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This study examined 3 graduate-level online courses that utilized problem-based learning (PBL), considering
each course as a case. Beyond describing how PBL was implemented in each case, this study identified what
worked (strengths) and did not work (weaknesses) in the PBL and explored how the PBL could be improved
(improvements) by collecting both descriptive and evaluative data. Data were collected from interviews,
observations, and document review. Based on cross-case analyses, this study proposed a series of guidelines
for designing and implementing PBL in online environments. They provide practical tips for diverse stages of

the design and implementation of online PBL.

INTRODUCTION

Problem-based learning (PBL) is a learner-
centered instructional approach that aims to
help learners acquire problem-solving, reason-
ing, and metacognitive skills as well as
domain-specific knowledge, by using an
authentic, complex, and ill-structured problem
as the starting point of, and stimulus for, learn-
ing in a collaborative learning environment
(Barrows, 1986; Savery & Duffy, 1995). The
importance of problem solving has been noted
by many educators and researchers, and prob
PBL has been used in a variety of disciplines

and levels. Research indicates that PBL pro-
motes more in-depth understanding of content
(Coles, 1985; Newble & Clarke, 1986; Vernon
& Blake, 1993) as well as the retention and
application of knowledge acquired (Berkson,
1993; Norman & Schmidt, 1992), fosters self-
directed learning skills (Barrows & Tamblyn,
1980; Norman & Schmidt, 1992), and provides
an enjoyable and stimulating learning environ-
ment for both students and teachers (Albanese
& Mitchell, 1993).

With the rapid growth of online learning
and the need for innovation in instruction,
many instructors are trying to use PBL in their
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online courses. However, we currently do not
have sufficient guidance for designing and
implementing PBL in online environments.
Most PBL models and guidelines available are
for PBL in face-to-face environments, and
they do not provide appropriate guidelines for
online PBL. In addition, current literature on
online PBL, which consists of many individual
cases that focus on some parts of PBL, such as
tools or scaffolds used in problem solving,
does not provide the whole picture of the
design and implementation of online PBL.
Therefore, the purpose of this study is to pro-
vide a first step in creating more comprehen-
sive and practical guidelines for designing and
implementing PBL in online environments.

PBL AND COLLABORATION

Uribe, Klein, and Sullivan (2003) investigated
the effects of computer-mediated collaboration
on solving ill-defined problems, and found that
learners who worked in computer-mediated
collaborative dyads performed significantly
better than did ones who worked individually.
However, considering that computer-mediated
collaboration in their study included only syn-
chronous communication in a computer labo-
ratory, the result may not be applicable to
asynchronous online settings. Additional
empirical research is required to validate the
effects of collaborative learning on problem
solving in asynchronous online environments.
In regard to the collaborative group size in
an online PBL environment, Uribe and Klein
(2003) hypothesized that as the number of
members of a group increases, the positive
effect of collaboration on problem solving may
decline because, in a synchronous computer-
mediated communication system, as the num-
ber of users increases, there is an increase in
confusion from the simultaneous communica-
tions that may inhibit problem solving. As they
expected, their study results showed that learn-
ers who worked in dyads performed signifi-
cantly better in solving ill-defined problems
than those who worked in teams of four. This

study is insightful in that it challenges the gen-
eral practice of grouping learners into teams of
at least three. However, we cannot be sure
whether the same result will be obtained in dif-
ferent online collaborative environments. For
example, collaborative problem solving
through an asynchronous communication sys-
tem may yield different results. Additional
research on the appropriate size of an online
collaborative group is needed.

STRUCTURE OF THE
COLLABORATIVE PROBLEM
SOLVING PROCESS

Most researchers who have studied online PBL
or developed models for online PBL appear to
believe that a fairly strict structure of the prob-
lem solving process is critical for successful
implementation of online PBL. Orrill (2002)
used a framework of four phases that set mile-
stones for learners. Steinkuehler, Derry,
Hmelo-Silver, and Delmarcelle (2002) built a
strongly structured network environment that
guided learners into a fairly strict sequence of
a number of activities of the PBL process. In a
similar vein, Dennen (2000) highlighted the
importance of task structuring in online PBL.
In her study, the increased task structuring
appeared to improve learner performance in
terms of both process and product over the
course of the three projects.

Overall, it seems that a fairly strict structure
and guidelines are needed in online PBL. The
structure could be either for the whole prob-
lem-solving process or for tasks involved in
the process. However, there are not sufficient
empirical data to validate it. As we can see in
the case of McConnell (2002), a loose struc-
ture might work well if learners are highly
motivated and take initiative in their learning.
That is, the structure could vary according to
specific situations of the learning environ-
ments. Therefore, we should conduct more
research on the structure of the online PBL
process, considering a variety of variables,
including learner motivation, prior knowledge
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and experience of learners, class size, and so
forth.

