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ABSTRACT
Unmanned Aerial Vehicles (UAVs) are changing workflows
in a variety of different fields ranging from security to cine-
matography. In particular, agriculture is a field that is poised
to strongly benefit from this technology. In this paper, we use
an ethnographic field study to gauge the current perception of
UAVs in the farming community. A Grounded Theory analy-
sis of interviews with stakeholders was used to identify UAV
trends, impressions, and interest. Our findings revealed rel-
atively low familiarity with UAV technology among farmers
but significant interest in future possibilities. Key concerns
included the applicability of UAVs and the potential return
on investment. Furthermore, government regulation of UAVs
is a critical factor that is slowing adoption as legislative deci-
sions wait to be made. Despite these concerns, stakeholders
are curious to see the future value of utilizing this technol-
ogy. These results contribute to our understanding of the role
of UAVs in agricultural settings and inform future design im-
plications.
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INTRODUCTION
The exponential growth of computing power and manufactur-
ing processes has given rise to significant, radical changes in
a large number of sectors. Jobs and tasks that previously re-
quired considerable manual human labor now are being com-
pleted by more efficient and cost effective machines. Many
of these fields have not been technology-focused, historically,
and so it becomes important to explore and ease the adoption
of these technologies as much as possible.

UAVs are an example of a technology that is changing work
patterns. In the past decade, UAVs have moved from their
original military domain into a commercial one, finding ap-
plications in fields as diverse as filmmaking and package de-
livery[5][4]. In particular, agriculture is positioned to become
the next commercial sector transformed by UAV use. How-
ever, the current adoption of UAVs in farming has been lim-
ited. In our background research investigation, we found a
limited amount of literature detailing the nature and scope of

UAV use in farming. It appeared that most prior work fo-
cused on the design of the technology for its own sake, and
did not seem to address UAVs within their application con-
text. Understanding context will have significant implications
for future UAV design and development. The potential design
implications and the growing demand for UAVs in agriculture
provided motivation to study this context specifically.

In this paper, we detail an ethnographic study conducted on
the current landscape of UAV adoption in agriculture. First,
we outline the study’s setting, consisting of interviews with
relevant stakeholders in the industry. Then we describe our
data collection process, in which responses were collected
concerning a variety of topics we found pertinent through
background research. Next, we present a Grounded Theory
approach, and we identify core ideas linked to UAV percep-
tions and use. We conclude with an analysis of these theories,
and their impact on future design.

BACKGROUND

Previous Work
Because of the young nature of the field, we found limited
background literature on UAV perception[1][12]. Several pa-
pers talk significantly about the manufacturing and design of
UAV technology[14], but none spoke directly to their use in
agriculture.

An interesting related ethnography was conducted by William
Odom in an Australian urban city, attempting to identify trends
in community gardens related to remote sensing. They found
”resistance to technological interventions aimed at directly
augmenting gardening practice”[11]. It is unclear if this phe-
nomenon occurs in rural or large-scale settings as well. Our
motivation for this study included exploring this same idea in
the context of UAV use in agriculture as a whole.

Unmanned Aerial Vehicles
UAVs grew out of growing military use in the mid to late 20th
century [8], and have since become more and more prevalent
in the commercial and civil sectors. Because of the recent
wide variety of UAV applications, terminology has become
a recent hot topic for stakeholders[13][6]. In our study, we
have taken the Federal Aviation Administration’s (FAA) defi-
nition of an unmanned aerial system (UAS), stated as ”the un-
manned aircraft (UA) and all of the associated support equip-
ment, control station, data links, telemetry, communications



and navigation equipment, etc., necessary to operate the un-
manned aircraft”[3]. Our use of the term UAV is synonymous
with the term UAS, and was chosen for its familiarity and
connotation.

UAV Legislation
As a recent technology trend, acceptable use of UAVs re-
mains controversial in the United States. At the time of writ-
ing, the existence and scope of laws concerning UAVs varied
from state to state. In total, twenty states currently have laws
on UAV usage with several more states considering new leg-
islation[15].

