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Abstract
Blended learning integrates online learning modules with traditional in-class-
room lectures. Little is known about the effectiveness of blended learning in op-
tometric education. The goal of the study is to compare traditional vs. blended 
learning by optometry freshmen, focusing on the essentials of medical pharma-
cology. The results suggest a positive trend in understanding pharmacology with 
blended learning and warrant further implementation. Even with advanced 
technology, instructors still must know why, what and how educational technol-
ogy can enhance learning. Further, instructors should start slow and be flexible 
to change.
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Background
ver the past few decades, 
computing technologies 
have advanced exponential-
ly and drastically changed 

the way things get done in almost all 
aspects of life. Although the 21st cen-
tury comes with the availability of very 
powerful computers and fast informa-
tion networks, many classrooms in 
education, even in higher education, 
are still conducted via a format that 
was established in the 19th century. In 
an attempt to advance education from 
the 19th to the 21st century, educa-
tion researchers, trainers and teachers 
have designed and implemented a va-
riety of teaching methods that use on-
line technology to improve traditional 
face-to-face teaching. One particularly 
successful strategy is blended learning, 
in which students learn via online ac-
tivities at their convenience in addition 
to traditional face-to-face sessions.1 
Blended learning is not new and has 
been widely applied in the training in-
dustry for more than a decade.2 Blend-
ed learning has gained more popularity 
and applications over the years and is 
believed by many education research-
ers to be the predominant model for 
future education, surpassing either 
fully online or face-to-face instruction.3 
In 2010, a report by the International 
Association for K-12 Online Learning 
indicated that 75% of school districts 
nationwide had one or more students 
taking an online or blended learn-
ing course, and that the revenue for 
the online learning market was about 
half a billion dollars, with 30% annual 
growth.4 In 2011, Horn and Staker of 
the Innosight Institute reported that 
the number of K-12 students taking 
online courses has increased rapidly 
from 45,000 in 2000 to more than 3 
million today, and that by 2019 the 
majority of high school courses will be 
available online.5 For higher education, 
the number of online courses available 
is expected to be even higher because 
higher education institutions have been 
earlier adopters of educational technol-
ogy than K-12 institutions in teaching 
and training students. A recent analysis 
of high impact scholarship and publica-
tion trends in blended learning found 
that the vast majority (66.1%) of the 
analyzed publications focused solely on 
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the higher education setting.6 Clearly, 
online learning modules or activities 
have been increasingly integrated in 
education over the past few decades. 
Blended learning has become the 
method of choice for many students in 
education and training for a number 
of reasons. The systematic integration 
of an online component to traditional 
teaching introduces new opportunities 
for students and teachers to interact 
meaningfully with technology.7 Blend-
ed learning provides greater flexibility 
and responsiveness in the teaching and 
learning process.8 Online instruction 
can overcome the limitations of time 
and space via instant access anywhere, 
anytime. Further, online learning mod-
ules support novel ways to learn beyond 
what textbooks can offer to students.9 
For example, a video clip on a subject 
matter can be linked and played directly 
online to enhance learning. Overall, ap-
plications of online technology in edu-
cation can facilitate a community of in-
quiry and learning, which can take place 
asynchronously on an as-needed basis. 10 
Computer-assisted instruction also 
has been an important component of 
medical education in numerous medi-
cal institutions for more than two de-
cades11,12 because of its flexibility and 
ubiquitous accessibility. Early online 
learning modules were developed and 
used to enhance clinical experiences 
and to comply with medical educa-
tion standards.13,14 Recently, Rowe et 
al. did a literature review to determine 
the impact of blended learning in den-
tal, medical and pharmacy schools. The 
authors found only a few studies that 
evaluated the role of blended learning 
in clinical education, but these studies 
suggested that blended learning has the 
potential to improve clinical competen-
cies among healthcare students.15 Addi-
tionally, blended learning has been im-
plemented in didactic teaching as well, 
as in microbiology with satisfactory and 
valued student experience16 and in bio-
chemistry with a majority of students 
finding it intellectually stimulating.17 
Although blended learning has been ap-
plied and studied in other health-relat-
ed fields, few, if any, reports have been 
published for optometric education. 
The only report about online learning 
activity in optometric education was a 
survey given to a group of second- and 

