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Abstract
Electric circuit analysis is often the first calculus-based and discipline-related course for students
in electrical and computer engineering and is therefore a gateway course to the discipline.
Gateway courses are often plagued by significant student failure rates. This paper outlines the
key features of a web-based system that is being developed to help promote student success in a
low-cost, easily scaled and transferable manner. In short, the system is intended to identify
student misconceptions with regard to basic concepts in electric circuit analysis, to help foster
improved metacognitive skill and to provide the student with resources to address their
difficulties. While it is expected that all students using the system will benefit, the focus
population for the system are at-risk students as identified through a validated electric circuits
pre-test.
Introduction
Gateway courses such as electric circuit analysis often exhibit DFW rates in excess of 30%,
making them “high-risk” as defined in [1]. While the reasons for such high attrition rates are no
doubt numerous, it is hypothesized that one of the most important reasons for student struggles is
deficient metacognitive skill. Metacognition may be defined in terms of information processing
activities as “the active monitoring and consequent regulation and orchestration of these
processes in relation to the cognitive objects or data on which they bear” [2]. More simply,
metacognition can be considered, “knowledge and cognition about cognitive phenomena” [3].
Indeed, as noted elsewhere “students who performed well in high school classes while exerting
minimal effort, may not possess the necessary study skills appropriate for a rigorous college
environment” [4] and while students often believe their primary need is content-related
knowledge, it is often the “prerequisite learning and thinking skills that are basic to content
mastery” [5] which a student lacks. These observations point to the importance of fostering
metacognitive skill among students. As described later, the system under development will
include features designed specifically to measure and promote metacognitive skill.
A second key reason which is hypothesized as to why students struggle in gateway courses in
general and in electric circuits in particular is a student’s use of faulty mental models. For
example, common student misconceptions exhibited in basic circuit analysis tasks include belief
that a battery is a source of a constant current, belief that current is consumed and belief that
charge flow is a sequential process [6]-[11]. While some of these misconceptions may be readily
be corrected, others are more robust [12] requiring considerable intervention to rectify. The
system under development has been designed to allow the problem creator to code anticipated
errors into a library of common misconceptions for a given concept and to provide various forms
of feedback when a student demonstrates a common misconception. The forms of feedback
include simple text feedback, links to appropriate readings within the system and “sub-problems”
that more tightly focus on a concept helping the student confront his/her misconception in hopes
of correcting faulty mental models.

The impetus for developing the system stems from the desire to improve the success rate in the
basic circuit analysis course at Montana State University while retaining both the current course
content and its rigor. As currently constructed, the circuits 1 course at Montana State University,
EELE 201, covers basic circuit quantities, node and mesh analysis, basic circuit theorems, ideal
operational amplifier circuits, the complete response of first order RC and RL circuits, sinusoidal
steady-state analysis and AC steady-state power. There is a follow-on course that considers
topics such as the complete response of second-order circuits, frequency response, Laplace and
Fourier techniques, filter circuits and two-port networks. Both four-credit circuits courses have
lab components.
There is growing literature regarding the teaching of electric circuits with the importance of
conceptual understanding and active learning being prominent themes [13]-[27]. Previous
pedagogical developments in EELE 201 include the introduction of active learning
methodologies in the form of “project circuits” as described elsewhere [13], [14] and more
recently, flipping the classroom. The basic circuits course at Montana State University has grown
to serving more than 120 students in the 2016/2017 academic year from approximately 60
students six years earlier. For example, 83 students were enrolled in the fall 2016 semester of
the course alone. In addition to the challenges of increased enrollment is the significant disparity
in student preparedness for the course.
Focus Population
As a means to better handle the challenges of a growing enrollment without concomitant growth
in resources, the idea of developing a textbook- and learning management system –agnostic webbased homework and tutoring system was conceived. While it is expected that the system will
benefit all students in the course, the focus population is the group of students identified within
the first week of class as at-risk. Exam 1 has been found to be a key indicator of student success
in the course as a whole as students failing exam 1 in EELE 201 have been found to rarely pass
EELE 201. Indeed, less than 5% of students scoring below 60% on the first exam have been
found to pass the course in the seven course offerings considered. Since exam 1 typically takes
place approximately one-third of the way through the class, it is highly desirable to identify
students at risk much earlier in the class and to offer effective means to foster their success. A
variety of measures available within the first week of class have been considered as potential
indicators of the likelihood of student success on the first exam and therefore in the class as a
whole. The key indicator that will be carried forward is a DC circuit conceptual exam.
As a means to establish a baseline measure of a student’s understanding of basic electric circuits
concepts, the DIRECT 1.0 exam [28], a validated, twenty-nine question, multiple-choice test
developed for assessing students’ conceptual understanding of DC circuits and uncovering
students’ misconceptions was used in the fall 2014, 2015 and 2016 offerings of EELE 201. In
fall 2014, the DIRECT 1.0 exam was given just days before exam 1. The correlation between
the DIRECT 1.0 exam and exam 1 in EELE 201 was found to be strong with a 0.60 Pearson’s
correlation in fall 2014. This suggests that many students failing exam 1 lacked a conceptual
grasp of the course material at the time of exam 1. Because a baseline measure of a student’s
conceptual grasp of basic circuit concepts upon entering the course is desired in order to both
promptly identifying at risk students and to study the impact of the web-based system on their

