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Public engagement on rapidly advancing gene-editing technologies requires attention not

merely to science and economics, but also to culture. In focusing on the similarities and

differences between Indigenous and non-Indigenous perspectives on new and emerging

genetic technologies, this article reports on a national survey in Aotearoa New Zealand

among a stratified random sample of an equal number of Māori and non-Māori participants.
Identifying approaches to the experimentation, use, and potential commercialization of

genetic technologies, the article moves along the continuum of nuanced cultural insights into

gene editing for purposes ranging from human medical treatments and food production to

conservation of native species of plants and animals and pest eradication. The development

of typologies using K-means cluster analysis reveals the public’s complex responses to

genetic modification as well as gene editing. The article signals how recognizing a diversity of

values on gene-editing technologies can help shape a robust policy design on the use and

regulation of gene technologies in a variety of sectors and contexts.
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Introduction

New gene-editing technologies with an ability to splice
DNA sequences seamlessly in vivo are at the cutting edge
of biomedical, agricultural, and human disease-treatment

research (e.g., Bortesi and Fischer, 2015; Khalil, 2020; Li et al.,
2020; Osakabe et al., 2020; Oura et al., 2021). Pioneered in the
laboratories of Jennifer Doudna and Emanuelle Charpentier,
winners of the Nobel Prize for Chemistry in 2020, the CRISPr-
Cas9 technology to edit genomes (see e.g., Jinek et al., 2012) has
revolutionized applications of genetic research, leading to the
development of gene-edited crops and insects and clinical trials
on treating human conditions such as anemia, blindness,
and even cancer (Ledford and Callaway, 2020). As with most new
and emerging technologies, gene-editing technologies have
sparked both exhilaration about their potential to improve the
quality of human life and food and concern about the ethical
consequences of altering living systems. Typically, those who have
faith in such new technologies ramp up their benefits and those
who are critical of these technologies emphasize the risks they
pose (Kato-Nitta et al., 2019; see also Sandin and Moula, 2015).

As recent research has shown, public engagement is not merely
about expanding science literacy. An exhaustive study by Kato-
Nitta et al. (2019), for example, shows that assumptions about the
deficit model are not necessarily as relevant for new genetic
technologies as they were for older technologies and while
increased scientific knowledge could increase the lay public’s
perceptions about the benefits of newer technologies, they did not
make much difference to their risk perceptions.

We argue that communication on new technologies requires
attention not merely to science and economics, but also to cul-
ture, especially when public opinion on the use of such tech-
nologies is polarized. Public engagement frameworks on gene
technologies have not kept pace with the rapid pace of develop-
ments both inside and outside laboratories. More importantly,
they have not adequately engaged with the wide diversity of
cultural aspects of gene-editing applications. Emphasizing a
scholarly “obligation to consider the place of culture seriously,”
Epstein (2008) points out that it is only a focus on culture that
allows for “understanding matters like the downstream con-
sumption and everyday grappling with science and technology;
the engineering of communication across epistemic gulfs within
‘knowledge societies’; and the fundamental intertwining of sci-
ence, the state, and the market” (p. 166).

An extensive scholarship on science and technology studies
(STS) (e.g., Felt et al., 2017; Jasanoff et al., 1995) and feminist
science studies (Mayberry et al., 2001; Cipolla et al., 2017) has
demonstrated how modern science and technology is suffused
with Eurocentrism, colonialism, racism and sexism, among other
isms—reflective of the social and political contexts in which they
are grounded. As Harding (2001) has pointed out, science has
always been a part of the culture of its time; and there is perhaps
much greater acknowledgement today that all knowledge claims
are imbued with cultural values. It is unsurprising then that sci-
entific and technological developments are often marked by
controversies, representing as they do “struggles over meaning
and morality, over the distribution of resources, and over the
locus of power and control” (Nelkin, 1995, p. 445). Some of the
common disputes identified by Nelkin (1995) include those
triggered by social, moral or religious perspectives on science, and
ones arising from conflicts between environmental commitments
and political or economic agendas or between individual prio-
rities and community objectives.

Biotechnology and the creation of transgenic organisms, in
particular, has long been a source of moral, political and social
tensions (Krimsky, 1991; Haraway, 1997; Jasanoff and Hurlbut,
2018), invoking questions around commercial interests versus

public good, whether and in what ways it may constitute “tam-
pering with nature”, and concerns around purity and a trans-
gression of boundaries (Kurian and Munshi, 2006). In such
fraught contexts, science policy can only hope to foster public
trust by engaging with the cultural and moral imperatives that
shape the issue at hand.

In the space of climate science communication, for example,
scientists have done significant work on generating and dis-
seminating climate modeling data to help plan adaptation pro-
cesses in climate-vulnerable locations. Yet, to get local
communities to adapt needs “a culture-centered engagement
process” that can “deliver on the diverse demands and require-
ments of locally specific climate change adaptation” (Munshi
et al., 2020, p. 574). In their research on climate change adapta-
tion, Munshi et al. (2020) identified “values, place, power, and
narrative” as four domains of a culture-centered framework
(p. 574) to support any science-based communication with at-risk
communities. Such a framework rests on a definition of culture as
the lived experiences of people in a variety of contexts. An
acknowledgement of culture as an important part of commu-
nicating science in general, and communicating biology in par-
ticular, guides our study on public understandings and attitudes
towards genetic technologies, especially among the Indigenous
Māori communities of Aotearoa New Zealand.

