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Abstract 

 
This article discusses the experience of 

implementing a new learning model in an 
introductory electric circuit analysis course. Both 
student feedback and student outcomes within the 
course have been overwhelmingly positive. This 
article describes the design philosophies used in 
the conversion of the course that are believed to 
have contributed to its success. Both qualitative 
and quantitative measures support the 
conversion’s success—including data showing 
that the class average improved by a full letter 
grade. 

 
Introduction 

 
Historically, the electronic circuit analysis 

course has been viewed as a “weed out” course; 
many faculty members considered a student’s 
ability to succeed in this course a strong and 
necessary indicator of future performance. 
However, it is reasonable to presume that some—
or even many—of the students that struggled in 
this course did not lack ability, but instead had 
difficulties with the teaching/learning model 
employed in the course. It is a high-enrollment 
course that had been taught in a pure lecture 
format, and student work was done independently 
outside of class. While many students were in fact 
able to succeed in this environment, the approach 
had two serious shortcomings that needed to be 
addressed. First, students’ experience with the 
course dissuaded a number of them from 
continuing to pursue the discipline. Local studies 
on engineering student retention indicated that a 
significant number of those students were most 
likely quite capable of succeeding in engineering, 
but that they chose not to due to strong 
dissatisfaction in early course experiences. A 
second issue was the lack of content retention 
demonstrated by the students in later classes, 
where learned material had either been lost or 
severely degraded in a relatively short time. To 

address these problems, the electric circuit 
analysis course was converted to a blended 
learning model in the Spring 2012 semester. 

 
Overview 

 
The term “blended learning” has been used to 

refer to a variety of pedagogical approaches to 
education that move beyond a simple in-person 
lecture to include computer-based instruction 
and/or activities [1]. For the purposes of this 
paper, the term “blended learning” is specifically 
defined as an instructional model where multiple 
modes of learning are used in the classroom, and 
in particular, where the proportion of the course 
time spent in dedicated active-learning exercises is 
a significant fraction of the students’ total time 
spent on course activities. The particular approach 
described in this paper is better described as a 
hybrid learning model [2], since students still 
attend traditional lectures (as opposed to the 
flipped—or inverted—classroom model), but also 
participate in structured collaborative active-
learning exercises. A more comprehensive 
discussion and literature survey of different forms 
of blended learning is outside of the scope and 
intent of this paper. Rather, this paper’s focus is to 
present experiences and data related to converting 
a particular course to a blended format, discussing 
the design and implementation of the related 
active learning exercises, and serving as a possible 
example for others contemplating similar course 
conversions. 

 
In the conversion of the four-credit electric 

circuit analysis course, the topical content 
(covering both DC and AC circuits) remained the 
same. Previously, it was taught in a single section 
of four lectures per week, with typical enrollments 
of 80-100 students per semester. In the blended 
learning implementation, there is a single section 
with two lectures per week (Monday & 
Wednesday), and two collaborative active learning 
sessions per week (Tuesday & Thursday). The 
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reduction from four to two lectures per week 
necessitates streamlining of lecture content. 
Examples that were previously worked by the 
instructor during lecture (and easily forgotten by a 
large number of students) have been largely 
removed from lectures. Instead, the active learning 
exercises that replace half of the lectures provide a 
framework for students to work through various 
problems themselves, based on the theory that 
“doing” will facilitate deeper learning than 
“watching”. 

 
The active learning exercises are held in a new 

purpose-built collaborative-learning facility, the 
Wisconsin Collaboratory for Enhanced Learning 
(WisCEL) [3]. Key features of WisCEL include 
an architectural design which encourages and 
enhances a collaborative learning atmosphere, 
along with the provisioning of technology to 
facilitate the deployment of large-scale learning 
activities. Students work at hexagonal tables with 
six seats, and each position has a laptop computer. 
Large video monitors are placed throughout the 
space to provide information to the students, 
which is necessary because the space is 
intentionally designed not to have a single focal 
point like a typical classroom. 

 
The Moodle course management system [4] is 

used as the delivery mechanism for active learning 
exercises, which students work through using the 
laptop computers provided in WisCEL. Moodle 
provides a framework for question design—
including the use of randomized and calculated 
questions—and the ability to automatically grade 
student responses and provide them with 
immediate feedback. These features will be 
discussed in later sections, and are crucial to the 
success of this active learning format.  