ultimate success in the course, the DIRECT 1.0 exam was administered on day one of EELE 201
in the fall of 2015 and fall of 2016. As expected, the correlation between the DIRECT 1.0 exam
and EELE 201 exam 1 dropped (Pearson’s correlation of 0.42 in fall 2015 and Pearson’s
correlation of 0.40 in fall 2016) suggesting that some students were able to correct key
misconceptions prior to exam 1. With these measures in hand, the impact of the homework
system on the at-risk population and on changes in conceptual understanding of all students will
be monitored upon the full unveiling of the system in fall 2017. It should be noted that while the
system is being developed at Montana State University, it is being done so with an eye toward
broad dissemination as the system is scheduled to be tested elsewhere.
System Components
The system is being developed within the open-source content management system known as
Drupal [29]. By developing a web-based system not tied to any textbook, course management
system, or even any particular flavor of circuit analysis course, it is hoped that the system will
grow in a manner similar to other open-source software and that instructors will be able to tailor
it to their needs. The system features the following modules which are either complete or in
development: secure login module, course enrollment module, problem creation module, answer
parsing module and reporting module.
The system features secure login for instructors and students as well as secure login for the
assessment and evaluation expert tasked with evaluating the system’s impact on student
performance in the introductory circuits course at Montana State University. Each user-type has
its own permissions. Once logged into the system, the instructor is able, through the course
enrollment module, to create an arbitrary number of users with associated passwords and to
enroll them within a course. A screenshot of the login screen is shown in Figure 1.
Figure 1: Screenshot of the login
interface. Separate permissions
have been established for
instructors, students and the
project evaluator. The virtual
breadboard link is provided for
students without the need for
secure login and leads to a
javascript-driven application to
help students make the transition
from circuit schematic diagram
to an assembled circuit on a
common circuit breadboard.

The following problem types may be created using the problem creation module: multiple
choice, true or false, free-form and writing. Multiple choice problems are standard multiple
choice/multiple select problems in which the choices may be either text or figures. The choices
may be presented in random order and the database records both the student input and the time