SCAFFOLDS AND TOOLS FOR
SUPPORTING COLLABORATIVE
PROBLEM SOLVING

Educators have created tools for supporting
collaborative problem solving, such as Project-
Based Learning Support System (Laffey, Tup-
per, Musser, & Wedman, 1998) and WISE
(Bell, 1997). However, most tools have been
designed for K-12 learners in face-to-face
environments. In response to the need for tools
to support adult learners engaging in online
PBL, Orrill (2002) helped develop the Asyn-
chronous Conferencing Tool (ACT) (Duffy,
Dueber, & Hawley, 1998), which included a
discussion space with a labeling system, and
examined the ways four groups of graduate
students in two graduate-level education
courses used the tool in their collaborative
problem-solving process. As a result, she
found that learners tended to use the tool for
logistics, posting messages about due dates,
deliverables, and organizing reports, rather
than using it for problem solving itself. This
indicates that we need to find ways to support
both the problem-solving process and the
logistics involved in the process more effec-
tively. There should be research on this issue.

Cho and Jonassen (2002) examined the
effect of online argumentation scaffolds on ill-
structured problem solving in an undergradu-
ate-level introductory economics course, by
comparing the groups who used only a bulletin
board system to collaboratively solve their
problems with the groups that used a con-
straint-based argumentation tool, Belvedere, to
structure their arguments and discussions in
the problem-solving process. They found that
the use of the argumentation scaffold resulted
in significantly more problem-solving actions
and increased the generation of coherent argu-
ments. This study showed that we can facilitate
the problem-solving process by supporting the
generation of coherent arguments.

Saye and Brush (2002) identified two types
of scaffolds to guide students to solve ill-struc-
tured problems: hard scaffolds and soft scaf-
folds. Hard scaffolds refer to “static supports
that can be anticipated and planned in advance
based on typical student difficulties with a
task” (p. 81). In contrast, soft scaffolds are
human beings who can provide dynamic, situ-
ational, and timely support based learner
responses. Research on scaffolds for online
PBL seems to focus on hard scaffolds. Future
research should not overlook soft scaffolds.

RESEARCH QUESTIONS

Given the lack of sufficient guidance for
online PBL, the purpose of this study is to pro-
vide a first step in creating more comprehen-
sive and practical guidelines for designing and
implementing PBL in online environments.
The research question and subquestions guid-
ing this study are as follows:

*  What guidelines are useful for designing
and implementing PBL in an online envi-
ronment?

* How is PBL implemented in an
online environment?

* What strategies for PBL work
(strengths) or do not work well
(weaknesses) under what conditions?

* How can strategies for PBL be
improved?

METHODOLOGY

The formative research methodology devel-
oped by Reigeluth and Frick (1999) was
adopted. Among the six variations the forma-
tive research methodology offers, this study
used in vivo naturalistic cases for developing a
new theory. This study selected three cases,
collected and analyzed formative data and
descriptive data on the cases, and proposed
guidance for designing and implementing PBL
in online environments.
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Case Selection

Patton (1990) identified a number of types
of purposeful sampling, which seek informa-
tion-rich cases for in-depth study. Among
them, this study used criterion sampling, in
which all cases that meet some predetermined
criteria are selected. The criteria for course
selection were as follows:

* The course should be offered online and
use computer-mediated communication for
discussion and any other activities associ-
ated with problem solving.

e The course should use an authentic, com-
plex, and ill-structured problem (or prob-
lems) as the stimulus for learning.

* The course should use a learner-centered
approach.

* The course should help learners acquire
both domain-specific knowledge and
domain-independent knowledge, such as
problem solving, reasoning, metacognitive,
and communication skills.

* The course should require learners to solve
a problem collaboratively in small groups.

Three graduate-level online courses that
met all selection criteria were selected: Tech-
nology: Use and Assessment; Introduction to
Reference; and Advanced Problems in Librari-
anship: Collection Development. They were
all at different universities.

Data Collection and Analysis

From each case, two kinds of data were col-
lected: descriptive and evaluative. These data
were collected from multiple sources, includ-
ing interviews, observations, and document
review.

The researcher conducted virtual observa-
tions of the three online courses throughout the
2005 Fall semester, mostly reading asynchro-
nous discussions. For the third case, the
researcher also read and listened to archives of
synchronous communications and attended a
synchronous class meeting. The researcher

interviewed each instructor twice via tele-
phone: once during the course, and once at the
end of the course. A semistructured interview
protocol was used. Each interview took about
30 to 60 minutes and was recorded for analysis
with a digital voice recorder. Student inter-
views were conducted after the semester
(between December 13 and 19) in order to col-
lect data about their experiences with, opinions
about, and reflections on online PBL, as well
as data about how they would want to improve
the problem-solving process. Course docu-
ments such as course syllabi, learning
resources, student reports, and reflection
papers were collected for review. Qualitative
data from the cases were analyzed using the
constant comparative method (Strauss &
Corbin, 1990). After analyzing data from each
case, cross-case analyses were conducted.

