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Travel restrictions and social distancing measures make it difficult to observe, monitor or manage physical
fieldwork. We describe research in progress that applies technologies for real-time remote observation and
conversation in on-road vehicles to observe field work on a farm. We collaborated on a pilot deployment of this
project at Kreher Eggs in upstate New York. We instrumented a tractor with equipment to remotely observe
and interview farm workers performing vehicle-related work. This work was initially undertaken to allow
sustained observation of field work over longer periods of time from geographically distant locales; given our
current situation, this work provides a case study in how to perform observational research when geographic
and bodily distance have become the norm. We discuss our experiences and provide some preliminary insights
for others looking to conduct remote observational research in the field.

1 INTRODUCTION

Farming is an increasingly difficult business, with an advancing median age of the domestic work-
force, growing barriers to recruiting seasonal farm workers, and industrialization and consolidation
creating greater competition in the market. This “tough job” has been made substantively tougher
by the advent of COVID-19. Food producing farms and operations that care for animals have been
exempted from the guidance for workforce reduction in most states, but travel restrictions and visa
processing limitations have impacted the ability of many farms to hire H-2A workers who typically
perform seasonal field work. [1]

Agricultural automation can help to change the labor equation in the fields, so that fewer people
are able to farm more acres. [8] While agricultural robotics is advancing rapidly, surprisingly little
research has been done to study the human-machine interaction between farm and agricultural
workers and these new emerging systems. [14] We have been studying human interaction with
farm automation in the field—the literal field—by looking at how farm workers interact over the
course of a growing season with existing farm automation. The novel methods we have devised to
remotely study farm work can also help us to understand the changing nature of work on farms in
the midst of the COVID-19 pandemic.

We have built and tested an interactive system for remote ethnography that allows us to perform
longitudinal field studies of farm workers using automated farm vehicles. This system, FarmWoZ,
is an adaptation of the Woz Way system which we originally developed to study interactions with
automation in passenger vehicles. [11] Our system enables us to remotely observe how farm workers
use current automation systems, supplement the audio and video data from our feed with sensor
information, and record synchronized data in a way that allows ample post-analysis. To adapt to
the challenges that the farming context brings to this style of research, we have adapted our system
design so that it can be remotely operated for long-stretches of time. We have also built interfaces
to better allow remote observers to contextualize what they are seeing and discussing with the
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farm workers. Our system is intended to help scientists, researchers, engineers and designers to
better respond to the situated contexts of agricultural workers, over the course of the farming
season, without having to be physically present on the farm.

2 FIELD WORK TO DATE

Kreher’s Farm Fresh Eggs is a family-owned operation founded in 1924 in Upstate New York,
located outside of Buffalo in Clarence, New York. This farm produces premium farm fresh eggs,
organic and conventional produce crops such as corn, soybeans, and beets, as well as compost and
fertilizer. As part of their overall operation, Kreher farms over 3,000 acres of certified organic crop
land, both to feed their own chickens and for external sale. The Kreher family has close ties to
Cornell; many of the family partners are alumni of the university.

In the 2019-20 growing season, when we performed our test deployment of the FarmWoZ system,
we interviewed farm managers about the use of automation on Kreher’s Farms. As a mid-size
farm, Kreher does not have the scale to transition their entire farm vehicle fleet to the latest
automation systems, but they have been incorporating new automated equipment and machinery
as old equipment is retired. With this gradual transition process, the farm scientists and workers
experiment with different settings and applications to learn what works best for the specific crops
and field conditions experienced on Kreher’s crop land.

The 2019 season turned out to be a challenging one; the long rain season in Spring 2019 prevented
planting from occurring until late into the season [15]. Many farmers did not plant crops at all,
since the growing season would be so short that the return on investment was questionable [2].
However, because the Kreher farm is in many ways a self-contained system, they needed to plant
or otherwise they would not have feed for their chickens [16].