spent on the problem. In a similar fashion, the database records both student input and the time
spent on a true or false problem. The free-form problem type presents the question along with
associated figures and text input with the potential of both numerical and unit entries. The
answer parsing module extracts the numeric data and units with the database record including
time spent on a problem and student input. The final problem type is a timed writing exercise.
Such exercises pose a conceptual problem to the student and ask him/her to explain their
problem solving strategy in a provided text box. The system prompts the user to continue
entering their thoughts if a period of 30 seconds elapses without several key strokes. The system
will maintain a transcript of the entry for subsequent evaluation by the instructor. The primary
reason to include this type of problem during the evaluation of the homework system is that
writing provides one of the most clear indications of an individual’s metacognitive processes
[30]-[33]. The fact that the grading and evaluation of such problems is to be carried out by the
instructor instead of automatic grading by the system might limit its use beyond the system
evaluation stage. Nevertheless, these types of problems will enable a powerful means to assess
metacognitive development of students in the context of the circuits course. Problems of each
type may be grouped into a given assignment. The three main assignment types to be used in the
study are, Preliminary Assessment Sections, Standard Problem Sets, and Reading and Reflection
Exercises.
Preliminary Assessment Sections
As mentioned previously, it is hypothesized that struggling students often lack refined
metacognitive skill including limited metacognitive awareness. As described by Tobias and
Everson, “Research has shown that learners with effective metacognitive skills are more capable
of making accurate estimates of what they know and do not know, of monitoring and evaluating
their ongoing learning activities, and of developing plans and selecting strategies for learning
new material” [34]. The homework system’s Preliminary Assessment Sections (PAS) are being
developed to include a variation on the Knowledge Monitoring Assessment (KMA) of Tobias
and Everson [35]. The KMA is a simple multiple choice test that allows for a measure of the
coherence between an individual’s perception of their knowledge in a given domain with their
actual performance. In a PAS, the student will be presented with a list of select course outcomes
such as those suggested below.
•
•
•

Rate your confidence to properly apply Ohm’s Law.
Rate your confidence in solving a circuit problem in which the proper understanding of
the model of an ideal independent voltage source is key.
Rate your confidence in solving a circuit problem in which the proper understanding of
the model of an ideal independent current source is key.

Upon completion of the survey questions, the student will be presented with several basic
problems that target the outcomes in question. After completing the problems and thus the PAS,
the system will generate a “metacognitive score,” which will provide a measure of the accuracy
of a student’s perception of their knowledge and their actual knowledge. If certain deficiencies
in a student’s understanding are identified, he/she will be referred to content (reading and
reflection exercises) that is to be reviewed prior to being given a second chance at the PAS. The
reporting module is being developed not only to give student immediate feedback regarding the

degree to which their perceived content mastery matches their actual mastery, but to provide the
instructor, a convenient manner in which to identify struggling students. Preliminary Assessment
Sections will be used beginning in the first weeks of class in hopes of making students aware of
any deficiencies they exhibit, while offering resources to combat their deficiencies early enough
in the course to make a difference.
Reading and Reflection Exercises
Reading and Reflections exercises will be available to all students, but may be required (if the
instructor wishes) for students not passing a given PAS. The reading and reflection exercises will
contain brief reading sections followed by simple questions to verify the student has a basic
understanding of the content. Once completed, the student will have a chance to repeat the
corresponding PAS. The reading and reflection sections will contain content related to key
misconceptions often demonstrated by struggling students and are meant to supplement typical
textbooks which either have conceptual gaps or present incomplete or misleading models and
analogies. A recent review by Sangam and Jesiek presents a comparative study of conceptual
gaps in popular circuits textbooks [11]. As will be discussed in the Beta-Testing Section, the
importance of providing targeted and concise readings for struggling students will be critical to
the efficacy of the system for students lacking commitment to invest significant time to study the
material.
Standard Problem Sets
Standard problem sets are to contain a variety of problems that cover concepts and skill
development related to the course outcomes from one or more PAS. What differentiates a
problem in a standard problem set from those in a PAS is that those within a standard problem
set will simultaneously probe multiple outcomes whereas PAS problems will be more focused
and thus contain less element interactivity. For example the problem suggested in Figure 1
would be a basic problem from a standard problem set. The problem of Figure 1 might be stated
as follows: Assuming Vs = 5 V, IS = 2 A and R = 3 Ω, find the values and units that would be
displayed on meters 1 and 2 assuming the sources and meters to be ideal.
METER 1
A V/Ω

???
COM

R
METER 2
A V/Ω

VS

???

IS
COM

Figure 2: An example problem from a standard problem set. While basic, this problem elicits
several common misconceptions from struggling students. Properly identified, a student’s
misconception will cause the system to present a more focused problem in an attempt to remedy
the misconception.

