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Traditional passive approaches to teaching, such as lectures, are not particularly effective

at promoting student learning, or at developing the qualities that employers seek in

graduates from soil science programs, such as problem-solving and critical thinking

skills. In contrast, active learning approaches have been shown to promote these very

qualities in students. Here, I discuss my use of active learning approaches to teach soil

science at the introductory and advanced levels, with particular focus on problem-based

learning (PBL), and combined just-in-time teaching (JITT) and peer instruction (PI). A

brief description of the each pedagogical approach is followed by evidence of its impact

on student learning in general and, when available, its use in soil science courses. I

describe and discuss my experiences using these approaches teaching introductory

soil science (face-to-face and online), soil chemistry and soil microbiology courses, and

provide examples of some of the problems I use. I have found the benefits to student

learning in terms of student engagement, ownership of learning, and development of

critical thinking and problem-solving skills easily outweigh the additional effort required,

and are clear relative to traditional, passive approaches to teaching.

Keywords: active learning, problem-based learning, just-in-time teaching, peer instruction, soil science education

INTRODUCTION

Soil science courses have been traditionally taught in lecture format, in which the professor imparts
knowledge to the students. For example, over half of introductory soil science courses in the US
are taught using a strictly lecture format (Jelinski et al., 2019). This learning approach—in which
students passively receive knowledge from an instructor—is not unique to soil science: it is how
science courses have been taught for centuries.

Lecturing originated thousands of years ago, with the oral tradition of knowledge dissemination
before development of the written word. Following the invention of writing, knowledge resided
in books whose availability was limited because they had to be copied by hand. Given this
constraint, lecturing was an effective way for transmission of knowledge: the lecturer—also known
as a reader—read from a book that contained the knowledge to be transmitted, and the students
wrote down this information, essentially creating their own hand-written book (Schmidt et al.,
2015). Although the invention of the moveable type printing press in the fifteenth century greatly
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expanded the availability and affordability of books—obviating
the need for lecturing—lecturing as a method of instruction in
college education has, for better or worse, survived for over a
thousand years.

The lecture has persisted in part for financial and logistical
reasons: it allows face-to-face teaching of a large number of
students with minimal institutional investment in personnel and
infrastructure. The “sage on the stage” approach can be engaging,
and can be an effective medium to explain difficult concepts,
provided the instructor is sufficiently charismatic and adept at
explaining (Schmidt et al., 2015). Nevertheless, lecturing is not
particularly effective in promoting student learning. For example,
students can learn as much (Costin, 1972) or more (Corey, 1934)
from reading a textbook than from hearing the same material
delivered in a lecture for the same amount of time. Furthermore,
because it is a passive approach that tends to preclude questioning
and the exchange of ideas among students and instructor, the
exclusive use of lecturing does not allow for the development of
critical thinking skills, one of the qualities that a liberal education
is supposed to promote in students. Because students in lecture
courses tend not to take ownership of their learning, lecturing
also fails to promote life-long learning, an important trait for
success in an ever-changing professional milieu.

Introductory soil science courses generally have a separate
laboratory section that does not fare much better than the lecture
in terms of passivity. Approximately 92% of introductory soil
science courses in the US have a laboratory component (Jelinski
et al., 2019). The traditional introductory soil science laboratory
requires that the students follow a series of prescribed steps
to achieve a result about the properties of a soil sample, such
as structure, organic matter, pH, bulk density, or particle size
distribution. The lab manual is a sort of cookbook with recipes
that, if followed properly, produce the correct result. The field
component of the laboratory section generally involves listening
to the instructor describe landscapes and soil profiles in the
context of soil genesis, classification, and land use. This approach
leaves little room for active learning by, for example, applying
the methods learned to testing hypotheses about what drives
differences in soil properties at different spatial scales.

This passive approach to soil science education has
consequences for the employability of our students. In a
survey conducted in 2008 by the Soil Science Society of America,
employers expressed dissatisfaction with soil science education,
including the lack of field experience, poor written and verbal
communication skills, and lack of critical thinking skills (Havlin
et al., 2010). Furthermore, their comments indicated that the
lack of problem-solving skills stemmed from lack of rigor or
integration of knowledge within the curriculum (Havlin et al.,
2010). Similar observations about the academic training of soil
scientists have been reported in Australia (Field et al., 2011).