Our intent in the 2019 season was to witness a whole season; however, the incredible stress and
pace of that particular season meant we were lucky to record 10 sessions of cultivating. Harvest
turned out to be too hectic and stressful, and the workers we worked with understandably were
resistant to having us back in the height of the harvest season to instrument the combines as we
originally planned. However, we took a trip in early February this year to present our research in
progress, and the crew at Kreher farms was excited to see all the nuances and details of their work
that were captured. They are looking forward to working together in the coming season, although
it is currently unclear what shape that will take given current COVID-19 restrictions.

To our knowledge, this type of longitudinal examination of farm worker interaction is the first
of its kind. One of the reasons this research is unique, and unusual, is that rural communities are
distinct, and understudied in the United States [9]. Another reason, however, is that field work is
expensive and difficult if researchers are not located near the subject of the research; our system
helps to bridge this gap. In a moment where travel is restricted, and social distancing is the norm,
systems that enable sustained remote research are vital to producing an understanding of contexts
that demand design and engineering.

3 PRIOR WORK

While notable work in remote ethnography has occurred in the social sciences [13], much of the
prior work is premised on digital technologies such as video conferencing or mobile phones, and
hence has developed amidst the field of human-computer interactions [10, 12]. Early systems
focused on extending the experience sampling method [6] as a technique to evaluate and improve
ubiquitous computing applications [4]. Froehlich’s MyExperience, for example, enables designers
to survey users after specific interactions with their device [7]. One example had users rate the call
quality after a mobile phone call on the phone itself. Carter et al’s Momento [3] was developed
to help designers better understand the in-world context in which people were using mobile
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Fig. 1. (Left) An operator in a semi-automated tractor. (Right) A RoboCrop Cultivator Head running in a field
of beets. Note the H2A workers outside of the path of the tractor on the right.

computing applications. Designers receive notifications around specific trigger events notifying of
a participant’s mobile application use, in real-time. They can subsequently interact with the user
over multimedia messaging by sending questions and requesting photos or videos of the user’s
environment.

In discussing the future of remote interaction design tools, Crabtree et al. point out that many
aspects of interaction in ubiquitous environments are invisible and fragmented, and that “there is a
strong need to enhance observation in these environments, making the invisible visible and reconciling
the fragments to permit coherent description.” [5] They champion the combined use of video and
system data in remote ethnography to enable sensemaking of increasingly computational user
experiences. Hence, the WozWay system [11] that FarmWoZ is derived from provides high quality
video, multiple camera angles to establish context in and out of the cabin, and also provides map
data to remote interactants to help them localize what they are seeing when they interact with
drivers.

4 METHODS

The objectives for our novel research were to:

1) Develop a system that enables us to perform remote field studies of people interacting with
farm automation. We aimed to design a system that is inexpensive, remotely operable, remotely
deployable, and easy to use, so as to maximize adoption by other researchers.

2) Perform field studies of people interacting with automated farm equipment throughout the
growing and harvest seasons. This was an initial foray into establishing key issues in human-
machine interaction for farm automation systems based on empirical longitudinal study.

Here we describe each of these approaches and methods in greater detail:

4.1 FarmWoZ: An Interactive System for Remote Ethnography

4.1.1 Function. The FarmWoZ system, derived from the WoZ Way system [11], allows researchers
to watch the real-time tractor cabin experience via high fidelity video and audio, and simultaneously
receive meta-data about the drive such as real-time map or sensor information. The researcher can
also interact with the operator, asking questions by using a text-to-speech messaging system. A
system diagram for our FarmWoZ Interactive Remote Ethnography system is shown in 2.

At present, our current system costs around $5000 and fits in a carry-on sized Pelican case. It
includes three GoPro cameras, a video mixer, an HDMI video input device, a laptop computer,
a cellular router, a GPS/IMU sensor unit for location tracking, and a GoalZero Yeti 150 portable
battery power station.
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Fig. 2. System diagram showing remote and in-field parts of our remote ethnography system.

