
Explaining Divergence Since the Industrial Revolution

David Landes in The Wealth and Poverty of Nations:

Paradox: the Industrial Revolution brought the world closer together,
made it smaller and more homogeneous. But the same revolution
fragmented the globe by estranging winners and losers. It begat mul-
tiple worlds.



Explaining Divergence Since the Industrial Revolution

▶ The paradox Landes refers to is another big question, just as important
as why England had the Industrial Revolution

▶ The advances of the Industrial Revolution increased the flow of goods
and information between countries

▶ Why did some countries’ economies take off and others stay stagnant
even though everyone had access to the new technologies and markets?

▶ This divergence is one of the most striking features of the modern world



The Great Divergence



The Great Divergence



The Great Divergence



The Diffusion of Technology

Country
Cotton Mill 

(1771)
Watt steam 

engine (1775)
Steam railway 

(1825)
Austria 30 42 13
Brazil 75 35 29
France 7 3 7

Germany 13 8 12
India 46 30 28

Mexico 64 43 48
Netherlands 24 10 14

Russia 22 23 11
United States 20 28 5

Time Lags in International Diffusion of Innovations



Why We Would Expect Globalization

▶ So other countries were adopting British technology at a rate that would
suggest short delay but not a great divergence

▶ This diffusion of technology would suggest that the whole world could
benefit from the same sort of growth as England

▶ There are a variety of other reasons to think that this sort of
globalization into an industrialized world would occur:
▶ Technological change: railways, steamships, telegraph, mechanized

factories
▶ Organizational change: specialized machine-building firms, organization of

the factory
▶ Political developments: extension of colonial empire



The Speed of Information



The Speed of Information

Battle of New Orleans, January 8, 1815



The Speed of Information

Treaty of Ghent, December 24, 1814



The Speed of Information

▶ Flow of information was slightly better at the start of the 19th century
than in classical and medieval worlds

▶ 1844: telegraph is introduced

▶ 1851: first undersea telegraph cable (between France and England)

▶ 1866: transatlantic telegraph service

▶ 1870: India-Britain telegraph service



The Speed of Information

Event Year
Distance 
(miles) Days

Speed 
(mph)

Battle of the Nile 1798 2073 62 1.4
Earthquake, Kutch, India 1819 4118 153 1.1
Charge of the Light Brigade 1854 1646 17 4
Treaty of Tien-Sin 1858 5140 82 2.6
Assassination of Lincoln 1865 3674 13 12
Assassination of Alexander II 1881 1309 0.46 119
Nobi Earthquake 1891 5916 1 246

Speed of Information Travel



A Speed of Information Tangent

The 1883 eruption of Krakatoa



A Speed of Information Tangent

“So violent are the explosions that the ear-drums of over half my
ship’s crew have been shattered. My last thoughts are with my dear
wife. I am convinced that the Day of Judgement has come.” – Cap-
tain of the Norham Castle, 40 miles from Krakatoa



A Speed of Information Tangent

The eruption of Mount Tavurvur volcano on August 29th, 2014

https://www.youtube.com/watch?v=BUREX8aFbMs


A Speed of Information Tangent



A Speed of Information Tangent

▶ Krakatoa was heard as far away as 3,000 miles (which takes sound about
4 hours at 776 mph)

▶ Barometers measured spikes in pressure around the globe

▶ These pressure waves circled the globe three to four times in each
direction

▶ Cities would see the spike from a wave every 34 hours for up to five days



A Speed of Information Tangent

▶ An earthquake hit Tewksbury, NJ on April 5th, 2024 at
10:34am

▶ Professor Parman gets word of earthquake on multiple
apps between 10:35am and 11am

▶ Barb Parman sends word of earthquake at 12:56pm



A Slightly Less Tangential Tangent



The Cost of Transporting Goods

▶ Expansion of railroads improved not only communication but also
(obviously) goods transportation

▶ Advances in steam ships greatly improved ocean transport

▶ Any place with access to a port could get industrial inputs at prices
similar to British firms

▶ British coal was also available through these ports



Coal Costs



Coal Costs

Charles Joseph Minard, British Coal Exports, 1860



The Mechanized Factory

▶ With the lowering of transport costs and improved flow of information,
it was becoming easier for other countries to adopt British technology

▶ Machine-building sector arose, so countries could import capital goods
from Britain and the United States

▶ The mechanized factory employed large numbers of unskilled, untrained
short-term workers with minimal supervision

▶ Countries did not need skilled lifetime workers, the ability to produce
capital goods, local innovation, or local natural resources to industrialize



The Machine-Building Sector

Henry Leland



The Machine-Building Sector

Cadillac’s Brooklands trio, 1908



The Machine-Building Sector



The Role of Politics

▶ Globalization may have been aided by the expansion of European
colonial territories

▶ European entrepreneurs could export machinery and techniques to
low-wage areas with little risk of expropriation

▶ Areas within British Empire could trade relatively freely with each
other, eliminating concerns of small markets

▶ Even places not under colonial rule often had trade agreements with
European powers

▶ Britain kept the seas relatively safe for transporting goods



The British Empire - 1897



The British Empire - 1921



Why We Would Expect Globalization and Gains for All

▶ Technology could be adopted fairly easily by other countries, both
because of the improved flow of information and the export of capital
goods

▶ Technological change (railways, steamships, telegraph) effectively made
the world a smaller place

▶ The organization of the factory should have given low wage countries an
advantage

▶ Colonial empires facilitated the diffusion of technology and
manufactured and also opened up trade

▶ So why didn’t everyone grow rapidly?



Possible Explanations for Divergence

▶ We can use our basic framework of land, labor and capital as the main
inputs in an economy

▶ Task is to find differences in the availability or quality of these inputs
that may explain divergence

▶ If major differences don’t exist in the availability of these inputs, then
the source of divergence may lie in differences in efficiency

▶ Approach: look for differences in capital per person, land per person
and efficiency



Was it a lack of capital?
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Was it a lack of capital?

Location of investment Rate of Return
Britain 5.6

British Empire 6.5
Other foreign countries 5.5

Returns on Capital for British Firms, 1860-1912



Was it a lack of capital?



Was it a lack of capital?

▶ Capital flowed fairly freely around the world

▶ The returns to capital were comparable across most societies

▶ There is nothing obvious that prevented people from investing in low
income countries

▶ The cost of capital goods was not prohibitively high in low income
countries

▶ Capital doesn’t look like the culprit



Was it a lack of resources?
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Was it a lack of resources?

▶ The reductions in transportation costs made endowments of natural
resources less important

▶ Coal was a big part of industrialization but coal was being shipped all
over the world

▶ The only countries that would be constrained by resources were those
that didn’t have ports or railroads linking them to other countries

▶ Resources don’t seem to explain divergence



Was it a lack of resources?



Was it differences in efficiency?

▶ It doesn’t look like capital and resources were the sources of divergence

▶ This leaves us with efficiency

▶ Efficiency differences can lead to big differences in income per person

▶ Consider the flow of capital: initial differences in efficiency will lead to
differences in capital investment which will reinforce differences in
income per person



Efficiency and Capital Investment



Efficiency and Capital Investment



The Costs of Producing Cotton
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Implied Profit Rates in the Cotton Industry
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How big were differences in efficiency?



Where was inefficiency coming from?
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Where was inefficiency coming from?

▶ India employed far more labor than Britain for the same production
processes

▶ However, the extra labor didn’t seem to improve output

▶ Output per machine-hour was similar across the countries but more
workers were used to staff the machines in India

▶ This suggests that labor inefficiencies were at the root of the differences
between England and India

▶ The new questions:
▶ Why is labor more efficient in some countries than others?
▶ Why does this lead to divergence?



Two Explanations of Labor Inefficiency

▶ What we need to explain: India uses similar machines per unit of ouput
but more labor per unit of output

▶ Two possible explanations:
▶ Poor management plus low wages led to low output per worker: general

inefficiency combined with substituting cheap labor for capital leads to
low output per worker

▶ Labor quality is lower in poor countries: given the same production
technology and the same capital, workers are less productive in poor
countries than rich countries



Worker Productivity and the Great Divergence



Worker Productivity and the Great Divergence



The Management Explanation

▶ Capital required per unit of output is driven up by managerial
inefficiency

▶ Capital required per unit of output is driven down by substitution of
cheap labor for capital

▶ Labor required per unit of output is driven up by managerial inefficiency

▶ Labor required per unit of output is driven up by substitution of cheap
labor for capital

▶ End result is same capital per unit of output across countries but higher
labor per unit of output in low-wage countries



The Worker Quality Explanation

▶ Much simpler story: worker quality is low meaning each worker
produces less all other things being equal

▶ Was the common view in the 19th century (managerial story is a more
modern view)

▶ Worker quality can differ for a variety of reasons: social norms, wages
too low to induce effort, health problems



Distinguishing Between the Two Explanations

▶ Both explanations predict the same thing: similar output per machine
but big differences in output per worker

▶ If all we observe are inputs and outputs, we can’t distinguish between
the two views

▶ The Indian textile industry provides a wealth of additional information
to help distinguish between the two views



Evidence Against the Bad Management Story

▶ Britain was exporting managers to Brazil, China, India, Mexico and
Russia

▶ Managers faced major competition which should have forced them to
improve efficiency

▶ Firms in Bombay that reduced worker numbers had profits of 1.7%
while firms that did not reduce worker numbers had profits of 2.0%
▶ When firms shed workers, they had to increase wages (efficiency wages)
▶ Suggests using many workers may not be mismanagement



Evidence for the Worker Quality Story

▶ Reports of manufacturers that mill workers were not as productive as
English counterparts

▶ High absentee rates in Indian mills relative to England

▶ Accounts of undisciplined mills (informal breaks, visits from children
and relatives during the work day, etc.)