 
Implementation 

 
Supporting the collaborative active learning 

component was the largest single challenge in the 
implementation. In order to motivate student 
participation, it is critical that the exercises be 
required work. A basic truism of education is that 
assessment drives learning. The “stakes” need to 
be high enough that students take the exercises 
seriously, yet low enough that they are willing to 
make mistakes and confront their misconceptions. 

Often, getting a question wrong can be even more 
instructive than figuring out how to get all of them 
right. Thus, the exercises should count “enough” 
to matter, but not be a major factor in determining 
a student’s grade. To help students better 
appreciate the importance of the exercises, they 
are reminded that an entire exercise contributes 
less to their grade than a single exam question—
and that they would much rather get a question 
wrong on the exercise—as long as they learn the 
material. 

 
Unfortunately, having graded exercises results in 

a potentially massive workload of 160-200 
assignments per week. This is especially difficult 
under the constraint of providing timely (i.e. 
before the next exercise) feedback to students to 
help them better gauge what they understand well 
and what they may need to revisit. From the 
faculty point of view, evaluating overall student 
performance to observe trends and identify areas 
in need of reinforcement is a similarly daunting 
workload. 

  
A second issue in implementing the 

collaborative learning environment is the need to 
ensure that each student is in fact participating in 
their learning process—not simply observing what 
their neighbors are doing and copying answers. 
This means that the exercises cannot be identical 
for each student, but should be similar enough to 
encourage collaboration and peer teaching. 

 
Both of the above issues were addressed by the 

integration of technology. The Moodle course 
management system delivers active learning 
exercises, provides automated assessment of 
student responses and immediate feedback, and 
allows easy faculty access to class performance 
data. Rather than simply being a delivery 
mechanism, Moodle became the focal point of 
course activities. The course pedagogy is also 
shaped by the capabilities of the technology. The 
technology makes many things possible that 
would simply be unworkable in a lecture setting. 
By designing pedagogy to take maximum 
advantage of the technology, a better learning 
environment can be created for the student. 
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Exercise  Design  Philosophy 
 

Inherent in the shift to the blended-learning 
model was the recognition that, for most students 
in this course, the active learning exercises would 
now be the dominant mechanism for learning. 
Active learning exercises are not (and should not 
be) typical homework problems, which are 
normally a summative assessment tool. Instead, 
the exercises are intended to help students learn by 
guiding them through the concepts and 
connections that make up the topical knowledge, 
and preparing them to apply that knowledge in 
increasingly complex situations. The design of the 
active learning exercises was by far the majority 
of the workload in making the transition, and was 
guided by several pedagogical principles: 

 
a. Use technology only if it helps student 

learning or helps the faculty teach better. 
While this may seem obvious to many, it is 
important to remember that technology is 
just the vehicle, not the payload. 

 
b. Frame exercises as places to generate 

teaching opportunities, not as examinations. 
Getting students to feel comfortable asking 
questions changes the game so that students 
are now “pulling” information, instead of 
the instructor “pushing” it. 

 
c. Create exercises that serve as learning 

scaffolds, and maximize the opportunities 
for peer teaching. In addition to the positive 
benefits of peer teaching for the students, 
this also reduces the demand for instructor 
assistance during the exercises.  

 
d. Provide immediate feedback to students to 

allow them to gauge their performance in 
real-time. Also give students the opportunity 
to retry problems that they missed, to help 
ensure that they have actually learned the 
material, and to combat the notion that once 
they have completed a question, even if it is 
wrong, it “no longer matters”. In Moodle, 
this is achieved using the “interactive, 
multiple try” feedback mode, where students 
have multiple opportunities to answer a 
question, usually with some score reduction 
per answer attempt. 

e. Encourage collaboration, but require 
individual work and results. Exercises 
should make students want to talk about 
how to approach problems, but still require 
them to do their own work. By making some 
problems in an exercise identical for all 
students, opportunities for collaboration and 
peer teaching are created. By making other 
problems in the exercise different for each 
student, it ensures that students actually 
have to do the work for their problem. 

 
f. Start by exercising single concepts. Since 

much of the active learning occurs when a 
student’s conceptual knowledge is formative 
at best, getting them to understand a basic 
concept well is imperative. By building a 
solid conceptual foundation, this improves 
the students’ ability to teach themselves (and 
each other) more advanced material and 
minimize their misconceptions. 

