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Abstract: Forest health can be adversely affected by invasive organisms. Biosecurity measures to
prevent the establishment of harmful invasive organisms at national points of entry (e.g., airports or
shipping ports) are vital to protect forest health. Innovations in pest eradication technologies are being
developed based on their efficiencies and effectiveness. However, the question of whether people find
them acceptable is rarely considered. In New Zealand, research is underway into the use of highly
targeted pesticide spraying using unmanned aerial vehicles (UAVs) as a novel technology to eradicate
pest species that impact forest, food, and fibre sectors. Public approval for such technologies, however,
can be a critical aspect for their success. A tool can be technically effective (achieve eradication),
but uptake may be impossible if communities do not trust the technology. We developed a method
for enabling discussions about the use of UAVs and their acceptability in general before being
operationalized for biosecurity. This paper presents an investigation of how “participatory-design”,
an often tactile, visual, and inclusive process of community engagement can improve the acceptance
of technology use in the public sphere. We asked people, both scientists and citizens, to evaluate the
acceptability of a range of UAV uses (including biosecurity) along a continuum and then explored the
reasons for their placement. Key criteria for acceptable and unacceptable uses were subsequently
developed to help technology designers and operators consider aspects of social acceptability during
design processes. Our tool and approach facilitated discussions around technology acceptability
that were subsequently adopted by our technical design team for the development and the use of
acceptable UAVs for biosecurity. This research shows how systematic approaches to design can help
uncover and mitigate social acceptability issues through inclusive design under increasing threats of
biosecurity, whether related to challenges of trade or climate change.

Keywords: forest health; biosecurity; invasive pests; unmanned aerial vehicles (UAVs); social licence
to operate; participatory design

1. Introduction

Tree health is an important part of New Zealand’s economic, social, and cultural value system [1].
The steep rise in the rate of international trade and movement of people over the last century has
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increased the risk of biosecurity threats and their potential to incur large economic, social, and
environmental costs [2]. Climate change processes increase this risk with the potential spread and
establishment of pests and diseases to new areas [3,4]. As such, New Zealand’s forest conservation
estate and primary production sectors are concerned with potential risks from invading exotic plant
pests (insects and pathogens). While New Zealand’s exotic forest plantations form the base of a
multi-billion dollar industry [5], the importance of New Zealand’s indigenous forest is immeasurable.
This is partly due to the high value related to tourism but especially because of the strong cultural ties
that most New Zealanders have to the natural landscape [6].

In New Zealand, biosecurity officials receive over 10,000 reports of suspected new pests and
diseases every year, many of which could impact forests [7]. Urban ports and airports are typically
high-risk areas and can serve as hubs for invasive organisms to establish and spread. Managing these
invaders when they are first discovered is a vitally important step to preventing pests from becoming
established. However, managing incursions in densely populated urban environments presents an
array of technical and social challenges that will rise as urban growth continues and international
movement of cargo and passengers increases [2]. To help address technical challenges, there is growing
emphasis on the development and the use of new technologies such as improved surveillance and
more targeted chemical spraying using unmanned aerial vehicles (UAVs) to improve efficacy and
efficiency of biosecurity measures [8]. However, comparatively little attention has been paid to the
potential social acceptability associated with the use of such technologies and how consideration of
these social issues can be brought into the technology design process [9].

This paper presents an investigation of how principles of “participatory-design” can be used
to enable discussion that underpins the connection between social considerations and technology
design. The study is relevant to the protection of forest health through management of invasive disease
and pests but is not limited to the forestry sector, as the findings are also useful in other biosecurity
settings. Specifically, this study presents the findings of a participatory design methodology aimed
at: (i) elucidating citizen and scientist perceptions of a range of different UAV applications, including
biosecurity measures, along a social licence to operate (SLO) spectrum; and (ii) using these results to
bring social issues into discussion with the technical design team.

We begin by providing some context to the wider research programme, and then we introduce
the reader to forestry and conservation use of UAVs and the concept and the meaning of SLO. We
then detail the methodology of, and results from, a participatory design approach to improve the
acceptability of UAV biosecurity technologies. Results show how tactile and visual attributes of
the participatory-design processes elicit a range of perceptions in a quick, accessible, and engaging
way to support consideration of UAV acceptability. We discuss how the engagement process can
build epistemological bridges across social and technical science disciplines in biosecurity research to
generate criteria for acceptability early in the technology design process. Finally, we offer considerations
for other researchers looking to investigate social implications of technological design across a range
of sectors.

1.1. Our Research Programme

New Zealand prioritises biosecurity efforts [10] and has garnered international acclaim for the
successful eradication of pest species, including the great white butterfly [11] and the painted apple
moth [12]. Despite such successes, the use of broadcast aerial spraying over urban areas as a method for
eradication (as was the case for the painted apple moth in 2006) has been met with public opposition [13].
Ensuring the continued effectiveness of spray-eradication methods while addressing issues of public
acceptability has become vital for a well-functioning biosecurity system, as social acceptability can
affect utilisation of technologies [10].

The research outlined in this paper sits within a wider programme, “A toolkit for the urban
battlefield” aimed at addressing the challenges of technical success and social acceptability through
the development of innovative technical and social research. The technical strands of the programme
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looked at improving technologies that support eradication—including both chemical application
and ecological eradication methods. The ecological methods were based on habitat manipulation,
understanding of population dynamics, and surveillance. The chemical applications looked at how
we can deliver more efficient and targeted methods of eradication using improved spray technology
coupled with UAVs to reduce pesticide usage and total areas sprayed [14,15]. Collectively, this research
aimed to reduce the amount of pesticide spraying required whilst maintaining efficacy and efficiency.

The overarching aim of the accompanying social research was to develop effective tools for
integrating New Zealand community perspectives into biosecurity technologies and operations.
Specifically, this work included (i) the development of a planning and assessment tool for biosecurity
agencies involved in managing general surveillance programmes [1], and (ii) a facilitation and
engagement tool for helping to ensure that design and operation of new technologies take account of
social and cultural acceptability issues. This paper covers the latter and discusses the approach and the
lessons from research undertaken to explore how to include social acceptability perspectives into the
design and the use of UAVs for biosecurity, including aerial sprays to eradicate pests and surveillance
for early detection. A systems focus was taken on the technical design phase of UAVs for biosecurity
while also allowing for wide application of that tool to help improve the acceptance of technologies
and their use in the public sphere.