The problem of Figure 2 is certainly basic and yet requires a student to demonstrate an
understanding of ideal independent voltage and current sources, the properties of ideal
multimeters as well as proper use of Ohm’s law. It is likely that instructors can identify common
errors a student might make when solving such a problem. Along with a given problem will be
coded a library of common misconceptions that a student might make. For example, in the
problem above say a student enters 0V for meter 2 believing there is no voltage drop across a
current source – an error often seen by students of one of the authors, he/she would be presented
with the subproblem such as that shown in Figure 3. The problem of Figure 3 might be stated as
follows: Given IS = 0.5 A and R = 10 Ω, find the value and unit that would be displayed on the
meter assuming the source and meter to be ideal.

A V/Ω

R

???

IS
COM

Figure 3: An example subproblem from a standard problem set. In this subproblem a student
would be confronted with the need to reconcile how the potential difference across the current
source could be zero if it is in parallel with a resistor carrying current.
Once again if the student entered 0V, he/she would then be asked questions such as whether the
meter was measuring the voltage drop across the current source, the resistor or both and be
forced to reconcile how the potential difference across a current source could be zero if it is in
parallel with a current-carrying resistor. Obviously there are many potential misconceptions and
system’s library will not contain them all. It should be noted that each problem has a textbox
allowing a student to enter questions or comments regarding the current problem. The comments
will be tagged to the given problem and sent to the instructor for follow-up. If additional
common errors are noted by the instructor, the misconception library for a given problem can be
expanded. To reduce the opportunity for student mischief, the order of problems may be
randomized as well as the actual numbers used in the problems.
It is expected that most students in the circuits course will be able to complete many of the
problems without assistance in the form of subproblems. On the other hand, it is anticipated that
providing problems that adjust to a student’s current understanding and cognitive load capacity
through fading and other techniques [34]-[36] is just what is necessary to meaningfully assist atrisk students.
Coding a Free-Form Problem
To provide a feel for the problem creation interface, an example of a free-form input question
along with screenshots of the corresponding problem creation interface input are shown in
Figures 4 through 6.

Figure 4: Screenshot of an example free-form problem. Though in this case the units are given,
free-form problems allow for the input of both a value and unit to be evaluated using the answer
parser.

Figure 5: Screenshot of an excerpt of the problem creation interface. The problems title includes
PAS which denotes to the problem creator that this is a problem to be assigned in a so-called
preliminary assessment section. The problem creator has selected ideal current source and ideal
voltage source as concepts he wanted tagged to the particular question. Tagging questions in
this manner facilitates functions associated with the system’s reporting module.

The problem of Figure 4 asks the user to enter the value of current I, as depicted in the circuit.
The student must understand the correct models for an ideal independent voltage source, ideal
independent current source, and resistor as well as the fact that the current is the same throughout
a simple series circuit. Figures 5 and 6 show screenshots of the interface an instructor would use
to create such a problem. Figure 5 displays that the problem creator gives a title for a given
question, may select tags for a given problem indicating which concepts are tied to a given
problem, may upload one or more figures for a problem and may include subproblems which are
presented to the student if he/she makes a specific error tied to a coded misconception. Figure 6
presents the sections of the interface (Answer Parser, Question and Parameters) to build a
problem in the Domain Specific Language (DSL) which uses the PHP templating engine known
as Twig.

Figure 6: Screenshot of a second excerpt of the problem-creator interface in which the problem
creator completes sections for the Answer Parser, Question and Parameters sections. For this
problem, random values between 1 and 10 are created for the variable Is, R and Vs
corresponding to the current source, resistor and voltage source. The question rendering code
includes simple HTML tags for subscripting.

