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OVERVIEW

The purpose of this study is to compare the amount

of conceptual content in the electricity and

magnetism chapters in a variety of well -known

textbooks by counting the number of conceptual

problems in each text and examining the

distribution of the problems amongst the topics

covered.



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



TEXTBOOK TITLES

º Fundamentals of Physics , Seventh Edition, by Halliday , 

Resnick, and Walker ( hrw )

º Physics for Scientists and Engineers with Modern Physics:  

A Strategic Approach , by Knight ( kp)

º Sears and ZemanskyõsUniversity Physics with Modern 

Physics, Eleventh Edition, by Young and Freedman ( yfu )

º Sears and ZemanskyõsCollege Physics, Eighth Edition, by 

Young and Geller ( ygc)

º Understanding Physics by Cummings, Laws, Redish, and 
Cooney (clup)

º Physics:  Principles with Applications , Sixth Edition, by 
Giancoli (gp)

º Conceptual Physics , Eighth Edition, by Hewitt ( hcp)



WHAT IS A CONCEPTUAL PROBLEM ?

ºWeõre not sure. In beginning of this research, 

many definitions were put forward but it was 

found that counter -examples could be found to 

each definition.

º Instead, non -quantitative problems were 

identified. This also proved problematic, so all 

problems in the electricity and magnetism 

sections of each text were classified on a four -

level scale.



NON-QUANTITATIVE PROBLEM SCALE

A. Quantitative - Solution involves substantial 
algebraic or numeric calculation. Most students 
would do math on scrap paper to work this problem. 

B. Partially -Quantitative - The solution involves only 
simple algebraic or numeric calculation involving 
whole numbers and resulting in whole numbers or 
simple fractions. Most students could easily do the 
calculation in their head. 

C. Partially -Qualitative - The problem is almost purely 
qualitative, but some numbers or symbols appear. 

D. Purely -Qualitative - Almost completely devoid of 
numbers (except 0, +1, or -1) or symbols that replace 
words (like Q). 

For the purpose of this study all problems classified as 
B, C, or D were considered non -quantitative.



TEXTBOOK MEASUREMENT PROCESS

º Three researchers examined the electricity and 

magnetism chapters of the selected textbooks and 

classified each problem.

ºAll problems were examined, including problems 

and questions at the ends of chapters, problems 

in examples, and checkpoint problems within the 

text.

ºBoth the problem and the most probable solution 

were considered.

º The classification was applied to the complete 

problem, not parts of the problem.



RESULTS

Text Problems Percent of Text

A B C D Total A B C D

YFU 1129 7 21 263 1420 79.5% 0.5% 1.5% 18.5%

GP 640 10 8 176 834 76.7% 1.2% 1.0% 21.1%

YGC 527 25 6 191 749 70.4% 3.3% 0.8% 25.5%

HCP 28 21 3 334 386 7.3% 5.4% 0.8% 86.5%

CLUP 788 15 11 142 956 82.4% 1.6% 1.2% 14.9%

KP 881 13 14 87 995 88.5% 1.3% 1.4% 8.7%

HRW 1206 38 41 109 1394 86.5% 2.7% 2.9% 7.8%



CONSISTENCY OF CLASSIFICATION

º The three researchers agreed on the classification 

of 96% of the problems.

º This high agreement resulted from the ease in 

identifying purely quantitative or non -

quantitative questions and the detailed 

instructions in the protocol for the partially 

quantitative and qualitative questions.



PLACEMENT OF NON-QUANTITATIVE

PROBLEMS BY LOCATION
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DISTRIBUTION OF PROBLEMS BY TOPIC
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TOTAL PROBLEMS BY ALTERNATE TOPIC
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HOW MUCH HAVE WE MISSED ?

The sampling processes collected only problems 

that were entirely non -quantitative. Non -

quantitative content can also be embedded as 

part of a quantitative problem. To determine how 

much conceptual content was missed, 30 

quantitative questions were selected from each 

text and the number of parts that asked non -

quantitative questions were counted.



EMBEDDED CONCEPTUAL CONTENT

Book Total Number of Parts
Numberof Non-

Quantitative Parts
Percentage of Non-
QuantitativeParts

Percentage of Problems 
that have a Non-

Quantitative Component

CLUP 59 8 13.6% 23.3%

HRW 61 6 9.8% 16.7%

KP 54 7 13.0% 20.0%

YFU 86 4 4.7% 13.3%

GP 46 4 8.7% 13.3%

YGC 71 5 7.0% 10.0%

HCP 43 2 4.7% 6.7%

ÅBased on a sample of 30 quantitative problems from each 

text.

ÅWhile many problems contain some non -quantitative part, it 

is often something like finding the direction of a vector as 

part of a force calculation.



BASIC STEPS

º Analyzing the non -quantitative content by the 

distribution of problems has a fundamental flaw. 

Some problems are more complex, have more parts, or 

involve more reasoning steps than other problems.

º To overcome this flaw, the solutions to each problem 

were examined. Each solution was subdivided into 

the smallest segments that could stand alone as a 

solution to a part of a scripted multi -part problem 

with the same stem. These segments will be called the 

òBasic Stepsó of the solution.

º We propose the number of Basic Steps in a problem is 

a measure of the problemõs complexity.



EXAMPLE NON-QUANTITATIVE PROBLEM





BASIC STEP DECOMPOSITION

º After some experimentation a Basic Step marking
protocol was developed that allowed fairly
reproducible decomposition of solutions .

º The protocol was tested by three researchers on 30
problems and solutions drawn from three textbooks
not used in the study . The decomposition protocol was
applied by each of the three researchers and yielded a
total of 159, 179, and 156 Basic Steps for an average
of 165 Basic Steps.

º The decomposition error rate is then 100%.(179-
156)/165=14% for the largest disagreement or
100%.(179-165)/165=8% for the average disagreement .

º The decomposition was more reproducible for
problems the researchers judged to be well written .



SOLUTION CONSTRUCTION AND EDITING

º The solution to each of the non -quantitative 

questions found in each textbook was written by 

one of three authors.

º The solution was then checked for correctness 

and edited for style by an experienced instructor 

so that it would represent a solution appropriate 

for an introductory physics course.



BASIC STEPS PER TEXT
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BASIC STEPS PER TOPIC

ºEach text featured its own division of the subject 

matter into chapters. 

ºA generic set of chapters was developed to 

compare the coverage and problems placed into 

the generic chapter structure.