1.2. UAVs as a Means of Targeted Biosecurity

UAVs or drones, as they are also known/often referred to, are rapidly emerging technologies
used across civilian, commercial, and military sectors. UAVs are self-propelled airborne devices that
have no on-board pilot and have the potential to offer greater flexibility, accuracy, and efficiency for a
wide range of practical uses [9]. Since their early inception as military applications during the Second
World War [16], UAV technology has expanded to accommodate recreational, commercial, scientific,
agricultural, surveillance, and other applications. Within the biosecurity sphere, the use of UAVs
provides opportunities for improved and automated surveillance, monitoring, and targeted eradication
of invasive pests and pathogens [2]. Already, the integration of UAV technology has shown promise
across a range of conservation, biodiversity, forestry, and biosecurity sectors in New Zealand and
globally. For example, UAVs have been used for a variety of applications, including forest and wildlife
monitoring and surveillance [17–19], seed dispersal for forest restoration [20], possum control [21],
and crop spraying [22,23].

To date, the development and the use of UAVs for biosecurity measures is still predominantly in
the “early adoption” phase with most of the effort focused on testing and fine-tuning technological
aspects to improve UAV efficiency, range, responsiveness, and accuracy [9,24]. However, there is a
growing appreciation that some of the biggest hurdles to the use of many biosecurity technologies
are social and organisational. For example, with respect to UAV design, current research highlights
the need to improve public engagement [25] and address concerns particularly around privacy and
surveillance [25–27]. A failure to address factors such as these can influence community perceptions of
technologies, resulting in some cases in wide scale rejection of the use of the technology where they
live, work, or recreate. By way of example, in New Zealand, the use of aerially-applied 1080 (Sodium
Fluoroacetate) bait for the control of possums has attracted fierce public opposition. This community
acceptance or rejection of operations is commonly referred to as SLO.

1.3. Social Licence to Operate

SLO is an important and sometimes overlooked consideration for the successful uptake of new
technologies that overlap with the public domain and describes the process of acquiring ongoing and
informed consent of affected communities and stakeholders [28]. Issues around social licence are often
found in relation to extractive industries such as mining, forestry, and fisheries, but they also relate to
policies and practices in a range of areas including biosecurity response operations [29,30].
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SLO has been a term in use in forestry since the 1990s in Australia, US, Canada, and New Zealand,
which recognises that the success of forest management depends upon adequate public acceptance of
environmental and sustainable development practices. Lacey et al. [31], in Australia and New Zealand,
noted that SLO must often be negotiated in the face of a range of (sometimes conflicting) social values
and perspectives. As the term has moved through different sectors and operations, it has become
increasingly about generating community benefits and adequately regulating the development of
sectors, including agriculture, forestry, and energy [32]. Over time, the use of the term has moved from
social acceptability of operations to broader acceptance of industries. Issues of trust and fairness as
well as new modes of governance for more sustainable and democratic relationships between sectors
and society have become increasingly important [32].

In a review of social and economic dimensions of biosecurity, Marzano, et al. [33] identified the
need for better integration of social and biophysical dimensions of tree health management. In New
Zealand, responses to biosecurity operations in urban settings indicated the need to include community
perspectives and to more meaningfully engage with the community as stakeholders [30]. Māori
engagement in biosecurity governance, as Treaty of Waitangi partners with the New Zealand Crown,
has been a particular concern [34]. Not only is there a need to build understanding between decision
makers and their stakeholders [30], the recognition of conflict around management of invasive species
shows a greater need for engagement. Risk communication that promotes trust and confidence in
biosecurity response operations is needed [35]. Understanding the plurality of values and the need to
engage across a range of viewpoints to effectively address social issues in response to invasive species
is requisite [36]. Accordingly, the acquisition and the maintenance of SLO can be a crucial aspect of
successful technological design; a tool can be technologically perfect (e.g., achieve eradication of an
invasive species) but fail if communities distrust it or oppose it. SLO is increasingly recognised by
stakeholders and affected communities as a prerequisite to development [37]. Indeed, recent efforts to
manage and integrate civil UAVs with society have looked to shift focus from “citizens’ acceptance of
civil drone development, towards the development of drones that are acceptable to citizens” [25] (p. 1391).

1.4. UAV Spraying Technology Design and Social Licence

Given that UAV technology is rapidly diversifying into previously unoccupied niches, and that
the success of much of this technology is likely dependent on obtaining an SLO, surprisingly little
is understood about public perception and acceptance of UAVs. Of the relatively few studies that
have investigated public perception of UAVs [24,25,27], we are not aware of any that adopted or
investigated the use of participatory-design techniques to go beyond just asking what potential users
want. Furthermore, these questions are typically asked at the end of the technology design process,
not the beginning or before they are operational.

Our own participatory design study aimed to see how we could work with a range of stakeholders
in our social research to uncover their perceptions of UAV applications, including biosecurity measures,
to help shape the definition of our emerging UAV technologies and operational protocols. Early efforts
to uncover social perceptions through hui (focus groups) were not as successful as we hoped, because
participants spent much of the time debating context and scale of addressing the problem. For example,
issues around why we accept imports of goods and products (such as cars) from parts of the world
that carry a high biosecurity risk took precedence over managing incursion response. In turn, this
lack of clarity on what perceptions of technology implied rather than the context of their use sidelined
efforts to raise discussions of social and cultural issues within technical research teams. One challenge
was to integrate social thinking with the technical design aspects of our research, as interdisciplinary
work, in the process of designing and developing technologies through research.
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2. Materials and Methods

2.1. Participatory Design Methodology

Against this background, the concept and the pilot study described here sought to explore a
methodological process that could provide a more stimulating and creative opportunity for a range of
our research stakeholders to contribute to the design process of UAVs for biosecurity. Our participants
included scientists working in other parts of the programme and other New Zealand citizens that were
not aligned with the programme in any way. The study explored more active ways of involving these
key stakeholders as design collaborators. This was in keeping with the move towards seeing user-driven
innovation as the rationale for participatory design. In such participatory design, a key issue is to
create ways for users to become partners, sharing their perspectives and experiences to help shape the
development and the design of emerging technologies into new products or usable systems [38]. This
research approach has its origins in action research, which can be characterised as a research method
that has constructive change in the field being investigated as a primary aim [39]. A second common
characteristic of action research is the collaborative relationship between researcher and participants
and the joint undertaking of the research [40]. The present study recognised stakeholders as not just
being agencies and operators that “use” these biosecurity surveillance and eradication technologies
but also the communities that live in the areas in which operations are carried out.

