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Abstract: Online courses in horticulture increase the breadth of students who may be able to enroll.
However, it is challenging to create hands-on learning experiences in online classes that are valuable
for student learning. In an online introduction to horticulture class at the University of Maine, we
created a hands-on project that is appropriate for students to work on independently at home. Stu-
dents built an environmental monitoring system using a relatively inexpensive Raspberry Pi micro-
computer and sensors for monitoring environmental factors that impact plant growth with a partic-
ular focus on monitoring temperature and humidity. They monitored the growing environment in
their homes while growing house plants and used the information from their environmental moni-
toring system to determine whether their home environment was suitable for growing plants. Stu-
dents were asked to use a pre-existing computer program in the Python language to monitor the
environment. They also learned about how components of the code function and changed some
simple parts of the code. A majority of students working on this project felt moderately confident,
somewhat more confident, or very confident about their ability to use a Raspberry Pi microcom-
puter in the future. This project provides students with valuable hands-on experience in building
environmental monitoring systems and provides them with a deeper understanding of the impact
of the environment on plant growth.
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1. Introduction

Enrollment in online classes is increasing; these classes offer some advantages compared
to in person classes [1]. They are available to students who are not local or may have
difficulty traveling to campus. For example, at the University of Maine, in-state, second-
ary school students can take online classes for college credit at no cost to them. Online
classes also accommodate a variety of schedules since students can complete work asyn-
chronously. In the spring of 2020, at least 1300 universities across the United States
shifted to remote or online teaching to create a safer learning environment during the
coronavirus (COVID-19) pandemic [2]. This emphasized the importance of fully online
classes.

Students taking online classes perform at least as well as their peers taking the in-person
version of the course, including those classes with a lab [3]. Students in an introductory
horticulture class indicated that assignments were the most useful component in their
online class [4]. However, lab activities and hands-on projects can be challenging to cre-
ate and teach online [5].

Microcomputers such as the Raspberry Pi and Arduino are being used commercially to
automate irrigation and are a practical and inexpensive way to monitor the growing en-
vironment for plants [6,7,8]. Microcomputers are also used in a wide variety of courses

to introduce students to computer programming, problem solving, and electronics. The
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Raspberry Pi microcomputer, in particular, was created so that students could gain com-
puter literacy and programming skills using inexpensive equipment they could easily
use at home [9]. Students feel more motivated in class when they are using a Raspberry
Pi to complete assignments [10]. There are many open source and free resources for edu-
cators and students working with microcomputers. Despite the practical applications for
microcomputers in horticulture, and the potential to use them in labs or hands-on expe-
riences for online classes, there does not seem to be much training for undergraduates to
learn to use these tools.

The objective of this work was to develop a hands-on project in which students use a
Raspberry Pi microcomputer and environmental sensors to create an environmental
monitoring system at home. This project introduced students to the importance of the
environment on plant growth and the use of environmental monitoring in horticulture.
This project was created for undergraduate and early college students taking an intro-
duction to horticulture course online.

2. Materials and Methods

In the spring of 2021, an environmental monitoring system was developed for use by
students in PSE110 (Introduction to Horticulture) at the University of Maine. PSE110 is an
online class that meets the general education requirement for basic science at the Univer-
sity of Maine. It is an elective for Environmental Horticulture and Sustainable Agriculture
students studying to receive a Bachelor’s of Science degree. In spring of 2021, there were
forty-seven students in the class: 7 students were majoring or minoring in Environmental
Horticulture or Sustainable Agriculture; 7 students were within the College of Natural
Sciences, Forestry, and Agriculture, but not Environmental Horticulture or Sustainable
Agriculture majors, 8 were in the College of Liberal Arts and Sciences, 7 were in the Maine
Business School, 3 were majoring in University Studies, and 3 were in the College of Ed-
ucation. An additional 3 students were non-degree undergraduates taking the course out
of general interest. Finally, 9 students were enrolled through the University of Maine Di-
vision of Lifelong Learning early college program. These students were attending Maine
high schools but taking the course for college credit through the University of Maine.

