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Abstract: First year dental students at The University of Texas Dental Branch at Houston (Dental
Branch) are required to take a basic biochemistry course. To facilitate learning and alow student
self-assessment of their progress, WWW -based |essons covering intermediary metabolism were de-
veloped as a supplement to traditional lectures. Lesson design combined text, graphics, and anima-
tions and included learner control, links to other learning resources, and practice exercises and ex-
ams with immediate feedback. Results from an on-line questionnaire completed by students in two
different classes showed that they completed 50% of the lessons and spent an average of 4 hrs. on-
line. A mgjority of the students either agreed or strongly agreed that practice exercises were helpful,
that the ability to control the pace of the lessons was important, that the |esson structure and presen-
tation was easy to follow, that the illustrations, animations, and hyperlinks were helpful, and that
the lessons were effective as a review. The very positive response to the WWW-based |lessons indi-
cates the useful ness of this approach as astudy aid for dental students.
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A chalenge for today’s educators, including
those involved in dental education, is to help the stu-
dent learn rather than just teach. Development of
critical thinking skills and the ability to be a life-long
learner are required for a successful dental career.
The development of computer technology and its
incorporation into the learning process allow these
goals to be more easily met. Developers of online
courseware have taken a variety of approaches to
facilitate leaming and make it more accessible to the
student. Textbooks are now often accompanied by
CD-ROMs and/or links to a publishers website that
contain additional material including enhanced ver-
sions of material that could not be represented in a
printed textbook. This includes animations and 3
dimensional representations of anatomic features,
cells, and proteins for example. Complete textbooks
can be entirely published online.*? Stand aone CD-
ROMs also have been published on a variety of sub-
jects and many instructors post material such as lec-
ture notes, answers to problems, and complete les-
sons on the WWW. All of these media can be used as
supplements to the traditional lecture/laboratory
course or can be used to deliver the course without
any traditional in-class lectures. The key to al of

these varied types of computer assisted learning is
interaction; either with the content or ketween the
student and other students or instructors® This tech-
nology can promote “learning to learn in situ” 4 1n
amost all cases where an assessment was conducted,
the computer-assisted education was at least as effec-
tive in instructing students as traditional lectures.””’

However, many factors can contribute to measured
outcomes and a pragmatic approach in evaluation of
educational outcomes focuses on students’ perception

of their educational experiences 8

A wide variety of didactic, clinical, and continu-
ing education courses in dental education are cur-
rently available on the WWW. Many of these have
been carefully evaluated and shown to be effective
teaching/learning tools for dental education.® These
include courses in denta anatomyg, endodonticslo,
orthodonticsll, prosthodonticslz, and radiography.13
The computer program in the dental anatomy course
focused on tooth recognition, and students using this
program scored better in both didactic and practical
examinations.” An online course in dental terminol-
ogy for dental hygiene students, containing labora-
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tory exercises in addition to content pages, was
shown to be as effective as traditional classroom in-

struction!*  Several examples of biochemistry

courses online also exist. Rourk™ describes the use
of aCD-ROM together with a textbook to better rep-
resent aspects of biochemistry as 3D models. The
Booksadoctors site? lists four biochemistry, four mo-
lecular biology, and several other biochemistry-
related texts as available for free online through their
website. Recently, large numbers of continuing edu-
cation gCE) courses have become available on-
lineX®Y" An extensive evaluation of nine different
online CE courses indicated that most users gained
new knowledge and obtained an increased under-
standing of the material 1819

A model developed for the implementation of
online courseware, the hypertutor or hypermedia
model, encourages the learning process by incorpo-

rating five specific instructional parameters.zo22
These are learner control, presentation, practice,
feedback, and added learning resources. These hy-
permedia programs allow both linear and non-linear
navigation through the material and have been shown
to benefit the students regardless of their learning
styl&;.s‘zo’zg"26 The inclusion of hyperlinks to out-
side sources makes access to a broad range of lean-
ing resources possible and lets the user access these
resources as needed almost instantaneously. Al-
though the more eqerienced user is more likely to
choose a non-linear pathway25 all users are thus em
powered to make their own decisions as to what re-
sources they need to master the subject matter. 2%
Elaborative learning and reinforcement are both im
portant characteristics of most computer-based pro-
grams. These technigues have been shown to be use-
ful methods for increasing student’s retention of

