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Abstract: Precision agriculture is highly dependent on the collection of high quality ground truth
data to validate the algorithms used in prescription maps. However, the process of collecting ground
truth data is labor-intensive and costly. One solution to increasing the collection of ground truth data
is by recruiting citizen scientists through a crowdsourcing platform. In this study, a crowdsourcing
platform application was built using a human-centered design process. The primary goals were to
gauge users’ perceptions of the platform, evaluate how well the system satisfies their needs, and
observe whether the classification rate of lambsquarters by the users would match that of an expert.
Previous work demonstrated a need for ground truth data on lambsquarters in the D.C., Maryland,
Virginia (DMV) area. Previous social interviews revealed users who would want a citizen science
platform to expand their skills and give them access to educational resources. Using a human-
centered design protocol, design iterations of a mobile application were created in Kinvey Studio.
The application, Mission LQ, taught people how to classify certain characteristics of lambsquarters in
the DMV and allowed them to submit ground truth data. The final design of Mission LQ received a
median system usability scale (SUS) score of 80.13, which indicates a good design. The classification
rate of lambsquarters was 72%, which is comparable to expert classification. This demonstrates that a
crowdsourcing mobile application can be used to collect high quality ground truth data for use in
precision agriculture.

Keywords: big data; precision agriculture; lambsquarters; human-centered design; crowdsource;
citizen science

1. Introduction

Farming today has grown increasingly dependent on precision agriculture to increase
yields and minimize environmental impact; more than 50% of farms in the United States
use precision agriculture (PA) in their fields [1–4]. In order to develop the PA prescription
maps that farmers depend on, large amounts of data on soil types, weather, and planting
needs to be collected [5]. To design highly accurate PA algorithms to create these maps,
millions of data points from thousands of farms are needed [6–8].

The collection of this data can be divided into two types: remote and ground truth.
The remote sensed data include imagery, global positioning system (GPS), etc. [9,10]. The
ground truth, or geophysical parameter data, are more labor intensive to collect as someone
is needed to physically visit the locations to provide the measurements [11]. Due to a lack
of resources to gather this information, right now growers and researchers are sitting on an
abundance of remote sensing data without corresponding ground truth data [12].
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In order to meet this demand, a crowdsourced platform was designed using a human-
centered approach to aid laypeople in completing ground truth data collection. The
platform was created to assist urban agricultural researchers in the District of Columbia
studying lambsquarters (Chenopodium album L.). Researchers at the University of the
District of Columbia (UDC) were interested in the growth conditions of lambsquarters in
the D.C., Maryland, Virginia area (DMV). By recruiting citizen scientists, DMV residents
can assist researchers in reporting where and in what conditions the plant is growing,
providing researchers with vast, rich data.

The rest of the paper is structured as follows. The Background section discusses
the context of precision agriculture and how the focus of this study aids in improving
the data collection techniques for PA. The Background section also discusses the benefits
of using crowdsourcing as the data collection process for ground truth data and why
human-centered design was used to design the crowdsourcing platform. The importance
of studying lambsquarters in the District of Columbia and how it fits with the university
mission is also discussed in the Background section. The Materials and Methods section
discusses the research questions and the human-centered design protocol which was used
to design the crowdsourcing platform. The methods used to design the mobile application
and the desktop version are also described in this section. Recruitment methods and
user studying methods for each design iteration of the crowdsourcing platform are also
described there. The Results section discusses the demographic, usability, and qualitative
results from each design iteration. The classification and mapping results of lambsquarters
are also discussed there. The Discussion section discusses how the results answer the
research questions. The Conclusion discusses the future work of this research.

2. Background
2.1. Precision Agriculture

Precision agriculture (PA) is a “management strategy that uses electronic information
and other technologies to gather, process, and analyze spatial and temporal data for the
purpose of guiding targeted actions that improve efficiency, productivity, and sustainability
of agricultural operations” [13]. In the United States, farmers have been able to reduce
their environmental impacts and save resources by adopting these precision agriculture
technologies [3]. The USDA reports that corn farmers could lower their hired labor costs
by 60 to 70 percent when they adopt PA technologies and farmers in North Dakota could
save $1500 a year [14–17].

PA follows a cyclical process. The first stage is data collection where data such as
disease and pest information, soil characteristics or weather conditions are collected using
remote sensing or soil sensors. The information is paired with GIS data to aid in the next
steps. The second stage, data analysis, involves developing the classifiers to detect the
features of interest, whether that be nutrient content, presence of certain diseases or pests
or soil components. The third stage, prescription, is to produce a prescription map from the
classified data. This map illustrates how much of an input should be applied throughout
the field. The last stage, application, is where the maps are loaded into the application
devices, such as fungicide applicators or irrigation devices. The devices are able to vary
the amount of input applied according to the prescription. After application, the PA cycle
can restart. How often the cycle is used depends on the input. For example, PA is usually
applied to irrigation on a weekly or daily basis [18].

This process is illustrated in Figure 1 using the example of fungicide application for
the management of Marssonina blotch disease in Fuji apple trees:

• Data Collection: spectrometer data is taken of Fuji apple tree leaves.
• Data Analysis: spectra analyzed for wavelengths that indicate the presence of Marsson-

ina blotch disease.
• Prescription: analysis used to create a prescription map in ArcGIS.
• Application: prescription map used for the application of pesticide in the apple orchard.
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Figure 1. Flow chart of the precision agricultural process, including researchers implementing the PA
process in an apple orchard in Gunwi, Republic of Korea, July 16, 2015. Courtesy of Brianna Posadas.

