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Assessing the Effectiveness of Synchronous Content Delivery in an 

Online Introductory Circuits Analysis Course 

 
 

Abstract 

 

A 2008 study released by the US Department of Education indicates that online enrollments are 

growing at substantially faster rates than overall higher education enrollments (12.9% vs. 1.2%), 

with over 3.9 million students (or over 20% of all U.S. higher education students) taking at least 

one online course in the fall of 2007.  The study also reveals that among the eight major 

discipline areas examined, engineering has much lower online representation compared to others.  

One reason for this slow adoption of online teaching pedagogies in US engineering programs can 

be attributed to the perception by some engineering faculty and administrators that online 

courses are not equivalent in content and rigor when compared to the traditional, face-to-face 

courses.  This paper presents the results of a study comparing the performance of on-campus and 

online students in a sophomore-level Circuits Analysis course in a public two-year institution.  In 

this introductory course for all engineering majors, content is delivered simultaneously to on-

campus students and online students (dual delivery mode) using a combination of Tablet PC 

functionality and Elluminate Live! software that allows synchronous delivery through the 

Internet, as well as recording and archiving of all classroom lecture sessions.  Identical 

homework sets and tests were given to the two groups, and their performance compared.  Results 

show that there is no statistically significant difference in the levels of performance of the two 

groups of students.  Online students also rated their experience in this online class to be better 

than other online courses they have previously taken.   

 

 

1. Introduction 

 

Online teaching is one of the fastest growing trends in educational technology in the U.S.  A 

2008 study
1
 released by the US Department of Education indicates that online enrollments are 

growing at substantially faster than overall higher education enrollments (12.9% vs. 1.2%), with 

over 3.9 million students (or over 20% of all U.S. higher education students) taking at least one 

online course in the fall of 2007.  The study also reveals that among the eight major discipline 

areas examined, engineering has much lower online representation compared to others.  There 

have been many studies on the reasons why higher education faculty choose to adopt or refrain 

from adopting online teaching pedagogies
2,3,4,5,6,7

.  Reasons for not participating in online 

instruction include concerns about academic integrity, and a perception by some faculty and 

administrators that online courses are not equivalent in content, rigor, and level of achievement 

of learning objectives when compared to the traditional, face-to-face courses
7,8,9,10,11,12,13

.   

 



 

There have been numerous studies done across various disciplines to determine the effectiveness 

of online teaching and learning
7,14,15,16,7,17,18,19,20,21,22,23

.  The most comprehensive study to-date is 

a 2009 meta-analysis released by the US Department of Education
24

 which included a systematic 

search for experimental or quasi-experimental studies of the effectiveness of online learning 

published in the literature from 1996 to 2008.  This meta-analysis concluded that “on average, 

students in online learning conditions performed better than those receiving face-to-face 

instruction.”  It should be noted that for studies included in this meta-analysis, the most common 

subject matter is medicine or health care.  Other content areas include computer science, teacher 

education, social science, mathematics, languages, science and business.  As with most previous 

studies on effectiveness of online instruction, engineering is not well represented. 

 

Studies of the effectiveness of online teaching in engineering have been limited.  A recent 

study
25

 found no difference between final exam scores in the hybrid sections and the face-to-face 

sections of an Engineering Graphics course.  Although supporting the effectiveness of online 

instruction in engineering, the hybrid instruction studied includes considerable (once a week) 

face-to-face instruction.  The online portion of the course included voiced-over content 

presentations, software demonstrations, and sketching examples.  A similar study
26

 shows how 

the provision of online lectures, audiovisual material, discovery-based learning activities and 

communication tools can improve the effectiveness of subject content delivery in engineering.  

More studies on how online instruction in engineering can replace and be as effective as, or 

better than, traditional face-to-face instruction are needed. 