Wisconsin’s 2013 Senate Bill 193 formally defines the term
”drone” and states that the flight of UAVs over land and wa-
ter is legal with some caveats[10]. The bill establishes the
operation of a weaponized drone as a Class H felony (ex-
cluding members of the U.S. armed forces or national guard
acting in official capacity). Furthermore, usage is prohibited
in places or locations where individuals are granted a reason-
able expectation of privacy. This applies to law enforcement
officials unless a search warrant has been obtained, with some
exceptions.

At the federal level, the FAA created a roadmap for regulation
in 2013. They set a goal to have in place ”FAA’s unique cer-
tification requirements for new and novel systems” by 2015.
[2]. Currently, all business uses of UAVs require FAA ap-
proval. There are no requirements for recreational use at the
federal level. Upcoming laws and guidelines will have a sig-
nificant impact on the use of UAVs in all fields. In the context
of agriculture, the size and location of a specific farming op-
eration may determine the type of regulation applicable. A
community garden with a small off-the-shelf UAV may not
fall under the same category as a thousand acre farm with a
specialized, large scale UAV. This is currently where some
states have stepped in with minimal regulation, but everyone
with a connection to the field is waiting on these FAA guide-
lines.

STUDY OUTLINE
To understand and appreciate how UAVs might be assimilated
into the current farming practices, we conducted an ethno-
graphic study with five stakeholders. In the following sec-
tions, we describe the sites that we visited, the stakeholders
we talked with, the data collection methods we employed, and
our analysis of the data.

Three of the stakeholders we interviewed for this study were
small-medium scale farmers while the other two were large-
scale farming services cooperatives. In general, a cooperative
is a business owned and democratically controlled by the peo-
ple who use its services and whose benefits are derived and
distributed equitably on the basis of use[9]. The cooperatives
we interviewed in the context of this study offer agricultural
services and products. Additional offerings include consul-
tations regarding business planning, record management, and
technology usage.

Study Participants
Below are brief descriptions of the participants we recruited
to participate in the study.

Cooperative 1 is an agricultural cooperative of about 250 em-
ployees that serves 2500 farms throughout Wisconsin and Michi-
gan’s Upper Peninsula. It supplies agricultural products like
seed, fertilizer, and chemicals to farmers and also provides
a variety of agricultural services like nutrient management,
precision farming and soil sampling. They cater to farms that
cover, on average, 600 acres.

Cooperative 2 is an agricultural cooperative that employs about
500 employees and serves 4800 farms in the Southern Wis-
consin and Northern Illinois area. They provide agronomy,
energy, animal nutrition, grain and transportation products
and services to their customers. The farms that the cooper-
ative caters to are, on average, 1000 acres large.

Farmer 1 is a small-scale organic farmer who owns and runs
a family-owned farm of around 20 acres. The farm grows 29
kinds of chilies, garlic, carrots and horseradish. They also sell
processed products like jams, sauces and spreads. They also
have a website and strong social media presence.

Farmer 2 is a garden director at a university-affiliated farm.
The farm is small-scale, covering an area of about 2 acres.
The farm grows mostly vegetables and gives away the pro-
duce for free. The farm is run entirely by students, volunteers,
and university employees.

Farmer 3 is the owner of group of organic farms that cover an
area of 200 acres in total. The farms grow vegetables, field
crops like corn and soybeans, and small grains like rye and
oats.

METHOD
In the course of this study, we collected data that accurately
captured current farming practices, current perception of UAVs,
and the scope of their operation. Understanding how farmers
feel about UAV technology and their willingness to adopt it
has implications for UAV design and development.

The data was collected exclusively through interviews. After
exchanging emails with Cooperative 1, we visited the cooper-
ative’s field office where we interviewed a representative from
the Agronomy department. For Cooperative 2, we recruited
and collected our data from them as a response to a ques-
tionnaire through email. In the case of Farmer 1, we recruited
them at a Farmer’s Market and interviewed them at their farm.
We recruited Farmer 2 for the study through email, and inter-
viewed them at their office on campus. As for Farmer 3, we
recruited them at a Farmers’ Market and conducted our inter-
view through a phone call.