▶ Accounts of unattended machines



Evidence for the Worker Quality Story

“[The typical worker] washes, bathes, washes his clothes, sokes,
shaves, sleeps, has his food, and is surrounded by his relations.” –
Quotation from Parliamentary Papers, 1909



Evidence for the Worker Quality Story

Period Urban (%) Rural (%)

Average (1955) 8.0 5.7

Average (1965) 10.6 8.9

First day after wage payment 11.0 6.1

First six days after twice‐yearly bonus 12.4 7.7

First day after a holiday 10.5 7.9

Study of 16 South Indian mills, Rudraswamy (1967)

Absenteeism in Indian Mills, 1955 and 1965



Evidence for the Worker Quality Story

Full-time wage 
and salary 
workers Total

Illness or 
injury

Other 
reasons Total

Illness or 
injury

Other 
reasons

Total
16 to 19 years 1124 3.3 2.3 1 1.3 0.7 0.5
20 to 24 years 8447 3 2 1 1.3 0.8 0.5
25 to 54 years 75630 2.8 1.8 1 1.4 0.9 0.5
55 years and over 21218 3.5 2.8 0.7 1.9 1.6 0.3
Males
16 to 19 years 692 2.5 1.7 0.8 0.9 0.5 0.4
20 to 24 years 4788 2.2 1.7 0.5 0.9 0.7 0.2
25 to 54 years 42383 2 1.5 0.5 1 0.8 0.2
55 years and over 11559 3.1 2.5 0.6 1.6 1.4 0.2
Females
16 to 19 years 432 4.6 3.2 1.5 1.8 1.1 0.8
20 to 24 years 3658 3.9 2.3 1.6 1.9 0.9 1
25 to 54 years 33247 3.7 2.3 1.5 2 1.1 0.9
55 years and over 9658 4.1 3.1 0.9 2.2 1.8 0.4
Source:	  http://www.bls.gov/cps/cpsaat46.htm#cps_eeann_abs_ft.f.1

Absence Rate Lost worktime rate
Absenteeism in the United States, 2014



Evidence for the Worker Quality Story

Characteristic

Full-time 
wage and 

salary 
workers Total

Illness or 
injury

Other 
reasons Total

Illness or 
injury

Other 
reasons

Total
16 to 19 years 1,585 3.9 3 0.9 1.4 1.2 0.2
20 to 24 years 9,810 3 2.2 0.8 1.5 0.9 0.5
25 years and over 109,382 3.1 2.1 1 1.7 1.1 0.6
25 to 54 years 83,961 3 1.9 1.1 1.6 1 0.7
55 years and over 25,421 3.3 2.7 0.7 1.9 1.6 0.3
Males
16 to 19 years 954 3.4 2.7 0.8 1.2 1 0.2
20 to 24 years 5,406 2.4 1.8 0.5 1.1 0.8 0.3
25 years and over 60,258 2.4 1.7 0.6 1.3 1 0.3
25 to 54 years 46,268 2.2 1.6 0.7 1.2 0.8 0.4
55 years and over 13,990 2.9 2.3 0.5 1.7 1.5 0.2
Females
16 to 19 years 630 4.7 3.6 1.1 1.8 1.5 0.3
20 to 24 years 4,404 3.9 2.7 1.2 1.9 1 0.9
25 years and over 49,124 3.9 2.6 1.4 2.2 1.3 0.9
25 to 54 years 37,693 3.9 2.4 1.5 2.2 1.2 1
55 years and over 11,431 3.9 3 0.8 2 1.7 0.4
Source: https://www.bls.gov/cps/cpsaat46.htm

Absence rate Lost worktime rate
Absenteeism in the United States, 2023



Is it really just that some countries are lazy?

▶ Social norms may have something to do with labor inefficiency

▶ Efficiency wages should help with this to some extent

▶ A much bigger issue may be worker health

▶ Childhood disease can have long term effects on productivity through
hindering physical and cognitive development and as well as human
capital investment

▶ Poor worker health will directly impact productivity (think of how
productive you are when you have the flu)



Public Health Spending Around the World

Territory size shows the proportion of worldwide spending on public
health services spent in that territory. Spending is adjusted for pur-
chasing power parity.



Data History Aside

Pierre Émile Levasseur - Congrès international de statistique à Bu-
dapest : neuvieme session du 29 août au il septembre 1876



Malaria Cases Around the World



Malaria Cases Around the World

The common symptoms of malaria according to WebMD:

▶ Fever

▶ Chills

▶ Headache

▶ Sweats

▶ Fatigue

▶ Nausea and vomiting

▶ Muscle or back pain



Years Spent in Poor Health



Some Empirical Tests of Worker Health

▶ The historical experience of the United States provides some direct
evidence of the importance of worker health

▶ Why look at the US for empirical evidence of a developing country
story?
▶ Excellent data
▶ Good range of health experiences
▶ Potential natural experiments
▶ Natural laboratory conditions look a lot like those of developing countries



The US as a Case Study
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The US as a Case Study
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The US as a Case Study
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The US as a Case Study
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The US as a Case Study
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Some Empirical Tests of Worker Health

▶ The US at the start of the twentieth century can tell us about
developing countries today

▶ The health issues facing the US then are of the same magnitude as the
problems facing modern developing nations

▶ Schooling levels are comparable

▶ The US still had a large share of its population in rural areas

▶ We’re going to look at two historical events in the US: the influenza
pandemic and the eradication of hookworm



Almond and the Influenza Pandemic
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Almond and the Influenza Pandemic

Newspaper article on mask wearing, Seattle, 1918



Almond and the Influenza Pandemic

▶ The influenza pandemic in 1918 was widespread and deadly

▶ A unique feature was that it targeted young adults allowing for a sort of
natural experiment

▶ Almond tests the effects of poor in utero health on later life outcomes
by identifying individuals in utero during the pandemic

▶ He can track the effects on educational attainment, occupational
outcomes, and physical disability



Almond and the Influenza Pandemic
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Almond and the Influenza Pandemic



Almond and the Influenza Pandemic
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Almond and the Influenza Pandemic

Fig. 3.—1960 average years of schooling: men and women born in the United States

Fig. 4.—1970 high school graduation: by year of birth

This content downloaded from 128.239.130.85 on Tue, 19 Nov 2013 13:00:08 PM
All use subject to JSTOR Terms and Conditions



Almond and the Influenza Pandemic1918 influenza pandemic 695

Fig. 7.—1980 male disability rate: physical disability limits work

more likely to have a work-preventing disability if born in 1919 (17
percent and 25 percent among the infected, respectively). Years of dis-
ability also increase by a similar magnitude (see tables 2 and 3). Smaller
disability effects are found among women and nonwhites than men.35

Figure 7 plots the unadjusted Berkeley census data for the 1980 “lim-
iting disability” question. (Records in which age is allocated are dropped,
as above.) As with figures 2 and 6, it is apparent that the smooth age
trend is interrupted for the cohort in utero during the pandemic’s
peak.36 With this disability measure, it appears that the last quarter of
birth of 1918 may also be affected, suggesting that third-trimester ex-
posure may be more important for this milder health outcome.

C. Entitlement Payments and Incarceration

Disabled workers are eligible to receive Social Security payments prior
to retirement through the Disability Insurance Program. Such payments
(along with AFDC) are recorded as welfare payments (Ruggles et al.

35 However, estimates for work-preventing disabilities are more similar across these
groups (see tables 1–4).

36 Disability rates before this interval appear to depart from the cohort trend in late
1916 and early 1917. This pattern is of (separate) interest because it occurs around the
Social Security “notch,” i.e., cohorts born in the fourth quarter of 1916 vs. those born in
the first quarter of 1917. For a detailed description, see Snyder and Evans (forthcoming).