 

The creation of virtual classroom space through the use of a synchronous learning environment 

to reduce “transactional” distance
27

 has been shown to improve the quality of the educational 

experiences of online students
28,29,30

.  This virtual classroom space can also be used to develop a 

dual mode of delivery to reach students online and on campus simultaneously.  By assigning 

identical homework, exams, projects, and other course requirements to both groups of students, 

this dual delivery mode can address concerns regarding the equivalency of content and rigor in 

the online and on-campus formats.  Although this dual mode of teaching also offers economic 

benefits, it demands extra effort from the instructor, and may prove disadvantageous for the 

online students
31

. 

 

The purpose of this paper is to illustrate how a dual delivery mode (content being simultaneously 

delivered to face-to-face and online students) can be used effectively in engineering education 

and with very little extra effort from the instructor.  In this study, the comparability of achieving 

student learning outcomes for online and on-campus students in an introductory sophomore-level 

Circuits Analysis course will be analyzed using two years worth of data.  

 

 

 



 

2. Methodology 

 

To compare the effectiveness of dual delivery mode, specifically the comparability of the online 

and the on-campus courses, students in two sections each of online and on-campus formats of a 

sophomore-level Circuits course are compared.  Comparisons of student performance in the 

course and usage of online resources available to both online and on-campus students are done.  

Additionally, a survey was administered to determine student perceptions and attitudes towards 

these resources and their levels of satisfaction with the course. 

 

2.1.  The Circuits Class at Cañada College 

 

Cañada College is part of the 108-school California Community College system, and is one of 

the smallest community colleges in the San Francisco Bay Area with approximately 6,000 

students. The college is a federally-designated Hispanic Serving Institution with approximately 

42 percent Latino students.  Cañada’s Engineering Department is a two-year transfer program 

with approximately fifteen to twenty students transferring to a four-year institution every year. 

The Circuits course at Cañada College is a three-unit, sophomore-level lecture course required of 

all engineering students regardless of their majors, or their transfer institutions.  The course is 

offered every spring semester.  The class meets for three hours a week for sixteen weeks, and 

covers topics on theory and techniques of circuit analysis,  circuit laws and nomenclature, 

resistive circuits, controlled sources, ideal operational amplifiers, natural and complete responses 

of first- and second-order circuits, steady-state sinusoidal analysis, power calculations, 

transformers, and three-phase circuits.   

 

In spring semesters of 2008 and 2009, the course was offered at Cañada in dual delivery mode 

with lectures simultaneously delivered to on-campus and online students.  All lecture notes are 

generated using a Tablet PC and are viewed by on-campus students through a computer 

projector, and synchronously by online students via the Internet.  

Tablet PCs are essentially laptop computers that have the added functionality of simulating paper 

and pencil by allowing the user to use a stylus to write directly on the computer screen to create 

electronic documents that can be easily edited using traditional computer applications.  This 

functionality makes Tablet PCs more suitable than laptop computers in presenting, solving and 

analyzing problems that require sketches, diagrams, and mathematical formulas.   For the 

Circuits course at Cañada, the traditional blackboard used to generate class lecture notes has 

been completely replaced with the Tablet PC, allowing for synchronous delivery of content to 

on-campus and online students, as well as electronic copies of the lecture notes for later 

distribution and use. 

 

Synchronous delivery of lectures to online students is achieved using Elluminate Live!, a 

multipoint videoconferencing software that is available for use free of charge to all faculty and 



 

staff of the California Community College system through CCC Confer, a project funded by a 

grant from the California Community Colleges Chancellor’s Office.  CCCC Confer allows the 

creation of a live interactive classroom that includes chat, electronic whiteboard, polls, quizzes 

and surveys, VoIP and web camera usage, application and desktop sharing, file transfer, as well 

presentation and sharing of documents, streaming audio and/or video.  CCC Confer also allows 

for recording and archiving the entire session — from voice, to chat, to video, to pen strokes — 

during the live class, allowing everything to be played back, verbatim, and with the capability to 

fast forward and rewind.  It also allows for sessions to be closed-captioned for the hearing 

impaired while also reaching out to the visually impaired by offering compatibility with most 

screen readers to help institutions meet state and federal accessibility guidelines.  CCC Confer 

has allowed users to overcome the challenges videoconferencing can have, such as limited 

scalability, dependency on IT support, and hardware requirements. 