Beta-Testing
Various features of the system have been beta-tested with the Spring 2017 EELE 201 class
including the secure login, course enrollment, problem creation, and answer parsing modules.
The reporting module is currently under development. During one 50-minute session in the third
week of class, students logged into the system for the first time, individually worked through a
preliminary assessment section containing various problem types and completed an anonymous
survey regarding their initial experiences with the system. The main goals of the survey were to
determine student impressions of the virtual breadboard portion of the system which they had
used on multiple occasions earlier in the semester, their preferred mode of asking for help in
science, engineering and math courses and their commitment to using a web-based tutoring
system that held the promise of identifying their misconceptions and helping correct them.
Survey results regarding student experience with the virtual breadboard, not described here, will
be used to hone this javascript-based feature for use in Fall 2017. There were 31 respondents out
of 40 students present on that day.
One question of the survey asked students to rank their preferred method of seeking help in
science engineering and math courses given the following five options: visiting the instructor,
visiting the teaching assistant, emailing the instructor, asking a classmate and completing a web
search on the topic in question. Table 1 present the survey results to this question.
Option
Asking a classmate
Completing a Web search
Visiting the instructor
Visiting the teaching assistant
Emailing the instructor

Top
choice
32.3%
25.8%
25.8%
6.5%
6.5%

Second
choice
25.8%
25.8%
22.6%
16.1%
12.9%

Third
choice
19.4%
12.9%
22.6%
19.4%
29.0%

Fourth
choice
12.9%
12.9%
19.4%
22.6%
35.5%

Last
choice
9.7%
22.6%
9.7%
35.5%
16.1%

Table 1: Students ranking of their preferred method of seeking help in science, engineering and
math courses. N=31.
Asking a classmate for help was either the top choice or second choice of approximately 58% of
the class, followed by completing a web search (~52%), visiting the instructor (~48%), visiting
the teaching assistant (23%) and emailing the instructor (19%). Interestingly, while completing a
web search scored high as first and second choices, nearly a fourth of the students ranked it their
last choice.
A second question asked: When you do not understand a concept in one of your math, science or
engineering courses, what reason(s) would cause you not to seek assistance? (For example: Are
you too busy? Are you uncomfortable in asking questions of the instructor? Do you figure it is
an unimportant question?) The responses to this question were reviewed to find the frequency
of various themes. Table 2 collects the common themes and counts their frequency. A given
response from a student could contain multiple themes.

Theme
Time / Too busy
Pride / Too easy / I should know it
Fear / Shyness / Discomfort
Schedule with instructor doesn’t align
Don’t know what to ask
Importance of questions

Counts
16
7
5
5
2
1

Table 2: Common themes students indicated as reasons for not seeking assistance along with the
frequency of a given theme within the 31 responses. A given response could touch on more than
a single theme.
A third question asked: A web-based circuit analysis tutoring system is being developed to
accurately determine the concepts with which the user struggles and to provide corresponding
resources (brief web-based readings and targeted practice problems) to help the user master the
difficult concepts. Assuming that use of the system is NOT required, how much time would you
be willing to spend in the web-based tutoring system to help you succeed in EELE 201? This is
time in addition to what you currently spend in EELE 201. Table 3 displays the options given to
the student and the percentage of students selecting a given option. Students were able to select
only one option.

Option
I would only use the system if it were required and counted as part of
my course grade.
I would be willing to spend only one hour or less per week using the
system.
I would be willing to spend between one and two hours per week using
the system.
I would be willing to spend between two and three hours per week
using the system.
I would be willing to spend more than three hours per week using the
system.

Percentage of
students selecting
option
9.7
38.7
25.8
16.1
9.7

Table 3: Amount of time a student would commit to using a web-based circuit analysis tool
beyond the current time spend in the class.
To put the results of the survey in better perspective, a few details regarding the delivery of
EELE 201 during the spring 2017 term should be described. The course is flipped, in that
students are expected to come to class having watched one or more short (~5-15 minutes long)
instructor-created videos, which are assigned for each of the three 50-minute lecture periods per
week. The beginning of class consists of either a 5-10 minute quiz regarding the assigned
videos, answers to questions regarding the videos and/or an introduction to the in-class activity
(ICA) for the day. Once the ICA has been handed out, students self-assemble into groups of two
to four to work on the activity. The instructor and a teaching assistant are there to answer

