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What factors affect the difficulty y

of a physics problem?



Structure of a Problem/ Domain of problemStructure of a Problem/ 
Type of Problem

• “Textbook” problem

Domain of problem

• Inclined planes

• Dynamicsp

• Ranking task

• Jeopardy question

• Dynamics

• Circuits

• Quantum MechanicsJ p y q

• Conceptual  question

• Multiple Choice

Quantum Mechanics

p

• Multiple representations

• Unstructured problemp



Number of steps What knowledge the Number of steps 
involved in the solution

What knowledge the 
solver has
• Intro physics student

Relevant Math
• Algebra

• Upper-division physics 
student

• Graduate student
• Calculus

• Vector algebra

• Graduate student

• Professional Physicist

Accessibility of 
• Vector calculus

• Abstract vector spaces

Accessibility of 
knowledge
• Relevant knowledge

• Complex numbers • Timing of problem



Star ranking in textbooksStar ranking in textbooks

University of Minnesota – rating the 
diffi l  f  i h bldifficulty of context rich problems



3. Check* for the eleven characteristics that make a problem more difficult: 

unfamiliar context unfamiliar context 

hard to learn physics (e.g., circular motion, rolling friction, waves, Gauss's Law) 

more than one approach is needed to solve the problem (e.g., force or kinematics) 

more than two subparts are needed to solve the problem (e g  two separate force more than two subparts are needed to solve the problem (e.g., two separate force 
diagrams then onto kinematics) 

the target variable is not specified (i.e., more than one correct way to solve the problem) 

more information is given than needed to solve the problem 

needed information is missing 

assumptions (idealizations) must be made to solve the problem 

the solution involves vector components 

finding the target variable requires trigonometric identities 

the solution requires simultaneous equations or calculus (i.e., non-constant variables)

* As you become more sophisticated, you can give these difficulty characteristics y p y g y
weightings of 0, 1 and 2 instead of simple checks. For example, a problem that requires 
both the conservation of energy and momentum (weighting of 1) is easier than a 
problem that requires both circular motion and energy concepts (weighting of 2).



I i i  C l i Si d Diffi lIntrinsic Complexity
Properties of the Problem

Situated Difficulty
Interaction Between 

Problem & Solver

• Amount of information given 

Problem & Solver

• What knowledge does the 
l   th t th  Amount of information given 

in the problem

• Type of information given in 
the problem

solver possess that they 
see as relevant to the 
problem?

• What knowledge does the 
• Amount of math manipulation 

involved in the solution

• How well defined is the 

What knowledge does the 
solver possess that can be 
used to solve the problem?

• How familiar is the context? o e e e e
solution of the problem?

• How many ways can an 
answer be achieved?

How much interpretation is 
needed for the solver to 
parse the problem/create a 
problem schema?



Baggett  1979 –Baggett, 1979 –
degree of 
agreement in g
episodic 
structure of a 
story presented 
in movie and in 
texttext.



Story Physics Problem

S tti f th f i iti l S t f th  bl  
Exposition

Setting forth of initial 
facts

Set-up of the problem, 
given quantities

The problem statement 

Complication
Predicament or 
dilemma necessitating a 
decision or action

p
– what needs to be 
calculated, the question 
that needs to be 
answeredanswered.

Resolution
When the predicament
or dilemma is solved or 

The answer, the value of 
the quantity that was 
calculated (numeric or 

resolved
calculated (numeric or 
symbolic)



Can an ECR framework be used to Can an ECR framework be used to 
characterize the intrinsic complexity of a 
physics problem?physics problem?

Can an ECR framework be used to 
describe a person’s performance in p p
solving a physics problem?



Compare a scoring of a problem with an Compare a scoring of a problem with an 
ECR rubric with other estimations of 
problem difficultyproblem difficulty.

(Controlling for as much of the situated 
difficulty as possible)y p )



16 problemsp

Halliday & Resnick, 7th Ed.

Work & Energy

Single part textbook questions

12 problems Likert-Scale 

“How difficult is this problem (for a calc-based 
intro student)?”

4 problems “Give Steps in Solution” & rank difficulty 4 problems Give Steps in Solution  & rank difficulty 
on Likert Scale

Faculty, EP1 & 2 Studio Instructors, and PER group 
( 38 i it d  11 ti i t d)(n=38 invited, n=11 participated)



Have you ever taught in the context of calculus-based y g
introductory physics?
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First 4 Last 4
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Survey ProblemSurvey Problem



A 1 kg block is attached to a A single conservative force F(x) acts 
  1 0 k  i l  h   l  

Word Equation

g
spring and is oscillating. If the 
spring constant is k = 200 N/m 
and the block’s speed is 1.2 m/s 
when the spring compressed 5 

on a 1.0 kg particle that moves along 
an x axis. The potential energy U(x) 
associated with F(x) is given by

U(x) = -4x e-x/4 Jg
cm from its relaxed length, 

what is the mechanical energy 
of the system?

U(x)  4x e J

where x is in meters. At x = 5.0 m the 
particle has a kinetic energy of 2.0 J. 

What is the mechanical energy of the What is the mechanical energy of the 
system?

The figure shows a plot of potential energy U
versus position x of a 0.90 kg particle that can 

Graph

versus position x of a 0.90 kg particle that can 
travel only along the x axis. (Non-conservative 
forces are not involved.) The particle is 
released at x = 4.5 m with an initial speed of 
7.0 m/s, headed in the negative x-direction. 7.0 m/s, headed in the negative x direction. 

What is the mechanical energy of the particle? 



Word Equation Graph
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Code Heuristic Comments

Exposition For each representation 
in problem statement

Can occur in solution?

Complication Any decision that needs Unpaired? Explicit?p y
to be made

p p
Multiple?

Resolution Any decision that has 
been made

Unpaired?

Reliability Study:

6 Solved Textbook Examples for TrainingTraining
10 Solved Textbook Examples for ReliabilityReliability

Problems from Halliday & Resnick (7th Ed.) and Knight





Rater 1 Rater 2

Code Description Code Description Agree?

W i bl itt bl
E

Written problem 
description

E
written problem 

description
A

E Picture E Picture A

C
Problem statement 
"How much work…"

C
Calculate work due to 

gravity
A

How much work… gravity

CR
Key idea : Crate is 

particle
D

CR W=mgdcos(theta) CR
Key Idea Use W = mgd

cos(theta)
A

CR
"However we do not 

CR
Writing phi in terms of 

ACR
know angle…"

CR
g p
theta

A

CR Fig 7‐9 b CR Free body diagram A

CR W=mgdcos(theta+90) CR Substituting phi in work A

For all 10 problems:
E Use of trig identity CR Applying Trig Identity A

CR dsin(theta)=h CR h = d sin(theta) A

CR W==mgh CR substitute h A

For all 10 problems:

Reliability = 0.790.79

CR Substitute values CR Plugging in numbers A

R Compute the values R W = ‐368 J A



Created an ECR rubric (may need some Created an ECR rubric (may need some 
streamlining up…)

Created a survey of problem difficulty Created a survey of problem difficulty 
(SPDE)

Among Instructors:Among Instructors:
• Different versions same

• Evidence of a Training EffectEvidence of a Training Effect

• No strong “Solving” Effect

• No strong “Representation” EffectNo strong Representation  Effect



How do instructors’ rankings compare How do instructors  rankings compare 
with students?

D  # f CR i  l  i h Does # of CR pairs correlate with 
difficulty?

What effect do different combinations of 
Expositions have on difficulty?p y

Not all CR pairs are equal – how do we 
capture this?capture this?
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