This content downloaded from 128.239.130.85 on Tue, 19 Nov 2013 13:00:08 PM
All use subject to JSTOR Terms and Conditions



Almond and Influenza Pandemic

▶ The influenza pandemic gives us a chance to isolate the impacts of in
utero health on later life outcomes

▶ The surrounding cohorts all face similar general conditions, allowing us
to control for all of the other aspects of an economy correlated with
average health outcomes

▶ What Almond finds is that a health shock in utero has major
consequences for long term worker productivity

▶ It led to lower educational attainment and greater rates of disability,
both of which will mean less productive workers

▶ Remember the general context



Almond and the Influenza Pandemic
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Bleakley and Hookworm in the South

▶ There is a limitation (which is also an advantage) to Almond’s influenza
study

▶ Almond is looking at a cohort that has particularly poor health relative
to the rest of the population

▶ That gives us a good sense of what happens to one worker’s
productivity when they’re sick

▶ However, it is a different story if the majority of workers are in poor
health

▶ This could lead to broadly different educational institutions and labor
markets

▶ Hookworm in the South will give us a chance to see what happens when
you improve the health of all children



Bleakley and Hookworm in the South

▶ Bleakley is going to consider more of a permanent shift in health and
economic performance

▶ His focus of study is the eradication of hookworm in the U.S. South

▶ Hookworm is a parasite that is transmitted through contact with
infected fecal matter

▶ Hookworm is not really deadly, but it does sap your energy

▶ An eradication campaign began in the South in the 1910s



Bleakley and Hookworm in the South
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Bleakley and Hookworm in the South

blank in Rows B and C; literacy results in Panel B use the
1910–20 Censuses.)

The surge in school attendance in high-hookworm counties
coincided with the campaign for hookworm eradication. This can
be seen in Figure II.11 As shown in the graph, areas with more
hookworm infection had lower levels of school attendance prior to
the RSC, but these groups converge markedly thereafter. I fur-
ther test this hypothesis adding SEA-specific trends to (1). The
equation that results is

(2) Yijt � ��Hj
pre � Postt� � �̃j � t � �t � �j � Xijt� � εijt

Trend differences across areas will load onto the �̃j, while differ-
ences that coincide with the anti-hookworm campaign will load
onto �. Estimates of (2) in row (C) of Table II show little change
in the estimated �.

11. To construct this figure, I run a regression of school attendance on
SEA-level hookworm, separately by Census year from 1900 to 1950. Micro level
controls for age, female, female�age, black, and black�age are also included. The
year-specific estimates on Hj

pre are plotted against year.

FIGURE II
Hookworm Eradication and School Attendance, 1900–1950

The y axis plots the year-specific coefficients on the circa-1913 hookworm-
infection rate (solid line), plus the RSC-confidence intervals (dashed lines). The x
axis is the Census year. The sample consists of all native-born white and black
children in the IPUMS between the ages of 8 and 16 in the RSC-surveyed
geographic units for 1900, 1910, 1920, 1940, and 1950. For each year, the coeffi-
cients are estimated in a regression of a school-attendance dummy on preinter-
vention hookworm infection and demographic controls. Confidence intervals are
constructed using standard errors that are clustered on SEA.
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Bleakley and Hookworm in the South

“...the treatment of these children had transformed the school. Chil-
dren who were listless and dull are now active and alert; children who
could not study a year ago are not only studying now, but are finding
joy in learning.” – 1915 report from a Tidewater-Virginia commu-
nity



Bleakley and Hookworm in the South

“As a result of your treatment for hookworm in our school...we have
here in our school-rooms today about 120 bright, rosy-faced children,
whereas had you not been sent here to treat them we would have had
that many pale-faced, stupid children.” – 1912 letter from Varnado,
LA school board



Bleakley and Hookworm in the South

Because hookworm was principally a childhood disease, co-
horts that were already adults in 1910 were too old to have
benefited from the reduction in hookworm. On the other hand,
later cohorts experienced reduced hookworm infection during
their childhood. This benefit increased with younger cohorts who

found “defective” at draft physical, and 1902–1932 logarithmic changes in average
monthly teacher salaries, school term length, school expenditures per capita, and
pupil/teacher ratios. See the Appendix for details on these data.

FIGURE III
Cohort-Specific Relationship Between Income and Pre-Eradication Hookworm
These graphics summarize regressions of income proxies on pre-eradication

hookworm-infection rates by state of bith. The y axis for each graphic plots the
estimated cohort-specific coefficients on the state-level hookworm measure. The x
axis is the cohort’s year of birth. Each year-of-birth cohort’s point estimate is
marked with a dot. The dashed lines measure the number of years of potential
childhood exposure to the Rockefeller Sanitary Commission’s activities. For the
undertaking regressions, the dependent variables are constructed from the indi-
cated income proxies (the Duncan Socioeconomic Indicator and the Occupational
Income Score). For each year-of-birth cohort, OLS regression coefficients are
estimated on the cross section of incomes by state of birth. In the basic specifica-
tion, this state-of-birth average income is regressed onto hookworm infection,
Lebergott’s measure of 1809 wage levels, and regional dummies. The “full con-
trols” specification contains in addition the various controls variables described in
the Appendix. The regressions are estimated using weight equal to the square root
of the cell size in the underlying microdata.
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later cohorts experienced reduced hookworm infection during
their childhood. This benefit increased with younger cohorts who

found “defective” at draft physical, and 1902–1932 logarithmic changes in average
monthly teacher salaries, school term length, school expenditures per capita, and
pupil/teacher ratios. See the Appendix for details on these data.

FIGURE III
Cohort-Specific Relationship Between Income and Pre-Eradication Hookworm
These graphics summarize regressions of income proxies on pre-eradication

hookworm-infection rates by state of bith. The y axis for each graphic plots the
estimated cohort-specific coefficients on the state-level hookworm measure. The x
axis is the cohort’s year of birth. Each year-of-birth cohort’s point estimate is
marked with a dot. The dashed lines measure the number of years of potential
childhood exposure to the Rockefeller Sanitary Commission’s activities. For the
undertaking regressions, the dependent variables are constructed from the indi-
cated income proxies (the Duncan Socioeconomic Indicator and the Occupational
Income Score). For each year-of-birth cohort, OLS regression coefficients are
estimated on the cross section of incomes by state of birth. In the basic specifica-
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Bleakley and Hookworm in the South



Health and Human Capital

▶ We saw from Almond’s work on influenza and Bleakley’s work on
hookworm that health has major impacts on worker productivity and
economic development

▶ The influenza pandemic showed that individuals receiving a negative
health shock in utero ended up with lower educational attainments,
higher rates of disability and lower incomes

▶ When hookworm was eradicated in the South, school attendance,
educational attainments, occupational status and incomes rose

▶ These were both American examples, maybe they only apply to America
or the 1910s

▶ Let’s quickly look at one more Bleakley paper dealing with eradication
of malaria (Bleakley, AEJ: Applied, 2010)
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The (Partial) Eradication of Malaria

Figure 1.
Malaria Incidence Before and After the Eradication Campaign, Colombia
Notes: Panel A reports time-series data on notified cases of malaria for Colombia (SEM,
1979) for various years. Panel B shows the post-campaign decline in malaria mortality
versus pre-campaign levels across Colombian departmentos. The y axis displays the
estimated decrease in malaria mortality post-intervention. The x axis is the pre-campaign
malaria mortality rate. (The 45-degree line represents complete eradication.) All variables
are expressed per 100K population. SEM (1957) and the Colombian Anuario de Salubridad
(DANE, 1968–70) are the sources for the departamento data. The malaria-eradication
campaign in Colombia (like Mexico and Brazil) started mass spraying around 1957. (The
time-series data required for this figure were not available in comparable form for the other
three countries.)
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The (Partial) Eradication of Malaria

Figure 4.
Cohort-Specific Relationships: Income and Pre-Campaign Malaria
Notes: These graphics summarize regressions of income on measures of malaria prior to
eradication. The y axis for each graphic plots the estimated coefficient on pre-campaign
malaria in one’s place of birth. Income is measured in logs and the malaria proxy is scaled
by the gap between the 95th and 5th percentile areas. The x axis is the cohort’s year of birth.
For each year-of-birth cohort, OLS regressions coefficients are estimated using the cross
section of areas of birth and census years. Each cohort’s point estimate is marked with a dot,
and the size of the dots are proportional to the inverse of the standard error on that
coefiicient. The dashed lines measure the approximate number of years of potential
childhood exposure to the malaria-eradication activities. The regressions also include
cohort-specific estimates of the mean-reversion variable, region dummies, and the ‘full
controls’ specified in the text. These control variables are described in Appendix C.
Appendices A and B describe, respectively, the outcome variables and the malaria measure.
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Malaria Cases Around the World Today



Why Divergence?

▶ If labor efficiency is the problem, why did that lead to divergence after
the Industrial Revolution?

▶ Three reasons why differences in labor efficiency leads to more
divergence today than in preindustrial world:

1. In the Malthusian world, labor efficiency affected population, not income
per person

2. Modern medicine has allowed for lower income per person levels than in
preindustrial times

3. New production techniques may have raised the wage premium for
high-quality labor



Labor Efficiency in a Malthusian World
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A Partial Break from the Malthusian World
Public Health Improvements and Health Advances 11 

Figure 2. Typhoid Fever Trends (Mortality per 100,000) and Sanitary Interventions, 1900-1936 
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(continued) 

chlorination alone had no detectable effect on mortality. The third row shows coefficient 
estimates for the interaction between filtration and chlorination. These coefficients are 
positive for typhoid fever mortality and total mortality, suggesting that filtration and chlo- 
rination were substitute technologies. We discuss the other coefficients later. 