individual questions. Typically once or twice per period, the instructor gains the attention of the
entire class to discuss a key point, or a common question. Students submit their ICA
individually either at the end of the period or at the beginning of the next. Additional practice
problems from the course text are suggested, but not required. The class has a 1 hour and 50
minute lab once per week. Clearly, working with classmates and asking questions are highly
encouraged. Any inferences regarding the quality of the teaching assistant in EELE 201 from the
results of table 1 should be disregarded. While not always the case, the teaching assistant in the
spring 2017 offering of the course is highly regarded and considered integral to the success of
students. As the surveys were anonymous, only general observations may be made and not
directly tied with an individual’s current standing in the course.
As suggested in Table 3, slightly over 48% of students committed to one hour or less per week
with the system beyond their normal classwork. It is apparent therefore that unless made part of
a student’s grade, the system must be found by the student to be an efficient means to improve
their performance or it will be unused. As noted previously, as the results were anonymous, it is
not possible to link individual responses with personality traits. It could very well be that the
10% indicating that they would not use the system unless it were required are the very students
in most need of extra help. In a similar fashion, those indicating a significantly greater
commitment to using the system may be the self-regulated learners in least need of the system.
Lack of time is a predominant theme in the results of Table 2 and underscores the importance
that the system be developed to make it clear to a student that there is a significant return on
investment of their time spent within the system. Students identifying pride, shyness, not
knowing what to ask and doubting the importance of their questions may find a web-based
system particularly helpful as it does not force the student to confront their misgivings regarding
seeking help from another person. The system could be particularly powerful in that it will help
students develop a more accurate metacognitive awareness, a key step to becoming a selfregulated learner. Finally, since the system is to be available to students at all times and from
any location with access to the web, issues related to conflicting schedules should be largely
mitigated.
One issue alluded to earlier is that the very students in most need of the extra assistance, may be
the ones least likely to meaningfully use the system unless its use forms a significant portion of
the grade. Based on the current format of EELE 201, required use of the system beyond specific
allocated times is not planned. For the full unveiling of the system in the Fall of 2017, four onehour sessions of lab time are to be committed to having students use the system. Beyond that,
use of the system will be at the discretion of the student. One feature of the reporting module
that is being developed is to track the frequency with which a student uses the system, the total
time spent in the system and the specific content that is accessed by the student. By doing so, an
analysis may be performed to identify the level of commitment a student devotes to the system
and the corresponding impact that the system has. It would be certainly possible to require
students to use the system on their own out of class time, and depending on the course format,
this may be the preferred manner.

