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Objective. To compare performance and preferences of students who were randomly allocated to class-
room or online sections of an elective course on immunization.
Methods. Students were randomly assigned to either the classroom or online section. All course activities
(lectures, quizzes, case discussions, vaccine administration, and final examination) were the same for both
sections, except for the delivery of lecture material.
Assessment. Students were surveyed on their preferences at the beginning and end of the semester. At the
end of the semester, the majority of students in the classroom group preferred classroom or blended
delivery while the majority of students in the online group preferred blended or online delivery (p,0.01).
Student performance was compared at the end of the semester. There was no significant difference for any
of the grades in the course between the 2 sections.
Conclusion. There was no difference in student performance between the classroom and online sections,
suggesting that online delivery is an effective way to teach students about immunization.
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INTRODUCTION
Online courses have been offered in higher education

in general and pharmacy education specifically for many
years. As of 2011, 31% of all higher education students
took at least 1 course online, and this percentage has in-
creased steadily since 2003.1 An online course has been
defined as a course in which 80% ormore of the content is
delivered online.

Historically, the classroom has been the standard
venue for delivering information to students.2,3 There are
both advantages and disadvantages to online courses when
compared to the classroom setting. Online courses allow
flexibility in both when and where students learn mate-
rial,2,4,5 in the pace at which they learn course material,2

and in the amount of times they can reviewcoursematerial.
Offering courses in an online format allows universities to
increase course enrollment and to create new courses and
degrees.2,4 Some institutions use the online format exten-
sively to reach traditional and nontraditional students for
undergraduate andgraduate programs.6Conversely, online
courses can lead to social isolation for both students and
instructors.2,4,5 Also, students enrolled in online courses

are required to take ownership of their learning and assume
a more active role in learning course material.2,7 Some
students have more anxiety with online courses8 andmany
students spend more time on online courses than on face-
to-face courses.2 There is a start-up cost associated with
online courses and there canbe technical difficulties,which
can cause frustration for students and additional work for
universities.5

Classroom delivery has been compared to online de-
livery. A United States (US) Department of Education
meta-analysis evaluated the effectiveness of face-to-face
compared to online learning in all age groups.9 Most of the
studies included higher education students, with the most
common areas being medicine or health care. Students
taking an online course performed moderately better than
those learning in a classroom; however, the online courses
were often different than the classroom courses in some
way, including the time spent on course material.

In the health professions literature, classroomdelivery
has been directly compared to online delivery with phar-
macy, nursing, paramedic, radiologic technology, and den-
tal hygiene students, and with a continuing medical
education course.2,7,10-15 In the pharmacy literature, 1 study
compared student performance in a medicinal chemistry
course in a Web-based doctor of pharmacy (PharmD) pro-
gram with a traditional, on-campus PharmD program.14

Students performed similarly on examinations and in-class
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assessments; however, the on-campus students performed
significantly better on preclass assessment quizzes, case
presentations, and final grades. Another study showed that
students randomly assigned to either a distance-learning or
traditional classroom delivery method for a therapeutics
course module performed similarly.15 There is a lack of
evidence in thepharmacy education literature about a direct
comparison of online to classroom delivery of course ma-
terial, especially with the same cohort of students for an
entire course.

The Accreditation Council for Pharmacy Education
(ACPE) supports colleges and schools of pharmacy in
implementing innovative teaching delivery methods for
courses and states that institutions must evaluate if the
changes made were effective.16 Additionally, the ACPE
standards mention that institutions must use teaching and
learning methods that meet the “diverse learning needs of
students” andenable “students to transition fromdependent
to active, self-directed, lifelong learners.”

