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Abstract
Presently, instructors are required to teach more students with the same resources, especially
in lower level classes. This often reduces the amount of time instructors have with their
students. Because of this, working examples in class may be omitted to be able to make it
through all of the required material. This can be problematic with electric circuit analysis
courses since they are often prerequisites for other courses. A lack of understanding in these
classes will likely result in a lack of understanding in future classes. Software is often touted
as a way to increase understanding outside of the classroom.
While software is often used in these classes, often it is circuit or numerical analysis software
that is not meant to teach concepts. Teaching software does exist. However, some have only
a preset number of problems or only provide the solution without specifying how it is
computed. Others may provide a ‘limitless’ number of problems by changing component
values, but each of these end up being the same basic problem.
This paper will introduce new learning software that addresses these shortcomings. The
software provides a practically limitless number of problems by varying component values
and circuit structure. Moreover, the software provides both an answer and an explanation of
how it could be computed. Finally, the software is designed so that students who need more
help can get it, while those who do not can move on. This software and an analysis of its use
will be presented in this paper.
Introduction
As an educator in one of today’s classrooms, I am faced with two problems: an ever-growing
body of knowledge and an educational system that is moving towards larger classrooms and
reduced face-to-face time with students. Electrical circuit analysis courses (herein referred to
as circuit courses) are typically relatively large classes and dense in the number of topics that
are presented. Ideally, for each topic that is presented several examples would be presented to
the class. However, in a traditional lecture environment these are time-consuming. Moreover,
since circuit courses are typically entry-level, students may have a wide variety of
backgrounds. Therefore, some students may understand topics right away while others may
require many different examples. However, because of the number of topics, providing
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examples for each topic until each student understands is not a possibility. Equally, it is not
prudent for students to ‘just get through’ a circuits course since it is often a prerequisite for
most of their other courses. Ideally, an instructor or tutor could help any students who get
‘left behind’ by tutoring during their office hours or other help sessions. With the current
state of our education system; however, instructors are required to teach more students with
the same, or even fewer, resources. Software is often touted as a way to increase
understanding outside of the classroom.
While software has its benefits, it is not a panacea for teaching. While software has its place
in the classroom, one must keep in mind the purpose. For instance, SPICE and other circuit
analyzing software are often used but they are designed to analyze, not teach analysis
techniques.While the teaching of this type of software is often justified in circuit courses, the
intent should be to learn the software not to teach analysis concepts. As an anology, consider
teaching a child arithmetic only using a calculator. They may learn how to use the calculator,
but will neither learn how to perform the arithmetic nor gain insight into how the problems
are solved. Other software does exist for the sole purpose of helping students learn the
concepts. However, many are limited. For example, some have only a present number of
problems or only provide the solution without specifying how it is computed. Others may
provide a ‘limitless’ number of problems by changing component values, but each of these
end up being the same basic problem.
This paper will introduce a newly developed computer-aided learning software program that
address these shortcomings. The software provides a practically limitless number of
problems by not only varying component values but also the structure of the circuits.
Moreover, the software provides not only an answer to each problem, but an explanation of
how the student could compute it. Finally, the software is designed in such a way that
students who need more help can get it while those who do not can move on. This software
and an analysis of its use in a classroom will be presented in this paper.
Types of Electric Circuit Analysis Software
There are three basic types of software packages used in introductory circuits courses:
numerical analysis software, simulation software, and tutoring software. Each has a
particular purpose for being included in a circuits course.
Numerical analysis software enables a user to create complex mathematical functions and
algorithms, and then solve equations using those algorithms. MATLAB (derived from
“Matrix Laboratory”), created by MathWorks, is numerical analysis software designed
for engineering and other math-related fields 0. PTC’s MathCAD and the freely available
FreeMat are both similar to MATLAB in functionality. Each of these software programs
have the ability to perform complex mathematical computations. While these programs
simplify the computations, they do have drawbacks. In lower-level electrical courses,
many of the formulas used do not become complex enough to require computer-based
software to analyze. MATLAB, and similar programs, can calculate diode characteristics,
plot transistor response curves, and so much more 0. However, this is often not needed in
Proceedings of The 2011 IAJC-ASEE International Conference
ISBN 978-1-60643-379-9