Methodological Issues

In order to enhance trustworthiness, the first
author collected data from multiple sources
(triangulation), conducted member checking
(Lincoln & Guba, 1985; Stake, 1995), and pro-
vided important raw data in this report. She
also tried to enhance the transferability of this
study, parallel to external validity in quantita-
tive research (Lincoln & Guba, 1985), by
using multiple cases (Yin, 2003) and providing
thick descriptions of each case.

RESULTS FOR CASE 1: PBL IN
TECHNOLOGY: USE AND
ASSESSMENT

Case Description

Technology: Use and Assessment was a
three-credit-hour graduate course offered com-
pletely online by the Department of Industry
and Technology at a Midwestern university
during the fall semester 2005. There were nine
students, all of whom were master’s students
in technology education. Six of them were
technology teachers in K-12. These students
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were from six different states. Blackboard 6
was used as the course management software.
As the course title indicates, this course exam-
ined issues related to technology use and tech-
nology assessment. PBL was used for the
technology assessment (TA) part.

Implementation

Problem Presentation. In week 9, the
instructor presented a problem in a letter,
which was assumed to be written by Pete V.
Domenici, who was the chair of the U.S. Sen-
ate Committee on Energy & Natural
Resources, to formalize the award of a contract
between that committee and a company for the
production of a technology assessment report.
In the letter, Senator Domenici first addressed
problems of future residential heating resulting
from our population growth and our growing
dependence on a nonrenewable energy source.
Then he requested “a thorough analysis on
technologies that are currently available and
those that likely could come into use over the
next 50 years.”

Grading Policy. After the problem presen-
tation, the instructor addressed how the TA
activity would be assessed. He intended to
assess both process and product of the PBL by
using three evaluations: an evaluation of the
quality of postings in the group discussion
board forums, an evaluation of the final report,
and an evaluation of final reflection papers.

Group Formation. The instructor assigned
the nine students to three groups based on their
previous grades in this class. The top three stu-
dents formed Team A, the next three students
formed Team B, and the last three students
formed Team C. A discussion board forum
was given to each group.

Cognitive Scaffoldings. The instructor pro-
vided cognitive scaffolding throughout the TA
activity. He asked thought-provoking ques-
tions, raised new issues, and modeled critical
thinking in the group discussion board forums.

Are You on Track? The instructor expected
the students to determine the appropriate prob-

lem-solving process themselves and set their
own timelines (November 10, 2005). How-
ever, he provided organizational suggestions
for those who needed more structure by pro-
viding an “Are You on Track?” section every
week. He intended to “provide structure where
the students feel they need more structure but
not to impose the structure on them” (Decem-
ber 8, 2005).

Comments on TA Reports. After the groups
submitted their final reports, the instructor cre-
ated a forum named “Comments on TA
Reports,” placed the links to the reports in the
forum, and encouraged the students to look at
other teams’ reports and post comments.
Although the same problem was given, each
group produced a very different TA report.
The students were amazed at the differences
and could see what they missed and think
about how they could have done it better.

Reflection. After the final reports were sub-
mitted, the instructor asked the students to
write a reflection paper. He suggested that they
reflect on “what they have learned about the
topic, about technology assessment, about col-
laborating in an online team, about themselves,
and about other areas that arose.” In the reflec-
tion papers, the students talked about how dif-
ficult it was to reach a common understanding
of the problem and to find appropriate infor-
mation from the many resources available.
They also often mentioned how frustrating it
was to wait for other group members’
responses and how helpful it was to have syn-
chronous discussions. Interestingly, they
talked about how differently they would
approach the problem if they were given the
same problem or a similar one again.

Feedback and Grades. The instructor pro-
vided very lengthy and detailed feedback to
each student on their group report, on their
contribution to cognitive dialogue, and on their
reflection. He believed that further learning in
this class would happen when the students read
his feedback, since he addressed what they
missed (December 8, 2005).
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Strengths

Assessment for Learning. The instructor
highly emphasized that the focus of the TA
activity be on learning through cognitive dia-
logue, not on production of the TA report, and
he assigned 40% of the grade for the activity to
individual contributions to cognitive dialogue.
Although there was less cognitive dialogue in
all forums than the instructor hoped, the stu-
dents at least learned the value of cognitive
dialogue and collaborative learning. The
instructor’s feedback on the activity also
reflected his learning-centered approach and
provided the students with opportunities for
further learning.

Flexible Structure. The instructor provided
flexible structure through the “Are You on
Track?” section only for those who needed it.
In the loosely structured PBL environment, the
students could learn how to direct their own
learning and acquire collaborative problem-
solving skills by educating themselves about
TA almost from scratch and determining their
own problem-solving process and timelines,
but they could also get guidance when needed.

