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Abstract: Background: This paper focuses on the additional time and effort associated with placing a problem based
learning (PBL) case within a learning management system (LMS) and reporting on both student LMS utilization and
course satisfaction data. Methods:The study involved 13 PBL students who volunteered to participate in one of two 9
week long PBL courses (6 or 7 students in each course). The LMS selected for utilization in this experiment was Moodle
version #1.9.5. A questionnaire assessed the students’ attitudes about the hybrid PBL-LMS system. Time-effort data,
collected prospectively, were divided into faculty tasks that: occur during a typical PBL case; involved preparing and
presenting several lectures as part of an expert resource session(s); and were associated solely with the LMS creating and
posting process. Results:The total time in each course was 119.5 hours and the LMS related tasks involved 25.5 hours
or 21.3% of the total course time. While opinions will vary on this issue, this extra time is probably outweighed by the
advantages a LMS offers. For example, by placing a PBL course inside a LMS tracking and comparing the performance
of multiple simultaneous PBL groups and tutors for consistency can be readily accomplished. Conclusions:A majority of
the students (72.7%) agreed that the various materials contained on the website (e.g. videos and supplemental materials)
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were very helpful and 54.5% agreed that all future PBL courses should have a web-based component.
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There have been several descriptive articles published
about the many ways that online web-based software can
be used to assist the PBL process.'~ An area of concern
is in the development of patient care skills, which are not
effectively dealt with in the PBL pedagogy thus allowing
some students to embark on their clinical clerkships
without adequate preparation to deliver clinical care.'”
Faced with a “not ready to enter clinic” student, clinical
faculty familiar with a lecture and textbook based
curriculum would typically refer the student back to
their lecture notes or to a specific chapter in a textbook

and the pre-clinical lab to close the gap. However, in

Problem Based Learning (PBL), Learning Management System (LMS), hybrid PBL-LMS, time-

PBL, the faculty cannot be certain where the foundation
content was provided and what resources were used in
each group of PBL students, thus making remediation
more difficult.

The solution to these knowledge gaps is not to switch
back to a lecture based curriculum since students who
were taught with a lecture-based-curriculum also had
knowledge gaps and lecture based learning does not
adequately engage the student in their own learning.
An alternative method used in a PBL curriculum when
knowledge gaps are identified, is to provide targeted

learning resources sessions, usually by having content
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Table I Pros and Cons of a combining a LMS with a PBL case.

Central
Repository

Pro:
1. All learning need reports come into a central web-based LMS repository.
2. The submitted learning need reports can be the basis of a private Wikipedia-like site that contains the
accumulated knowledge of a student or class of students as they progress across their curriculum.
3. If the repository is searchable, faculty can refer students to it for remediation when knowledge gaps are
identified in their clinical years.
Con:
1. If the Internet is down or the software develops problems, access is problematic.
2. Management of such a large database of information is time consuming.

File Sharing

Pro:
1. If the LMS has a file management module, a student’s work can be placed into a folder available for viewing by
any approved student (or faculty) in the group.
2. PBL sharing of work product (i.e. learning needs) is enhanced.
Con:
1. None

Sorting and
cataloging
by faculty

Pro:
1. This would be available from the Central Repository thus eliminating the faculty need to set up their own
individual systems of cataloging and tracking individual student reports sent via email.
Con:
1. Faculty would be relying on the efficiency of the management of the Central Repository in order to manage the
assignments of the students.

Grading and
Student
Notification

Pro:
1. All learning need assignments can be graded using a numeric (e.g. 0-100) scale and written comments entered
on the quality of the assignment.
2. Once graded the student will automatically receive an email notifying them of the grade.
3. The grade is automatically entered into a grade book that performs a running tabulation all student grades.
Con:
1. Security could be an issue unless secure Intranet system is used to host the grading and notification to students
of grades.

Parallel group
monitoring for
consistency and

Pro:
1. Monitoring of multiple, simultaneous PBL groups can occur (up to 15 groups per case).
2. One PBL case manager can review/monitor the various learning need reports (LNRs) and grades incoming

calibration from all groups for consistency and equity across the board.
Con:
1. Monitoring takes time and effort.
2. If inconsistencies are identified faculty remediation and recalibration would be needed.
Cut and Paste Pro:
Prevention 1. By cataloging each student’s Learning Need, plagiarism programs can be run to detect “cut and paste”
submissions without proper attribution to the original source.
Con:
1. Additional tasks would need to be assigned to the Central Repository PBL Case Manager.
Online resource  Pro:
materials. 1. Creating and placing critical topic lecture presentations online can be done relatively easily.

