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ABSTRACT

At most land-grant universitiesin the USA, Introduction to
Soil Scienceistraditionally taught using a combination of lecture
and laboratory formats. To promote engagement, improve com-
prehension, and enhanceretention of content by students, we de-
veloped a problem-based learning (PBL) introductory soil science
course. Studentswork in groupsto solve fivereal-life problems
during the semester for approximately five class periods each.
Every problem is contained within a study unit that haslearn-
ing objectives, relevant resour ces, aswell asa description of the
problem. As studentswork through problems, they go through
a PBL cycle of: (i) understanding the question, (ii) identifying
what they know and do not know, (iii) finding the information
they need, (iv) sharing new information, and (v) identifying new
questions. Each group produces a synthesis paper describing
their approach and solution to the problem. Tests are based on
thelearning objectivesand students can recapture pointsby ex-
plaining wrong answers. They can also revise synthesis papers.
M ost studentsreported improvement in verbal and written com-
munication skills, ability to interact in groups, and problem
solving skills. They identified writing and revising synthesis pa-
pers, and preparing for, taking, and revising examsasvery help-
ful in learning cour se content. M ore than three quarters of stu-
dentsindicated a positiveresponseto the PBL format for I ntro-
duction to Soil Science. Exam scores for students taught using
PBL were 1to 8 percentage pointshigher than thosetaught ear -
lier by the sameinstructor using traditional methods.

and took tests. The instructor received high marks for the
course. Learning appeared to be taking place. However, sub-
sequent interaction with students in other courses and reports
from other faculty members indicated that students’ knowl-
edge, understanding, and retention of course content was lim-
ited. Their ability to integrate newly acquired facts into what
they already knew was poor, as was their ability to apply this
knowledge to new situations. This became painfully obvious
when junior and senior students who had excelled in Intro-
duction to Soil Science worked on undergraduate research
projects under our supervision. These students had difficulty
in remembering and applying basic concepts of soil science
to address research questions or solve practical problems.

Frustration with the ineffectiveness of lectures as an edu-
cational vehicle led us to restructure the Introduction to Soil
Science course using a problem-based learning (PBL) ap-
proach in the spring of 2002. Problem-based learning in-
volves small groups of students working in permanent groups
to learn the course content within the framework of a realis-
tic problem. The process involves (Boud and Feletti, 1997) the
following:

1. Present students with a problem. Students assess the
problem and identify what they know in relation to the
problem.

2. Determine what aspects of the problem they do not un-
derstand. These “learning issues” serve to focus group
discussion.

3. Rank learning issues in order of importance. The group

I NTRODUCTORY SOIL SCIENCHS traditionally taught using a
combination of lecture and laboratory sections. Lecturing
offers a number of advantages (Little and Sauer, 1997): it is
a time-honored teaching approach (thus enjoying automatic
legitimacy), the content and structure of lectures are easily de-
rived from published curricula and textbooks, and it allows op-
timization of numbers of students taught relative to resource
needs. The effectiveness of lecturing as an educational ap-
proach has, however, been called into question for at least a

decides which issues will be considered by the whole
group or by individuals. In the case of individual follow-
up, that student is then responsible for informing the rest
of the group about his/her findings.

4. Explore previous learning issues and integrate new

knowledge in the context of the problem. Students sum-
marize their progress, make connections between pre-
vious and newly acquired knowledge, and develop new
learning issues.

century (Osler, 1913). A number of studies indicate that lec- ) ) o
turing is not a particularly effective teaching format: it en- These steps are repe_ated until the group is satisfied that they
courages passive learning, results in poor information reten-have developed a satisfactory solution to the problem.

tion, and does not develop higher-order inquiry and thinking ~ The modern PBL approach has its origins in reforms to
skills (Lord, 1994; Ahern-Rindell, 1999; Crowther, 1999). ~ medical education at McMaster University in Canada more

Our lecturing experience to more than 1000 introductory than 40 years ago (Neufeld and Barrows, 1974), although the
soil science students over the course of 9 years at the Univerconstructivist approach to education has its roots in ancient
sity of Rhode Island supports the observation of others, thatGreece (Crowther, 1999). The success of PBL in medical ed-
there is limited learning in lecture courses. Students listenedication made this approach appealing for application to teach-

quietly, most took notes diligently, completed problem sets, ind sOil science for a number of reasons. First, medicine and
soil science are both integrative scientific disciplines. In soil