In the data analysis stage, it is important to have both the remote sensed data and
ground truth data to verify the classifiers. The ground truth data is the “geophysical
parameter data, measured or collected by other means than by the instrument itself, used
as correlative or calibration data for that instrument data” [10]. It would not be possible
to accurately train the precision agriculture classifier without the actually identity of the
disease, pest, or vegetation in question. However, the ground truth data is more difficult to
obtain because of the person hours needed to cover the large agricultural fields. Farmers
and researchers alone are not sufficient enough resources to inspect all the vegetation
needed for PA algorithms [6,19]. One way to address this problem is to recruit citizen
scientists through crowdsourcing platforms.

2.2. Crowdsourcing Initiatives in Agriculture

In recent years, citizen science has been able to engage non-professionals in scientific
research through crowdsourcing [20]. The most prominent use of crowdsourcing in agri-
culture is having participants make small contributions individually to allow a central
management system to conduct analysis on the collected data [21]. Through crowdsourc-
ing, citizen scientists have become more mindful of environmental issues and help with
classification of existing datasets [11,12,22]. Current examples of crowdsourcing projects in
agriculture include eBird, a collection of georeferenced bird observations from volunteer
bird watchers and iNaturalist, a mobile application that allows participants to log their
plant, and animal observations [21,23].

While the proliferation of mobile phones has made it easier to recruit citizen scientists
to submit their observations for research, one challenge is still ensuring that the quality
of the collected data is high enough to be used for agricultural purposes and precision
agriculture algorithms. One study did find that farmers were able to make observations
on their farm that matched those of an agronomist at least 77% of the time [21]. Another
study found that while the observations of individual farmers had low convergence with
experts, when the observations were aggregated, the convergence increased to be of an
acceptable range compared to observations by an expert [24]. These studies show that
farmer-generated data can be used accurately in crowdsourcing agricultural research
projects [21]. With this in mind, other researchers have been able to recruit large number of
farmers to carry out experiments on their farms and crowdsource the results: Crop Land
Extent allows users in the Global South to help determine agricultural field boundaries and
Open Foris Collect Earth allows local experts in Tanzania to map forests [21,25,26].

While there are crowdsourcing initiatives for various aspects of agriculture in the
literature, there are not currently any initiatives for the ground truth data collection for
PA [5,6,11,12]. Even though the projects mentioned above (eBird, iNaturalist) do concern
making classifications on the ground of agricultural and biological features, these obser-
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vations are not tied to remote sensing data that could then be used in a PA algorithm.
Additionally, the studies comparing farmer classification with expert classification are also
not using remote sensed data that would feed into PA algorithms. The goal of this study
was to be the first step into creating a crowdsourced data set of ground truth data with a
high enough quality to be fed into a PA algorithm. In this study, a human-centered design
process was used to design a ground truthing device.

2.3. Human-Centered Design

The agricultural domain is an underserved research area for human–computer interac-
tion (HCI); it is difficult to build relevant technologies, or even understand if technological
interventions are necessary, without an understanding of the full context of how agricul-
tural work is conducted. In a survey of precision agriculture technologies, it was found
that agricultural engineers often design and test their devices themselves to determine
whether or not the device is “usable” [27]. In the HCI context, such a device would not be
considered “usable” because the end users themselves did not have the opportunity to test
the device themselves or provide feedback on the design. When the device is deployed
in the field, farmers may struggle to operate the device as they do not have the designers’
knowledge. Ferrández-Pastor et al. discussed this in their study where they proposed a
structure to include the expertise of the farmer in the design process [28]. Lindblom et
al. echoed their call for the integration of user-centered design in precision agriculture,
particularly in the design of decision support systems (DSS) [29]. They found that because
farmers were not consulted in the design of these systems, scientists included data they
thought was important for the farm, but in actuality the system did not meet the needs
of the farmer [29]. Zaks and Kucharik found something similar in their study of agroeco-
logical monitoring infrastructure. They noted that poor data interpretation on the part of
the user was due to output data not presenting in a familiar format for the farmer, and
the systems were not integrated into agricultural management tools that farmers were
familiar with [30]. In order to improve on the usability of technologies in agriculture,
human-centered design principles were used for this study. The human-centered design
protocol is expanded on in the methods section.

2.4. Lambsquarters

The study was conducted in collaboration with a University of D.C. researcher who
was interested in identifying the extent of the spread of lambsquarters in the district.

Lambsquarters, or pigweed, or goosefoot, is a popular wild edible plant [31–35]. In
previous literature, lambsquarters has been spelled “lamb’s quarters” or “lamb’s-quarters,”
though the Integrated Taxonomic Information System (ITIS) and the United States De-
partment of Agriculture (USDA) has determined the current naming convention to be
“lambsquarters” [36,37]. Its scientific name Chenopodium album L. is derived from chen is
Greek for goose, podos for foot, and album for white. These components reference the visual
of the plant, as the shape of the leaves resembles a goose’s foot and the underside of the
leaves are white, although older plants can take on a reddish color [33,34]. Examples of
lambsquarters are in Figure 2.

