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Abstract
This poster introduces a new digital resource for teaching and 

evaluating introductory electricity and magnetism classes: a digital 
library of highly characterized, multiple-choice, conceptual 
electricity and magnetism problems. The library contains 700 
problems that were algorithmically constructed from a collection 
of introductory sources. Each problem is characterized by the 
complexity of its solution and by the fundamental intellectual 
steps found in the solution.  Evaluation construction, 
administration, and analysis tools are provided through the 
library‟s website. Problems may be downloaded for use in exams 
or as clicker questions. Instructors may also design and administer 
conceptual evaluations online. There is no cost associated with 
using any of the facilities of the site. Supported by NSF – DUE 
0535928. Site address http://physinfo.uark.edu/inventory



Introduction

 This project collects and characterizes a set of conceptual 

electricity and magnetism problems by sampling major 

textbooks.

 The problems are offered over the internet as a conceptual 

problem database. Exam construction and delivery tools to 

provide conceptual evaluations sampled from these problems 

based on an instructor‟s design are provided.



Conceptual Survey in Electricity and 

Magnetism (CSEM)
Semester Normalize Gain

Fall 2002 42

Spring 2003 42

Fall 2003 43

Spring 2004 45

Fall 2004 50

Spring 2005 49

Fall 2005 48

Spring 2006 52

University of Arkansas – University Physics II, a PhysTEC 

Course



Why a Computationally Constructed 

Instrument?
 No test leakage: If you are using an instrument constructed from a database 

of thousands of problems based on your design, you do not need to worry about 
test security. The next test will be different. You can even return the instrument 
and use it for positive instructional purposes. If the students master all the 
projected 2000 (currently 700) conceptual problems in the database, they 
probably have decent conceptual mastery.

 No excuses: For a single exam instrument, there may be coverage differences 
between the instrument and the class being evaluated. If you design the test, 
poor performance can not be attributed to test mismatch.

 No teaching to the test: Most instructors do not try to teach to the test, but 
if you are giving the same conceptual inventory every semester and looking at 
the results in detail, some inadvertent shift in focus to topics where the students 
are underperforming is natural. A generated inventory gives the instructor a 
more complete picture and allows teaching to the subject.

 Broader, deeper testing: A large characterized set of problems would allow 
an instructor to develop a deeper, more complete picture of a class or 
innovation.



How many conceptual problems exist?

 The Conceptual Survey in Electricity and Magnetism 

contains 32 problems. These problems were chosen by the 

authors of the exam, and therefore to some extent represent 

the problems those authors felt were important.

 How many other conceptual electricity and magnetism 

problems exist? Evidently, there are effectively an infinite 

number of conceptual questions.

 Is there some method of constructing a problem set that is 

finite, representative of the subject, yet devoid of the topical 

opinions of a small set of authors?



Sampling Native Sources
 While any small conceptual instrument constructed by a small team of authors 

must necessarily contain the opinions of those authors, if a large group of the 
instruments could be sampled, then the personal opinions of the individual 
authors would be mostly removed.

 Unfortunately, a large number of conceptual inventories for any topic in physics 
does not exist.

 There are, however, a lot of physics textbooks.

 These textbooks also contain the authors opinions about the importance of the 
topics covered, but the textbooks contain many more conceptual problems thus 
partially eliminating issues resulting from the small number of questions in a 
concept inventory.

 Since the author had no agenda other than covering the topics, had no idea the 
selected problems would be used to construct conceptual instrument, a 
collection of conceptual problems drawn for a large sample of textbooks would 
represent an unbiased set of conceptual problems.

 Seven textbooks at various levels were sampled for their conceptual content.



Textbooks Examined

Code Author(s) Edition Chapters Type

clup Cummings, Laws, 

Redish, and Cooney

1 22-33 Calculus

gp Giancoli 6 16-21 Algebra

hcp Hewitt 8 21-24 Conceptual

hrw Halliday, Resnick, and 

Walker

7 21-30 Calculus

kp Knight 9 25-33 Calculus

yfu Young and Freedman 11 21-31 Calculus

ygc Young and Geller 6 17-22 Algebra



Results – Electricity and Magnetism 

Problems

Text Problems

Quantitative Partially

Quantitative

Partially

Qualitative

Qualitative Total

Young and 

Freedman 1129 7 21 263 1420

Giancoli 640 10 8 176 834

Young and Geller 527 25 6 191 749

Hewitt 28 21 3 334 386
Cummings, Laws, 

Redish, and 

Cooney 788 15 11 142 956

Knight 881 13 14 87 995
Halliday, Resnick, 

and Walker 1206 38 41 109 1394



Every problem is unique.

The sampling process yielded  over 1500 non-quantitative 

problems, but every problem is just a unique creation of its 

authors. How can we convert this sample into a 

representative set of problems with which to build 

conceptual inventories?



Problem Conversion
 Remove Context –The identified problems were transformed to 

the most general physical context. 

 Prepare Solution –The solution to each context generalized 
problem was written.

 Decompose Solution –The solution was decomposed by 
examining the text of the solution and subdividing the text into 
fundamental reasoning pieces, basic steps. 

 Identify Basic Step Groups –The basic reasoning steps found in 
solutions were grouped into like pieces of reasoning which we will 
call, processes.