third-year students from the School of 
Optometry and Vision Science at the 
University of New South Wales to as-
sess the usefulness and the frequency of 
use of a learning management system 
(WebCT).18 The authors concluded 
that Web-based learning tools can serve 
as a platform to facilitate independent 
learning and foster learning communi-
ties among optometry students. 
With respect to pharmacology, Rosen-
baum et al. recently designed and de-
livered a five-week course in clinical 
pharmacology via blended learning for 
six postgraduate dental students and 
concluded that a blended learning for-
mat can be successfully integrated into 
postgraduate dental education. The use 
of a blended model provided these stu-
dents with enhanced flexibility, loca-
tion convenience and time efficiency.19 
In an attempt to add new knowledge 
on the potential effectiveness of blend-
ed learning in optometric education, 
we designed an initial study to com-
pare traditional vs. blended learning 
in a pharmacology course for first-year 
optometry students. This report high-
lights some lessons we learned and 
shares what we plan to do differently 
for a better experience and improved 
learning in the future.

Methods
At Pacific University College of Op-
tometry (PUCO), Essentials of Medi-
cal Pharmacology is composed of three 
one-credit courses, two of which are 
conducted in the fall and spring of 
freshmen year and the third of which 
is given in fall of sophomore year. This 
study was done for the first course, 
which was taken by 90 optometric 
students in the first semester of their 
first year. The class started with a tra-
ditional method of a one-hour lecture 
on Wednesdays followed by biweekly 
quizzes and a midterm exam. This is 
the way most of the first-year courses 
are conducted at PUCO. Once half of 
the pharmacology course was complet-
ed, the class shifted to a blended learn-
ing format. During week eight, online 
learning activities were added to the 
face-to-face discussion for the remain-
ing half of the course. In this portion 
of the course, online learning activities 
were posted onto the Moodle Learning 
Management System on Sundays prior 
to the in-class lecture on Wednesdays. 
(Table 1) The students got an e-mail 
update whenever a new learning item 
was posted onto Moodle. Additionally, 

Traditional Contents on Moodle Blended Contents on Moodle

Table 1 
Representative Contents on Moodle
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students were reminded to complete the 
weekly online learning activities before 
coming to class. The pre-session online 
activities included a summary podcast 
on the topic of the week and an online 
quiz with five questions. When the 
blended learning format was first intro-
duced, the in-class sessions began with 
several questions being presented to the 
students via Poll Everywhere (www.
polleverywhere.com/). (Figure 1) The 
students worked in randomly assigned 
groups of four or five to complete the 
questions and submit answers. The re-
sponses were immediately viewed as 
they were submitted with the software, 
and further explanation and clarifica-
tion were conducted by the instructor. 

Figure 1 
An Example of Interactive Discussion via  

Poll Everywhere

Figure 2 
Students Respond to How Well Online Learning 

Modules Prepared Them for Class or Quiz

Figure 3 
Students Respond to How Well Online Learning 

Modules Helped Them to Understand the 
Material (n=63)

Figure 4 
Students Respond to How Much Time They Spent 

Outside of Class for Each Hour in Class

A post-session quiz with five questions 
was made available online until Fri-
days. Weekly podcasts of the relevant 
topics were recorded in 5- 10-minute 
segments via Audacity software (http://
audacity.sourceforge.net/) or Camtasia 
software (http://www.techsmith.com/
camtasia.html). Assessments including 
biweekly quizzes and two exams were 
carried out online via Moodle for the 
entire course. Pre-tests and post-tests 
were developed and administered be-
fore and after each half of the course. 
Additionally, a satisfaction survey was 
administered to the students at the end 
of the course. T-tests were performed to 
evaluate the results of tests and exams 
comparing the data of the two formats. 