Lambsquarters is a fast-growing weed that grows to an average of two feet high, but
with the right conditions can grow to be six feet tall [31,32,34,35]. It is generally a summer
plant that flowers in late spring into autumn [35,38,39].

It has a low germination rate and needs to spread its seeds wide to increase the chances
of germination. To germinate, seeds need sufficient light and low temperatures [38,39].
One plant can produce 100,000 seeds; these seeds can remain dormant in soil for up to
40 years. Lambsquarters is a resilient plant that can be often found in difficult places, such
as construction sites, farmland, gardens, roadsides, vacant lots, waste areas, and yards [33].
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Figure 2. Young lambsquarters found around the UDC campus. Courtesy of Brianna Posadas.

Lambsquarters is found all over the world and is known for its medicinal properties,
along with its nutrition value [38,39]. It has been used to treat liver diseases and abdominal
pain in Pakistan, and to improve appetite in India [40,41]. It is edible at all growth stages
and is high in calcium, niacin, phosphorus, protein, riboflavin, thiamine, and vitamins
A and C [33–35]. In Bengal, India and Mexico, lambsquarters is commonly eaten raw,
in salads, or cooked as a vegetable; roasted with onions and eggs; and ground to make
flour [33–35,42–47].

Researchers at UDC were interested in learning more about the growth of lambsquar-
ters in the district. Investigating this resilient plant will contribute to their research agenda
of climate change mitigation and food security. UDC is a public university in the District of
Columbia and is the only urban land grant university in the United States. The land grant
mission of the university is promoted by the College of Agriculture, Urban Sustainability
and Environmental Sciences (CAUSES). They are focused on advancing the core objectives
of the National Institute for Food and Agriculture of the USDA and the sustainability goals
of the D.C. government. This is done through research-based academic and community
outreach programs that expand the knowledge of sustainable farming techniques that
improve food and water security, urban agriculture, and urban sustainability. Additionally,
CAUSES provides research and educational programs to improve the health and wellness
of local and global communities and to mitigate climate change [48].

The citizen science platform was built with the cooperation of CAUSES to support
their research in lambsquarters in the D.C. community.

3. Materials and Methods
3.1. Research Questions and Hypotheses

The primary goals of the study were to gauge users’ perceptions of Mission LQ,
evaluate how well the system satisfied their needs, and observe whether the classification
rate of lambsquarters by the users matched that of an expert. The study aimed to answer
the following research questions:

• R1: To what degree can the barriers faced by individuals be alleviated by the prototype?
• R2: To what extent will the prototype developed be considered “satisfactorily” usable?
• R3: To what extent will the prototype be able to achieve the learning objective of

classifying agricultural features?

Based on those research questions, the following hypotheses were developed.

• H10: Users will find the prototype does not address the barriers in participating in
agricultural crowdsourcing initiatives.

• H1A: Users will find the prototype does address the barriers in participating in
agricultural crowdsourcing initiatives.

• H20: Users will find the prototype developed to be less than “satisfactorily” usable.
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• H2A: Users will find the prototype developed to be at least “satisfactorily” usable.
• H30: Users will not be able to classify agriculture features as accurately as an expert.
• H3A: Users will be able to classify agriculture features at least as accurately or more

accurately than an expert.

The citizen science platform named “Mission LQ” was created in three versions,
based on the feedback from users in the social interviews as published in Posadas B. et al.
and wireframe evaluations described in Posadas B.B. et al. [49,50]. Two smartphone
applications were built for iOS and Android, and a desktop version for users who do not
have a smartphone. The designs for each are described below.

3.2. Human-Centered Design Protocol

The design process followed the human-centered computing methodology (Figure 3)
and is discussed in further detail in the sections below. The main ideas behind human-
centered design are that the process is iterative and the user is in the forefront of the process
from beginning to end. As seen in Figure 3 from [51], once it is established that there is a
need for an intervention, the iterative process begins. This allows for further refining of the
design if needed after the evaluation process. It also serves as a reminder to designers and
engineers that the design process is not simply “finished” right after the evaluation, and
the process must continue if necessary. The next sections explain how each of the steps in
the process were completed for this study.

3.2.1. Identifying the Need for Human-Centered Design

Based on previous research, we have identified a need for a human-centered crowd-
sourcing application to aid in ground truthing for the design of classification machine
learning algorithms for precision agriculture.

3.2.2. Understanding and Specifying the Context of Use

Discussions with UDC researchers developed a need to map the growth patterns
of the edible plant lambsquarters and to pair them with remote sensing data. As a land
grant institution, it is part of UDC’s mission to work with the community through several
projects, including extension classes, certifications, master gardener classes, and farmer’s
markets [52]. As it is also part of UDC’s mission to educate the community in nutrition
and gardening, working with citizens of the DMV as citizen science was beneficial.

3.2.3. Specifying the User and Organizational Requirements

This step focused on addressing the opinions and preferences of users in the DMV
area as a citizen science platform was created. In order to understand their needs as
well in assisting with the data collection on lambsquarters, focus groups were organized.
From the focus group results, design personas were created as the focal point of the initial
platform design.

