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Objective. To implement a model of competency-based education in a basic science competency
course using WebCT to improve doctor of pharmacy (PharmD) students’ understanding and long-term
retention of course materials.
Methods. An anatomy-cell biology course was broken down into 23 modules, and worksheets and
mirrored examinations were created for each module. Students were allowed to take the proctored
examinations using WebCT as many times as they wanted, with each subsequent test containing a new
random subset of questions. Examination scores and the number of attempts required to obtain a passing
score were analyzed.
Results. Student performance improved with the number of times a module examination was taken.
Students who initially had low scores achieved final competency levels similar to those of students who
initially had high scores. Score on module scores (didactic work) correlated with scores on practical
work
Conclusions. Using WebCT to implement a model of competency-based education was effective in
teaching foundational anatomy and cell biology to pharmacy students and could potentially be applied
to other basic science courses.
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INTRODUCTION
A main concern in education is that students do not

learn as effectively when teachers rely heavily upon tra-
ditional didactic lectures.1 The primary reasons for this
include: (1) not distinguishing between students with
regard to previous knowledge levels, learning styles,
and individual learning ability; (2) using the same instruc-
tional pace for weak and strong students; and (3) lack
of feedback after examinations. In addition, even when
graded examinations are returned to them, students rarely
undergo the process of correcting their knowledge deficits
and retesting that new knowledge.

These educational limitations have been addressed
by the Accreditation Council for Pharmacy Education
(ACPE) in Standard 12: ‘‘Attention should be given to
teaching efficiencies and effectiveness as well as innova-
tive ways and means of curricular delivery. Educational

techniques and technologies should be appropriately
integrated to. . . meet the needs of diverse learners. (In
addition) evidence that the educational process involves
students as active, self-directed learners. . . should be
provided.’’2

Despite the drawbacks of the large class lecture for-
mat and ACPE’s recommendation that pharmacy schools
use innovative teaching strategies, many pharmacy fac-
ulty members still rely heavily upon traditional didactic
lectures. To follow through on the ACPE’s suggestion, we
evaluated the extent to which a model of competency-
based education (Keller’s Personalized System of In-
struction3) provides more effective PharmD instruction
in the Anatomy and Cell Biology course at our School
of Pharmacy.

The Keller model of competency based education is
founded upon the educational concept of ‘‘mastery learn-
ing’’ where it is postulated that regardless of level of in-
telligence, all individuals could learn a subject given
enough time and high enough quality instruction.4 From
this initial hypothesis 2 primary models of education were
developed: Bloom’s ‘‘Learning for Mastery’’5 and Kel-
ler’s ‘‘Personalized System of Instruction.’’3 Bloom’s
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model suggested that a mid-unit examination be added to
educational sets in order that students can remediate de-
ficient knowledge before the final formative examination.
Keller’s model, on which this project is based, is similar
but differs in that educational modules are smaller, stu-
dents may take examinations as many times as they need
to show competency, and there is personalized tutoring. In
order to accomplish ‘‘Individualized Instruction’’ in the
classroom, Keller in 1968 laid out major components of
this methodology that defines classroom roles for the in-
structor, teaching assistants, and students (Table 1).

A meta-analysis of published research utilizing the
Keller competency model suggested that individualized
competency-based instruction has a number of advan-
tages over didactic lectures coupled with high stake
examinations. Specifically, those individuals, who nor-
mally achieve low or midlevel grades, learn significantly
more and have greater long-term retention. However, the
primary disadvantage is the significantly increased fac-
ulty workload and the need for teaching assistants.6

Despite this methodology being validated for use in
the basic sciences, there are few published reports using
the Keller method in graduate medical education and
none in the discipline of pharmacy.7 We believe the rea-
sons for this are lack of (1) faculty time, (2) limited num-
ber of student tutors or teaching assistants, and (3)
knowledge regarding the methodology. We addressed
these challenges by designing and implementing a modi-
fied version of the Keller Individualized Instruction
model, with the primary difference being we have sup-
planted tutors and teaching assistants with a computer

system that functions in a similar role. This was not con-
sidered to be a major methodological change as the use of
student tutors has been shown to have varying impact on
the success of a Keller-style competency course.8

In this manuscript, we present a computer-assisted,
module-based course for Anatomy and Cell Biology, pro-
vide evidence of student learning within modules that
included computer-assisted examinations, provide evalu-
ative data showing modules increase laboratory practical
scores, and summarize our conclusions about implemen-
tation of competency-module education in pharmacy ba-
sic science education.