Results 
Sixty-three out of 90 students respond-
ed to the end-of-class survey. Figure 2 
shows that about two-thirds of the stu-
dents found the online activities were 
helpful in preparing for class discus-
sion or performing on a quiz. Similarly, 
Figure 3 shows that about two-thirds 
of the class found the online activities 
useful in understanding pharmacology. 
Figure 4 confirms that the majority of 
the class spent more than an hour en-
gaging in course work outside of the 
class for each hour in-class session, and 
21% of students spent more than three 
hours working outside of class time. 
Figure 5 identifies that about half of 
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the class preferred to have some on-
line activities in addition to traditional 
lecture, whereas the other half did not 
prefer to do online activities. Figure 
6 shows that the majority of students 
were more comfortable with the tradi-
tional format.
Two-tailed t-test analyses were done to 
compare the effectiveness of traditional 
vs. blended learning with respect to tests 
and examinations. Table 2 shows both 
methods significantly improved the av-
erage post-test scores. Table 3 shows the 
class average percentage for exam 1 via 
traditional learning was not significantly 
different from the class average percent-
age for exam 2 via blended learning. 
Finally, Table 4 presents some represen-
tative likes, dislikes and suggestions for 
future improvement to the course.

Discussion
To the best of our knowledge, this was 
the first study comparing traditional 
learning with blended learning in 
medical pharmacology by a large class 
of optometric students. As an initial 
attempt to introduce blended learning 
in pharmacology, we wanted to know 
how students would accept a new edu-
cational method, and how effective it 

Traditional Learning Blended Learning

Pre-Test Post-Test Pre-Test Post-Test
N 90 86 88 88
Average	(x/16) 7.04 12.82 5.81 7.06
STDEV 2.09 2.43 1.87 2.43
Two-Tailed T-Test P = 1.05 x 10-37 P = 1.79 x 10-4

Exam 1 Exam 2

N 90 90
Average	(%) 75.15 77.28
STDEV 8.14 11.52

Two-Tailed T-Test P = 0.155296

Likes Dislikes Suggestions

I really like online modules 
because I’m able to listen to the 
lecture	before	AND	after	class.

It	seemed	like	WAY	too	much	infor-
mation for a 1-credit course.

Make	sure	it’s	known	what’s	
expected of us.

It is helpful to have the online 
modules because then we are 
able go back and re-listen to 
them while we study.

They sometimes add more work/
demand than should be necessary 
for a 1-credit class.

I feel that the lecture time in 
class should be used to teach 
and go over required material, 
while questions and modules 
should be done outside of class.

I	enjoyed	having	two	attempts	at	
the online quizzes because I felt 
less pressured time-wise.

No	more	online	lectures	unless	it	is	
supplemental to the actual lecture 
material given in class.

Consistency	is	the	most	impor-
tant so that we know what to 
expect and how to study.

I really love the post quiz ques-
tions because it gives me an 
idea of where my focus should 
be.

I didn’t like how we have to listen to 
the recordings prior to lecture.

I think online pharm “assign-
ments”	every	week	is	better	than	
quizzes.

I also like the learning points. Depending on the workload for the 
week it was sometimes challenging 
to	fit	in	time	to	listen	to	the	online	
modules.

OPT541	should	be	formatted	
how we are currently doing it 
with the traditional lecture in 
class	with	activities	on	Moodle	
and learning points on the side.

I really liked how on one of the 
lectures the information was 
already in the notes.

It is also hard to expect us to have 
the time to sit down and learn the 
material before we come to class. 
This is only a 1-credit class and I 
feel too much has been expected of 
us for this type of course.

I would like to have the online 
quiz questions available after it 
is taken.

Online	modules	were	helpful	
in preparing and knowing what 
we would be discussing in the 
upcoming class. I believed the 
blended lectures helped a lot in 
preparing for the quiz.

It’s	just	kind	of	inconvenient	to	
remember to do another thing out-
side of class, and then if you don’t 
remember to listen to the online 
lecture you’re totally lost during 
lecture.

Maybe	you	could	disperse	the	
quiz questions a little bit through-
out the lecture after you cover 
the concept.

