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Computational thinking



What have we been doing this 
semester?







We’re not especially interested in Pyret or Python. 

If you’re programming 20 years from now, it will be 
in a different language, using different tools.



What have we been doing in these languages?



We’ve been practicing computational thinking.



“Modern computer science is the last 1 percent of 
the historical timeline of computational thinking. 
Computer scientists inherited and then perfected 
computational thinking from a long line of 
mathematicians, natural philosophers, scientists, and 
engineers all interested in performing large 
calculations and complex inferences without error.” 
Peter J. Denning & Matti Tedre, Computational Thinking



Origins of computational thinking



Before the modern computer age, there was a 
profession of mathematically trained experts who 
performed complex calculations as teams. 

They were called “computers”.



I’m a computer!

Bonus Bureau, Computing Division, 1924, loc.gov/pictures/item/2016838906

http://www.loc.gov/pictures/item/2016838906
http://www.loc.gov/pictures/item/2016838906


The first electronic computing 
machines were called “automatic 
computers” to distinguish them 
from the human variety.

Colossus Mark 2, 1944



Human computers and the leaders of human 
computing teams engaged in computational thinking 
long before the invention of electronic computers.



Early computational thinking can be seen going back 
to the records of the Babylonians, who wrote down 
general procedures for solving mathematical 
procedures around starting around 1800 BCE.



Long before this class, you probably learned these 
kind of computational methods.



Euclid’s algorithm

One of the earliest methods, still taught to 
schoolchildren today, is from the Greek 
mathematician Euclid, around 300 BCE. 

He gave a method to find the greatest common 
divisor (GCD) of two numbers, which is the largest 
integer that divides both numbers. 



Euclid’s algorithm

Euclid noticed that the GCD of two numbers 
divides their difference.  

So, he repeatedly replaced the larger number with 
their difference until both were the same. 

Sounds a lot like writing a recursive function!



Euclid’s algorithm

Euclid noticed that the GCD of two numbers 
divides their difference.  

So, he repeatedly replaced the larger number with 
their difference until both were the same. 

 gcd(48, 18) 
→ gcd(30, 18) 
→ gcd(12, 18) 
→ gcd(12,  6) 
→ gcd( 6,  6) 
→ 6



Sieve of Eratosthenes

This is another famous method dating back to the 
ancient Greeks, used to find all the prime numbers 
up to some limit.



Sieve of Eratosthenes
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

We begin with a list of all the integers, from 2 to 
the limit.



Sieve of Eratosthenes
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

We cross out all the multiples of 2.



Sieve of Eratosthenes
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Then all the multiples of 3.



Sieve of Eratosthenes
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Then all the multiples of 5.



Sieve of Eratosthenes
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

And so on, leaving you with only the primes 
between 2 and the limit you chose.



Sieve of Eratosthenes

After each round of elimination, a new prime will be 
revealed, and the next round crosses out all its 
multiples.



These are computational procedures, carried out by 
hand!



Decomposing computing tasks



During the time leading up to 
World War II, the US Army 
developed ever more 
sophisticated artillery that could 
fire shells over several miles.

8-inch Mk. VI railway gun



Gunners needed to know how 
to aim their artillery given  

the range,  

the difference of elevation, and  

the winds.



The Army commissioned teams 
of human computers to work 
out firing tables for these guns. 

The gunners could then simply look up the 
proper angle and direction to aim their 
guns, given their measurement of range, 
elevation, and winds.



Around 1940, one of these 
teams comprised women 
working at Aberdeen Proving 
Ground in Maryland.



They organized into assembly lines, each doing a 
different stage of computation, until they compiled 
the firing tables. 

Each assembly line was working on a different input, like running a 
function 

Each of the human computers in the assembly line was carrying out a 
part of the computation, like running a line of code 

(breaking down a problem into smaller pieces to 
carry out the computations much more efficiently)



The Army wanted to perform 
these computations at much 
larger scales and faster than 
humans could, which led to 
using the ENIAC—Electronic 
Numerical Integrator and 
Computer (John Mauchly and  
J. Presper Eckert, 1945) 

But…

https://www.army.mil/article/98817/womens_history_month_eniac_first_computer_programmers


The method of decomposing the task into 
unambiguous steps that passed data between them 
moved from a management principle at Aberdeen to 
a design principle for automatic computers.



Programmable computers



No matter how simple and unambiguous the steps 
are made, human computers make mistakes – and 
lots of them! 

So, inventors through the ages have sought to make 
computing machines to allow people to perform 
longer computations with fewer errors.



This was a slow process, taking us from…



The slide rule 
c. 1620



Blaise Pascal’s mechanical calculator—Pascaline, or Pascal’s wheel 
(could add and subtract, but not multiply or divide) 

1642



Precursors to the idea of a programmable computer 
originated well before the electronic computing age. 

In the early 1700s, French textile weavers 
experimented with machines that could weave 
complex patterns using an automatic loom.



One of the more well 
known is the Jacquard 
loom, which was 
controlled by long 
chains of punched cards.



Plan 25 for Babbage’s Analytical Engine 
1840

https://computerhistory.org/blog/the-analytical-engine-28-plans-and-counting/
https://computerhistory.org/blog/the-analytical-engine-28-plans-and-counting/


Babbage collaborated with a gifted mathematician, 
Ada Lovelace, who designed algorithms for the 
Analytical Engine, even though there was no 
machine to run them on.  

