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1 | INTRODUCTION

Much of the agricultural industry works to continually pin-
point issues that need improvement and solve the interrelated
problems that will follow. For students in agriculture, their

Alyssa Hall' |

Meghan Sindelar’

Abstract

The Soil Nutrient Relationships course serves juniors and seniors with a major or
minor in agronomy at the University of Nebraska-Lincoln. Pre-pandemic enroll-
ment averaged 65 students. In 2021 and 2022, course enrollment was 42 and 55,
respectively. The course was adjusted to a flipped design in 2017. Moving into 2021,
the Soil Nutrient Relationships course underwent a major overhaul by changing the
content source materials and organization of lab activities while maintaining the
flipped delivery format. While responding to the COVID-19 pandemic limitations,
the redesign was intended to focus limited face-to-face meetings (in person or web-
conference) on problem-solving activities. This paper reports on course redesign
emphasizing changes for and since the pandemic. Surveys were used in both 2021
and 2022 to assess students’ learning and reception to the course design. In surveys,
students responded that they gained knowledge in all course learning objectives and
increased both problem-solving and systems approach skills. The overall responses
were similar between 2021 and 2022; however, one difference was that students
placed a higher value on the in-person discussion and lecture in 2022 relative to Zoom
discussion or video lecture in 2021. Despite working on similar problem-solving
activities, 81% responded that discussion helped with problem solving skills when
done via Zoom in 2021 while 88% responded that in person discussion helped with
problem-solving skills in 2022. Smaller group sizes used in 2021 seemed to improve
student opinions of learning; this is the one change that instructors plan to use in the

future.

education must teach them to be more effective at evaluating
the whole system and taking steps to resolve these prob-
lems. It is beneficial if the learning environment emphasizes
real-world problems and improvements, outreach into farm-
ing communities, and continual updating and adaptation of
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curriculum to reflect the current environment (Bawden, 1983;
Bawden et al., 1984; Ginzburg et al., 2019; Hiller Connell
et al., 2012; Kolb, 2014).

Agricultural, sustainability, and social problems tend to
be interdisciplinary, nonlinear, and complex, which requires
integrating systems thinking into the problem-solving process
(Anderson et al., 2022; Dale & Newman, 2005; Holling, 2001;
Wiek et al., 2011). Preparing students to utilize systems think-
ing in their professions is of utmost importance (Martin, 2008;
Monroe et al., 2015; Wiek et al., 2011). Systems thinking is a
skill that must be taught (Hung, 2008). With teaching systems
thinking, the main obstacle to address is helping the students
to integrate multiple perspectives to organize and evaluate a
complicated problem. Holistically viewing an issue or prob-
lem requires acknowledging and finding these interrelated and
interdependent perspectives to determine a solution (Cloud,
2006; Dale & Newman, 2005; Ellis & Weekes, 2008; Hiller
Connell et al., 2012).

The Soil Nutrient Relationships course offers unique oppor-
tunities for implementing systems thinking and experiential
learning approaches given its scope. The Soil Nutrient Rela-
tionships course is framed within the four R’s Nutrient
Stewardship principles (IPNI, 2022), which include the imple-
mentation of right sources, right rates, right times, and right
methods of nutrient management applications in agriculture.
This framework is fundamentally important as it has a direct
impact not only in agriculture itself, but also in the eco-
nomic, environmental, and societal outcomes. Altogether, the
4R Nutrient Stewardship programs are intended to provide a
robust working framework for the achievement of successful
cropping system through higher production, increased prof-
itability, enhanced environmental protection, and improved
sustainability.