Genetic technologies in Aotearoa New Zealand
In Aotearoa New Zealand, genetic research has historically been
as much a science and technology issue as a cultural issue with
cutting-edge laboratory work in the area juxtaposed against
strong public opinion opposing the research moving out of the
laboratory into public spaces. Indeed, a Royal Commission on
Genetic Modification (RCGM), set up to look into the issue two
decades ago, noted the “uniqueness of our cultural heritage” as
one of the core values for “a framework for reaching conclusions
about genetic modification” in the country (RCGM, 2001).
Among the recommendations of the commission were to estab-
lish Toi te Taiao: The Bioethics Council to “act as an advisory
body on ethical, social and cultural matters in the use of bio-
technology in New Zealand” (RCGM, 2001), and to strengthen a
section of the Hazardous Substances and New Organisms
(HSNO) Act on the Treaty of Waitangi, the country’s founding
document signed by the British Crown and Māori chiefs in 1840.
Since then, Māori, the first peoples of Aotearoa New Zealand,
have made significant contributions to regulatory processes that
“provide specific recognition of Māori values within decision-
making processes for new organisms including GMOs” (Hudson
et al., 2019; see also Cram et al., 2000).

Current legislation in the country regulates genetic modifica-
tion (e.g., genetically modified crops cannot be grown outside
laboratories in the country), with gene editing subsumed within
it. The advent of new editing tools is a greater challenge for policy
makers and the public, because the boundaries around what
constitutes genetic modification have become blurred. While
some officials in the US and Europe now claim that gene editing
does not constitute genetic modification (Nature Plants Editorial,
2018), others argue that gene editing is a form of modification
and therefore carries risks to people and the environment
(Environmental Protection Authority, 2013; Food Standards
Australia New Zealand, 2019; Sustainability Council, 2018). It is
in this context that an expert panel on gene editing set up by the
Royal Society of New Zealand Te Apārangi (2019) concluded that
“it’s time for an overhaul of the regulations and that there’s an
urgent need for wide discussion and debate about gene editing
within and across all New Zealand communities.” The panel’s

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-022-01104-9

2 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |           (2022) 9:100 | https://doi.org/10.1057/s41599-022-01104-9



co-chair David Penman said “that there is a need to move on
from a black and white view of ‘GM or not GM’—to a much more
nuanced view that recognizes a wide range of applications of the
technology, some of which may be more acceptable to New
Zealand communities than others” (Royal Society of New Zealand
Te Apārangi, 2019).

The panel presented a set of scenarios to evaluate the pros and
cons of the use of gene-editing technologies across healthcare,
pest control, and primary industries with the aim of informing
regulatory change that was “more future-focused and fit for
purpose” and “assessing the risks and opportunities of particular
applications of gene editing rather than focusing on the gene-
editing process itself” (Scott and Penman, 2019, p. 11). The
panel’s exercise was supported by a Māori reference group, which
provided expert advice on the importance of Māori values in
decision-making on gene-editing technologies.

In a foundational study on incorporating Māori cultural
values in assessing and analyzing the risks and benefits of gene
editing, Hudson et al. (2019) outline the importance of concepts
of whakapapa (genealogy), mauri (life essence), mana (power/
authority), kaitiakitanga (guardianship), mātauranga (Indigen-
ous knowledge), tikanga (protocols), Papatuānuku (earth
mother), and tangata whenua (Indigenous people, literally
people of the land). This study showed that there were a range of
views within Māori communities and that “participants are
prepared to consider the use of gene editing on a case dependent
basis, especially where it aligns with Māori worldviews” (Hud-
son et al., 2019, p. 7).

Building on Hudson et al.’s (2019) work on Indigenous per-
spectives and gene editing in Aotearoa New Zealand, this article
looks at the similarities, differences, and complex interfaces
between Māori and non-Māori on specific applications of gene
editing. In doing so, it moves along the continuum of nuanced
cultural insights into gene editing for purposes ranging from
human medical treatments and food production to conservation
of native species of plants and animals and pest eradication.

The article is based on an analysis of a national survey of a
stratified random sample of an equal number of Māori and non-
Māori participants. Although Māori comprise 16.7 percent of
Aotearoa New Zealand’s overall population (Stats, 2020), the
survey used an oversampling of the Māori population to directly
compare and contrast Indigenous and non-Indigenous perspec-
tives on gene editing. Of the 830 respondents who completed the
survey, 50 percent were Māori. The survey covered people’s
awareness of specific gene-editing technologies, especially in
relation to broader genetic modification, attitudes to different
applications of such technologies, level of support for current
legal frameworks on genetic work, and approaches to Māori
values on providing guidance on the use, control, regulation, and
commercialization of gene editing.