However, as French, et al. [41] observe, the common space for collaboration in business is
dominated by methods that are aligned to traditional practice, and these methods are often used in
ways that are not particularly collaborative and do not encourage creative or open thinking. Similarly,
while the use of traditional social science knowledge elicitation techniques such as surveys, interviews,
and focus groups are commonly used in biosecurity and conservation spaces to elicit information,
they are not necessarily best suited to facilitate participatory design where people discuss and explore
their thinking in relation to a particular problem or challenge of technology development. Simply
asking people questions is not enough. For example, it is often hard to get people to join in the design
process when they feel they do not have enough experience or knowledge from which to make a
meaningful contribution [42]. Similarly, recent work by Marzano et al. [33] noted that stakeholders did
not really want to be involved in design until there was something tangible or built to engage with.
In this regard, open and interactive participatory design techniques offer a platform for users and
stakeholders to better communicate their perspectives than traditional surveys or discussions would
otherwise allow [43,44]. From this perspective, we need to use of a range of methods that go beyond
words to provide approaches that can unlock participants’ thoughts and perspectives through the
additional use of visual and other sensory prompts [41].

2.2. Interactive Research Design

In our pilot research study, therefore, we looked at how best to involve and engage a range of
participants in sharing their relevant thoughts and experiences around UAVs in a space that aligned
with their own experiences and values. We were looking for an approach that enabled people to
contribute to the design process in a way that reflected their values and considerations around the
technology in question (the wider set of cases of UAV use that included biosecurity uses) yet was
easy and enticing to participate in. The underlying method involved sorting flash cards along a social
licence continuum and discussing values and concerns around the new technology (UAVs) that made
the exercise real for participants.

Surveys were conducted in English with 25 adults from three New Zealand urban centres:
Christchurch, Nelson, and Auckland. Participants included a mix of research scientists (from a range
of science and engineering disciplines including biophysical and social science) and citizens (teachers,
bureaucrats, managers, and retirees). Twelve of the 25 participants were aged between 26–67, and
just over half (14) were female. Within the group, five were technical researchers actively involved in
design of UAV technology for biosecurity purposes. The aim of this research was to assess the use of
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participatory design methods that could encourage participants to engage in wider thinking around
social acceptability of UAV use in urban areas for biosecurity (primarily spraying and surveillance for
invasive pests of trees and shrubs) in relation to other uses of UAVs. In this way, understanding could
be generated around participants’ perceptions of UAVs for biosecurity relative to UAV use generally.

UAVs designed to carry out a variety of civilian, commercial, and military applications were
identified and compiled into a list of 13 broad categories of current use. A comprehensive search
of reputable technology-focused websites was undertaken to explore the range of current UAV
applications to validate this list. In representing this range, care was taken to ensure that the description
of each category was (i) broad enough to encapsulate similar or related activities, (ii) easily recognisable
or understood, and (iii) suitably different from each other. A name and brief example/s (short enough
to fit on a small flash card) were provided for each UAV category. While our list was near complete,
given the rapid expansion of UAV technology and usages, there were no doubt some specific UAV
activities that were not captured in the categories below:

• Cargo delivery (e.g., door to door delivery of online purchases)
• Military combat use (e.g., UAV carrying aircraft ordinance such as missiles)
• Military reconnaissance (e.g., scouting, intelligence gathering)
• Search and rescue (e.g., airborne lifeguards, disaster site inspection)
• Hobby and recreational use (e.g., private photography/videography)
• Surveying (e.g., topographical mapping, geophysical surveying, archaeological mapping)
• Conservation (e.g., pollution monitoring, anti-poaching, locating wildlife)
• Commercial surveillance (e.g., livestock monitoring, wildlife mapping, home and infrastructure

security, road patrol)
• Law enforcement (e.g., surveillance, crowd monitoring)
• Commercial and motion picture filmmaking (including newsgathering and journalism)
• Light show [e.g., UAVs equipped with light emitting diodes (LEDs) for aerial displays as an

alternative to fireworks]
• Active biosecurity (e.g., targeted spraying for urban pest control)
• Passive biosecurity (e.g., surveillance, identification of pest species)

The 13 UAV category flash cards were used as the key component of a tactile, visual, and interactive
survey designed to provoke thought and discussion. Participants were also provided with a visual
SLO spectrum ranging from “very unlikely to gain public acceptance” (red) through to “very likely
to gain public acceptance” (green) (Figure 1). The survey comprised three main questions aimed at
initiating thought and discussion around the acceptability of different UAV applications.

(a) Have a think about how likely it would be for each category of UAV use to gain public acceptance
or approval. Please place each category (card) on the SLO spectrum, indicating its likelihood of
gaining public acceptance or approval.

(b) Consider the categories of UAV use that you think would be least likely to gain public acceptance
or approval (those nearer the red end of the arrow). Please give reasons why you think these
would be less likely to gain public acceptance or approval.

(c) Consider the categories of UAV use that you think would be most likely to gain public acceptance
or approval (those nearer the green end of the arrow). Please give reasons why you think that
these would be more likely to gain public acceptance or approval.

The Toolkit for the urban battlefield programme used a peer reviewed professional development
process to ensure that social research ethical matters were discussed and planned for the duration of the
research programme. For this pilot study, participation was voluntary, and project background (from
researchers) and consent (from participants) were provided verbally, anonymity was provided, and the
results are presented as collective scores rather than individual responses. Comments captured in notes
during the discussion are used to illustrate reasons for acceptability or unacceptability of UAV uses.
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Figure 1. Example of unmanned aerial vehicle (UAV) use categories placed along the social licence to
operate (SLO) spectrum.

Tactile surveys were conducted face to face between a single surveyor (and some also had a
note taker) and individual participants. Participants were encouraged to move the cards around on
the continuum as they thought about their responses. Answers provided for questions b and c by
participants were recorded in text by the surveyor (or note taker). Often, the questions naturally led to
further related lines of thought or discussion points initiated by the participant and shaped by the
experience of thinking and placing cards in the continuum. The length of the discussion was at the
discretion of the participant, with surveys ranging from 10–30 min in length. Subsequent thoughts
and discussion points were also recorded by the surveyor or the note taker as text. A photograph was
taken of the resulting sort for each participant.

2.3. Quantitative Analysis: Relative Scores

For each completed survey, UAV categories were assigned a relative score depending on where
they were placed along the continuum. The SLO spectrum was partitioned into 13 sections, with a
minimum assigned score of 1 to those placed at the far left of the spectrum (red: ”very unlikely to gain
public acceptance”) and a maximum score of 13 to those placed at the far right of the spectrum (green:
“very likely to gain public acceptance”). Any cards that directly overlapped were assigned the same
score. The means and the standard deviations for each relative score were calculated in the statistical
software R.