Despite many possibilities that exist for enhancing sys-
tems thinking, the COVID-19 pandemic limited options. The
onset of the COVID-19 pandemic created major challenges
and uncertainties in the classroom (Brown & Krzic, 2021;
McKim et al., 2021; Walker & Koralesky, 2021). In-person
contact had to be limited, therefore schools and universities
had to pivot to online teaching completely or a hybrid of
online and in-person teaching, depending on location and uni-
versity requirements (Moorhouse & Tiet, 2021; UNESCO,
2020; Wilson, 2020). Transitioning to all online teaching was
quite challenging, especially for those classes that relied on
experiential learning and participatory based teaching styles
(Moorhouse & Tiet, 2021; Wilson, 2020). Many teaching
strategies that were utilized in face-to-face classrooms were
either no longer possible or made harder in online teaching.
The strategy of using small group activities and discussions
were not as accessible if the online class was being taught
asynchronously, which decreased the students’ ability to learn
from each other and expand their perspectives (Tang et al.,
2020; Wilson, 2020). Teachers had to overcome the chal-
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Core ideas

* The flipped model facilitated teaching problem-
solving in a content heavy course during the
COVID-19 pandemic.

* Students placed greater value on in-person learn-
ing activities than independent or web-conference
learning activities.

* Small group learning necessitated by the COVID-
19 pandemic correlated to greater learning than
larger class sizes.

lenge of not being able to effectively utilize non-verbal cues
(e.g., facial expressions, body language, gestures) from their
students to gauge understanding and provide additional assis-
tance where needed due to classes being held over video call
(Cutri & Mena, 2020; Wilson, 2020).

Moving into 2021, the Soil Nutrient Relationships course
underwent a major overhaul by changing the content source
materials and organization of lab activities while main-
taining a flipped delivery format. In addition, in the same
year, changes were needed for responding to the COVID-19
pandemic. The redesign was intended to focus face-to-face
meetings (in person or web-conference) on problem-solving
activities. Surveys were used in both 2021 and 2022 to
assess students’ learning and reception to the course design.
This paper reports on course redesign emphasizing changes
for and since the COVID-19 pandemic with the objective
of identifying lessons learned to be implemented in future
teaching.

2 | METHODS

2.1 | Course description

Soil Nutrient Relationships (AGRO/SOIL 366) is a junior—
senior level course at the University of Nebraska-Lincoln
required by most options of the Agronomy major and
minor (minors are typically majoring in agricultural busi-
ness/economics or mechanized systems). The content focuses
on understanding the cycling of nutrients to better address
practical nutrient management situations. The course builds
on concepts from 100-level introductory soil science (pre-
requisite to this course) and 200-level departmental courses
on crop and soil management. The course is framed within
three key areas: (1) systems thinking, (2) experiential learn-
ing, and (3) problem-solving. This approach provides students
(and future decision makers) with proactive resources for
successful careers in agriculture.
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2.2 | Course history and demographics

The course is offered once a year, in the Spring Semester,
and for many years its enrolment average was 65 students.
This course typically has ~10 students who are not from the
United States (US), this smaller group represents several other
countries (e.g., China, Mexico, Rwanda). Across the entire
class, it is common for the students to come from farming
backgrounds, and a majority plan to go back to the fam-
ily farms after they graduate. Those who do not go back to
their farms often work for private agricultural companies, and
a very small portion choose to pursue postgraduate studies.
Regardless of the path they take, they become the decision-
makers in day-to-day operations for the years and decades to
come.

2.3 | Course goals

The overarching goal of this course is for students to be
able to formulate evidence based nutrient management plans
that consider the three pillars of 4R Nutrient Stewardship:
economics, society, and the environment (IPNI, 2022). The
course is intentional about training students to be able to
use and apply nutrient management concepts in real-world
settings. Within the broader goal, specific course learning
objectives include developing and mastering the ability to
understand the following:

* Nutrient cycling and the factors affecting availability of
major nutrients.

* Limiting factors for various nutrients in various environ-
ments.

* How/where to obtain data and science-based recommenda-
tions for nutrient management.

* Integrating nutrient management as a systems approach.

» Use of the 4R Nutrient Stewardship scientific approach.

* How socio-economic factors affect nutrient management
decisions.