Cognitive Scaffolding. The instructor pro-
vided cognitive scaffolding throughout the
problem-solving process. The instructor’s per-
sistent efforts to facilitate cognitive dialogue
encouraged several students, who were quiet
in the beginning, and enabled them to propose
anew idea, provide critical feedback, and raise
important issues.

Synchronous Meetings. Although synchro-
nous meetings were not planned in this class,
Team A wanted to meet synchronously, and
the instructor set up two synchronous meetings
with Macromedia Breeze for the team. In their
reflection papers all three members of Team A
talked about how helpful the synchronous dis-
cussions were for their team.

The Breeze program was instrumental in any
success that we did have on this project....
With the program, we were able to instantly
provide feedback and make progress.... The
Breeze session also allowed us to look at the
same information so that everyone was liter-

ally on the same page. (Michael, December
5,2005).

Weaknesses

Insufficient Instruction. Before presenting
the problem, the instructor provided an over-
view of the TA topic and examples of TA
reports. Despite the information given from
week 7 to week 8, the students did not know
where to start and were overwhelmed and
intimidated. They often described their feeling
of being overwhelmed in their forums.

I feel that there is just sooooo much informa-
tion out there. I don’t know where to begin or
end for that matter, and I’'m sure I’'m going to
miss some important information because the
volume of information available is too
numerous to detail it all. (Allison, November
17,2005)

The students did not have sufficient back-
ground knowledge and experience to solve the
complex and highly ill-structured problem
within 6 weeks. Consequently, they did not
pay enough attention to important issues, they
could not engage in quality discussions, and
they could not produce what the instructor
expected.

Improvements

Add Practice. After the TA activity was
over, the instructor thought it would be helpful
if students practiced with one or more TA tech-
niques before they engaged in problem solv-
ing, and he decided to add some practice in his
future class (December 8, 2005).

Increase Group Size. The instructor real-
ized that a team of three was generally too
small for the technology assessment activity.
He felt that there might have been more post-
ings and more dialogue if teams had been
larger. He therefore decided to “increase the
group size from three to four” in order to
improve online collaboration in his future class
(December 8, 2005).
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Have Synchronous Meetings. The instructor
believed that it might have been better if they
had had a synchronous meeting at the outset to
enable students to get familiar with each other.
He also thought that synchronous meetings
would be useful for decision-making times.

Show Relevance. According to the course
improvement survey the instructor conducted
right after the course was over, the students
believed that the TA activity could be
improved if it showed how it would affect
them as teachers, how it could be used in their
classrooms, and how it would help their stu-
dents.

RESULTS FOR CASE 2: PBL IN
INTRODUCTION TO REFERENCE

Case Description

Introduction to Reference was a three-credit
graduate course in the library science and
information services program at another Mid-
western university. As an introductory course,
it aimed to familiarize students with reference
resources and to enable them to critically eval-
uate, select, and effectively use them. It had
five students in the 2005 Fall semester. The
students were working full-time as K-12 teach-
ers or practicing school library media special-
ists. They were all from western Missouri. The
class communicated asynchronously in the
Main Forum in Blackboard. There were six
assignments, and problem-based learning was
utilized for the fifth assignment, the inventory
assignment.

Implementation

Problem Presentation. The problem the
students were asked to solve collaboratively in
this course was to create a reference inventory
for a new library.

Information Environment. Although the
problem was presented in the first week, the
instructor did not ask the students to solve the
problem right away. For the first 12 weeks, she

helped them gain requisite knowledge by
“exposing the students to the information envi-
ronment they need to solve the problem”
(November 9, 2005). By providing what she
called the “information environment” with
basic resources and tools needed to solve the
problem, the instructor intended to enable the
students to focus on more creative parts when
solving the problem (December 14, 2005).

Group Formation. All five students were
assigned to one group, since the instructor
believed that four or five is an appropriate size
for the particular problem.

Problem Details. There were two manda-
tory on-campus sessions, which were called
Saturday classes, on October 29 and Novem-
ber 19. At the second on-campus session, the
instructor provided details for the three parts of
the problem. Part 1 was to select a particular
level of a school and make a reference collec-
tion for the new school library with a level-3
budget. Part 2 was to compile a selection list
for a financially challenged school library with
one half the budget of the library in Part 1. Part
3 was to create at least one teaching activity for
each type of reference resource. The students
were asked to work on Part 1 collaboratively in
a group, but to work on Parts 2 and 3 individu-
ally. Thus, the focus of this study was on Part
1.

Collaborative Problem Solving. After the
on-campus session, the instructor created the
“Assignment 5 Forum” in the Main Forum and
had the students collaboratively work on the
problem in the forum. The student group com-
municated totally asynchronously. Only 2
weeks were given for solving the problem. No
other milestones were given. The instructor
monitored the discussion board every day to
check that the students were doing what they
were supposed to be doing (December 14,
2005), but she was not involved in the prob-
lem-solving process at all. The students’ prob-
lem-solving process did not involve much
confusion or struggle, contrary to what was
observed in the first case. When learning
issues were identified, they found needed
information fairly quickly. After making main
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decisions, such as how much money should be
allotted to each Dewey-sensitive area and
whether they would apply for grants, they basi-
cally worked on their own parts, passing a doc-
ument back and forth. Thus, a considerable
part of their collaborative problem solving was
closer to cooperation than to collaboration.
However, according to data from the student
interviews and reflection papers, the students
were able to learn different approaches to cre-
ating a reference inventory by observing oth-
ers’ selections and their justifications.