Conclusions
This paper describes the elements of a web-based system being developed to help foster
metacognitive skill and the development of correct mental models regarding electric phenomena
among students in courses covering basic circuit analysis. The system has been developed using
the content management system Drupal and allows an instructor to enroll students and assign
various problem types. When fully realized, the system will provide prompt feedback to students
regarding their capabilities in properly applying the basic concepts and provide resources in the
form of brief readings and targeted problems specific to the help a given student needs. The
results of student surveys suggest that a web-based system may be a very valuable tool for
students perceiving either lack of time and personal misgivings such as shyness and pride as
major impediments to seeking help. That being said, student surveys also suggest that targeted
feedback that makes the system’s value readily apparent to the student will be necessary for
many to devote time to the system if it does not form a direct contribution to their grade. Just as
the results of Table 1 reveal, it seems solid policy is to afford the student with a variety of ways
to receive help; the web-based system described being one which is readily scaled to large
classes and transferable to other institutions.
Acknowledgements
The authors would like to acknowledge the support of the National Science Foundation through
Grant 1504880.
Bibliography
[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Dennis H. Congos and Nancy Schoeps, “Does Supplemental Instruction Really Work and What is it
Anyway?” Studies in Higher Education, Volume 18, No. 2, 1993, pp. 165-176.
John Flavell, “Metacognitive Aspects of Problem Solving,” in The Nature of Intelligence, Lauren B.
Resnick ed., Lawrence Erlbaum Associates, Hilsdale , N.J., 1976.
John Flavell, “Metacognition and Cognitive Monitoring A New Area of Cognitive – Developmental
Inquiry,” American Psychologist, Vol. 34, No. 10, pp. 906-911, October 1979.
Thomas J. Webster and Kay C. Dee, “Supplemental Instruction Integrated Into an Introductory
Engineering Course,” Journal of Engineering Education, October 1998, pp. 377-383.)
Robert A. Blanc, Larry E DeBuhr and Deanna C. Martin, “Breaking the Attrition Cycle, The Effects
of Supplemental Instruction on Undergraduate Performance and Attrition,” Journal of Higher
Education, Volume 54, Number 1, 1983, pp. 80-90.
Paula Vetter Engelhardt and Robert J. Beichner, “Students’ Understanding of Direct Current
Resistive Electrical Circuits,” American Journal of Physics, Vol. 72 (98), pp. 98-115, 2004.
Tatiana V. Goris and Michael J. Dyrenfurth, “How Electrical Engineering Technology Students
Understand Concepts of Electricity. Comparison of Misconceptions of Freshmen, Sophomores, and
Seniors,” Proceedings of the 2013 American Society for Engineering Education Annual Conference
and Exposition. Paper ID 5849.
David P. Tallant, “A Review of Misconceptions of Electricity and Electrical Circuits,” The
Proceedings of the Third International Seminar on Misconceptions and Educational Strategies in
Science and Mathematics, August 1-4, 1993.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Deepika Sangam and Brent K. Jesiek, “Conceptual Understanding of Resistive Electric Circuits
Among First-Year Engineering Students,” Proceedings of the 2012 American Society for Engineering
Education Annual Conference and Exposition.
Richard Gunstone, Brian McKittrick, Pamela Mulhall, “Textbooks and their authors: another
perspective on the difficulties of teaching and learning electricity,” in Research and the Quality of
Science Education, Kerst Boersma, Martin Goedhart, Onno de Jong, Harrie Eijkelhof,.eds. Springer,
2005.
Deepika Sangam and Brent K. Jesiek, “Conceptual Gaps in Circuits Textbooks: A Comparative
Study,” IEEE Transactions on Education, Vol. 58, Issue 3, 2015.
Michelene T.H. Chi, “Commonsense Conceptions of Emergent Processes: Why Some
Misconceptions Are Robust,” Journal of the Learning Sciences, 14(2), pp. 161-199, 2005.
James P. Becker, Carolyn Plumb and Richard, A. Revia, “Project Circuits in a Basic Electric Circuits
Course,” IEEE Transactions on Education, Vol. 57, Issue 2, 2014.
James P. Becker, Carolyn Plumb and Richard Revia, “The Use of A Project Circuit in the Teaching of
A Basic Electric Circuits Course,” Proceeding of the 2012 ASEE Annual Conference and Exposition,
June 2012.
R. M. O’Connell, “Work in progress - adapting team-based learning to the first circuit theory
course,” in 41st ASEE/IEEE Frontiers Educ. Conf. (FIE), 2011, Rapid City, SD, Oct. 2011, pp. T2C–
1–T2C–2.
Oenardi Lawanto, “The use of enhanced guided notes in an electric circuits class: an exploratory
study,” IEEE Transactions on Educucation, vol. 55, no. 1, pp. 16–21, Feb. 2012.
L. Palma et al., “Use of web-based materials to teach electric circuit theory,” IEEE Transactions on
Education, vol. 48, no. 4, pp. 729–734, Nov. 2005.
J. Hospodka and J. Biˇc`ak, “Web-based application for electric circuit analysis,” in 2009 4th Int.
Multi-Conf. Computing Global Inform. Technology, 2009, pp. 157–160.
Anna-Karin Carstensen and Jonte Bernhard, “Student learning in an electric circuit theory course:
critical aspects and task design,” European J. Eng. Educ., vol. 34, no. 4, pp. 393–408, Aug. 2009.
Anna-Karin Carstensen and Jonte Bernhard, Critical Aspects For Learning in an Electric Circuit
Theory Course – an Example of Applying Learning Theory and Design-based education Research in
Developing Engineering Education, First International Conference on Research in Engineering
Education (ICREE), Honolulu, June 2007.
A. A. Gokhale, “Collaborative learning enhances critical thinking,” J. Technology Educ., vol. 7, no.
1, Fall 1995. [Online]. Available: http://scholar.lib.vt.edu/ejournals/JTE/v7n1/gokhale.jte-v7n1.html
A. Yadav et al., “Problem-based learning: Influence on student’s learning in an electrical engineering
course,” J. Eng. Educ., vol. 100, no. 2, pp. 253–280, Apr. 2011.
L. Trajovi´c, “Teaching circuits to new generations of engineers,” in Proc. 2011 IEEE Int. Symp.
Circuits and Systems, 2011, pp. 1187–1190.
J. Bernhard and A.-K. Carstensen, “Learning and teaching electric circuit theory,” Physics Teaching
Eng. Educ., Jun. 2002.
T. Ogunfunmi and M. Rahman, “A concept inventory for an electric circuits course: rationale and
fundamental topics,” in Proc. 2010 IEEE Int. Symp. Circuits and Systems, 2010, pp. 2804–2807.
L. Watai et al., “Designing effective laboratory courses in electrical engineering: challenge-based
model that reflects engineering process,” in 37th Annual Frontiers in Education Conference (FIE) Global Eng.: Knowledge Without Borders, Opportunities Without Passports, 2007. , October 10–13,
2007.
Gloria J. Kim, E.E Patrick, R. Srivastava and M.E. Law, “Perspective on Flipping Circuits 1”, IEEE
Transactions on Education, Vol. 57, No. 3, August 2014, pp. 188-192.