low-level circuits courses. While learning the software may be an objective of the class,
learning the numerical analysis software may not translate into an increased
understanding of electric circuit analysis. Thus the implementation of numerical analysis
software to teach electric circuit analysis may be impractical.
Simulation programs for electrical circuits enable a user to create a schematic of a circuit
on a computer and then run a simulation on the circuit to analyze the behavior.
Simulation Program Integrated Circuits Especially (SPICE) is one of the most common
simulation engines used for electrical circuits 0. SPICE is a simulation engine developed
at the University of California, Berkeley, and serves as a foundation for electronic
simulation. Several programs use it, including XSpice (Georgia Technical Research
Institute), PSpice (MicroSim, now packaged by OrCAD), and MultiSim (Electronics
Workbench). Simulating a circuit involves creating the circuit by placing parts and
connecting with wires, running the simulation for the circuit, and then analyzing the
results with probes, oscilloscopes, and meters. Simulation programs are very useful in the
field of electronics. Having a simulation program eliminates the physical task of placing
wires and parts on bread-boards. Simulation software also makes it possible to construct,
test, and analyze a circuit without ever touching real parts, such as chips or resistors 0.
The main benefit of this type of software being used in the classroom is that it is
personalized to the students; they are able to build circuits at their own pace and with
their own design 0. With the ability to store circuits on a computer for future reference,
the student can create a portfolio of experiments without exhausting a supply of parts and
space. Ultimately this could save money because the students do not need to buy this
equipment or electronic parts 0. Unfortunately, unless already present the cost of the
software and computers may be more costly than the simple electronic parts and
equipment. Some simulation programs, such as PSpice, utilize a CAD structure that may
not always have a simple user interface 0. If a large amount of time is needed to train a
student on how to use the software, then time will be taken away from actual learning.
For students in lower-level courses it may be easier to just build a circuit on a breadboard
and test it with probes than spending time trying to learn how to do simple tasks with
software. Despite being a good skill to have, learning simulation software does not
exactly translate into learning circuit analysis. This software only provides the analysis; it
does not teach the user how to obtain the results.
Tutoring software enables a user to learn by use of practice and example. Two examples
of tutoring software are Web Tutor and DC Circuits Challenge. DC Circuits Challenge is
a teaching program made by ETCAI that enables students to sharpen their skills on
various topics in electrical circuits. Tutoring software, like DC Circuits Challenge, uses
predetermined circuits for students to practice on 0. In DC Circuits Challenge, the values
of the components change allowing students to practice the same type of circuit given
various values. Tutoring software that uses predefined circuits, like DC Circuits
Challenge, results in the student analyzing the same circuit over and over again with just
the values of the components changing 0. This may help the student memorize an
approach to solving a particular circuit, but may not help when the circuit changes.
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Figure 1 shows two examples of DC Circuits Challenge circuits.Notice that only the
component values change between the two examples.

Figure 1: DC Circuits Challenge Layout Examples
Web Tutor, developed by Benedykt Rodanski, is a program placed online where students
can practice example exercises to increase knowledge and practice solving electrical
circuits 0. Web Tutor generates a circuit within a predefined framework 0. Students using
software that generates a random circuit will be subjected to many different circuit
layouts 0. Web Tutor circuits are randomly generated having constraints placed on the
size of the circuit and the orientation 0.
Figure 2 shows examples of circuits generated by Web Tutor. While different, the circuits
produced are similar visually.