2.4 | Course assessments and grades

This four credit course has typically used two 1-h large group
sessions for lectures, discussion, problem examples, and case
studies as well as one 2-h session of smaller groups (labs)
to work on relevant skills (e.g., soil sampling plans, soil test
interpretations) per week. In general, the course has used a
weekly online quiz over lecture videos, a weekly in-person
quiz over lab activities, 5—6 assignments over specific tasks,
attendance at case study discussions, a nutrient management
project, and three exams for graded assessments (Table 1).
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The content knowledge (e.g., soil pH, nitrogen cycle, manure
management) was assessed with weekly reading quizzes and
three exams. Specific skills (e.g., writing a soil sampling
plan, calculating phosphorus rate) were assessed with unit
assignments and weekly lab quizzes. The problem-solving
was assessed with unit assignments and the comprehensive
development of a project through all the duration of the
course.

2.5 | Course transformations in the last six
years
2.5.1 | From traditional to a flipped model

(2017-2020)

The course was first transitioned to a flipped design in 2017
(Keck et al., 2021). That design required students to watch
prerecorded lectures online and come to the class prepared to
work on solving collaboratively applied concepts, real-world
scenarios, and case studies. Some of the key takeaways from
this transformation included: (1) overall student engagement
was increased through opportunities to solve problems during
class time, (2) students responded positively to the learning
experience even though the workload increased, and (3) stu-
dent scores on key assessments were similar before and after
flipping the course (Keck et al., 2021).

2.5.2 | Refined teaching models during the
COVID-19 pandemic (2021-2022)

Changes to instructive personnel combined with a need
to adapt to university expectations for decreased in-person
contact during the COVID-19 pandemic resulted in a reorga-
nization of the Soil Nutrient Relationships course (Figure 1).
The course continued to use a flipped design but elevated the
goal of enhancing systems thinking while also adopting new
resources for content learning, and updating lab to better coor-
dinate with weekly course content. The redesigned course had
the following goals:

1. Maximizing flexibility to allow both for changing condi-
tions during the pandemic and for students who chose to
work (or farm) full time during parts of the semester.

2. In-person activities should prioritize problem-solving, as
prior studies indicated that lower level learning can be
done independently but analyze, solve, and apply types of
learning are best done with instructor’s guidance.

Given the pandemic, the teaching team needed to reassess
the existing methods and adapt promptly to new methods
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TABLE 1
the syllabus of the class.

ORTEZ ET AL.

Assessment items, percent of final grade represented on each item, and the description. This information is included to students on

These quizzes include each respective week’s content from reading and videos as well as lab
content and calculations. Content quizzes are online and lab quizzes are taken during lab.

Summative assignments would include questions replicating in-class activities for
independent work. Assignments will include sketches, reflections, and developing smaller
scale nutrient management plans.

Students work with a team to assess a situation and summarize findings in a brief oral report.
Points are assigned for attendance and participation.

This project is a summative nutrient management project where students apply the soil

nutrient management concepts and skills they learn in this course. Of 25%, 20% accounts

for a final written report and 5% for an oral presentation/defense of their work.

A total of three exams are given during the semester. The exams format includes multiple

choice, short-essay questions, matching, and calculations. Exams are independently

administered online, open book, and with limited response time.

Assessment items Final grade (%) Description

Weekly quizzes 20

Unit assignments 15

Case study reports 10

Nutrient management 25

project

Exams 30
Problem Limited
solving face-to face

time
COVID-19

do
[ [

* 4
Y YT 383

AN

In-person Web conference
Lab Lab
FIGURE 1 Refined teaching methods after accommodations

were made during the COVID-19 pandemic, this new method was first
implemented in the middle of the 2020 Spring Semester and in full
during the Spring Semesters of 2021, 2022.

(Table 2). Such adaptation included converting more of the
course to online (e.g., independent learning) formats and re-
packaging many of the lecture and lab items. The course
update was accelerated due to transitions from the COVID-19
pandemic in the middle of the Spring 2020 and implemented
in full during the Spring of 2021, 2022. Such transformations
involved shifting from reliance on instructor’s in-person lec-
tures to using a textbook (made available to the class digitally)
for content delivery on their own (i.e., independent learning).
There was minor adjustment in the course topics and major
changes were brought to the activities and assessments. In
the refined approach (Table 2), students still reviewed basic

concepts on their own and worked on problem-solving during
class time.