It was nice to learn what other people were
selecting and be able to see their choices.
You know, kind of compare ... and, you
know, surprises and things like that. Basi-
cally the collaboration was the best part of it.
(Rebecca, December 14, 2005)

Reflection. Writing a reflection paper was
required as the last assignment. There were no
specific guidelines for the reflection papers.
For the inventory assignment, the students
briefly discussed what they learned in terms of
content and what was challenging, but they did
not address any reflection on their collabora-
tive problem-solving process at all.

Assessment. The grade for the inventory
assignment depended on the quality of the
final report. The problem-solving process was
not considered in the assessment.

Strengths

High Relevance. According to the instruc-
tor and student discussions, the problem of cre-
ating a reference inventory for a new library
was closely related to the current or future
career of the students. In fact, one of the stu-
dents had to do exactly the same thing in the
very near future for her job. The problem
enabled the students to gain practical experi-
ence in solving a highly relevant, real-world
problem they were likely to face or were
already facing in their careers.

Information Environment. For the first 12
weeks, the instructor prepared the students for

the problem by providing an “information
environment” where the students actively
explored a variety of issues regarding refer-
ence and became familiar with basic resources
and tools needed for solving the problem.
Since the students who were taking this intro-
ductory course did not have sufficient back-
ground knowledge for solving the problem, the
information environment was an efficient and
effective way to enable them to gain requisite
knowledge and to focus on more creative parts
rather than on finding facts to solve the prob-
lem.

Weaknesses

The Students Engaged More in Coopera-
tion Than in Collaboration. The instructor did
not consider the problem-solving process in
her assessment. Since the focus of the PBL
was on the report, the students did not pay
much attention to collaborative learning. They
shared some ideas and resources, asked ques-
tions of each other, discussed issues, and made
plans and decisions together. However, they
seemed to do these things only when they had
to. They engaged more in cooperation than in
collaboration, by dividing the major task that
the problem involved into independent sub-
tasks.

Improvements

Problem Revision. After this course was
over, the instructor wanted to revise the prob-
lem details by asking for policy and selection
statements instead of lesson plans. She real-
ized that the students should pay more atten-
tion to the policy part, which was very
important in creating a reference inventory
(December 14, 2005).

Synchronous Communication. The students
did not have specific suggestions for improv-
ing the problem-based learning in this course.
One student simply mentioned that having a
chat room would have been great (December
14, 2005).
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RESULTS FOR CASE 3: PBL IN
ADVANCED PROBLEMS IN
LIBRARIANSHIP: COLLECTION
DEVELOPMENT

Case Description

Advanced Problems in Librarianship: Col-
lection Development was a three-credit gradu-
ate course offered by the graduate school of
library and information science at yet another
university in the Midwest. This course exam-
ined issues affecting collection development
and management for libraries. There were 26
students in this course. According to the
instructor, the students were highly motivated,
bright, and overachieving, and most of them
had a full-time job (December 14, 2005). This
course had five assignments, and PBL was
used for the fourth assignment, consortium
evaluation of virtual information systems. The
course management system used in this course
was developed and owned by the graduate
school of library and information science.

Implementation

Problem Presentation. The problem was to
form a consortium of libraries, analyze and
evaluate library-related virtual information
systems by comparing and contrasting various
vendors, make a decision on what to purchase
and how to pay for it, and write its report
(Instructor, December 14, 2005). Although the
problem was presented in the beginning of the
course, the students were expected to work on
the problem throughout the second half of the
semester.

Synchronous Sessions. This course held a
synchronous session every Tuesday from 4:30
to 6:30 p.m. Usually, the synchronous session
provided a live lecture for the first hour, and
the second hour was discussion based.
Throughout the semester, the class examined a
variety of practical issues and problems
regarding collection development through the
synchronous sessions.

Group Formation. This course held an on-
campus session on Sunday in week 7. The
instructor used this on-campus session to form
groups. Since she believed that students are
much more engaged when they work on what
they are interested in (December 14, 2005),
she helped the students join groups based on
their interests. Five groups were formed, and
each group had four to six people. Some of
these groups were formed ahead of time and
were already working on the problem before
the on-campus session.

Collaborative ~ Problem  Solving. The
instructor provided a private bulletin board to
each group. She also made chat rooms avail-
able for group meetings and allowed the
groups to use any communication media avail-
able, depending on their preferences and
needs.