Figure 2: Web Tutor Layout Examples
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By having the software itself create the circuit there can be many variations of circuits for
any given topic. Students can learn by practicing as much as they want until they are
comfortable. If a student grasps the concepts of a particular lesson then that student does
not need to practice as much as another student who does not fully understand the lesson.
If software allows for an infinite number of circuits, then students can practice as much as
they need. In some cases tutoring software could replace book work and quizzes
completely 0. Benedykt Rodanski has proved that software tools can supplement a course
with great results 0. Tutoring software can be used as a tool that forces students to look at
examples and practice until the concepts become familiar. Tutoring software, however,
does have drawbacks, specifically those found in the programming. The topics are limited
by the amount of programming put into the software package. Some tutoring software
may not cover all the topics covered by the course. Even though the concepts remain the
same, the visual difference in some circuits may be confusing. Therefore, practicing on
many different circuits will prepare the student more effectively 0. Students who practice
on software that can generate any given number (and type) of circuits may have an
advantage over the students who practice on one circuit where only the values of the
components change. Therefore, the type of tutoring software that is used will determine
the benefits.
The Circuits Tutor Software
Tutoring software called Circuit Tutor is the focus of this paper. While it is similar to
Web Tutor and DC Circuits Challenge in many respects, it is significantly different in
others.
Figure 3 shows examples of Circuit Tutor layouts. While the Circuit Tutor examples are
similar to Web Tutor, the program does allow for more variation. A more significant
difference between the three tutoring software packages is the ways in which they
provide help. DC Circuits Challenge and Web Tutor give help by showing a generic
example or by pointing to a specific theory on which the problem is based.

Figure 3: Circuit Tutor Examples
Proceedings of The 2011 IAJC-ASEE International Conference
ISBN 978-1-60643-379-9

Circuit Tutor, on the other hand, provides customized text showing step-by-step how a
specific problem is solved.
Figure 4 shows a problem as presented to the student.
Figure 5 shows the answers as submitted and the resulting explanation. The full text of
this explanation is shown in
Figure 6. This text is customized for each problem.

Figure 4: Circuit Tutor Example as Presented to Student
The software is designed to increase students’ critical thinking abilities. When students
see a circuits question on an exam they must first determine a method to solve the
problem. This is by no means trivial. Even electric circuits that look extremely similar
may be analyzed in very different ways. For this reason, memorizing theories is not
enough. Students must comprehend the theories and determine their applicability to
specific circuits. Unfortunately, this comprehension cannot be ‘taught’. While instructors
can provide resources and guide the students, we are not able to ‘flip the switch’ of
understanding. That is up to the students. One way to get students to ‘see’ the answer is
through the use of examples. Most software used in circuits class will analyze a circuit
but not show how it is done. The Circuit Tutor software, however, attempts to do this.
This software challenges a student with a problem, checks their answer, then shows the
student how they could approach the problem. Like most other tutor software, it has a
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‘practice mode’ that repeats the same type of problem over and over to build familiarity
with how the specific problem type is solved. A difference with this software is that it
also has a ‘test mode’. In this mode random types of problems are given so students must
learn to recognize the type of problem in a addition to knowing how it is solved.

Figure 5: Circuit Tutor Example Once Submitted by Student

Figure 6: Circuit Tutor Example, Explanation Close-up
The software developed as a part of this project can be used to supplement topics that
students feel they need more time with. The software currently has 3 topics and each
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topic has at least 2 subtopics. The software was designed so that it can easily be expanded
with more topics. Furthermore, students are able to spend as much (or as little) time with
a topic as they (or the instructor) see fit. The software has a special scoring system built
in that encourages this. It scores only the most current problems. Therefore, if a student
knows a topic they can work the minimum number of problems and get a good score.
Alternatively, a student who is struggling can keep doing additional problems until they
understand the topic. Since only the most current problems are used to determine the
score, a good score is always possible. An example of this is shown in
Figure 7. For this particular example only 6 problems are used in scoring. Since the
student worked 8 problems the first two are ignored. This method is meant to encourage
those who need extra work to do it while not penalizing those who do not need it.