Taken together, the data in Table 5 also indicate that filtration and chlorination were 
jointly important in reducing mortality. Their combined effects are shown in the fifth row 
from the bottom, and the corresponding F statistic is shown immediately below. On aver- 
age, filtration and chlorination together reduced typhoid fever mortality by 25%, total 
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A Partial Break from the Malthusian World

Last month Mrs. Franklin D. Roosevelt, who loves few things better
than a big family feast, gave up Thanksgiving dinner at Hyde Park
to rush to Boston where Son Franklin Jr. lay abed with what was
described to the press as ‘sinus trouble.’ The young man did have
infected sinuses, and he was in the capable, Republican hands of Dr.
George Loring Tobey Jr., a fashionable and crackerjack Boston ear,
nose and throat specialist. He also had a graver affliction, septic
sore throat, and there was danger that the Streptococcus haemolyticus
might get into his blood stream. Once there the germs might destroy
the red cells in his blood. In such a situation, a rich and robust
Harvard crewman is no safer from death than anybody else.



A Partial Break from the Malthusian World

When Franklin Roosevelt’s throat grew swollen and raw and his tem-
perature rose to a portentous degree. Dr. Tobey gave him hypoder-
mic injections of Prontosil, made him swallow tablets of a modifica-
tion named Prontylin. Under its influence, young Roosevelt rallied at
once, thus providing an auspicious introduction for a product about
which U. S. doctors and laymen have known little. – Time Magazine,
12/28/1936
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Figure 2: Mortality trends (in logs) for treated diseases, 1920 – 1950 

 

a. Log maternal mortality ratio (deaths per 100,000 live births) 

 

 

 

 

 

 

 

 

 

 

b. Log influenza and pneumonia mortality rate per 100,000 

From Jayachandran, Lleras-Muney and Smith (2009)
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Figure 2, continued: Mortality trends (in logs) for treated diseases, 1920 – 1950 

 

c. Log scarlet fever mortality rate per 100,000 

 

 

 

 

 

 

 

 

 

 

 

d. Log meningitis mortality rate per 100,000 

From Jayachandran, Lleras-Muney and Smith (2009)
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▶ Advances in sanitation and medicine have dramatically improved our
ability to keep people alive

▶ This is mostly a good thing for the people and the economy

▶ Generally, better health has allowed us to live longer, more productive
lives: good for our happiness, good for the economy

▶ Consider the social returns estimated by Cutler and Miller (2005)
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Public Health Improvements and Health Advances 19 

Table 10. Social Rates of Return 

Point Estimate 95% CI Low 95% CI High 

% Mortality Reduction Due to Clean Water 0.1326 0.0373 0.2280 

1915 Mortality Reduction per 100,000 Population 208 58 357 

1915 Deaths Averted 1,484 418 2,551 

1915 Person-Years Saved 57,922 16,301 99,543 

1915 Annual Benefits in Millions of 2003 Dollars 679 191 1,167 

1915 Annual Costs in Millions of 2003 Dollars 29 

Social Rate of Return 23:1 7:1 40:1 

Cost per Person-Year Saved in 2003 Dollars 500 1,775 291 

values of water systems in our calculations. In 2003 dollars, the available information 
suggests that the value of a mean big-city water system in 1915 was just under $300 
million (U.S. Census Bureau 1916). 

Using this rough cost figure, together with our estimates of the mortality benefits of 
clean water, we calculated some rough rates of return to investment in clean water (see 
Table 10).18 We first converted mortality reductions into person-years saved and then 
valued these person-years saved in dollars. This dollar value of the benefits of clean wa- 
ter can then be compared with the costs incurred in producing them to yield a rough rate 
of return. The first row of Table 10 shows our regression results indicating that clean 
water reduced mortality by an average of about 13% (with a 95% confidence interval 
ranging from about 4% to about 23%). Using the mean population of our sample cities in 
1915 (the average year by which clean water technology had been adopted), the third row 
shows estimates of the mean number of lives saved by clean water per city each year; our 
point estimate is 1,484 lives. We converted lives saved annually into person-years saved 
by assuming that individuals who were saved by clean water would otherwise have died 
at age 27 (roughly half the life expectancy in 1915).19 This assumption seems reasonable, 
given that infectious diseases usually hit the very young and very old. Life expectancy at 
age 27 in 1915 was about 39 years, so we obtained average annual person-years saved by 
multiplying the number of people saved by that 39 years. These estimates are shown in 
the fourth row of Table 10; we calculated that, on average, clean water saved 57,922 
person-years per city each year. 

The next task was to calculate a dollar value of benefits by attaching a dollar value 
to a person-year. Contemporary research on the value of life suggests that a reasonable 
dollar value of a person-year today is about $100,000 on average (Viscusi and Aldy 
2003). However, there is evidence that the value of life in the United States has changed 
over time as income has grown (Costa and Kahn 2002). The elasticity of the value of life 
with respect to the per capita gross national product has been estimated as between 1.5 
and 1.7 (Costa and Kahn 2002). In 2003 dollars, the per capita gross domestic product 
(GDP) grew from $7,496 in 1930 to $37,600 in 2003, a real increase of about 500%.20 

18. We made a number of simplifying assumptions that are conservative whenever possible. 
19. Life tables can be found at http://www.demog.berkeley.edu/wilmoth/mortality/states.html, reprinted 

from life tables prepared by the Office of the Chief Actuary in the Social Security Administration. 
20. Reliable GDP figures are not available much earlier than 1930. This figure may reasonably represent 

the period of interest because although taken from late in the period, GDP was of course low during the Great 
Depression. Numbers based on data from the Consumer Price Index were obtained from ftp://ftp.bls.gov/pub/ 
special.requests/cpi/cpiai.txt; GDP data were obtained from http://www.census.gov/prod/99pubs/99statab/ 
sec3 1 .pdf and the authors' calculations. 
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A Partial Break from the Malthusian World

▶ So modern medicine medicine has made us much, much healthier and
more productive

▶ Why is this related to the Great Divergence?

▶ If you are still in a somewhat Malthusian economy, better health isn’t
good from an income standpoint

▶ Health improvements effectively lower the subsistence income floor

▶ You end up with more people living at a lower income, leading to bigger
gaps relative to rich countries

▶ Compounding this are modern gains in food production



A Partial Break from the Malthusian World



A Partial Break from the Malthusian World



Modern Medicine

US - 1870

US - 1880

US - 1890

US - 1900

US - 1910

US - 1920

US - 1930

US - 1940

US - 1950

US - 1990

0
50

10
0

15
0

20
0

25
0

In
fa

nt
 m

or
ta

lit
y 

ra
te

0 20000 40000 60000 80000
GDP per capita (2005 US $)



Modern Medicine

US - 1870

US - 1880

US - 1890

US - 1900

US - 1910

US - 1920

US - 1930

US - 1940

US - 1950

US - 1990

0
50

10
0

15
0

20
0

25
0

In
fa

nt
 m

or
ta

lit
y 

ra
te

4 6 8 10 12
Log of GDP per capita (2005 US $)



Modern Medicine

US - 1870

US - 1880

US - 1890
US - 1900

US - 1910US - 1920

US - 1930

US - 1940

US - 1950

US - 1990

40
50

60
70

80
Li

fe
 e

xp
ec

ta
nc

y

0 20000 40000 60000 80000
GDP per capita (2005 US $)



Modern Medicine

US - 1870

US - 1880

US - 1890
US - 1900

US - 1910US - 1920

US - 1930

US - 1940

US - 1950

US - 1990

40
50

60
70

80
Li

fe
 e

xp
ec

ta
nc

y

4 6 8 10 12
Log of GDP per capita (2005 US $)



Technology-Skill Complementarities

▶ A final component of divergence is skill-biased technological change

▶ The early industrialization we’ve talked about replaced skilled workers
with machines and unskilled workers

▶ However, technological change since then hasn’t necessarily benefited
unskilled workers

▶ The technological change in the 20th century in particular seems to be
more skill-biased



Artisanal Production



Factory Production



Assembly Line Production



Batch/Continuous Process Production



Batch/Continuous Process Production

These five machines perform every necessary movement of the grain,
and meal, from one part of the mill to another, and from one machine
to another, through all the various operations, from the time the grain
is emptied from the wagoner’s bag until completely manufactured into
flour without the aid of manual labor, excepting to set the different
machines in motion. – Oliver Evans, 1848



Technology-Skill Complementarities

geometry far simpler.19 Without it we will need a less restrictive
condition for one of the results.

Consider the factory system to be in its infancy in period 0, at
which time continuous processes will not have been invented and
the artisanal shop is the dominant mode of production. We begin,
therefore, at point H0 with production taking place only in the
artisanal shop. Note that just because K* is relatively high at H0

does not mean that much raw capital per unit of output is used. As
can be seen in Part A of Figure I, and as per equation (1), the H
technology uses relatively more Ls than do the other technologies
in producing K*.