3.2.4. Producing Design Solutions

Wireframes of the platform were created and evaluated by potential users. From their
feedback, mobile applications and a web-based platform were created for users to upload
ground truth data of lambsquarters.

3.2.5. Evaluating the Design against the Requirements

User studies were conducted to evaluate the usability of the platform and evaluated
using the System Usability Scale and qualitative feedback from the users.

3.2.6. The System Satisfies the Specified User and Organizational Requirements

At the end of the evaluation stage, if it was not shown that the design meets the
requirements, the process would have been repeated as described in Figure 3. However,
the requirements were met, so this step was completed.
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3.3. Smartphone Design

The design of Mission LQ for both iOS and Android was worked on simultaneously
using Kinvey Studio. Kinvey Studio is a MBaaS (mobile back end as service) developed by
Progress. It includes cloud and file storage, push notifications, authentication, encryption
and mobile analytics within the mobile applications. Kinvey also supports native, hybrid,
and mobile web applications.

A Kinvey-based application was built using NativeScript in Kinvey Studio. The
application was then uploaded to the App Store for iOS and the Play Store for Android.
Due to a bug discovered after the initial upload, the image upload aspect of the Android
application had to be patched by adding an external web upload option for the image.

Based on the feedback from the first design iteration, changes were made to the
smartphone application to improve user experience. As there was no feedback on the
desktop version, no changes were made though the version remained available for users
who wished to use it.

In the second design iteration of Mission LQ, users had to create an account as seen
in Figure 4. In the first screen after logging in (Figure 5), there are more choices for the
users. The first button opens their native web browser to an informational site about
lambsquarters. The second button opens the data submission screen which is seen in
Figure 6. The third button opens the native web browser to the Qualtrics site to submit
the evaluation form. The fourth button opens a Google map (Figure 7) which shows the
location of correctly identified lambsquarters submitted by users. The last button opens a
sign up form to submit the user’s email specifically to receive research updates.

The data form was adjusted to make the data submission more smooth. The reminders
of the characteristics of lambsquarters were shortened, as the user has easy access to a
wealth of information on lambsquarters from the main screen. The user has only one
image submission, as the presence of three image submissions made uploading data
cumbersome and overwhelming. After the first section of GPS, image, time, and date, there
are instructions stating that the rest of the data input is optional. While the descriptive
data would be helpful, it is not necessary to building the data set of lambsquarters in the
DMV. Additionally, having to answer so many questions was making the data submission
process prohibitively long and frustrated users who do not have the same level of expertise
to have the confidence to answer correctly.

3.4. Desktop Design

For the edge cases, users who stated they did not own smartphones, but would still
like an option to contribute data to the project, a desktop version of Mission LQ was also
created. The same questions that were asked of users in the smartphone application were
listed in a Qualtrics survey for desktop users to upload their handwritten notes to. While
the desktop option was advertised in all the recruitment material and throughout the user
studies, no participants utilized this version. Thus, none of the results will be discussing
this design, as no data were collected through this method and no evaluation of this system
was made.

3.5. Recruitment

When conducting research for usability of a system, Turner et al. recommends a
problem discovery size of at least 18 users in order to be 85% certain that problems that
affect at least 10% of users are discovered [53]. For the user studies discussed in this paper,
33 users in total were recruited over a period of 7 months, which means that the study
met the requirements of minimum recommended sample size. All users uploaded data
and evaluated Mission LQ. The process by which recruitment was conducted is described
below. The recruitment process followed the sampling strategy explained by Harding,
where the cases were selected based on the likelihood they would be representative of the
typical case [54]. By using the resources provided by UDC, the researchers maximized the
chance that the typical case of a volunteer citizen scientist would be reached, as UDC is the
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local land grant university whose mission is to serve the community and produce lifelong
learners [55]. Potential participants in the DMV were reached through UDC’s outreach
programs, such as their master gardener courses and extensive volunteer network. They
were contacted using the UDC’s listservs for these programs [56].

Figure 3. The process for human-centered design from Jokela et al. [51].

Figure 4. Log in screen for Mission LQ.
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Figure 5. First screen after login from the second design iteration for the iPhone version of
Mission LQ.
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Figure 6. Data submission form for the second design iteration for the iPhone version of Mission LQ.
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Figure 7. Google Map of correctly identified lambsquarters as submitted through Mission LQ.

3.5.1. Recruitment: Design Iteration 1

Following the recommendations of researchers and volunteer coordinators at CAUSES
at UDC, and advice from the previous social interviews, specific weekend dates were
designated data collection days. Dubbed “Mission LQ days,” the first series of data
collection weekends in August and September were advertised for the project, in addition
to meetups for group data collection. Over the four weekends, meetups were organized
at Meridian Hill Park, the National Mall, Montrose Park, and Rock Creek Park. These
locations were chosen to concentrate data collection in different corners of the DMV. Table 1
shows the data collection dates and numbers of participants.

Table 1. Dates, locations, and numbers of participants for first design iteration user studies.

Date Location Number of Participants

10 August 2019 Meridian Hill Park 0
17 August 2019 National Mall 1
24 August 2019 Montrose Park 0
31 August 2019 Rock Creek Park 4

1–30 September 2019 various locations in the DMV 9

Due to poor attendance during the initial data collection run, user studies were ex-
tended through the month of September. Further volunteers were recruited through UDC’s
listservs. In total, 14 users participated and evaluated the first iteration of Mission LQ.

