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Three-step Process for Circuit Generation Procedure Pedagogical Feature: Relating Terms in KCL Equation to Currents Criteria for Acceptable Circuits

@ Linear circuit analysis is a foundational topic in electrical engineering, and is @ Circuits are generated as layouts, not netlists, since beginning students may not PR @ Both node & mesh equations should be uniquely solvable (not singular). Requires that
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frequently also required of nonmajors, for whom it may be most or all of their exposure to (@) recognize the equivalence of circuits laid out differently, and specifying layouts gra ogeianalyat A dead” (inactivated) circuit be both fully connected and “coupled” (can pass from one
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@ Students frequently struggle with such courses for several reasons, in our opinion: @ All circuits are laid out on a square grid of points for convenience; any planar circuit R R b @ We ensure solvable equations (in the absence of dependent sources) by placing all
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- Misconceptions about electricity coming into course, which may be frequently can be represented this way S voltages sources & inductors on the twigs of a tree of the network, and all current sources
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unrecognized by instructors @ Randomly placing circuit elements on a grid and then checking them for validity is not VeV VeV %Y & capacitors on the links.> (Restrictions are lifted on inductors and capacitors in steady-
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- Insufficient interactive activities — — a workable approach for anything other than very small circuits; the number of state AC case.)
(b) Equations for control variables of dependent sources: ]
~ Dkl itedee. G nenipsior e eesessnisit [] [] possibilities is vast and only a tiny fraction are valid W @ Circuits that are singular due to dependent sources are simply rejected and the
— Lack of sufficient worked examples to lead students gradually up to the level of R : : : : SRS S s S = 2 _
P g y up — — @ We therefore use a three-step process for circuit generation, using special algorithms b B ) process is re-started (occurs rarely)
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@ This project aims to develop and rigorously assess novel cyberlearning tools to @ First step involves placing “shorts” and “opens” on the square grid; opens always stay e %m %m  Names (e.., ¥2) » 5 E e © 0 — Circuit should be fully connected
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improve student mastery of this subject through practice in a highly interactive system . I open, but some of the shorts are later changed to circuit elements [Fig. 1(a)]. i vy : 10 A :ji«ML ~ :Id _ Circuit should not be “hinged,” i.e., cannot be re-drawn so that two or more portions
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capable of providing immediate, accurate, and highly relevant feedback regarding errors (c) @ Second step changes the required number of shorts into generic circuit elements, Nav, sa  w(f)sa || e ) are connected only by a single wire (excludes shorted elements & “dangling” elements,
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@ Special problem types to focus on qualitative understanding and typical student ~ @ lhir inal step changes the generic elements into specific circuit elements, assigns [Wone =] [ Nore =] — Optionally, “redundant” elements that serve no useful purpose in the circuit can be
misconceptions will be included 4o§+vo G 9A %Q values and polarities, control variables for dependent sources, and gains [Fig. 1(c)]10 prohibited (such as any element in series with an ideal current source, in parallel with an
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@ Software can be used in many ways, to generate automatically gradable homework «é\(/)\, - : _ ; ideal voltage source, or more general cases such as these)
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sets and exams, interactive exercises for use during class, textbook problems & Typical Student Misconceptions — Number of independent voltage sources in series and independent current sources in
examples, and in a full tutorial system designed to supplement conventional instruction . ) : o imi >
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@ Tutorial system is being developed to use these tools, adapting to individual student } Example: Automated Solution by Nodal { that “follow” them in a loop around the circuit S e it Meshes of shorts are prohibited (reduce number of “true” meshes)
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needs and providing real-time feedback to instructors regarding student difficulties o Batteries as current sources: Connecting a second light bulb o — Optionally, circuits where all node voltages are determined directly by voltage sources
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Problem #1 Nodal analysis with pre-simplification , _ _ : _ LI Q) -4V +(, - )B)-3V=0 ' ' ‘hi
Circuit Diagram P A L in parallel with one in parallel with a battery causes the first one G- )8 D)+ 4V-1V+LE0)+ ¢ -L)8 0)=0 or all mesh currents are determined directly by current sources can be prohibited
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Software Modules Under Development A ke computer-based learning environments
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@ Formative assessment will include surveys of other instructors concerning preliminary
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- Generates unlimited supply of circuits similar to textbook problems and examples recitors in sefis (smpificaton completed)  KCL etstons o sachnode or supemace M versions of the software modules and instructional sequences, and surveys of students

Yoltage constraint equations:

Nodal analysis with pre-simplification

- PIST - L VelERmeRnasr (=Y e =0 @ Battery superposition: More batteries deliver more power to
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- Goal is to generate fully worked solutions very similar to those found in solution ! e e =
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- Above inputs will be checked against computer-generated solutions, giving in-depth | e " Additional User Interface Tabs (Testing/Demonstration Interface) .| well as fully worked solutions following methods typically taught in introductory circuit analysis
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difficulty being experienced by the class

@ Additional partners and software users are always being sought!
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