The University of Wisconsin School of Pharmacy is
a traditional 4-year PharmD program. The Comprehensive
Immunization Delivery elective course had previously
been offered in the spring semester and only third-year
(P3) students could take the course, with approximately
70% of students (90 to 100) enrolling. This course allowed
students to provide immunizations under the supervision of
a pharmacist while they were pharmacy interns and inde-
pendently once they became a licensed pharmacist. Phar-
macy students in Wisconsin could work as interns after
completing their second year of the PharmD program. In-
terns could participate in pharmacy-based immunization
programs if they had completed immunization training that
fulfilled the requirements in Wisconsin Act 68, which the
Comprehensive Immunization Delivery course did.

Several curricular changes were implemented for re-
quired PharmD degree courses with the class that began in
fall 2011. These changes resulted in second-year (P2) stu-
dents being able to take an elective course during the spring
semester, which they had not been able to do in previous
years.

During the spring semester of 2013, both P2 and P3
students could take the immunizations elective course for
the first time. The high interest in this elective course cre-
ated a challenge for the course instructor, as 2 classes of
students were able to take the immunizations course in the
same semester and the anticipated enrollment of students
far exceeded the capacity of the lecture halls. Because all
students could not take the course in the classroom setting,
an online section option was explored.

At the time of this study, theUniversity ofWisconsin
School of Pharmacy had not routinely used online
courses. The school had used blended learning for several

required courses. Additionally, there had been a campus-
wide initiative for educational innovationwith the univer-
sity that supported creative ways of delivering courses
and a desire for the development of online courses over
the previous year. The primary objective for this study
was to determine how online course delivery compared to
classroom course delivery in student performance, opin-
ions, and preferences when students were randomly
assigned to a section. Additionally, faculty time required
to teach an online course was measured.

DESIGN
The Comprehensive Immunization Delivery course

met for 50 minutes once a week. The classroom section of
the 1-credit course was conducted exactly as it had been in
previous years. Although, the course lectures were tradi-
tionally offered in the classroom and were not recorded in
the lecture capture system, there was 1 week that the class
did not meet and the lecture was available online. All stu-
dents were required to attend a hands-on vaccine adminis-
tration laboratory sessionaswell as to complete and respond
to a written vaccine administration question assignment.
There were 2 quizzes in the course (1 in class and 1 online)
anda final comprehensive examination.Theonly additional
assignments compared to previous years were completion
of 2 survey instruments, 1 at the beginning of the semester
and 1 at the end of the semester. All students in the course
received points toward their course grade for completing
both survey instruments, which assessed their opinions and
preferences. No additional coursework was assigned to stu-
dents who participated in the study.

Besides the location of the lectures, all other course
activities were identical for both sections. The classroom
lectureswere recorded for the online section andwere only
available to those students registered for that section. The
recorded lectures showed the instructor’s presentation
slides and included the audio of the presentation. Students
in theonline section couldwatch the lecture at any time and
as many times as they wanted. All students already were
familiar with recorded lectures and the lecture capture sys-
tem as other courses in the PharmD program recorded all
live lectures for student reference. Students in the class-
room section had access to the course instructor during
class. Both sections could access the course instructor
through e-mail and the instructorwas available for appoint-
ments to discuss any course questions or concerns.

The study included both P2 andP3 students. Students
who preregistered for the course and were interested in
participating in the study provided written informed con-
sent. Recruitment e-mails were sent to students who did
not complete consent forms but had preregistered for the
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course. Consent forms were accepted until the start of the
spring 2013 semester. Students were offered $10 on their
university card to cover printing costs as an incentive for
participating in the research study. The lecturing faculty
member was blinded to the participation status of the
students.

All students who enrolled in the course through the
preregistration process were randomly assigned to either
the classroom or online section using block randomiza-
tion. Students were informed by e-mail of their random-
ization and given the registration number for that course.
Exceptions to the randomization (eg, scheduling con-
flicts, personal issues) were not allowed.