Department of Natural Resources Science, Univ. of Rhode Island, Kingston,science, students need to draw from their knowledge of
RI 02881. R_eceived 10 July 2003. *Corresponding author (jam7740u@ physics, chemistry, biology, ecology, and geology to under-
postoffice. uri.edu). stand the properties of soils and the processes that take place
within them. Second, like problem solving in medicine, au-
thentic soil science problems are invariably complex, ill-de-
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fined, and require that the individual develop the ability to Study Units
apply knowledge in the proper context. Third, and again sim- L . ) . o
ilar to medical science, problems related to soils are more Oﬂerbe-:;giigzl:]rdsgIlastsgil;ﬂ:ieti%rlpt(?l)ﬁgﬁ i'ggﬁ%sgjrgésu?ﬁls)' S(Bil
than not addressed by teams of individuals with different pro- ater, (IV) Carbon and Nu,trient Cyclin an?j W) éontami-
fessional training, so that success requires not only technicaYV ' yelng,

knowledge but the ability to communicate this knowledge Inezr:fir?ngti%fil\?;s-'?iStgggoﬂ?gegafe{g\?;rftetcc?tor?es:u(rll)ité (I:Isl)t gf
both to colleagues and to the nonexpert public. g obj ’ '

The PBL approach has been used successfully in underlimetable that includes a schedule of class activities, dates of
. tests, and due dates for original and revised papers; and (iv
graduate courses in natural resources (Arthur and Thompsor},ne narrative for the proble?m. The learning %b?ectives age)

1998). Thus, after lecturingt introductory soil science stu- drawn from the “Soil Science Competency Areas and Per-

dents for 9 years, we restructured the course using a PBL a formance Objectives,” compiled as content standards by the
proach. In this paper we describe the structure of the PBL ap'giouncil of Soil Science Examiners (2002). In addition to rel-

proach, student performance, their reaction to the course, 83vant chapters in the textbook, resources include print and
well as pitfalls and positive aspects of the course from the in- plers : ' P
recorded media and websites.

tructor’ r tive. .
SHUCIOr's perspeciive The problems are drawn from the instructor’'s own profes-
sional experiences, old problem sets, print media, and re-

search articles. Problems are usually divided in three parts,
COURSE STRUCTURE with all parts delivered at the same time. We try to design prob-
Overview lems that address contemporary issues in soil science. For ex-

. . : . .. ample, in the spring of 2003 the problem for Unit | (Genesis
Atthe University of Rhode Island, Introduction to Soll Sci- and Classification) involved trying to delineate a wetland

egcreCéN Féigrfg 'asntgl.’ggtr'en threegigarrtn;efg OI Ndzmra:nz%based on soil property data. Unit 11l (Soil Water) addressed the
sources Scl IS qul urs st S maj ffrigation dilemmas of a local farmer that were featured in a

Ing in enwrpnmental science and management, environmeny o, newspaper the previous summer. Problems have an in-
tal economics and management, wildlife biology and conser-

vation. water and soil science. landscape architecture an(goduction, in which the setting and characters are described.
’ ’ P ' ach part addresses different aspects of the problem and ends

rQ/\/ith a series of questions. The issues, and the questions, be-
Rome progressively more complicated as the students work
through the problem. All problems have data sets that require

) . s %uantitative analyses. Data sets can be incomplete and/or in-
(>100 students) lecture-only course in a fixed-seat aUd'tor'um'accurate, and may sometimes be irrelevant—by design, to

AssessTent consisted of problem sets, which accounted fog ., 1ate discussion. Design of problems is done with a list
100 20% of the final grade, and three to four multiple-choice of learning objectives that should be covered. In our experi-

ex???gg%gg?gﬁ%?tﬁgéozr;g?srfaslj Or]:ttg\?e?rasde?ﬁester Withence, introducing humorous fictitious characters and/or situ-
9 Y ’ ations makes the problems more accessible to students.