Soil science faculty around the globe have, over the past
few decades, realized the need to revamp the curriculum to
better prepare students for professional careers in soil science
(e.g., Baveye et al., 2006; Hartemink and McBratney, 2008; Field
et al., 2011; Jimenez et al., 2019; Jelinski et al., 2019). In the
US, Jelinski et al. (2019) found that 44% of introductory soil
science courses used teaching approaches that involved active

learning environments. Among the innovative, active learning
approaches to soil science education at the college level are
the use of case studies in soil biogeochemistry (Duckworth
and Harrington, 2018), problem-based learning in introductory
soil science (Amador and Görres, 2004), jigsaw exercises (in
which students learn part of an assignment and come together
to share the information to complete the “jigsaw puzzle”;
Daigh and Motschenbacher, 2017), integrating active learning
strategies in combined lectures and labs (i.e., studio approach)
(Andrews and Frey, 2015), and drive-thru labs in which the
instructor demonstrates a process, uses examples to discuss soil
properties, or teaches a procedure to a small group of students
(Abit et al., 2018).

Here I describe some of the active learning approaches that
I have used to teach soil science at the college level. I include
my experiences using problem-based learning (PBL) to teach
introductory soil science (face-to-face and online), as well as soil
microbiology and soil chemistry courses. I also describe how I
have used just-in-time teaching (JITT) and peer instruction (PI)
in combination with traditional lectures to teach introductory
soil science. For each pedagogical approach I provide a brief
description, information on its pedagogical underpinnings and
on its adoption and effectiveness, and an account of how I have
used it in my courses.

Problem-Based Learning
In a course using PBL, students work in permanent groups to
develop solutions to authentic, open-ended problems. They learn
the course content as they solve the problems. Problem-based
learning involves a recursive series of steps, well-described by
Boud and Feletti (1997) and summarized in Figure 1.

Problem-based learning is based on constructivist theories
of learning, which argue that learning is an active process and
requires that the learner construct knowledge. The constructed
knowledge is linked to prior knowledge, which allows for
continued revision of a person’s understanding of the world
around her. Constructivism draws from the ideas on learning
of John Dewey and Jean Piaget, as well as William James,
a pragmatist who contended that the value of an idea
depends on its usefulness in the practical world, among
others (Yilmaz, 2008).

The positive effects of PBL include improved learning
(Norman and Schmidt, 1992), better student attitude and clinical
performance (Vernon and Blake, 1993), promotion of life-long,
self-directed learning (Candy, 1991; Vernon and Blake, 1993;
Spencer and Jordan, 1999); and improved critical thinking skills
(Tiwari et al., 2006). Among the negative aspects of PBL are
resistance from students, the extra time it takes to develop
effective problems and assessments, and problems with the shift
in classroom power dynamic form “sage on the stage” to “guide
on the side” on the part of both students and faculty (Amador
et al., 2007). Although it would appear that PBL would be
effective to teach only a limited number of students, it has been
used successfully to teach courses with hundreds of students
(Amador et al., 2007).

Problem-based learning has been used successfully to teach
courses in a wide variety of fields, including nursing (Glen
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FIGURE 1 | The Problem-Based Learning cycle.

and Wilkie, 2017), medicine (Barrows, 1996), introductory
science (Allen et al., 1996), writing (Pennell and Miles, 2009;
Amador and Miles, 2016), hydrology (Lyon and Teutschbein,
2011), humanities (Hutchings and O’Rourke, 2002), and social
sciences (Amador et al., 2007). A number of medical schools
use PBL exclusively to train students, and students taught using
the PBL curriculum demonstrate equal or better professional
competencies than those taught regular curricula (Neville,
2009). Reports on the use of PBL to teach soil science are
limited. Strivelli et al. (2011) successfully introduced a PBL
component to a soil management course, and Amador and
Görres (2004) developed an introductory soil science course that
relied exclusively on PBL.

I have previously taught Introduction to Soil Science, a
required course, to ∼50 first- and second-year students, and
currently teach Soil Microbiology and Soil Chemistry, both
elective courses, to ∼25 third-and fourth-year and graduate
students, using PBL exclusively. The integrative nature of soil
science as a discipline—drawing knowledge from a wide variety
of scientific fields—fits well with the authentic, open-ended, ill-
defined nature of the problems and the collaborative aspects of
PBL, making it an effective approach to teach soil science courses.

