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Abstract

:

College education, especially engineering education, is facing big challenges nowadays. Somehow, the gap between quickly developed modern technology used in every field and fundamental theories may discourage some students from continuing their studies in an engineering field. Most fundamental theories are taught in introductory courses in every field and are based on math, which is hard and tedious work to some students. Helping students to build a solid foundation of basic theories in engineering education not only aids students in the study of technical material but also keeps students interested in engineering education, which meets the requirement of sustainability and inclusivity in education. This article proposes a tool to help students quickly grasp basic theories in electronic engineering technology programs. It summarizes basic theories into a flowchart. Students can solve problems in DC and AC circuits following the flowchart with higher accuracy. The flowchart was used by different groups as a reference, and it helps students access to the material quickly according to student performance.
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1. Introduction


Requirements of qualified electrical engineers and technicians from the market due to widely used technologies related to this field challenge every university or college’s Electrical Engineering (EE) and Electrical Engineering Technology (EET) program, especially in attracting more students to study in these fields. However, low student retention rates in EE and EET show a different result—a negative sign, even [1]. Increasing student retention rate, especially in the freshmen/sophomore year, and providing qualified education have become an important research work in every EE and EET program; this research focuses on addressing these issues. Strategies for improving students’ math skills, course materials’ setup, and faculties’ teaching techniques have been studied worldwide.



Interest is a key factor in motivating students to study [2,3]. Although most new technologies used in our daily life raise students’ interests in studying in EE and EET, many students lose their interests in studying in these fields after about two years of basic theories learning, which reduces freshman and sophomore retention rates to lower than or around 50% [1]. There are many reasons according to student surveys from different groups at different campuses in both two-year associate programs and four-year programs the author worked with. The gap between basic theories in textbooks and the real applications in our modern life and work, especially in the EET field, makes some students feel that they learn a great deal of useless material rather than real technology, which they expected to learn in college when they selected the program [4].



Flipping classes [5], learning hands-on [6], and basic introduction to electrical and digital concepts [4] are adopted in different programs. Although these works improve student retention rate, they might be improper for foundational theorem courses, such as DC/AC circuit analysis theory. Because most foundational theorems are taught in the first core course in every major, normally, students do not have experience in this field. They need more time to learn not only basic theory but also basic hands-on skills, such as how to build circuits on a breadboard as well as measuring voltage and current. Without basic training, students can only finish their work as a hobby without deep understanding of the basic theorem. Most research work emphasizes hands-on work, but building basic theorem foundation can not only use hands-on work. These basic theorems must be learned sooner or later to help students build a solid foundation in engineering education.



Furthermore, when more new courses must be added in a program to meet the applications of new technology, these important basic theorems must be squeezed into one course at some point. It is hard for most students to understand and remember real-world concepts in a very short time. Although some theorems are described by simple math equations, the concepts related to the real world are very important. If the real-world concepts are missed, the course looks like another math course, which covers several theories, and all these theories have fewer relationships to others. That is why most important basic theories are treated as useless material by some students, which makes them lose interest in the course material. When they are in their junior or senior year, they do not know when and how to use basic theories in following courses and real-life applications. The education quality will be reduced accordingly.



A diverse student body also challenges engineering education. Normally, students have different math skills and learning habits in the same group. To help all students meet course objectives and build a solid foundation on basic theorems is a challenge in freshman and sophomore education. It is important to study how to use new real-world applications to demonstrate the old math-based fundamental theorems during limited class time and to help all students regardless of their background build a solid foundation to their professional education, whereas it is ignored by most studies.



Self-regulated learning offers a great description of college student learning and motivation and has been studied by educators nowadays [7,8,9,10,11], especially in this information age, when most non-academic entertainment, such as social media, detracts from students’ studying time, which makes many students unprepared for their courses. Any method providing a flexible studying environment will help student performance.



This work aims to help all students grasp theories and concepts in DC and AC circuit analysis quickly. An efficient way to help students learn basic theorems is found in this work. After analyzing common problems that students encounter in the class, the author created a flowchart as shown in Figure 1 and issued it to students as a handy reference to help them in problem solving.