learned materials.26

A course in biochemistry is required for all stu-
dents by the Dental Branch to help meet the Ameri-
can Dental Association accreditation standards in
biomedical sciences instruction. This course is a dif-
ficult subject for first year dental students and as
taught at the Dental Branch is very time intensive.
There is not enough in-class time or sudy time for
most students to master the material even though
biochemistry is a prerequisite for admission to the
Dental Branch. Therefore, new methodologies to
enhance the student’s ability to master the subject
were investigated and the decision made to use
WWW-based lessons as a supplement to the in-class
lectures. A series of lessons covering the metabolism
section of Dental Biochemistry 1521 were developed
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following the hypertutorial model to answer the fol-
lowing research question. “How effective are online

lessons as a supplement to traditional lectures?”
Methods

Development of WWW-based Lessons - De-
velopment of the WWW-based biochemistry lessons
was done at the Dental Branch. The mgjority of the
lessons, which were developed by the author, were
written in Hypertext Markup Language HTML) us-
ing a basic text editor. Form elements and interactive
exercises and examinations were programmed using
JavaScript. The lessons comprise approximately 275
HTML and image files for a total of 3 megabytes. A
web-based lesson was defined as an interactive way
of presenting material to the student. The lesson
combines text, graphics, and other multimedia tech-
niques to improve the learning experience. An impor-
tant feature is learner control viaimbedded questions
with immediate feedback. The material from the lec-
tures is broken into smaller “packets’ to improve the
ease of studying the material. Key words within the
lessons were hyperlinked to aglossary developed asa
separate HTML document, specifically for these les-
sons. The Table of Contents for the lessonsis shown
in Figure 1 contained in the appendix. For the pilot
study, only lessons 1-8 were available to the students.
This was followed by the 2 years of the main study
where dl lessons were available and reviewed by the
students.

Instructions to Students - Students enrolled in
the Biochemistry course were given the URL for the
lessons and instructions regarding completing lessons
and the evaluation in order to gain credit for their
work. Students were awarded 5 points (total course
comprises 700 points) for completing lessons and the
evaluation. Because of problems encountered with
emailing the evaluation form to the instructor, some
students turned in a printed copy of the evaluation.
The student’s name was recorded to give them credit
and then removed from the evaluation form so that
the results of the evaluation were tabulated anony-
mously. The lessons are now password protected.”

Assessment Tool - The on-line evaluation form
used to obtain student responses contained both
Likert scale questions and free text questions. The
anchor statements for the Likert scale were: Strongly
agree, Agree, No difference, Disagree, Strongly dis-
agree. This tool contained questions about lesson
structure (3 questions) and content (5 questions), the

" Contact the author i you desire to view these lessons or the
complete evauat ion form.
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value of practice exercises (3 questions), their general
impressions of the web-based instruction (7 ques-
tions), and asked the students to estimate the time
spent and percentage of |essons they completed. One
question asked the students for their “level of experi-
ence” with computers. In addition, the students were
asked for “what they liked best,” “what they liked
least,” and any additional comments that could be
answered as free text. Student’s responses to surveys
of time spent online have been shown to be generally
substantiated by server statistics?’ The assessment
tool was reviewed by several UT-Houston faculty
experts in this type of evaluation process to assess its
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intermediary metabolism (the subject of the WWW-
lessons). The students were told that they could re-
ceive credit by completing the questionnaire even if
they did not find the WWW -lessons useful.

The students spent approximately four hours
using the WWW -based lessons and completed ap-
proximately half of the material (Table 1). The wide
variation in the use and completion rate of the lessons
probably reflected several factors including the fact
that the lessons were not mandatory, no fixed amount
of time was required to obtain credit, and the fact that
all required leaming objectives were contained in the
traditional lectures and handouts. In addition, stu-

Tablel

Use of L essons

1999/2000 2000/2001
Time spent (hrs)* 37+ 45 39+ 33
(range 0.1-14) (range 0.3-20)
% of Lessons Done" 47+ 33 66+ 28
(range 10-100) (range 10-100)

Results are presented asthe average + SD

* Student response to the question “ Approximately how many hours did you use the web-
based biochemistry material ?’