 
g. Avoid overly-complex problems. Simple 

problems are often the best path for students 
to make higher-level connections. Exercises 
should strive to deliver “a-ha” moments, 
where the proverbial light bulb comes on for 
a student when they make a conceptual 
connection. 

 
h. Use targeted problems to directly illuminate 

common student mis-conceptions. When 
student mis-conceptions are identified, or 
proactively anticipated, exercises are 
designed specifically to get students to see 
what the issue is and why it is a 
misconception. In Moodle, feedback can 
also be given to students who enter incorrect 
answers by setting up a specific feedback 
item for anticipated erroneous responses.  

 
i. Get students to think about causality and 

relationships, not just rote numeric 
procedure. By interspersing qualitative 
questions (including concept questions, 
what-if scenarios, etc.), students are led to 
see and appreciate the meaning underlying 
the equations and processes that they use.  
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Examples of collaborative exercise questions 
that illustrate these pedagogical concepts will be 
discussed in the paper presentation, and a sample 
set is included as Appendix A 

 
Assessment  of  the  Blended  
Learning  Implementation 

 
The performance of the blended learning 

implementation of the electric circuit analysis 
course was analyzed along two dimensions. First, 
student performance in the course was compared 
to the previous semester when it was taught as a 
traditional lecture course by the same instructor. 
The exams in both semesters were comparable in 
difficulty, and analysis of the student populations 
showed no significant differences between them. 
Students demonstrated significantly better 
performance in the blended version of the course, 
as shown in Figure 1. A marked change in the 
distribution of student grades was also observed, 
with the number of marginal and poorly 
performing students significantly reduced. 

 
Secondly, students in the course were surveyed 

to gauge the course’s effect on improving student 
satisfaction, and to help refine the learning model 
in future iterations. Students who took the pilot 
version of the electric circuit analysis course (ECE 
230) in Spring 2012, and a refined version in Fall 
2012, completed identical surveys in which they 

compared ECE 230 to other STEM courses they 
had taken of similar scope and difficulty. Since 
many students enter the university with advanced 
placement credit in the prerequisite physics and 
calculus courses, having the students use a 
specific comparison course was not possible. 
Instead, they were asked to select a course that 
they felt was similar, and use that as a reference. 
The prerequisite physics course and other ECE 
courses were most commonly reported by students 
as their comparison course. 

 
As shown in Table 1, students noticed how the 

instructional design and pedagogy of ECE 230 
differed from  that of  their  comparison classes. 
Students perceived the WisCEL version of the 
course as placing much more emphasis on 
instructional practices, such as discussing course 
content with instructors and time devoted to 
solving problems or exercises during class. 
Students perceived the WisCEL version placed 
“less” emphasis on practices such as doing 
exercises or problems outside of class, and 
working by oneself. Students further perceived 
that the WisCEL environment made it easier to 
discuss course content with instructors and peers, 
that their WisCEL instructors cared more about 
student learning, and that their own level of 
interest in the course and success in learning the 
course content was higher. 

 
 

 
 

 
Figure 1: Class overall scores before (Fall 2011) and after (Spring 2012) course conversion. 
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Table 1: Course survey results from two semesters using the blended course format. This anonymous survey was 
completed by 56 of 91 (62%) of Spring 2013 students, and 66 of 82 (80%) Fall 2013 students. The numbers in the 
table indicate the percentage of students choosing the given response. 

 Greater/Higher in 
ECE 230 

About the Same in 
ECE 230 and 

Comparison Course 
Greater/Higher in 

Comparison Course 

 Spring Fall Spring Fall Spring Fall 

 
 

In addition to taking notice of the innovative 
pedagogy and instructional design of the blended 
learning implementation of the class, survey 
respondents preferred the class as conducted in 
WisCEL. A total of 113 students responded to an 
open-ended survey item that asked them to briefly 
explain what they liked or thought was working 
well in the classes held in the WisCEL facility. 
Results for this item are combined for both 
blended semesters (Spring and   Fall   2012)    
because    response   patterns differed little 
between the two groups.  Of the 113 respondents, 
61 (54%) said they liked how the blended class 
fostered peer collaboration, 60 (53%) liked the 
emphasis  on working  problems  in  class, and 25  

 
(22%) appreciated having instructors ready to help 
with difficult problems.  
 