DESIGN
To develop the competency instructional methodol-

ogy, we broke down the anatomy course material into 23
modules (Table 2). For each module, the expectations
were that (1) the student would memorize the correct
anatomical terms for a given organ and its structures
and (2) would be able to spell them correctly. To accom-
plish this we assembled a set of vocabulary words that
corresponded to an anatomical figure (Figure 1). All fig-
ures used in the modules were taken from the textbook
Human Anatomy and used with permission of Pearson
Education, Inc.9

After creation of the student module materials, we
assembled 23 module examinations. Examination ques-
tions were created using TestGen 6.0 for Human Anat-
omy. We programmed nearly 5,000 alternative answers in
WebCT that would be considered correct, but were not
included in the original examination question. After the

Table 1. Primary Components of the 1968 Keller Method of Individualized Instruction

1) Instructors are required to:

a. Break their course material into modules.

b. Provide a clear and achievable objective statement for each module.

c. Provide written materials in modular format that have sufficient enough depth that will allow the students to gain mastery on
that module.

d. Provide module examinations that allow the student to show content mastery of the material.

e. Allow modules to be repeated until evidence of mastery is demonstrated.

f. Provide lectures primarily as demonstrations or motivation for module progression, and not for the delivery of educational
material.

g. The instructor should provide senior students who will function as tutors or teaching assistants. Their primary role will be to
immediately grade the modular exam, provide immediate feedback and remedial education as needed by the individual
student.

h. Eliminate mandatory final examinations

2) Students would be required to:

a. Demonstrate mastery of a unit before proceeding to more complex units.

b. Repetition of modules should be completed after the immediate feedback from teaching assistants when the student feels they
are able to demonstrate mastery of the material.

c. Proceed at a pace that is in accordance with their previous knowledge, academic interest, and personal schedules
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questions were assembled into individual modules we
imported the questions into WebCT. WebCT was pro-
grammed to present a random subset of approximately
20% of the questions in 1 module to the student for 1
examination. For subsequent module examinations,
a new random subset of approximately 20% questions
from the question bank was presented. This effectively
created a different examination for each student and a dif-
ferent examination for students who desired to take the
examination more than once. Because the examination
was randomly generated with each attempt, it was possi-
ble that students saw a repeat question on subsequent
attempts. While the initial faculty development time for
this setup was extensive (approximately 160 hours), in
subsequent years we realized a significant reduction in
faculty work time given there were no examinations to
be graded or administered (graduate students proctored
the modular examinations).

After submission of a module examination, the com-
puter calculated the student’s score and provided imme-
diate feedback including the correct answers to questions
answered incorrectly. This was a deviation from the Kel-
ler method, as he originally had teaching assistants grade

the examinations and provide remedial feedback. We be-
lieve that our method is as effective, as a student could
generate as many random examinations as desired with-
out needing to wait on a teaching assistant to grade the
examination or a tutor to provide feedback. (Table 3 sum-
marizes the competency module process for a student.)

In addition to the modules, the course contained 43
lectures that were complementary to the modules. There
were 5 small quizzes dispersed throughout the lectures to
encourage lecture attendance and participation. The
course also consisted of 5 human cadaver laboratories
in which students were allowed to study the material in
groups at 8-10 different stations. Prior to the cadaver lab-
oratories, students were provided 8-10 different work-
sheets to study for the laboratory. Individual worksheets
were completed by a group of approximately 10 students
and presented to the other students electronically and in
a short seminar-style presentation before the cadaver lab-
oratory sessions. Students were tested on their knowledge
in the day-long cadaver laboratory by multiple-choice
tests in which students had to name organs or organ parts
on human cadavers, cross sections, computerized tomog-
raphy (CT) scans, and anatomical models. Assignment of

Table 2. Modules Created for an Anatomy Course

Modulea
Figures in
Module, No.

Vocabulary Terms
in Module, No.