The interviews were structured around a pre-prepared list of
questions that targeted the specific stakeholder. The inter-
views were recorded after receiving the consent of the partic-
ipants. After brief introductions of each team member and a
general overview of the project, the participants were asked
questions from the pre-prepared list. Interviews progressed
naturally in the form of conversation and new questions fre-



quently arose during each discussion. We began by asking
participants minimal objective data, such as the size of their
farm or service area as well as the number of people they em-
ploy. The majority of the data we collected was subjective,
such as questions designed to gain an understanding of agri-
cultural practices, perceptions of UAVs, and current uses of
technology. At the end of each interview, participants were
given an opportunity to provide us with any further informa-
tion as they saw fit. The interviews typically lasted about 30-
40 minutes each. No compensation was provided. In addition
to the audio recording of the interviews, field notes were also
collected.

Analysis
A Grounded Theory approach was used to analyze the tex-
tual data transcribed from the audio recording of the inter-
views and field notes. An open coding process was first per-
formed, during which codes were assigned to the participant’s
responses. After completing the process of open coding, to
establish inter-rater reliability, a second and a third researcher
used the provided dictionary to code a portion of the data.
The inter-rater reliability showed substantial agreement be-
tween the secondary and the tertiary coders (75% agreement,
κ = 0.72). Following this step, axial coding was used to
identify phenomena, such as repeated events or views among
the codes. In total, 24 axial codes were developed to cap-
ture the current agricultural scenario and scope for UAV use
in rural Wisconsin. Ultimately, a selective-coding process
was employed to understand the relationships between the
axial codes developed, followed by comparative analysis and
theory-building.

FINDINGS
Equipment Investments
A theme that stood out in our analysis was the emphasis on
equipment and maintenance costs. Equipment is a consider-
able investment for farmers and cooperatives alike. Purchases
are need-driven and not impulsive. Selecting the appropriate
equipment and model requires extensive research and discus-
sion with experts. Different models imply a different price-to-
feature trade off. Farmers may rely on cooperatives to aid in
their equipment decisions, particularly if the equipment must
be customized for the farmer’s needs. Equipment rentals are
not always practical from the cooperative standpoint, as de-
scribed in the following excerpt.

Cooperative 1: One size doesn’t fit all when it comes to some
equipment. So, it’s just better if they own it so it’s tailored to
what they need. We don’t order a bunch of extra parts; we
have to rent to them. If we rent the equipment and they don’t
want to rent it anymore or we need to move on to something
else, now we’ve got a whole bunch of outdated obsolete parts
in our inventory. So that’s just not good for business.

Just as farmers rely on cooperatives, cooperatives may de-
velop relationships with manufacturers and sales consultants
to hear an expert opinion on the best equipment fit, as illus-
trated in the following excerpt.

Cooperative 2: We spent a good amount of time researching
the various devices and developed a relationship with a retail

sales group that provided our team with guidance on selecting
the proper model [UAV] to utilize in our current operations.

The initial purchase is only one piece of the overall equip-
ment investment. Depending on the machinery, equipment
may require regularly scheduled maintenance and on-demand
repairs. Many farmers opt to complete maintenance respon-
sibilities on their own, but such tasks can take farmers away
from time-sensitive demands. For example:

Farmer 3: Repairs are, there’s some welding, some things
break, we kind of just work them through. Cause we don’t
have time to take them apart and fix them so. It’s mostly
maintenance like oil changing and lubrication painting that
kind of thing.

Therefore, maintenance and upkeep can represent a signifi-
cant investment of a farmer’s time, and this must be taken
into account for any new equipment acquired. This applies
in decisions about precision agriculture equipment, including
UAVs. As equipment becomes more technical, do-it-yourself
repairs become less feasible, potentially increasing time and
financial burdens. The risks of equipment damage, equipment
failure, or software defects do not represent trivial financial
implications.

Familiarity and Opinions
Our analysis revealed low awareness of UAV agricultural of-
ferings among farmers. Participants who weren’t familiar
with the term ”UAV” tended to be familiar with the collo-
quial term ”drone” after we explained the definition of the
term ”UAV”. Farmer 3 had read articles about using UAVs to
fly over fields and look for diseases. Farmer 1 had previously
seen a professional photographer’s work using UAVs in the
Amazon. Farmer 2 expressed disapproval of the use of UAVs
in the military.

