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ABSTRACT

Because many students in land-grant colleges focus their
studies in the natural sciences, they often find the writing as-
signments associated with classes in the social science of natural
resource management to be especially challenging. Such writing
assignments tend to depend on argumentation rather than find-
ing the answer or controlled experimentation. This paper de-
scribes developing and implementing a web-based interface for
a course in environmental law to overcome some of these diffi-
culties. In a problem-based learning context, the interface pro-
motes student peer review, which improves argumentation. Data
suggest that students are comfortable learning in groups and that
learning becomes easier when coupled with group activities, in-
cluding peer review through the interface. In addition, the qual-
ity of student argumentation is found to improve through peer
pressure.

THIS paper discusses results on student learning from a re-
vision of the course, Topics in Environmental Law. The

revision emphasized problem-based learning (PBL) via some
common techniques and a unique technological interface,
which allows for student peer review on the web. Starting with
a simple guestbook program available from the University of
Delaware for its Unix environment, the instructor conceptu-
alized and designed a web-based interface that allows students
to peer review group members’ research and analyses. The
main objective of this paper is to investigate how student
learning is affected when PBL objectives are sought. Data are
presented and assessed from student evaluations, which were
administered to two classes before the PBL treatment and two
classes after the treatment. The principal conclusions from an
examination of these data are that learning seems to have be-
come easier for the students after the treatment, while other
areas of evaluation are not negatively affected by PBL. More-
over, low- and midperforming students seem to produce
higher-quality work. This effect is due as much to the force
of peer pressure as to the benefits of peer review. A second data
set, consisting of subjective student evaluations, is examined
to evaluate student perceptions about the in-class PBL expe-
rience.

In the second section of this paper, the pre-treatment ver-
sion of the course is described—i.e., as it was taught before
PBL and student peer review became the centerpiece of the
learning experience. The third section discusses the post-
treatment course in which PBL is used to achieve learning
goals. The fourth section then describes the web-based inter-

face, focusing on the way it enables and complements PBL and
student peer review methods. Data from student evaluations
are discussed and assessed in the fifth section, including the
learning outcomes of the interface and with special attention
to the PBL and student peer review methods. The sixth sec-
tion offers subjective evaluations from the instructor and a con-
cluding discussion of the effect of the treatment on student
learning.

A SUMMARY OF THE COURSE:
PRE-TREATMENT

Topics in Environmental Law is an undergraduate seminar
that has been taught five times in the past 4 yr, including one
offering in English at the Slovak Agricultural University in
Nitra, Slovakia. Among the domestic offerings, the students’
majors suggest the great diversity of their experiences, prepa-
ration, and interests. The course was designed for students in
the College of Agriculture and Natural Resources with majors
focusing on environmental economics, policy, or manage-
ment and nonmajors from the natural sciences. The course also
satisfies requirements in environmental science and the legal
studies minor.

Perhaps as much as in any subdiscipline, students have al-
ready thought deeply about environmental issues and often
bring a great deal of predisposition to the classroom along with
the desire to learn. Some course objectives emphasize content,
centering on learning the institutions and processes of envi-
ronmental conflict resolution in the USA. Nevertheless, the
store of student energy for learning about environmental is-
sues is not always matched by a depth of analytical skills for
assessing the performance of institutions that affect the envi-
ronment.

A second set of course objectives seeks to improve the an-
alytical skills of the students, mainly by teaching a technique
developed by legal scholars termed comparative institutional
analysis. Comparative institutional analysis is a systematic ap-
proach that involves problem definition, data collection, and
analysis. Students apply this technique through their own se-
mester-long problem, which focuses on argumentation and the
incorporation of peer and instructor reviews. In the first three
offerings of this course, including the one in Slovakia, groups
and the web-based interface were not used, though some in-
class PBL activities were conducted. Then, as now, the stu-
dents were asked to complete a semester-long analytical prob-
lem, though the problem was referred to as a 25-page research
paper for the pre-treatment students.