2.4. Qualitative Analysis: Negative and Positive Themes of UAV Uses

The NVivoTM (version 12, 2018) software programme was used to sort and code participant
responses into two parent categories (nodes) relating to (1) the negative aspects or concerns associated
with UAV uses (sourced from responses to question b) and (2) the positive aspects associated with UAV
uses (sourced from responses to question c). A process of constant comparison was used to classify,
compare, group, and refine segments of the text to identify key themes within the data and a code
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frame developed [45]. Several themes were identified as clustered concerns around acceptability and
unacceptability. Text was coded to themes and independently inspected by a second researcher to
ensure thematic coherence.

3. Results

3.1. Quantitative Analysis: Relative Scores

UAVs associated with search and rescue, conservation, and surveying efforts were scored
consistently higher on the SLO spectrum by participants relative to other UAV categories (Figure 2).
By comparison, UAVs used for military activities were the least favourable among the 25 participants.
Cargo delivery proved to be the most polarising of the UAV categories (standard error of 3.21), with
relative scores for that category ranging from as low as 1 to a high of 12 out of a possible 13. The two
UAV categories related to biosecurity scored markedly differently, with surveillance ranking as the
fourth most favourable category while UAVs for targeted spraying ranked eleventh.
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3.2. Qualitative Results: Negative Aspects of UAV Uses

Several reoccurring concerns regarding the use of UAVs emerged during discussions with
participants and were identified as themes. The safeguarding of privacy and personal identity was
of particular importance, with participants concerned over the potential for certain types of UAVs to
intentionally or inadvertently spy or invade people’s personal or private space (Table 1).

UAVs for military use, law enforcement, hobby use, and targeted spraying were discussed within
the context of privacy invasion. Furthermore, a mere increase in the presence of UAVs, regardless of
their use or capabilities, was enough for some participants to consider that the sense of privacy of the
public was likely to be undermined. Parallel to potential privacy issues were concerns over the security
of personal information and goods. Some participants associated the collection of public information
by UAVs with the potential for population monitoring and surveillance, illegal activities involving
incrimination, and fraud, effectively leading to a loss of privacy rights.
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Table 1. Examples of key phrases used to describe the five most prominent themes associated with
participants’ perception of the negative aspects of UAVs, both for biosecurity-specific uses and for the
other 12 use categories that were explored.

Theme Description Examples of Key
Phrases Used by
Participants for
Biosecurity UAV Uses

Examples of Key Phrases Used by
Participants for Other UAV Uses

Privacy Concerns over the
safeguarding of
personal identity,
space, and freedom.

“I see privacy issues
associated with spraying,
hobby use and military
use.”

“Drones for law enforcement and
military combat use is an invasion of
privacy.”

“Big brother society. Unseen repression.
International infringement on rights
keeping people in check.”

“Law enforcement drones would need to
be well labelled, or well-marked.
Otherwise they could be used for
spying.”
“Whether drones are actually watching
you, it feels like they are.”

Ethics and
Security

Concerns over the
dehumanizing nature
of military drones and
the safeguarding of
data or personal goods.

“Ethical nightmare associated with
some of these [UAV] uses.”
“[UAVs] for military combat use it
dehumanizes the situation the victims
are no longer real.”
“Making the military even less humane
killing by machine.”
“Potential for unwanted data collection
on people.”
“Incriminating without people’s
knowledge.”
“Control of population by the
government.”
“Potential for fraud [associated] with
cargo delivery.”

Lack of
familiarity

Concerns over a lack of
information,
transparency, or public
consent.

“I don’t know enough about
spraying I have a lack of
trust [for it]. Seems like too
much potential for things to
go wrong.”

“Lack of transparency. The public [are]
not included in military decision
making.”
“Issues around who manages the
application and the lack of ability for
public to have a say.”
“Need to get acceptance from the public
good information needs to be put
forward familiarity and knowledge.”

Annoying or
invasive

Concerns over
increased visual and
noise pollution.

“Drones can be annoying, buzzing
around your head. Should be used as
little as possible as they are very
invasive and noisy.”
“Don’t want drones flying around at
every event. [They’re] noisy, invasive
and take away from the natural
environment. [They] detract from the
experience.”

“Some of these uses are unnecessary and
frivolous activities”
“Risk of congestion and increased noise
levels if usage increases, say, for door to
door deliveries.”
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Table 1. Cont.

Theme Description Examples of Key
Phrases Used by
Participants for
Biosecurity UAV Uses

Examples of Key Phrases Used by
Participants for Other UAV Uses

Chemical
spraying

Concern about poisons
in urban environments,
and risks of
contamination

“I’m not a fan of spraying.
Don’t like the idea of drones
carrying spray poison over
urban spaces.”

“Active biosecurity through
drone spraying has
potential as a tool, but there
are high associated risks
especially when considering
the effects that wind and
weather may have on the
efficacy of drone spraying.”

“Spraying, I just don’t
support this activity.”

“Spraying
(biosecurity)–very unlikely
to be accepted, due to past
experience. Even water
sprayed can have a
psychological impact–fear.
Some advanced warning on
how/when it’s safe to enter
after spraying could help
shift perception.”

Ethical concerns were voiced by some over the dehumanising role of military combat drones, with
those participants arguing that killing may become easier when carried out by remote control. Not all
participants, however, saw an ethical dilemma with military UAVs but rather saw it as a necessary
aspect of state defence. Seldom were strong ethical concerns extended to other categories of UAVs.
This included UAVs for biosecurity; in fact, biosecurity uses were more often associated with public
good, such as for conservation purposes or environmental protection. A lack of public familiarity
with certain UAV activities was viewed by some participants as a significant barrier to gaining public
acceptance, trust, or approval. These participants stressed the importance of consulting the public or
acquiring public consent before carrying out UAV activities. Having some advanced warning about
how safe or when it was safe to enter an area after being sprayed was seen as one way of helping
shift perceptions or allay concerns about safety. A proportion of participants described UAV activities
associated with hobby and recreation, cargo delivery, and light shows as seemingly frivolous and
having a greater potential to annoy by increasing visual and noise pollution of the airways. Finally,
safety concerns associated with the potential use of sprays was voiced by five of the 25 participants.