For DC circuit analysis classes, this work studies student performance in 12 groups over six years. Students were evaluated by their performances in two homework assignments from the textbook [12], two unit tests at different times during one semester, as well as the final test of the course, which covers all materials that students should learn in a DC circuit analysis class. In AC circuit analysis classes, eight groups over six years were evaluated by student performance in a unit test about AC circuit analysis using complex numbers. The student performance was compared with the group in which the flowchart was not used. According to the course material, students really can analyze a DC or AC circuit only when they make fewer mistakes in math calculations. These calculation errors are not related to the theorems in circuit analysis, and students will not lose more than 20% points because of these calculation errors. In other words, it is assumed that students grasp the circuit analysis theorems only when their grades are above 80%, which is used to evaluate whether the flowchart is a helpful or not in studying circuit analysis. A student should continue to enroll in an AC circuit analysis class after he/she has passes the DC circuit analysis class following the requirement of the program studied by this work. Students will not enroll in AC circuit analysis class if they quit studying in engineering programs for any reason. Therefore, the enrollment of AC circuit analysis class and the enrollment DC circuit analysis class are used to analyze student retention rate.



The flowchart follows the classical conditioning theory, which helps students use the same process to analyze circuits repeatedly and helps students to memorize the method. As long as students can answer the simple yes/no questions according to their problems, the flowchart will show them how solve the problem step by step. Using a flowchart as a self-study guidance fits the self-regulated learning framework.



The overall outline of the article is as follows: The motivation of this research work and some challenge problems in DC and AC circuit analysis are described in Section 2. A flowchart summarizing most DC and AC circuit analysis theories is introduced in Section 3, and some possible real-world examples are also described in the same section. Student performances before and after using the flowchart are compared in Section 4. A short discussion of the proposed method can be found in Section 5, and the conclusion is given in Section 6.




2. Challenge Problems to Students in DC and AC Circuit Analysis


DC and AC circuit analysis is a basic skill for every student in EE and EET program. It is offered by one or two courses in most colleges in both the two-year program and four-year program. One objective is that students can analyze basic series and parallel circuits as well as series-parallel combinational circuits. According to the author’s experience in teaching different groups to learn DC and AC circuit analysis theorem at different campuses, the following problems continually challenge most students.



For simple explanation and matching the flowchart, this article calls the relationship among the voltage dropped on a resistor the current flowing throng the resistor, the resistance, and the power consumed by the resistor as Ohm’s law, while some textbooks only call the relationship of the voltage dropped on a resistor, the current flowing through the resistor, and its resistance as Ohm’s law.



DC circuit analysis is the first core course in the EE and EET programs after students have finished some general education courses, such as college algebra. Most students are excited to enroll their first core courses because they will learn material that they are interested in. At the beginning of class, e.g., when Ohm’s law is introduced after the introduction to resistor color code, students have less trouble solving problems. There are 12 equations related to Ohm’s law, as shown in the colored circle in Figure 1, a widely used figure called “Ohm’s law (formula) wheel (chart)” [13], in the flow chart. The Ohm’s law wheel makes problem solving so easy that all equations are shown in one picture. As long as students perform a simple word match according to the wheel and the problem, they can solve problems with no equation derivation in their calculation even if they forgot every variable’s physical meaning in the real world, for example, “Find the voltage dropped on a 10 ohms resistor when 10 mA current flow through it”. After students take time to match (find) the following common words, namely “voltage”, “ohms”, and “current” in both the problem and the wheel, they can figure out that they need calculate variable V when variables R = 10 ohms and I = 10 mA. Only one equation, R × I, is the choice to solve the problem. To most students at the beginning of class, the material is even easier than college algebra. One common problem at this time is that some students do not write the unit in their calculations and thus obtain the wrong answer. For example, some students calculate as V = R × I = 10 × 10 = 100 (W), as they did in most math classes, rather than V = R × I = 10 Ω × 10 mA = 100 (W). They ignore that all numbers only with proper units have real, proper physical meanings.