2.6 | Course surveys

There were two surveys used in 2021 and 2022, both were
administered through Canvas for bonus points if completed.
The first was a learning survey and included 66 questions
about course content (e.g., describe the factors used in decid-
ing if lime application is needed, convert from ppm to pounds
per acre). Survey respondents were asked to select “A” if they
felt confident that they could answer the question or perform
the task indicated, “B” if they could answer 50% of the ques-
tion or knew precisely where they could get the information in
30 min or less, or “C” if they were at a loss as to how to answer
the question. This survey was administered at the beginning
and end of each semester. Each A response was weighted as 1,
B as 2, and C as 3 to develop an average ranking for each ques-
tion where lower scores indicated greater student confidence
with that content. The average rankings were then compared
from beginning to end of each semester. The end scores from
each semester were also compared to each other. With this
data, instructors were able to quantify the knowledge gained
for various learning objectives in each semester and compare
learning between the semesters.

The second was a course survey that focused on content
delivery approaches. This expanded on the survey tool used
in Keck et al. (2021) with questions for engagement with and
appreciation of the various learning materials and opportuni-
ties that students were provided (e.g., textbook, in-person lab).
This survey also included questions on meeting the broader
course and department student learning objectives. Most sur-
vey questions used a five point Likert scale of “strongly

LRI CLIT3

agree”, “agree”, “neither agree nor disagree”, “disagree”, and
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“strongly disagree.” Some questions asked students to rank
the usefulness of various resources (e.g., the textbook or activ-
ities in lab). A weighted average of students’ responses was
determined to compare the overall rankings. A final set of
questions asked students for their perception of the learning
level achieved when engaging in each activity. Students were
able to select from a five point scale and were provided with
the following guide to learning levels:

Was the activity more about learning facts (learning level
1), or about applying facts to new situations (learning level 3),
or about combining facts to solve complex problems (learning
level 5)?

This survey was administered at the end of each semester
to understand how various content worked for the students.
Because of the changes in course delivery postpandemic, the
2022 responses were only compared to the 2021 responses.

3 | RESULTS AND DISCUSSION
3.1 | Survey results for perception of
learning

The amount of learning was assessed with a knowledge survey
administered at both the beginning and the end of the course
in 2021 and 2022. When comparing beginning to end sur-
vey responses, the amount of learning did not differ between
years. In both years, there were 15 topics with gains greater
than one (e.g., from 2.5 to 1.4) which indicates learning during
the semester and the two topics with the biggest improvement
directly represented the overarching course goals of apply-
ing soil information to make management recommendations.
Those topics were as follows:

* Calculate lime rate based on soil test information and lime
quality data (2021: initial: 2.56, final: 1.29) (2022 initial:
2.52, final: 1.41)

* Develop a nutrient management plan using the 4R scientific
principles for nutrient management. (2021: initial: 2.487,
final: 1.161) (2022 initial: 2.42, final: 1.21)

The topics with little change in knowledge from the begin-
ning to the end of the course were similar for both year’s
surveys and appear to be due to high student confidence when
entering the course. There were some small differences when
comparing just the end survey responses from 2021 to 2022.
The largest difference was positive 0.31 indicating that con-
tent was less well understood in 2022 than in 2021. There
were eight other topics with differences greater positive 0.20.
There were few topics with negative differences, the greatest
was negative 0.16. Therefore, it seems that most content was
learned similarly between years, but some topics were slightly
better understood in 2021. The learning survey data results

ORTEZ ET AL.

will mostly be used to guide future efforts for course content
delivery (e.g., improving lab activities for some content, and
reducing lecture time for other content).