A SUMMARY OF THE COURSE:
POST-TREATMENT

After three semesters of perceiving student resistance to the
quantity of work, the paper was recast as a true problem by
emphasizing active-learning components and by employing
technology. Duch and Allen (1996) argue that well-conceived
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problems can promote higher-order thinking skills. The web-
based interface offers novel communication possibilities and
the opportunity to improve student work, in part, by peer re-
view, but mainly by increasing the visibility of student work
to their peers. Peer pressure is relied on more than peer review
to improve effort and the quality of student work.

Each semester, before the first day of class, the 15 to 20 stu-
dents are assigned into five permanent groups, which em-
phasize the diversity of majors. Groups are critical because
they provide a vehicle for connecting and “mutually rein-
forc(ing) individual work” (Michaelsen, 1997–1998, p. 1). The
syllabus acts as an extensive course contract, specifying high
expectations about student performance and effort. The syl-
labus is also used to communicate the role of the group ac-
tivities, the web-based interface, student peer review, daily
PBL exercises, and the semester-long problem. Environmen-
tal law issues have been adapted to the PBL activities, which
are assessed in the literature (Rhem, 1998; Albanese and
Mitchell, 1993). Although this paper focuses on the web-
based interface, student peer review, and the semester-long
problem, there are a substantial number of other group activ-
ities that quickly familiarize the students with active learning
and lead to cohort effects. Almost every class meeting involves
active-learning exercises, such as 50-min problems, role-play-
ing advocacy, group reflection, and peer review. At the end of
the semester, each group develops and presents a final, syn-
thetic presentation in which they draw lessons across their in-
dividual semester-long problems.

THE APPLICATION

The web-based interface is designed so students can sub-
mit six assignments using a web form over the course of a se-
mester. These assignments, collectively, constitute the se-
mester-long paper. The web-based interface posts the assign-
ments so that they are available to students for peer review. Stu-
dents are graded on their own assignments and on four reviews
of their group members’ work, which requires at least three
substantive comments for each peer review. The web-based in-
terface allows student peer review activities to be completed,

submitted, and reviewed outside of class, which moves learn-
ing outside of the classroom and increases the efficiency of
class time. In total, each student posts six assignments and re-
ceives four posted critiques from each group member. The in-
structor grades and comments on each assignment. At the end
of the semester a revision of the problem is due, which requires
students to assimilate between 14 and 18 separate documents
of peer and instructor feedback. The technological challenges
in designing and maintaining a secure, private interface were
substantial (Duke and Whisler, 2002; Whisler, 2002).

The figures offer a picture of actual web pages (without per-
sonally identifiable student information) used in the web-
based interface. These pages were accessible only to enrolled
students and the instructor through a password. Figure 1
shows the gateway to the interface, which is called the prob-
lems page. Here students are divided into their semester-long
groups, with whom they also share a table during class time.
By clicking on any student name, they can read or comment
on that student’s problem. Student names on the problems
page link to any student’s individual problem page (Fig. 2).
In the boxes, any student or the instructor can read submitted
work or reviews. Each student’s problem has six sections,
which are submitted over the course of the semester using the
links under the Authors: Submit Information column heading.
When students click on those links, they are taken to a mod-
ified guestbook form, such as the example in Fig. 3. Figure 3

Fig. 1. Problems page. Fig. 2. Student problem page.
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also shows the embedded HTML formatting tags that ensure
that all student problems have the same ultimate appearance:
fonts, type size, and headings. The peer review forms are
similar, and submissions are simply appended as they are
posted.

The most recent version of the interface is almost fully au-
tomated and requires minimal effort to set up or break down
(Duke and Whisler, 2002; Whisler, 2002). Specifically, student
names and project titles are saved in one file and another file
is executed, which generates the support files and starts a se-
ries of automatic at-jobs on the Unix server. Although the in-
structor’s role stops at that point, a quick review of the num-
bers from the most recent offering suggests the power of the
web-based interface. There were 18 students in five groups,
each of whom prepared six assignments and four peer reviews
on the web, for a total of 180 web forms. A total of 720 files
supported the web forms and a perl-script program was run
hourly on 180 of these files using the at-job. The perl-script
program was thus run 4320 times per day, or approximately
470 880 times per semester, and each time the instructor re-
ceived a verification email (which could be screened).