2. Students can review the materials as needed rather than at the end of the semester.
3. Faculty could track which students actually view this content and the frequency.
Con:
1. It takes time to create the lectures, record them in a streaming video format and create links to the lectures inside
the LMS website.

experts host discussions or provide lectures on a
specific topic. Unfortunately it is difficult to do these

resources sessions on an ad hoc basis since usually more

thoughtful planning of content and a careful analysis
of the knowledge gaps are needed. A third approach to

closing the gap is to provide additional learning materials
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(outside the PBL process) but inside an online learning
management software (LMS) program. This would
be akin to the previously mentioned expert resource
sessions, but in this case the faculty content experts
would select and place online materials (e.g. selected
lectures) they consider critical to the key concepts being
covered in a specific PBL case.

Displayed in Table 1 are the various issues related to
the pros and cons of combining a LMS with a traditional
PBL seminar approach. As is also true with PBL
pedagogy, implementation and successful utilization
of a LMS has its own barriers and problems. On the
negative side, the improved efficiencies claimed by a
LMS, have an up-front time and effort-based cost for
the instructor as it is necessary to put course content on
the LMS website. This effort is often underestimated by
the LMS claims of saved instructor time. Several studies
have described the way that LMS systems can enhance
teaching, but no reports have yet quantified the time and
effort needed to combine a LMS with a PBL course. In
considering combining the two systems it is important to
ask not whether a better test score will result but rather is
the PBL process enhanced by combining it with a LMS
and if so, in what ways? For example, if this combination
gives the tutor more information about an individual
student’s performance on a particular PBL case and to
acquire this information does not take substantially more
time, it may be considered worthwhile and therefore
a sound investment. In this paper we have attempted
to answer two of these questions: how much time and
effort is associated with managing a PBL course within
a LMS; and, to report on student LMS utilization and

course satisfaction.
Materials and Methods

Venue: This study was performed at the Showa
University School of Dentistry in Tokyo Japan during
the summer and fall of 2010.

Faculty: There were two faculty tutors (GTC and
RM) involved in this study. Both tutors were experienced
with PBL methodology. Both were also certified as PBL
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instructors based on a successful completion of a series
of four PBL training courses.'”

Students: There were 13 students who volunteered
to participate in one of two 9 week long PBL groups
(7 in OM group and 6 in SP group). Inclusion criteria
involved: having earned a DDS degree or its equivalent;
self-reported English language proficiency; and an
interest in the topic of the course. Exclusion criteria
were an inability to attend case discussions and/or
failure to complete any required assignment. Each PBL
group contained students who varied in experience from
Associate Professors to dental interns. All students had
prior experience with PBL as a method of learning either
as a tutor or as a previous PBL student.

PBL Cases: There were a total of seven PBL cases
utilized in this experiment with all except two cases
being three sessions long. The enrolled PBL students
were divided into 2 groups: (1) the special patient care
case series (four PBL cases) or (2) the oral medicine case
series (three PBL cases).

Learning Management System: The learning
management system (LMS) selected for utilization in
this experiment was Moodle version: 1.9.5+ (Build:
20090624) (www.moodle.com). The elements that can be
included in the LMS course webpage is up to the choice
of the faculty member who is the primary case manager.

Streaming Video Recording Process: Recording of
audio and video lecture content that can then be streamed
is moderately easy to do. In this course we utilized a
commercial video conferencing software vendor (Www.
ViVu.tv) that allowed recordings to be made which were
automatically processed for streaming delivery and
archived on a server. The educator receives an access
link from ViVu usually in less than a few minutes, which
can then be posted to the LMS course website. This
software virtually eliminates any post-production time.
In our experience once the recordings were made and the
link loaded into the LMS, the students could log on and
view the lecture at any future time. It is also possible for
students to log on while the recording is being made and

post-questions, which can be answered interactively, via
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Table 2 Average faculty time/effort data.

Four PBL Specific Tasks Time
1. Select 3 patient cases and edit each portion of the case (2 h per case) 6.0 hrsi
2. Conduct 9 PBL sessions (2 h each) 18.0 hrst
3. Read and grade each of the 9 learning need report submitted (20 min each) 3.0 hrsi
4. Write a final summary report on each student in the PBL class (20 min each) 7.0 hrs}
Two Lecture Specific Tasks
1. Create 8 supplemental PPT based lectures (6.5 h each) 52.0 hrst
2. Delivery of 8 PPT based lectures (1.0 h each) 8.0 hrst
Eleven LMS Specific Tasks
1. Design course structure and set up website in LMS 2.0 hrs*
2. Write an introductory letter to students 0.5 hrs*
3. Write course description and objectives 1.0 hrs*
4. Write student assessment policy 0.5 hrs*
5. Create 9 linked file pages & upload each of the case parts (30 min per case) 1.5 hrs*
6. Create 9 linked file pages and upload recorded facts, ideas and LN assignments 1.0 hrs*
7. Create 9 learning need report upload pages (10 min each) 1.5 hrs*
8. Video recording and uploading of streaming links for 8 lectures (1.0 h each) 8.0 hrs*
9. Create PDF files for 8 PPT lecture and upload to course website (~10 min each on avg) 1.5 hrs*
10. Create and import 8 multiple choice quizzes for each lecture (60 min each) 8.0 hrs*
Total time for PBL, Lecture and LMS Specific Tasks 119.5 hrs

(1 =tasks for PBL case; 1 = tasks for lecture content; * = tasks for LMS)

an instant message chatbar.