Faculty time spent on the online course development
was minimal as the in-class lectures were recorded and
then posted online for the online section. Information and
instructional technology support was instrumental in
making sure the online section had access to the recorded
lectures in a timely fashion. No new technology was
purchased for implementation of the online section. As
a result of increased enrollment in the course, there was
an increase in faculty time required for grading assign-
ments and conducting the hands-on laboratory sessions.
Also, because of the overall increase in course enrollment,
additional proctors were required to administer the in-
class quiz and final examination.

EVALUATION AND ASSESSMENT
One hundred forty students participated in the study

for a participation rate of 83.3% (Figure 1). The survey
instrument administered at the beginning of the spring se-
mester includedquestions about demographic information,
technology, and course delivery.Questionswere formatted
as multiple choice or statements that used a 5-point scale
(strongly agree, agree, neutral, disagree, stronglydisagree).
The survey instrument included open-ended questions re-
garding perceived advantages and disadvantages of each
delivery method. The survey instrument at the end of the
spring semester included questions about demographic in-
formation and course delivery.Many of the questions were
the same in both format and content as those on the first
survey instrument; however, some new concepts related
to course delivery were explored using the question for-
mats described previously. Both survey instruments had
28 questions. Content ideas were based on previously
published studies involving online courses or components
of courses.17-19 Only survey data from students who
consented to participate in the study were included in the
analysis.

At the beginning of the spring 2013 semester, baseline
demographic data (Table 1) were obtained from the Uni-
versity ofWisconsin Registrar’s Office about study partic-
ipants. Demographic and survey data were combined in

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram. (Abbreviations: P2s5Second-year pharmacy stu-
dents; P3s5Third-year pharmacy students.)
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Excel and analyzed with Excel 2010 and SPSS, version 20
(IBMCorp, Armonk,NY).Descriptive statisticswere used
to categorize preferences, demographic information for
students, and student responses to open-ended questions.
Continuous data, such as quiz scores and grades between
sections, were compared using t tests. Letter grades earned
at the end of the semesterwere converted to a 4-point scale.
Pearson chi-square tests were used to compare nominal-
level variable results to each other. Strongly agree and

agree responses as well as strongly disagree and disagree
responses were collapsed for analysis. For all statistical
analyses, a probability less than 0.05 was considered sig-
nificant. This study was reviewed and approved by the
University of Wisconsin Education Research Institutional
Review Board.

Most students had access to the Internet while off
campus and most students owned a laptop computer
(97% classroom vs 96% online). Only 41.4% of students

Table 1. Demographics of Pharmacy Students Enrolled in the Online or Classroom Section of an Immunization Elective Course

Classroom
(n=69), No. (%)

Online
(n=71), No. (%)

Demographic information
Sex
Male 26 (37.7) 25 (35.2)
Female 43 (62.3) 46 (64.8)

Average age 24.5 24.6
Average grade point average 3.35 3.42
No. of years for prepharmacy coursework
2 years 9 (13.0) 10 (14.1)
3 years 24 (34.8) 24 (33.8)
4 years 23 (33.3) 21 (29.6)
.4 years 14 (20.3) 16 (22.5)

Highest degree earned
No degree 31 (44.9) 33 (46.5)
Bachelor of science/bachelor of arts 34 (49.3) 36 (50.7)
Master’s 2 (2.9) 2 (2.8)
Doctor of philosophy 1 (1.4) 0
Other 1 (1.4) 0

Technology
Access to internet when not on campus (could select more than one)
Dial-up Internet 2 (2.9) 0
Broadband Internet 57 (82.6) 60 (84.5)
Cellular Internet 21 (30.4) 24 (33.8)
Wifi at a business or noncampus library 15 (21.7) 26 (36.6)
None 0 0

Technology that students own (could select more than one)
Desktop 6 (8.7) 10 (14.1)
Laptop 67 (97.1) 68 (95.8)
iPad or tablet 12 (17.4) 22 (31.0)
Smartphone 47 (68.1) 53 (74.6)

Consider themselves tech “savvy”
Strongly agree 7 (10.1) 11 (15.5)
Agree 30 (43.5) 28 (39.4)
Neutral 19 (27.5) 21 (39.6)
Disagree 9 (13.0) 10 (14.1)
Strongly disagree 4 (5.8) 1 (1.4)

Course delivery experience
Students that have taken a course completely online. 28 (40.6) 30 (42.3)
Students that have taken .1 course completely online. 13 (18.8) 7 (9.9)
Students that have taken a course that is mostly online with some
face-to-face interactions with instructor.