Only two groups, the Digital Audiobooks
and Primary Source groups, were willing to
participate in this research study. The Digital
Audiobooks group started working on the
problem before the on-campus session. One
member contributed to the group a great deal
by providing a lot of background information
and resources and identifying relevant consor-
tia and experts. Based on her work, the group
divided its tasks, set timelines, searched for
and shared more information and resources,
interviewed experts, and engaged in many dis-
cussions for evaluation of products and for
decision making. They met in their chat room
twice to make group decisions. By dividing
tasks in a way that all members of the group
worked on all components of the problem
together, the Digital Audiobooks group
engaged in intensive collaboration.

There were sort of two levels of tasks. The
first level was developing library profiles. So
which library we’re going to represent and
what would the library look like.... The sec-
ond level of the task had to do with the ven-
dors. And so we decided that we each take a
vendor and the other person would do expert
commentary. (Madison, December 19, 2005)
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The Primary Source group members ini-
tially attempted to individually work on their
own part and assemble parts later on by divid-
ing the task into independent subtasks. How-
ever, they soon realized that it required more
than that, and they made adjustments (Jennifer,
December 18, 2005). They first shared some
background resources and their individual
library descriptions, and next they made sug-
gestions for potential products and talked
about timelines. Then they engaged in evalua-
tion of selected products while contacting ven-
dors, and sometimes had chat meetings after
the synchronous session to make group deci-
sions.

No Structure. The instructor did not provide
any structure in the problem-solving process.
She wanted to make the problem-solving situ-
ation more authentic by having the students
deal with the problem without her involve-
ment.

They’re not going to have somebody hover-
ing over them when they have to form a con-
sortium in the real world. I don’t want to do
that. I don’t hover. I think that that gives them
a better sense of trying to deal with the
project because libraries are so cooperative
that everyone of them is going to have to
work in a consortium to do something at
sometime in their lives as a librarian.
(December 14, 2005)

Presentations. On December 6, when the
final report was due, the five groups made pre-
sentations in the synchronous session. During
presentations, the students looked at the Web
site of the group presenting, listened to the pre-
sentation, and sometimes asked questions to
the group. After the presentation of each
group, the instructor and students made com-
ments.

Process and Peer Evaluation. After finish-
ing their problem solving and presentation, the
students were required to write a confidential
memo to their library director, who was the
instructor. The students were asked to include
their evaluation of their collaborative problem

solving process and peers with a letter grade
for each of their group members in the memo.

Instructor Assessment and Feedback. By
having the students evaluate their collaborative
problem-solving process themselves, the
instructor focused on the quality of the final
reports in her assessment. Overall, the instruc-
tor was very impressed and pleased with the
students’ performance in this class. She posted
her feedback on the final reports to the private
group discussion boards. In her feedback, she
discussed what they did well and how, pointed
out what they did not consider, addressed an
alternative solution, and explained relevant
issues.

Strengths

Provided More Learning Opportunities
Through Synchronous Sessions. By providing
the synchronous sessions, the instructor helped
the students think about many issues that were
not directly related to their problem solving as
well as relevant issues. The students reported
that they could learn more than what the prob-
lem required them to learn through the ses-
sions.

Enabled Students to Communicate Both
Asynchronously and Synchronously. The two
groups participating in this study mainly
worked in their private bulletin board, but they
had chat meetings when they needed to make
group decisions. The students perceived that
synchronous communication was more effec-
tive and efficient than asynchronous communi-
cation for decision making.

We used it [chat room] when we needed to
make a group decision, like when we had to
decide which vendor we’re going to select.
(Madison, December 19, 2005)

Considered Both Process and Product of
PBL in Assessment. The instructor helped the
students pay attention to their collaborative
problem-solving process as well as their report
by having them write a confidential memo.
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Weaknesses

Insufficient ~ Communication  Between
Instructor and Students. The student inter-
views revealed that some students had prob-
lems with communicating with the instructor
about the consortium project. The Audiobooks
group did not have any communication with
the instructor because their group somehow
formed a kind of group norm that they should
not ask the instructor for help. It was also
found that some students were uncomfortable
with asking questions at the synchronous ses-
sions where the instructor encouraged them to
ask questions.

Improvements

Tailored Structure. It appeared that some
students needed more structure from the
instructor, while others were very comfortable
with solving the problem on their own. Madi-
son in the Digital Audiobooks group men-
tioned that it might be helpful if the instructor
met with each group once or more through
conference call to check their progress, pro-
vide feedback, and answer questions (Decem-
ber 19, 2005). On the other hand, Jennifer in
the Primary Source group believed that there
was nothing the instructor could do to better
facilitate their problem-solving (December 18,
2005).

GUIDELINES FOR ONLINE PBL

Based on this research, the following are
some guidelines that might be useful for
designing and implementing PBL in online
environments (Figure 1). The guidelines are
based on cross-case analyses.

Consider using PBL for part of a course.