She is considered the first computer programmer. 

Lovelace was the daughter of Lord Byron. She 
assisted Babbage in explaining and promoting his 
ideas, writing articles describing the operation and 
use of the analytical engine.



Lovelace saw the Analytical Engine not as a mere 
calculator but as a processor of any information that 
could be encoded in symbols. 

This insight, that computing programs can calculate not only over 
numbers but over symbols that can stand for anything in the world, 
anticipated by a hundred years a key tenet of the modern computer 
age. 

Lovelace saw the computer as an information 
machine.



While Babbage’s designs for a programmable 
computer weren’t realized at the time, the age of 
electronics opened new possibilities.



Harvard Mark I 
1944



ENIAC 
c. 1945



Early computers were very difficult to program, 
working in languages that were closely tied to the 
hardware.



Grace Murray Hopper (Vassar ’28) popularized the 
idea of a Compiler for machine-independent 
programming languages and defined FLOW-MATIC, 
the first English-like data processing language in the 
early 1950s.  

Those ideas were later folded into COBOL 
(COmmon Business-Oriented Language) (1959).



Since the 1950s, many programming languages have 
been defined, experienced popularity, and then been 
supplanted by new designs.



Today, Python is the most common programming 
language used for work in data science and artificial 
intelligence. 



Programming no longer involves plugging in wires or 
punching cards, but it’s still hard!



In The Mythical Man-Month (1975), Turing Award 
recipient Fred Brooks writes:



“The programmer, like the poet, works only slightly 
removed from pure thought-stuff. He builds castles in 
the air, from air, creating by exertion of the 
imagination…



“Few media of creation are so flexible, so easy to 
polish and rework, so readily capable of realizing 
grand conceptual structures. Yet the program 
construct, unlike the poet’s words, is real in the sense 
that it moves and works, producing visible outputs 
separate from the construct itself…



“One types the correct incantation on a keyboard, 
and a display screen comes to life, showing things 
that never were nor could be… It prints results, 
draws pictures, produces sounds, moves arms. The 
magic of myth and legend has come true in our 
time…



“The computer resembles the magic of legend in this 
respect, too. If one character, one pause, of the 
incantation is not strictly in proper form, the magic 
doesn’t work. Human beings are not accustomed to 
being perfect, and few areas of human activity 
demand it. Adjusting to the requirement for perfection 
is, I think, the most difficult part of learning to 
program.”



Data science



We haven’t just been writing programs; we’ve been writing 
programs to work with data.



What is data?



“Many people think of data as numbers alone, but 
data can also consist of words or stories, colors or 
sounds, or any type of information that is 
systematically collected, organized, and analyzed…” 
D’Ignazio & Klein, “Introduction” in Data Feminism, 2020



Data gathering and privacy 

Beyond the relevance and reliability of data, we also need to 
consider the ethicality of gathering data.





The words and phrases we search for on Google, 
the times of day we are most active on Facebook, 
and the number of items we add to our Amazon 
carts are all tracked and stored as data – data that 
are then converted into corporate financial gain. 
D’Ignazio & Klein, “Introduction” in Data Feminism, 2020



Ethics of research using social media data is complex 
and rapidly evolving, with legitimate disagreements. 



Representing data





pewresearch.org/fact-tank/2019/12/18/
gender-options-on-forms-or-online-profiles/
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“…most of the data and data models we have 
inherited deal with structures of power, like gender 
and race, with a crudeness that would never pass 
muster in a peer-reviewed humanities publication.” 
Miriam Posner, “What’s Next: The Radical, Unrealized Potential of 
Digital Humanities”, 2016
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“I want us to be more ambitious, to hold ourselves 
to much higher standards when we are claiming to 
develop data-based work that depicts people’s lives.” 
Miriam Posner, “What’s Next: The Radical, Unrealized Potential of 
Digital Humanities”, 2016

https://dhdebates.gc.cuny.edu/read/untitled/section/a22aca14-0eb0-4cc6-a622-6fee9428a357
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Data analysis and storytelling 

When we’re thinking about data science, we’re trying to tell 
stories about data. In this class, we only scratched the surface of 
what that looks like.



Prediction and machine learning 

Lastly, we’ve been talking about prediction — how we use data 
to make decisions…



“…mechanical arts are of ambiguous use, serving as 
well for hurt as for remedy.” 
Francis Bacon, The Wisdom of the Ancients, 1609 



Computer Science I 
—or, where do you go from here?



Congratulations on making it this far!



CS courses at Vassar





CMPU 102 
Data Structures and Algorithms



CMPU 145 
Foundations of Computer Science

Wait until Fall 2022! There will be an 
exciting new version of this course, 

designed to follow the new CMPU 101 
you just took!



Try them out! 

If you keep going with the CS major sequence, you 
work your way up to some really exciting courses, 
including…  

CMPU 353  Bioinformatics 

CMPU 377  Parallel Programming

And, you know, 
probably some cool 
courses I don’t teach 
as well!



That’s it!



Next time, we’ll review for the Exam 3 by working 
through practice problems and answering your 
questions.



go.vassar.edu/course/evals 

Numeric sheets are used by the college for deciding things like 
compensation, contract renewals, promotion, and tenure. This is 
more important for people’s careers than you might imagine, so 
please fill it out honestly but fairly.  

https://go.vassar.edu/course/evals
https://go.vassar.edu/course/evals
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