The general structure ofmy PBL courses is similar for all them.
Students work in permanent groups of four or five—chosen at
random—to develop solutions to real, open-ended problems over
the course of the semester. The permanence of groups minimizes
the time needed to develop effective group dynamics, which is
disrupted by formation of new groups. They learn the course
content as they gather information and integrate it into their
solutions. For each part of a problem, they go through the PBL
cycle (Figure 1) which involves students figuring out: (i) what
they already know that can help them with a solution, followed
by (ii) what else they need to know to develop a solution, and (iii)
how will they acquire the necessary information. The students
discuss and integrate the new information into a solution as they
deem appropriate and repeat the cycle until they are satisfied they
have a reasonable solution.

Class Structure
Students go through the PBL cycle during the scheduled class
time. In a typical sequence, I give them a paper copy of the first
part of a problem and ask one student to read it aloud so that
they can all start on the same page. I then ask them to take 15 to
20min to develop two lists: one of what they know, and how each

item is relevant to solving the problem, and a second one on what
they need to know and how that is relevant to solve the problem. I
circulate among the group to eavesdrop on their discussions. One
person from each group presents the two lists, and the rest of the
class and I ask questions. As new groups present their lists, I ask
them to focus onwhat is new to the discussion to avoid repetition.
After all the groups have presented, they reconvene to consider
the feedback they got from their fellow students andme and what
they learned from the other groups, and to figure out who will be
finding out what before class meets again. Researching what they
need to know takes place outside of class time.

At the beginning of the next class, I ask students to discuss
the information they’ve found within their group, integrating
this with the information they knew to develop a solution. One
student from each group presents the group’s solution to the rest
of the class, followed by questions and whole class discussion. If
the students (and I) think a reasonable solution has been reached,
we move on to the next part of the problem. Otherwise, we go
through another PBL cycle.

Writing Problems
One of the hallmarks of PBL is the use of authentic, open-ended
problems for which there is no unique solution. The open-ended
nature of the problems distinguishes it from other pedagogical
approaches that have a single correct answer, such as case studies.
Open-ended problems mimic the kinds of problems students
will encounter in their professional careers: they are messy, ill-
defined, and the information necessary to develop a solution is
often incomplete, unavailable, and/or erroneous. This type of
problem can be developed from one’s own experiences as a soil
scientist and researcher, by adapting existing problems, such as
end-of-chapter problems in a textbook, or may be developed
from scratch. A detailed account of problem design can be found
in Amador et al. (2007).

An example of one of the problems I use in my soil
microbiology course can be found in Supplementary Table 1.
The problem is loosely based on my own experience as a
consultant on a bioremediation project. The questions at the end
of Part 1 are meant to help students focus their attention on the
important aspects of the problem. In addition to the problem
being authentic, open-ended, and ill-defined, there are a few
more things to note in this example: (i) the student is the main
character in the problem: people respond to problems better
when they can “see” themselves in a situation; (ii) the action
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FIGURE 2 | Sequence of events in a problem-based learning asynchronous

online course.

in the story moves along to keep the students’ attention, (iii)
the Goldilocks rule applies: the problem is challenging enough
that the students believe they can solve it, but is not so easy
that it is readily solvable, and (iv) humor makes the problem
more approachable—after all, how difficult can something be if
it’s funny?

Assessment
Assessment in my face-to-face PBL courses comes at the end
of the problem, when the students have developed a proposed
solution. Different types of assessment are involved, depending
on the course:

1. Presentations. In upper-level courses students make
presentations at the end of every problem. The group
works on the presentation outside class time and one
person from each group makes the ∼10min presentation
to the whole class describing their understanding of the
problem, their solutions, what they were able to conclude,
and remaining unsolved matters. This is followed by a
discussion period in which the whole group is expected to
participate in answering questions. I grade the presentation
using a rubric that addresses the group’s understanding
of the problem, the soundness of their arguments, the
group’s ability to field questions, and the effectiveness of the
visual aids. The grade for the presentation is shared by the
whole group.