All volunteers were invited to an exclusive agriculture class, as per the recommenda-
tion of the social interview participants. This class was organized on 25 January 2020 at the
Arlington library.

3.5.2. Recruitment: Design Iteration 2

Following recommendations from users from the first design iteration user study,
specific dates were designated for data collection at the Youth Garden at the United States
National Arboretum. Six different days were chosen in October and November of 2019 for
varying times and different days of the week to maximize the opportunities for participants.
Dates and numbers of participants for the second round of user studies is in Table 2.
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Table 2. Dates and numbers of participants for second design iteration user studies at the Na-
tional Arboretum.

Date Location Number of Participants

27 October 2019 National Arboretum 0
29 October 2019 National Arboretum 0
31 October 2019 National Arboretum 0

1 November 2019 National Arboretum 2
2 November 2019 National Arboretum 1
3 November 2019 National Arboretum 0
1 December 2019
29 February 2020 various locations in the DMV 16

Due to poor attendance during the initial data collection run, user studies were
extended through the following February. As the lambsquarters growing season had ended
in the winter, the users’ protocol was changed slightly. Users who participated after the
last meet-up on November 3 were instructed to use Mission LQ to submit data on any
plant and evaluate the application to the best of their ability. These volunteers were also
recruited through UDC’s listservs. In total, 19 users participated and evaluated the second
iteration of Mission LQ.

3.6. User Study
3.6.1. User Study: Design Iteration 1

Participants had two different ways of participating: either online independently or
through the meetups. Either way, participants began by following a link to the consent
form. After agreeing to the consent form on Qualtrics, users were given instructions on
downloading Mission LQ from the App Store or the Play Store. There was also a third non-
smartphone option which was not utilized by any participants and will not be discussed
more in the results section.

The instruction page also gave a description of lambsquarters and suggestions on
where to find the plant. These instructions were vetted by a foraging expert before being
included in the application. After reading the instructions and downloading the application,
participants were able to go out and search for the plant. Some participants completed
this step at the meetups with the research team. Most participants completed this step
independently. When participants came across a lambsquarters plant, they were instructed
to use the application to upload an image of the plant, their GPS coordinates, and answer
some questions about the plant’s condition and surroundings. These questions were
included at the request of the agronomy expert. The responses can help the expert to verify
if the user submitted classification was correct. The responses can also signal to the expert
if an anomaly in plant behavior is detected and can be further investigated. In future work
of this research, the responses to these questions will help to train the PA algorithms to
identify different features of lambsquarters, including health of the plant. After submitting
the data, the participants were asked to evaluate the application using the System Usability
Scale (SUS) and their experience in foraging.

The collected images were then vetted by an expert from UDC who decided if each
image was correctly classified as lambsquarters.

3.6.2. User Study: Design Iteration 2

User study protocol was the same as in the first design iteration.

3.7. Evaluation

The evaluation of H1 was conducted through an analysis of the qualitative data
collected from users during user testing of the prototype. Evaluation of H2 was conducted
through the System Usability Scale. As per industry standard, the System Usability Scale
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(SUS) was used to generate a well-accepted quantitative description of the usability of
the mobile application [57]. The SUS gives a score from 0 to 100 where any score below
70 indicates concerning usability issues, a score in the 70s is considered an acceptable
design, a score in the 80s is considered a good design, and a score in the 90s is considered
an exceptional design [58].

The evaluation of H3 was conducted using Kendall’s W in SPSS [58,59]. Kendall’s
W was then interpreted using the standards from Schmidt which ranks the value of W,
from 0 to 1, into simple phrases from “very weak” to “unusually strong” [60]. In order to
determine the strength of the validity of the aggregated classifications, a Kendall’s tau-b
correlation, a measure of similarity between two rankings, was run on SPSS [61]. Tau takes
the value from −1 to 1, where −1 indicates the ranks are completely reversed, and one
indicates that the rankings are identical [58].

4. Results
4.1. Demographic Results
4.1.1. Demographic Results: Design Iteration 1

Of the 14 participants who evaluated the first design iteration of Mission LQ, two
identified as African American, six identified as Caucasian, one identified as Hispanic,
four identified as Asian, one identified as two or more races, and one identified as other.
six participants identified as female, 7 identified as male and one identified as other.
10 participants reported obtaining a master’s degree or higher. Three participants had
a bachelor’s degree and one participant reported having one or more years of college.
Participants also self-reported which neighborhood or state they resided in. Washington
D.C. is divided into 8 wards for city planning purposes as illustrated in Figure 8 from [62].
One participant was from Ward 1, four participants were from Ward 4, two participants
were from Virginia, and seven participants were from Maryland. The most frequent age
range of the participants was 50–59 years old, the same as the social interviews [49].

Figure 8. Map of the 8 wards of Washington, DC, USA.

4.1.2. Demographic Results: Design Iteration 2

Of the 19 participants who evaluated the second design iteration of Mission LQ, four
identified as African American, eight identified as Caucasian, four identified as Hispanic,
three identified as Asian, one identified as two or more races, and three identified as other.
Ten participants identified as female; nine identified as male. Eleven participants reported
obtaining a master’s degree of higher. Four participants had a bachelor’s degree, three
participants reported having one or more years of college, and one participant reported
having some college credit, less than one year. One participant was from Ward 1, one
was from Ward 2, three participants were from Ward 4, and two were from Ward 6. One
participant only indicated that they were from other: “D.C.” Five participants were from
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Virginia and six participants were from Maryland. The most frequent age range of the
participants was 50–59 years old, the same as the social interviews, and from the first
design iteration described in Section 4.1.1 [49].