One does not have to try to use PBL for the
entire course. As a matter of fact, it is difficult
and almost impossible to create or find prob-
lems that cover all important learning content.
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Interestingly, none of the three cases used PBL
for the entire course. They all used PBL as one
of several assignments. Considering the time-
consuming nature of PBL and the limited time
period of a course, it would be wise to use PBL
for a part of a course if other parts of the course
can be effectively taught in other ways. Also, it
might be necessary to use PBL with other
instructional methods when a problem does
not cover many important learning issues or
when students do not have sufficient requisite
knowledge.

Select or create a problem that is relevant to
students’ current or future careers.

PBL depends on students’ self-directed
learning, so it is very important to create a
problem that is relevant to students in order to
get them engaged in learning and problem
solving. In the first case, the residential heating
technology assessment was an important real-
world problem, but it seemed that the problem
was not very relevant to the students’ careers.
On the other hand, the problems in the second
and last cases were very relevant to the stu-
dents’ current or future careers, and it made
them active in their learning and problem solv-
ing. Particularly in the last case, the problem
left room for the students to choose the prob-
lem context based on their interests, and the
students were very active and even over-
achieving. When possible, it might be useful to
involve students in creating a problem or to
allow them to select or define problem specif-
ics based on their interests.

Consider the number of solutions, the problem
context and structure, and the available time
when creating a problem.

Problems for PBL are typically complex,
authentic, and ill-structured. However, they
can also vary in many ways, as the problems in
the three cases evidenced. Some may ask for
one best solution, but others may accept sev-
eral alternatives. Some may provide a specific
context for problem solving, but others may
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1. Decide When to Use PBL

* Consider using PBL for a part of a course.
- If other parts of the course can be

effectively taught in other ways.
- When a problem does not cover many
important learning issues.

3. Form Groups

nature of the problem and communication
media.

e Determine the group size, considering the >

2. Select or Create a Problem

* Select or create a problem that is relevant

> to students’ current or future careers.

e Consider the number of solutions, the
problem context and structure, and the
available time when creating a problem.

4. Build Readiness

* Ensure that students have sufficient
requisite knowledge.

5. Facilitate the Problem-Solving Process

*  Assign a considerable portion of the grade
to learning and the problem-solving
process.

6. Facilitate Learning After Problem-Solving

* Provide opportunities for learning after
problem solving.
- Create a forum where students can look
at other groups’ final solutions, provide

* Provide both synchronous and | feedback to each other, and discuss
asynchronous communication media. different problem-solving approaches.

* Help students divide tasks properly so that - Have a synchronous meeting for
they can collaborate rather than cooperate. presentations and discussions.

* Provide tailored and flexible structure. - Engage students in well-guided

* Provide tailored instruction or cognitive reflection.
scaffolding when appropriate. - Provide students with detailed feedback

on the process and product of their PBL.
Figure 1

Guidelines for Online PBL

allow students to select the problem context
based on their interests. Some may provide
some structure by specifying information
needs or format of the final product, but others
may allow for more flexibility in defining,
solving, and presenting the problem. Some
may need a whole semester to be solved, but
others may be solved in a few weeks. There-
fore, when creating a problem, it is worthwhile
to consider the number of solutions, problem
context, structure, and time to provide a better
PBL environment.

Determine the group size, considering the
nature of the problem and communication
media.

What would be the optimum size of collab-
orative problem solving groups in online envi-
ronments? According to the instructors in the
three cases, four might be the optimum size for
an online collaborative group in general when
students mainly communicate asynchronously.
When communicating asynchronously, stu-
dents are often frustrated by no or late
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responses from their group members. There-
fore, when mainly depending on asynchronous
communication, a group needs to have enough
people to keep the momentum in their dia-
logue. However if the group is too large, it
would be harder for students to reach a com-
mon understanding of a problem, or there
might be some students who disappear or lurk.

Furthermore, the size can vary depending
on the problem, according to the data from
instructor and student interviews. The instruc-
tors and several students believed that only a
few people could be enough for some prob-
lems, but four or five people could be needed
for other kinds of problems. Thus, the commu-
nication media and the nature of the problem
appear to be two important factors to consider
when deciding the size of a collaborative

group.

Ensure that students have sufficient requisite
knowledge.

The results of this study suggest that PBL
can be more successful when students have
sufficient requisite knowledge. In the first
case, the students did not have sufficient requi-
site knowledge, were overwhelmed by the
information made available, did not pay
enough attention to important issues, and
could not produce quality technology assess-
ment reports. On the other hand, the students in
the second and third cases acquired back-
ground knowledge through the information
environment and synchronous sessions, and
they were able to solve their problem success-
fully without much confusion and struggle.
Thus, it is important to figure out whether stu-
dents have requisite knowledge or not before
providing a problem. If students lack requisite
knowledge, it might be wise to expose them to
basic information and resources so that they
can gain sufficient requisite knowledge and
focus more on creative or higher-level aspects
of problem solving.