The course survey also directly asked students about course
and departmental learning objectives. For both years, over
89% of survey respondents agreed or strongly agreed that the
course improved their knowledge or confidence in all eight
course objectives that they were surveyed over (Table 3).
Additionally, students were asked about how the course
increased their knowledge or confidence for the 18 depart-
mental learning objectives (as this course is required for all
majors).

Several departmental objectives address solving complex
problems and a high percent of respondents agreed or strongly
agreed that the course improved their knowledge or confi-
dence in those departmental objectives (Table 4). In general,
students and the department value this course for developing
problem-solving skills for practical agronomic application.
It appears that this was upheld throughout the COVID-19
pandemic and post-COVID teaching adjustments.

Responses to these surveys indicate that students learned
during the new model. Course goals were achieved even
with limited in-person interaction during the 2021 semester.
Instructors were not surprised that some topics had worse
learning scores (measured as positive differences in end
survey responses) in 2022 than in 2021 as they observed
differences in quality of written work during the semester.
There are two possible explanations. For one, the 2021 stu-
dents may have just been academically stronger. Enrollment
was lower during the pandemic and probably, only the most
academically minded students continued their education. A
second explanation is that smaller groups were also used in
2021. The 42 students were spread over four labs and two
lecture sections while 2022 used two labs and one lecture sec-
tion for 55 students. Multiple other studies of college courses
have found that student success increased when class size was
smaller compared to larger class sizes (Arias & Walker, 2004;
Ehrenberg et al., 2001; Millea et al., 2018).

3.2 | Survey results for perception of course
approach

As students do not possess the skills to elevate their learn-
ing (Burke & Fedorek, 2017), flipped classrooms are the
most successful when independent activities are used for the
learning of facts and classroom activities are used to connect
and apply concepts (Bergmann & Sams, 2012; Brevik et al.,
2022; Keck et al., 2021; O’Flaherty & Phillips, 2015; Sin-
delar et al., 2022). The course content was entirely online
in 2021 with meetings used only for problem-solving. In
2022, the course added one lecture per week (on applica-
tion of content) to its flipped design. This change in delivery
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TABLE 3
in the following course learning objectives in each course year.

Natural Sciences Education Tof 12

Percent of respondents who agree or strongly agree that Soil Nutrient Relationships course improved their knowledge or confidence

Learning objectives 2021 2022
Formulate an evidence based nutrient management plan that considers economics and the environment. 97 100
Describe nutrient cycling and the factors affecting availability of each nutrient. 97 98
Describe limiting factors for various nutrients in various environments. 97 98
Describe how to obtain appropriate data and science-based recommendations for nutrient management. 94 90
Describe integrating nutrient management as a systems approach. 89 96
Describe use of the 4R scientific approach. 97 98
Describe how socio-economic factors affect nutrient management decisions. 92 92
Work in groups to analyze agronomic situations and solve agronomic problems. 92 90

Note: Thirty six of 42 students completed the survey in 2021. Fifty one of 55 students completed the survey in 2022.

TABLE 4
in the following select departmental learning objectives.

Percent of respondents who agree or strongly agree that Soil Nutrient Relationships course improved their knowledge or confidence

Learning objectives 2021 2022
Understand that plant and soil systems are embedded within complex social-ecological networks that 92 94
interact across a range of spatial and temporal scales.
Understand the difficulty in managing complex systems. 97 92
Demonstrate understanding and problem-solving based on the concepts and applications of their area 94 94
of study.
Interpret graphs, charts, and tables and communicate results through written and oral reports. 95 90
Lead and contribute to diverse teams to propose and implement solutions to complex plant and soil 86 84
system problems.
Note: Thirty six of 42 students completed the survey in 2021. Fifty one of 55 students completed the survey in 2022.
changed the perception that students had of several course
—9—202]1 =sh=2022 Lecture