Research design and methods
The online survey, conducted in July 2019, covered six major
topics: (1) Familiarity with genetic modification and the level of
support or opposition for such technologies generally and in
specific applications (e.g., human medical treatments, extending
human life, use in the food system to enhance productivity/
reduce pests/etc., restore extinct native species, improve resilience
of native species, and so on); (2) familiarity with gene editing and
the level of support or opposition to gene editing generally and in
specific applications mentioned above; (3) views on current NZ
legal framework governing genetic modification and gene editing;
(4) importance of Māori values such as kaitiakitanga, whakapapa,
mana, and mauri, with respect to providing guidance and con-
sideration in the use of gene editing; (5) level of support for using

gene-editing technology to alter taonga (native species); and (6)
conditions under which commercialization of products using
gene editing were considered appropriate. The survey began by
gathering perspectives on genetic modification. After asking
respondents if they were aware of genetic modification, we
queried where they heard the term and what they thought it
meant. Then we provided a short description of genetic mod-
ification followed by a series of questions on respondents’ level of
support (or opposition) to its use in specific applications. After
completing questions on genetic modification, we repeated the
same format for a set of questions on gene editing.

The survey consisted of 21 Likert scale questions, 12 open-
ended questions, nine multiple choice questions, four thermo-
meter questions, and eight demographic questions. We also col-
lected open-ended responses to better understand key ratings
about genetic modification and gene editing. All questions were
required to be answered, with options such as “don’t know”
available for scale questions. While we designed the survey
instrument, the random sample data collection was conducted by
an independent third party (Qualtrics) via an online survey
software. New Zealand citizenship or permanent residency was a
required criterion for selecting respondents. The survey data was
cleaned and analyzed by us in IBM SPSS Statistics version
25 software. Descriptive statistics and bi-variate analyses were run
prior to conducting a multivariate analysis. Cluster analysis
(MacQueen, 1967) was chosen to find homogenous groups of
cases, specifically to explore potential attitudinal differences
toward genetic technologies within Māori and non-Māori
populations as well as compare attitudinal differences between
Māori and non-Māori populations. As Maurice Lorr points out
“construction of a taxonomy simplifies the observations with a
minimal loss of information” and contributes “significantly to an
understanding of the problem studied” (Lorr, 1983: p. 4).
Importantly, natural groupings (i.e., cluster types) resonate with
non-scientists, such as policy makers, and turn large social survey
data sets into actionable information. The latter was the main
reason for undertaking this research.

Cluster analysis identifies subgroups in the data such that data
points in the same subgroup (cluster) are very similar while data
points in different clusters are very different. Because of the large
number of cases (n= 830), we chose K-means algorithm to
classify cases. K-means is an iterative algorithm that partitions a
data set into pre-defined distinct non-overlapping subgroups
(clusters) where each case belongs to only one group. Initial
cluster centers are chosen using a Euclidean distance measure (a
straight-line distance between two axiomatic points) with sub-
sequent iterations based upon the nearest Euclidean distance to
the mean of the cluster. Multiple iterations are conducted until
the cluster means no longer shifted. Such iterations have the
advantage of producing discrete groups that are usually easy to
interpret (Lorr, 1983; Romesburg, 1984; Kaufman and
Rousseeuw, 2005; Everitt et al., 2011).

Cluster analysis, also known as segmentation analysis or tax-
onomy analysis, is an exploratory data mining method that does
not distinguish between dependent and independent variables
(Bijnen and Stouthard, 1973; Kaufman and Rousseeuw, 2005).
Hence, inferential statistics to discuss the results are neither used
nor appropriate for assessing differences between clusters. How-
ever, there are several ways in which to assess the goodness of fit
of the clusters. One is to look at the iteration history output table.
Clusters are stabilized once convergence is achieved. In this
analysis, convergence was achieved in 18 iterations with the
coordinate change for each cluster center set to 0.000 (the most
stringent criteria to converge). To assess the usefulness of the
variables used to classify the cases, an ANOVA test was con-
ducted for each variable by cluster. In our data, the F-test for each
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variable was statistically significant. One important caveat: sta-
tistical tests can be used for descriptive purposes only because the
clusters were formed to maximize the differences among cases.
However, as a descriptive, we know that all the variables used in
the cluster analysis contributed to the formation of unique clus-
ters (each variable was significant at p < 0.001). See Table 1 below.

In the convention of cluster analysis within the social sciences,
we gave each cluster a memorable and meaningful name to
explore the issues of interest in the study. In this case, the clusters
were named to represent the (1) majority demographic (Māori or
non-Māori) and (2) perspective on GM/GEd (opposed to sup-
portive) of each cluster. Five clusters initially emerged, of which
four clusters had a majority demographic (either Māori or non-
Māori, see Table 2 below) along with a distinct perspective about
genetic technologies (either opposed or leaning supportive). One
cluster, which strongly supported GM/GEd, was composed of
nearly equal numbers of Māori and non-Māori. To facilitate the
project’s policy-focused substantive analysis (i.e., to examine
whether there were differences in support for GM/GEd between
Māori and non-Māori populations) and to create parallel analysis
with the other four clusters that had emerged as predominantly
Māori or non-Māori, we divided the strongly supportive cluster

by ethnicity thereby creating Māori and non-Māori strongly
supportive clusters. The analysis and discussion is, therefore,
based on six clusters, three of which are predominantly Māori
and three of which are predominantly non-Māori. Table 2 pro-
vides key demographics by cluster types.