The easier beginning makes some students ignore concepts in the real world, do not remember equations, think that the class is so easy that they do not need to spend much time on it, or lose interest in the EE and EET programs because the course looks like a math class rather than a major core class. All these will cause trouble for them quickly. When series circuits are introduced, four more VIPR relationship equations, as called by the author to match the flow chart’s name, make problems a little bit complex, for example, “What is the current flowing through the circuit when a 10-Ohm resistor and a 15-Ohm resistor are connected in series across a 9 V battery?” If the concept of Ohm’s law, i.e., “current flowing through a resistor is equal to the voltage dropped on it divided by its resistance”, is not emphasized, it is easier to make mistakes because some students still use word matching to help them to solve problems, as they did in Ohm’s law calculation, for example, using 9 V and 10 Ohm to find the current of the 10-Ohm resistor and using 9 V and 15 Ohm for the 15-Ohm resistor. Some of them may find the two resistors’ currents are not the same current, which does not follow the rule of series circuits. It sometimes takes a great deal of time for them to figure out the problem. Almost 50% of students here begin to struggle to solve series circuit problems, as the author observed from student homework in different groups. If the problem is not solved as quickly as possible, it becomes worse after another four equations for parallel circuits are introduced, especially when DC and AC circuit analysis is squeezed into one course, as mentioned in Section 1, which makes it difficult for students to move forward.



As mentioned in Section 1, some students mistreat the course as a regular math class if they ignored the real-world conception related to these equations, which causes students to not know when and which equation should be used when they meet a new problem in this course and following courses as well as applications in daily life. For example, the calculations are different with the same circuit with different parameters (also called variables in the flowchart and this article) of its components. Compared with other new technology courses, these basic theories are even mistreated as useless or outdated material.



In most groups, some students pass calculus, while some still struggle with algebra. That is one reason some students do not like these basic theories because they seem either too simple or too difficult to study. It is common to see that some students have no problems in solving a complex circuit, while some students still struggle with a simple circuit.



Electrical or electronics devices have been widely used in every field in our modern life. Basic knowledge about electrical systems is required to not only for professional employees in EE-related fields but also general education in other fields. For example, all students should take DC and AC circuit analysis course if they study in one engineering technology program. The general idea is to help all students feel comfortable enough to use some electrical systems in their future work or in their daily life. Although some students are not really interested in EET programs, they must pass the course to graduate from the program. How to provide a higher-quality education to students challenges all educators in EE or EET programs.



When students ask for help, the author found that they always asked, “Which equation should I use?” or “Why should I use this equation first?” It is an inconvenience to always have to find equations in a textbook. Even when all 20 equations in Figure 1 are listed on one piece of paper, they still face the same question, which motivated the author to create a one-page reference sheet. It includes not only all equations but also the guidance to select the correct equation. The study result is the flowchart shown in Figure 1.



The flowchart is like self-tax software. It is so easy to be used that students are guided to solve the problem after answering yes/no questions according to the problem even they do not understand the basic theorems.




3. VIPR Flowchart Used in DC and AC Circuit Analysis


The flowchart summarizes most circuit analysis methods except network methods in one chart. Initially, it was used to help students memorize basic equations used in DC circuit analysis by one chart. After several modifications according to students’ feedback, the flowchart was adopted for AC circuit analysis when complex numbers are used to represent the parameters of a component, and a short review of complex numbers was added in the flowchart shown as several equations, too.



It might be tedious to follow the flowchart in circuit analysis at the beginning of class, such as introduction to Ohm’s law and power calculation. As mentioned in Section 2, calculations of Ohm’s law are so simple that only two parameters and a related equation are needed to solve a problem. However, following the flowchart in calculation helps students to remember some problems they may face in real applications. For example, the first question, “Does every component have 4 variables (VIPR)?”, tells students the meaning of the problem is solved, e.g., all four values should be found. Even if some problems only ask to find the resistance value of a resistor, its power value will remind students to pay attention to the resistor’s power rate in real-life applications. The second frequently asked question, “Does any component have 2 variables if it doesn’t have 4 variables?”, emphases the conception of Ohm’s law and the restriction when Ohm’s law is used in calculations as mentioned in Section 2. For a power supply, it provides energy to its loads, so its parameters can be called as the total voltage, current, and power provided by the power supply and its total load resistance of a DC power supply or total load impedance of an AC power supply. This concept was emphasized at the beginning of class because the author found that many students were confused by textbook when they analyzed series and parallel circuits. For example, most textbooks use total current in a series circuit to calculate all resistors’ voltage drop and power consumption directly to simplify or perform short calculation in the textbook. Although nothing is wrong, some students are confused by the format when they review the textbook by themselves. The textbook skips some calculation steps because it is assumed that students should know or memorize everything after they have learned, whereas this is impossible. The flowchart forces students to follow its strict way to solve the problem step by step, and no step can be skipped.