4.2. Usability Evaluation Results

The usability of Mission LQ was evaluated using a mixed method approach. Both the
system usability scale and qualitative questions were used in the evaluation. While the SUS
provides a quick and easy way to evaluate the usability of a system, it does not provide
an opportunity for the users to indicate why they ranked the system a certain way or an
opportunity to allow users to direct the developers to specific issues in the system [57]. The
results of the usability evaluation for both design iterations are in the sections below.

4.2.1. System Usability Scale Results: Design Iteration 1

The average SUS score was 76.07 and the median SUS score was 77.50 from all the
users for the first design iteration. The average SUS score of Android users was 81.79
and the average SUS score of iPhone users was 70.36. The medians by phone type are in
Figure 9. The distribution of the SUS scores was fairly even, with users being just as likely
to give the first iteration of Mission LQ a score on the lower end, 50, as they were to give a
score at the higher end, above 90.

Figure 9. Median SUS scores by phone type for the first design iteration of Mission LQ.

Android users appeared to be more satisfied with their experience with Mission LQ
than iPhone users. The SUS scores of Android users were slightly more skewed towards
the higher scores, and the SUS scores of iPhone users were more evenly distributed from
50 to 100. The average and median SUS scores of Android users indicate that overall, they
were satisfied with the usability of Mission LQ. While the average and median scores for
iPhone users were above 70, there is still room for improvement.

4.2.2. Qualitative Results: Design Iteration 1

Responses to the open-ended questions after the SUS scale gave insights into what
features needed to be changed or improved for the second design iteration. In response
to the question, “How confident did you feel identifying lambsquarters after reading the
instructions?” half the responses were on the confident side and the other half were on
the unsure side. The participant who responded “extremely confident” also reported
being a seasoned forager, so the additional instructions on identifying lambsquarters
were probably not as needed. Other suggestions to improvements on the classification
instructions included requests for more example images, more detailed descriptions, and
photos from young to older plants.
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The responses to “How long did it take you to submit the form in Mission LQ?” were
very short for the first design iteration, ranging from one to a few minutes. One of the goals
of the design was to make the process simple and quick, thereby increasing the chance that
volunteers would use the application and contribute data. The first design iteration was a
step in the right direction for achieving UDC’s goals.

Overall, volunteers reported being somewhat experienced in gardening or foraging.
Several participants reported either being in the master gardener program or being sea-
soned foragers. The group’s high level of expertise may have contributed to the ease with
which they were able to use the application and find lambsquarters data to submit.

4.2.3. System Usability Scale Results: Design Iteration 2

The average SUS score was 80.13 and the median SUS score was 82.5 for all users from
the second design iteration. The medians by phone type are in Figure 10. The SUS scores
were mostly over 70.

Figure 10. Median SUS scores by phone type for the second design iteration of Mission LQ.

Android users appeared to be more satisfied with their experience with Mission LQ
than iPhone users. The SUS scores of Android users were slightly more skewed towards the
higher scores, whereas the SUS scores of iPhone users were more evenly distributed from a
low of 40 to 100. The average and median SUS score of Android users indicates that overall,
they were satisfied with the usability of Mission LQ. Using the standards established by
Bangor et al., looking at the mean and median SUS scores for iPhones, the design for that
platform is well above the acceptable range [57]. The design for the Android platform can
be considered exceptional, as the average and median SUS score from Android users was
90 [58]. Overall, the second iteration of Mission LQ was evaluated as a great design and an
improvement over the first design.

4.2.4. Qualitative Results: Design Iteration 2

Responses to the open-ended questions after the SUS scale gave insights into how
much better the second design was compared to the first design. In response to the question
“How confident did you feel identifying lambsquarters after reading the instructions?”
63.1% of the responses were on the confident side; 15.8% were on the unsure side; and
21.1% stated that they felt neither confident or unsure. The increased confidence in the users’
ability to identify lambsquarters can also be attributed to the instructions in classification.
In Mission LQ, users had the ability to navigate to an informational website which broke
down how to classify lambsquarters in the wild. In addition, as the second design iteration
was created after some user data had been submitted, the second design was able to
incorporate real user images in the data form to demonstrate actual user data that was
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correctly classified. The increased opportunities to learn how to identify lambsquarters
both from expert foragers, from the website, and from their fellow users, helped to increase
participants’ confidence in performing correct classification themselves.

The responses to “How long did it take you to submit the form in Mission LQ?” were
longer than they were for the first design iteration, with participants reporting it took up
to 15 min to submit data. The increased time for submission can be contributed to the
fact that the second design iteration included a login, and some participants forgot their
login information, which provided an additional obstacle to submitting data. Despite the
increase in submission time, the second design iteration still scored higher on the SUS than
the first design, which may indicate users were not bothered by the longer submission time.

