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Credits

ÅAlmost exclusively Survey and Opinion 

talk

ÅMost work not mine. 

ÅIntro CS work that is mine is joint with UIC 

Lecturer Pat Troy; privacy preliminary 

ideas that are mine joint with Kent Law 

School Prof. Richard Warner.



Core Academic 
Beliefs and Values



I. The most significant impact 
we will have on society is 
educating our students.



II. A research university is 
a great place to get an 
undergraduate education 
and to be a faculty 
member.



III. Every well -educated 
college graduate should have 
mathematical reasoning and 
problem -solving ability that is 
normally obtained by 
studying at least some post -
high -school mathematics.



IV. In the early 21 st century, 
it is much more important 
that every well -educated 
college graduate study 
some computer science 
than mathematics.



Outline

I. Why CS/computational thinking is vital for 

todayôs non-CS, liberal arts majors.

1. Intellectual ideas, especially process

2. Understanding how world works

3. Computational thinking skill set

4. Citizenship

II. How to teach it, & maybe also certain CS 

majors



What is computer science?

ÅBiology = study of living things; chemistry 
= study of structure and composition of 
matter 

ÅWhat is computer science the study of? 

ÅComputer Science ştudy of computers!

ïAlso NOT study of how to use IT tools (Word, 
Matlab, write a web page, etc.)

ÅComputer Science is the study of:

ïProcesses ºAlgorithms ºPrograms



What about IT Fluency?

ÅIT skills are important, but:

ïVery widely needed trade school skill, not part 

of liberal higher education

ïMay be completely appropriate some places 

to have a whole college course on but thatôs 

something different

ïShould eventually migrate to Kï12 world

ïEasy to mix in few weeksô worth of this with 

what Iôm discussing today



The Two Cultures



1961 MIT Sloan School Symposium



Learn Programming to Re-Think Process 
Everywhere

Å Alan Perlis argued that 
computer science should be part 
of a liberal education.

ïExplicitly, he argued that all 
students should learn to 
program.

Å Why?

ïBecause Computer Science 
is the study of process.

ïAutomated execution of 
process changes everything
Å Including how we think about 

things

ï Process: an even more 
important notion than rate of 
change



Problems as object of study

ÅCan the problem of sorting N words into 

alphabetical order be solved in a # of 

steps proportional to N? To N * log N?

ÅCan the problem of determining if an N-

line computer program terminates on 

specific input be solved in # of steps 

proportional to N? To 2N? At All?



Undecidability 

ÅDetermining whether 
program halts is 
Unsolvable 
(undecidable) 
problem.

ÅFundamental result of 
Alan Turing, Father of 
CS, in 1930ôs.

ÅPhilosophical, 
mathematical, 
practical implications.



ñA handful of people, having 
no relation to the will of 
society, having no 
communication with the 
rest of society, will be 
taking decisions in secret 
which are going to affect 
our lives in the deepest 
sense.ò

The Power and Fear of Algorithms

ÅThe Economist (Sept., 
2007) spoke to the 
algorithms that control us, 
yet we donôt understand.
ïCredit Ratings, Adjustable 

Rate Mortgages, Search 
Rankings

ÅC.P. Snow foresaw this in 
1961.
ïThose who donôt understand 
algorithms, canôt understand 
how the decisions are made.



Computational Thinking

ÅAlgorithms are one 

important example of 

Computational 

ThinkingïWays of 

thought common to 

computer scientists.

ÅOther examples

ïOrder of growth

ïLayering/abstraction to 

manage complexity



Order of growth

ÅBefore I die, U.S. undergraduate tuition 

and U.S. medical care cost rates of 

increase will change.

ÅOrder of growth studies whether growth in 

resources to solve size-N problem grows

ïProportionally to N or N log N

ïProportionally to N2 (or N3)

ïProportionally to 2N



Abstraction managing Complexity

ÅCoffee mug is porcelain made of mixture 

of molecules composed of atoms 

composed of electrons orbiting nucleus of 

protons and neutrons, each composed of 

quarks.

ÅMolecular vibration, quantum effects, etc., 

at various levels

ÅHumans evolved to pour morning coffee 

without worrying about quantum effects!



CS Abstraction Example: Encodings

Å But we can interpret these 
numbers any way we want.
ï We can encode information in 

those numbers

Å Even the notion that the 
computer understands 
numbers is an interpretation
ï We encode the voltages on wires 
as 0ôs and 1ôs, 
eight of these defining a byte

ï Which we can, in turn, interpret as 
a decimal number 



Layer the encodings as deep as you 
want

ÅOne encoding, ASCII, defines an ñAò as 65

ïIf thereôs a byte with a 65 in it, and we decide 

that itôs a string, POOF! Itôs an ñAò!

ÅWe can string together lots of these 

numbers together to make usable text

ïñ77, 97, 114, 107ò is ñMarkò

ïñ60, 97, 32, 104, 114, 101, 102, 61ò is

ñ<a href=ò    (HTML)


