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TALK ABOUT TEACHING AND LEARNING

7KLV�HVVD\�FRQWLQXHV�WKH�VHULHV�WKDW�EHJDQ�LQ�WKH�IDOO�RI������DV�WKH�MRLQW�FUHDWLRQ�RI�WKH
�&ROOHJH�RI�$UWV�DQG�6FLHQFHV��WKH�&HQWHU�IRU�7HDFKLQJ�DQG�/HDUQLQJ�DQG�WKH�/LQGEDFN�6RFLHW\�IRU�'LVWLQJXLVKHG�7HDFKLQJ�

See www.upenn.edu/almanac/teach/teachall.html�IRU�WKH�SUHYLRXV�HVVD\V�

3KLOLS�1HOVRQ�LV�SURIHVVRU�RI�SK\VLFV�DQG�WKH�UHFLSLHQW�RI�WKH������,UD�$EUDPV�$ZDUG�IRDU�7HDFKLQJ��
he is the author with Jesse Kinder of A Student’s Guide to Python for Physical Modeling �3ULQFHWRQ�8QLY��3UHVV��

+RZ� LW·V�JRQQD�EH� We hear a lot about the importance of training 
STEM students to work well in teams, and certainly that’s true. But there 
is another skill set that will be critical for our students’ future, one that’s 
much less talked about but that jumped out at me as I read $YHUDJH�LV�2YHU 
by Tyler Cowen: In many areas, even beyond STEM, the successful pro-
fessionals are going to be the ones who can integrate with machines to do 
things that neither humans nor computers can do by themselves. We may 
QRW�ZDQW� WR�KHDU� WKLV�� EXW� DV� DUWLÀFLDO� LQWHOOLJHQFH� WDNHV�RYHU�PRUH� DQG�
more routine white-collar work there will be an ever-increasing premium 
on this skill set.

Once, we could say that learning to use a spreadsheet, say, was ade-
quate computer literacy. Today, however, this is the barest minimum. My 
message here is instead that writing code from scratch, in a general-pur-
pose programming language, is a skill that 

•  Many of even our best students have not yet acquired;
��� ,V�FHQWUDO�WR�PRVW�NLQGV�RI�FXUUHQW�VFLHQWLÀF�UHVHDUFK�
•  Represents an entirely new mode of mental activity distinct from 

the other things we teach students to do;
•  Enables an instructor to assign much more interesting and real-

world problems;
•  Gets many students excited and gives them a toolkit that they can 

and do carry over into all their subsequent classes and beyond.
Once upon a time, the tools needed to do useful computer work fell 

into two classes: Some were powerful, but expensive and specialized. 
Others were free but tedious to use for 
everyday tasks. It seemed necessary 
for a whole department to standard-
L]H�RQ�RQH��DQG�HDFK�KDG�LWV�ÀHUFH�DG-
vocates. Today, in contrast, there are a 
number of free and open-source tools 
that give students skills with full-pow-
er, industry-standard programming 
languages (including implementations 
of the languages Python and R). Cru-
cially, it is now easy enough to get 
started using these languages that my 
students can get going quickly, with-
out needing to dedicate a big chunk of 
a semester to this preliminary mate-
rial. Now yesterday’s gridlock disap-
pears—each instructor can use what-
ever language she likes.

Another general-purpose skill that 
students must master is extracting con-
ceptual information from graphical 
representations of data and models. 
One way to do this is to become expert 
at creating such representations them-
selves� �VHH� LQVHW�. Here, again, gener-
al-purpose computer tools are the key. 
6WXGHQWV�ÀQG� WKHP� IUXVWUDWLQJ� DW�ÀUVW��
but immensely empowering once they 
have a few successes.

How we get there: Many of the stu-
dents in my class (Physics 280) arrive 
with no coding background. They need 
a lot of daily experience before this un-
natural activity begins to feel natural. 
Over a decade, I’ve arrived at a method 
that seems to work.

• On Day 1 of  the class, I tell the stu-
dents where to get a free download of  the 
Python language, and I distribute installa-
tion instruction. I tell them they need to come to class on Day 2 with a laptop, 
with this system installed and running. I pass out and collect a questionnaire. 