an average enrollment of 45 students, of which 5.6% are
freshmen, 44.0% are sophomores, 46.1% juniors, 2.2% are

seniors, and 2.2% are nonmatriculating students. The course Companion Web Site
meets twice a week for 75 minutes per period. The physical A companion website, developed by the instructor, has
setting involves either movable desks or tables and chairs, debu ! y

endina on classroom availability. Attendance is recorded lletin board, chat and email functions, as well as the course
P 9 . Y. syllabus and class schedule. The problem for each unit is
and students are penalized for unexcused absences (see Ag

prerequisites, and most students take it during their sophomo
or junior year.

sessment, below). During the course of the semester, studen osted on the website and students are expected to print the
P ' gu : S oblem and bring it to class. Required, anonymous peer eval-
work on solving a total of five different problems in perma-

nent groups of four or five students. Brady and Weil (2002) uations are also available. Students are able to access their

is the required textbook. Grouns are assianed randomiv on th rades as well as old exams on the website. In addition, there
; q . - foroups 9 . y re guidelines for the preparation of synthesis papers and the
first class meeting. Class time is USEd. exclusively for 9r0UB 1 pric used to grade the paper. The chat room function of the
work or to adm|n|ster tests.'Groups typically work on a prob- site is used to conduct online office hours the evening before
lem for four to six class periods (2 to 3 weeks). Groups Sharetests

the breakthroughs and difficulties they encounter in open dis-
cussion with other groups approximately every 20 minutes
during the class period. This provides the students and the in-
structor with an opportunity to identify important issues as  Synthesis Papers. At the end of a study unit, each group
well as misconceptions. Students are assessed via synthesis paroduces a written report, or synthesis paper, describing their
pers (group assessment) and tests (individual assessmentpproach and solution to the problem. Students receive a
Group performance is assessed through peer evaluations. Igroup grade on the synthesis paper. At the beginning of the se-
addition to striving to improve content learning and problem- mester students are provided with a set of guidelines on the
solving skills, the assessment structure encourages students giructure, content, and style of the paper, and with a copy of
develop professional standards in communications, quantitathe rubric used to grade the papers. The rubric is designed
tive estimation, the use of evidence in support of conclusions,around criteria based on content, process, and professional
and team management. standards. Paper structure, style, content, and grading rubric

Assessment
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information is also found in the companion website. Papers1.00 require written justification by the student doing the
are due 3 to 4 days after discussion of a study unit has conevaluation. The validity of an explanation is determined by the
cluded. Groups are asked to determine who will be the authorsnstructor. Peer evaluation scores are averaged and used to de-
(two students) and who will be revising the paper (two stu- termine a student’s grade in the synthesis paper.

dents) at the beginning of a study unit. Papers are graded by

the instructor, and returned to students 2 to 3 days after the due STUDENT PERFORMANCE

da'te. Gradinog is ba;ed onthe foIIowing:.quaIity ar;d aceuracy  pg jimited amount of data we have on attendance for the
Ogt'%iaosf (Sg a/ g)’ 1'8530?“ %f;ﬂogfgnhfgs'dneai&? @ ’Sgrg]?tg'r'_lecture version of the course (based on fraction of registered
fnirllologyl units( anoc)i’ \évqualtic?ns (1%%). Iagpslicat(?c;rllj o con. Students that responded to student evaluation of teaching) in-
orN. fo . o). ’ - dicates that attendance for the PBL version of the course is
cepts (30%); for.mattm.g (5 .A’)’ and grammarland spelling considerably higher (94%) than for the lecture version
(5%)' Feedbackis prowd_ed in the form of specm_c comments (70-80%). In the PBL version of the course scores on syn-
written on the manuscript, summary suggestions for M- thesis papers increased more than a letter grade, from 78.8%
provement on the grading rubric, and Scores for (_aach Seclionyafore revision to 87.6% after revision. Data for exams were
Students typically have 2 days to turn in the revised Versiong;milar to synthesis papers, with the mean score for revised

of the paper. The revision is graded, with the best of the WOy ams (79.8%) being one letter grade higher than for the orig-
grades used to calcu!ate g(ades. : inal exam (69.9%). Students taught earlier by the same in-
Although a score is assigned to the synthesis paper progctor using traditional methods had average exam scores

duced by a group, the grade an individual student gets i”asynr'[amging from 60 to 68%. Peer evaluation scores averaged

thesis paper depends on two factors: attendance and peer evgl-gs ot of a possible 1.00. Students were most generous

uations. For example, consider a student called Rosa, who i§yith peer evaluations initially, with mean scores declining as
part of a group that received a 90 on their Study Unit | syn-he semester progressed.