 

For the Circuits course at Cañada College, links to archived CCC Confer lectures, annotated 

lecture notes, and additional course materials such as homework problems and solutions, sample 

tests, discussion boards and news forums are made available to both online and on-campus 

students using Moodle, an open source Course Management System.  Both the online and on-

campus sections of the Circuits course use the same Moodle website so that all online resources 

are available to both groups of students.   

 

2.2 Comparison of Online and On-campus Students 

 

To increase the sample size of the data and hence improve the reliability of the statistical 

analyses done, enrollments in the Circuits classes from two successive spring semesters are 

combined.  The 2008 Circuits class had 15 online students and 14 on-campus students, for a total 

of 29 students.  The 2009 class had 10 online students and 16 on-campus students, for a total of 

26 students.  Combining these two dual-mode classes gives a total of 25 on-line students and 30 

on-campus students. 

 

Table 1 is a comparison of the demographics of the online and on-campus students.  While both 

groups of students are ethnically diverse, the online group has a higher percentage of female 

students than the on-campus group (36.0% vs. 10.0%).  Both groups have Mechanical 

Engineering as the major with the highest number of students.  However, there are significantly 

fewer Electrical Engineering majors in the online group compared to the on-campus group 

(16.0% vs. 30.0%).  In fact Electrical Engineering is second only to Mechanical Engineering in 

popularity among the on-campus students while it is below Civil Engineering and Other among 

the online students, indicating that EE majors are less likely to take the class online.  

Additionally, a majority (83.3%) of the on-campus students were taking the lab course 

concurrently with the lecture course while only 12.0% of online students did so.  This is 

significant because the lab course (also held on campus) was designed to reinforce the concepts 



 

learned in the lecture.  Hence, the on-campus students have an advantage over online students in 

that they are able to apply and experimentally verify concepts learned in the lecture course.  It 

should be noted that in many California engineering programs, the Circuits Lab course is 

required of all EE majors but not the other engineering majors. 

 

Table 1. Demographic comparison of On-campus and Online students.   

                                        Online                                         On-campus   

Demographics N %    N % 

Gender         

Female 9  36.0%  3  10.0%  

Male 16  64.0%  27  90.0%  

Total 25   30    

Ethnicity       

Afro-American 1  4.0%  0  0.0%  

Asian 7  28.0%  10  33.3%  

Caucasian 10  40.0%  8  26.7%  

Hispanic 5  20.0%  7  23.3%  

Other 2  8.0%  5  16.9%  

Total 25   30    

Major       

Mechanical Engr 8  32.0%  12  40.0%  

Civil Engr 7  28.0%  5  16.7%  

Electrical Engr 4  16.0%  9  30.0%  

Computer Engr 0  0.0%  2  6.7%  

Other 6  24.0%  2  6.7%  

Total 25   30    

Taking Lab Class       

Yes 3  12.0%  25  83.3%  

No 22  88.0%  5  26.7%  

Total 25   30    

 

Table 2 summarizes the results of a survey given to online students to understand their reasons 

for taking online classes, as well as any previous history of taking online courses.  For the 21 

online students who completed the survey, schedule conflict and convenience were the most 

common reasons for taking the Circuits class online.  Although CCC Confer allows for students 

to participate in the lectures synchronously via the Internet, a majority of the online students 

were not able to do so due to scheduling conflicts.   Additionally, a majority of the students who 

completed the survey would not have been able to take the class if it were not offered online, 

with only 23.8% responding positively to being able to take the regular on-campus class.  This is 

significant to the viability of the course and the Engineering program at Cañada College since 

without the online students, the class could have been cancelled due to low enrollment in both 

2008 and 2009.  The survey also indicates that a majority (over 75%) of the students have taken 

at least one other online course. 



 

 

Table 2. Summary of the survey results for selecting online versus on-campus format, and 

previous history of taking online courses.  