17 (24.6) 15 (21.1)

Students that have taken a course that is blended in nature. 35 (50.7) 38 (53.5)
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had previously taken an online course. Approximately
half of the students did not consider themselves techno-
logically savvy, with 46% of students in the classroom
group and 55% of students in the online group responding
with neutral, disagree, or strongly disagree.

Student preferences for course delivery method were
assessed through questions in the student survey instru-
ment. Preferences for course delivery strategies did not
differ between sections at the beginning of the semester
(Table 2).Themajority of students in bothgroups preferred
taking the course in the classroom or a blended setting. At
the end of the semester, the majority of students in the
classroom group preferred classroom or blended delivery
while themajority of students in the online group preferred
blended or online delivery (p,0.01). Sixty-four students’
course delivery preference changed from the beginning to
the end of the course. Five students changed their prefer-
ence to classroom, 27 switched their preference to online,
and 31preferredblended learning.Therewas no significant
differencewhen the changeswere brokendownbydelivery
system experienced (p50.09). Overall, students felt that
they would learn more with a blended delivery method,
with 51% of students selecting blended.

In response to open-ended questions, students in the
classroom group felt that advantages to that delivery me-
thod were the ability to ask questions in real time (45%);
the schedule, which helped students stay on track with the
material (34%); and having face-to-face contact with the
professor (14%). Disadvantages to this delivery method
were not having access to lecture capture for a variety of
reasons (63%) and inflexibility with the course related to
student schedules (26%). Students in the online group felt
that being able to have a flexible schedule to complete
the course at their own pace (88%) and being able to pause
or watch a lecture again (45%) were advantages to this

delivery method. Disadvantages included getting behind
in the course (39%) and not being able to ask questions
right away (28%).

Regardless of the delivery method to which students
were randomized, they felt that method was effective and
helped them learn (Table 3). Students who experienced the
classroom delivery of the course felt that method did not
allow for flexibility with their schedules while students in
the online group felt that method did (p,0.001 for both
groups). In both groups, students preferred to complete
coursework at their own pace. A relatively large, but not
significant increase (p50.1) in proportion of classroom
students indicated that they preferred working at their
own pace at the end of the semester compared to the be-
ginning.More students in the classroomgroup felt that they
had an opportunity to ask questions of the instructors
throughout the semester compared to the online group
(p,0.001). No difference was found between groups in
the anticipated amount of time they would spend or the
actual amount of time they spent on the class. When the
groups were combined and presurvey results were com-
pared to postsurvey results, students thought that they
would spend more time than they actually did each week.
(2.460.86 vs1.660.66; p,0.001)

Most students (68%) stated they would take an online
course again. Eighty-six percent of students agreed with
the statement that online courses with some face-to-face
interaction should be offered for some courses. Addition-
ally,when asked to respond to the statement that all courses
except for laboratories should be delivered online, most
students (73%) disagreed.

Student grades were compared between sections at
the end of the spring semester. Final course grades were
assigned their associated GPA (eg, A54, AB53.5, B53)
for analysis. There was no significant difference in course

Table 2. Preferences of Pharmacy Students Enrolled in the Classroom or Online Sections of an Immunization Elective Course

Time
Spent,a

Hours (SD)

Preferred Method of
Course Delivery, No. (%)

Preferred Method for
Taking Quizzes, No. (%)

Online Classroom Blended
No

Preference Paper Computer
No

Preference

Classroom
precompletion (n569)