thesis paper. Rosa’s two unexcused absences while the group

worked on this unit reduces her grade to 72 (90 x 0.80, since STUDENT PERCEPTIONS

she loses a grade for every unexcused absence). If she received .

a peer evaluation (see below) score of 0.90 (out of a possible At the end of the semester students were asked to fill out
1.00), her final grade on the synthesis paper would be a 65 (9@n anonymous course evaluation. Over the course of three se-

x 0.80 x 0.90). Synthesis papers account for 40 to 50% of thenesters a total of 105 students responded out of a possible 135
course grade. (78%). The respondents had the following distribution of ma-

Exams. A modified version of a multiple choice exam is jors: environmental science and management, 28%; wildlife
given at the end of each unit. Multiple choice exams are an effnanagement and conservation biology 24%; urban horticul-

. . . . 0, H 0/
fective learning assessment tool in medical school programsture and turf management, 20%, landscape architecture, 20%;

that have adopted the PBL approach (Norman, 1997: SWan_and other, 8%. This distribution of academic majors is typi-

son et al., 1997). The exams consist of 15 to 20 questions baset
on the learning objectives for that particular unit. Students
know in advance that the questions on the exam will be based
on the learning objectives. Communication. The majority of students (48—69%)
Exams are given in two parts. During the first part studentsagreed with statements on improved communications skills
have 30 minutes to answer the exam questions. Students caTable 1). Of those whagreed stronglyvith the statements
use written notes that they have prepared, but not printed ma¢12—-35%), the majority did so with improved listening skills,
terial (e.g., textbooks or photocopies, etc.). At the end of thefollowed by ability to explain own reasoning, ability to defend
first part, students turn in their answer sheets (this part of theown point of view, providing constructive criticism, written
exam is graded using an optical scanner) and the instructocommunication skills, and verbal communication skills. The
posts the correct answers. For the second part of the exam stproportion of students who disagreed with statements on im-
dents are given an additional 20 minutes to provide a writtenproved communication skills ranged from 13% (“I can explain
explanation for why an answer to a particular question is my reasoning better”) to 21% (“My ability to defend my point
wrong. Students have full access to their textbook and note®f view has improved”).
during this time. At the end of the period exams are collected  Group Interactions. Most students reported greater con-
and the students’ explanations are graded by the instructor. Fofidence working in groups after taking the course (Table 1).
every correct explanation (e.g., shows an understanding of theSimilarly, 39% of students agreed strongly with the state-
principle, process, etc.) the student is awarded half the pointsnent “| am a better contributor to group activities,” with 47%
for the question. Exam grades account for 50 to 60% of thereporting that they agreed somewhat with the statement.

course grade. Per sonal M anagement. Thirty-four percent of students in-
Peer Evaluations. Students evaluate each other’s per- dicated that theglisagreed somewhat disagreed strongly
formance in the group at the end of every unit. These peer evalwith the statement, “My ability to manage time has improved”
uations are performed anonymously online using the Survey(Table 1). Students were somewhat more favorable with re-
Utility of WebCT. The survey consists of six questions per- spect to the statement, “I am better at prioritizing,” with 77%
taining to effective participation in, and contribution to, group expressing agreement. More than 80% of students agreed
activities based on Kitto and Griffiths (2001). The score can with the statements related to criticism, with over a third
range from 0.70 to 1.10. Scores lower than 0.90 or higher tharagreeing strongly with the statements, “I am better at using

| for this course for the past 11 years.

Professional Skills
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Table 1. Student response to statements on how taking the problem-based learning (PBL) version of the Introduction to Soil Science cour se affected
their written, verbal, and interper sonal communication; problem-solving; and per sonal management skills, and their view of soil science (n = 105).