In order to help students to remember the four parameters of a component, VIP, which represents voltage, current, and power, respectively, is used for the name of this flowchart; resistance R is represented by registered trademark symbol (®) to show my “copyright”, as shown with red bold italic fonts in Figure 1, which helps students memorize all four parameters quickly. It is emphasized that the problem is solved only when all four parameters are found for all components in a circuit, including the power supply, as mentioned earlier in this section.



Different real-world examples are used after students practice examples in their textbooks. A real electronic or electrical device is given to students, and they are asked to find parameters in datasheet or the device tag. For example, a 100-watt incandescent light bulb is used in a lab or a class demonstration. Students are asked to find the rated voltage and rated power, which normally are printed on the bulb, and to use these two values to calculate the current flowing through the bulb. A smart meter as mentioned in [14] may be used by students to verify their calculations quickly and safely. The calculation result can also be used to explain the fuse used in a power system and wire selection in house wiring. The bulb’s resistance is also measured using a digital multimeter, and the explanation for the resistance change under different temperature is given at the same time.



The flowchart indicates that Ohm’s law can be used only when two parameters of a component are available. There are many real examples that can be used, such as a DC relay. Most relay manufactures only give rated coil voltage; according to the flowchart, students are asked to find one more parameter. It can be homework for real problem solving. After they find the coil resistance in a datasheet or through measurement using a digital multimeter, they use Ohm’s law to complete calculation. Their results can be verified by measuring current when the relay is powered by a DC power supply under the rated voltage. If time is available, how-to setup of a DC power supply can be introduced. Students can set their DC power supplies to rated voltage to power up the relay. The instructor can encourage students to observe the result when the power supply provides output current less than their calculation result. A similar practice is to ask students to explain why a 12VDC, 300 mA DC adapter cannot power up a 12VDC air bed pump. “Why may a USB hot coffee mug not be a good product?” and “Why do some portable DVD writers need Y-type USB cables to connect to a computer?” are also used as real problems.



When the flowchart is used at the beginning of class with real-life examples in calculations, students may realize that they are not sitting in another math class, and the class is not a tedious theories class either. It is related to real applications in our daily life, which motivates students to study hard and maintain their interests in EE or EET programs at the beginning of major courses learning.



There are 20 equations related to DC and AC circuit analysis and determining the relationship among them. The flowchart also divides them into two groups: one group is Ohm’s law, e.g., VIPR relationship of the same component; the other group is the VIPR relationships among different components. When more equations are needed to solve a problem, the flowchart shows which equations can be used and the sequence of using these equations. The real examples may include how to set up dual-channel DC power supply in series and parallel in an EE or EET laboratory, fuse and switch selection in house wiring and control systems, LED display circuits in microprocessor systems, etc. Students are encouraged to calculate the lighting system in their classroom and to explain “Why is an extra 120V 15A switch needed to control 20 120W 120V lamps in a big classroom?”



The most difficult part for most students is calculation of series-parallel combination circuits because there is not any equation that can be used to solve problems directly, and the important and helpful solution is the first step of calculation. After students answer questions raised by the flowchart, which will guide students in how to simplify the combinational circuit first and continue following the flowchart’s guidance until all four parameters of every component are found. The battery package for a hoverboard may be used as a real example.



After the above practice, most students can grasp the basic theories quickly, and it is easy to move to the advanced topics, such as super-position law, Norton theories, etc.



According to the study of using the flowchart in DC circuit analysis in different groups, it shows that most students can get the general ideal in circuit analysis. Most equations are memorized through more practice. About 30~60% students do not need to use the flowchart as a reference to check equations after they can analyze combinational circuits.



