Questionnaire, PVQ (Schwartz, 2007)] across the four perspectives of
New Zealand society (n = 8199).

912 E. A. MACDONALD ET AL.



provide the self) (Figure 3). The pragmatic segment had the lowest level of support for gene drive
(22%) and Trojan Female Technique (28%) but a high level of support for a pest-specific toxin bait-
ing system (52%).

Finally, the fourth, or scientific, segment (n = 1771; 22%) had the highest level of scientific knowl-
edge (M = 4.68 +/− 0.03), pest-specific knowledge (M = 3.47 +/− 0.02), New Zealand pest manage-
ment attitude (M = 5.15 +/− 0.02), trust in scientist (M = 4.76 +/− 0.01), trust in organizations (M
= 4.08 +/− 0.02). However, they had moderate levels of environmental concern (M = 4.94 +/−
0.02) and low levels of conservation behavior (M = 4.94 +/− 0.02). The scientific segment had the
highest level of system justification (M = 4.29 +/− 0.02) but a lower rate of SDO (M = 3.09 +/−
0.02). Across the PVQ values, the scientific perspective exhibited the lowest tradition score (Figure
3). The scientific segment had the highest level of support for all three new technologies: gene drive
(53%), Trojan Female Technique (68%), and pest-specific toxin baiting system (72%).

Discussion

This research has made two key findings that are relevant to the ongoing gene drive dialogue. First,
simply providing facts about nascent technologies counter-productively increased polarization of
societal views. Future public engagement regarding gene drive that relies solely on educating people
by providing more scientific information and facts seriously risks limiting (and potentially inflam-
ing) public discourse. Second, worldviews explained opinion towards the emerging technologies bet-
ter than demographics reiterating that decision making is often based on underlying values and
heuristics (Kahneman, 2011). Engaging the public on emerging pest control technology must be
values-based and not rely exclusively on providing facts about the emerging technology to meaning-
fully empower society to participate in informed decision-making about if and how gene drive
should be used.

Our segmentation model provides insight into the underlying worldviews that may be influencing
opinion towards gene drive in New Zealand. Interestingly, unlike what has been found in much of
the research in the US, political ideology and religiosity has little bearing on attributes in New Zeal-
and (Scheufele et al., 2017; Wald & Calhoun-Brown, 2018). The four segments our analysis found
showed diverse attitudes and aspirations and understanding these underlying worldviews offers
opportunities to optimize engagement towards responsible science development and ultimately inte-
grating public opinion into policy decisions.

The humanitarian segment is largely framed through a desire for greater social equality and lack
of trust in authorities. Participants holding this perspective value the sanctity of all life and differed
little in their view of native and introduced pest species. They were less accepting of toxins (both
current and future use) but were more open minded to gene drive and Trojan female technique poss-
ibly due to the non-lethality of these tool. Their lower pest knowledge suggests their perceptions of

Table 1. Preferences for three novel pest control technologies for biodiversity conservation (GD = gene drive; PST = pest specific
toxin baiting system; TFT = Trojan Female Technique), interpreted through the four-perspective framework and the characterizing
worldviews chronically salient in each perspective.

Humanitarian
perspective

Individualist
perspective

Pragmatic
perspective

Scientific
perspective

National
average

Proportion of total
participants in the
perspective

30% 18% 31% 22%

Percentage of
participants
supportive of novel
technology

GD – 36% GD – 28% GD – 22% GD – 53% GD – 32%
PST – 29% PST – 45% PST – 52% PST – 72% PST – 52%
TFT – 39% TFT – 29% TFT – 28% TFT – 68% TFT – 42%

Underlying dominant
worldview

Sanctity of all life – value
both introduced and

native species

Distrust of top
down initiatives
and officials

Economic impact of
pest control; status

quo retained

Trust in science
and scientists
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conservation are likely to be driven by a more wholistic desire for the thriving of life rather than the
goal of preserving native species. Basing engagement with this segment on a sanctity of all life and
emphasizing the humanness of future genetic tools would resonate more deeply than factually-dri-
ven communication based on the information-deficit hypothesis.

Participants within the individualistic segment express a desire for radical societal change,
extreme distrust in authorities, and a strong sense of self-direction, i.e. the desire for autonomy
and freedom in one’s life and actions. They have high pest knowledge and are the most likely to
rate all future and current pest control methods should not be used under any circumstance. How-
ever, in the choice scenarios, their preferences are more moderate. This may suggest their opinion
towards pest control methods is more conceptual than practical possibly rooted in resistance to auth-
ority and top-down initiatives rather than the pest control method per se. Furthermore, participants
in this group expressed the strongest avoidance of chemicals suggesting their dislike for current toxin
use and future pest control methods is based on the “non-natural” aspect of the techniques or they
perceive chemicals as inhumane. Communication that focuses on the individual benefits and oppor-
tunities for the individuals to participate in both practical measure and discussion are likely to be
more effective. Moreover, engagement driven by participatory methods, where one does rather
than says, may yield more productive outcomes.

The pragmatic perspective prioritizes the freedom to personal prosperity and are predominately
concerned with the impact that pests and related pest control approaches have on their individual
livelihoods. These participants tend to support the rationale behind existing pest control methods,
possibly for the economic benefits, and do not see the need for investing in future technological sol-
utions such as gene drive and Trojan female technique. This may be tied to their lower concern about
the environment as they do not perceive pests as a strong conservation issue. Finally, the pragmatic
segment may not be influenced by scientific information, but instead, they have the highest trust in
businesses and church leaders. This provides an opportunity for tapping into community leaders as
communicators and by framing the communication in ways that emphasize individual economic
prosperity.

The final perspective prioritized scientific objectivity in decision making and perceive society as
just and fair. Participants had the highest trust in science and scientists, highest science knowledge,
and a high trust in organizations. While they are knowledgeable about New Zealand conservation
and pest context, they have a lower than average relationship to nature and are engaging in signifi-
cantly less conservation behaviors. This perspective was more supportive of current and future pest
control methods. Engagement with this segment may be comparatively straight forward and focus
on providing facts from the scientific community.

In conclusion, our study found overall moderate support for gene drive. Indeed, unsurprisingly
for an emerging technology, there is little knowledge of it and respectively little interest in or concern
about it. But in many ways, this is the crucial time for thinking about how to best engage the public
with emerging gene-based pest control technologies, and our study shows that an information-dri-
ven engagement is likely to be unhelpful if not counter-productive. We recommend that future
engagement on this topic integrate the underlying worldviews of the different perspectives.

A key goal of our study was to provide policy and decision makers with a baseline understanding
of New Zealanders’ (and people in general) opinions to novel pest control technologies and the
underlying worldviews that shape their opinion. Our goal is for the research to be used to develop
a more empathic path forward when consulting with the public and avoid the traditional paradigm
that providing more knowledge to the public will convince them to accept the new technology.
Understanding the underlying values associated with the public opinion towards novel pest control
methods, and integrating them into structured decision making, may help reduce or avoid conflicts
over future management (Estevez et al., 2015). Should gene drive become a technically viable
approach for pest control, such engagement would ensure a responsible process that empowers
society to participate in informed decision making about if and how gene drive should be used
for conservation purposes.
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