Percent responding that they:

Agree Agree Disagree Disagree

Statement strongly somewhat somewhat strongly X2
Communication

My verbal communication skills have improved. 12 69 15 4 45,15%+*

| can explain my reasoning better. 30 56 12 1 40.91%**

| am a better listener. 35 48 15 2 32.45%**

| am better at providing constructive criticism. 24 61 14 1 42.16%**

My ability to defend my point of view has improved. 27 52 18 3 29.78*+*

My written communication skills have improved. 24 56 18 2 34.49%+*
Group interactions

I am more confident working in a group. 40 39 15 6 22.00%**

| am a better contributor to group activities. 39 a7 13 1 37.16%**
Per sonal management

My ability to manage time has improved. 11 55 29 5 31.86***

| am better at prioritizing. 21 56 19 0 30.06***

| am better at using criticism to improve my performance. 34 55 12 0 44.10%**

I am more critical of my own ideas. 35 50 14 0 40.10%+*
Problem-solving

| am better at identifying what is important in a problem. 36 55 8 1 44.63*+*

My problem-solving skills have improved. 41 55 3 1 36.95***

My ability to solve complex word problems has improved. 36 45 17 2 30.31%**

| am more confident in my ability to solve real-world problems. 45 45 10 0 44.16%+*

My ability to determine the relevance of information has improved. 41 50 10 0 45.46%+*

My ability to synthesize knowledge from different areas has improved. 38 53 9 0 48.20%**

I can discriminate between useful and useless information better. 31 58 9 2 42.58***

My ability to use math to solve problems has improved. 14 54 27 5 28.83***

I am more confident about making assumptions and estimating when solving problems. 32 54 10 3 36.96***
Relevance of soil science

| have a better idea of how soil science fits within my major. 59 32 5 5 44.23%+*
*** Significant at P = 0.001
criticism to improve my performance” and “I am more criti- Relevance of Soil Science. More than 90% of students
cal of my own ideas.” agreed with the statement, “I have a better idea of how soil sci-

Problem Solving. Students reported a high level of im- ence fits within my major,” with 59% agreeing strongly.
provement in their problem-solving skills (Table 1). Ninety-
six percent agreed with the statement, “My problem-solving
skills have improved,” and 68% agreed with the statement, Survey items were divided into three categories with re-
“My ability to use math to solve problems has improved.” An spect to contribution of course activities to learning: (i) group,
equal proportion of students (45%) expressed strong or somegii) writing, and (iii) exams. The overwhelming majority of stu-
what strong agreement with the statement, “I am more confi-dents reported that class activities wezgy helpfulor some-
dent in my ability to solve real-life problems.” what helpfuto learning (Table 2). Typical of the written feed-

Contribution of Course Activitiesto Learning

Table2. Student responseto statementson how effective cour se activitiesin the problem-based learning (PBL) version of the Introduction to Soil Sci-
ence coursewerein helping them learn in the cour se (n = 105).

Percent responding that activity was:

Activity Very Somewhat Not helpful X2
Group
Working in a group to solve a problem 55 39 6 26.67**
Discussing what you know and didn’t know as you worked through a problem 61 34 6 29.02%**
Summarizing your approach to a problem 51 46 3 33.04x+*
Feedback during group discussions from your instructor/teaching assistant 70 25 5 37.78***
Feedback during group discussions from your peers 56 38 6 26.97**
Looking for information outside of class time 48 44 8 29.09%*
Explaining the information you found to other group members 48 42 10 16.19***
Papers
Writing synthesis papers 52 46 2 35.91 %+
Revising synthesis papers 62 31 7 27.73%*
Instructor feedback on synthesis papers 77 20 3 48.69*+*
Group member’s feedback on synthesis papers 40 43 16 9.13*
Exams
Studying for tests 41 50 9 19.87**
Preparing written notes to use on tests 73 23 4 42.44%x
Explaining incorrect answers on tests 7 22 1 52.84***
Reading the textbook 52 37 12 14.73%*

* Significant atP = 0.05.
** Significant atP = 0.01.
*** Significant at P = 0.001.
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Table 3. Effort level, satisfaction with group interaction, and cour seformat preference reported by studentstaking the problem-based learning (PBL)
version of the Introduction to Soil Science course (n = 105).