Of the 113 students who volunteered liking one 
or more things about the WisCEL classes, 39 
(35%) explicitly stated that the thing or things 
they liked resulted in more effective learning, 23 
(20%) strongly implied the liked practices led to 
enhanced learning, and 23 (20%) simply stated 
their preference without elaboration. A significant 
number of students volunteered details about why 
or in what way the collaborative exercises were 
especially supportive of learning. This includes 12 
students who acknowledged that working on 
problems in class with peers and instructors made 

For each item select the response that best represents the extent to which you feel ECE 230 or your Comparison Course 
rates “Greater/Higher,” or  “About the Same “ in   ECE 230 and the Comparison Course (i.e., to indicate that you spend 
more time on something in  ECE 230 than your Comparison Course, select “Greater/Higher in   ECE 230”). 

The amount of time you discuss course content 
directly with instructors. 64 67 32 23 4 8 

Your level of comfort discussing course 
content with the instructor. 63 70 33 26 4 4 

How much the instructors care whether you 
learn the course content. 69 63 29 37 2 0 

Your level of comfort discussing course 
content with other students. 72 64 26 32 2 4 

The degree to which working with other 
students increases your learning. 74 83 20 14 5 3 

The amount of time devoted to solving 
problems during class meetings. 72 65 16 24 13 8 

The amount of time devoted to solving 
problems in the course as a whole. 72 59 16 29 13 12 

The amount of time you spend on the course 
outside of scheduled class periods (i.e., for 
homework and studying.) 

20 26 38 31 43 43 

The amount of time you work on the course by 
yourself. 18 29 34 32 48 38 

How excited you feel to come to class. 59 65 29 30 13 5 
Your level of interest in the course. 61 55 30 36 9 10 
Your level of success in learning the course 
content. 64 53 32 36 4 10 
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them “keep up” with the class instead of putting 
off serious studying until just before exams, 15 
students who noted that the collaborative exercises 
were especially conducive to developing 
conceptual understanding, and 9 who noted that 
the class format was particularly good at preparing 
them to apply their knowledge beyond the 
classroom. 

 
Three student captured themes sounded 

frequently in the broader sample when they said, 
 
Working together on the homework is very 

helpful, but each person still submits their own 
quiz and therefore does their own work. 
Personally, I learn best when applying the 
concepts, so the computerized classroom is really 
a great way to learn and to retain information on 
how to approach and solve similar problems. 

 
And,  
 
[I like] the fact that we can work with other 

students to do the various questions in the on line 
quizzes. The quizzes are not difficult, but being 
able to collaborate with students makes it easier 
to understand concepts which are fundamental. I 
also like being able to ask the professor and T.A.s 
questions directly and having them be willing to 
help and give clear answers. 

 
And, 
 
I think that WisCEL is allowing us to better 

explore multiple approaches to problems by 
discussing our problem solving methods with 
others.  
 

Electronic  Examinations 
 
Part of the planned course evolution was the 

introduction of electronic examinations. In the 
Fall 2012 offering, the final examination was 
conducted electronically using Moodle as the 
delivery vehicle. Starting in Spring 2013, all 
examinations (two midterm and the final) were 
conducted electronically. Most exam questions 
use randomized parameter values to minimize the 
potential for copying. Furthermore, the WisCEL 
space is converted from a collaborative 

environment into a proctored electronic exam 
environment by using inexpensive cardboard 
carrels to visually separate each student’s table 
space from the others’. The carrels also minimize 
the students’ distraction of having to be careful to 
NOT look at their neighbors’ work. 
 

Students are provided with a paper exam copy 
on which to do their work, but enter answers into 
Moodle for automatic evaluation. The use of 
immediate feedback in the exam, combined with 
multiple tries on most questions, provides an 
opportunity for students to achieve partial credit. 
This eliminates the all too common student exam 
response of “I don’t know how to do this problem 
so I’ll write down everything I know and hope for 
partial credit” and instead awards credit to 
students who can recover from a mistake and 
demonstrate that they do, in fact, understand the 
material. In multi-part problems, students know 
that their answer on each part is correct (or what 
the correct answer is) before proceeding to the 
next part, so there are no issues with errors carried 
forward. Students are allowed up to three tries for 
each response, with a 25% penalty assessed on 
each try. 