Several learning outputs, though not outcomes, are valu-
able. The interface provides students with a great deal of
feedback. Six assignments are graded with extensive com-
ments. Four of the six assignments are peer reviewed by two
or three peers, each of whom makes three substantive com-
ments. Peer reviews are also graded to encourage effort and
improve quality. At the end of the semester, each student
must revise his or her six assignments into a single compre-
hensive analysis. This requires the assimilation of 14 to 18 sep-
arate documents of comments with a minimum of three sub-
stantive comments each.

EVALUATIVE DATA ON TREATMENT EFFECTS

Selection issues and treatment effects plague evaluation of
active learning, though evidence of successful techniques ex-
ists and was used to design many of the components of this
class (Johnson et al., 1998). This paper presents two forms of
evaluation. First, selected questions from student evaluations

before and after the treatment are used to suggest the effect
of PBL on learning (and on the student’s evaluation of in-
structor performance). Data are also presented from a specially
designed survey to test PBL learning in this course, which was
administered to students in the treatment group.

Data on Treatment Effects

The standard student evaluation, which is administered at
the end of each semester, offers evidence of changes in stu-
dents’ perceptions and learning. Table 1 presents pre-treatment
data on students from 1998 and 1999 who were not exposed
to the interface and the high level of PBL. Data are also re-
ported on students from 2000 and 2001 who were exposed to
the treatment. Importantly, both the pre-treatment and post-
treatment groups completed substantially similar work, but
with different learning experiences.

Table 1 is divided into two sections. The first five questions
demonstrate areas where the students showed no consistent (or
strong) pattern of difference between pre-treatment and post-
treatment groups. The second five questions reflect areas in
which the student ratings dropped after the treatment. Each of
the ratings in a given course is compared to the mean of the
same question from the other three courses to reveal a per-
centage change. A positive percentage means that students in
the given course gave higher ratings relative to the ratings by
students in other years.

The results suggest that the PBL treatment did not markedly
nor consistently change ratings of the appropriateness of the
written assignments or whether attendance was necessary.
These questions were consistently rated very highly. Similarly,
student perception of instructor organization, command of ma-
terial, and effectiveness of presentation seem unaffected by the
treatment. These results may calm some fears that PBL leads
students to believe that the instructor is not in control of the
class. Some instructors may also worry that, without consis-
tent lecturing, students may not fully appreciate the depth of
the instructor’s knowledge. The data do not demonstrate these
effects. Students continued to recognize the importance of
class time and the instructor’s role in controlling and direct-
ing the class.

Fig. 3. Sample form for submitting problems.
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The data also suggest that PBL may have negatively af-
fected student evaluations in other areas. Students slightly low-
ered their evaluation of how much they learned in the course,
but the rating on learning remained very strong and thus stu-
dents seem to believe that they are learning more than in other
courses. Students reported substantially lower ratings on four
other questions, however. The areas in which the lower ratings
were received, surprisingly, may reflect learning successes
rather than failures. Consider that, after the treatment, students
reported that: (i) the assignments were less burdensome; (ii)
the reading assignments were of less value; (iii) the instruc-
tor was less willing to assist; and (iv) the workload was lighter.
All four results may reflect the success of PBL. Learning and
applying the same material has become easier for students,
perhaps because activities during class—which are not cap-
tured by the standard course evaluation—are more effectively
helping students master the material. Thus, attention must turn
to activities and learning during class.

Data on Problem-Based Learning
from Treatment Population

A second survey was administered to the treatment popu-
lation to measure the effect of these in-class activities. The re-
sults of this survey are presented in Table 2. Although the sur-
vey was not administered to the pre-treatment group, the rat-
ings themselves suggest that treated students mostly agree or
strongly agree with the statements. Several questions focus on
learning. Students report strong effects of PBL on the appli-
cation of general principles, finding data, and analysis. These
measures suggest that the students believe that the treatment
results in higher-level learning. Students reported the least
strong effect—though still reflecting agreement—with re-
gard to the course helping students obtain information from
a variety of sources. Most of the questions inquired about the
students’ comfort with and ability to use groups and thus peer
review. The results suggest that the students are not only com-
fortable working in groups, but also in sharing information.