The open-ended questions were extracted for each cluster and
analysed in Dedoose, an online qualitative software analysis
platform (https://www.dedoose.com/). Descriptors were added to
the data files to allow for a mixed methods quantitative and
qualitative analysis of the text.

Cultural similarities and differences
The survey results found both similarities and differences
between Māori and non-Māori on certain gene technology
applications but the development of typologies using K-Means
cluster analysis revealed the public’s more complex response to
genetic modification and gene editing. Six clusters are explored, of
which there were three Māori clusters (Strongly Supportive,
Leaning Supportive, and Strongly Opposed) and three non-Māori
clusters (Strongly Supportive, Leaning Supportive, and Opposed).
As Fig. 1 below shows, 11% of the respondents were in the Māori

Table 1 Variables used in the cluster analysis and ANOVA tests.

Question ANOVA

Cluster mean sq. Error mean Sq. F

Have you heard/read of the term genetic modification (GM)? 3.02 0.42 7.18**
Based on your knowledge and/or the description above, what is your general reaction to GM
technologies?

116.77 1.11 105.19**

Please rate your general level of support for the use of GM in humans, animals, and plants:
•Human medical treatments (e.g., cancer) 172.00 1.01 171.15**
•Overcoming human reproductive barriers 148.91 0.90 165.90**
•Human longevity or extending life 150.70 0.99 157.65**
•Human cosmetic enhancements 126.86 1.01 125.74**
•Modification of animal livestock (e.g., sheep, cattle, deer) for improved farm profitability,
sustainability, resilience

207.22 0.86 242.40**

•Modification of animal livestock for resistance to recently introduced pest or pathogen 231.81 0.81 285.67**
• Control of unwanted pests (e.g., possums, stoats, weasels, wasps) 172.91 0.78 165.93**
•Modification of plants, crops, fruit, timber species to improve profitability, sustainability, and
resilience

241.46 0.78 309.63**

•Modification of plants, crops, fruit, timber species for resistance to recently introduced pest or
pathogen

222.70 0.82 272.82**

• Restoration of extinct native species of animals or plants 218.20 0.97 226.14**
• Restoration of extinct non-native species of animals or plants 191.65 0.95 201.02**
• Improving resilience of native species (flora and fauna) to unwanted pests and pathogens 219.23 0.79 278.09**
Have you heard of gene editing? 2.68 0.46 5.89**
Based on your knowledge and/or the definitions provided, what is your general reaction to GENE
EDITING technologies?

144.89 1.06 136.60**

Please rate your general level of support for the use of GENE EDITING in humans, animals, and plants:
•Human medical treatments (e.g., cancer) 243.93 0.89 274.78**
•Overcoming human reproductive barriers 210.50 0.852 247.01**
•Human longevity or extending life 201.46 0.84 240.76**
•Human cosmetic enhancements 139.50 0.96 145.41**
•Modification of animal livestock (e.g., sheep, cattle, deer) for improved farm profitability,
sustainability, resilience

252.80 0.63 403.25**

•Modification of animal livestock for resistance to recently introduced pest or pathogen 270.65 0.63 428.20**
• Control of unwanted pests (e.g., possums, stoats, weasels, wasps) 256.90 0.74 347.07**
•Modification of plants, crops, fruit, timber species to improve profitability, sustainability, and
resilience

283.83 0.50 567.22**

•Modification of plants, crops, fruit, timber species for resistance to recently introduced pest or
pathogen

278.64 0.53 528.73**

• Restoration of extinct native species of animals or plants 230.87 0.83 277.19**
• Restoration of extinct non-native species of animals or plants 213.10 0.85 250.85**
• Improving resilience of native species (flora and fauna) to unwanted pests and pathogens 261.20 0.65 402.42**

**p < 0.001.
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Strongly Supportive cluster, 33% in the Māori Leaning Supportive
cluster, and 13% in the Māori Strongly Opposed cluster. The
remaining respondents were in three non-Māori clusters, 12%
non-Māori Strongly Supportive, 23% non-Māori Leaning Sup-
portive, and 8% non-Māori Opposed. See Table S1, Supplementary
information, for descriptive statistics of each clustering variable
by cluster type.

The percentage of respondents in support of gene technologies
is similar in both Māori and non-Māori groups. However, more
Māori are opposed to such technologies than non-Māori; indeed,
those Māori who are opposed are not just opposed but are
“strongly” opposed. Interestingly, well over half of all the
respondents (56%) were in the middle clusters labeled Leaning
Supportive. Although the leaning supportive clusters (both Māori

and non-Māori) had a quantitative score that leaned closer
toward support for the technologies, the open-ended responses
found strong ambivalence, especially among Māori, due to the
uncertainty respondents felt about benefits and risks. For exam-
ple, the qualitative responses of those in the Māori leaning sup-
portive cluster listed significantly more concerns than
opportunities with several apprehensions about unintended
consequences, ethical breaches, and lack of adequate information
to make considered opinions. The following quotes on gene
editing provide a representative sample of the ambivalence of
many of those leaning supportive.