4.1.2  Data Streaming and Capture. FarmWoZ has been designed to provide the researcher more
contextual information than potentially possible if the researcher were merely riding along, such
as a live stream of map and sensor data and multiple camera views. In our deployment we used
three cameras, one to view the tractor operator, one to view out the front of the tractor, and one to
view the cultivator equipment pulled behind the tractor. We also use a GPS to follow the vehicle’s
location through the field.

Video and audio are streamed from the cabin using a video chat client. Location data and the
text-to-speech messages are streamed through a separate, centralized data server. The Wizard
interface shows a live map,

4.1.3 Deployment Vehicle. We deployed the FarmWoZ system in a John Deere tractor with a
robotic cultivator tool attached. The tractor was equipped with self-steering capabilities powered
by a Trimble precision GPS system. The self-steering system helps maintain straight driving at a
set speed but does not automatically turn the tractor around at the end of a field row. The Robocrop
cultivator tool, was equipped with a dual-camera computer vision system that helped to maintain
it’s position equally between the plant rows. The cultivator head makes fine adjustments left and
right to maintain perfectly straight rows but does not lift itself if there are obstacles such as rocks
in the rows.

4.1.4  Analysis. We are developing tools to allow multiple researchers to perform post-facto analysis
of the data collected by our FarmWoZ system. We believe this to be important for the interdisci-
plinary collaborative aspects of our work, as no one person can see all the important things that
need to be recognized in the footage collected. The system is built as a Jupyter notebook to make it
easier to use the system as the first step in building machine learning tools to help automatically
recognize and parse features corresponding to researcher-generated labels. A prototype for this
analysis interface is shown in Figure 3.

5 PRELIMINARY FINDINGS AND DISCUSSION

The outcomes of our work to date are:

1) An interactive system and method to support remote longitudinal study of farm work.

2) A deeper understanding of the constraints and opportunities to improve human interaction
with automated farm vehicles.
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Fig. 3. Prototype interface for multi-researcher collaborative analysis of captured video.

For the purposes of addressing the larger question of how real-time remote interaction prototyp-
ing and observation technologies can help enable remote observation, monitoring or management
in the time of COVID-19, we will focus our findings and discussions on the first outcome.

5.1 Preparation and setup as critical path

One critical aspect of deployments such as ours is the set up of the equipment used to capture,
record and transmit the video and location data used in our study, as well as the substantial amount
of fixturing and cabling needed to connect and power the equipment. In this deployment, we
had a day on site in late February 2019, where we talked to the people we would be working
with. Discussions of which vehicle to instrument, who we would work with on a day to day basis,
what the key factors were to observe were had in that meeting, and the researchers climbed into
five different farm vehicles to assess the viability of each. This site visit also enabled grounding
conversations about how often each vehicle was used, by which workers, and during which part of
the growing season. This aspect of the deployment is difficult to replicate without a visit to the
physical site.

The actual installation of the equipment took the better part of a day in May 2019, with personnel
that were both on- and off- site, in part because of the needs 1) to work out the physical location
of the different part components, 2) to check that all the parts received enough power when the
vehicles were turned on and off, 3) to figure out whether we would need to externally charge the
portable battery we had for the system, and 4) to verify that we had sufficient cellular coverage to
make the remote connection viable. We also spent a lot of time on site labelling all of the parts and
creating a detailed guidebook for people on-site to use should they need to service or move any of
the equipment.

Without the initial scouting visit, a person who had prior knowledge of the context of deployment
and the technologies that would be used would be needed to understand where and how to set up
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Fig. 5. Original equipment installed in farm vehicle.

the instrumentation. This is a significant limitation and could hamper or prevent system deployment
in a COVID-19 era research setting.