2. Exams. In the upper-level courses, students complete a take-
home exam that tests their mastery of the concepts learned
while solving the problem. They answer the exam individually.
Once they are finished with the individual exam, they meet
in their groups during class time to answer the same exam
as a group. The individual exam counts for 80% of the
exam grade; the group exam accounts for the remaining
20%. In the introductory course, students take an in-class,
multiple choice exam during the first half of the class
period, for which they are allowed to use notes—but not
the textbook—to answer the questions. Once they turn in
their answers, they are given the answer key and are asked
to explain why their answers are wrong for half-credit. They
are allowed to use the textbook during the second part of
the exam.

3. Synthesis paper. In both introductory and upper-level courses
one student from each group takes the lead in writing a
paper in which they explain the group’s understanding of the
problem, their solutions to each part of the problem, and
identify matters that remained unresolved. After I grade the
paper and provide them with comments, they can revise and
resubmit for a better grade. The grade for the paper is the same
for all group members.

4. Peer evaluations. One of the fears of students working in
groups is free-riders, who contribute little or nothing to group
projects yet reap the same benefits as the group members
who did the work (Maiden and Perry, 2011). I address this by
having students evaluate each other’s performance as a group
member anonymously. Students are provided with a copy of
the peer evaluation form at the beginning of the course. The
peer evaluation—adapted from Kitto and Griffiths (2001)—
produces a score between 0.7 and 1.1. This value is used as
a multiplier to adjust the grade an individual actually receives
for the group presentation and paper. For example, a group
member that has contributed above and beyond expectations
that receives an evaluation score of 1.1 will have the grade on
the paper (say it was a 90/100) of 99, whereas member that
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hardly contributed, with a score of 0.7, would have a grade
of 63.

I have also used PBL to teach introductory soil science online
in an asynchronous environment (Amador, 2012; Amador and
Mederer, 2013). The problems remain the same as for the face-
to-face class. The class centers on the PBL cycle, with the group
interaction structured for the asynchronous online environment
(Figure 2). Groups are presented with a problem, and they
generate and posts lists of what they know and how that is
relevant, and what they need to know that is relevant by a
deadline. After these are posted, students from other groups
are asked to post their thoughts on these lists. Following this
comment period, groups either post another round of know/need
to know or their solutions to that part of the problem, depending
on discussion progress. This is again followed by comments
from students from other groups. These online interactions
are an important part of the assessment, one of the main
differences from the face-to-face version of PBL, where student
discussions are not assessed. Because students have more time
to think and integrate information, the online discussions

tend to be better thought out and expressed than those in
a classroom setting. Assessment also includes an individual
test and a group synthesis paper, although a presentation is
not required.

Combined Just-in-Time Teaching and Peer
Instruction
Given the passive nature of learning in traditional lecture
course, I have introduced a combination of just-in-time teaching
(JITT) and peer instruction (PI) in my large (>100 students)
introductory soil science lecture course.

Just-in-time teaching involves students preparing for class
by reading background materials—textbook or other sources—
and completing assignments online based on those readings.
The assignments, due shortly before class, provide feedback
to the instructor on which concepts students understand and
which they are having difficulty with. The instructor then
uses this information to adjust classroom activities to improve
learning (Figure 3). Just-in-time teaching was developed by
Novak et al. (1999) to improve teaching and learning in

FIGURE 3 | Sequence of events involved in just-in-time teaching.

FIGURE 4 | Sequence of events involved in peer instruction.
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introductory physics courses, and the approach has been
adopted by faculty in the STEM disciplines and in the
humanities (Simkins and Maier, 2010). Using JITT in lecture
courses improves class attendance and study skills (Marrs
et al., 2003), likelihood of reading the textbook before class
(Howard, 2004), and conceptual thinking (Formica et al., 2010).
However, if students are not provided with the context for
the use of JITT, they can react negatively (Camp et al., 2010),
which can be addressed by reiterating the reasons for using
this approach.

Peer instruction involves students answering multiple choice
questions posed to the whole class during lecture (Figure 4).
Students reflect on the question and commit to an answer by
voting. If a high proportion of students vote for an incorrect
answer, they are asked to discuss their answer with their neighbor
(PI is also known as “turn to your neighbor”). Peer discussion
is then followed by another round of voting, at which point
the instructor decides whether more explanation is needed. Peer
instruction has been championed by Eric Mazur at Harvard
University, where it is used in introductory physics courses
(Mazur and Hilborn, 1997).