Sounds great when you (talk of) positive impact but for
every action there is an equal and opposite reaction, so I am
unsure.

My major concern is that when you alter a small thing,
sometimes it stops other aspects you are not expecting to
from working.

Genetic modification was a term a vast majority of the
respondents across the groups had heard of but gene editing was
not (see Table 3 below).

Table 2 Key demographics by cluster types.

Demographics Cluster types

Strongly opposed Opposed Leaning supportive Strongly supportive

Māori Non- Māori Māori Non- Māori Māori Non- Māori
N (total= 824) 107 70 272 187 90 98
Age (mean) 44.3 43.1 38.7 43.5 37.3 44.0
Ethnicity (% Māori) 63% 33% 68% 27% 100% 0%
Gender (% Female) 61% 54% 74% 52% 50% 49%
Education level (%)
Up to 5th/6th form/NCEA Level 3 34% 41% 40% 35% 38% 26%
Completed 7th form/ NCEA Level 3 21% 14% 20% 23% 28% 19%
Bachelor’s degree or equivalent 35% 34% 26% 32% 24% 28%
Professional degree 5% 6% 7% 4% 3% 10%
Post-graduate degree (Masters/Ph.D.) 7% 4% 7% 7% 8% 17%
Years in NZ (%)
Born in NZ 69% 67% 72% 65% 83% 52%
Less than 5 years 3% 1% 3% 3% 1% 9%
5–10 years 3% 4% 4% 5% 2% 10%
11–20 years 5% 4% 7% 9% 3% 12%
Over 20 years 21% 23% 14% 18% 10% 16%

Fig. 1 Typologies of survey participants’ perspectives on GM and GEd. Six
typologies emerged through K-Means cluster analysis that reveal that both
Māori and non-Māori have multiple perspectives about GM and GEd,
ranging from strongly supportive to Leaning Supportive to Opposed. Non-
Māori Strongly Supportive areshown in orange, Māori Strongly Supportive
dark blue, non-Māori Leaning Supportive red, Māori Leaning Supportive
green, non-Māori Opposed light blue, and Māori Strongly Opposed purple.

Table 3 Percent of respondents citing familiarity of GM/GEd
by cluster types.

Question Cluster types

Strongly
opposed

Opposed Leaning
supportive

Strongly
supportive

Maori Non-Maori Maori Non-
Maori

Maori Non-
Maori

Have you heard/read of the term genetic modification (GM)?
Yes 83% 83% 73% 82% 78% 82%
No 12% 6% 14% 8% 12% 7%
Unsure 5% 11% 13% 10% 10% 11%
Have you heard/read of gene editing (GEd)?
Yes 30% 27% 21% 34% 37% 45%
No 55% 51% 61% 48% 52% 31%
Unsure 15% 21% 18% 18% 11% 24%
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Yet, respondents in every cluster were more favorably disposed
towards gene editing than towards genetic modification (see Fig. 2
below). Given that only about one-third of the respondents had
heard of gene editing, fewer would have set opinions and most
would be making judgements based on information learnt in the
survey and connecting it to their prior views of genetic mod-
ification. We know that people who were supportive of GM were
also supportive of GEd; those who were leaning supportive of GM
also leaned supportive of GEd; and finally, those opposed to GM
were opposed to GEd. In other words, there were no clusters of
mixed support on the technologies (e.g., supportive of GM but
opposed to GEd, etc.). At a minimum, this tells us that people’s
views of genetic modification very likely serve as the basis for
their views of gene editing, at least until they have a clearer
understanding and interest in knowing the differences.

Nevertheless, a deeper analysis shows that people care more
about the specific focus of genetic technology applications
(for example, for human health or control of pests or for cos-
metic changes) rather than which genetic technique (i.e., genetic
modification or gene editing) is more desirable. The figures
below show the level of support people have for various appli-
cations of genetic modification (Fig. 3) or gene editing (Fig. 4)
by cluster type.

It is easy to see the grouping of the highest, middle, and lowest
supportive types and the patterns that emerge. For the middle and
lowest groups, Māori tend to be less supportive than their non-
Māori cluster counterparts. That is, Māori among the Strongly
Opposed are more opposed than non-Māori. Māori among the
Leaning Supportive are less supportive of most genetic applica-
tions than non-Māori. Among the Strongly Supportive clusters,
however, there is no meaningful difference in enthusiasm levels
between Māori and non-Māori as can be seen in their nearly same
ratings across different uses of genetic technologies. The lack of
differences among the Strongly Supportive is to be expected as
originally this was one cluster. While there are no meaningful
differences in support across GM/GEd applications in the
Strongly Supportive clusters, we will see important differences
emerge between these two clusters regarding the role of Māori
values and genetic manipulation of native species (see analysis
and discussion in the following sections).

Among all clusters, “human medical treatments” is given a
more supportive value than any other application. In fact, five of
the six groups rate this above the neutral value of “3”. Only Māori
who are strongly opposed also oppose this application. On the
other hand, “human cosmetic enhancement” receives the least
support. Four of the six clusters are opposed to it. Only the two
clusters that are strongly supportive of genetic technologies rate it
favorably (though it is the lowest favorable rating they give).