Assign a considerable portion of the grade to
learning and the problem-solving process.
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Assessment drives and shapes student
learning, since students focus on what is
assessed. If the instructor assesses only final
reports, for example, the students are likely to
focus on their report, paying little attention to
their discussions and collaborative learning, as
seen in the second case. On the other hand, if
the instructor assesses the quality of discus-
sions as well as the solutions, as the instructor
in the first case did, students pay more atten-
tion to their problem-solving process. There-
fore, it is important to involve both product
and process aspects of PBL in assessment.

Provide both synchronous and asynchronous
communication media.

Solving a complex and ill-structured prob-
lem in a group involves a lot of decision mak-
ing and requires great interdependence with
others. The data from the first and third cases
suggest that synchronous communication can
be more effective and efficient than asynchro-
nous communication for decision making. On
the other hand, asynchronous discussions give
students more time to think about the content
and enable them to post thoughtful messages.
In addition, asynchronous communication
allows students to work at their convenient
times. Therefore, it is important to make both
synchronous and asynchronous communica-
tion media available and to enable students to
choose appropriate forms of communication
depending on their needs.

Help students divide tasks properly so that
they can collaborate rather than cooperate.

In PBL, instructors hope that students will
learn from group collaboration by testing their
own ideas and perceptions against alternative
views of others and expanding their under-
standing and perspectives. The results of this
study, however, indicate that students tend to
cooperate rather than collaborate by dividing
tasks into independent subtasks as much as
possible. PBL is meaningful only when stu-
dents benefit from collaborative learning. In
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order to maximize learning from collaboration,
instructors should ensure that students divide
tasks properly so that they can collaborate
rather than cooperate.

Provide tailored and flexible structure.

Previous research suggests that a fairly
strict structure for the problem-solving process
is helpful for successful implementation of
online PBL. However, the results of this study
suggest that individual students have different
needs for structure and that a rigid structure for
the problem-solving process is unnecessary,
especially for highly motivated or advanced
students.

If instructors define and structure the prob-
lem-solving process and have students go
through the safe steps, they will probably solve
the problem more efficiently without much
trial and error. However, it would be hard for
them to gain valuable problem-solving strate-
gies that can be learned when they make an
action plan based on their knowledge and
experience, revise their plan, and manage
unexpected problems. Therefore, as the
instructors in the three cases contended, it is
important to have students determine an appro-
priate problem-solving process on their own.
However, as seen in the first and last cases,
some students need more structure from the
instructor, while others are comfortable with
solving a problem on their own without much
structure from the instructor. Therefore, for
students who need more structure or guidance,
it would be desirable to provide tailored and
flexible structure when needed.

Provide tailored instruction or cognitive scaf-
folding when appropriate.

The results of this study suggest that groups
can have different learning needs based on
their interests and problem-solving plans. The
three groups in the first case had very different
learning needs, even though they were work-
ing on the same problem. Therefore, an
instructor needs to carefully monitor each

group and consider providing tailored instruc-
tion when appropriate. However, as long as
students are not missing critical learning
issues, it might be better to facilitate their
learning and problem solving by providing
cognitive scaffolding, rather than by providing
direct instruction. Asking thought-provoking
questions, raising issues, and modeling critical
thinking can help students be critical, broaden
their perspective, and engage in meaningful
discussions.

Provide opportunities for learning after prob-
lem solving.

Although learning during problem solving
is critical, learning after problem solving is
also highly important. The findings of this
study suggest several ways for facilitating
learning after problem solving. First, the
instructor can create a forum or have a syn-
chronous meeting, during which students can
look at other groups’ final solutions, get new
insights from comparing and contrasting dif-
ferent solutions, and discuss different prob-
lem-solving approaches. Second, the instructor
can engage students in reflection. Well-guided
reflection can help students make their tacit
knowledge gained through PBL more explicit,
so it can be easily used in future problem solv-
ing. Finally, the instructor can help students
learn a great deal after problem solving by pro-
viding detailed feedback on the process and
product of their PBL.

LIMITATIONS AND
FUTURE RESEARCH

The guidelines proposed in this study are
based on findings from only three graduate-
level courses in the technology and library sci-
ence fields. Therefore, they might not be
appropriate for undergraduate-level courses or
for other disciplines. In addition, PBL was
used for only a part of a course in all three
cases. There might be limitations in applying
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the guidelines to PBL that is used for an entire
course or for a whole program.

Further studies might explore diverse
online PBL courses in different subject areas
or disciplines, as well as at different levels of
learning, in order to revise and refine the
guidelines proposed in this study. Second, it
might be interesting to explore online PBL
courses where synchronous discussions are
more dominant. Finally, future research could
explore new technologies for online PBL. In
the future, when more advanced technologies
are available, we might need to develop differ-
ent kinds of guidelines for online PBL.
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