The environmental monitoring system consisted of a Raspberry Pi 4 desktop kit
(Raspberry Pi 4 desktop kit; Cana Kit Corporation, Vancouver, BC), a temperature and
humidity sensor (DHT22; Gowoops), a soil moisture and temperature sensor (Stemma
I2C Capacative Sensor; Adafruit), and wires needed to connect the soil moisture and tem-
perature sensor to the Raspberry Pi. The Raspberry Pi 4 desktop kit contained a Raspberry
Pi (Raspberry Pi 4 Model B; Cana Kit Corporation, North Vancouver, BC), a keyboard,
mouse, SD card, a power supply, a case for the Raspberry Pi, and high definition multi-
media interface (HDMI) cables to connect peripherals to the Raspberry Pi. It also con-
tained a book introducing students to Raspberry Pi [11]. Students were asked to provide
a monitor, which in most cases was a smart television connected to the Raspberry Pi via
an HDMI cable. If they did not have a monitor, the University of Maine Hackerspace pro-
vided one on loan. The SD card included in the Raspberry Pi 4 kit was formatted to contain
the operating system (NOOBS or new out of box operating system) and a short program
that students could use to monitor either temperature and relative humidity or soil mois-
ture. The program was written in the Python programming language and was accessible
from the desktop environment. Instructions for assembling the hardware and the pro-
gram for monitoring the environment were modified from available online resources
[12,13]. The Raspberry Pi 4 kit, sensors, and peripherals (except a monitor) were provided
at no cost to all students in the class on loan for the semester.

Students were introduced to projects using the Raspberry Pi with short instructional
videos (ranging from approximately 3 to 7 min) that were shared through the course
learning management system (Brightspace; D2L, Kitchener, Ontario). The first video ex-
plained the Raspberry Pi broadly; for example, we explained what general projects you
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could create using the Raspberry Pi, how to set it up to use it as a desktop, and how to
navigate the desktop environment. More specifically, students learned how to use the
Raspberry Pi kit to create an environmental monitoring system. The environmental mon-
itoring system was simple and provided instantaneous data, but it did not download data
to a spreadsheet. We described how to set up the hardware and connect sensors to the
Raspberry Pi, and how to run the existing Python code to monitor the environment. Stu-
dents were not asked to write original Python code, but they were oriented to important
components of the program (i.e. loops, variables, etc...). They were also asked to make a
small change in the code which changed the time between measurements. The goal of
these videos was to provide students with the information needed to understand how you
can use a Raspberry Pi generally, and how to use it to connect the temperature and relative
humidity and soil moisture sensors to the Raspberry Pi. Supplemental resources provided
more information about the Python programming language and how to progress further
in creating an environmental monitoring system [11,12,13]

Students completed six assignments in which they were asked to assemble their en-
vironmental monitoring system, measure the temperature and humidity in their home,
make a small change to the Python program, and determine whether their home growing
environment was appropriate for growing a house plant. General guidelines were pro-
vided regarding the appropriate temperature and humidity for growing most house
plants and more detailed information was provided if students wanted to look up a spe-
cific plant [14]. The complexity of the assignments increased as the semester progressed
so that students were initially introduced to the concept of microcomputers, then con-
nected the temperature and relative humidity sensor to the Raspberry Pi, then ran a pro-
gram to monitor the environment and finally changed the program slightly. Measuring
the soil moisture and temperature was an optional assignment for students and won't be
discussed in detail.

In a typical year, students who are relatively close to campus would be able to access
the University of Maine Hackerspace (Hackerspace). This group on campus provides
equipment and guidance for students working with Raspberry Pi, 3D printing, Arduino,
or other technologies. However, during this project, the Hackerspace was closed due to
the COVID-19 pandemic. Students were able to ask questions to the instructor in group
office hours sessions dedicated to this project, over email, or by appointment.

At two points in the semester, students were asked to answer a questionnaire related
to the Raspberry Pi project. The first questionnaire was sent to students after they com-
pleted their second assignment and the second was shared with students after they com-
pleted their final assignment (Tables 1 and 2). In the second questionnaire, students were
also asked to identify additional resources that would have supported learning in the class
and what components they would like to see added to the project.