“Control unwanted pests” is an application where there is
somewhat higher support compared to other applications among
both the Leaning Supportive and Opposed clusters, indicating that
some uses of GM and GEd are more palatable even among those
who are less enthused and even opposed to the technologies.
Notably, the two Leaning Supportive clusters do not support all
applications of genetic technologies, vacillating between being
slightly supportive to slightly opposed.

Looking closely at how the support or opposition to gene
editing pans out on a range of applications other than ones
mentioned above, most Māori are more opposed to the mod-
ification of livestock for profitability than non-Māori. Those in

Fig. 2 Overall level of support for GM and GEd by cluster types. Each of
the six cluster typologies, regardless of overall perspective on gene
technologies, was more supportive of GEd technologies than GM
technologies.

Fig. 3 Level of support for genetic modification (GM) in specific
applications by cluster types. Circles represent Strongly Supportive
clusters; triangles represent Leaning Supportive clusters; and diamonds
represent Opposed clusters. In each of the three perspectives, the opaque
points are Māori clusters and the outlined points are non-Māori clusters. In
the Strongly Supportive clusters, both Māori and non-Māori have similar
supportive stances to the use of GM in each of the applications. However,
in the other four clusters, Māori are generally less supportive (Leaning
Supportive cluster) or more opposed (Opposed cluster) than their non-
Māori counterparts.

Fig. 4 Level of support for gene editing (GEd) in specific applications by
cluster types. Circles represent Strongly Supportive clusters; triangles
represent Leaning Supportive clusters; and diamonds represent Opposed
clusters. In each of the three perspectives, the opaque points are Māori
clusters and the outlined points are non-Māori clusters. In the Strongly
Supportive clusters, both Māori and non-Māori have similar supportive
stances to the use of GEd in each of the applications. In the Leaning
Supportive clusters, Māori and non-Māori have generally similar stances,
although Māori are less supportive of several applications. In the Opposed
clusters, Māori are much more opposed to all the GEd applications than
non-Māori.

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-022-01104-9

6 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |           (2022) 9:100 | https://doi.org/10.1057/s41599-022-01104-9



the Māori Strongly Opposed cluster are very opposed to human
cosmetic enhancement. Notably, even those in the Māori Leaning
Supportive cluster are opposed to this application, as indicated by
their rating of well under the neutral value of 3. Non-Māori, on
the other hand, have very different ratings. Those in the non-
Māori Opposed cluster are less opposed to this application than
Māori who are opposed, and those in the non-Māori Leaning
Supportive cluster show higher levels of support for this appli-
cation with a rating that is higher than the neutral value.

A comparison of the ratings of applications by those in the
Māori and non-Māori Leaning Supportive clusters shows that
Māori are relatively less supportive of GEd than their non-Māori
counterparts when it comes to controlling unwanted pests,
modifying plants for profitability, and modifying plants to resist
pests. However, although Leaning Supportive Māori are margin-
ally more supportive of addressing human reproductive barriers
and restoring both native and non-native species than Leaning
Supportive non-Māori, they are less supportive than non-Māori
on improving the resilience of non-native species.

Respondents were asked how long ago they had formed their
opinion on genetic technologies. Those Opposed had, on average,
determined their stance 8.3 years ago, while those Leaning Sup-
portive came to their middling position most recently, an average
of 5.4 years ago. The Supportive clusters fell between the two
other groups, with an average of 7.0 years (see Fig. 5 below).
Notably, those who are opposed to genetic technologies formed
their opinion at a time when controversies around genetic
modification were most prominent in Aotearoa New Zealand,
including, for example, the approval of a proposal to insert
human genes into cattle in 2010 that led to vocal public oppo-
sition (Kurian and Wright, 2012). To the extent that opposition
to GM/GEd is grounded in the 2010 contentious public discourse,
it is unlikely that the cluster types identified in this research will
be amenable to reconsidering their stance. In a separate analysis
that examines the qualitative data reporting on concerns about
GM/GEd, people in the two groups opposed to genetic technol-
ogies express strong and unwavering opposition similar to the
vocal outcry in 2010. Unlike the more malleable perspectives of
the Leaning Supportive cluster types, who are willing to consider
new information and weigh the pros and cons of the technologies,
the Opposed cluster types are staunchly against GM and GEd.
However, the strict regulatory control of genetic modification has
seen the issue fall out of the public domain in more recent times,
and this may be reflected in the more recently formed opinions of

the moderate and supportive stances of the Leaning Supportive
and Strongly Supportive clusters.