For this reason, both to ease the need for complex system knowledge and to make the equipment
installation and maintenance lower, we have substantially reduced the infrastructure needed to
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Fig. 6. Test deployment of next generation FarmWoZ instrumentation, in a car, using two phones for driver
and front road view.

support the remote observation. The original equipment for the deployment is shown in Figure
5. While this setup allows us a high data-rate high video quality recording, with the potential
for back-up video recording on the computer hard disk, we realized that a simpler setup would
be worth considerable trade-offs. For this coming season’s deployment of this research, we have
developed a new version of the FarmWoZ system to run on cellular phones running the Android
operating system, which can be mounted in the farm vehicle using suction mounts, and powered
using standard 12v in-vehicle charging apparatus for phones. (See Figure 6.)

With this set up, we are able to have multiple views of the in-vehicle work setting, to perform
text-to-speech interaction, and to gather GPS and phone-based sensor information which can be
relevant to establishing a larger sense of context. We have developed automated mechanisms to
allow remote researchers to remotely set up all aspects of the system after somebody has mounted
the phones and powered them on, so long as the phones are in cellular range. This set up is less
expensive from an equipment perspective ( $750 USD vs. $5000 USD) but costs more to run in an
on-going basis, because of the costs of the cellular data plans for each phone (roughly $50 USD per
phone per month of deployment). A custom system could be built using an embedded computer
such as the NVIDIA Jetson Nano, but such a system would not be as familiar and easy to use for the
local participants as the cellular phones. Overall, we would recommend that researchers looking
to deploy remote observation systems consider how much complexity their participants should
manage and work to build systems that are easy to set up and remotely manage.

5.2 System Operations

Each of our FarmWoZ observation sessions took some coordination with the person who was
using the tractor, because they had to turn the system on. The overall boot-up process did not take
long—we estimate 5 minutes turning on the computer, camera, and wireless network—but it did
cause a constraint because the person who did the boot-up was ideally the person who was initially
trained. The boot-up time was also a challenge because it made workers not want to set things
up when work on the farm was a little more hectic, complicated or stressful than normal, which
occurred numerous times during the growing season we observed.
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One question about the system we designed and tested in our pilot deployment was whether we
needed all the cameras we deployed. During the observations, we did find that all of the camera
views we set up in the farm vehicle were necessary. Our system had the capability to connect up
to four cameras; we set up three, one of the farm worker, one out the front of the farm vehicle,
and one out the back. We viewed this as likely a super set of what was needed, but we thought we
would see if any of the views would prove to be unnecessary. As it was, all three camera views
were important. The view of the farm vehicle operator was important, because it would have been
difficult to ascertain what the worker was doing without that view. It would be possible to ask, but
understanding when we could ask about things without distracting the worker would have been
difficult. The view out the front of the tractor was critical to understand the context of where the
vehicle was driving, and to see what the worker was attending to. This view also helped us to see
when the tractor was at the end of a row, or when there was an obstacle in the path, or what the
weather looked like. The view out of the rear of the tractor was important to understanding the
actual work that was being performed; we were able to see the rows being cultivated, and how the
robotic cultivator was or wasn’t performing its task.

One naive question that anyone might have of the situation we were observing is what it is
that the farm worker has to do when they are in a vehicle that is largely self-driven; there is
GPS navigation to pinpoint the location of the tractor, and the automated Robocrop cultivator
uses computer vision to line up the cultivator head with the rows of the crop. However, what we
witnessed by watching the cultivation activity showed that the farm worker needs to constantly
monitor all of the automated systems and perform small corrections or overrides to keep the
system working smoothly. We noted that at times, the farm worker looked like he was getting an
upper body workout from needing to turn forward and back to see how things were going. For
instance, one time, our worker said "ROCK" and put his hand on the cultivator controls. Looking
out into the field, we did not see a rock, but we did see a patch of the field which was uncultivated,
missing the visible rows that were in the other parts of the field. When we asked about it, he said
that the uncultivated patch indicated where other people had also lifted the cultivator head, and
usually marked areas where someone had previously seen a rock. He explained that the automated
equipment was so expensive that repairs and downtime were extremely costly; it was better to
assume there was a rock where an uncultivated patch emerged than to risk damage. The amount
and type of activity the farm worker did changed over the course of the season. Early on, there
was a lot he needed to do to make sure that the automated cultivator lined itself up properly, and
to profile portions of the field where the GPS signals might be weak and the vehicle would lose
its location. Later in the season, there was more growth for the automated cultivator to see, and
the driver had built up knowledge about where the system could be trusted to drive itself. During
our observations sessions, we could see and hear that the driver had more time to check his cell
phone or relax in between moments when he was looking to see if the crops were growing well or
if weeds were growing faster or slower than expected.