2.4 (0.9) 4 (6) 29 (42) 26 (38) 10 (15) 30 (44) 18 (26) 21 (30)

Online
precompletion (n571)

2.4 (0.8) 9 (13) 24 (34) 28 (39) 10 (14) 24 (35) 26 (38) 18 (27)

Classroom
postcompletion (n569)

1.7 (0.6) 11 (16)b 19 (28)b 38 (55)b 1 (1)a 24 (35) 26 (38) 18 (26)

Online
postcompletion (n570)

1.6 (0.7) 28 (39)b 12 (17)b 30 (43)a 1 (1)b 17 (24) 38 (54) 15 (21)

a Time spent or expected to be spent.
b p,0.009; chi-square test; nonsignificant unless noted.

American Journal of Pharmaceutical Education 2014; 78 (5) Article 96.

5

 b
y 

gu
es

t o
n 

M
ay

 2
3,

 2
02

3.
 ©

 2
01

4 
A

m
er

ic
an

 A
ss

oc
ia

tio
n 

of
 C

ol
le

ge
s 

of
 P

ha
rm

ac
y

ht
tp

://
w

w
w

.a
jp

e.
or

g
D

ow
nl

oa
de

d 
fr

om
 

http://www.ajpe.org


Table 3. Comparison of Pharmacy Students’ Opinions on Delivery Methods for an Immunization Elective Coursea

Item

Classroom
Precompletion

(n=69),
No. (%)

Online
Precompletion

(n=71),
No. (%)

Classroom
Postcompletion

(n=69),
No. (%)

Online
Postcompletion

(n=70),
No. (%)

Delivery method will be/was effective
Agree 50 (72) 53 (75) 50 (70) 56 (80)
Neutral 13 (19) 11 (16) 9 (13) 6 (9)
Disagree 6 (9) 7 (10) 12 (17) 8 (11)

Delivery method will help/helped me
learn

Agree 51 (75) 48 (68) 46 (67) 55 (79)
Neutral 10 (15) 17 (24) 12 (17) 4 (6)
Disagree 7 (10) 6 (8) 11 (16) 11 (16)

Delivery method will allow/allowed
flexibility with my schedule

Agree 8 (12)b 66 (93)b 6 (9)b 65 (93)b

Neutral 19 (28)b 2 (3)b 11 (16)b 5 (7)b

Disagree 42 (61)b 3 (4)b 52 (75)b 0b

Delivery method will make/made a
big difference in my performance
(grade in class)

Agree 22 (32) 20 (28) 18 (26) 23 (33)
Neutral 26 (38) 25 (35) 31 (45) 24 (34)
Disagree 21 (30) 26 (37) 20 (29) 23 (33)

I prefer live lectures over online
lectures

Agree 37 (54) 27 (39) 34 (49) 29 (41)
Neutral 15 (22) 22 (31) 18 (26) 18 (26)
Disagree 17 (25) 21 (30) 17 (25) 23 (33)

I prefer instructors who incorporate
technology into their teaching

Agree 44 (67) 53 (75) 23 (62)c 58 (83)c

Neutral 23 (33) 17 (24) 26 (38)c 10 (14)c

Disagree 0 1 (1) 0c 2 (3)c

I prefer to complete coursework
at my own pace rather than a
required pace

Agree 34 (49) 36 (51) 49 (71) 41 (59)
Neutral 23 (33) 23 (32) 14 (20) 15 (21)
Disagree 12 (17) 12 (17) 6 (9) 14 (20)

The learning experience I had met
my expectations

Agree - - 41 (59) 42 (60)
Neutral - - 15 (22) 15 (21)
Disagree - - 13 (19) 13 (19)

I had adequate opportunity to ask
questions of the instructors
throughout the semester

Agree - - 49 (71)b 23 (33)b

Neutral - - 12 (17)b 16 (23)b

Disagree - - 8 (12)b 31 (44)b

(Continued)
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grades between the 2 groups, including grades on the in-
class quiz, online quiz, written vaccine information ques-
tion, final examination, and the final course grade (Table
4). Student attendance was not taken for the classroom
course; however, an attendance count was completed at
the beginning of the semester (94% of students attended)
and at the end of the semester (93% of students attended
the class).