Importance of Māori values
The divergence among Māori and non-Māori respondents’ views
on various applications of genetic technologies can be attributed
to a significant extent to the importance respondents place on
intrinsic values to guide their thinking on gene editing. The
section of the survey that specifically discussed six Māori values
offers some insights into the prioritization of values by respon-
dents across the cultural groupings. The Māori values covered in
the survey were: whakapapa (genealogy), mauri (life essence or
force), mana (power), kaitiakitanga (guardianship), whanaunga-
tanga (kinship), and taonga species (native species). Māori across
all cluster types—regardless of their level of support for or against
genetic technologies—see all these values as extremely important,
although the degree of importance for Māori values among Māori
clusters increases with opposition to gene technologies (see Fig. 6
below). In contrast, non-Māori show much more limited support
of these Māori cultural values in decision-making on gene editing.
Non-Māori who are most supportive of Māori values are those
who are most supportive of gene technologies, and those that rate
Māori values the lowest are also the most opposed to both genetic
modification and gene editing (see Fig. 7 below). These inverse
relationships of Māori values and support/opposition to gene
technologies reveal, perhaps unsurprisingly, that all Māori clus-
ters are more supportive of the role for Māori values to guide
gene editing than are any of the non-Māori clusters. We speculate
that the support of non-Māori for both gene technologies and
Māori values may be explained by two reasons. One, those most
supportive of gene editing tend to be more highly educated, with
27 percent holding professional or post-graduate degrees (in
comparison to only 10 percent of those opposed to gene editing)
(see Table 2). They are, therefore, more likely to have been
exposed to understandings of Māori values through the educa-
tional system. Two, included among non-Māori most supportive
of gene editing would be scientists who recognize that any reg-
ulatory change on gene editing in New Zealand can only happen
with the support of Māori and mediated through the prism of
Māori values.

Fig. 5 Average no. of years since opinions on genetic technologies had
been formed. The figure shows how long ago opinions about genetic
technologies were formed. This varied by cluster types. Non-Māori Strongly
Supportive are shown in orange, Māori Strongly Supportive dark blue, non-
Māori Leaning Supportive red, Māori Leaning Supportive green, non-Māori
Opposed light blue, and Māori Strongly Opposed purple.

Fig. 6 Support for Māori values in guiding decisions about GEd among
Māori respondents byclusters. Māori respondents in all cluster
perspectives – Strongly Supportive, Leaning Supportive, and Opposed –

believe that Māori values are important in guiding decisions about the use
of GEd. The Māori value of Whanaungatanga (kinship) is shown in orange,
Mauri (life force) light blue, Mana (spiritual power) purple; Taonga species
(native species) green, Whakapapa (genealogy) red, and Kaitiakitanga
(guardianship) dark blue.
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Views on taonga (native) species
Respondents were queried further about the use of gene
editing on New Zealand’s taonga (native) species. Specifically,
people were asked about their support for gene editing under
three conditions: (1) Human health and disease control; (2)
Animal health and breeding; and (3) Plant breeding and better
food crops.

Regardless of their overall position on gene editing, all but one
of the clusters’ respondents were more supportive of editing
native species to address human health issues and diseases (the
exception was the Non-Māori Leaning Supportive cluster) com-
pared to other purposes. Unsurprisingly, the respondents in the
Strongly Supportive clusters were more likely to support editing
genes across all three purposes than were the respondents in the
Leaning Supportive or Opposed clusters. Among the Supportive
clusters (Māori and non-Māori), 60% supported editing taonga
for the benefit of human health or to control human diseases.
About half as many respondents in the Leaning Supportive
clusters compared to the Strongly Supportive clusters felt the same
way (average of 34%). Less than 16% of respondents in each of
the two Opposed clusters supported editing native species for
human health. As far as animal health and breeding, and plant
breeding are concerned, respondents in the Māori Strongly Sup-
portive cluster are more supportive than non-Māori Strongly
Supportive cluster. However, the ethnic comparison flips among
respondents in the Leaning Supportive and Opposed clusters,
where it is the non-Māori who are more likely to support editing
taonga for animal health or plant breeding compared to the
Māori cluster counterparts. Figure 8 below provides the percen-
tage of support for the three applications across all six clusters.

When respondents were asked whether taonga species should
NEVER be subjected to gene editing, two-thirds of the Māori in
the Opposed cluster agreed that native species should never be
subjected to gene editing compared to one-third of the non-Māori
in the Opposed cluster. A similar pattern is found across the other
four clusters, with 20% Māori compared to 11% non-Māori in

Leaning Supportive clusters agreeing the taonga species should
never be edited; and 18% Māori compared to 7% non-Māori in
the Strongly Supportive clusters wanting New Zealand’s native
species’ genes left in its natural state (see Fig. 9 below).

At the heart of using genetic technologies on taonga species is
ownership of the genetic material. Māori, as the Indigenous
population of New Zealand, have an historically aligned interest
in protecting the Indigenous plant and animal species and,
perhaps, a moral claim to being the guardians of preserving
taonga species. Two to three times as many Māori than non-
Māori see the genetic material of Indigenous species as
belonging to Māori. However, most Māori (ranging between
63–71% among the Māori clusters) did not agree that Māori
should hold the rights to such material, though this is a lower
percent than non-Māori where nearly all disagree that Māori
should have the rights. Fig. 10 below shows how this perspective
is distributed across the clusters.