Question Percent that chose: X2
Effort level
On average, how much time did you spend on work for less than 3 hours/week: 36 between 3 and 6 hours/week: 53 ~ more thagk6 Hburs/d/6.22***
this course outside of class time?
On average, how much time do you spend on work for less than 3 hours/week: 43  between 3 and 6 hours/week: 47  more thak6ltours/v@ 11***
similar courses (200-level, 3 credits) outside of class time?
How do you rate the workload for this course? too much work:11 just enough work: 89 too little work: 0 72.54%*
Group interaction
How well did your group work together? very well: 46 well: 43 poorly: 12 13.37 ***
Course Format Preference
Which class format do you find most effective for learning? lecture: 24 PBL: 70 neither: 7 34.28**
Which class format do you prefer? lecture:32 PBL: 61 neither: 8 25.51%**
Would you take another course using a problem-based yes: 55 maybe: 32 no: 13 14.70%*
learning format?
What did you think of the problem-based learning format not for me: 26 I may like it: 64 it will work for me: 12 21.45%+*
before taking this course?
What is your opinion of the problem-based learning format now?  not for me: 17 liked it some:43 worked for me: 40 7.34*

* Significant atP = 0.05.
** Significant atP = 0.01.
*** Significant at P = 0.001.

back provided by the students on this aspect of the course wereontrast, 47% of students indicated they spent between 3 and
statements such as the following: 6 hours per week on work for similar courses outside of class
time, with 43% spending less than 3 hours per week, and 10%
more than 6 hours per week. The overwhelming majority of
students (89%) rated the workload for the course as “just
If 1 did not understand something, members of my group enough work,” with 11% indicating that it was “too much
and the class gave me a better understanding. work.” No students indicated that they thought the course
Even though | was not thrilled with working in groups and Was “too little work.” _
this problem-based learning, it was actually helpful to a  Forty-six percent of students reported that their group
certain extent. Being able to work with people helped a lot worked very welltogether, with 43% reporting their group
in being able to understand. worked well and 12% indicating that their group worked
poorlytogether (Table 3).
Initial perceptions of the PBL course format were am-
Group Activities. Seventy percent of students found bivalent, with 26% indicating that the at the beginning of the
“Feedback during group discussions from your semester they thought the PBL format was “Not for me,”
instructor/teaching assistant” as very helpful, followed by 64% indicating “I may like it,” and 12% indicating “It will
“Discussing what you knew and did not know as you worked work for me.” Students’ perceptions of the format became
through a problem” (61%), “Feedback during group discus- more favorable after taking the course, with 40% indicating
sion from your peers” (56%), and “Working in a group to solve that “It worked for me,” 43% choosing “I like it some,” and
a problem” (55%). Forty-eight percent of students rated 17% of the students selecting “Not for me.” When asked
“Looking for information outside of class time” and “Ex- which course format they preferred, 61% of students chose
plaining the information you found to other group members” PBL, with 24% indicating they preferred “Lecture,” and 8%
as very helpful to learning. “Neither” (Table 3). Fifty-five percent of students indicated
Writing. “Instructor feedback on synthesis paper” was that they would take another course using PBL, with 32%
foundvery helpfulto learning by 77% of students, followed choosing “Maybe,” and 13% “No.”
by “Revising synthesis papers” (62%), and “Writing synthe- ~ Written feedback was generally positive with regard to
sis papers” (52%). “Group member’s feedback on synthesisthe course:

| found that the papers and group work reinforced much
of the knowledge | came across...

Revising tests helped me learn from my mistakes.

papers” had the greatest proportion of students indicating that | feel that | have actually learned something (not always
the activity wasot helpful(16%) in this part of the survey. the case with classes) that | VRETAIN ..

Exams. More than three-quarters of the students identified ) )
“Explaining incorrect answers on tests” &y helpfulto The time seemed to fly by. It was fast paced and kind of
learning, followed by “Preparing written notes to use on tests” stressful, but in the good way.

(73%), “Reading the textbook” (52%), and “Studying for | felt accomplished and productive in this course.

” 0
tests” (41%). I liked how we had to figure out most of the material our-

selves. It was much better than sitting in a lecture listen-
Effort Level, Group Interactions, ing to a teacher lecture for a whole class period.

and Format Preference | enjoyed this class even though at times it gave me an ulcer.