Student Likes and Dislikes Questionnaire: One
outcome of this teaching experience involved collecting
student opinions about the educational methods
discussed in this article (e.g. creating and using an LMS
based PBL course) via a 10 statement questionnaire.
The questionnaire used a 7-point Likert scale with
the following categories and points as indicated: (—3)
strongly disagree, (—2) moderately disagree, (—1) slightly
disagree, (0) Neural opinion (1) slightly agree, (2)
moderately agree and (3) strongly agree.

Faculty Time and Effort Tracking: The time requir-
ed to set up the different components used in this course
were tracked in 15 min increments by both tutors as they
were carried out. These data were then averaged and

summarized in Table 2.
Results

Demographics, Completions and Drop-outs: The
mean age (£1 s.d.) for the students in this study was
38.8+7.8 years. There were 8 males and 5 females in the
student groups. Of the remaining 13 students all students
completed their assigned Learning Needs in their selected

PBL case series. There were 20 (17.1%) instances of
students having conflicts that prevented them from
attending a PBL session and getting a LN assignment. Of
the potential 117 LNRs that could have been generated
if all 13 students attended all sessions, 97 LNRs were
actually turned in for evaluation.

Tutor’s Time/Effort Data: The data in Table 2 can
be divided into the four faculty tasks (i) that normally
occur during a PBL case; the two faculty tasks (1)
that would normally involve an end of case resource
session(s); and the ten faculty tasks (*) associated with
the LMS. The total time associated with each of the 9
session course was 119.5 h. The subset of tasks needed
for PBL cases involved a total of 34 h (28.5% of the total
time expended by the faculty for the course). The time
needed to create 8 h of lecture content and deliver it to
the students involved 60 h (50.2%). The tasks associated
with creating, uploading and managing the LMS equalled
25.5h(21.3%).

Student Questionnaire: The student responses to
10 individual statements regarding the integration of a
PBL course within a LMS are presented in Table 3. For
reporting purposes the 7 point Likert scale results were
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Table 3 Integrating Moodle and PBL (n=11).
Disagree Neutral Agree
4 Statements (either (or slightly (either
moderately agree/ moderately
or strongly) disagree) or strongly)
1 I found it easy to use the course web-site. 0.0% 0.0% 100.0%
) I believe the website agd supplemental materials created for this course greatly 9.1% 45.5% 45.5%
enhanced the PBL learning process.
3 Using this hybrid apprqach (lectures and quizzes pl}ls BBL cases) was very 273% 545% 18.2%
helpful to my understanding of the key concepts taught in this course.
4 I found the. PBL session presentations Of my .fellow students very helpful to my 0.0% 273% 7%
understanding of the key concepts taught in this course.
5 I found the supplemen’@ry lecture videos provided b?/ the.: faculty expert very 0.0% 273% 72.7%
helpful to my understanding of the key concepts taught in this course.
I fi th 1 tary PDF h ts from the I helpful t
6 ound e supplementary andou.s om the ectures very helpful to my 0.0% 27 3% 72 7%
understanding of the key concepts taught in this course.
. I founq the .weekly quizzes very helpful to my understanding of the key concepts 0.0% 36.4% 63.6%
taught in this course.
g Th‘e. biggest problem I had with this course was my spoken English language 0.0% 18.2% 81.8%
ability.
9 I'would have liked this course better if it were offered in Japanese language. 0.0% 27.3% 72.7%
Based on my experience in this course I believe that all PBL cases should use
10 a hybrid format (meaning they will be hosted on a website that also provides 27.3% 18.2% 54.5%

supplemental expert lectures and other materials to support the key case concepts).

collapsed into 3 categories of agree (either moderately
or strongly), neutral (or slightly agree or disagree) or
disagree (either moderately or strongly). We felt that
providing the percentages for each category by statement
was more informative than simple means and standard
deviations as they point up some interesting findings.
For example 54.5% felt neutral about the question as
to whether using the hybrid approach was helpful to
understanding the key concepts of the course and 45.5%
were neutral about whether the website and supplemental
materials greatly enhanced the PBL learning process. A
majority of the students 72.7% agreed with the statements
that the various materials contained on the website (e.g.
videos and supplemental materials) were very helpful and
54.5% agreed that all future PBL courses should have a

web-based component.
Discussion

This article provides data on the relative time and effort
associated with running two 9-week hybrid PBL courses
(one on oral medicine and one on special patient care).