If complex numbers are used to represent impedances of a resistor, a capacitor, and an inductor, the flowchart can be adapted to AC circuit analysis directly. The only change is that all calculations are related to the calculation of complex numbers.




4. Evaluation of This Research Work


The flowchart was used by 12 groups during six years in one engineering technology program. It does not matter what is the student’s major is; all students studying in the program should take DC circuit analysis course and AC circuit analysis course. DC circuit analysis course is offered both in fall (Fx, where x is the assessment year) and spring (Sx), and it covers chapter 1 to chapter 14 of the textbook [12]. The AC circuit analysis course is only offered in every spring and covers chapter 15 to chapter 26. The classes sometimes are divided into two groups in order to fit most students’ schedule and the availability of lab equipment. In this article, Dx represents the assessed group x in DC circuit analysis course, while Ax is the assessed group x in AC circuit analysis course. Both courses are also opened to non-engineering students. Table 1 shows the enrollment of DC and AC circuit analysis classes in about six years. There were two AC circuit analysis classes, A5 (17 students) and A6 (17 students), in spring 2018 and two DC groups, D11 (11 students) and D12 (15 students), in fall 2018. The program began to offer AC circuit analysis class also in fall from 2018 because of increasing enrollment.



DC circuit analysis classes were evaluated by following homework and tests given to every group: (1) Ohm’s law calculation (homework, H1); (2) series and parallel circuit analysis (test, T1); (3) combination circuit analysis (homework, H2); (4) combinational circuit analysis (test, T2); and (5) the final test, which covers all material in the course (F1).



Combinational circuit analysis, such as H2 and T2, should be the most difficult in DC circuit analysis because a mistake in one calculation step, especially in circuit simplification, may lead to a wrong result in the whole circuit analysis. Normally, if a combinational circuit is simplified and solved correctly, it shows that the students understand the circuit structure as well as series and parallel circuits. Sometimes, students make mistakes in calculation, such as using a wrong unit, as mentioned in Section 2. One common problem is that only the last simplified circuit is calculated, and students do not solve every simplified equivalent circuit backwards, which will make them lose about 20% of their grade for the test the author designed. Therefore, it is assumed that a student grasps the general skill in DC circuit analysis if the student’s grade is over 80 points out of 100 points. This article uses 80% as the reference grade to assess H1, T1, and F1 as well. Table 2 shows the number of students whose grade is above 80% in assessed homework and tests. The rates of students whose grade is higher than 80% in every assessed homework and test are shown in Figure 2.



The author worked with group D1 in fall 2013 in the first DC circuit analysis class. This group pushed the author to create the flowchart, so the flowchart was not used by this group. Therefore, this group (D1), which is represented by the red line Figure 2, is used as a reference. All other groups in which the flowchart was used by students in their problem solving are shown as market lines in Figure 2. Because there are so many groups, the result is divided into four pictures to obtain clear pictures, all compared with group D1 (red line). There is no significant difference in H1, e.g., Ohm’s law calculation in all 12 groups because students can solve the problem correctly even using word matching, as we discussed in Section 2. After the flowchart is used to help students in problem solving, the assessed homework and tests results show that more students earned a grade above 80% than did those in group D1 that did not use the flowchart. This means that the flowchart is a helpful tool to help students to analyze DC circuits.



AC circuit analysis classes (Ax) were taught in two ways, as shown in the textbook [12]. Because the flow chart is only related to the method used in chapter 24 (AC circuit analysis using complex number), the test, which covered chapter 24, is used to assess the student performance in this article. The other AC circuit analysis method is a special example of the method used in chapter 24. In other words, students can analyze all AC circuits using the method covered in chapter 24 or using the flowchart. Similar to the DC circuit analysis class, the flowchart was not used by the first group, A1, which was used as reference. Table 3 shows the number of students whose grade is above 80% in the assessed test. The student number is converted to percentage as well. The data show that more students got a grade above 80% after they used the flowchart to help them analyze AC circuits when complex numbers are used in problem solving. As expected, the flowchart can be used in AC circuit analysis to help increase student performance.