Biosecurity uses for monitoring of tree health or surveillance of biosecurity risks were seen as
more acceptable than applications of sprays. However, this depended upon whether surveillance was
in an open rural space or in the close confines of urban neighbourhoods. Urban surveillance ran the
risk of privacy issues without some means of clearly identifying the UAV with a biosecurity operational
role, perhaps in some familiar colours such as the Westpac search and rescue helicopter. Use of UAV
for spray applications was less acceptable, although one noted that it could be made more acceptable if
there was advice given as to when the operations were being undertaken so that people could take
their own precautionary measures, such as bringing pets or children inside or closing windows.



Forests 2019, 10, 695 11 of 18

3.3. Qualitative Results: Positive Aspects of UAV Uses

UAV activities that scored high on the SLO spectrum according to participants were typically those
that benefited the wider public rather than the individual, benefited the environment, and/or improved
efficiency (Table 2). Of these, improved efficiency and improved human safety were most commonly
discussed. UAVs that were deemed good were those that could reduce the need for manpower, survey
larger areas, access difficult locations, or focus subsequent efforts. These attributes were typically
associated with, but not exclusive to, public service activities such as search and rescue, conservation,
surveying, and biosecurity surveillance efforts. Familiarity of a particular UAV use was also a key
determinant for the likelihood of it receiving participant approval.

Biosecurity uses that improved efficiency, such as scanning commercial assets for biosecurity risks
or helping focus manpower in more efficient ways during surveillance, were seen similarly to other
improved efficiencies involving better management of time for finding lost people or livestock. Benefits
to the environment were also supported as acceptable uses of UAVs to minimise air pollution or
prevent contamination of plants or crops. Passive biosecurity surveillance was also seen as an activity
that generated wider benefit on multiple fronts of social, environmental, and economic domains or
being of general benefit to society rather than the individual.

Table 2. Examples of key phrases used to describe the five most prominent themes associated with
people’s perception of the positive aspects of UAVs, both for biosecurity-specific uses and for the other
12 use categories that were explored.

Theme Description
Examples of Key Phrases
Used by Participants for
Biosecurity UAV Uses

Examples of Key Phrases Used by
Participants for Other UAV Uses

Improved
efficiency

Reducing the need
for manpower.

“Better more efficient way to
monitor wildlife, commercial
assets or scan for biosecurity

risks”
“Help improve efficiency.

Allows you to focus man-power
once drones have located

livestock, lost people, wildlife or
biosecurity risk.”

“Streamlines things. Easier to search
with UAVs than sending out a team of

people also cheaper.”
“Quicker. Likely to find people faster.

Less need for manpower.”
“Improved efficiency. Allows you to

focus manpower once drones have
located livestock, lost people, wildlife or

biosecurity risks.”
“More convenience and possibility
better time management for people.”

Improved
human safety

Access unsafe
environments.

Locate people in
peril.

“[UAVs] can be used to save lives and
improve safety.”

“Can help with search and rescue. Less
risk of further injuries or human lives

lost.”
“Being able to safely access some gnarly

locations.”

Benefits the
environment

Tool to improve
biosecurity and

conservation efforts.

“Biosecurity to minimize air
pollution, prevent

contamination of important
plant species and crops”

“[UAVs] for biosecurity to minimise air
pollution and prevent contamination of
important plant species and crops. It’s
preservation of animal life, especially

endangered species.”
“Another improved tool to help protect

the environment.”
“They can get images of where pests will

be and locate them and control them.”
“Drones for conservation, does

environmental good with no obvious
negative aspects.”
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Table 2. Cont.

Theme Description
Examples of Key Phrases
Used by Participants for
Biosecurity UAV Uses

Examples of Key Phrases Used by
Participants for Other UAV Uses

Wide
franchise

Activities that benefit
the public, not the

individual. Benefits
to social,

environmental, or
economic domains

may overlap.

“These drones, the ones to do
with conservation, search and
rescue, surveying and passive
biosecurity provide benefits to
society. No real downsides”
“Perceived wider benefit to
society, i.e., not commercial,
but for Search and Rescue,

passive biosecurity,
conservation, surveying uses”

“Good for both the environment and
economy.”

“Can be used to save lives and improve
the environment.”

“Wide public application, not just for
individual benefit.”

“If you take care of the land, you take
care of the people.”

High public
familiarity

Transparency, public
engagement, and

access to information.

“More likely to accept activities that are
more likely to be transparent and
involve good public awareness.”
“Certain activities are already

happening now. So, there is a social
awareness of UAVs for these purposes.”
“It’s [important] that they’re not being

used in a public location, or that the
public know they are being used.”

“Information about some [UAVs] is
given over the media.”

4. Discussion

Lack of consideration of social and cultural issues in biosecurity technology design has been
found to be a major issue [46–48]. This is true particularly in the forest sector [14,49,50]. Indeed, lack of
stakeholder input has been highlighted as a significant factor adversely affecting public acceptance of
biosecurity operational issues and technologies [29,30]. Evidence relevant to designing more effective
innovation systems involving greater user input has shown promise for avoiding this [51]. Not only
does the exchange between user and designers offer opportunities for sharing perspectives, but the
engagement can lead to higher levels of interest in the problems being addressed and expand the
relevance of knowledge generated. For example, the design of technologies and protocols for their
operation can help develop practical actions for acceptable technology use in specific operational
settings such as urban environments.

Yet, one of the constraints of engaging the public as stakeholders is that people often feel they do
not have an adequate level of knowledge about a topic to be able to comment on its implications. Often,
people are unaware of the knowledge they hold precisely because their opinions are seldom asked.
Instead, current decision-making systems are set up to rely only on “expert knowledge” providing
a “solution”. However, the question around acceptability of UAV technology development and use
is relevant for all citizens, not just scientists. Thus, we addressed this question to scientists and
non-scientists both as citizens to elicit an understanding of public acceptability of UAV technologies
for biosecurity purposes. In particular, we were able to engage some of our biophysical research team
members in discussions around public acceptance of technology issues to help them develop thinking
in these areas. Participatory design approaches with greater emphasis on ensuring different people
can contribute help by making it feasible to bring science and non-science interpretations of risk to
bear on ethical and practical aspects of the situation in question.

