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Tools for Thought

Programming I: 
Spreadsheets
“VisiCalc represented a new idea of a way to use a computer and a new way of 
thinking about the world. Where conventional programming was thought of as a 
sequence of steps, this new thing was no longer sequential in effect: When you 
made a change in one place, all other things changed instantly and automatically.

— Ted Nelson,  
Whole Earth Software 

Catalog (1984)



Spreadsheets are the foundation of personal computing

Jobs quote: https://www.youtube.com/watch?v=IU96Pd_npn4 

Excel study: https://www.acuitytraining.co.uk/news-tips/new-excel-facts-statistics/

“There have been two real explosions that propelled the 
industry forward. The first one really happened in 1977, 
and it was the spreadsheet. […] [VisiCalc] really propelled 
the Apple II to the success it achieved.” — Steve Jobs

Poll in 2022: office 
workers report 
spending ~1/3 of their 
workday in Excel



The hallmark of a spreadsheet is its flexibility





Plimpton 322 is an ancient spreadsheet

https://personal.math.ubc.ca/~cass/courses/m446-03/pl322/pl322.html



https://ils.unc.edu/courses/2017_spring/inls161_002/spreadsheets/formulas/index.html

Paper ledgers were known as “spread sheets”



VisiCalc (1979) took the industry by storm



youtu.be/YDvbDiJZpy0



Spreadsheets show data and hide the code

items = ["Bacon", "Eggs", "Cheese"] 
prices = [11, 8, 5] 
quantities = [2, 4, 10] 
sales_tax = 0.08 
total_prices = [] 
subtotal = 0 

for (price, qty) in zip(prices, quantities): 
	 total_price = price * qty * (1 + sales_tax) 
	 total_prices.append(total_price) 
	 subtotal += total_price

Nardi, A Small Matter of Programming



Spreadsheets use templates over abstraction

=C3*B3*(1+A8)
=D2*C2*(1+B7)

below
right

=C3*B3*(1+A$7)
=D2*C2*(1+B$7)

below
right

=C3*B3*(1+$A$7)
=D2*C2*(1+$A$7)

below
right

=C2*B2*(1+A7)

=C2*B2*(1+A$7) =C2*B2*(1+$A$7)



Copy-paste does not always map to task

“I ought to be able to copy that formula, but of course if you do that, you wouldn’t 
get what you wanted because [you would get the average of rows 1-50 in C1, 2-51 in 
C2, and so on]”

C = B.chunks(50).map(avg)

Hendry and Green. “Creating, comprehending, and explaining spreadsheets: a cognitive interpretation of what discretionary users think of the spreadsheet model”



A plan composition 
analysis of the 
Python program

Compute subtotal

compute per-item price

price * quantity sales tax

aggregate in sum

loop over both prices and quantities

using for and zip

name iter vars (price, qty)

price * qty * (1 + sales_tax)

name total_price

subtotal += total_price

accumulator  
variable

name subtotalitems = ["Bacon", "Eggs", "Cheese"] 
prices = [11, 8, 5] 
quantities = [2, 4, 10] 
sales_tax = 0.08 
total_prices = [] 
subtotal = 0 

for (price, qty) in zip(prices, quantities): 
	 total_price = price * qty * (1 + sales_tax) 
	 total_prices.append(total_price) 
	 subtotal += total_price 



A plan composition 
analysis of the 
spreadsheet 
program

Compute subtotal

compute per-item price

price * quantity sales tax

aggregate in sum

define per-item formula 
for first item

C2*B2 1+$A$7

=C2*B2*(1+$A$7)

copy to each row of D

=sum(D2:D4)



Studies on spreadsheet use



• Choose a cell, usually top-left of a block 

• Inspect neighboring cells to see how formula changes 

• Study cell formulas, look up unknown cell references 

• To look up a cell: 
- Scroll to bring it into view 
- Scan to find its column & row 
- Determine semantics from column & row labels

Model of spreadsheet comprehension

Hendry and Green. “Creating, comprehending, and explaining spreadsheets: a cognitive interpretation of what discretionary users think of the spreadsheet model”



Spreadsheets contain info beyond cell values

Bartram et al. “Untidy Data: The Unreasonable Effectiveness of Tables”



Structured vs. unstructured data in spreadsheets

Chalhoub and Sarkar. “Understanding and Improving the 
User Experience of Structuring Data in Spreadsheets”



Concepts for new types of 
spreadsheets



Logic spreadsheets compute over constraints

Kassoff and Genesereth. “PrediCalc: a logical spreadsheet management system”



Hierarchical spreadsheets represent nesting

Chang and Myers. “Using and Exploring Hierarchical Data in Spreadsheets”



Hierarchical spreadsheets represent nesting

Chang and Myers. “Using and Exploring Hierarchical Data in Spreadsheets”



Object spreadsheets map OOP to sheets

McCutchen et al. “Object Spreadsheets: A New Computational Model for  End-User Development of Data-Centric Web Applications”



Ambsheets contain multi-valued cells

Warth et al. “Ambsheets: Spreadsheets for exploring scenarios”



• No real innovation in the interfaces to spreadsheets, afaict 
- Excel has been dominant for almost 40 years now 
- Google Sheets has some adoption among casual users 

• Excel has been changing recently w/ PL influence 
- LAMBDA function! 

• Spreadsheets as databases, or databases as spreadsheets 
- Airtable, Notion, Coda, … 
- “Direct manipulation database”

Spreadsheets in industry