For the online course, information about how often
students viewed the online lectures was recorded. Students

accessed anonline lecture an average of 1.8 times. Students
watched the lectures at the beginning of the semester more
often than at the end of the semester, with the average
number of times a student accessed a lecture ranging from
0.95 to 2.99.

Eleven students in the classroom group stated they
watched 2 or more lectures online. All students in the
classroomgroup did have 1 lecture that was online, and it
is unclear whether students considered that lecture when
answering the survey question. Only 4 students in the

Table 3. (Continued )

Item

Classroom
Precompletion

(n=69),
No. (%)

Online
Precompletion

(n=71),
No. (%)

Classroom
Postcompletion

(n=69),
No. (%)

Online
Postcompletion

(n=70),
No. (%)

Online courses with no face-to-face
interaction should be offered for
some School of Pharmacy courses

Agree - - 28 (41) 34 (49)
Neutral - - 15 (22) 14 (20)
Disagree - - 16 (38) 22 (31)

Online courses with some face-to-face
interaction should be offered for
some School of Pharmacy courses

Agree - - 62 (90) 58 (83)
Neutral - - 4 (6) 9 (13)
Disagree - - 3 (4) 3 (4)

All School of Pharmacy courses
should be delivered online, with
laboratories being an exception

Agree - - 11 (16) 14 (20)
Neutral - - 7 (10) 6 (9)
Disagree - - 51 (74) 50 (71)

I would take a course that is online in
the future

Agree - - 46 (67) 49 (70)
Neutral - - 14 (20) 7 (10)
Disagree - - 9 (13) 14 (20)

a For statistical analysis, classroom precompletion was compared to online precompletion, and classroom postcompletion was compared to online
postcompletion.
b p,0.001
c p,0.005

Table 4. Pharmacy Students’ Course Grades for Classroom and Online Sections of an Immunization Elective Course

Total No. of Points Classroom Online Pa

Overall course grade 3.3 (0.6) 3.4 (0.6) 0.55
In-Class quiz 20 18.5 (1.2) 18.7 (1.1) 0.25
Online quiz 20 18.7 (1.4) 19.1 (1.5) 0.13
Vaccine information question 5 4.5 (0.7) 4.7 (0.6) 0.29
Final examination 50 40.7 (4.8) 40.7 (4.5) 0.92
a t test.
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online group reported that they attended a classroom
lecture.

DISCUSSION
Studentswhowere randomly assigned to the online or

classroom section performed similarly and were generally
accepting of the formats. A blended course was defined as
a somewhat equal mix of online and in-person lectures and
coursework. Blended or hybrid courses have also been
defined as 30% to 79% of online coursework, with the
remaining percentage face-to-face.1 All students had taken
an introductory pharmacypractice experience course in the
first yearof thePharmDprogram thatwas ablended course,
with approximately 70% of the content taught outside of
class or online. Students also experienced blended learning
in their pharmacotherapy skills laboratories in their second
and third years. However, only approximately 50% of stu-
dents reported they had previously taken a blended course
and only approximately 20% of students stated they had
taken a course that was mostly online with some face-to-
face interaction with faculty members. Additionally, some
students believed a blended course would include a class-
room lecture that had been recorded and posted online for
listening to or watching again and mentioned that being
able to do so was a benefit of this type of delivery method,
even though these characteristics are not consistent with
the definition of blended learning. Given the varying re-
sponses regarding blended learning strategies, the re-
sponses of the 51% of students who stated they would
learn more with blended delivery may have little meaning.
From their comments, students liked flexibility with cour-
sework and the ability to access course material as many
times as they wanted and on their own schedule. They
appreciated the interaction with course faculty members,
especially to ask questions in real time. Lastly, while they
desired flexibility, they liked some aspect of the course to
keep them on task to avoid getting behind with course
material. Blended courses would meet many of these stu-
dent preferences. Because it was not part of this study, we
do not know if students would have performed better with
a blended course as compared with an online course.