Centering culture in communicating genetic technologies
The survey found that Māori are no more of one mind about
genetic technologies than are non-Māori. There are similar per-
centages of Māori and non-Māori who are supportive of genetic
modification and gene editing as there are of Māori and non-
Māori who are opposed to the technologies. Importantly, the
largest percentage of both Māori and non-Māori are found in the
middle category— Leaning Supportive—suggesting that mean-
ingful efforts in designing and enacting public engagement, based
on deliberative processes, could help foster deeper and diverse
understandings of gene-editing technologies among over half the
population. However, generating such understandings among the
middle clusters will need to be message-specific to Māori and
non-Māori populations. The open-ended comments of respon-
dents in the Leaning Supportive Māori cluster revealed far more
skepticism about gene editing than their non-Māori counterparts.

Fig. 8 Level of support by clusters for the conditions under which taonga
species can be edited. The Strongly Supportive clusters (both Māori and
non-Māori) have the highest percentage across the clusters that support
gene editing of taonga (native)species, although the support differs based
on its application. The Opposed clusters have the lowest percentage who
support editing taonga species, with the Leaning Supportive falling between
the other two clusters in their support. Importantly, except for gene editing
of “human health & disease control” the level of support for editing native
species in other applications is below 50% in all six of the clusters. Non-
Māori Strongly Supportive are shown in orange, Māori Strongly Supportive
dark blue, non-Māori Leaning Supportive red,Māori Leaning Supportive
green, non-Māori Opposed light blue, and Māori Strongly Opposed purple.

Fig. 7 Support for Māori values in guiding decisions about GEd among
non-Māori respondents byclusters. Non-Māori respondents in two of the
three cluster perspectives – Leaning Supportive and Opposed – believe that
Māori values are not important in guiding decisions about the use of GEd.
However, Non-Māori who are Strongly Supportive of genetic technologies
believe Māori values are important in guiding decisions about the use of
GEd. The Māori value of Whanaungatanga (kinship) is shown in
orange,Mauri (life force) light blue, Mana (spiritual power) purple; Taonga
species(native species) green, Whakapapa (genealogy) red, and
Kaitiakitanga (guardianship) dark blue.
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There are important lessons from the survey for public com-
munication on complex biological concepts such as gene editing
of DNA sequences of plants, animals, and humans. As Larson
(2011) says, “facts alone do not communicate;” indeed, “people
are not passive receptacles for facts… but instead bring their own
perspective to bear on information presented to them” (p. 16). So
rather than assuming ‘facts’ to be neutral packages of informa-
tion, it is crucial to acknowledge the cultural aspects of diverse
forms of knowledges that are aligned with the values and contexts
of different groups of people, especially Indigenous communities
who have a rich repository of knowledge about nature that pre-
dates Western science. Culturally, for example, there is a wide
chasm between Māori and non-Māori when it comes to the
importance of Māori values and the editing of taonga (native)
species. Māori across the clusters are strongly in favor of Māori
values guiding policy- and decision-making around gene editing.

This is in stark contrast to non-Māori, who do not see the
importance or maybe relevance of using Māori cultural values in
considerations of policy making on gene editing. The exception
here are the respondents of the non-Māori cluster who are sup-
portive of both genetic technologies and Māori values. Under-
standing this at a deeper level would require a separate study, but
it is possible that higher levels of education among the respon-
dents in this cluster may result in greater exposure to and
understanding of Māori values and their centrality to any kind of
legislative change, which may account for this relationship
between non-Māori support of gene technologies and that
group’s support of Māori values. Notably, Māori are twice as
likely, on average, than non-Māori to be against any gene editing
of taonga species, no matter the proposed benefits. And Māori
are, on average, three times more likely than non-Māori to agree
that “Māori should hold the rights to Indigenous genetic
resources and any decisions about editing its genes”. Yet, at the
same time, a majority of Māori reject the idea of seeking own-
ership of rights to Indigenous genetic resources. One explanation
for this lies in the centrality of the Māori value of whakapapa
(genealogy), which “provides the foundation for how Māori
construct their identities and their relationships with other spe-
cies” (Hudson et al., 2019, p. 6). The genealogical ties between
humans and non-humans in te ao Māori (the Māori worldview)
perhaps preclude the acceptance of Western notions of ownership
and property rights over other species.

Given the divergence in views on genetic technologies, and the
acknowledged need to revise current legislation on genetic
modification (e.g., Royal Society of New Zealand Te Apārangi,
2019), it is critical to ensure that the range of Māori perspectives
inform these discussions. Such representation of Māori perspec-
tives could be possible if the public engagement on new genetic
technologies centers culture and responds to the values of the
tangata whenua (Indigenous peoples) of Aotearoa New Zealand.
The challenge for a culture-centered engagement and commu-
nication is to “be true to the science but to appeal simultaneously
to people’s values” (Larson, 2011, p. 16). Bringing Māori values
and their understanding of native species to the center of com-
municating about genetic technologies is clearly the essential next
step in policy making on gene-editing technologies, including
changes to the outdated regulatory framework currently in place.
Equally important in this process is to recognize that commu-
nication and engagement is not a one-way process. Rather, it is
critical to acknowledge and address current power imbalances
that influence whose voices and perspectives dominate, and create
new institutional arrangements that can ensure that diverse cul-
tural and ethical perspectives can collectively help shape the role
of genetic technologies in our imagined futures.

Data availability
The data sets are available with the researchers. Aggregated data
can be made available to bona fide researchers on request, subject
to a non-disclosure agreement.
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