Total Module
Examinations Taken,

No. (Mean per Student)

Introduction to Anatomy 5 70 275 (3.1)
The Cell 2 28 122 (1.4)
Tissue Level of Organization 3 31 339 (3.9)
Integument 3 40 298 (3.4)
Axial Skeleton 5 40 263 (3)
Appendicular Skeleton 7 94 489 (5.6)
Skeletal Muscle Tissue and Muscle Organization 3 37 347 (3.9)
Axial Musculature 5 87 477 (5.4)
Appendicular Musculature 2 53 512 (5.8)
Neural Tissue 3 42 375 (4.3)
The Spinal Cord and Spinal Nerves 2 28 332 (3.8)
The Brain and Cranial Nervesb 4 41 432 (4.9)
Pathways and Higher-Order Functions 3 45 371 (4.2)
Autonomic Nervous Systemb 5 56 422 (4.8)
General and Special Senses 2 42 395 (4.5)
Endocrineb 1 14 514 (5.8)
Heart 5 51 397 (4.5)
Vessels and Circulation 3 66 367 (4.2)
The Lymphatic System 3 55 386 (4.4)
The Respiratory System 3 70 417 (4.7)
The Digestive System 4 89 409 (4.6)
The Urinary System 3 48 481 (5.5)
The Reproductive System 4 73 488 (5.5)
Total Worksheets Combined 80 1200 8908 (100)
aStudents were required to take all modules and earn a minimum grade of 70 to demonstrate competency in the course
bIndicates some of the questions in the module were conceptual and not just competency based
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points in the class was as follows: total module grade was
60 points multiplied by the final module grade (the aver-
age % scored on each module); total laboratory grade was
30 points multiplied by the average score (%) earned on
the 5 cadaver laboratories; and lastly, the lecture quiz
average was worth 10 points.

Statistical analysis included repeated measures
ANOVA followed by Bonferroni’s multiple comparison
test or by a paired student t test as appropriate. Differences
were considered statistically significant at p , 0.05.
Errors are reported as standard error of mean (GraphPad
Prism, version 4.0 for Windows, GraphPad Software, San
Diego, Calif).

ASSESSMENT
One of the concerns in implementing this approach

was the requirement that all modules be completed by the
student within the 9-week course; therefore, we tracked
the number of completed modules per week (Figure 2).

The first line (Week 1) shows that all 89 students had
completed 2 modules; 74 students had completed 3 mod-
ules; 60 students had completed 4 modules; and 20 stu-
dents had completed 5 modules. At the end of week 1,
there was 1 student who had completed 10 modules. The
first student completed all 23 modules by week 4 while 22
other students did not finish their 23rd module until week
9 of the class. All students were able to complete all
modules within the proscribed timeframe.

To determine whether students’ grades improved dur-
ing repeated module examinations, we divided students
into groups according to the number of attempts at com-
pleting a module. For example, students who had taken
a module twice were placed into one group, while those
who had taken it 3 times were placed into another group,
and so forth. Figure 3 shows the results (mean 6 SEM)
for the module ‘‘Appendicular Musculature.’’ Panel A of
Figure 3 shows that there was a significant improvement
between students’ scores on their first attempt and scores
on their second attempt (p , 0.001; n 5 15). Similar
improvement was seen in scores for all groups where
the number of attempts was greater than or equal to 5.
Of the remaining students who are not represented in
the figure, there were 6 students who took the module 1
time, and 26 students who took the modules more than 7
times, with 17 attempts for this module being the highest.
There were no significant differences in the mean final
module grade among the above 6 groups (ANOVA), sug-
gesting that given repeated educational guidance, stu-
dents can earn the same grade as students who need less
remediation. Lastly, we saw similar significant increases
in student’s scores with repeated module examinations for
all modules throughout the course (data not shown).

Despite the minimum requirement for the student to
pass the module with a score of 70% or better in all groups
and modules, the students repeated the module until their
grade was greater than 90% (Figure 3). This was com-
mented upon by the students in the course evaluations. For
example, one student wrote ‘‘The repetition was helpful in
learning. I thought it would be memorizing for a short test
and then forgetting it, but I wanted good grades on the
modules so I kept retaking them. I actually learned, not
just memorized.’’ Similarly, another student commented,
‘‘I loved the modules and the fact that we could take it as
many times as we wanted. It made me really learn the
material by the time I got the grade I wanted.’’ There were
no significant differences (p. 0.05, ANOVA) in the final
module grade between the groups who took the module
examinations twice and those who took them 7 times.
These data suggested that if given repeated educational
guidance, students who need more remediation will even-
tually earn on average the same grade as students who

Figure 1. Example of a module worksheet. Figure 1 shows one
figure from the Axial Musculature worksheets. This module
contained 5 figures and 87 vocabulary terms. Students would
use these worksheets to memorize the anatomical terms and
their corresponding anatomical locations prior to taking
a module examination through WebCt. Figure is used with
permission of Pearson Education, Inc., from the textbook
Human Anatomy by Martini, Timmons, and Tallitsch.9
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need less remediation (eg, those students who needed to
take the module only twice). The data indicate that using
this methodology in a pharmacy curriculum, students
will bring themselves to a high level of competency
(approximately 20% greater than what was required), re-
gardless of the amount of effort needed to do so (Figure 4).
This conclusion is supported by the finding that the final
course module grade for approximately 80% of the stu-
dents ranged between 95 and 100. For the remaining 20%
of students the final class module grade ranged from 86 to
95. On the other hand, students may have been motivated
to obtain good module grades because they were insecure
about their performance in the cadaver laboratory exami-
nations.