3. Results and Discussion

Table 1. Student comfort with Raspberry Pi after the second assignment.

Question Response Student Response Rate?!

How would you rate your
comfort with using Rasp- Very confident 23.3%
berry Pi after this project?

Somewhat more confident 58.1%
than before this project

Moderately confident 16.3%

Somewhat less confident 2.3%
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Not very confident at all 0%
143 students out of 47 enrolled in the class completed this questionnaire (91%)

Table 2. Student experience and perceived learning related to Raspberry Pi sixth (last) assignment.

Question Response Student Response Rate!
Prior to PSE110, did you
have experience using the  No, this is my first experi-

. . . 100%
Raspberry Pi? ence using the Raspberry Pi
Do you feel that the exercises
improved your confidence in 100%

Y
working with the Raspberry €

Pi?

111 students out of 47 enrolled in the class completed this questionnaire (23%)

Undergraduate students in introduction to horticulture had no prior experience working
with micro-computers, however, this activity increased student confidence in working
with a Raspberry Pi in the future (Tables 1 and 2). A majority of students in class (32 out
of 47 or 68%; data not shown) completed all six projects related to the Raspberry Pi. This
project provides a basic introduction to hardware and computer programming, but it
also introduces students to the importance of monitoring the environment when grow-
ing plants. Microcomputers, such as the Raspberry Pi, are used to engage students in
programming in other fields such as computer science and engineering. However, they
are not typically used in horticulture classes despite their practical applications in horti-
culture [6,7,8,10].

After the second project, a majority of the class (97.7%) felt either moderately confident,
somewhat more confident, or very confident in their ability to use Raspberry Pi (Table
1). Only one student felt somewhat less confident, and none of the students indicated
that they didn’t feel confident at all in their ability to work with the Raspberry Pi (Table
1). Before beginning to work with the Raspberry Pi, students watched lecture videos re-
lated to the benefits of using Raspberry Pi microcomputers, how to set up the Raspberry
Pi as a desktop computer, how to connect a temperature and relative humidity sensor to
the Raspberry Pi, and how to run a Python program to monitor those environmental
factors. After students successfully set up their temperature and humidity sensor and
monitored data, they watched a video describing the Python program and how to
change a small component (the measurement frequency). One advantage of having stu-
dents work on this project in an online class is that they were not limited by time in com-
pleting their assignments. Students engaged with videos related to the Raspberry Pi pro-
ject more frequently than they engaged with the other online video lectures. For exam-
ple, on average, students viewed lecture videos about once (1.27 times on average for all
students viewing the videos; data not shown). But, students usually watched the Rasp-
berry Pi videos about twice (1.89 times on average for all students viewing the video;
data not shown). The greatest engagement was with the videos describing how to con-
nect the DHT22 sensor to the Raspberry Pi and how to run the Python program that
monitors temperature and relative humidity. Students watched these 2.5 or 2.35 times on
average for the hardware and software videos, respectively. Other classes working with
Raspberry Pi microcomputers found that students were more likely to complete home-
work assignments when they are using the Raspberry Pi [10].
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After the sixth and last project, all of the students indicated that the exercises improved
their confidence in using Raspberry Pi microcomputers in the future, and none of the
students had prior experience using Raspberry Pi microcomputers (Table 2). At this
point in the semester, the students had watched all videos related to using a Raspberry
Pi. Those include the videos listed above, but also a short video describing how to make
a small change to the python program that changed how frequently the environmental
monitoring system measured temperature and relative humidity. After completing all of
the projects, students were asked to identify any resources that would have supported
them during the project. The primary resource students thought would be helpful is a
trouble-shooting document to help them solve problems that other students frequently
encountered (Data not shown). We plan to implement this in the future, and students
would also have the support of the Hackerspace to help them solve problems.

Students were also asked what components they would like to add to the project in the
future. Many students indicated that they would like to work more with the soil mois-
ture sensor, which was an optional project. They also expressed an interest in measuring
other environmental variables, such as light levels with the Raspberry Pi (Data not
shown). These environmental variables are among those that are commonly measured in
commercial or research plant production environments [15].