4.1. Design Lessons

When given the opportunity to reflect on multiple different uses of technology, we found it was
not just the technology that people were concerned with but how and what it was used for. This helped
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us engage our technology designers and their end users with questions of design and use protocols.
Some feedback related directly to the build of the technology around issues such as noise and colour.
Other issues could be used for protocol design considerations, such as looking to delineate areas of
use more clearly, and a third set of issues and feedback contributed to operational communication
and engagement design in areas such as building awareness and notification of use in an area. We
found some uses were more acceptable than others, and the reasons cited were related to public good,
limiting annoyance, and where greater efficiencies result. These were all relevant for biosecurity
operations. Articulating these aspects provided a new set of guides for our technology designers for
developing socially acceptable UAV technologies for biosecurity. Other areas of interest for those
developing UAV technologies are the levels of familiarity, information provision, and engagement
of people prior to their use. Although these findings are directed at biosecurity uses for UAVs, they
support the literature on technologies acceptance with the public, including the need for structures
and practical approaches for technology assessments [52]. Vanclay et al. [53] note that social concerns
around agricultural technologies need to become part of the thinking for governments and primary
industries sectors for endorsing and regulating technology development and use. However, tools for
including these considerations during technology design processes have not yet been developed.

Here, we identified several criteria that people use to judge whether a UAV may be acceptable
or not using a tactile, interactive survey. Our design-centred approach using a range of UAV uses
highlights the advantage of getting a wider range of responses than if we had just asked people about
biosecurity. Thus, we could examine how to design biosecurity UAV use with the benefit of building on
a wider range of emotional and rational responses around acceptable UAV use. Clearly, human safety
is a main concern, with search and rescue leading the acceptable uses of UAVs, and privacy follows
through as a second major concern. The use of UAV for biosecurity shows greater acceptance for
surveillance than spraying. However operational protocols such as engaging households in the spray
schedule can help people take their own precautions, potentially increasing their acceptability. One
further potential level of tolerance for UAV biosecurity uses is where they create efficiencies leading
to less exposure to risk or reduced costs for achieving an outcome, such as pest eradication. This
would suggest that combining ecological tools such as habitat mapping with targeted UAV spraying
may be more acceptable for minimising environmental risk and increasing eradication potential.
In general, the criteria for what makes UAV use acceptable provides a useful guide for those developing
technologies for tree health and biosecurity purposes. Improved efficiencies, human safety, benefits
to the environment, and wide franchise are all potential measures for supporting the use of UAVs
in biosecurity. High public familiarity such as the colours and the logo of the well-known (in New
Zealand) Westpac search and rescue helicopter is another potential means for generating acceptability.

4.2. Methodological and Tool Lessons

The use of participatory tools for environmental management is not new [54]. However, enabling
discussions in the process of technology innovation is a special case of participation conducted earlier
in the research development process. The design of interactions and conditions to help create relaxed
environments for participants to think about and share their perspectives is central to participatory
design. Within these spaces, a range of tools and artefacts can be used to guide participants through the
creative process, fostering engagement and collaboration with the technology being explored. The point
of participatory design is that it allows stakeholders to become an active part of the creative development
of a technology by interacting directly with design and research teams. It builds on the belief that
all people are creative and that stakeholders (in this case New Zealand citizens), as experts of their
own experiences, can bring different–and important–points of view that inform design and innovation
direction. Some involved in participatory design process in non-biosecurity fields [55,56] recognise the
need to initiate design discussions early in the process of technology development. We struggled as an
integrated research team to open up those discussions with biophysical researchers who wanted to
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have validation of their research concepts before engaging others. This limitation led us towards our
tactile survey for considering acceptability issues as early as possible in technology development.

Participatory design is a method that can be used in all stages of the design process but especially in
ideation or conceptual phases. Partnering with users ensures their inclusion in knowledge development,
idea generation, and concept development on products with the ultimate goal being how to best
serve these same users. Participatory design activities make use of visual and tactile materials to help
people access tacit and implicit aspects of their lives and to make and communicate associations and
experiences [57]. Understanding the value of images to overcome misunderstanding and enable clearer
and more comprehensive interactions has been appreciated in social and cultural research for some
time [55], although it remains marginal to written word methods [58]. Images, sketches, and figures
are more accessible and evocative compared to written words, and participants can attribute their own
experienced meanings to them more freely.

4.3. Carrying the Conversation Forward

One of the more significant outcomes was the way in which our programme leaders and biophysical
research team members embraced the participatory design tool. They picked up the tactile and the
visual technique of thinking about the social acceptability of different UAV uses with flash cards and the
SLO continuum (Figure 1) and used it in their own interactions with research partners and stakeholders.
Having this tool as a mobile set of images and words on cards enabled conversations to take place about
the acceptability of technologies that were otherwise very difficult to create. The participatory design
tool was presented at workshops as an interactive display by biophysical researchers and enabled a
more open setting for social and technical researchers to discuss aspects of social acceptability together
with the technical performance of the scientific innovations.

Perspectives of non-scientists on UAV technologies may differ from those involved in biosecurity
science research. In the first instance, citizens may have little interest in biosecurity until they are directly
affected, e.g., by an incursion response. We attempted to find a means of facilitating a conversation
that people (potentially) have little interest in or do not quite know how to connect with. The tactile
survey was effectively a boundary object through which different meanings of the problem setting
could emerge. We found that having a tactile, creative approach to thinking about social acceptability
of technologies and different uses is a novel way of addressing the problem. Furthermore, the survey
tool enabled our technology designers to have conversations with their stakeholders, developers, or
users, which further opens discussions about technology acceptability. It also created a space to think
about how technologies can be made more acceptable in operations, e.g., by addressing some of the
concerns people may have through operational protocols. For example, one of our survey participants
said an unacceptable use of a UAV such as chemical spraying could be made acceptable if they were
advised of the times of spraying so that they could ensure any additional safety measures could be
taken by residents, such as closing windows.

In this way, this approach can be seen as a cost-effective and useful way of beginning an iterative
conversation between biosecurity operational managers, technology and communication designers, and
stakeholders (some without much previous biosecurity experience or knowledge) that can contribute
towards a human-centred design process that emphasizes social and cultural considerations as a key
foundation in the process.