Most students enrolled in the AC circuit analysis class after they passed the DC circuit analysis class. A few students may take AC circuit analysis class later, but every student should take it before their graduation. Here, it is assumed that students would like to enroll in the AC circuit analysis class as early as possible, which is true most of the time when they pay more attention to their graduation time and the suggested course sequence provided by the program. For example, it is assumed that all students who took the DC circuit analysis class in spring 2014 (22 students) and fall 2014 (25 students) enrolled in the AC circuit analysis class in spring 2015 (22 students) shown in Table 1. The student number change may be used to calculate the student retention rate in 2014 approximately, which is about 22/(22 + 25) = 46.81%. The approximate student retention rate is shown in Figure 3. Although the calculation is not very accurate, it shows that the student retention rate is above 60% except in 2013 and 2014, which was before the flowchart was proposed and widely used in classes. The average student retention rate is 59.80%, which is above the national average rate [1].



The above results show that both student performance and student retention rate were raised after the flowchart was used to help students solve circuit analysis problems, as was expected.




5. Discussions


The flowchart guides students to finish basic circuit analysis quickly as well as helps them to build a solid foundation in EE or EET field. It summarizes DC/AC circuit analysis theorem in the same sequence as most textbooks [12] and represents the basic circuit analysis theorem. Furthermore, the flowchart shows the structure of basic theorems clearly. It links all different topics represented by different individual math equations together. The most important concept is also shown by the most frequently used steps, such as “Does any component have 2 variables if it doesn’t have 4 variables?”, which were mentioned in Section 3. The method does not fit network analysis, which is normally offered in EE programs after basic circuit analysis.



The assumption of most textbooks or education systems is that students should remember and understand material they have learned in previous sections when they learn a new section, which is not always true for most students. This assumption forces some students, such as some slow-learning students, to quit the class or program when they miss more basic material, while the flowchart negates this strict assumption and requirement for students. As mentioned in the previous section, the flowchart clearly shows students the related material that will be used to solve their problem. Student can use this guidance to make up their missed material. It can help them to keep studying. Furthermore, when they move forward to learn the new material, the flowchart will bring them back to basic material again and again, which helps them review material they have learned throughout the course. For example, when students solve a series circuit with two resistors, the Ohm’s law equations will be practiced three times according to the flowchart. Most students remember equations after continuous practice. There are several students in different groups who missed some classes because of military training, and they made up their missed work quickly when they used the flowchart. It really emphasizes the “nobody left behind” ideal.



As described in Section 3, real-world examples are given at different times in class according to the material covered, which maintains students’ interests in EE or EET fields, as other studies suggested [1,4,5,6]. Because the method also helps all students keep up with the course material, it prevents some students from dropping the class or program early because of their lower performance in the first core course in EE or EET programs. It gives students more time to consider not only if the program fits their college education but also if they are ready to study in the program after they take this core course.



As mentioned early, the flowchart does help students to memorize material, which is an important step in learning according to Bloom’s Taxonomy of Learning, as shown in Figure 4 [15]. The flowchart helps students not only memorize class material but also understand the material at the same time.



Using the flowchart in DC and AC circuit analysis also fits the self-regulated learning framework. Being unprepared for courses and having less studying time are common problems in college learning. When an instructor or a tutor is not available, students face a big challenge in making up their missed material. Most of the time, they may not know which part they should make up to solve the problem they face. It is impossible for them to read the textbook and to memorize all the material during a short time, which renders their self-studying inefficient. At any time, the flowchart shows the material that should be used in problem solving as discussed earlier in the course, so students can engage in self-study at any time with or without any one’s help. Meanwhile, the steps of calculation guided by the flowchart are almost the same steps given in the textbook [12]. The only difference is that when there are two choices, the flowchart prefers using Ohm’s law equations, while the textbook may use the series or parallel equations first. Therefore, when students use the flowchart to help them analyze circuits and review material in their textbook, there is no conflict between them, and students will not be confused.



The flowchart was issued to students at the beginning of the class, and animation to follow the flowchart was added in PowerPoint files used in lectures in which the instructor demonstrates how to analyze a circuit step by step. It gives students a clear picture of circuit analysis step by step.