Completing a greater number of module examina-
tions prior to the cadaver laboratory (completion is de-
fined as a score of $70%) resulted in a greater score on
the final non-comprehensive cadaver laboratory practical

(Figure 5). These data strongly suggest that the electronic
modules help the student in application of their knowl-
edge in a real world setting (ie, outside the computer and
in the laboratory). This was also supported by student
comments to the open-ended course evaluation question
‘‘Did the modules help you improve your understanding
in the gross anatomy lab?’’ Representative student com-
ments included ‘‘if you were to make it a requirement to
have all the modules pertaining to the bones completed
before going to the anatomy lab that covers the bones, I
am willing to bet the scores on the lab tests would im-
prove’’ and ‘‘. . .I got behind in taking the modules and on
labs that I made a C; I had not completed the correspond-
ing modules.’’

Another open-ended evaluation question was asked in
student evaluations at the end of the course: ‘‘Please de-
scribe how the modules contributed to your overall under-
standing of anatomy.’’ The answers to the questions could

Table 3. Competency Module Process for the Student

Students download one set of worksheets per module that consist of:

d A list of vocabulary terms for that module

d Figures to be labeled

The student then utilizes the textbook to fill in the empty labels with the appropriate vocabulary term.

The student has freedom in

d which modules they study for. For example, they could start with renal modules at the beginning of the class or introduction to
anatomy (see Table 2 for all modules which need to be completed and from which the student can choose). New anatomy
students were encouraged to complete the modules in order and in a timeframe that would correspond with material in the
upcoming laboratory.

d what pace they take the modules. Students with prior anatomy course experience ($2 courses) needed significantly fewer
module attempts than those who have received either one course or no courses in anatomy (Figure 4). Subsequently, these
students progress through the course at a significantly faster rate.

After studying the worksheets outside of class the student then logs on to the module examination section of the course during
a scheduled proctored examination period.

d The student attempts the appropriate module

d The same figures (but with test modifications) the students studied in the worksheet are now used as examination figures (see
module examination question examples).

In the examination students are asked to label approximately 20% of the figures (a random set of questions generated by WebCt
from all figures), using a fill in the blank methodology.
In order for the student to get a correct answer the appropriate anatomical term must be used and it must be spelled correctly.

The student then receives immediate feedback after examination submission

Students are given their score and the correct answer for each question (see module graded response examples)

The student now has two options:

d If student has attained a minimum of 70 % and is satisfied with their grade they may choose to go onto a different module that
day or during subsequent proctored module times.

d If a student has not achieved 70% or is not satisfied with his or her grade, they may reattempt the module immediately or exit
the class room and re-study the worksheets to begin the process again. The final module grade recorded for the student was the
highest of any attempt on a given module

It is important to reemphasize that WebCt was programmed to provide a new random set of questions (again approximately 20%
of the worksheets) every time the student logs on to complete the module again. This ensures the student studies the entire
worksheet and not just the random 20% presented in the first module attempt). There was no limit on the number of attempts to
complete the module.
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roughly be broken into 3 major categories: (1) the modules
were very valuable as a learning tool for the students, (2)
module repetition helped reduce the perception of ‘‘cram-
ming’’ for examinations and the students felt they learned
more, and (3) students appreciated the self-paced exami-
nation which they could complete at their convenience.
The responses seemed to suggest that the modules were
a positive addition to the course not only as a learning tool
for which they were designed, but also as a way for a stu-
dent to earn the grade they wanted in the course.

DISCUSSION
We believe the module approach allowed the students

to work at a pace that was in accordance with their needs
and or prior academic knowledge. Self-paced progression
was considered crucial when the model was implemented
since the course had been shortened from 17 to 9 weeks,
and we believed students needed to have flexibility in
demonstrating subject competency in this short time-
frame. The second reason we implemented this model
was to develop a system that would show evidence of
content mastery, more so than just succeeding on a few
multiple-choice examinations. Indeed there is strong ev-
idence that each student demonstrated competency in
each modular subject. While there were significant differ-
ences in the number of module examination attempts stu-
dents needed to demonstrate competency (Figure 3),
eventually all students were able to provide evidence they
had learned 1200 anatomical terms.