*Student response to the question “ Approximately what percentage of the web-based bio-

chemistry lessons did you complete?’

face validity. In addition, a pilot study was conducted
with a sample of students (6 of 63 students in the
1998/1999 class) to further refine the assessment tool
and the lessons.

Responses to the Likert scale questions were
tabulated and reported as % of respondents giving a
certain esponse. Student responses to the free-text
guestions were analyzed for major themes and the
frequency of response for each theme recorded.

Sample Size - For the full evaluation, the
1999/2000 class, 52 of 61 students (85%) enrolled
completed some lessons and the evaluation while
98% of the students (61/62) from the 2000/2001 class
completed some lessons and the evaluation. The
process of quantifying the number of lessons com-
pleted is described fully in the Results section.

Results
Students enrolled in Dental Biochemistry 1521

were given access to all of the lessons and instruc-
tions in their use at the beginning of the lectures on

dents’ background and knowledge of biochemistry
varied widely depending mainly on the undergradu-
ate institution attended and this probably influenced
the extent of time spent on the lessons.

The student responses to the questionnaire are
tabulated in Table 2. The results obtained from the
two classes were very similar. Greater than 90% of
the students agreed or strongly agreed that the direc-
tions for using the lessons were clear, that the prac-
tice exercises were helpful, that the ability to control
pace of the lessons was important, and that more Ba-
sic Science courses should be available on the
WWW. Approximately 60-80% agreed or strongly
agreed that the structure and presentation of the les-
sons was easy to follow, that the lessons were inter-
esting and were effective as areview. A similar num
ber agreed or strongly agreed that the illustrations
and animations were helpful and that the hyperlinks
to the internal glossary and outside sources were
helpful. About 50% agreed or strongly agreed that the
lessons emphasi zed what the student needed to know
and that the amount of material presented in each
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Table?2
Results of the evaluation (% of students giving each response)
1999/2000 2000/2001
/2 3 4/5’ vx 3¢ 45
1. Directions clearly stated 9% 0 2 100 0 0
2. Easy to follow 73 23 0 69 31 0
3. Useful for National Boards** 45 23 0 44 26 2
4. Interesting? 69 27 4 49 5
5. Practice exercises helpful ? 98 2 0 97 3 0
6. Overall effectiveness 69 21 6 70 30 0
7. Emphasized what needed to know? 58 40 2 4 41 10
8. Illustrations & animations helpful ? 7 21 2 84 15 O
9. Hyperlinks helpful ? 66 3 0 87 13 0
10. Appropriate amount of material 50 %} 6 41 49 7
11. Like ability to control pace 9% 4 0 87 13 O
12. More Basic Sciences on WWW 98 2 0 84 1 5
13. Enjoyed lessons? 69 27 4 I 18 3

*1/2= Strongly agree/Agree
*3= No difference
? 4/5= Disagree/Strongly disagree

**33% (in 1999/2000) and 28% (in 2000/2001) had no response to thisquestion probably because the students
have not begun studying for the National Boards Part |. In all other cases the number of students checking “No

response” was <3%.

lesson was appropriate. In almost al of cases the
number of students replying “no response” was <3%.

Approximately 45% of the students agreed or
strongly agreed that the lessons would be useful for
study for the Dental National Board, Rrt | Exam,
while 23% indicated it would not make a difference
and 30% had “no response.” At the Dental Branch,
students take the National Board, Part | Exam after
their second year. Therefore, the relatively high level
of “no response” reflects the student’s unfamiliarity
with the National Board Exams during their first se-
mester in dental school. Further study of the students
during their review for these exams would be neces-
sary to adequately assess the usefulness of the
WWW-|essonsin the review process.