Since so much of the information 
goes by really quickly, it’s nice to 
be able to go through the Power 
Point with the audio lecture when 
studying.

I don’t like that we have all of our 
tests and quizzes on our computers.

I think that whatever is on the 
online module should also be 
gone over in class, and then it 
can be used as supplementary 
material.

Table 2 
T-Test Analyses of Pre-Tests and Post-Tests

Table 3 
T-Test Analyses of Exam 1 via Traditional 

Teaching vs. Exam 2 via Blended Learning

Table 4 
Summary of Representative Reflections from Students in the Course 

with Regard to Blended Learning

Figure 5 
Students Respond to How Much Online Material 

They Prefer

Figure 6 
Students Report Which Format They Prefer
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is compared with traditional teaching 
strategies. A snapshot of the representa-
tive contents on Moodle is presented in 
Table 1. The data from the study pro-
vided some interesting lessons and rec-
ommendations for future improvement 
and implementation. 
After two blended sessions, at week nine 
and 10, feedback from the students was 
that many of them were lost during the 
face-to-face discussion because they did 
not have time to do the pre-session on-
line activities before class. They were 
busy with other courses and would like 
to have the materials presented to them 
in class as before. For those who did the 
pre-session online activities, they found 
that the online learning activities were 
helpful for them to follow the inter-
active discussion via Poll Everywhere. 
They had a better understanding of 
the course materials and did well on 
the quizzes (Figures 1 and 2), but they 
also wanted to have some materials pre-
sented in class. By just having questions 
and answers via Poll Everywhere alone, 
they felt lost the majority of times. The 
students’ immediate reactions to the 
blended format were understandable 
because this was their first semester in 
a professional school with a heavy load 
of courses. They had just started to get 
a handle on their courses and were be-
coming comfortable with the tradition-
al format of learning in this and other 
classes, and suddenly they had to em-
brace a blended learning format with 
new delivery of materials in this course 
after the midterm. Moreover, pharma-
cology was only a one-credit course 
that appeared to require relatively more 
work outside of class compared with 
other courses (Figure 4).
After two initial sessions of the blended 
format and feedback from the students, 
a few changes were adopted. The pre-
session online summary of the weekly 
topic continued to be posted prior to 
the face-to-face session. However, some 
materials were also presented in class. 
In addition, Poll Everywhere was still 
used, but at a later portion of the class 
to review what was covered. Post-ses-
sion quizzes were discontinued because 
many students did not have time to 
complete the quiz within the short time 
frame that it was open. Most of the stu-
dents appreciated the changes and were 
comfortable with the new blended for-

mat for the rest of the course.
In terms of assessment outcomes, some 
assessment outcomes did not show sig-
nificant differences after the change to 
the blended learning format. The post-
tests were significantly better than pre-
tests with either format, confirming 
that the students learned new knowl-
edge about pharmacology regardless of 
teaching format. (Table 2) Similarly, 
there was not a statistically significant 
difference in the average percentage 
score between exam 1 via traditional 
learning and exam 2 via blended learn-
ing. (Table 3) Moreover, the average 
of the last three quizzes via blended 
learning was higher than the first three 
quizzes via traditional learning. (Figure 
7) Although blended learning was car-
ried out for only five sessions, the cu-
mulative data suggests a positive trend 
in understanding pharmacology with 
blended learning and warrants further 
implementation. 
At the end of the course, a completion 
survey was administered via Moodle, 
and students were encouraged to pro-
vide reflections on the course. Sixty-
three out of 90 students in the class 
responded with answers and feedback. 
The majority of respondents found 
that online activities were helpful or 
useful in preparing for quizzes and un-
derstanding pharmacology. (Figures 2 
and 3) About half of the respondents 
preferred to have some online activities 