Overall, volunteers for the second design iteration were more split in their experience
in gardening and/or foraging. Half of the responses to the question “How would you
describe your gardening or foraging or experience?” were on the little to no experience
side, whereas the other half of the responses were on the experienced or expert side. As one
of the goals was for Mission LQ to be used by any user regardless of their experience with
gardening and/or agriculture, the higher usability scores given to this design from both
experienced and non-experienced users show the effectiveness of the design improvements.

4.3. Lambsquarters Results

The results for lambsquarters are divided into two sections: the classification rate and
the mapping of the lambsquarters location as it may pertain to future remote sensing map-
ping. As disclosed in Section 3.5.2, the last classification data submitted on lambsquarters
were given in early November, the end of its growing season. As so few of the users who
tested the second design iteration did not have any opportunities to perform classification,
the lambsquarters results will be discussed in aggregate in this section.

4.3.1. Classification Rates

In total, 25 classified lambsquarters was submitted through Mission LQ. Out of the
25 classifications, 18 of them were considered correct by an expert. This gives a total
classification rate of 72%. Figures 11 and 12 below show examples of the correctly identified
lambsquarters and misclassified plants from the users.

Figure 11. Examples of correctly identified lambsquarters as submitted by users from the DMV,
1 September 2019. Courtesy of Brianna Posadas.
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Figure 12. Examples of plants erroneously identified as lambsquarters by users from the DMV,
1 September 2019. Courtesy of Brianna Posadas.

To determine the significance of this result and assess the reliability of the classifica-
tion, Kendall’s W was calculated using SPSS [58,59]. The results of Kendall’s W test are
displayed in Table 3. Kendall’s W value of 0.5 places the classification rate at the “moderate
agreement” range, which means there was moderate agreement between the non-experts
who submitted classifications and the expert who validated the submitted classification.

Table 3. Kendall’s W result for lambsquarters classification rate.

Attribute Value

N 2
Kendall’s W 0.500
Chi-Square 24.000

df 24
Asymp. Sig 0.462

In order to determine the strength of the validity of the aggregated classifications,
a Kendall’s tau-b correlation, a measure of similarity between two rankings, was run on
SPSS [61]. In order to run the statistical test, one additional image was added, for which
both the expert and nonexpert agreed that the plant was not lambsquarters. Considering
that many more data points were submitted where the user acknowledged it was not the
correct plant, adding a data point should not significantly alter the results. The results of
Kendall’s tau-b correlation are in Table 4.

Table 4. Kendall’s tau-b result for lambsquarters classification rate.

Attribute Value

N 25
tau-b 0.327

p 0.109

According to the results of Kendall’s tau-b correlation test, there is a non-significant,
weak positive correlation between the classifications made by the expert and nonexpert
(tau-b = 0.327, p = 0.109). This means that, although the classification rate of lambsquarters
was an acceptable 72%, the sample size contributed greatly to the rate being non-significant.
These results are promising, but not scientifically significant.
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4.3.2. Vegetation Map

In Figure 13 is the compiled map of the lambsquarters correctly identified by the users.
About half of the lambsquarters were found in urban areas, such as Adams Morgan and
Capitol Hill. The other half were located within parks, such as Glover Archbald Park and
the National Arboretum. With only 24 data points to work with, it does not appear that
there was a pattern in the locations where lambsquarters were found by Mission LQ users.

Figure 13. Lambsquarters map resulting from Mission LQ.

5. Discussion
5.1. Research Question 1

R1: To what degree can the barriers faced by individuals be alleviated by the prototype?
Based on the results of this study, we can reject the null hypothesis and accept the

alternative hypothesis H1A: users will find the prototype does address the barriers in participating
in agricultural crowdsourcing initiatives. We reject the null hypothesis based on the qualitative
feedback provided by the users as described further in this section. Additionally, we can
consider these results significant based on the problem discovery sample size requirements
as proposed by Turner et al.: in order to be 85% sure that problems that affect 10% of users
are discovered, a minimum of 18 users are needed [53]. As the second design iteration was
evaluated by 19 users, we have met this threshold to be 85% confident we found problems
that could be encountered by 10% of users, and their written feedback provides the context
of their experiences.

In the initial contact with the user base through the social interviews, it was indicated
that the primary motivators to participate in the data collection included competence de-
velopment, social affiliation, data quality, and having a finite data collection window [49].
The competence development motivator was addressed through the expanded educational
opportunities to learn how to classify lambsquarters through Mission LQ, and as sug-
gested in the social interview, through an exclusive educational opportunity offered to the
participants of the initiative. As was found through the feedback of the second design
iteration, users reported feeling confident in their classification ability and enjoyed the
improved opportunities to learn about lambsquarters. Thus, the competence development
requirement was met.

A large part of the study design primarily was to address the social affiliation feedback
from the initial social interviews. In the social interviews, one of the primary motivators
to participating in crowdsourcing activities was social affiliation, which emerged in the
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discussions as community building with other users. An exemplar quote from the so-
cial interviews:

“You see like minded people with the same passion, the same zeal, you compare and contrast
your ideas. . . You learn something you learn better when somebody with the same mentality explains
something to you [50].”