materials and activities. As for materials, one expected dif-
ference was the decreased value that the students placed
on the course textbook when provided with in-person lec-
tures in 2022 as compared to the more independent learning
approach in 2021. The percentage of students who reported
that they had “interactions that increased their learning” with
the textbook decreased from 67% to 59% of respondents.
Additionally, students were asked to rank the value of vari-
ous course materials. The textbook’s average ranking in 2021
was third, while it dropped to fourth in 2022 (Figure 2). The
item that increased in value to students was access to lecture
slides. The lectures themselves were rated No. 1 each year
even though delivered in person in 2022 and via recorded
video in 2021. The slides were more useful to students with
the in-person lecture. Another course material that was less
valuable to students in 2022 was calculation help videos
(where instructor worked out example problems using video
capture on a touch screen). The percentage of students who
reported that they had interactions that increased their learn-
ing with the calculation help videos decreased from 81% to
66% of respondents. While these videos remain helpful for
a portion of students and will be accessible to all the stu-

Calculation Videos NebGuides

Lecture Slides

FIGURE 2
toward students learning. Students would rate the most useful material

Mean ranking for usefulness of course materials

as 1, and use greater values for less useful materials. Student responses
were averaged to find a mean rating for each item each year.

dents via Canvas, the number of students who found value
in them decreased with the increase in in-person meetings in
2022.

In a survey about student experience in a flipped classroom,
Keck et al. (2021) found that over half of the respondents felt
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TABLE 5
Nutrient Relationships course.

Statements about lab activities

You were motivated to attend lab.

You felt a sense of community with your lab group.
Attending lab gave you the chance to ask questions.
Lab activities were a good use of your time.

Lab activities increased your learning.

Lab activities helped you solve agronomic problems.

Lab activities helped you apply textbook concepts to practical situations.

Lab activities improved your grade on exams.
Lab activities improved your grade on assignments.

Lab activities improved your grade on the course project.

ORTEZ ET AL.

Percent of respondents who agree or strongly agree with the following statements about their learning during lab activities in Soil

2021 2022
94 86
81 84
95 84
94 84
92 86
86 86
75 76
94 88
97 88
86 78

Note: Thirty six of 42 students completed the survey in 2021. Fifty one of 55 students completed the survey in 2022.

motivated to access video content outside of class. Despite
this, when the video viewing history data was evaluated,
instructors found that as the semester progressed, students’
interaction with video content decreased from 79% in the first
week of class to 38% in the last week of class (Keck et al.,
2021). Similar results were found in other studies, with rea-
sons for the decline in student interaction with online or video
content outside of class being attributed to issues such as, pro-
vision of lecture slides in addition to video leading students
to believe they had the information they needed, and did not
need to watch the video, and quizzes could be passed without
watching the videos due to information on slides or level of
difficulty of assessment (Radunovich & Acharya, 2018).

A similar analysis was conducted for course activities. In
both years, students ranked lab as the No. 1 activity for
increasing their problem-solving skills. In 2021 (when lab
was the only in-person meeting), students also ranked lab as
No. 1 for increasing the amount they learned with indepen-
dent activities (reading text, watching videos, etc.) as second
most valuable toward learning. “Lecture” was not a choice
in 2021 and was lumped in with independent activities. As
one in-person lecture was conducted each week in 2022, this
was offered as a choice and selected by students as No. 1 for
increasing the amount they learned while lab decreased to sec-
ond place and independent activities (now text only) dropped
to the lowest ranking. It is difficult to do a comparison of
the rankings between years since there were more choices in
2022.

The decreased appreciation for lab activities was also cap-
tured in student responses to Likert questions about lab
(Table 5). Student responses decreased for motivation to
attend lab, perceived usefulness of lab, and perceived learning
in lab from 2021 to 2022. The greater appreciation of lab in
2021 is driven by it being the sole opportunity for in-person
learning, which students place high value on (Keck et al.,
2021; Moravec et al., 2010; Wilson, 2020). Other activities

were done in-person in 2022 as well which decreased student’s
perception of lab.