as part of the course (Figure 5), even 
though they needed to spend more 
time outside of class learning via online 
activities. (Figure 4) However, when it 
came down to which format of learn-
ing they would choose, the majority 
of respondents chose the traditional 
method. (Figure 6) This final answer 
was surprising initially, given the data 
that students in the blended learning 
portion of the course achieved slightly 
better assessment outcomes. Perusal 
of the feedback on likes, dislikes and 
suggestions as summarized in Table 4 
showed that students liked the online 
activities, which were convenient and 
accessible anytime. The major dislike 
was that too much time was required 
in the blended portion of the class for a 
one-credit course when compared with 
other higher-credit courses. Therefore, 
the main reason why the majority of re-
sponders still preferred the traditional 
format might be that it required less 
time outside of class for a one-credit 
course. 
After evaluation of students’ reflec-
tions, a few meaningful reminders need 
to be made. Students do not like sud-
den change once they have established 
their learning habit. Further, they do 
not want to spend more time outside 
of class to learn independently online. 
A few lessons learned from this study 
include the importance of giving and 
repeating clear instructions and ex-

Figure 7 
Average Quiz Score (x/6) 

(The first 3 quizzes were via traditional learning;  
the later 3 quizzes were via blended learning.)
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pectations whenever a new teaching 
format is used, making sure that ad-
ditional online activities require a rea-
sonable time commitment, and provid-
ing open-access to practice questions. 
Based on the experience, feedback and 
suggestions from this study, the next 
course in the series will be conducted 
via blended learning with a pre-session 
online summary, in-class discussions, 
biweekly quizzes and exams.
Although blended learning incorpo-
rates advanced educational technology, 
educators must first know why they 
want to use the educational technology, 
what they want to achieve and how the 
educational technology can enhance 
teaching.20 Further research of blended 
learning literature revealed that a face-
to-face component is critical to the suc-
cess of blended learning because stu-
dents like to be in class and work with 
peers to connect, collaborate and learn 
from each other. Furthermore, students 
also appreciate interacting with and 
learning directly from their professors. 
This is supported by earlier research, 
which discovered that when the face-
to-face portion was eliminated, the 
teaching was ineffective.21 
In a recent article, six blended learning 
models were proposed.5 The first is the 
face-to-face driver model in which the 
teacher uses online learning to supple-
ment in-class lecture. The second is the 
rotation model in which students spend 
a fixed duration of time learning online 
and the remaining time in class. The 
third is the flex model in which most 
of the learning is online and the teacher 
is available on an as-needed basis. The 
fourth is the online lab model in which 
the entire course is delivered online, but 
within a brick-and-mortar setting, and 
is supervised by paraprofessionals. The 
fifth model is the self-blend in which 
students choose to take one or more 
courses online to supplement their di-
ploma requirements. The sixth and final 
is the online driver model in which all 
the course contents are delivered online 
with online teachers. For those who 
plan to implement a blended learning 
model for the first time, a face-to-face 
driver model is probably the easiest and 
best way to begin because it allows for 
a slow transition or flipping from tra-
ditional learning to online learning. In 
this model, the teacher delivers most of 

the course content in class and uses on-
line learning modules as supplements.5 
The strengths of this study were that it 
was done in a relatively large class and 
compared blended with traditional 
learning. The weaknesses of the study 
were that it was a simple study design 
and could not convincingly answer the 
question on effectiveness because there 
were various uncontrollable variables, 
such as students’ previous knowledge 
of pharmacology and the time students 
spent online. However, the study pro-
vided valuable experience for better 
study design for future investigation 
and for improvement of future imple-
mentation in the next series of the 
pharmacology course.

Conclusion 
Blended learning has been implement-
ed and studied in higher education for 
more than a decade. More recently, 
K-12 schools also have incorporated 
blended learning in their curricula. The 
promises of blended learning are that 
it has potential to be transformative 
by offering the “best-of-both-worlds.” 
That is, by incorporating the ubiquity 
of online learning approaches with the 
best active learning that traditional 
face-to-face education affords, students 
would be more engaged in learning and 
retaining new knowledge. Although it 
is exciting to incorporate novel educa-
tional technology into teaching, one 
must know why, what and how online 
learning activities can enhance learning. 
Moreover, one must start slowly with 
clear instructions and expectations, and 
be adaptable to feedback and changes.
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