As indicated by Table 3, greater than 90% of the
students in both classes indicated that they used com
puters at least occasionaly. In the 1999/2000 class,
58% of the students ndicated that they were very
familiar with computers, using them for a variety of

tasks. This number was higher (79%) in the

2000/2001 class.

The student comments to the free-text question
“What was liked best” on the evaluation form for the
1999/2000 and 2000/2001 classes were similar and,
in general, elaborated on the answers given in the
scaled section of te form. However, two themes
stand out because of the frequency with which they
were mentioned by both classes. Thefirst isthe “abil-
ity of the student to set their own pace,” which was
included in 33% of the forms from each class, and the
second was the “helpfulness of the embedded ques-
tions” (included on approximately 25% of the forms).
The availability of immediate feedback for the ques-
tions was also cited as being very helpful in studying
(approximately 15% of the students). Comments re-
garding the use of color, animations, and diagrams
were listed by 5-10% of the students in the two years.
Some comments were made by only one or two stu-
dents, but were often very useful for evaluation and
future development. Several of these themes listed by
single students reflected learning style, for example,
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Table3
Computer Usage
1999/2000 2000/2001
Taught Bill Gates 1% %
Variety of tasks 54% 2%
Mainly word processing 35% 15%
Occasional use 6% 0
No experience 2% 0%

Student responses to the question “Which of the following statements de-
scribes your level of experience with computers?”’

and that they appreciated the material being presented
in adifferent way. One student specifically stated that
he/she was a visual learner. Although most students
liked the web-based lessons, several (5%) com-
mented that they did not want web-based lessons to
replace the traditional lectures. Approximately 10%
felt that more of the Biochemistry course as well as
the other Basic Science courses in the curriculum
should have material available on the Internet.

Students were asked to provide feedback regard-
ing “what they liked least” and how the instructional
modules could be improved. The majority of these
comments given in the free text section of the evalua-
tion form were related to problems with Internet a-
cess from home, the configuration of the computers
in the Dental Branch Learning Resource Center, and
with sending email responses to the instructor 20%
in the 1999/2000 class and 25% in the 2000/2001
class). Approximately 33% of each class commented
that the imbedded questions were too easy and that
these questions did not reflect the difficulty of ques-
tions given on the in-class examinations. Five percent
of the students felt that it was difficult to determine
which sections of the lessons were the most impor-
tant.

Discussion

A series of WWW-based Biochemistry |essons
covering intermediary metabolism were developed
for use by first year dental students at the Denta
Branch. The results obtained from two different first
year Dental Branch classes were ver é)ositive. In
agreement with many other studies, 12,24,2830 40
most important advantage of the use of these lessons,
as indicated in the student evaluations was the ability
to control the pace with which the lessons were used.
The interactivity of the lessons and the review ques-
tions and exams with immediate feedback was also

repeatedly cited by the students as important features.
The availability of “sample test questions” was im
portant and the one consistent comment from the
students was that they wanted more questions that
were representative of in-class exam questions.

One factor that could influence the student’s
perception of the usefulness of the lessons is their
familiarity with the use of computers. All students
complete a course entitled “Information Resources
Training” in the week prior to the start of formal
classes at the Dental Branch. Greater than 60% -
ported using computers for a variety of tasks. There-
fore, familiarity with the use of computers probably
did not influence the students use of the WWW-
based |essons.

Most of the student comments in the freetext
section of the evaluation elaborated on the responses
to the objective section. However, severa themes
were very insightful in understanding the value of
such WWW-based lessons to Dental School educa-
tion. For example, statements were made related to
different learning styles and were consistent with the
many theories that students learn in different ways.
One student directly stated that he/she was a “visual
learner” and was helped by being able to read over
the material as many times as needed.

Feedback contained in the free-text comments
from the students led to improvements in the WWW-
based lessons. In response to these comments from
the 1999/2000 class, “practice exams’ modeled after
guestions from previous years exams were included
for the 2000/2001 class. These questions gave imme-
diate feedback to the students regarding the correct
answer and explanations were provided for many
correct and incorrect answers as appropriate. Even
with this added resource, the students in the
2000/2001 class wanted more practice exercises. Stu-
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dent responses make it clear that the more of these
sample exam questions that are available, the better.
Several comments also made it clear that the web-
based lessons were perceived as a very useful e-
source for studying for this course and for the Na-
tional Board exams in the future.