The deliverymethod that students experienced had an
impact on their preferred delivery method. As the students
had not taken the final examination or been assigned their
final grade when they completed the second survey instru-
ment, students’ experience in the course had the biggest
impact on their preferences at the end of the semester.
Three times as many students in the online section pre-
ferred an online delivery method at the end of the semester
compared to the beginning, whereas fewer students in the
classroom section preferred taking a classroom course. As
students were most familiar with the classroom delivery

method, they may not have realized they preferred another
delivery method and continued taking classroom-based
courses because they knew what to expect and could an-
ticipate how they would perform. Exposing students to
different delivery methods could impact their future learn-
ing, both in pharmacy programs and beyond, with more
students taking an online or blended course.

There was no difference in student performance be-
tween the2 groups.While theUSDepartment ofEducation
meta-analysis showed better performance with the online
group, the online courses included differed in several ways
from the face-to-face courses.9 In our study, the online and
classroom sections were identical, except for how the lec-
ture was delivered to students. When course content was
kept the same, several studies have shown no difference in
student performance,2,10,12,13,15,20,21 while 1 study showed
that students in the online group performed better.11 Spe-
cific to our study, students were randomly allocated to their
sections for the entire course. One could assume that stu-
dents would choose learning strategies with which they
were most comfortable in order to ensure their success.
Because of the limited classroom seating, students were
randomly allocated to either the classroom or online sec-
tion. This study design adds to the body of knowledge.

For studydesignpurposes, thecontent presented to the
online section of students was the exact same as that pre-
sented to the classroom section of students. Except for the
online section, the lectures were recorded and posted for
students to use. While this worked well for the study, it is
not the ideal way to set up a truly online course to engage
students in learning. Blended learning and online learning
that is collaborative or instructor-directed may be more
effective than a standard online course.9 Online courses
can be enhanced in several ways. Courses should be
designed with learning modules for material to assist stu-
dents in completing the course on their own and to help
them stay on task.22,23 Interactive activities to engage
learners, including multimedia technology such as video
and animations, case studies, and quizzes, also can be help-
ful.24 Purposeful student-student and student-instructor
interaction should bebuilt into the course to further encour-
age student engagement.10,22,25

Course time spent by faculty members was only in-
creased because of the increase in total enrollment.Had the
online class included specific learningmodules, additional
interactive activities, and student-student and student-
faculty interaction, this would have taken much more fac-
ulty and instructional technology support time to develop
and implement. There would also have been an additional
cost to the university to support the course. Faculty time,
instructional technology support, and cost all need to be
considered when developing online courses.
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It was not possible to prevent students in the online
section from attending a classroom lecture or classroom
students from watching an online lecture from a classmate
in theonline section.Thismayhave increased thenumberof
times a lecture was accessed unless the 2 students watched
the online lecture at the same time. Although course enroll-
ment is unlikely to exceed classroom capacity in future
years, the delivery method used did not have an impact on
student performance, and consideration should be given to
students’ preference for flexibility and blended learning.

SUMMARY
Online delivery is an effective way to teach students; in

this study, online student performance was similar to that of
studentswho learned thematerial in the classroom.Therewas
no difference in student performance when students were
randomly allocated to the classroom or online section of an
elective course on immunization. Students were not opposed
to taking a course that was delivered online. Some students
changed their preferred course delivery method to online or
blended after exposure to their assigned delivery method.
Course instructors should critically evaluate whether their
course or parts of their course could be delivered online,
taking into consideration cost, the technology and instruc-
tional technology support available, faculty member setup
time, and their plan to engage students in course material.
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