We asked farmers if they could see themselves using UAVs
in their work now or in the future. Farmer participants each
showed skepticism on the applicability of UAVs for small-
scale farms for the current state of the art. They were unclear
how they could use UAVs in a way that would add value on a
smaller scale, as illustrated in the following excerpts.

Farmer 1: It’s pretty cool! I’m not sure how I would use it in
my operation yet.

Farmer 2: Probably not [it wouldn’t have an impact]. On a
larger scale is really where it matters a lot more.

Farmer 3: Not for my farm probably, because it’s not that
big. The fields are not that big, and we go in them all the time
with the tractor anyway.

Because their fields are small, participants noted that it is not
challenging to be aware of what is going on in each area. De-
pending on the season, farmers may be in the fields every day
of the week. It is important to note that the farming methods
described by participants were very hands-on and experience
focused. Learning from others in addition to one’s experi-
ences in previous years was a common approach mentioned
by all three farmers. Furthermore, the farmers we studied fre-
quently rely on knowledge from their physical senses in order



to maximize yield and mitigate threats. Even with this intu-
ition, there is still a ”trial and error” aspect to farming. For
example:

Farmer 2: You can infer a lot of things just from going
there, taking a shovel, feeling it with your hands, and looking
around, but you really need to plant to see what problems are
there. Soil samples help but there’s still other variables.

When we asked farmers about ways that a UAV could be help-
ful to them, most thought of it as a way to narrow their focus
to a particular region of their field, particularly through vi-
sualizations. Once a problem region was identified, farmers
could address the problems using existing methods from that
starting point. The distinction is that the UAV alone would not
resolve an issue, but it would provide the farmer with useful
data in an efficient manner.

Beyond general surveillance tasks, farmers were unsure what
capabilities UAVs currently have. They also conveyed un-
certainty on the type of data that a UAV can provide. Despite
being uncertain of current offerings, farmers and cooperatives
were clear about the features they would like to see. The abil-
ity to monitor weather conditions and soil conditions was a
common request. For weather conditions, participants men-
tioned the desire to visualize wind patterns, air temperature,
and humidity. Considering soil uses, participants brought up
their wish to see patterns of water run-off, land erosion, soil
moisture, and soil temperature.

Automation was another popular theme among UAV appli-
cations. Participants indicated a preference toward an auto-
piloted UAV as opposed to a remote-controlled application
from an efficiency and timing perspective. For example:

Farmer 2: I think many farmers would feel as if they don’t
have the time to fly two to three hours a day. They’d probably
have to do it at the time of day when you’d be doing other
things.

An alternative method to the autopilot approach is to estab-
lish UAV operation as a separate job responsibility, such as
another task for a farm manager, or a contracted service from
a cooperative. For instance:

Farmer 3: With a farm this size I’d probably have to hire
someone to do it [fly the UAV] anyway.

Farmer 1: I would love to be able to have a farm manager
with [UAV] tools in hands. As small as this [farm] is, you
can’t be everywhere.

Both of the cooperatives we spoke to have had considerable
exposure to UAVs and other precision agriculture technology.
Based on their experience, they offered more concrete im-
provements to existing technologies. Cooperative 1 stressed
the need for more durable mechanical components and longer
battery life:

Cooperative 1: Having a weatherproof motor would be help-
ful. You know sometimes you don’t know when its going to
rain or if you’re gonna get a spot shower. The quadcopters
we’ve been using, they’ve got exposed motors in each cor-
ner. A light sprinkle and we fried two motors. Those are five

hundred bucks apiece. So, that would be helpful from that
standpoint.

Cooperative 1: Battery life is a concern. We’ve only got, I
think there’s four batteries or five that gives a total of an hour
and fifteen minutes of flight time. You can’t get a lot done in
an hour and fifteen minutes. Granted, it’s better than walking,
but we don’t get a lot done in an hour and fifteen minutes.

Despite varying familiarity, most participants in our study ex-
hibited high enthusiasm and excitement about the future of
UAVs. They were open to the possibility of using UAVs in
agriculture even if they weren’t clear exactly how they could
be used on smaller scale farms. Two farmers mentioned that
they ”definitely” could see UAVs being used on their farms in
the future.