 

Question Count Percentage 

What is (are) your primary reason(s) for taking this class online?    

Schedule conflict with regular class  12 57.1% 

Convenience  12 57.1% 

Commute (I live far from Cañada College)  8 38.1% 

I prefer online over face-to-face  3 14.3% 

Other Reasons  6 28.6% 

Would you have been able to take this course if it were not online?   

Yes  5 23.8% 

No  13 61.9% 

Maybe  3 14.3% 

Excluding this class, how many online classes have you taken at 

Cañada, or any other institution?   
  

Zero  5 23.8% 

One  6 28.6% 

2-5 classes  8 38.1% 

more than 5  2 9.5% 

 

 

2.3 Data Analysis 

 

To measure the effectiveness of the dual delivery mode for the Circuits course at Cañada as 

described above, the performance of the online and on-campus students were compared.  Scores 

of the two groups of students on fifteen homework sets, four tests, and a final examination were 

compared.  Identical homework problems were assigned from the textbook for both student 

groups.  Due dates for all homework assignments were identical for the two groups of students 

with on-campus students submitting their work in class while online students uploaded their 

work through the class Moodle website.  On-campus students also had the option of online 

submission, but this option was almost never used by on-campus students since it required an 

extra step of creating an electronic version of their work.  All online students come to campus to 

take each of the four tests, as well as the final exam, either with the rest of the on-campus 

students, or in the campus Learning Center Testing facility.   The average scores for the online 

and on-campus groups were computed and independent Student t-tests were used to evaluate the 

statistical significance of any differences in the performance levels of the two groups.  The over-

all class retention and success rates were also compared.   

 

To determine students’ attitudes towards the use of Tablet PCs and the CCC Confer (Elluminate! 

Live), an attitudinal survey was given to both groups of students at the end of the semester.  This 

survey was designed to determine students’ perceptions of the effectiveness of the online 

resources and student use of these resources.  Simple averages of student responses were 

computed to summarize the results, and independent Student t-tests were used to evaluate 



 

statistical significance of any observed differences in the responses of the two groups.  Online 

students were also asked to compare their online experience in the Circuits class with other 

online courses that they have taken. 

 

 

3. Results 

 

3.1 Class Performance Comparison 

 

Table 3 shows a comparison of the performance of the online and on-campus students.  For this 

comparison, retention rate is defined as the percentage of students who did not withdraw from 

the class, and hence received a grade of either A, B, C, D, or F.  Success rate is defined as the 

percentage of students who received a passing grade (A, B, or C).  The retention rates are almost 

the same with four students dropping from each group.  The success rate of 80.0% is identical for 

the two groups.  The online group had slightly higher Homework Average, Final Exam, and 

Final Course Grade, and a slightly lower Test Average compared to the on-campus students.  

However, there is no statistically significant difference in any of these statistics between the 

online and on-campus groups indicating that the online students did as well as the on-campus 

students. 

 

Table 3.  Comparison of the performance of online and on-campus students. 

 

 

 

Online 

(N=25) 

On-Campus 

(N=30) 

Difference  

(OL – OC) 

Retention Rate 84.0% 86.7% -2.7% 

Success Rate 80.0% 80.0% 0.0% 

Homework Average 83.5% 82.0% 1.5% 

Test Average 77.7% 78.3% -0.6% 

Final Exam 79.8% 79.0% 0.8% 

Final Course Grade 79.1% 79.0% 0.1% 

 

 

3.2 End-of-Semester Survey 

 

Table 4 shows a summary of the end-of-semester survey given to both online and on-campus 

students to determine their attitudes towards and usage of class materials and resources.  Both 

online and on-campus students viewed the available resources positively, finding lecture notes 

prepared using Tablet PCs useful, Moodle (Web Access) intuitive and easy to use, archived CCC 

Confer lectures and CCC Confer online office hours useful, with responses of mostly between 

“Strongly Agree” and “Agree” when asked about the usefulness of these resources.  Both groups 

of students preferred lectures with notes created using Tablet PCs over those using blackboard 

and chalk.  There is no significant difference in the responses of the two groups of students in all 

but one survey question.  When asked how they agree with the statement “I download archived 



 

CCC Confer lectures regularly,” the online students’ average response was 4.43 (between 

“Strongly Agree” and “Agree”) while the on-campus students’ average response was 3.27 

(between “Agree” and “Neutral).  The difference in the responses of these two groups is 

statistically significant [independent Student t -test: 59.4)42,1( t , 0001.p )]. 