Connecting and monitoring a soil moisture sensor will be a required project in the future
so that students will be exposed to more aspects of plant growth. Working with the soil
moisture sensor was optional because some components needed for this project were
unavailable until the last month of the semester. The soil moisture sensor included in the
kit was relatively inexpensive ($7.50). It was useful for this project to keep the cost man-
ageable. However, these sensors have some drawbacks. The sensors cannot be calibrated
for different soil types; calibration is an important step to relate the voltage measured
from capacitance sensors to volumetric water content [16]. They also provide a relative
measurement of the soil moisture on a unitless scale. This scale ranges from 200 to 2000
(dry to wet) and is not related to volumetric water content or other common measure-
ments of soil moisture. The biggest drawback of these sensors is that it isn’t possible to
provide recommendations about soil moisture based on the literature. Although the
moisture sensors were not research quality, they can help students to become more
aware of whether they are under or over-watering plants. More importantly, they raise
their awareness of how critical it is to water plants based on the soil moisture or physio-
logical need, rather than on a schedule. Since there are not many high quality, easy to
use, and inexpensive light sensors for the Raspberry Pi, we will not require students to
measure this variable in the future. In addition, connecting light sensors to the Rasp-
berry Pi and monitoring light is more complicated compared to monitoring the other
environmental variables. However, we would like to work with the Hackerspace to de-
velop a more comprehensive optional project that students can complete with light sen-
sors if they wish to.

One success from this project is that students used the environmental data directly in
their assignments related to the Raspberry Pi, but also in unrelated lab assignments
where they worked with plants. This was not a requirement, but since the students had
access to environmental data collected in their home growing environment, they used
that in projects in which they learned to start seeds and grow microgreens at home. Sev-
eral students were so engaged in the Raspberry Pi project that they completed the op-
tional project with the soil moisture sensor and made additional improvements to the
Python code so that the Raspberry Pi could automatically add the data to a spreadsheet.

There were some common roadblocks that students encountered that should be consid-
ered in the future. Since the students in this class were relatively unfamiliar with the
Raspberry Pi or other microcomputers (Table 2), some of them did not know that the
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Raspberry Pi is a stand-alone independent computer rather than a peripheral that they
connect to their personal computer. Another common problem was that some students
unplugged the Raspberry Pi from the wall without correctly shutting it down. This can
result in erasing or damaging the SD card, which left these students without access to
the Python programs needed for this project. We were able to address most questions
and problems that students encountered through a group question and answer session
held on Zoom or individual office hours sessions dedicated to working with the Rasp-
berry Pi. Students who damaged their SD card were provided with another formatted
card through the mail or in person.

There are a wide variety of projects related to programming and automation in horticul-
ture that could be completed using the Raspberry Pi or other microcomputers. For exam-
ple, students could build a sensor-automated irrigation system for use at home or in
campus greenhouses [7]. Alternately, students could build an environmental monitoring
system for field or greenhouse plant production to test the system in a more commercial
environment [8]. Completing relatively simple tasks, such as building an environmental
monitoring system and using it to monitor the environment, could be a bridge to using
microcomputers for more complex tasks.

In the future, we plan to film an additional short video describing how to shut down the
Raspberry Pi correctly and how the Raspberry Pi is similar to a personal computer. We
will also work with the Hackerspace to create additional optional projects or workshops
for students who wish to work on this project at a deeper level. All students will benefit
from the Hackerspace being open and available to answer questions or help with prob-
lems they encounter. We hope to develop a more advanced project using microcomput-
ers for students taking a 400-level course. Hopefully early exposure to these concepts in
a 100-leve course will give them confidence to work with microcomputers at a higher
level later in their college career.

4. Conclusions

Students who used a Raspberry Pi and environmental sensors to build an environmental
monitoring system in an online introduction to horticulture course were more confident
in their ability to work with a Raspberry Pi in the future. Exposing students to technical
concepts early in their career makes it possible for them to do more complex projects
involving computer programming or working with hardware in the future. This project
also reinforced the importance of understanding a plant’s growing environment. We
plan to continue this project at the University of Maine, and we look forward to provid-
ing more complex optional projects for students to work on independently in the future.
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