
inter-rater 
reliability: 
0.33 ≤ κ ≤ 1
<κ> = 0.67
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National Aeronautics and Space Administration

Jet Propulsion Laboratory

California Institute of Technology

To: Computational Physics Summer Intern

From: Team Leader J.D.A.

Re: Diffusion Danger

Hi. It’s hard to believe your internship is almost over. Time flies when you’re coding like 

a galley slave, eh?
I’ve got one more task for you before you leave and take all that computational 

expertise away with you. Zhou’s having difficulties with her semiconductor fabrication; 

we think she’s not getting the doping time or concentrations right. She’s depositing a 

tiny drop of the dopant at one point on the semiconductor surface, but it doesn’t seem to 

be spreading out the way she expects. We need you to run a simulation to see if her 

expectations are even close to reasonable.

I think a two-dimensional random walk should be adequate for this, since the odds of 

two dopant particles colliding will be insignificant. The lattice structure of the 

semiconductor shouldn’t matter, so use an isotropic walk (i.e., equal probability of 

stepping in any direction, 0 to 2!). The step length is a bit tricker. I did some back-of-

the-envelope calculations which suggest that if we think of each time step as 1 µs and 

use 1 µm as our distance unit, a Gamma distribution with shape parameter a = 2 and 

scale parameter b = 0.58 should do the trick — it gives us a most likely step of about 

2/3 µm, with a reasonable likelihood of anything between zero and about three or so.

Write a function [named boss07_solution] that implements a walk like that. Let’s have it 

take three parameters: the number of particles to simulate, the number of time steps to 

run for, and the number of density profiles to include in the final plot (see below). The 

function doesn’t need to return any output values, but it should produce five plots in five 

separate figure windows. (That makes it easier for us to PDF-ify any one of them into a 

good presentation slide later.)

Figure 1 should show the mean x and y coordinates vs. time (two traces). Make the 

zero-position line nice and obvious so it’s easy to see whether the mean position stays 

near the origin or not.

Figure 2 should show the RMS distance of the particles from the origin, vs. time.

PHY 294 Fall 2013  

Level 07 Boss Memo

2013-11-20, 10:14 PM 

1

Pwning Level Bosses in MATLAB:

Ian D. Beatty & Lauren A. Harris
University of North Carolin at Greensboro

idbeatty@uncg.edu

Good video games are highly 
optimized learning systems, 
carefully engineered to keep players engaged 
for long periods of time while they develop and 
refine skills, explore and become facile 
navigating novel and often bizarre 
environments, overcome increasingly difficult 
challenges at the threshold of their abilities, 
and piece together understanding of a 
complex and initially mysterious back-story.

(cc) 2014 Ian D. Beatty
This work is licensed under a

Creative Commons Attribution-
NonCommercial 3.0 Unported License. 

Student Reactions to a Game-Inspired Computational Physics Course

Can we develop classroom-based 
courses that use game-like principles 
to teach physics more effectively? 
(In order to tap into students’ intrinsic motivation, engage 
them more deeply, and develop better content mastery.)

=>

no deadlines 
except for the end 

of the semester

Provide automated 
test code for 

immediate, 
on-demand 
feedback

Link grades to 
“leveling up” in a 
game-style 
point system

Use a mastery 
approach with 

infinite re-tries 
for full credit

Organize content into 
levels with minions 

and bosses
Frame activity 
as a game with 
video-game 
terminology

game-like  
features

(9-11)

=>
random walk 

Monte-Carlo models

debugging
statistical & graphical 
data analysis

pseudorandom 
numbers

numerical 
calculation

basics of 
procedural 
programming

using 
MATLAB

computational 
physics 1

1 credit course

mesh relaxation 
methods

for Laplace & 
Poisson Eq.

physics:
air drag, oscillation, 

electrostatics…

avoiding
numerical 
instabilityself-testing 

programs
with special 

cases

integrating ODEs
for equations of motion

organizing
complex 
programs

MATLAB
power tools

computational 
physics 2

1 credit course

fall 2013 
teaching 

experiment

spring 2014 
teaching 

experiment

semi-structured
interviews 

at end of course 
(11 of 15 students)

semi-structured
interviews 

at end of course 
(7 of 13 students)

theory-driven
coding 

of transcripts for 
game-like features

emergent
coding 

of transcripts for 
student reactions

(still being 
analyzed)

course 
evaluations 
(13 of 15 students)

course 
evaluations 
(10 of 13 students) Most students claim the design 

increases their motivation.

Most students liked the course 
design. Some liked it 
fanatically. None disliked it.

A majority claim the self-paced 
nature either strengthened or 
revealed deficiencies in their 
self-discipline.

A majority claim that infinite 
retries increased content 
learning.

Many claim the leveling-up point 
system increased motivation.

Many claim the complex 
authentic level bosses helped 
prepare them for real-world 
work.
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