Technological change makes the factory system a rival mode
of Q production, as can be seen from a Hicks-neutral technical
change that shifts F0 to F1 (resulting from an increase in gF). As
this type of technological change proceeds, firms will eventually
switch from the H to the F technology. The shift from artisanal
shops to factories initially causes an increase in (K/Q), in (K/Ls),
probably also in K/(Ls 1 Lu), and a decrease in Ls /(Ls 1 Lu).20 In
the more general case of our framework, in which the isocost lines

19. If the r*s were different, the isocost lines would not be parallel. The condition
simply states that the degree to which the cost of a unit of K exceeds that for a unit
of Ls must equal the degree to which F conserves on Ls, relative to H, compared
with how much H conserves on K, relative to F.

20. See Table I for the various conditions. We are considering here a small
factor-neutral technological change around F1. Greater technological change, as in
the movement to A, can decrease K/Q.

TABLE I
PREDICTIONS OF THE FRAMEWORK

Technological change K/Q K/(Ls 1 Lu ) Ls/(Ls 1 Lu)

(a) Shift from artisanal or hand trades (H) to
factory production (F) >a ?b <c

(b) Shift from factory (F) to assembly-line (A)
production (Hicks-neutral technical change) < = =

(c) Shift from assembly-line (A) to continuous-
process (or batch) methods (C) > > >

K 5 capital stock.
Ls 5 skilled or more-educated labor.
Lu 5 unskilled or less-educated labor.
a. The prediction is obtained when (lF

k /lH
k ) , [(1 2 aF)/(1 2 aH)] · (rH

* /rF
*). That is, considering the

restrictive case discussed in the text of equal r* for H and F, the prediction is correct only if the higher
K*-intensity for the H technology is outweighed by the greater use of K in the creation of K* in the F
technology.

b. The impact of (a) on [K/(Ls 1 Lu )] is ambiguous in the case when [Ls/(Ls 1 Lu)] declines.
c. The prediction holds in the restrictive case of equal r* for H and F. When the r*s differ, the condition is

(rH
* /rF

*) , [(aF/aH)] · [(1 2 aH)/(1 2 aF)] · (lF
1 /lH

1 ).
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Technological Change and the Demand for Skill
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TABLE II
PERCENTAGE HIGH SCHOOL GRADUATES BY INDUSTRY, 18 To 34-YEAR OLD MALE

BLUE-COLLAR WORKERS: 1940

Three-digit SIC
manufacturing 	 % H.S. Number

industries 	 grad. of obs.

Three-digit SIC
manufacturing	 % H.S. Number

industries 	 grad. of obs.

High-education industries (from high
to low)

7bp 20% by employment

Low-education industries (from low
to high)

Bottom 20% by employment

Aircraft and parts 52.7 541 Cotton manufac-
tures

10.8 1512

Printing and pub-
lishing

44.7 1289 Tobacco 11.6 144

Office machinery 43.7 166 Logging 11.7 706
Petroleum refining 43.3 415 Sawmills and

planing mills
14.1 1941

Dairy products 43.2 417 Not specified textile
mills

15.6 128

Scientific and photo-
graphic equipment

40.8 227 Silk and rayon
manufactures

16.6 350

Electrical machinery 40.5 977 Carpets and rugs 16.9 107
Misc. nonmetallic

mineral products
36.2 135 Misc. fabricated

textiles
17.0 94

Paints and varnishes 35.9 107 Cut-stone and stone
products

17.1 101

Clocks, watches,
jewelry

34.7 197 Misc. textile goods 17.6 117

Shipbuilding 34.4 528 Structural clay
products

18.8 271

Miscellaneous
machinery

33.5 1669 Cement and con-
crete, gypsum, and
plaster products

19.2 263

Nonferrous metals 33.1 342 Hats, except cloth
and millinery

20.5 60

Dyeing and finishing
textiles

20.6 191

Misc. wooden goods 21.4 475
Footwear industries

except rubber
22.9 680

Woolens and
worsteds

23.1 368

The sample is limited to 18 to 34-year old, currently employed males in blue-collar occupations (craft,
operative, laborer, service) in manufacturing. The mean for the entire sample of 31,531 is 27.6 percent. The
industry names are those given in ICPSR [1984]. High-education (low-education) industries are obtained by
ranking industries by their share of 18 to 34-year old, male, blue-collar workers with twelve or more years of
schooling and selecting off industries from the top (bottom) until 20 percent of manufacturing employment (for
all workers) is represented. The 1940 PUMS sampling weights are used in all calculations.

Source. 1940 Public Use Micro-data Sample, 1/100; ICPSR [1984].
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% artisan

% female

% children

Constant

TECHNOLOGY-SKILL COMPLEMENTARITY 	 711

TABLE HI
EDUCATION, CAPITAL INTENSITY, AND ELECTRICITY USAGE, 1909 AND 1919

Adjusted fraction high school graduates among 18 to
34-year old males in blue-collar occupations, by industry

Capital intensity	 Capital and electrification

(1) (2) (3) (4)
1909 1919 1919 1919

Number of observations 	 57	 57	 57	 57
R 2 	A82	 .428 	 .711 	 .703

Standard errors are in parentheses. The unit of observation is a 1940-industry group. Industries from the
1909, 1919, and 1929 Censuses of Manufactures are aggregated up to the 1940 groupings, e.g., beverages in
1940 contains the 1909 categones of distilled, malt, and vinous hquors, and mineral and soda waters. Each
observation is weighted by the industry share of total blue-collar employment in manufacturing averaged over
1909, 1919, and 1929. The dependent variable is the adjusted percentage of 18 to 34-year old, male blue-collar
workers in the industry in 1940 who graduated high school. The "adjustment" is as follows. A regression of an
indicator variable for high school graduation (twelve or more years of schooling) on a full set of state dummies,
year-of-age dummies, indicator variables for central city and metropolitan area residence, and a full set of
three-digit 1940 census industry dummies was run on all employed 18 to 34-year old, male blue-collar workers
in the manufacturing, communications, transportation, and utilities sectors in the 1940 PUMS (sample
size = 38,940, weighted by the 1940 PUMS sampling weights). The coefficient on each of the 57 industry
dumnues is the adjusted high school graduate share of young, male blue-collar workers for each 1940 industry.

log (KIL) = log of capital stock (000, in current dollars) per wage earner in each industry for 1909 and
1919, respectively, as indicated by the column headings.

% hp purchased electricity = fraction total horsepower run by purchased electricity, averaged over 1909,
1919, and 1929.

log (hp purchased electricity/L) = log of the horsepower of motors run by purchased electricity per wage
earner averaged over 1909, 1919, and 1929.

log (other horsepower/L ) - log of total horsepower of pnme movers per wage earner averaged over 1909,
1919, and 1929; the total horsepower of prime movers includes the horsepower of steam engines, steam
turbines, water wheels, internal combustion engines, and so on.

log (total horsepower/L ) = log of total horsepower of prime movers + the horsepower of motors run by
purchased electricity per wage earner averaged over 1909, 1919, and 1929.

d log (employment),sos,1929 = change in log of total employment from 1909 to 1929.
% artisan = fraction of wage earners in the 1940 industry categories who were in a disaggregated industry

(in 1909, 1919, 1929) classified as an artisanal trade, averaged over 1909, 1919, and 1929. Artisan is defined as
working in: gold and silver, leaf and foil; jewelry, photo-engraving; stereotyping and electrotyping; cardcut
design; wood and die engraving, glass; glass-cutting, staining and ornamenting; instruments; optical goods;
and statuary art. Printing and publishing is also included because of its special feature of demanding a literate
labor force.

% female = average fraction of wage earners female in 1909, 1919, and 1929.
% child = average fraction of wage earners child in 1909 and 1919.
Sources U. S. Department of Commerce, Bureau of the Census [1913, 1923, 1933] supplemented with

data provided by Arthur Woolf. See Woolf [1980].
1940 Public-Use Microdata Sample, 1/100, ICPSR [1984].



Technology-Skill Complementarities

▶ To think about the ways technological change can impact demand for
skilled and unskilled labor, let’s consider electrification

▶ Specifically, we’ll take a look at “Taking Technology to Task” by
Rowena Gray (2013, Explorations in Economic History)

▶ Gray is focused on electrification in the United States and its impact on
the workforce

▶ The central question is whether demand for skilled workers relative to
unskilled workers changed as firms switched from water and steam
power to electricity



Electrification and the Demand for Skill
Figure 1 

 

Notes:  The data are from the Censuses of Manufactures, 1900-1939.  Water refers to power created at 
the firm level with their own water wheels, steam refers to power created at the firm level in steam 
engines, and electricity refers to power created either at the firm level and that was converted to 
electricity, or purchased electricity. 
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Electrification and the Demand for Skill

5.2. Empirical strategy

The specification follows Eqs. (5) and (6) weighted by
the total census weights for each state–year27:

lnRst ¼ cþ τ1Elecratest þ αt þ βs þ∈st ð7Þ

where α and β are year (t) and state (s) fixed effects
which capture common variation in relative wages and
state-specific technologies respectively. Elecrate, the
proportion of total horsepower in each state–year that
comes from electricity, is the main variable of interest
and was chosen over alternatives such as a log of total
electricity used because it takes into account that total
power used in manufacturing rose substantially during
the sample period and so this represents a more accurate

27 A Breusch–Pagan test suggested that heteroskedasticity was not a
problem in this data. Thus weighted OLS is preferred to feasible GLS.