Cooperative Involvement
Another prominent finding from our analysis was that many
farmers depend on cooperatives to guide their technology in-
vestments. Cooperatives reported considerably more farmers
looking to them for technology guidance than farmers imple-
menting technology on their own, as shown in the excerpt
below.

Cooperative 1: We got people that rely on us, 100% through-
and-through to bring the technology to them, how to use them,
what to do with the datathat’s probably the higher percentage.
We have a smaller percentage; maybe less than 2

Cooperatives can also bridge the gap between farmers and
technology from a readiness perspective. People may not be
”technology ready” if they experience a great deal of discom-
fort with technology[7]. Introduction of new technology by
cooperatives can ease this discomfort and encourage adop-
tion. This is a common task for cooperatives today, as high-
lighted by the example below.

Cooperative 1: They [traditional farmers] are really good
at some of the other things in their operation...But when it
comes to technology and data management and generating
quality information, quality data, they shy away from some
of that. So our job is to make them comfortable with technol-
ogy that’s out there.

By design, cooperatives are in the unique position of being
able to offer services to farmers without requiring significant
upfront costs from the farmer. As precision agriculture tech-
nologies enter the market, the practice of offering this tech-
nology as a service reduces the barrier to entry. The coop-
eratives that we spoke with emphasize their commitment to
being at the forefront of new technology, as demonstrated in
the following excerpt:

Cooperative 2: Currently we are fully and amply equipped
with the most up to date and technology advanced applica-
tion equipment utilizing precision technology. We continu-
ally monitor and evaluate various new advancements in the
application equipment industry looking to maintain the cut-
ting edge of that type of equipment.

The combination of cooperatives staying up to date on the
latest technology, their unique relationships with farmers, and



the cost benefits of offering precision agriculture as a service
makes them an ideal candidate to introduce and promote UAV
technology. Several participants share this viewpoint:

Farmer 3: Coops, I think they’d probably be the people that
would do it [offer UAV operation as a service].

Farmer 2: It seems to me that it would make a lot of sense to
collaborate with local entities in that regard [using UAVs].

Cooperative 1: I see them [UAVs] being a part of some of
the higher end services we offer customers, if and when it’s
ever allowed

It is worth noting that none of the three farmers we spoke with
currently worked with cooperatives in the area. One farmer
mentioned a perceived incompatibility between co-ops and
small-scale farms:

Farmer 1: I’m not opposed to working with them, but they’re
not geared toward the small operatorBig co-ops haven’t fig-
ured out how to deal with us [small farmers]I know who they
are and I’m not afraid to talk to them, but I’m not sure they
have a lot to offer me.

It is unclear what, if any, impact the lack of involvement
between small-scale farmers and co-operatives will have on
UAV adoption for small-scale farmers.

Views on Government Regulation
As previously outlined, UAV legislation remains a controver-
sial issue. At the state level, Wisconsin has legalized the use
of UAVs that are not weaponized, not flown in spaces that
interfere with normal use, not flown in privately owned prop-
erty without owner consent, and not flown in places where in-
dividuals have a reasonable expectation of privacy [3]. More
granular government regulations on the use of UAVs for com-
mercial agricultural practices have yet to be announced at ei-
ther the state or federal level. Participants indicated that they
expect new legislation in 2015.

Without knowing what their limitations will be, participants
expressed concern about what decisions will be made in the
future and how this will impact the role of UAVs on private
farms. For example:

Cooperative 2: Many of the concerns at this point would be
just waiting to see what the FAA guidance becomes in 2015.

There is a perceived risk of new laws causing a negative im-
pact on the return on investment. Depending on how restric-
tive new laws are, cooperatives may need to revise their busi-
ness plans within their precision agriculture divisions. For
some, the undefined state of legislation is slowing or halting
their investment in UAVs. For instance:

Cooperative 1: I’d like to see what’s gonna happen with reg-
ulation [of UAVs], before we start biting off big chunks of
money before we start investing in something like that and
really kinda trying to blow it up, we need to know what our
restrictions are.

