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Zamoyski, Adam. 1987. The Polish Way, page 175
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Harrington Emerson portrait from 1911, public domain due to age.

Emerson, Harrington. 1911. The Twelve Principles of Efficiency, public domain due to 
age/

5



Cortés and La Malinche meet Moctezuma in Tenochtitlán. Public domain due to age.
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Alfred Thayer Mahan, The Influence of Sea Power Upon History 
http://www.gutenberg.org/files/13529/13529-h/13529-h.htm (public domain due to 
age)

Even Lepanto did not gain a lot of credit for Spain, as Venetian galleasses (built in the 
Venetian Arsenal, a de facto assembly line for ship construction) played a dominant 
role. 
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Wool, fruit, and iron are all commodities. Wool must be made into wool cloth, and 
iron into manufactured goods, to be useful.

It is to be noted that almost all clothing sold in the United States is "imported," and 
the country of origin is usually not stated. If it was imported from a high-wage 
country such as France or Italy, the description would probably say so.
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Picture from Raphael, "School of Athens," public domain due to age.

Aristotle (http://classics.mit.edu/Aristotle/politics.1.one.html) cites as examples the 
tripods of the god Hephaestus, and statues invented by the engineer Daedalus, that 
acted of their own accord. The Greeks also said that Hephaestus created two 
mechanical men, who were very similar to robots in 20th century science fiction 
movies. Greek myths (or science fiction stories) therefore featured what we would 
now call robots, or intelligent machines.  While the Greeks' ability to build such 
machines was limited by the contemporary technology, those like Aristotle could 
foresee the socioeconomic implications of their future development.

Greek mythology also featured the world's first "battle mech," the bronze giant Talos 
whose most famous incarnation is probably Ray Harryhausen's model in Jason and 
the Argonauts (1963).
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Johnson, Bernard L. (February 1922), “Henry Ford and His Power Farm”, in Farm 
Mechanics, photo from 1922 (public domain due to age).
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Yamamoto portrait: "As an official portrait commissioned by the Imperial government 
of Japan, this portrait became public domain on 1973."
Willow Run bomber factory: public domain as a work by a U.S. Government 
employee
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Eric Savitz, "Japan Quake Knocked Out 25% Of Global Silicon Wafer Production"  3/21/11 
Forbes http://www.forbes.com/sites/ericsavitz/2011/03/21/japan-quake-knocked-out-25-of-
global-silicon-wafer-production/
Bill Powell, "The global supply chain: So very fragile" 12/12/11 Fortune 
http://fortune.com/2011/12/12/the-global-supply-chain-so-very-fragile/ E.g. autoworkers in 
Ohio had their hours cut because Honda could not get parts from Thailand
"Majority of Businesses Experienced Supply Chain Failure" By APICS Staff  December 06, 2011  
http://www.apics.org/news-landing-page/2012/01/20/majority-of-businesses-experienced-
supply-chain-failure
Sumitomo reference http://articles.latimes.com/1993-12-01/business/fi-
62629_1_semiconductor-industry-assn
All of these examples are strong arguments for a voluntary "ISO 9001:2015 Plus" in which 
one's own procedures go beyond the standard's explicit requirements to consider risks of this 
nature.
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Emerson, Harrington. 1911. The Twelve Principles of Efficiency, public domain due to 
age. This book discusses the enormous wastes that are built into many if not most 
jobs.

France had a bigger army, a better rifle, and a bigger economy than Prussia in 1870 
but Prussia used its resources more efficiently.
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Harrington Emerson portrait from 1911, public domain due to age.
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Emerson, Harrington. 1911. The Twelve Principles of Efficiency, public domain due to 
age. This book discusses the enormous wastes that are built into many if not most 
jobs.
Harrington Emerson portrait from 1911, public domain due to age.

Emerson cites how Helmuth von Moltke recognized Prussia's inferiority to its rivals in 
terms of money, manpower, and even weaponry—the French Chassepot rifle was 
superior to the older von Dreyse needle gun—and therefore developed ways to use 
Prussia's army and resources more efficiently than France and Austria-Hungary used 
theirs. Emerson contends that Japan adapted these principles to industrial as well as 
military applications.
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Emerson, Harrington. 1911. The Twelve Principles of Efficiency, public domain due to 
age.  The context suggests that Emerson meant "impossible" rather than "possible."
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Benson, Allan L. 1923. The New Henry Ford. New York: Funk and Wagnalls p. 256

Photo of Thomas Edison from 1915, public domain due to age
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That is, the workers were really getting $10 rather than $90 of the $100 paid by the 
customer, while the rest was squandered on waste and inefficiency. The figure on the 
right shows exactly what Henry Ford achieved in the first part of the 20th century.
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Henry Ford portrait, 1919 (public domain due to age)

Ford and Crowther, 1922. My Life and Work. 
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50 cents an hour was a very high wage by the standards of 1910, as the quarters and 
half-dollar pieces were made out of silver.
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Movie by Frank Gilbreth, circa 1911. Public domain due to age.
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Movie by Frank Gilbreth, early 20th century, public domain due to age. Single image in 
case the movie in the previous slide doesn't work, and also for the pdf handout.
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Ohno, Taiichi. 1988. Toyota Production System: Beyond Large-Scale Production. 
Portland OR: Productivity Press, page 3
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Ford, Henry, and Crowther, Samuel. 1922. My Life and Work. New York: Doubleday, 

Page & Company
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Picchi, Aimee. "Almost half of all Americans work in low-wage jobs." CBS News, 
December 2, 2019.
https://www.cbsnews.com/news/minimum-wage-2019-almost-half-of-all-americans-
work-in-low-wage-jobs/