These courses were designed with multiple part PBL

cases for each. In addition both courses utilized a LMS,
where all PBL case materials including video lectures,
supplemental materials and work assignments were
uploaded either by the faculty or the students. Overall
the total faculty time and effort expending on this course
was 119.5 h. These number does not include the time
needed to register the students into the LMS system and
provide passwords to the system. Unfortunately, there is
no literature available against which we can compare our
reported time and effort data. Some of the time and effort
needed to create the lecture content could be considered
time that would normally be expended for an end-of-case
expert resource session(s), which is likely to vary greatly
based on the experience of the faculty in previously
teaching the course content material. The 6.5 h needed
to create each of the lectures used in this course is
certainly an underestimation of the time it takes to create
a completely new lecture. However, in the case of this
study, both faculty were experienced in their respective
fields and had materials available that could be updated
rather than generated from scratch. Moreover, the

amount of time associated with lecture specific tasks in a
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course would also vary greatly depending on how many
supplemental lectures are provided. It could be argued
that the lecture specific time-effort data is equivalent
to time commonly allocated by faculty to participate in
post-case resource sessions no matter the style of session
and therefore it is not unique to the process of hosting a
PBL course within an LMS. For some a resource session
might involve meeting with the students in a group or
individually, and answering questions ad lib without
preparation. Whereas for others it may mean creating
one or more entirely new presentations covering the key
concepts that should have been covered in the case.

The key finding in this study was that an additional
25.5 h of instructor time (21.3% of total) was needed
for course LMS website creation and management. This
time was clearly an add-on of faculty effort associated
only with using the LMS. This additional time would be
mitigated or lessened if a school were conducting a PBL
curriculum for a entire class because in this scenario,
creating the LMS website and course materials would
be done by one individual for one PBL group and it
could then be replicated for each additional PBL group,
thus dividing the time among multiple PBL tutors.
Unaccounted for in this scenario is the time it takes to
register the students on the LMS, issue passwords and
usernames since in most instances this would be usually
be done for the entire class by a staff individual in an
administrative office of the school. It is important to note
that the time required to set up this course website would
not need to be redone annually if the same PBL were
taught again in a subsequent year. It is important that this
extra block of time is weighed against the inconvenience
of having an email in-box based student work distribution
system which must be managed piecemeal by the tutor
throughout the course. The enhancements of being able
to grade the students work as it comes in, record the grade
and distribute the grade and any associated comments as
quickly as the tutor desires is particularly appealing for
the faculty. Similarly being able to compare and contrast
all tutors’ performances for an individual PBL case has

definite benefits to ensure consistency of the curriculum
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and identify training and performance issues for the
faculty tutors.

The students generally favored the hybrid online-
PBL method of teaching. This is consistent with prior
research that shows hybrid online-PBL methods are
well received by students and they appreciated being
given supplemental course content that they could
access online. It is interesting to note that when asked
as to whether using the hybrid approach was helpful
to understanding the key concepts of the course, the
response was split with 45.5% agreeing positively, and
the same percentage responding neutrally yet a majority
of the students (72.7%) agreed with the statements that
the various materials contained on the website (e.g.
videos and supplemental materials) were very helpful. In
response to another question, a majority (54.5%) agreed
that all future PBL courses should have a web-based
component. These inconsistencies in responses may be
due to a variety of issues that were unique to our courses,
which were delivered in the evenings to faculty who had
already spent a full day teaching and were provided in a
non-native language. These two distinctions may have
made the PBL courses we provided difficult for some
to keep up, yet as teachers it did not discourage their
perception of the potential value of the components.
Additional studies examining other populations of
participants may better help to distinguish if there are
inconsistencies in the responses of the students being
surveyed.

In summary, the hosting of a PBL process inside a
LMS offers several advantages and disadvantages. Our
data suggest that it would require a moderate amount
of additional instructor time to set up a LMS website,
although this time would lessen as the LMS course
website and specific cases are subsequently reused by
additional classes each year. Most importantly the use
of a LMS system to host content for a face-to-face PBL
class and serve as a repository of learning need report
uploads, would allow a designated case manager to
monitor the multiple student groups and the assigned

tutors for a specific case for consistency in content and
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5) Green CJ, van Gyn GH, Moehr JR, Lau FY, Coward PM:
performance. Introducing a technology-enabled problem-based learning
approach into a health informatics curriculum. Int J Med
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