Legislative decision has high stakes for farmers and cooper-
atives that are interested in using this technology, especially

those who have already begun making use of it. This is not
to say that participants oppose legislation. In fact, many par-
ticipants expressed their support for some level of regulation.
Two participants suggested a need for qualification controls,
as illustrated in the following excerpts:

Farmer 2: I feel like there would have to be definitely some
sort of training and assessment of individuals or collaborative
groups that are using that technology. They would have to
continue to be assessed on an annual or bi-annual basis.

Farmer 3: I don’t think it would be a problem to restrict it
that you would need, that you would need to be trained. To
have some set of rules you know, yeah. Like certain people
find it useful and they should be able to use it mostly.

On the other hand, the threat of over-regulation remains a
concern. This trend persists among cooperatives and farmers
alike, with cooperatives concerned about ROI for existing and
future operations and farmers not wanting the government to
interfere in their work. For example:

Farmer 1: I would hate to see the FAA take over the drones.
I’ve heard enough to know that’s the last thing they need.

Farmer 3: I suppose it could be a problem if it gets too re-
strictive, especially if you’re a farmer by the city probably. I
don’t know how they are planning on restricting it so I don’t
know how much of a problem it would be.

At the corporate level, cooperatives are expressing their needs
and working with lawmakers to develop legislation. On a lo-
cal level, two participants reported interacting with farm bu-
reaus to have their voices heard. Several participants reported
that they actively follow legislative work in this area. For ex-
ample:

Cooperative 1: They [Cooperative 1’s parent company] are
very heavily in the lobbying process with some of the reg-
ulations going on with that [UAVs]Several of our employ-
ees, myself included, sit on some of the local boards, county
boards, and I know that’s going to be a big focus for the Wis-
consin Farm Bureau as well as the National Farm Bureau go-
ing into 2015. So certainly our voices are being heard that
way.

Cooperative 2: We continue to monitor the legislative work
around UAV usage, especially with respect to agriculture op-
erations.

Discussion and Design Implications
Among the small farmers that we spoke to, each farmer had
difficulty envisioning how they could get value out of using
a UAV in their current operations. In this section, we will
explore possibilities for future uses based on our findings and
understanding of current practices.

It was a common trend for farmers to have minimal data man-
agement. Several participants captured data about sales, but
other records were lacking, including historical, input-supply,
and climate data. UAVs can automate the collection of large
amounts of this data. While it is not clear if this will influence
a farmer’s behavior, the potential impact of UAVs is not lim-



ited by current data management practices. UAVs can benefit
farmers regardless of record keeping. For example, a farmer
may take an action based on a live feed from a UAV, without
the dependence on any historical data.

Farmers are constantly dealing with threats to their crops.
Among the farmers we spoke to, weather, insects, larger pests,
and disease were primary challenges that they had to counter-
act. Mitigation attempts tended to be reactive: when a plant
starts showing observable symptoms, appropriate steps are
taken. Proactive methods could be utilized if more precise
data is available before the threat becomes serious. UAVs
would deliver accurate, real-time information that would pro-
vide early indicators of a threat. For instance, a UAV equipped
with a thermal camera may be able to detect fungal disease
based on increased heat in the affected area as the plants at-
tempt to fight the threat.

Throughout our interviews, participants were eager to sug-
gest design features that would help them see more value in
UAVs. Suggestions included features to make the UAV more
durable, such as weatherproof motors and longer battery life.
Automated features were also in high demand: participants
indicated a preference for a pre-programmed autopilot mode
based on GPS coordinates of their fields. However, several
individuals noted that a manual override would also be nec-
essary for certain circumstances, including experimental use
and backup in case of autopilot failure.

CONCLUSION
Although we did not have any statistical analysis to test any
hypotheses, this ethnographic study proved to be useful in
evaluating key concepts for exploration in the future. The
trends identified above can be used as a bridge between cre-
ators and farmers, informing the design process and provid-
ing insight into the potential uses and concerns surrounding
UAVs. Complete systems can then be built with this informa-
tion, allowing for fewer iterations in the product development
process and a significantly more valuable tool for the farmer.
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