5. Conclusions

In this paper, we explored how social researchers can move beyond text-based interviews and
surveys as means to gather perspectives of social acceptability. We added participatory design as
a research method for bringing more consideration of these issues into biosecurity technology and
operational research. Design thinking can help biosecurity innovation in two ways, linking social
and technical considerations (1) in the use or operational aspects of technologies and (2) in the wider
awareness raising dimensions of biosecurity.
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However, equally importantly, we developed a tactile and visual tool and approach for thinking
about engagement in future technology design. This approach is one that can be used to support other
problematic conversations in design practice for articulating the conditions in which technologies are
more likely to be acceptable and those which will require more effort to operationalise because of
social constraints. This aspect of thinking about acceptability along a continuum is not one that had
previously been discussed in the literature. We think this is a fruitful area for further development to
facilitate the right kinds of protocols for implementation of technologies deemed acceptable. However,
we also see that allowing a wider group of stakeholders to input into the design of technologies is
a positive direction in research that can support steps towards innovation that is more sustainable,
democratic, and responsive to public values. Such approaches will be more important as the challenges
of responding to higher levels of risk and uncertainty with climate change and the volume and the
nature of threats to forests biosecurity are demonstrated with changes in pests’ geographical range and
emergent diseases.

We bring three aspects together on (i) acceptability of UAV technology design and (ii) of UAV
for biosecurity specifically, (iii) using participatory design methods in this paper to support the one
aim of introducing acceptability issues into technical design discussion to help think about innovation
in biosecurity tool development. The aspects discussed here as potential criteria for developing
acceptable biosecurity UAV uses would need to be further tested with a wider set of participants.
However, the development and the application of a participatory design tool for supporting questions
about technology acceptability was an effective way of uncovering these perspectives against the
constraints experienced as part of this research programme in integrating social and technical aspects
of biosecurity innovation.

Author Contributions: Conceptualization, S.O., W.A., A.G., M.M.-S., S.P., B.R., T.S., E.R.L.L. and M.M.; Data
curation, A.M.; Formal analysis, A.M.; Funding acquisition, B.R. and T.S.; Investigation, S.O., A.M., W.A., M.M.-S.
and S.P.; Methodology, S.O., W.A. and A.G.; Project administration, T.S.; Supervision, M.M.; Validation, W.A.;
Visualization, A.M.; Writing–original draft, S.O., W.A. and A.G.; Writing–review & editing, S.O., A.M., W.A., A.G.,
B.R., T.S., E.R.L.L. and M.M..

Funding: This research was funded by the New Zealand Ministry of Business, Innovation & Employment
Contract CO4X1501.

Acknowledgments: This investigation sits within the wider research programme Protecting New Zealand’s primary
sector from plant pests; a toolkit for the urban battlefield and was funded by the New Zealand Ministry for Business,
Innovation and Employment. We would like to acknowledge and thank our participants for being willing to trial
our innovation and sharing their insights on the acceptability of UAV technologies.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Allen, W.; Grant, A.; Earl, L.; MacLellan, R.; Waipara, N.; Mark-Shadbolt, M.; Ogilvie, S.; Langer, E.L.;
Marzano, M. The use of rubrics to improve integration and engagement between biosecurity agencies and
their key partners and stakeholders: A surveillance example. In The Human Dimensions of Forest and Tree
Health; Springer: Berlin, Germany, 2018; pp. 269–298.

2. Jurdak, R.; Elfes, A.; Kusy, B.; Tews, A.; Hu, W.; Hernandez, E.; Kottege, N.; Sikka, P. Autonomous surveillance
for biosecurity. Trends Biotechnol. 2015, 33, 201–207. [CrossRef]

3. Chakraborty, S.; Newton, A. Climate change, plant diseases and food security: an overview. Plant Pathol.
2011, 60, 2–14. [CrossRef]

4. Luck, J.; Spackman, M.; Freeman, A.; Tre Bicki, P.; Griffiths, W.; Finlay, K.; Chakraborty, S. Climate change
and diseases of food crops. Plant Pathol. 2011, 60, 113–121. [CrossRef]

5. Yao, R.T.; Barry, L.E.; Wakelin, S.J.; Harrison, D.R.; Magnard, L.A.; Payn, T.W. Planted forests. In Ecosystem
Services in New Zealand: Conditions and Trends; Manaaki Whenua Press: Lincoln, New Zealand, 2013; pp. 62–78.

6. Dyck, B. Global Forest Biosecurity Threats and the Risk to New Zealand. Available
online: https://www.nzffa.org.nz/farm-forestry-model/the-essentials/forest-health-pests-and-diseases/
biosecurity/forest-biosecurity-threats/ (accessed on 15 February 2019).

http://dx.doi.org/10.1016/j.tibtech.2015.01.003
http://dx.doi.org/10.1111/j.1365-3059.2010.02411.x
http://dx.doi.org/10.1111/j.1365-3059.2010.02414.x
https://www.nzffa.org.nz/farm-forestry-model/the-essentials/forest-health-pests-and-diseases/biosecurity/forest-biosecurity-threats/
https://www.nzffa.org.nz/farm-forestry-model/the-essentials/forest-health-pests-and-diseases/biosecurity/forest-biosecurity-threats/


Forests 2019, 10, 695 16 of 18

7. Ministry for Primary Industries. Biosecurity New Zealand: Keeping Watch. Available online: https://www.
mpi.govt.nz/protection-and-response/finding-and-reporting-pests-and-diseases/keeping-watch (accessed
on 9 February 2019).

8. Ministry for Primary Industries. Biosecurity 2025: Direction Statement for New Zealand’s Biosecurity System.
Available online: https://www.mpi.govt.nz/dmsdocument/14857/loggedIn (accessed on 12 February 2019).

9. Sandbrook, C. The social implications of using drones for biodiversity conservation. Ambio 2015, 44, 636–647.
[CrossRef]

10. Hellstrom, J.; Moore, D.; Black, M.J.W. Think Piece on the Future of Pest Management in New Zealand Main
Report; LEGG: Wellington, New Zealand, 2008.

11. Klein, A. New Zealand is the First Country to Wipe Out Invasive Butterfly. Available
online: https://www.newscientist.com/article/2114573-new-zealand-is-the-first-country-to-wipe-out-
invasive-butterfly/ (accessed on 22 February 2019).

12. Suckling, D.; Barrington, A.; Chhagan, A.; Stephens, A.; Burnip, G.; Charles, J.; Wee, S. Eradication of
the australian painted apple moth teia anartoides in new zealand: Trapping, inherited sterility, and male
competitiveness. In Area-Wide Control of Insect Pests; Springer: Berlin, Germany, 2007; pp. 603–615.

13. Smith, M. Report of the Opinion of Ombudsman Mel Smith on Complaints Arising from Aerial Spraying of the
Biological Insecticide Foray 48b on the Population of Parts of Auckland and Hamilton to Destroy Incursions of Painted
Apple Moths, and Asian Gypsy Moths, Respectively During 2002–2004; Office of the Ombudsmen: Wellington,
New Zealand, 2007.