• The questionnaire asks students for their general experience level with 
any computer math system. I use the responses to make teams of two students 
each. I assign partners so that a student from the lower self-evaluation lev-
els is paired with one from the higher. I send everybody an e-mail with their 
partner’s contact, saying “even if you’re an expert, you must come to support 
your partner.”

• On Day 2 of class I say, “Figure out if you or your partner has more com-
puter experience; then that person should be advising, not touching the com-
puter.” I talk a little, show some things on the big screen, then stop and let the 
students try some things in the First Computer Lab section of the book. I walk 
around troubleshooting, along with one or two grad students. After maybe 10 
minutes, I interrupt them and talk a little more, repeating till the class ends. 

• Then we have some regular classes, followed by a second computer lab 
structured the same way but with different assigned partners, covering some 
new skills.

• After that I say, “If you liked either of your assigned partners, keep work-
ing together, but from now on work with whomever you like.”

This is all the explicit programming instruction I do. From then on, 
I spend a little class time introducing some new syntax needed for that 
ZHHN·V�KRPHZRUN��DQG�ORWV�RI�LQVWUXFWLRQ�JRHV�RQ�LQ�RIÀFH�KRXUV�

7KH�ÀUVW�ODE�VHVVLRQ�JHWV�VWXGHQWV�VWDUWHG�ZLWK�WDVNV�OLNH�SXOOLQJ�GRZQ�
DQ�H[SHULPHQWDO�GDWD�VHW�IURP�WKH�:HE��JUDSKLQJ�LW��DQG�ÀQGLQJ�DQG�GLV-
playing a mathematical function that resembles the data. The second lab 
session generally introduces simple ideas like loops, along with random 
number generation. This is enough to begin to see how the aggregate be-

havior of numbers that are indi-
vidually random shows predict-
able behavior.

How students respond: To 
do research, science students 
need skills including graphical 
presentation of data and model 
results, numerical math and han-
dling of datasets. But few people 
enjoy studying a computer math 
package (or math itself) in an an-
tiseptic, context-free way. My 
students get motivated when they 
have a concrete problem, perhaps 
one involved in obtaining a clas-
sic result, driving them to build 
up the skills to solve it.

I sent out a questionnaire to 
every alum of this course, some 
as much as seven years after they 
took it. I expected a low response 
rate, but in fact 80% of those I 
could reach responded. Over-
whelmingly, when asked what 
if anything they were still using 
from this class, they replied “my 
ÀUVW�H[SRVXUH�WR�FRGLQJ�DV�D�VFL-
HQWLÀF� WRRO�µ� <HV�� LW·V� KXPEOLQJ�
WR�ÀQG�WKDW�IHZ�DUH�XVLQJ�WKH�VSH-
FLÀF� GLVFLSOLQH� NQRZOHGJH� WKDW� ,�
thought I had imparted! But there 
it is: Over and over, they said that 
this one skill is what they use 
constantly today. 

I’m proud of our students, of 
course, and of what they are do-
ing with their Penn education. Af-
ter all, the world has a lot of huge 

problems, which I’m counting on them to address. If they found this skill 
to be transformative, then I’m glad to have been the conduit.
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/HDUQLQJ�WR�YLVXDOL]H�WKH�VDPH�GDWD�LQ�GLIIHUHQW�ZD\V��WRS�YHUVXV�ERWWRP�
ÀJXUHV��KHOSV�VWXGHQWV�WR�EHFRPH�EHWWHU�FRQVXPHUV�RI�JUDSKLFDO�UHSUHVHQ-
WDWLRQV��DV�ZHOO�DV�HPSRZHULQJ�WKHP�WR�SUHVHQW�WKHLU�RZQ�ZRUN�HIIHFWLYHO\��
Both representations show predictions of diffraction patterns, which stu-
GHQWV�FRPSDUH�WR�D�UHDO�H[SHULPHQW�WR�HYDOXDWH�WKH�WKHRU\�HPERGLHG�LQ�WKH�
calculations.
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