Based on this experience, we felt that all the cameras we originally set up were necessary to
monitor activities, to contextualize discussions, and to understand what worker was doing and
why throughout the growing season. Substantially more was learned by being able to talk to the
farm worker by watching activity and asking about it in real-time than would have been learned
in post-facto interviews, even if we had performed multiple interviews throughout the season.
Our experiences from the FarmWoZ operations strongly suggests the value of performing remote
longitudinal studies even under work-from-home restrictions, and also validates the importance of
having multiple cameras to make that remote observation and real-time interaction as rich as can
be for the remote parties.
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5.3 Missed moments

We would be remiss if we did not also mention the numerous “missed moments” that occurred in
our pilot deployment. Very often, we would learn of things that we would have liked to observe
and ask questions about during our conversations with the worker.

For example, one time the worker mentioned that it was good that we stopped when we did
in the previous session because shortly thereafter the cultivator broke a tine, and the tractor had
to be stopped and other workers had to come to repair the tractor. He seemed surprised when
we reacted in disappointment to having missed that event; to his mind, the breakage and repair
of farm equipment represented an undesirable stoppage in farm work, and not part of the work
that we would be interested in witnessing and discussing. He laughingly promised that we would
hopefully see another breakdown that he hoped would never happen. But, we never did get to see
such an event. After those conversations, however, evidence of repair as a core activity in the farm
work emerged in lots of places; for example, the worker had a bag of repair equipment that usually
sat on the jumpseat where our recording equipment was installed, and we discussed whether that
equipment was safe to sit on top of the Pelican case for our equipment.

Another activity we missed seeing was night work. Because of the aforementioned short season,
the farm workers often worked into the darkness of the night to plant and cultivate fields. The
worker we were talking to mentioned that this was a little bit dangerous, because the lower visibility
made it harder to see if the tractor and the cultivator were doing exactly what they should, and the
chances of damaging equipment by running into a rock or wild animal in the field increased. Once
we expressed interest in seeing night work, numerous attempts were made to enable such a session.
However, usually the need to perform night work also intersected with stressful moments in the
farm work, and for a number of contributing factors, we never had a session of night time activity.

The stress of the difficult season also influenced the timing of our work, which also influenced
what we could witness. Different crops are planted at different times on the farm; since our
FarmWoZ equipment was set up in a tractor with a cultivator, we primarily witnessed cultivation
of already-planted crops. It seemed possible that we might have been able to see the planting of
other, later-installed plants, but the effort to move the instrumentation seemed to be too great to
overcome. We mostly watched the cultivation of corn and beets, and it was difficult to know what
we might have missed if we were able to see farm activity on a wider range of crops, or interview a
wider range of workers.

We believe there are two parts to the aspect of missing moments in the remote observation
of field work. One part has to do with scale; there is only so much we can witness through the
instrumentation of one vehicle, and interacting with one worker. A more comprehensive view of
our subject matter is possible if we can replicate our system and install it in more vehicles; the
lower cost and complexity of our new system should help to make that possible.

The other aspect to the missing moments has to do with the participant engagement. It takes
investment of time and effort for our participants to interact with us during the course of their
work through FarmWoZ, even if we are trying to make the most of relatively relaxed moments in
in-vehicle farm activity. Many of the “missed moments” we most hoped to see were also moments
of high stress and uncertainty. Reducing the complexity of our system certainly helps with that,
but, as we will discuss later, it is also important to provide the participants more transparency into
the value of the work being observed to help motivate the effort required.