In the spirit of this feedback, data collection meet-ups were scheduled and advertised
through the UDC volunteer listservs. As the meet-ups were first arranged during the
summer, the attendance was incredibly low. After communicating with users who did
show up, it was revealed that the summer is the worst time to hold volunteer events. It
is common for the UDC community to take the summers off, and the pool of potential
participants diminishes. Knowing this, more meet-ups were arranged through the fall, the
end of lambsquarters growing season. These meet-ups, unfortunately, were also poorly
attended. Of the 34 users who evaluated either iteration of Mission LQ, only eight users
attended any of the meet-ups, about 24% of total users. While having these meet-ups was
initially described as an important aspect of recruiting users, in practice it did not seem to
be the case. Through the actions of users, it appears users were more comfortable collecting
data on their own and on their own time.

Data quality was another motivator users were concerned about regarding classifying
lambsquarters, particularly since it is an edible plant and users may be motivated to
consume plants they find, whether or not they are correctly classified. Thankfully, it turns
out that the look-a-likes for lambsquarters are non-poisonous, so users who mistakenly
consume a look-a-like are not going to make themselves sick [63]. Furthermore, because
of the small dataset, it was possible for the single expert researcher to evaluate all the
images that were submitted for accuracy. In the first design iteration, some users requested
feedback on their submissions, but the submission process at that time was anonymous.
Thus, in the second design iteration, a login was created in order to tie the submissions to
the users and provide feedback. These efforts contributed to meeting the requirements of
data quality.

The last request of the citizen science platform was having a finite data collection
window of time. Attempts were made to do this through the “Mission LQ Days” in the
summer of 2019. However, it turned out that even though the summer is the height of the
lambsquarters growing season, it is prime time for members of the UDC community to
take vacations. Thus, there was an extremely low turnout for the initial data collection
attempts. In the future, data collection will need to be concentrated in the beginning of the
growing season in the spring and at the end in the fall. Finite weekend dates can be chosen
and the example images through the application can reflect the growing stage expected of
lambsquarters depending on the season.

5.2. Research Question 2

R2: To what extent will the prototype developed be considered “satisfactorily” usable?
Based on the results of the SUS evaluations, we can reject the null hypothesis and

accept the alternative hypothesis H2A: users will find the prototype developed to be at least
“satisfactorily” usable. The final design iteration had an average SUS score of 80.13 and a
median SUS score of 82.5, which indicate a great system. The significance of this result is
supported by the usability test sample size requirements as proposed by [53]. According to
Turner et al., in order to be 85% sure that problems that affect 10% of users are discovered,
a minimum of 18 users are needed [53]. It should be noted that this significance is only
for problem discovery in an interface, and not for other metrics often used to evaluate
usability [64]. The qualitative responses also support that the second design iteration was
not only an improvement over the first design, but it was also ranked highly with both
expert and nonexpert gardeners.
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5.3. Research Question 3

R3: To what extent will the prototype be able to achieve the learning objective of classifying
agricultural features?

Based on the result of the classification rate of lambsquarters from the user studies,
we will have to accept the null hypothesis H30: users will not be able to classify agriculture
features as accurately as an expert. The classification rate achieved by the users, 72%, did fall
within the acceptable range demonstrated in other similar studies. A study with farmers
in Honduras achieved a 77% classification rate of crop identification and a survey of
classifies designed to distinguish between weeds and crops found a range of classification
rates of 65% to 95% [21,65]. Even though the classification rate in this study was in
an acceptable range, because of the small sample size, the rate cannot be considered
statistically significant. However, considering the lower level of expertise by this group,
the weak positive agreement between the classifications of the users and those of the
expert is still an achievement. Additionally, because the expert in this study was able to
individually evaluate each sample without having to go out and collect the images herself,
the classification rate was less important than the other research questions, as the expert
was easily able to correct misclassified samples. However, if the study were to be scaled
up, a better method to ensure a high classification rate will be necessary.

Another way to support scaling up the study is to work with local high schools
and middle schools to integrate Mission LQ into their curricula. Throughout the study,
high school teachers have expressed interest in using the application in their classrooms.
By allowing their students to collect data and contribute to a research project, they can
make real-life connections to what they are learning in the classroom and feel a sense of
accomplishment by contributing to real research. Furthermore, having students participate
in research at the middle and high school stages may encourage students to consider
careers in research if they have not considered them before. Future research will include
adopting agricultural crowdsourcing initiatives for high school classrooms.

6. Conclusions

The researchers built a citizen science platform to crowdsource the data collection of
lambsquarters growth in the DMV. The mobile platform, named Mission LQ, was designed
for Android and iOS, and also made a desktop version available. Mission LQ was evaluated
by users recruited through the UDC listservs. Users were able to join meetups to test the
application with the researchers, or could submit their data and evaluations remotely on
their own time. The first design iteration had an average SUS score of 76.07, which indicates
a good design, but improvements could still be made. Based on the feedback from the first
group of users, a second design iteration was created and deployed. The second design
iteration of Mission LQ received an average SUS score of 80.13. The resulting SUS scores
demonstrate that the final design of Mission LQ was a great design and a vast improvement
on the first iteration.

Mission LQ was also evaluated based on how well users were able to perform correct
classification of lambsquarters as compared to an expert. The classification of lambsquar-
ters was 72%, with there being moderate agreement between the classifications made by
the expert researcher and our nonexpert users. This demonstrates that with a little bit
more training for the users, the classification rate can be improved to a level usable for
precision agriculture.
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