Electrification Rates by State & Year, 1900-1940

Notes: Data are from the Censuses of 

Manufactures for each census year. 

Electrification is measured as % of total 

horsepower that comes from electricity.

1900 1910

1920 1930

1940

Legend (% electric HP)

80-100
60-80
40-60
20-40
0-20

Fig. 2. Electrification rates by state & year, 1900–1940.
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Electrification and the Demand for Skill

▶ Electrification didn’t just change the power source, it let companies
reorganize the factory changing the nature of factory work

▶ Gray uses the Estimates of Worker Traits for 4,000 Jobs (1956) manual
for job rating experts (click here for a more recent manual)

▶ This lets her identify the task content of various occupations

▶ The idea is to then look at whether how the ratio of these tasks changed
with the introduction of electricity

▶ Note that this is a little different than what Goldin and Katz are
looking at

https://books.google.com/books?id=S-90ZuBZRUgC&dq=selected%20characteristics%20of%20occupations&pg=PA3#v=onepage&q=selected%20characteristics%20of%20occupations&f=false


Electrification and the Demand for Skill
Physical Demands Factors 

Appendix C contains additional infonnation about 
Physical Demands. 

Number Heading Physical Demands 

St Strength 
2 CI Climbing 
3 Ba Balancing 
4 St Stooping 
5 Kn Kneeling 
6 Co Crouching 
7 Cw Crawling 
8 Re Reaching 
9 Ha Handling 

10 Fi Fingering 
11 Fe Feeling 
12 Ta Talking 
13 He Hearing 
14 TS Tasting/Smelling 
15 NA Near Acuity 
16 FA Far Acuity 
17 DP Depth Perception 
18 Ac Accommodation 
19 CV Color Vision 
20 FV Field of Vision 

Limits of Weights Lifted/Carried or Force Exerted 
by Strength Level 

Rating Occasionally Frequently Constantly 

Sedentary *-10 * N/A 
Light *-20 *-10 * 
Medium 20--50 10--25 * - 10 
Heavy 50--100 25-50 10--20 
Very Heavy 100 + 50 + 20 + 

* = Negligible Weight; N/A = Not Applicable 

Absence or Presence of Physical Demand and 
Environmental Condition Components 

Code Frequency Definition 

N Not Present Activity or condition does not 
exist. 

0 Occasionally Activity or condition exists up 
to 1/3 of the time. 

F Frequently Activity or condition exists 
from 1/3 to 2/3 of the time. 

C Constantly Activity or condition exists 2/3 
or more of the time. 

ID-2 

Environmental Condition Factors 

Appendix D contains additional infonnation about 
Environmental Conditions. 

Number Heading Environmental Condition 

We Exposure to Weather 
2 Co Extreme Cold 
3 Ho Extreme Heat 
4 Hu Wet and/or Humid 
5 No Noise Intensity Level 
6 Vi Vibration 
7 AC Atmospheric Conditions 
8 MP Proximity to Moving 

Mechanical Parts 

9 ES Exposure to Electrical 
Shock 

10 HE Working in High, Ex-
posed Places 

11 Ra Exposure to Radiation 
12 Ex Working with Explo-

sives 
13 TC Exposure to Toxic or 

Caustic Chemicals 
14 Ot Other Environmental 

Conditions 

Noise Intensity Level 

Code Level llustrative Examples 

1 Very Quiet isolation booth for hearing test; 
deep sea diving; forest trail 

library; many private offices; 2 Quiet 

3 

4 

5 

Moderate 

funeral reception; golf 
course; art museum 

business office where type-
writers are used; department 
store; grocery store; light 
traffic; fast food restaurant at 
off-hours 

Loud can manufacturing department; 
large earth- moving equip
ment; heavy traffic 

Very Loud rock concert - front row; jack-
hammer work; rocket engine 
testing area during test 

The Handbook/or Analyzing Jobs, 1991 contains 
additional infonnation about components of 
occupational analysis used by the U.S. Department 
of Labor. 

*u.s. G.P.O.:1993-333-470 
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Appendix C contains additional infonnation about 
Physical Demands. 

Number Heading Physical Demands 

St Strength 
2 CI Climbing 
3 Ba Balancing 
4 St Stooping 
5 Kn Kneeling 
6 Co Crouching 
7 Cw Crawling 
8 Re Reaching 
9 Ha Handling 

10 Fi Fingering 
11 Fe Feeling 
12 Ta Talking 
13 He Hearing 
14 TS Tasting/Smelling 
15 NA Near Acuity 
16 FA Far Acuity 
17 DP Depth Perception 
18 Ac Accommodation 
19 CV Color Vision 
20 FV Field of Vision 

Limits of Weights Lifted/Carried or Force Exerted 
by Strength Level 

Rating Occasionally Frequently Constantly 

Sedentary *-10 * N/A 
Light *-20 *-10 * 
Medium 20--50 10--25 * - 10 
Heavy 50--100 25-50 10--20 
Very Heavy 100 + 50 + 20 + 

* = Negligible Weight; N/A = Not Applicable 

Absence or Presence of Physical Demand and 
Environmental Condition Components 

Code Frequency Definition 

N Not Present Activity or condition does not 
exist. 

0 Occasionally Activity or condition exists up 
to 1/3 of the time. 

F Frequently Activity or condition exists 
from 1/3 to 2/3 of the time. 

C Constantly Activity or condition exists 2/3 
or more of the time. 

ID-2 

Environmental Condition Factors 

Appendix D contains additional infonnation about 
Environmental Conditions. 

Number Heading Environmental Condition 

We Exposure to Weather 
2 Co Extreme Cold 
3 Ho Extreme Heat 
4 Hu Wet and/or Humid 
5 No Noise Intensity Level 
6 Vi Vibration 
7 AC Atmospheric Conditions 
8 MP Proximity to Moving 

Mechanical Parts 

9 ES Exposure to Electrical 
Shock 

10 HE Working in High, Ex-
posed Places 

11 Ra Exposure to Radiation 
12 Ex Working with Explo-

sives 
13 TC Exposure to Toxic or 

Caustic Chemicals 
14 Ot Other Environmental 

Conditions 

Noise Intensity Level 

Code Level llustrative Examples 

1 Very Quiet isolation booth for hearing test; 
deep sea diving; forest trail 

library; many private offices; 2 Quiet 

3 

4 

5 

Moderate 

funeral reception; golf 
course; art museum 

business office where type-
writers are used; department 
store; grocery store; light 
traffic; fast food restaurant at 
off-hours 

Loud can manufacturing department; 
large earth- moving equip
ment; heavy traffic 

Very Loud rock concert - front row; jack-
hammer work; rocket engine 
testing area during test 

The Handbook/or Analyzing Jobs, 1991 contains 
additional infonnation about components of 
occupational analysis used by the U.S. Department 
of Labor. 

*u.s. G.P.O.:1993-333-470 
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Physical Demands Factors 

Appendix C contains additional infonnation about 
Physical Demands. 

Number Heading Physical Demands 

St Strength 
2 CI Climbing 
3 Ba Balancing 
4 St Stooping 
5 Kn Kneeling 
6 Co Crouching 
7 Cw Crawling 
8 Re Reaching 
9 Ha Handling 

10 Fi Fingering 
11 Fe Feeling 
12 Ta Talking 
13 He Hearing 
14 TS Tasting/Smelling 
15 NA Near Acuity 
16 FA Far Acuity 
17 DP Depth Perception 
18 Ac Accommodation 
19 CV Color Vision 
20 FV Field of Vision 

Limits of Weights Lifted/Carried or Force Exerted 
by Strength Level 

Rating Occasionally Frequently Constantly 

Sedentary *-10 * N/A 
Light *-20 *-10 * 
Medium 20--50 10--25 * - 10 
Heavy 50--100 25-50 10--20 
Very Heavy 100 + 50 + 20 + 

* = Negligible Weight; N/A = Not Applicable 

Absence or Presence of Physical Demand and 
Environmental Condition Components 

Code Frequency Definition 

N Not Present Activity or condition does not 
exist. 

0 Occasionally Activity or condition exists up 
to 1/3 of the time. 

F Frequently Activity or condition exists 
from 1/3 to 2/3 of the time. 

C Constantly Activity or condition exists 2/3 
or more of the time. 

ID-2 

Environmental Condition Factors 

Appendix D contains additional infonnation about 
Environmental Conditions. 