One activity that was done via web conference (Zoom)
in 2021 and brought back to in-person in 2022 was weekly
discussion of application and case studies. The student per-
ception of discussion activities increased (Table 6) even
though the discussion problems and course assessments were
the same in each year. Survey respondents were more likely
to agree that discussion activities increased their learn-
ing, improved their grade on assignments and exams, and
developed a sense of community than respondents in 2021.
Students also reported greater motivation to attend discussion
in 2022; however, actual attendance was lower than 2021.

The survey responses for student perception of discussion
do not match with instructor perception. While discussion was
done in-person in 2022, it was also done at a much greater
student to instructor ratio (42 students in two lecture sections
in 2021 vs. 55 students in one lecture section in 2022) with
the burden to elevate learning pushed back onto the student as
instructors were not able to spend as much time checking and
discussing with individual groups. Interaction with peers was
similar in both years as students worked in small groups. In
the course survey, students were directly asked what learning
level they had achieved in various course activities with one
being the lowest (memorizing facts) and five being the highest
(combining facts to solve problems).

For overall learning and all other course activities, there
was no difference (data not shown, no statistics performed)
between years. However, the student’s perception of their
learning during discussion activities averaged 2.80 in 2021
and 3.52 in 2022. This data directly reflects the bias that
students have for in-person learning. A study of an agricul-
tural science course also found that when implementing a
flipped classroom, student enjoyment in the course decreased
43.6% compared to traditional all in-person learning, while
multiple surveys of medical students also reported diminished
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TABLE 6
Nutrient Relationships course.
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Percent of respondents who agree or strongly agree with the following statements about their learning during discussion in Soil

Statements about discussion? 2021 2022
You were motivated to attend discussion. 69 75
You felt a sense of community with your discussion group. 80 96
Attending discussion gave you the chance to ask questions. 64 73
Discussion activities were a good use of your time. 64 77
Discussion activities increased your learning. 73 87
Discussion activities helped you solve agronomic problems. 81 88
Discussion activities helped you apply textbook concepts to practical situations. 64 77
Discussion activities improved your grade on exams. 64 81
Discussion activities improved your grade on assignments. 75 89
Discussion activities improved your grade on the course project. 78 79

Note: Thirty six of 42 students completed the survey in 2021. Fifty one of 55 students completed the survey in 2022.

#Discussion activities were conducted via web conference in 2021 and in-person in 2022.

satisfaction in online learning opportunities compared to
in-person (Al-Balas et al., 2020; Baticulon et al., 2021; Keck
et al., 2021). With identical activities and less instructor
interaction, there is no reason that learning would actually
be greater, however, the student perception of it was greater.
Discussion activities are graded for attendance only, so
performance cannot be compared. In both years discussion
was one of the lower ranked items for the questions about
which activities increased learning and problem-solving.

3.3 | Justification of the transformed
teaching methods

Many scientific documentation sources have pointed out the
major need for students to understand complex, dynamic,
and challenging systems across different sectors, including
those related to agriculture (Jacobson & Wilensky, 2006;
Mennin, 2010; Monroe et al., 2015; Riess & Mischo, 2010;
Runck et al., 2015; Vosniadou & Brewer, 1992). Providing
opportunities for experiential learning and application of the
principles of systems thinking allows a deeper understand-
ing and better development of skills (Bawden et al., 1984;
Ginzburg et al., 2019; Hiller Connell et al., 2012). Experien-
tial learning teaches students to think about their subject and
all its interactions outside of the classroom (Ginzburg et al.,
2019). There are some basic facts that students need to learn
(e.g., nutrient chemistry) but the course overwhelmingly is
about systems thinking and problem-solving as each and every
time that they will determine nutrient plans in their future will
be a unique situation for which course instructor(s) cannot
provide a prescription. Teaching systems thinking should not
be viewed as an “add-on” to an education, but rather needs to
be integrated throughout the course and even the entire cur-
riculum (Hiller Connell et al., 2012). Students need to know

what questions to ask and what data to gather so even if pro-
viding them with all the questions is not effective, they must
develop some questions on their own.