Peer instruction improved student confidence and
competence in STEM courses (Ochsner and Robinson,
2017), as well as learning in students in a variety of college
courses, including physics (Crouch and Mazur, 2001; Fagen
et al., 2002), physiology (Rao and DiCarlo, 2000), and computer
science (Porter et al., 2013). It is often coupled with JITT, which
serves as the source of the questions posed to the class. The
combination of JITT and PI has been shown to improve learner
participation and retention, and the amount of learner-centered
time (Schuller et al., 2015).

I introduced a combination of JITI and PI into my
Introduction to Soil Science lectures a few years ago. The
intention was 2-fold: (i) to get students to read the textbook
(Howard, 2004) and start grappling with the ideas and concepts
covered in a lecture before they come to class, and (ii)
to get them to think about and discuss these ideas and
concepts after they have been presented in class. Bringing
these active pedagogical approaches to my lectures has helped
shift the class dynamic to improve student engagement,
enhance critical thinking, and help students take ownership of
their learning.

Just-in-time teaching in my course involves homework that
is due a day or so before the lecture on a particular topic.
Known as Application Problems (APs), the homework asks
students to answer questions about open-ended, real-world
problems. The sample problem focuses on soil ecological
interactions and how these can affect decomposition of plant
detritus (Supplementary Table 2). Answering the questions
require that students learn about a particular concept on
their own, before the topic is discussed in lecture, from the
assigned reading in their textbook, which is chosen based on
its comprehensive, in-depth coverage of soil science topics (e.g.,
Weil and Brady, 2016). The students are free—and encouraged
to—peruse the internet for explanatory blogs, videos, memes,
etc. They are, however, expected to work on their own. The
problems also ask that they apply what they have learned, for

example, by making a decision or prediction based on the
concepts learned.

The homework is submitted online and graded based
primarily on whether the answers show an understanding
of the concepts we want them to learn. Because they
should be a low stakes opportunity for students to assess
how well they grasp the concepts, each AP accounts
for 1% of the final grade (10% total). The teaching
assistant that grades the APs also keeps track of concepts
students found particularly difficult and reports this
information to me, which allows me to adjust my
lectures beforehand.

The peer instruction aspect takes place in lecture, after the
students have completed the homework on the topics that will
be taught in that lecture. After I lecture on a topic, I put up a
slide with the setup of a problem, either a verbatim or abridged
version of their homework (Supplementary Figure 1). This is
followed by a series of multiple-choice questions about different
aspects of the homework. After I put up the first question, I
ask students to take some time to think about it and vote for
what they think is the correct answer. I ask them to raise their
hands for A, B, C, or D and quickly estimate the proportion
of students that have the right answer. If I have crafted an
effective set of choices for a question, there will be a good
distribution of wrong and right answers. If that is the case, I
then ask the students to turn to their neighbor and convince
them of why their answer is right and the neighbor is wrong.
After the buzz in the auditorium dies down, I ask students to
vote again, and then reveal what is the correct answer. This is
followed by a request for a student who chose the most popular
incorrect answer to explain their reasoning, and for a student
who chose the correct answer to explain her reasoning. I may
expand on these explanations if think it’s warranted, andmove on
to the next question. A set of peer instruction questions during
a 75min lecture takes 7 to 12min, depending on the number
of questions.

The voting in peer instruction can be assessed more
quantitatively than by estimating numbers from a show of
hands. A number of proprietary classroom response systems
(i.e., clickers) as well as smartphone-based non-proprietary
systems (Lee et al., 2013; Luo et al., 2016) are available
to record, quantify, and display student responses. Because
responses may be tracked to individual students, these systems
have the potential to gather data on a particular student’s
participation (and thus, attendance) and level of understanding.
Although the information can also be used to grade student
responses, this can prove counter-productive because fear
of choosing the wrong answer can inhibit participation
(James, 2006).

CONCLUSIONS

Active learning approaches in soil science education are an
essential component of developing the critical thinking and
problem-solving skills, and the capacity for life-long learning
in our students, which they will need for professional success.
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I have found using PBL exclusively to be effective in fostering
these qualities in teaching introductory soil science, soil
microbiology and soil chemistry courses. The introduction of
JITT and PI into my large lecture course has proven an
effective means of getting students to engage with course
content before lecture, with each other during lecture, and
to take ownership of their learning. The short descriptions
I have given here provide the reader with the briefest
introduction to their implementation. For those interested
in trying out these active learning approaches, a number
of the references cited here provide detailed advice on
their implementation.
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