Number Heading Environmental Condition 

We Exposure to Weather 
2 Co Extreme Cold 
3 Ho Extreme Heat 
4 Hu Wet and/or Humid 
5 No Noise Intensity Level 
6 Vi Vibration 
7 AC Atmospheric Conditions 
8 MP Proximity to Moving 

Mechanical Parts 

9 ES Exposure to Electrical 
Shock 

10 HE Working in High, Ex-
posed Places 

11 Ra Exposure to Radiation 
12 Ex Working with Explo-

sives 
13 TC Exposure to Toxic or 

Caustic Chemicals 
14 Ot Other Environmental 

Conditions 

Noise Intensity Level 

Code Level llustrative Examples 

1 Very Quiet isolation booth for hearing test; 
deep sea diving; forest trail 

library; many private offices; 2 Quiet 

3 

4 

5 

Moderate 

funeral reception; golf 
course; art museum 

business office where type-
writers are used; department 
store; grocery store; light 
traffic; fast food restaurant at 
off-hours 

Loud can manufacturing department; 
large earth- moving equip
ment; heavy traffic 

Very Loud rock concert - front row; jack-
hammer work; rocket engine 
testing area during test 

The Handbook/or Analyzing Jobs, 1991 contains 
additional infonnation about components of 
occupational analysis used by the U.S. Department 
of Labor. 

*u.s. G.P.O.:1993-333-470 
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Social Research 

DOT Code DOT Title/DOT Industry Designation(s) 

052.067 -014 

052.\67-010 

\0\.\67-010 

DIRECTOR, STATE-HISTORlCAL SOCIETY 
(profess. & kin.) 

DIRECTOR. RESEARCH 
(motion pielure~ radio~tv broad.) 

ARCHIVIST 
(profess. & kin.) 

11.03.04 Occupational 

\66.267-034 

\ 66.267-026 

166.267-010 

\66.267-018 

166.267-022 

166.267-038 

166.267-042 

166.067·010 

099.167-010 

11.03.05 Economic 

050.067-010 

JOB DEVELOPMENT SPECIALIST 
(profess. & kin.) 

RECRUITER 
(military ser.) 

EMPLOYMENT fNTERVIEWER 
(profess. & kin.) 

JOB ANALYST 
(profess. & kin.) 

PRISONER-CLASSIFICATION fNTERVIEWER 
(profess. & kin.) 

PERSONNEL RECRUITER 
(profess. & kin.) 

EMPLOYEE RELATIONS SPECIALIST 
(profess. & kin.) 

OCCUPATIONAL ANALYST 
(profess. & kin.) 

CERTIFICATION AND SELECTION SPECIALIST 
(educntlon) 

ECONOMIST 
(profess. & kin.) 
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PART A 

05.05 Craft Technology 

s Physical Demands Environmental Conditions 

V CBSKCCRHF FTHTNFDACF WCHHNVAMEHRETO 

DOT Code DOT TitielDOT Industry Designation(s) P , lilt noW C Il i eaeSAAPcVV eoouoiCPSEaxCt 

B23.131-014 RIGGER SUPERVISOR L OOOOONFFF NFFNFNFOON ONNN3NNNNNNNNN 
(rlldio~lv brond.; leI. & teL) 

B69.134-014 SUPERVISOR, ADJUSTABLE-STEEL-JOIST-SETTING L ONNNNNFFO NFFNFNFNNN ONNN4NNNNNNNNN 
(construclion) 

619.361-010 FORMER,HAND MNONNONFFN NNNNFNOONN NNOO4NONNNNNNN 
(.ny induslry) 

619.362-014 ROLL OPERATOR I MNONNONFFO NNNNFNOFNN NNNN4NNNNNNNNO 
(any industry) 

619.3BO-0IB SPRING REPAIRER, HAND MNONNONFFF NNNNFNOONN NNON4NNNNNNNNO 
(aulomotive seT.) 

693.2BI-014 PATTERNMAKER MNNNNNNFFO NNNNFNNNNN NNON4NNNNNNNNN 
(metal prod., nee) 

705.3B 1-010 DIE BARBER MNNNNNNFFF NNNNFNNNNN NNNN4NNNNNNNNN 
(machine shop) 

709.3B 1-014 MODEL BUILDER MNNNNNNFFF NOONFNFONN NNNN3NNNNNNNNN 
(furniture) 

709.3B 1-030 ORGAN-PIPE MAKER, METAL MNNONONFFF NNNNFNFNNN NNNN3NNNNNNNNO 
(musical insl.) 

723.361-010 MODEL MAKER, FLUORESCENT LIGHTING MNNNNNNFFF ONNNFNFFNN NNNN3NNNNNNNNN 
(light. fix.) 

B01.361-022 TANK SETTER M OOOOONF F F NFFNFNFNNN FNNN4NNNNFNNNN 
(petrol. & gas) 

B01.3BI-014 FITTER MNNONONFFF NNNNFNFONN NNNN4NNNNNNNNN 
(machin~ shop) 

B04.2B 1-0 10 SHEET-METAL WORKER MNNFNNNFFO ONONFNFONN NNNN4NNONNNNNO 
(any induslry) 

B04.2B 1-014 SHEET-METAL-WORKER APPRENTICE MNNFNNNFFO ONONFNFONN NNNN4NNONNNNNO 
(any induslry) 

B05.361-0 10 BOILERHOUSE MECHANIC MONOFNOFFN NOONFOFNNN NNON4NNNNNNNNN 
(any industry) 

B05.3BI-01O BOILERMAKER II MONOOOOFFF NNNNFNFNNN ONNN4NNNNNNNNF 
(strucl. m~tlll) 

B07.261-010 AIRCRAFT BODY REPAIRER MONOOONFFO NFFNFNFNNN NNNN4NOFNNNNNN 
(oir Lrans.) 

B07.3BI-01O AUTOMOBILE-BODY REPAIRER MNNFFFOFFF ONONFNFNON NNNN4NNNNNNNNN 
(automotive ser.) 

B09.131-014 SUPERVlSOR, ORNAMENTAL IRONWORKlNG MOOFFFNFFF NFFNFNFNON CNNN4NNNNNNNNN 
(construction) 

B09.261-010 ASSEMBLER, GROUND SUPPORT EQUIPMENT M OOOOONF F 0 NOONFNONNN ONNN3NNONONNNN 
(aircroft mfg.) 

B09.3BI-030 PNEUMATIC-TOOL OPERATOR MOOOOONFFN NNNNFNFNNN ONNN4NNNNNNNNO 
(ship-bo" mfg.) 

BI9.131-010 LEAD-BURNER SUPERVlSOR MONOOONFFF NFFNFNFNON ONNN4NFNNNNNNO 
(welding) 

BI9.2BI-OIO LEAD BURNER M NNOOONFF F NNNNFNFNON ONNN4NFNNNNNNF 
(welding) 

BI9.2BI-014 LEAD-BURNER APPRENTICE M NNOOONF F F NNNNFNFNON ONNN4NFNNNNNNF 
(welding) 

BI9.361-010 WELDER-FITTER MOOFOFNFFF NOONFOFNON ONNN4NFNNNNNNF 
(welding) 

BI9.361-014 WELDER-FITTER APPRENTICE MOOFOFNFFF NOONFOFNON ONNN4NFNNNNNNF 
(welding) 

B23.2B 1-022 RIGGER M OOOOONF F F NNNNFNFNON CNNN3NNNNNNNNO 
(rudio-tv broad.) 

B69.131-034 TANKAGE SUPERVlSOR MFFONNNFFF NFFNFFFNNN FNNN4NNNNNNNNF 
(conslrucLion) 

B69.261-014 MECHANICAL-TEST TECHNICIAN MNNFNFNFFF NFFNFOFFFN FNNN4NNNNNNNNN 
(inst. & .pp.) 

B69.3B 1-026 SIGN ERECTOR I MFFNNNNFFF NNNNFFFONN FNNN4NNNNNNNNF 
(fabrication. nee) 

B69.3BI-030 STEEPLE JACK MFFFFFNFFF NNNNONFNOF CNNN4NFNNFNNNF 
(construction) 

61 0.3B 1-0 10 BLACKSMITH H NNOOONFFF ONNNFNFNFN NNFN5NNNNNNNNF 
(forging) 

61O.3BI-014 BLACKSMITH APPRENTICE H NNOOONFFF ONNNFNFNFN NNFN5NNNNNNNNF 
(forging) 

619.361-014 METAL FABRICATOR H NONNONFFF NOONFNOFON NNNN4NNNNNNNNO 
(any industry) 

619.361-0IB METAL-FABRICATOR APPRENTICE H NONNONFFF NOONFNOFON NNNN4NNNNNNNNO 
Cuny industry) 

622.3BI-014 CAR REPAIRER H OOOOOOFFO NOONFNFFNN ONNN4NNONNNNNO 
(railroad equip.) 

622.3BI-022 CAR-REPAIRER APPRENTICE H OOOOOOFFO NOONFNFFNN ONNN4NNONNNNNO 
(railroad equip.) 