The case studies practiced in class directly contribute to
this schema. Students make smaller plans where they are pro-
vided with some specific data and inputs, yet not covering
the entire situation. Therefore, students are prompted to find
other resources with additional information and input before
being able to develop justifiable and sound management rec-
ommendations. Part of this process also includes developing
goals for each situation, for example establishing achievable
yield goals and planning nutrient applications accordingly.
In the surveys, 86% (both years, Table 5) reported that lab
activities helped them solve agronomic problems while 81%
and 88% (Table 6) reported that discussion activities helped
them solve agronomic problems. The course was redesigned
to emphasize problem-solving activities during meeting times
and this appears to have been successful (90% or greater
reported increased confidence for “work in groups to ana-
lyze agronomic situations and solve agronomic problems”
in each year; Table 3). The difference in valuing discussion
toward problem-solving again comes because the discussion
activities were via Zoom in 2021 but in-person in 2022.

3.4 | Plans moving forward
The overall format for organization and delivery developed in
2021 was used in 2022, and it will continue to be used in com-
ing years (Figure 3). This represents a semi-flipped design
with content learning done independently and only one lec-
ture per week focused on application of content. Most course
meetings are used for problem-solving in small groups.
While the students valued engaging in discussion activities
in person more than they did via Zoom, it was clear to the
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Independent
Content
Learning

On Mondays, students completed reading or
watched pre-recorded lecture content on their
own

P

In-person
lecture

In-person
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In-person
discussions

Group
Project

On Wednesdays, the instructor spun off from
the content learned independently with a
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FIGURE 3

Enhanced course structure after refined teaching methods were implemented during the COVID-19 pandemic during the spring

semesters of 2021 and 2022. The enhanced mode was driven by the desire of increasing systems thinking approaches among the students. The

enhanced structure will continue to be used in coming years.

instructors that the in-person meetings did not elevate learning
to the same degree as the Zoom meetings had. The difference
was most likely from differences in the student to instructor
ratio. When meeting via Zoom, class was divided into two
sections with the average student and instructor attendees 20
and two, respectively per section. With students in breakout
rooms of four, and both instructors going to breakout rooms
to discuss content with students, ~40% of class time was 4:1
(student to instructor) interaction.

However, when returning to in-person meetings (Spring
2022), there were 40-50 students and two (but sometimes
only one) instructors. While students still worked in small
groups and instructors still had individual discussions with
each group, the direct interaction for each student group was
reduced to less than 10% of class time. While we intentionally
made accommodations to effectively work with 45 students
via Zoom in 2021, we see now that we did not do enough
to effectively work with 45+ students in person in 2022. The
goal going forward will be to convert these discussions to two
smaller classes and make sure that there are two instructors
to increase interactions between students and instructors to
ensure elevation of learned concepts (from describe to apply).

4 | CONCLUSIONS

In agricultural education, teachers and instructors must pur-
sue the inclusion of multidisciplinary and interdisciplinary
programs. These concepts can be primed by systems think-
ing approaches and experiential learning. The development

of such programs is pivotal for the training and success of
future leaders and decision makers. The transformation that
this course has undergone can serve as an example of acces-
sible and flexible teaching during the COVID-19 pandemic
that allowed increased independent learning while maintain-
ing focus on problem-solving. Its success is documented with
the evaluations and assessments taken by the students during
the transformative periods. The lessons learned during and
after the COVID-19 pandemic will help to improve course
delivery in the future and include the following:

 Students value in person learning more than online learn-
ing and perceive greater interactions with instructors and
greater elevation of learning (even though the instructors
observed the opposite) when course discussion was held in
person in 2022.

* Student learning and interaction increased when conducted
in smaller groups as was necessitated during the COVID-19
pandemic dedensification.

* Students’ appreciation of course reading and other mate-
rials decreased when in-person lecture is provided (even
though the lecture was not intended to support content
learning but rather support application of content).

* High standards for teaching and learning that emphasize
problem-solving and systems thinking can be maintained
when meeting time is reduced.
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