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Paula Vetter Engelhardt and Robert J. Beichner, “Students’ Understanding of Direct Current
Resistive Electrical Circuits,” American Journal of Physics, Vol. 72 (98), pp. 98-115, 2004.
https://www.drupal.org/
Roger L. Dominowski, “Verbalization and Problem Solving,” in Metacognition in Educational
Theory and Practice, Douglas J. Hacker, John Dunlosky and Arthur C. Graesser, eds. Lawrence
Erlbaum Associates, New Jersey, 1988.
Russel W. Kenyon, “Writing is Problem Solving,” in Writing to Learn Mathematics and Science,
Connolloy and Vilardi, eds., Teachers College Press, New York, 1989.
Mary E. Ahlum-Heath and Francis J. Di Vesta, “The Effect of Conscious Controlled Verbalization of
a Cognitive Strategy on Transfer in Problem Solving,” Memory and Cognition, Vol. 14 pp. 281-285,
1986.
David K. Pugalee, “Writing, Mathematics, and Metacognition: Looking for Connections Through
Students’ Work in Mathematical Problem Solving,” School Science and Mathematics, Vol. 101, No.
5, May 2001.
Sigmund Tobias and Howard T. Everson, “Assessing Metacognitive Knowledge Monitoring,”
College Board Report No. 96-01, College Entrance Examination Board, 1996.
Sigmund Tobias and Howard T. Everson, “Knowing What You Know and What You Don’t: Further
Research on Metacognitive Knowledge Monitoring” College Board Report No. 2002-3, College
Entrance Examination Board, 2002.
Fred Pass, Juhani E. Tuovinen, Huib Tabbers and Pascal W.M. Van Gerven, “Cognitive Load
Measurement as a Means to Advance Cognitive Load Theory,” Educational Psychologist, Vol. 38,
No. 1, pp. 63-71, 2003.
Paul Chandler and John Sweller, “The Split-Attention Effect As A Factor In the Design of
Instruction,” British Journal of Educational Psychology, Vol. 62, pp. 233-246, 1992.
Alexander Renkl, Robert K. Atkinson and Cornelia S. Grobe, “How Fading Worked Solution Steps
Works – A Cognitive Load Perspective, Instructional Science, Vol. 32, pp. 59-82, 2004.