 

 

Table 4.  Summary of results of end-of-semester attitudinal survey. 

 

Response Scale:  5 – Strongly Agree, 4 – Agree,  

3 – Neutral;  2 – Disagree, 1 – Strongly Disagree. 

Online  

(N=21) 

On-Campus 

(N=26) 

Difference 

(OL – OC) 

I find the posted instructor’s lecture notes (prepared 

using Tablet PCs) useful. 
4.63 4.8 0.17 

Having access to posted notes promoted my 

learning. 
4.63 4.82 0.20 

I review the posted POWERPOINT Lecture Notes 

to do homework and/or study for tests. 
4.68 4.68 0.00 

I prefer lectures with notes created using Tablet PCs 

over those using blackboard and chalk. 
4.05 4.28 0.23 

I find Web Access intuitive and easy to use. 4.83 4.58 -0.25 

The archived CCC Confer lectures are useful to me 

when doing homework and/or studying for tests. 
4.47 4.37 0.10 

I download and review archived CCC Confer 

lectures regularly. 
4.43 3.27 1.16* 

I find online office hours held using CCC Confer 

useful. 
3.95 4.04 -0.09 

I would like to have CCC Confer online office hours 

available for my other courses. 
4.29 4.04 0.25 

*Statistically significant [ 59.4)42,1( t , 0001.p )]. 

 

Since the accessing the archived CCC Confer lectures is the only area where a statistically 

significant difference in the responses of online and on-campus students was measured, further 

investigation is done.  Table 5 summarizes the self-reported frequency with which online and on-

campus students downloaded CCC Confer.  Among online students, 66.7% indicated that they 

downloaded the archives regularly every week, as opposed to only 15.4% among on-campus 

students.  The last row of Table 5 shows the average number of times these lecture archives were 

downloaded by each group of students as determined from actual CCC Confer records.  On the 

average, online students downloaded CCC Confer lectures 22.5 times over the semester while 

on-campus students, on average, downloaded the archives only 3.8 times the entire semester.  

The difference between the number of times online students and on-campus students download 

the archives is statistically significant [ 47.4)22,1( t , 0001.p )].   

 



 

Table 5.  Difference in frequency of access of archived CCC Confer lectures by online and on-

campus students. 

 

I download and review archived 

CCC Confer lectures: 

Online  

(N=21) 

On-Campus 

(N=26) 

Regularly every week 66.7% 15.4% 

Frequently (about every other week) 14.3% 30.8% 

Sometimes (about once a month) 14.3% 26.9% 

Almost never (once or twice the 

whole semester) 
4.8% 19.2% 

Never 0.00% 7.7% 

Actual average number of times 

archives were downloaded 
22.5* 3.8* 

*The difference, 18.7, is statistically significant [ 47.4)22,1( t , 0001.p )]. 

 

3.3 Comparison of Online Circuits Class to Other Online Classes 

 

The end-of-semester survey also asked online students to rate their opinion of the Cañada 

College online Circuits class by comparing their experience in the course relative to other online 

classes that they have taken.   Table 6 summarizes the responses of online students when asked 

to compare the Circuits online class to other online courses they have taken.  All 16 online 

students who have taken other online courses indicated that the online Circuits class was much 

better or better compared to other online courses they have taken, with 13 out of 16 (81.3%) 

rating the Cañada Circuits class to be much better.  

 

Table 6.  Comparing Online Circuits class with other online courses. 

