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This study reports an analysis of 5,538 questions, asked by learners after studying the classical
physics and the quantum physics units in Khan Academy’s physics course, a massive open online
course (MOOCQ) platform popular worldwide. Based on Etkina's and Harper et al.’s categories, the
questions were coded into four levels of difficulty and six topics. In addition, the questions were
further analyzed using semantic network analyses. In terms of the level of difficulty, classical physics
showed similar numbers of high- and medium-level questions while in quantum physics, the number
of high-level questions was significantly higher. In terms of the topic of the question, conceptual
questions were the most frequently raised questions both in classical physics and quantum physics.
In classical physics, questions about ‘concept” and ‘knowing” were frequently raised while the
frequency of “concept” questions was significantly higher in quantum physics. The massive questions
recorded on the MOOC platform allowed for effective analyses of physics questions by students.
Educational implications and a prospective research agenda are proposed based on the findings.
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Table 1. Organization of the centripetal force and gravity unit in Khan Academy.

Unit

Number of questions Duration (m:s)

Part 1. Circular motion & Centripetal acceleration

Race cars with constant speed around curve 97 4:48
Centripetal force and acceleration intuition 239 10:46
Visual understanding of centripetal acceleration formula 144 9:47
Optimal turns at Indianapolis Motor Speedway with JR Hildebrand 30 6:24
Calculus proof of centripetal acceleration formula 112 14:21
Loop de loop question 16 3:00
Loop de loop answer part 1 50 6:04
Loop de loop answer part 2 67 4:47
Part 2. Centripetal Forces

Centripetal force problem solving 67 14:59
Yo-yo in vertical circle example 53 10:30
Bowling ball in vertical loop 43 8:48
Mass swinging in a horizontal circle 33 12:38
Part 3. Newton's law of Gravitation

Introduction to gravity 665 15:42
Mass and weight clarification 262 10:40
Gravity for astronauts in orbit 213 7:11
Would a brick or feather fall faster? 181 10:34
Acceleration due to gravity at the space station 95 10:12
Space station speed in orbit 98 6:35
Introduction to Newton’s law of gravitation 139 8:37
Gravitation 149 8:16
Total 2,753 3:03:39
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Table 2. Organization of the quantum physics unit in Khan Academy.

Unit

Number of questions Duration (m:s)

Part 1. Photons
Photon Energy
Photon Momentum
Photoelectric effect

Part 2. Atoms and Electrons

De Broglie wavelength

Quantum Wavefunction

Atomic Energy Levels

Bohr model radii (derivation using physics)

Bohr model radii

Bohr model energy levels (derivation using physics)
Bohr model energy levels

Part 3. Quantum numbers and Orbits
Absorption and emission
Emission spectrum of hydrogen

Heisenberg uncertainty principle

Part 4. Nuclei

Quantum numbers

Quantum numbers for the first four shells

Mass defect and binding energy

Nuclear stability and nuclear equations

Types of decay

Writing nuclear equations for alpha, beta, and gamma decay
Half-life and carbon dating

Half-life plot

Exponential decay formula proof (can skip, involves calculus)
Introduction to exponential decay

More exponential decay example

Exponential decay and semi-log plots

Total

107 9:17
18 2:54
254 10:23
55 11:19
55 10:10
88 9:58
88 10:51
30 6:56
41 12:07
114 9:46
95 10:29
169 10:49
138 10:18
267 11:59
102 12:36
62 11:28
82 8:25
432 17:02
50 8:06
265 12:30
28 6:46
76 12:21
99 9:18
62 7:21
8 10:15
2,785 4:13:24
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Table 3. Levels of question in physics (adapted from [18]).

Level of question Description

Keywords

The question indicates that student has

Minimal

a definitional problem.

The student has a problem understanding
Lower . .

the material presented by the instructor.
Medium The student has a procedural difficulty into

understanding lecture

The student wants to know why something
High happens or how new knowledge is connected

to other area.

introduce, define, what is, letter, unit, called, symbol

understand, figure out, propose, mean, don’t get, law,
what difference, can explain

confused, problem, difficulty, change, when can, during,
math, affect, correct, how come, come from

why, happen, connect, apply, what if, what would, relate,
wondering, assuming, if so, explain, proved, replace

Note: Keywords were selected by the researchers of the present study.
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Table 4. Topics of question in physics (adapted from [17]).

Topic of question Description Keywords*

The student is concerned with the meaning of

Equation . equation, equal, change, formula, math
or use of an equation.
The student is concerned with the meaning of s
. g what, mean, define, solve, expand, (don’t) understand,
Concept a concept or the extension of the concept into .
. . . comprehension, move, state, come from
a different area and tries to make sense out of it.
Application The student tries to relate the concept to relate, apply, example, concerned, imagine, suppose,
experience or other physics concepts. same
. The student is interested in how a particular
Knowing p how, interest, know, find out, figure out, discover

knowledge was constructed by scientists.

. The students don’t understand the technical .
Experiment . . . experiment, purpose, process, result, case
details or the explanation of experiment.

e The students is interested in the range of .
Limitation o range, applicable, extent
applicability of a concept, constant, etc.

* Keywords were selected by the researchers of the present study.
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é I D

What are photons?

Reply - Comment 1 vote R Flag
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It is easiest to say that it is a particle that is light. basically, it has no mass,
and therefore can reach light speeds.

1 comment 1 vote R Flag

Fig. 7. (Color online) An example of low-level questions
in quantum physics.
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tions in classical physics.
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Table 5. Questions in Khan Academy by question levels and question topics.

Minimal Lower

Medium High

Equation: 11.2%
Concept: 74.7%

Classical Application: 2.1% Application: 13.6%
physics Knowing: 8.2% Knowing: 17.6%
Experiment: 2.8% Experiment: 7.0%
Limitation: 1.0% Limitation: 3.7%
Equation: 11.2% Equation: 13.7%
Concept: 64.7% Concept: 64.2%
Quantum Application: 4.7% Application: 2.4%
physics Knowing: 17.7% Knowing: 17.3%

Experiment: 1.0%
Limitation: 0.7%

Equation: 10.9%
Concept: 47.2%

Experiment: 1.2%
Limitation: 1.2%

Equation: 23.8 % Equation: 12.3 %
Concept: 19.9% Concept: 25.1 %
Application: 18.8% Application: 9.2%
Knowing: 31.1% Knowing: 37.5%
Experiment: 3.0% Experiment: 12.1%
Limitation: 3.4% Limitation: 3.8%

Equation: 21.3%
Concept: 45.6%
Application: 7.2%
Knowing: 18.3%
Experiment: 6.2%
Limitation: 1.4%

Equation: 17.5%
Concept: 39.3%
Application: 24.2%
Knowing: 15.3%
Experiment: 2.2%
Limitation: 1.3%
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