 Write New Problems – A new problem was written for each 
process and repeated sequence of processes found in the sampled 
problems.



Basic Step Groups
 At the level of the basic step, indivisible pieces of reasoning in 

conceptual physics solutions, one finds many steps that are similar. 
For example, „Opposites Attract/ Likes Repel‟, „the electron has 
negative charge‟, „charge separates on a conductor‟.

 Basic steps demonstrating the same piece of logic were gathered 
into groups by examining the text extracted from the solution.

 Since all the basic steps in one of the groups represent the same 
piece of reasoning, a title could be given to the group that would 
represent a title for the step in the subdivided solution. Likewise, 
since each step represented the same piece of reasoning, a 
template for that reasoning could be written, and a sample 
problem created.



Basic Step Groups

To ensure the groups were correct, each group also had to: 

 A title was applied to the group that could be used as a step 

title in the solution. The title was required to be a good step 

title for each basic step.

 A template for the reasoning represented by the step was 

written. Each basic step was required to be an example of the 

general reasoning of the template.

 A sample problem was written. The logic in the basic step 

was required to solve the sample problem.



Processes

 The model for the basic step group including title, reasoning 

template, and representative problem represents a unique 

fundamental reasoning step found in the sampled textbook 

problems. We will call this model a process.

 The sequence of processes in a solution can be used to 

characterize the reasoning process required by the solution.

 The number of processes required is a measure of the 

complexity of the problem.



Example Problem



Example Decomposition



Examining the Example

 The non-bolded text shows the subdivision of the initial text 

into basic steps.

 The new bolded titles represent the titles of the basic step 

templates. The general sequence of reasoning for the problem 

is:

 Charged Object Causes Charge Separation or Polarization in an 

Uncharged Object

 Charged Objects Attract Uncharged Objects

 Charged Insulator will transfer some charge by contact

 Qualitative Opposites Attract/Likes Repel



Processes

The first of these templates, “Charged Object Causes Charge 

Separation or Polarization in an Uncharged Object,”  

represents steps with the basic logic: A neutral object is 

polarized when another charged object is brought near to the neutral 

object.  The charged object attracts the opposite charge in the neutral 

object while repelling the like charge.



Fundamental Question
From the basic step template, a question that requires only that one basic 

step can be formed. 



Testing the Decomposition

Once the basic stepsare 

classified into processes, 

the problem base can be 

scanned for all steps using 

the same process. 

Comparison of these 

textual fragments ensures 

the decomposition is 

approximately correct.



Adding Questions to the Inventory
 Each process represents the reasoning required to answer a fundamental 

conceptual physics question. A question was written for the conceptual 
database for each process.

 Sequences of process represent chains of reasoning. The sampled 
problems were examined to identify chains of reasoning that were 
shared by multiple problems. Using the process sequence, a new 
problem was constructed and added to the database for repeated 
reasoning chains.

 Some problems contained long repetitive reasoning chains: these were 
not added to the database. The database was restricted to reasoning 
chains involving five or fewer basic steps. This did not restrict the 
conceptual content in any meaningful way, since the longer problems 
were formed of repeated sequences from the shorter problems.

 As the project continues, additional problems with unique reasoning 
sequences will be added.



Conceptual Inventory Construction Tool

http://physinfo.uark.edu/inventory



Start Now with a Guest Account



Design your Conceptual Inventory



Design your Conceptual Inventory

ÅDesign by defining the number of problems to sample from a set of topics.

ÅExclude problems you don‟t like from the assignment. 

ÅInclude problems chosen by browsing the database.

ÅResample for another assignment based on the design.



Browse the Database



Analyze your Exam



Get Your Scores (Full Instructor Only)



Let your Students Take 

the Test Online – Full 

Instructor Only



Guest Features

To fully use the features of the site, one must provide 

verification that they are an educator. You may do this by 

asking for an full account at the poster, online by providing an 

academic website with your name and e-mail, or by mail 

with a request on your institution‟s letterhead.

Guest accounts may be created with only a email address. Guest 

accounts do not provide some problem characterization (like 

the answers) and online testing. Students may view the test 

online, but may not take the test online.



Rights
 The problems are free for use for non-commercial purposes.

 Problems are stored as images and may be downloaded or linked 

to.

 Each problem has a persistent ID which will be maintained, so 

your assignments will not disappear.

 The problem may not be modified to remove the copyright notice.

 A problem or solution may be included in a commercial product 

only with the written permission of John or Gay Stewart. For 

most limited commercial purposes, such as course packets and lab 

manuals, this permission will be freely given.



Browser Support

 The student testing tool supports all browsers.

 The instructor exam construction tool was developed for 

Firefox and has had limited testing with Safari and Chrome. 

All three browsers are freely available.

 Currently, Internet Explorer is not supported for the 

instructor tool.



Seeking Partners

The current site was recently updated and is ready for 

commentary. Much testing, refining, and debugging remain 

before it is ready for large scale use as a student testing 

facility.  The problem database, which contains 700 problems, 

will continue to grow.  The problems are available for 

immediate use. We seek partner institutions as test sites to 

help improve the user experience, to begin to understand the 

norming of a sampled instrument, and as research partners 

to analyze the detailed data the site will produce.
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