Figure 7: Circuit Tutor Scoring Example
Implementation of Software
The purpose of this project was to find a way to enhance classroom pedagogy in the field
of electrical circuits. This was quantified using test scores and surveys from students.
This project suggested ways to help relieve time strains placed on the educator and
increase conceptual understanding for the students. The key concern of the software is to
improve the skills of students in a time-efficient manner.
This project involved the students in a lower-level electrical course in the School of
Polytechnic Studies at Southeast Missouri State University. The specific course is ET160:
Basic Electricity and Electronics. The class involved has thirty-two students. However,
not all thirty-two students participated in the project. Aside from the thirty-two potential
students in ET160, there was a potential five students from higher-level courses that had
already taken either ET160 or a similar course. These upper-level students were used to
provided feedback on the software. The project relied on student surveys for information
Proceedings of The 2011 IAJC-ASEE International Conference
ISBN 978-1-60643-379-9

regarding the benefits and opinions of the software when used in the class. A survey was
also given to the higher-level students.

Tests were used to gather data indicating the levels of understanding for students in
ET160. To get a better understanding of the usefulness of the software 4 tests were
administered: pre-test A, post-test A, pre-test B, and post-test B. Both of the pre-tests
were given before use of the software. Both of the post-tests were given after use of the
software. The pre-test A and post-test A both used a randomly generated problem taken
verbatim from the Circuit Tutor software. Pre-test A was given approximately one month
before students used the software. Post-test A was different than the pre-test, but similar.
It was given immediately after students worked with the software. Pre-test B and post-test
B both consisted of problems covering the same concepts as those found in the software.
However, the way in which the concept is presented is significantly different than that
found in the software. Pre-test B was given approximately one month before students
used the software. Post-test B was different than the pre-test, but similar. Post-test B was
given a week after students worked with the software.
Test set A was designed to see if the software helped the understanding of a very specific
problem type over a very short time period. Test set B was designed to see if the software
could help with other types of problems (covering the same concepts) over a longer
period of time. While changes were present from the pre-test to the post-test for both test
sets, the overall difficulty of the problem was meant to be consistent. These differences
were introduced to ensure that students didn’t memorize answers without understanding
the underlying concept. It should also be stated that the timing and concepts of both pretests were introduced to the students ahead of time. The concept and timing of the posttest A was also announced. Neither the timing nor the specific problem type of post-test
B was announced ahead of time. The concepts covered by the software and tests were all
covered in lecture before any tests were given.
Results of Software Testing
The test data gathered was analyzed using standard statistical processes. A one-tailed ttest was used to determine if the students’ grades increased from pre-test to post-test for
each test set. While there was over 30 students in the class, not all students participated in
all parts of the project. For example, some students submitted pre-test A, but did not
submit post-test A. Some students also took parts of the pre-test and post-test without
using the software. Absent of the software used, it is assumed that insignificant
improvement was made between pre-testing and post-testing. A limited sample size
prevented sub-dividing the group into two parts for control and experiment. Thus the
assumption has been made that all improvement were due to the software.
Table 1 lists the results for each test set, the sub-questions of each problem set, the
overall results, and the results from 4 students who were not able to use the software
because of absence. The P-values shown are the result of the t-test and provides a
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measure of the likelihood that the result could have been achieved through chance. If the
P-value is less than the set alpha level (typically 0.10 or 0.05), the data is considered to be
statistically significant. The sample sizes are also shown. Paired t-tests require a pair of
pre- and post-tests. Therefore, if one student submitted the pre-test but not the post-test
then the data was omitted. The table illustrates whether or not the student achievement,
based on grades from pre-tests and post-tests, is enough to assume that the software has a
statistically significant effect on the education of students. With the alpha level set at 0.05
the overall test results shows significant improvement since the P-value is less than the
alpha level (0.0005 < 0.05). Many of the individual problems and questions also show a
statistically significant improvement. It should be noted, however, that in Question 2a in
Test Set B the average score actually decreased (even if it is statistically insignificant at a
P-value of 0.1641). The improvements made on most of the post-test questions, however,
make the overall test improvement statistically significant.
Table 1- Statistical Analysis of Test Results