We believe that one of the greatest effective portions
of the module approach for students was that module
examinations provided immediate feedback. With in-
creasing class sizes, it is nearly impossible for faculty
members to provide tutoring and feedback to individual
students on a large scale. Using this system, we were able
to provide immediate feedback on all of the examinations.
To understand the scale of feedback that this system
provides, the students took approximately 9,000 exami-
nations and the average number of question per examina-
tion was 15, so the total number of questions provided
through the computer to the students as a whole was ap-
proximately 135,000. We believe that this system shifts
a majority of the course from instructor-driven delivery of
knowledge to an active student-learning paradigm.

There were 2 major categories of student comments
that provided insights into possible weaknesses in the
module approach. First, a few students indicated that they
briefly studied before taking the modules, and then took
the modules repeatedly until they documented compe-
tency and their score was as high as they desired (gener-
ally .90%). Although this may appear to be a weakness,
it may just represent a new approach to studying the ma-
terial. Two facts support this argument: (1) to obtain
credit on any module question, a student had to be able
to write and spell the correct answer, not simply recognize
or ascertain the correct answer from a multiple-choice
question; and (2) the questions for each module attempt
were randomly chosen by the computer from a database.

Figure 2. Progression of module completion by students over time. The 50th percentile of module completion is approximated
on the graph (eg, at week 3, the 50th percentile for module completion was approximately 10.5 modules). It is important to note
that all students finished all modules in the proscribed timeframe.
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So it is more likely that student learning occurred rather
than students were by chance improving module scores
with subsequent attempts. Changes could be made to
allow a finite number of module examination attempts.
However, that would limit the students’ ability to study by
this method and the ability of weaker students to show
competency.

The second concern was that while students could
demonstrate evidence of mastery within a specific subject
of anatomy, they were not asked to exhibit a comprehen-
sive knowledge in the general subject of anatomy. There-
fore, it may be reasonable to add a midterm and/r final
examination so that overall competency could be docu-
mented. However this change would require a culture

shift in the course in that students would be required to
complete the modules in a more organized pattern (ie,
completing the first half of the modules before midterm).
Taking module examinations in a more regimented man-
ner might improve student learning as we have shown that
completing the module examination before attending the
cadaver laboratory increased practical examination
scores in the laboratory (Figure 5).

SUMMARY
The competency module approach presented for this

course appears to be well suited when students need to
comprehend and assimilate large amounts of foundational
knowledge. This is appropriate for many basic science

Figure 3. Evidence of student learning within the ‘‘Appendicular Musculature’’ module. The scores for module examinations are
shown for students grouped by the number of times they completed the module examination. For example, students in group A took
the module examination 2 times (n 5 15) while students in group F took the module examination 7 times (n 5 5). There was
significant improvement between students’ first attempt and their second attempt (p , 0.001). Similar statistical improvements
were seen in all groups where the number of attempts was $ 5. There were no significant differences in the final module grade
among the 6 groups (ANOVA).
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courses in pharmacy. For example, basic biochemistry,
medicinal chemistry, and pharmaceutics could be taught
using this approach. In addition, this method could be
implemented to teach students common drugs, including
generic and brand names, mechanisms of action, dosing,
adverse effects, major interactions, and contraindications.

The Keller approach using a computerized system
significantly improves feedback for student learning
and allows them to truly take ownership for gaining com-
petency in the course. Improvement leads to increased
competency among various student groups and a self-
paced, student-driven, active-learning process. To our
knowledge this is the first documented use of a computer-
ized, self-paced competency model in a pharmacy school.
Previous implementation may have been limited since it
requires faculty members to provide student feedback and
tutoring on every examination item and the development
of multiple examinations for each content module. Our
innovation is found in the use of computerized technology
that allowed us to create random module examinations
and provide immediate feedback and tutoring to the
students.
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Figure 5. Correlation between students’ gross laboratory
scores and the number of modules students completed
(.70%) prior to the laboratory. Data reported as Mean 6

SEM.

Figure 4. The total number of module examination attempts
a student required to complete the course was dependent on
the number of anatomy courses they had completed prior to
taking the course. Data reported as Mean 6 SEM.
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