 

Response Count Percent 

Much better  13 61.9% 

Better  3 14.3% 

About the same  0 0.0% 

Worse 0 0.0% 

Much Worse 0 0.0% 

No Opinion (no other online 

courses taken) 
5 23.8% 

 

 

4.  Analysis and Conclusion 

 

Results of the present study show that an online engineering course can be as effective as the 

traditional on-campus, face-to-face format.  The retention rates are almost the same for the online 



 

and on-campus groups, and the success rates are identical.  There is no statistically significant 

difference in the levels of performance of the two groups.   

 

It should be noted that the demographic distribution of students is more favorable for the on-

campus group to do better in the Circuits course compared to the online group.  The percentage 

of Electrical Engineering majors (30.0%) in the on-campus group is about twice of that in the 

online group (16.0%).  The Circuits course is the first course in Electrical Engineering (EE), and 

is therefore more important to EE majors than to students majoring in other fields of engineering.  

It can also be inferred that the perceived importance of the Circuits course to EE majors may be 

one of the reasons why fewer of them take the class online.  Another advantage of the on-campus 

group is the number of students who were concurrently taking the laboratory class for Circuits.  

A majority (83.3%) of on-campus students were taking the Circuits lecture and laboratory 

courses simultaneously while only 12% of the online students were enrolled in the laboratory 

class.  The laboratory class gives students opportunities to apply and experimentally verify 

concepts learned in the lecture course.  In spite of the more favorable demographics of the on-

campus group (more EE majors and more students taking the lab course), the on-line students 

have slightly higher (although not statistically significant) scores in homework, final exam and 

final course grade. 

 

Although CCC Confer allows online students to participate in the lecture sessions synchronously 

via the Internet, a majority of them were not able to do so due to scheduling conflicts.  To 

understand how the online students were able to perform as well (if not better) than the on-

campus students despite not being able to attend lectures, and despite a less favorable 

demographics, a comparison of student usage of available class resources was done.  Online 

students downloaded archived CCC Confer lectures about six times more frequently than on-

campus students (22.5 times for online and 3.8 times for on-campus).  These downloadable 

archived lectures allow for more flexibility in viewing through features such as rewind, fast 

forward, pause, etc., giving students more control of the learning process compared to listening 

to a live lecture.  Results of previous research indicate that “conditions in which learners have 

more control of their learning produce larger learning gains than do instructor-directed 

conditions”
24

.  For instance, a study done by Zhang
23

 showed that simply giving students the 

ability to randomly access materials, allowing them to watch videos in any sequence, and to 

rewind and fast forward through their content, resulted in a statistically significant positive gain 

in learning.  For the Circuits course at Cañada, even though such functionality is available to 

both online and on-campus students, the on-campus students rarely accessed these archived 

lectures. 

 

The online students also found their learning experience in the Cañada College Circuits course 

better than other online courses that they have taken.  A majority of them indicated that the 

online experience was enhanced by availability of the archived CCC Confer lectures, and the 



 

students’ ability to review the archives at their own pace.  It should be noted that most of the 

online students would not have been able to take the on-campus section of the class, and would 

not have been able to complete their lower-division requirements and transfer to a four-year 

institution in a timely manner without the online option.  This is especially important for 

minority and female students whose pursuit of demanding professions, such as engineering and 

the physical sciences, are negatively affected by financial difficulties and demanding family 

obligations
32,33

.  It should also be noted that the higher percentage of female students in the 

Cañada online class could be attributed these family obligations; three of the female online 

students are married, two of them taking care of young kids while taking the class. 

 

Although the sample sizes used in the present study are small, results indicate that the use of dual 

delivery mode to synchronously deliver course content to on-campus and off-campus students 

can be an effective way of increasing teaching efficiency.  This is particularly important for 

small engineering programs (particularly those in community colleges) where budget cuts and 

low enrollments threaten the viability of course offerings and entire engineering programs.  For 

California community colleges in particular, this can be accomplished without any extra costs 

through CCC Confer. 
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