5.4 Direct interaction vs. long-term monitoring

It is clear that many of the previously mentioned “missed moments” could have been captured if
we had a passive “always on” system that was constantly recording activity that was happening in
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and around the farm vehicle. To our mind, this brings up a crucial distinction between longitudinal
study through the direct interaction made possible by FarmWoZ and long-term activity monitoring.
In our FarmWoZ work, the researchers are remotely witnessing and experiencing the work activity
in real-time, and are able to ask about it; the worker is able to describe the context and the in-
the-moment thinking around the activity. The back and forth keeps the worker aware that his
activities are being observed, and he is able to adapt his behavior to that context, to point out
factors that cannot be seen on camera, or to voice in-the-moment uncertainties before the influence
of what happens later colors recollections of those thoughts. Because we have not performed
long-term passive monitoring as a research method, we are not able to make direct comparisons
of the approaches on outcomes and findings. That said, we feel that the FarmWoZ system does a
better job of capturing the ethnographic and design research moments that would also be captured
by longitudinal ethnographic study than passive recording and retrospective interviewing would.

5.5 Ethics, Transparency and Feedback

Because we are observing and recording people in their place of work, there are inherently ethical
issues around surveillance and job risk. [17] We feel that the fact that we are not always recording,
and the fact that we are actively interacting with the participants when we are recording, helps the
participant to be aware of our presence and actions, and allows them to modify their behavior or
negotiate our own activity. We are also selective about the moments that we choose to show, to
make sure they always reflect our intent which is to make better systems for people working on
farms to use.

Longitudinal studies involve considerable investment and work on the part of the participants.
Our primary tractor operator acted as a research participant and would help us to debug the
FarmWoZ system when the communications broke down. This included re-routing power cables,
restarting software, and debugging wireless connections. While our participant was amenable to
helping, it did cut into their working hours and at times they did not have the time to work with
us. Many of these challenges can be solved through more robust systems, however we also found
that having more communication with the farm team about our research helped us to build more
rapport and investment, leading to more engagement and a willingness to work with us.

After our pilot deployment, we traveled to the farm and presented reflections on how the deploy-
ment went, key moments from our observations, and our plans for moving the project forward.
This meeting lead to a robust discussion with the entire farm team and increased interest in the
project. After discussing our results with the team there was a renewed interest to set up the
FarmWoZ system in different equipment and continue observations during different parts of the
farming season. This transparency also may have an effect on the research, as the participants
may alter their behavior based on the awareness that they are being studied, and may also point
the observations towards things they want the researchers to attend to. At the same time, this
transparency and feedback can help make workers more aware of the intent of the overall research
efforts, and increase their willingness to make concessions and do extra work to accommodate
research activity. While it is obvious that forming good relationships is important for any longitu-
dinal ethnography, being remote makes this more challenging. When researching in the field in
person, research participants can more directly see the products of the research work. Researchers
can also form more personal connections with participants, helping to increase trust. Being remote
makes this rapport building more difficult due to reduced interaction time. Additionally, while
behind the FarmWoZ system, we as researchers are represented by a computer voice, rather than
as individuals. Having frequent phone calls with our primary operator helped to maintain the
connection with our team as people.
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As we move forward, we plan to have more engagements where we show what we are learning to
the team and coordinate on how to improve our system and interactions in-cabin. Other researchers
looking to use remote ethnography methods should consider how they can build and maintain
rapport with their participants over time. Minimizing the complexities of remote interaction can help
minimize wearing participants out by reducing their required effort. However, coordinating remote
research always has added complexities. Making participants aware of how they are positively
contributing to your work and involving them in the process can help to maintain engagement
over long periods of time.

6 CONCLUSION

We hope that the novel research that we have performed in conducting remote observation of
fieldwork on the farm can inform discussions of the new future of work in the COVID-19 area. The
work we performed on the FarmWoZ project speaks to possible ways that designers, researchers
and managers can remotely observe and interact with people in the field. We strongly believe this
connection is critical to making human-centered systems even under pandemic circumstances.
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