Table 1. Student ratings and deviation from mean before and after problem-based learning (PBL) treatment. The first column under each year is the
mean class rating and the second column compares that year’s rating to the other 3 years’ weighted average rating. The weighted average reflects
the number of students in each class. n = number of students.

Pre-treatment Post-treatment

Learning treatment Scale 1998 1999 2000 2001 Weighted avg.

n = 14 n = 6 n = 12 n = 12
Questions with no pattern

Written assignments † 1–3 1.14 2% 1.33 −18% 1.00 18% 1.25 −11% 1.16
Attendance ‡ 1–2 1.07 −7% 1.00 3% 1.00 3% 1.00 3% 1.02
Instructor’s organization § 1–5 1.36 8% 1.67 −19% 1.17 24% 1.70 −26% 1.44
Instructor’s command ¶ 1–5 1.21 21% 1.50 −6% 1.33 9% 1.75 −33% 1.43
Instructor’s presentation # 1–5 1.36 20% 1.83 −18% 1.33 21% 2.00 −39% 1.59

Questions dropping after treatment

Assignments †† 1–3 1.54 16% 1.33 26% 2.00 −22% 1.92 −15% 1.74
Value of reading assignments ‡‡ 1–3 1.14 29% 1.67 −17% 1.58 −13% 1.58 −13% 1.45
Willingness to assist §§ 1–5 1.07 39% 1.50 3% 1.58 −3% 2.08 −55% 1.55
Work load ¶¶ 1–5 2.14 1% 1.50 34% 2.42 −17% 2.25 −6% 2.16
Learning ## 1–3 1.00 17% 1.33 −20% 1.18 −5% 1.17 −3% 1.14

† How well do written assignments supplement course material? 1 = thoroughly, 2 = fairly well, 3 = poorly.
‡ Do you feel that regular lecture attendance is necessary for learning and understanding the course material? 1 = yes, 2 = No.
§ How would you rate this instructor on organization of course material? 1 to 5 with 1 = excellent and 5 = unsatisfactory.
¶ The instructor’s command of the course material presented was: 1 to 5 with 1 = excellent and 5 = unsatisfactory.
# The effectiveness of the instructor’s overall presentation and delivery was: 1 to 5 with 1 = excellent and 5 = unsatisfactory.

†† The required assignments (reading, homework, etc.) in this course, compared with courses of an equal level are: 1 = heavy, 2 = medium, 3 = light.
‡‡ The required reading assignments were of what value in achieving the course objectives? 1 = of considerable value, 2 = of reasonable value, 3 = of little value.
§§ Rate the instructor’s willingness to assist with the learning of the material outside of class time: 1 to 5 with 1 = excellent and 5 = unsatisfactory.
¶¶ Is the work load appropriate for the credit received? 1 to 5 with 1 = work load too heavy and 5 = work load too light.
## I feel that in taking this course I have learned: 1 = more than in most courses, 2 = about the same as in most courses, 3 = less than in most courses. 

Table 2. Student mean ratings after problem-based learning (PBL) treatment—special PBL survey. This survey was developed by Joshua M. Duke and
Gabriele Bauer. n = number of students.

2000 2001

Question Mean rating † No. > 2 ‡ Mean rating No. > 2

n = 12 n = 12

The course helped me learn how to obtain information from a variety of sources. 1.92 3 2.08 3
I feel that I can apply the general principles I learned to other environmental problems. 1.00 0 1.42 0
I am comfortable working in groups. 1.25 1 1.17 0
I feel comfortable asking for help from others in my group. 1.25 0 1.83 2
I feel that my group members listen to me when I present information. 1.17 0 1.50 2
I feel that my group members show respect for my learning style and me. 1.17 0 1.50 1
I feel comfortable sharing information with others. 1.25 0 1.42 0
As a result of this class, my ability to find, read, and analyze information has improved. 1.58 1 1.75 2
I think the grading scheme in this class fairly reflects the objectives of the course. 1.25 0 1.58 2
If given an opportunity, I would like to take another class structured like this. 1.17 0 1.25 0

† The ratings were calculated from a 5-point scale: 1 = strongly agree, 5 = strongly disagree.
‡ This column tracks the total number of students answering 3 or 4. No student answered 5 to any question.
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Groups also are viewed as safe places to share information,
which suggests that peer criticism is not received as a personal
attack. Moreover, the interface provides a useful way for stu-
dents to carry on their group activities out of the classroom.