 
Each question on the Fall 2013 final exam was 

analyzed to determine on which try students 
answered correctly. For all responses on the exam, 
73.85% were correct on the first try, 11.73% were 
correct on the second, 2.52% were correct on the 
third, and 10.12% were incorrect on the third try. 
No attempt was recorded for 1.79% of responses. 
The data for each multiple-try question on the 
exam is shown in Figure 2. Note that even on the 
more difficult questions (i.e. those with a low 
percentage correct on the first try), a significant 
fraction of the students whose first try is incorrect 
are able to recover and receive partial credit for 
the question. 

 
An electronic exam with immediate feedback is 

a significant departure from students’ usual exam 
experience, but they adapt to it quite well, and in 
fact prefer it to the traditional paper exam. 
Students were asked to complete a short survey 
after the final exam in Spring and Fall 2013. The 
combined results of the survey for both semesters 
are shown in Figure 3.  
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Figure 2: Per-question aggregated statistics showing the percentage of students entering the correct 
(subdivided into correct on the First, Second, and Third tries)  

or Wrong (incorrect on the third attempt) answer. 
 

 
 

Figure 3:  Aggregated student responses to electronic exam survey. 
 

Summary  and  Evolution 
 
The single most important point in 

implementing a technology-enhanced course is the 
recognition that the technology is now a mission-
critical resource. This point needs to be 
acknowledged and acted on by the organizations 
responsible for the technologies used. Although 
there were only a few technology-related 
disruptions in the two years that the course has 
been offered in the blended format, it is important 
to have contingency plans in place in the event of  

 
network outages, server failures, etc. For the 
twice-weekly active learning sessions, the penalty 
of an outage is minimal, and having the students 
independently complete the exercise later in the 
day is an adequate solution. For the electronic 
exams, the penalty is obviously much higher, so 
the exams are conducted with a very low-
technology back up at the ready. In addition to the 
paper copies that students use for their work, a set 
of default values for the problems is printed and 
ready to distribute in case of a technology failure, 

I found taking the electronic exam to be 
basically the same as taking a paper exam.

I would rather not know if my answers are 
correct during the exam.

I would prefer to take electronic exams 
instead of paper exams.

Knowing my answers were correct or not 
helped me to do better on the exam.
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which would result in a reasonably seamless 
reversion to a traditional paper exam. 

 
The second major point is that converting a 

course to a technology-enhanced blended learning 
format is a very significant undertaking, and needs 
to be viewed as a long-term investment. The 
development of effective collaborative learning 
exercises requires a sound knowledge of the 
technology’s capabilities and limitations, and a lot 
of creativity to craft ways to achieve the course’s 
pedagogical goals within that framework.  

 
The changes made to the course represent a 

significant body of work that is now reused and 
incrementally improved on in each offering. One 
area of continued work is the development of 
more practice exercises that students can use 
outside of class to improve (and self-assess) their 
understanding of course concepts. Another 
potential area for improvement is to develop 
online materials to replace the current two 
traditional lectures per week. However, this needs 
more pilot development and assessment to 
determine if it would be beneficial for students or 
not. Online materials were developed to replace a 
few of the course’s lectures, and informal student 
surveys in the course show that students generally 
preferred the in-person lecture to the online 
materials (in both cases presented by the same 
instructor). 

 
Through the use of technology, the required 

teaching assistant (TA) and grader support were 
reduced. The conventional lecture-only course 
was normally taught with a full-time TA and 
required 100+ hours of grader support per 
semester. The current course implementation 
operates very well with a half-time TA and no 
grader support at all. As more courses have been 
converted to the blended format, sharing TAs 
between courses has become practical. This 
allows more TAs to be present in each active 
learning session, while the overall TA demand is 
kept constant or even decreased. Even though the 
TAs are being asked to support multiple courses, 
there is only a minimal increase in their 
preparation time for each course since they are not 
preparing a lesson, but only need to review the 
exercises for each session. 

Course assessment data clearly shows marked 
improvement in student knowledge, with a 
simultaneous increase in student satisfaction. 
Improved student learning in this fundamental 
course should ripple through the degree programs 
it serves, and improve the experience of students 
and faculty alike in follow-on courses. The 
conversion of the electric circuit analysis course 
has been a success, and continued evolution will 
continue to enhance student learning while 
providing a more satisfying experience for 
students and faculty. 
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