14. Strand, T.M.; A Rolando, C.; Richardson, B.; Gous, S.; Bader, M.K.; Hammond, D. An aerial spot-spraying
technique: A pilot study to test a method for pest eradication in urban environments. SpringerPlus 2014, 3,
750. [CrossRef]

15. Richardson, B.; Gous, S.; Schou, W.; Strand, T.; Wright, L. Performance attributes of an unmanned aerial
vehicle (UAV) con gured for aerial pesticide application operations. N. Z. Plant Prot. 2017, 70, 322. [CrossRef]

16. Finn, R.L.; Wright, D. Unmanned aircraft systems: Surveillance, ethics and privacy in civil applications.
Comput. Law Secur. Rev. 2012, 28, 184–194. [CrossRef]

17. Koh, L.P.; Wich, S.A. Dawn of Drone Ecology: Low-Cost Autonomous Aerial Vehicles for Conservation.
Trop. Conserv. Sci. 2012, 5, 121–132. [CrossRef]

18. Marris, E. Fly, and bring me data. Nat. News 2013, 498, 156.
19. Sutherland, W.J.; Broad, S.; Caine, J.; Clout, M.; Dicks, L.V.; Doran, H.; Entwistle, A.C.; Fleishman, E.;

Gibbons, D.W.; Keim, B.; et al. A Horizon Scan of Global Conservation Issues for 2016. Trends Ecol. Evol.
2016, 31, 44–53. [CrossRef]

20. Krupnick, G.A. Conservation of tropical plant biodiversity: What have we done, where are we going?
Biotropica 2013, 45, 693–708. [CrossRef]

21. Morley, C.G.; Braodley, J.; Hartley, R.; Herries, D.; MacMorran, D.; McLean, I.G. The potential of using
Unmanned Aerial Vehicles (UAVS) for precision pest control of possums (Trichosurus Vulpecula). Rethink.
Ecol. 2017, 2, 27–39. [CrossRef]

22. Faiçal, B.S.; Costa, F.G.; Pessin, G.; Ueyama, J.; Freitas, H.; Colombo, A.; Fini, P.H.; Villas, L.; Osório, F.S.;
Vargas, P.A.; et al. The use of unmanned aerial vehicles and wireless sensor networks for spraying pesticides.
J. Syst. Arch. 2014, 60, 393–404. [CrossRef]

23. Xue, X.; Lan, Y.; Sun, Z.; Chang, C.; Hoffmann, W.C. Develop an unmanned aerial vehicle based automatic
aerial spraying system. Comput. Electron. Agric. 2016, 128, 58–66. [CrossRef]

24. Lidynia, C.; Philipsen, R.; Ziefle, M. Droning on about drones—Acceptance of and perceived barriers to
drones in civil usage contexts. In Advances in Human Factors in Robots and Unmanned Systems; Springer: Berlin,
Germany, 2017; pp. 317–329.

25. Boucher, P. You wouldn’t have your granny using them: Drawing boundaries between acceptable and
unacceptable applications of civil drones. Sci. Eng. Ethics 2016, 22, 1391–1418. [CrossRef]

26. Bracken-Roche, C.; Lyon, D.; Mansour, M.J.; Molnar, A.; Saulnier, A.; Thompson, S. Surveillance Drones:
Privacy Implications of the Spread of Unmanned Aerial Vehicles (Uavs) in Canada; Surveillance Studies Centre,
Queen’s University Kingston: Kingston, ON, Canada, 2014.

27. Clothier, R.A.; Greer, D.A.; Greer, D.G.; Mehta, A.M. Risk perception and the public acceptance of drones.
Risk Anal. 2015, 35, 1167–1183. [CrossRef]

https://www.mpi.govt.nz/protection-and-response/finding-and-reporting-pests-and-diseases/keeping-watch
https://www.mpi.govt.nz/protection-and-response/finding-and-reporting-pests-and-diseases/keeping-watch
https://www.mpi.govt.nz/dmsdocument/14857/loggedIn
http://dx.doi.org/10.1007/s13280-015-0714-0
https://www.newscientist.com/article/2114573-new-zealand-is-the-first-country-to-wipe-out-invasive-butterfly/
https://www.newscientist.com/article/2114573-new-zealand-is-the-first-country-to-wipe-out-invasive-butterfly/
http://dx.doi.org/10.1186/2193-1801-3-750
http://dx.doi.org/10.30843/nzpp.2017.70.88
http://dx.doi.org/10.1016/j.clsr.2012.01.005
http://dx.doi.org/10.1177/194008291200500202
http://dx.doi.org/10.1016/j.tree.2015.11.007
http://dx.doi.org/10.1111/btp.12064
http://dx.doi.org/10.3897/rethinkingecology.2.14821
http://dx.doi.org/10.1016/j.sysarc.2014.01.004
http://dx.doi.org/10.1016/j.compag.2016.07.022
http://dx.doi.org/10.1007/s11948-015-9720-7
http://dx.doi.org/10.1111/risa.12330


Forests 2019, 10, 695 17 of 18

28. Gunningham, N.; Kagan, R.A.; Thornton, D. Social License and Environmental Protection: Why Businesses
Go Beyond Compliance. Law Soc. Inq. 2004, 29, 307–342. [CrossRef]

29. Jenkins, K. Can i see your social license please? Policy Q. 2018, 14, 14. [CrossRef]
30. McEntee, M. Participation and communication approaches that influence public and media response to

scientific risk: A comparative study of two biosecurity events in new zealand. Int. J. Interdiscip. Soc. Sci.
2007, 2, 195–203. [CrossRef]

31. Lacey, J.; Edwards, P.; Lamont, J. Social licence as social contract: Procedural fairness and forest
agreement-making in australia. Forestry 2016, 89, 489–499. [CrossRef]

32. Moffat, K.; Lacey, J.; Zhang, A.; Leipold, S. The social licence to operate: A critical review. Forestry 2016, 89,
477–488. [CrossRef]

33. Marzano, M.; Allen, W.; Haight, R.G.; Holmes, T.P.; Keskitalo, E.C.H.; Langer, E.R.L.; Shadbolt, M.; Urquhart, J.;
Dandy, N. The role of the social sciences and economics in understanding and informing tree biosecurity
policy and planning: A global summary and synthesis. Biol. Invasions 2017, 19, 3317–3332. [CrossRef]

34. Lambert, S.; Waipara, N.; Black, A.; Mark-Shadbolt, M.; Wood, W. Indigenous biosecurity: Māori responses
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