In dental education, little literature exists con-
cerning the incorporation of critical thinking and life-
long learning and even less regarding the use of in-
formation technology in dental education to promote
these ideas. Johnson and Schleyer have argued for the
need for aset of guidelines to guide developersin the
production of high quality instructional material that

meets the students needs.31

It is important to understand how the use of
online education influences communication skills and
interactions between the gudents and between stu-
dents and instructors. 2 When the evaluation focusis
on students’ perception of the process, the outcomes
are generally very positive in favor of the incorpora-
tion of technology into the learning proce's's.8 How
technology is used cen make the difference between
meaningful and superficial learni ng.33 Although such
studies are in their infancy, it is clear that there is an
ongoing shift from a teaching to a learning para-
di gm.3’ 4,34,35

Problem-based learning, case-based learning,
and online learning all require a higher degree of stu-
dent hvolvement in the learning process. Active
learning must be the primary goal for the studentsto
benefit from WWW-based materials=° as increased
active learning has been shown to correlate with in-
creased understanding 2 This shift from a passive to
an ative learning process necessitates a change in
the pedagogical practices of instructors. Preliminary
data for a Biology course’’ and a “structure of the
Human Body” 2" course indicated that there wasa
correlation between student grades and the number of
times students accessed course material via the
WWW. The correlation was even better when only
students receiving final grades in the upper 33% of
the class were considered.

Based on the results of the present study; dental
students actively embrace the online learning para-
digm and want more of this type of learning in the
dental curriculum. However, instructors must ensure
that the goal of enhancing and improving the educa-
tional process not be overlookedg’ust to bring tech-
nology into the curriculum®?® Computer-based
learning must be more than an extension of the over-
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head projector or blackboard. These materials must
do more than reduce the old curriculum to a new me-
dia®*?® The evolvi ng literacy of being able to do
“informetion navigation” rather than only text/figure
navigation as found in traditional lectures and tex-
books must be incorporated.4 Allowing the learner to
learn in situ is an important aspect of the new teach-

. 4
ing pedagogy .

Computer-based instruction can serve as a cata-
lyst for change in many areas of teaching/learning not
directly associated with technology. Yazon et al
noted an increased interactivity by students in class
that they attributed to utilization of on-line resources
including asynchronous chat rooms. A change in
thinking about subject matter and its presentation on-
line can translate into better ways of presenting mate-
rial in class. This can include reorganization of lec-
ture topics, use of better means of presenting factual
information (ables vs. linear statements), and the
creation and inclusion of new graphics or animations
in lectures to engage the students. In addition, the
opportunity to integrate topics also lends itself to
web-based lessons”” since a common topic can be
linked to a variety of related topics. Several students
in the present study commented that they did not
want to have WWW -based Iessons eplace in-class
lectures. A balance between face-to-face teaching and
technology based teaching and learning must be
maintained.™ ™

Continuous updating and improvement are e-
quired to keep the WWW-based lessons current and
the positive student responses indicate that this is
time well-spent by the instructor/web-author. An
important goal for the future of these WWW -lessons
will be to continue to add more representative ques-
tions to the practice exams. Integration of WWW-
materials accompanied by the posting of digitized
lecture materials should greatly enhance the utility of
both resources for the student.

The results presented in this study indicate that
WWW -based lessons can serve as an important study
aide to dental students taking a biochemistry course.
Further research is necessary to determine other uses
for the WWW-based biochemistry lessons. For ex-
ample, students needing to remediate sections of a
course oould review relevant sections without having
to go through the entire course again. In addition,
these lessons are ideal for review for the National
Board Part | Exams. The ability to navigate through
the material in anon-linear fashion isideal for review
purposes. These lessons could also be used in the
clinical setting either within the dental school or in
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private practice to provide the basic science back-
ground to aclinical problem. Further development of
biochemistry and other basic scence material could
also be used in the distance learning and continuing
education setting.
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