The studies of educational learning theories show that connectivism is one of the newest educational learning theories in this digital age [16,17]. Most students would like to use the Internet [13] or YouTube to help themselves study whenever they encounter problems rather than to review their textbooks or to ask for help from their teachers and tutors. There is so much material from the Internet that it takes a great deal of time to find a proper answer, especially if they have forgotten some background material. Even after they study their textbooks, they still cannot find solutions sometimes, as we discussed in Section 2. The flowchart created in this article is a perfect complement to a textbook. It provides a vivid touchpoint as a teacher asks questions and guides students to work in a proper way according to their answers. It saves time for students searching on the Internet.



Furthermore, classical conditioning theory shows a better solution to basic theorem learning because most materials about basic theorems are not based on other materials [16]. The materials must be memorized somehow, like the spelling of English words. The flowchart follows the classical conditioning theory. It guides students to analysis of different circuits in a special process. After students are trained to analyze circuits from simple ones to complex combinational circuits in the same process repeatedly, students will use the same method in problem solving unconsciously whenever they are presented with a new problem. As mentioned earlier, because the flowchart matches most textbooks, the method students follow in the flowchart is what the textbook illustrates. It does not provide a new analysis method, which may cause confusion for students compared to materials in their textbook, but provides a clear picture of the structure of circuit analysis on one page and helps students grasp materials quickly according to the studies shown in Section 4 and Section 6.




6. Conclusions


This article introduces a flowchart used to summarize general DC and AC circuit analysis methods. It summarizes the basic DC/AC circuit analysis theorem into one page. The flowchart matches course material in most textbooks, with a clear structure of the theorems. The biggest advantage is that the flowchart acts like a tutor. It guides students to solve any problem by themselves. Although there are other ways to help students learn circuit analysis, such as Ohm’s law wheel [13], the flowchart, to the best of the author’s knowledge, is the only one that covers the whole analysis method. After being used by 12 groups over six years, the flowchart has been shown to help students to review and memorize course material, guide students to find and make up their missed work, and guide students in problem solving. It is a useful reference, especially when students review course material. One-third of students do not need use the flowchart as a reference to check equations or analyze circuits at the end of semesters because they have by then memorized all the material. It helps increase students’ interests in learning basic theories and frees students from the pressure of struggling with math problems. The student retention rate of these groups increased as well.



Summarizing basic theories in different formats, such as the flowchart used here, will help students understand material quickly, according to this study. The flowchart can be used in AC circuit analysis directly if the complex number is used to calculate the impedance of a capacitor or an inductor. Although the flowchart introduced here does not fit the network analysis method, the flowchart is useful in helping students to review basic theorems, such as Ohm’s law and series/parallel circuit, before they learn the network analysis method.
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Figure 1. VIPR Flowchart Used in Circuit Analysis. 
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Figure 2. Rate of students with grade above 80% in assessment. 
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Figure 3. Approximate student retention rate. 
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Figure 4. Bloom’s Taxonomy of Learning. 
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Table 1. Enrollment of DC and AC circuit analysis classes.
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Table 2. The number of students with grade above 80% in DC circuit analysis.
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	D1
	D2
	D3
	D4
	D5
	D6
	D7
	D8
	D9
	D10
	D11
	D12





	H1
	22
	21
	24
	25
	21
	21
	22
	29
	23
	20
	10
	15



	T1
	15
	15
	18
	17
	15
	16
	1
	22
	18
	16
	9
	12



	H2
	18
	17
	22
	21
	20
	18
	19
	25
	20
	17
	10
	14



	T2
	16
	16
	22
	20
	20
	17
	17
	25
	20
	16
	10
	12



	F1
	15
	15
	18
	18
	16
	17
	18
	23
	20
	15
	9
	12
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Table 3. The number of students with grade above 80% in AC circuit analysis.
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	A1
	A2
	A3
	A4
	A5
	A6
	A7





	Total student number
	5
	22
	30
	34
	17
	17
	19



	Students with grade above 80%
	1
	8
	11
	13
	6
	8
	8



	
	20%
	36%
	37%
	38%
	35%
	47%
	42%
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