SUBJECTIVE EVALUATION AND IMPLICATIONS

The cumulative effect of the PBL, student peer review, and
the web-based interface on learning outcomes seems positive.
Instructor observations, though subjective, help clarify some
effects of PBL on learning, which are implied, but not seen in
the data. The students’ groups functioned well and the students
treated one another with respect. The class had few disruptions
and the students were consistently engaged. The web-based
interface encouraged the students to complete much more
work out of the classroom, which allowed for increased col-
laborative time in class. This was especially useful for the stu-
dents in discussing the challenges of completing assignments
since such issues were immediate and fresh in their minds. The
web-based interface seemed to spark student interest, had a
low set-up cost for students, and provided a contemporary
forum for the sharing of research ideas. Students tended to take
more ownership of their projects, improved their level of ar-
gumentation, and seemed more accountable for the quality of
their work. Many students demonstrated a great sense of ac-
complishment and satisfaction at the end of the semester
when they observed what they had completed. The students
actively collaborated in discussing and solving difficulties
they were having in completing their problems. These qual-
ity improvements are likely due to the effect of peer pressure;
when the students’ problem analyses and peer reviews are
posted for all the class to see, the incentive to produce a
higher-quality product is quite strong. The group structure in-
tensifies this incentive. It is possible that some of the quality
improvements may derive from the novelty of the interface and
thus may not be robust in future offerings.

The web-based interface helped ease some student trust is-
sues. There is no book that describes the semester-long prob-
lem, so students sometimes feel anxious that their efforts are
not going in the right direction. At times, the visibility of their
peers’ work reduces the intimidation of the project. The web-
based interface promotes independence, because students
should be less likely to give up when their problems become
challenging; through their groups and the web-based interface,
they may deduce that “everyone else gets it, so I should get
it, too.” The instructor has yet to see any sustained fatalism in
the face of these challenges.

The PBL, student peer review, and web-based interface
have not affected the performance of top students in great
measure. They excel in any situation. Evidence of this is that
in all domestic offerings, the University of Delaware’s Student
Conference on Legal Studies has recognized the top two stu-
dents from class as finalists in the competition. Nevertheless,
the instructor perceives that low- and mid-performing students
tend to put forth more effort and use more care in their work.
These gains can be attributed principally to the forces of peer
pressure unleashed by the web-based interface. 

The major shortcoming in the approach is that the group
structure created a vehicle for organized dissent during the par-
ticularly difficult times during the semester. As such, it is po-
tentially a high-risk endeavor for the instructor. From time to
time, the dissent produced high psychic costs for the instruc-

tor, especially with brief instances of rebellion over the afore-
mentioned trust issues. Felder and Brent (1996) point out
many pitfalls associated with active learning strategies and
stress the importance of gradual implementation and patience.
Moreover, the instructor’s student evaluations have not tended
to improve. Although rarely acknowledged, a major cost of the
PBL efforts is that there exists less time for content. This is a
tradeoff made in order to improve student argumentation,
which PBL is especially well positioned to do.

Despite these shortcomings, in the revised class the students
learned more, spent more time learning and enjoyed class
more. The average student produced a semester-long problem
that was of higher quality. A similar result was also found by
Felder and Brent (1996). Student response has been positive
and is demonstrated through traditional evaluations and ad-
ditional evaluations focusing on the PBL aspects of the course.
A main source of any success is due to the accommodating na-
ture of the students; at times, technology failures frustrate the
learning process. The take-home lessons are that similar ef-
forts will require: (i) institutional support and rewards; (ii) stu-
dent acceptance and feedback; and (iii) clarity of content ob-
jectives, which can be limited without jeopardizing the role
of course in curricula.

SOFTWARE SPECIFICATIONS

The web-based interface described here is somewhat
unique to the University of Delaware’s Unix environment.
However, with some technical help, users should be able to
adapt the code to their own Unix environments. The code is
available for download, with some instructions, at
http://www.udel.edu/learn/jwhisler/code (verified 19 May
2003).
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