Question 1
Question 2
Total

Question 1a
Question 1b
Total for Q1
Question 2a
Question 2b
Question 2c
Total for Q2

Overall Test

Overall Test

Test Set A, N=25
P-value
Pre-Avg
0.0159
72.80%
0.2872
76.00%
0.0476
74.40%
Test Set B, N=24
P-value
Pre-Avg
0.0654
83.33%
0.0393
43.48%
0.0162
67.39%
0.1641
94.35%
0.0363
76.09%
0.0928
63.04%
0.0958
87.27%
Both Test Sets, N=23
P-value
Pre-Avg
0.0005
73.18%
Test Set B Control, N=4
P-value
Pre-Avg
0.094
98.00%

Post-Avg
84.00%
79.20%
81.60%
Post-Avg
92.75%
59.78%
79.57%
93.04%
93.48%
76.09%
90.68%
Post-Avg
79.88%
Post-Avg
91.00%

Because of absences, a small sample of students (4) from ET160 were given pre-test B
and post-test B without using the software. Data from these students is listed in the table
as ‘Test Set B Control’. Although the sample size was small, the data gathered did
indicate that the post-test results showed no improvement over the pre-test results when
the students did not use the software. Thus the assumption that no significant
improvement would naturally be made from pre-test to post-test is supported.
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In addition to analyzing test results, students were also given an anonymous survey so
that they could provide feedback on the software. Most of the responses from the survey
are positive regarding the use and benefit of Circuit Tutor. One question, question 10, had
a unanimous response that the program would be beneficial for students taking the course
in the future. Comments made at the end of the survey were mostly positive. Expressions
such as “very helpful,” “very beneficial,” “simple and easy to use,” and “pretty amazing”
were all used to describe the software. Circuit Tutor “supported what was taught in the
class well,” “definitely helped,” was “good practice with immediate feedback,” “helped
to better understand the material,” “enhanced understanding,” and “reinforced the
concepts” according to the surveys. Some of the feedback identified Circuit Tutor to be a
“good study tool,” and “really helpful when studying” as well as “helpful when preparing
for tests and understanding homework.” Not all the comments, however, were positive.
Some comments were constructive and provided suggestions on improvement. Overall
there were no negative remarks, just positive evaluations and helpful suggestions.
Overall the Circuit Tutor software did improve grades by a statistically significant
amount. Not only did Circuit Tutor improve the grades, it also received good reviews by
the students themselves. Although the sample size for the study was small, the results
were clear; tutoring software does have an impact on the level of understanding the
students have regarding electrical circuits.
Conclusion
The data gathered from the tests indicate that Circuit Tutor software did have a positive
impact on the level of understanding regarding electrical circuits. The data gathered from
the surveys show that students liked the idea of having tutoring software available to
supplement the lessons as well as replacing homework and quizzes. As a result of the
analysis of the data, the pedagogy in the courses on electrical circuits at Southeast
Missouri State University may be improved.
The software was also found to provide a time savings. The time it takes to assign and
grade homework, assign and grade quizzes, review for tests, and explain how to solve
circuits can be partially eliminated with the use of this tutoring software. The students
will be able to practice as much as needed with unlimited examples and without the
assistance of a teacher, be able to work on homework at their own pace, and be able to
study for tests without dedicated review.
Currently, my students are given access to the software and encouraged to use it, but are
not required to use it. I am currently working on enhancements to the software to make it
more user friendly. In the future, more topics will be added. Once these modifications are
complete, a second, larger study of Circuit Tutor will be performed. With a larger sample
size and more time another study may compliment this one with improved results.
Although Circuit Tutor can be expanded and improved and more studies performed on
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the effectiveness of the software, this project was successful in its examination of
enhancing classroom pedagogy in circuit analysis courses.
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