32



The Janatorial Store https://www.thejanitorialstore.com/public/Cleaning-Production-Rates-for-Beginners-
334-3.cfm  

https://youtu.be/du2r5GuKjG0 Global Industrial Auto Ride On Floor Scrubber with a link to 
https://www.globalindustrial.com/p/janitorial-maintenance/floor-care/scrubbers/global-153-auto-ride-
on-floor-scrubber-32-cleaning-path-three-170-amp-batteries (Disclaimer; products and manufacturer 
videos were found through Google keyword searches, and are cited solely to illustrate the learning 
objectives. I encourage anybody who wants to implement these specific ideas to do far more extensive 
research before making a purchase decision. The only exception is the Hoover Floormate which I can 
recommend based on personal experience.)

Smaller versions (e.g. push instead of ride) can even be purchased from Amazon.com. 
https://janitorialassociation.org/janitorial-equipment/commercial-walk-behind-floor-scrubber-machines/ 
has models from five different manufacturers. https://youtu.be/I7FpjYWr7Zw shows the ClarkeMA50 15B 
Micro Scrubber in action while discussing the drawbacks of using a mop and a pail. I have a household 
automatic floor cleaner from Hoover that operates on a much smaller area, but automatically sucks the 
dirty water into a reservoir for disposal (thus eliminating the waste motion of doing it by hand, even with 
a squeegee mop while doing a better job in the bargain).
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https://www.bls.gov/oes/current/oes372011.htm Duties include "Perform heavy 
cleaning duties, such as cleaning floors, shampooing rugs, washing walls and glass, 
and removing rubbish." This does not sound like very interesting or fulfilling work.

If the factory or warehouse does not require 8 hours of cleaning at 60,000 square feet 
per hour, the worker can do something else with the remaining time. If the shop or 
store has only 10,000 square feet, a smaller machine could be used (requiring one 
worker instead of two) but the principle is still the same.
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In practice, the machine would use electricity plus consumables such as cleaning solution, but the 
mop-and-bucket job also uses cleaning solution. The machine also pays for itself in less than a year.

Suppose for example that waste motion could be eliminated, as much as possible, from the mopping 
job so the worker can clean 6000 rather than 5000 square feet an hour. There is definitely an upper 
limit, though, on what can be done with a mop and it falls far short of what can be done with a 
machine. We can however, for practical analytical purposes, treat waste and opportunity costs 
similarly as the costs of inaction in terms of realizing an improvement—whether by removing the 
waste, or by introducing new equipment.

A Google search on warehouse, floor, and cleaning (and factory, floor, and cleaning) shows however 
machines being used in most—but apparently not all—cases. 
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https://saf-unite.org/content/facts-about-north-carolina-farmworkers

"Harvesting Sweet Potatoes in Clayton, NC" https://youtu.be/6XTtMc7i8r4 The 

narrator adds that it is "backbreaking, hard work." We already know from the Gilbreth 

brick laying example what is wrong with bending over.
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https://youtu.be/MKsyJ0deXJ4 for a Lockwood sweet potato harvester in action

https://www.bls.gov/oes/current/oes452091.htm
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https://strawberryplants.org/get-a-job-picking-strawberries/ "strawberry picking will 
generate between ten and fifteen dollars per hour, depending on the skill of the 
strawberry picker"

CRLA "A Bitter Harvest: Strawberry Fields" Oct 15, 2010 shows workers bending over, 
walking, and even carrying boxes of strawberries on their shoulders (waste motion 
for which they cannot be paid, and which adds to the buyer's costs). 

Florida Department of Agriculture and Consumer Services video of workers bending, 
walking, and carrying boxes of strawberries https://youtu.be/-53fxf7jdHU 
AGROBOT Robotic Strawberry Harvester at https://youtu.be/M3SGScaShhw

Nashville farmers invent strawberry picking machine https://youtu.be/epGrJYDC9OU 
The workers lie face down on a moving platform, and a canopy can be put over the 
platform to keep out the sun. The narrator says it doubles the production rate.

39



https://youtu.be/G2zpgcm2Bxo

Radio Free Europe/Radio Liberty, 2013. “Uzbek Cotton-Picking Claims Eighth Victim.” 
Oct. 2013. https://www.rferl.org/a/25145827.html
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https://www.indiamart.com/proddetail/cotton-picking-machine-5022844791.html

This assumes that the Uzbeks can't afford the cotton harvesting machines that can do 
the work of fifty laborers.
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"How it happened: Toyota Production System Leads to 100-fold Increase in Protective 
Gown Production" on YouTube https://youtu.be/knMN22_jQHI

The rock group led by Ian Anderson was named for the 18th century inventor.

https://twitter.com/agbioworld/status/1125235612703973376 for use of high heels 
to make holes for peanuts
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J. Howard Miller's "We Can Do It!", the inspiration for "Rosie the Riveter"  Public 
domain as a publication of the U.S. Government
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The Sherman Tank was, for example, no match for the German Tiger in a head-to-
head confrontation but, if the Sherman's crew survived their tank's destruction, they 
were simply issued another. If the Tiger's crew survived their tank's destruction, they 
probably had to join the infantry because replacements were in short supply. The U.S. 
eventually deployed the mass-produced Pershing as an answer to the Tiger.
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While China controls a disproportionate share of the world's rare earths, it does not 
control all of them and the United States has significant deposits.
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Benjamin Franklin by Joseph Duplessis, public domain due to age.
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