Fifty-three percent of students reported that they spent be- | felt like I accomplished so much in the end after doing all
tween 3 ffmd 6 hOUVS per Week_ on work for the course outside the hard work. | also felt like | learned every concept very
of class time, with 36% spending less than 3 hours per week, thoroughly, which | do not necessarily get from other

and 11% spending more than 6 hours per week (Table 3). By classes | liked.
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A number of students expressed a need for more structur@answers themselves can be difficult. This change is especially
and reassurance: challenging at the beginning of the semester, when students
have not yet become accustomed to this style of teaching.

could head off in the wrong direction and a few times Watching a student group pursue an approach that the in-

wasted an entire class making calculations that were to- structor knows is unlikely to yield positive results and not in-
tally irrelevant. tervening can be difficult. However, allowing students to make

) _ mistakes is very important. In most instances mistakes are
| Would like to have a lecture before each unit that would identified and corrected by group memberS, or by members
give a general overview. of other groups during open class discussion. Furthermore, stu-
| needed confirmation that | was headed in the correct di- dents may learn more from such mistakes than when a suc-
rection. cessful approach is followed from the beginning. Avoiding di-
rect intervention by the instructor and teaching assistants is

(I would have liked) more definitive input from the in- S . .
structor. Providing answers for questions when confusion _crltlcal, except in cases where errors of fact or faulty reason

is high as opposed to answering questions with more quesI"9 &ré not identified through other mechanisms.
tions.

(I would like) more input from the teacher. | found we

Positive Aspects
| personally need more structure. ) o ) .
Teaching soil science using a PBL approach has provided

L ESSONS LEARNED the instructors with a high level of professional satisfaction.
Class assessments clearly show that the students are interested
| ssues in what is going on in class, engaged, and learning. The level

Our experiences teaching Introduction to Soil Science of discussion and interaction at the group and class levels is

using a PBL approach, and those of the students that hav&Sually high. A number of students come to class early to get
taken it, have been generally positive. However, as with any® head start on the day’s work, and often class discussion con-

teaching approach, there are issues that must be addressed Bjues past the allotted time without students noticing. In ad-
those planning to use PBL. tion, many students explore and incorporate information

Initial Resistance to the Problem-Based L earning Ap- from sources other than those provided by the instructor, in-

roach. We observed resistance to the aporoach for the ﬁrstcIuding class notes from other courses, textbooks, research ar-
P ' PP ~"ticles, and the web. There is also a great deal of satisfaction

of the course was taught. The resistance involved four or fivcra1in observing improvement in students writing, debating, and
gnt. problem-solving skills as the semester progresses. For their

StUdents and .tOOk a nur_nber O.f forms, including open rgfusal art, students recognize that what they learn in the course is
to participate in group d|scuss_|ons, frequent puphc queres a argely the result of their efforts, and most express a feeling
to when the Instructor was going to start lecturing, and an N of personal accomplishment at the end of the semester.
for.mal Qelegatlon indicating that they _5|mply could_not Igarn We have found that PBL is a viable alternative to the lec-
using this approach. We addres.sed this issue by reiterating thﬁjre format to teach Introduction to Soil Science. Acceptance
importance of group work to individual success in the course,by students is high while they see this class as rigorous. The

indicating that lecturing was not part of the course structure : - ;
: ; ; 'approach successfully integrates content learning with prob-
and that the PBL approach is used to teach a wide variety o em-solving skills. In addition, PBL establishes a climate of

subjects, including medicine, successfully. Resistance generélccountability for both the instructor and the learner by com-

ally sub5|ded_ when the flrsF s_t_udy unit was cqmpleted. We Ob'municating the content standards and process criteria with
served considerably less initial resistance in subsequent se-

‘ bably for t (M by then it lear th rubrics on criteria for professional conduct. Instructors in
mesters, probably Tor two reasons. (') ynenitwas clear at:subsequent soil and plant science courses have indicated that
the instructor was not willing to bargain on the structure of the

course, and (i) the majority of students who were part of thestudents taught using PBL have a more solid knowledge of the
initial P'BL class cIearIJy hgd a positive experiencer? This in- principles of soil science and their applications relative to stu-

. dents that were taught by the same instructor using traditional
formation was no doubt passed on by students who had takeﬂ]ethods in previou?s yegrs 9
the course previously. '

“Time. Teaching using PBL involves a greater time com- ACKNOWLEDGMENTS
mitment than lecturing. Writing soil science problems that are _ )
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attention of students with a wide variety of academic and the Environment and Life Science, University of Rhode Island,
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