622.3B 1-030 MINE-CAR REPAIRER H NNONONFFF NNNNFNFFON ONNN4NNNNNNNNN 
(mine & quarry) 

638.281-018 MILLWRIGHT H ONOOFNFFF NOONFNOONN NNNN4NNNNNNNNO 
(any industry) 

71 



Electrification and the Demand for Skill

▶ Gray breaks tasks down into four categories: manual, dexterity, clerical
and managerial

▶ Census of population data gives the occupational distributions across
states and years for 1900 to 1940

▶ Census of manufacturing data provides measures of the percentage of
horsepower coming from electricity

▶ Thus Gray can test whether increases in electricity usage are related to
changed in the mix of tasks or skills demanded by employers



Electrification and the Demand for Skill

An important additional issue that needs to be addressed
is the extent to which the results are driven by changes in
industrial composition over time. Such changes might
mainly reflect changes in demand for goods, which may
cloud the results that we are attributing to electricity.
However, it is also important to note that electricity
will itself have altered the industrial composition, by
contributing to the growth of the chemical and electrical
industries, among others, so even if controlling for
industrial composition removes some of the original
effects identified this does not imply that the true effect of
electricity is denoted by these new results. Regressions
were re-run where the left hand side measures had been
purged of industry effects in the cleaning stage and
where the electricity variable had also been purged

of industrial compositional effects, according to the
following formula, where Qist

Qst
denotes each industry's

share in total employment in a state–year and this is
weighted by the industry's electricity intensity:

Cleanelecst ¼ Elecratest−∑
ist

Electricityit
TotalHPit

Qist

Qst
: ð9Þ

The results, presented in Table 6, show that about 70%
of the dexterity/manual coefficient is driven by factors
other than changes in industrial composition, which is
reassuring for the thesis of this paper. The coefficient
decreases from − .23 to − .16 using this new specification.
The results on hollowing out at the upper end of the
distribution are more surprising. The coefficients on

Table 5
Extended OLS results: 1900–1920.

Dexterity/manual Clerical/dexterity Clerical/manual + dexterity Managerial/
manual + dexterity

Baseline
1900–20

With controls Baseline
1900–20

With controls Baseline
1900–20

With controls Baseline
1900–20

With controls

Elecrate − .27***
(.09)

− .18**
(.09)

.44***
(.14)

.40***
(.15)

.30***
(.11)

.31***
(.12)

.27***
(.10)

.30***
(.11)

Cap/ .03 − .15** − .13** − .12*
lab (.06) (.07) (.06) (.06)
Educ .04 − .02 .01 .02
Proxy (.03) (.03) (.03) (.03)
State FE Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
R2 .80 .81 .89 .90 .92 .93 .92 .92
Obs. 152 152 152 152 152 152 152 152

Notes: The dependent variable is specified in the first row. The explanatory variables are specified in the first column.manual + dexterity is a simple average
of the manual and dexterity variables.managerial is an average of the clerical variable, with the dealingwithpeople and direction, control and planning task
indicator variables. The method of estimation is Ordinary Least Squares, weighted by the person weight variable from IPUMS. Standard errors are shown in
parentheses and were clustered at the state level. Both odd and even numbered columns use a 1900–1920 sample, and even columns included 2main control
variables. *** denotes significance at the 1 percent level; ** denotes significance at the 5 percent level and * denotes significance at the 10 percent level.

Table 4
Baseline OLS results.

Dexterity/manual Clerical/dexterity Clerical/manual + dexterity Managerial/manual + dexterity

Full sample Product. Workers Full sample Product. Workers Full sample Product. Workers Full sample Product. Workers

Elecrate − .23***
(.06)

− .22***
(.07)

.30***
(.08)

.31***
(.10)

.18***
(.07)

.20***
(.08)

.18***
(.07)

.19**
(.08)

State FE Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
R2 .85 .86 .86 .84 .88 .88 .91 .91
Obs. 250 250 250 250 250 250 250 250

Notes: The dependent variable is specified in the first row. The explanatory variables are specified in the first column. manual + dexterity is a simple
average of the manual and dexterity variables. managerial is an average of the clerical variable, with the dealingwithpeople and direction, control
and planning task indicator variables. The method of estimation is Ordinary Least Squares, weighted by the person weight variable from IPUMS.
Standard errors are shown in parentheses and were clustered at the state level. The full sample contains information on all workers 12–70, while
Product. Workers include only those with factory-floor level occupations *** denotes significance at the 1 percent level; ** denotes significance at
the 5 percent level and * denotes significance at the 10 percent level.
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Electrification and the Demand for Skill

▶ What Gray finds is what economists refer to as the ‘hollowing out’ of
the skill distribution

▶ This is the notion that 20th century technological change has increased
demand for very low skilled jobs and very high skilled jobs but reduced
demand for skilled blue collar workers

▶ Similar arguments about a hollowing out of the skill distribution have
been made with regards to the rise of computers
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Technology-Skill Complementarities

http://www.dailymail.co.uk/news/article-2413664/Forget-darning-baking-fixing-car–skills-REALLY-need-21st-
century-setting-satnav-putting-rubbish-right-bin.html
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Getting Back to the Great Divergence



Technology and the Great Divergence

▶ So why is a low-skilled labor force problematic with modern technology?

▶ Modern production process are complex, one worker messing up can
have dramatic impact on output

▶ Technology has also evolved in ways that favor high skill workers

▶ This isn’t just about engineering skill, many sectors now require
computer and communication skills

▶ There are new service sector jobs that may require less skill but may
also require geographical (or cultural) proximity

▶ So the path of technological change has created bigger benefits for
high-skilled countries and potentially left low-skilled countries behind



Announcements

Hope you all enjoyed the eclipse as much as Daphne did.



Announcements

▶ Today we start in on discussing the Great Divergence

▶ Readings for this section are:
▶ Bleakley (2007) “Disease and Development: Evidence from Hookworm

Eradication in the American South”
▶ Goldin and Katz (1998) “The Origins of Technology-skill

Complementarity”

▶ Remember that the deadline for Assignment 4 is pushed back to April
11th

▶ Let me know if you are having any troubles (handwriting, Blackboard
group tools, group dynamics, etc.)

▶ We’ll talk about Assignment 5 on Thursday in class



Announcements

▶ More on the Great Divergence today, next week will shift into the mixed
benefits of industrialization

▶ Final required readings for the semester:
▶ Bleakley (2007) “Disease and Development: Evidence from Hookworm

Eradication in the American South”
▶ Goldin and Katz (1998) “The Origins of Technology-skill

Complementarity”

▶ Get your Assignment 4 submitted by 5pm

▶ Its OK to just email me the group component (images, spreadsheets)
and then just submit your individual component (paragraphs) on
Blackboard

▶ Let’s take a moment to talk about the final assignment by starting with
Lord Byron’s defense of the Luddites in his first speech to the House of
Lords in 1812



Assignment 5

Considerable injury has been done to the proprietors of the improved
frames. These machines were to them an advantage, inasmuch as
they superseded the necessity of employing a number of workmen, who
were left in consequence to starve. By the adoption of one species of
frame in particular, one man performed the work of many, and the
superfluous labourers were thrown out of employment. Yet it is to be
observed, that the work thus executed was inferior in quality, not mar-
ketable at home, and merely hurried over with a view to exportation.
It was called, in the cant of the trade, by the name of Spider-work.
The rejected workmen, in the blindness of their ignorance, instead
of rejoicing at these improvements in arts so beneficial to mankind,
conceived themselves to be sacrificed to improvements in mechanism.



Assignment 5

In the foolishness of their hearts, they imagined that the maintenance
and well doing of the industrious poor, were objects of greater conse-
quence than the enrichment of a few individuals by any improvement
in the implements of trade which threw the workmen out of employ-
ment, and rendered the labourer unworthy of his hire. And, it must
be confessed, that although the adoption of the enlarged machinery,
in that state of our commerce which the country once boasted, might
have been beneficial to the master without being detrimental to the
servant; yet, in the present situation of our manufactures, rotting
in warehouses without a prospect of exportation, with the demand
for work and workmen equally diminished, frames of this construc-
tion tend materially to aggravate the distresses and discontents of
the disappointed sufferers. But the real cause of these distresses, and
consequent disturbances, lies deeper.



Assignment 5

▶ The goal of this last assignment is to think about how text analysis
might help us as economic historians

▶ In terms of an approach to economic evidence, it is very related to the
McCloskey work we discussed last week

▶ In terms of economic subject matter, it is directly tied to the upcoming
Goldin and Katz reading on skill-biased technological change

▶ We’re going to see what speeches, novels, poems and so on can teach us
about whether workers viewed technological change with hope or dread



Assignment 5

Here’s what you’re going to do:

1. Find three different passages from novels, opinion pieces, magazine
articles or any other non-academic source that discuss a major
technological change. One of your passages should written in the 19th
century, one in the 20th century and the final one in the 21st century.
Each passage should be one paragraph long

2. For each passage, assess how positive or negative you find the overall
tone of the passage. You should assess this on a scale from zero to ten,
with zero being completely negative and ten being completely positive.
The idea here is to try to quantify overall sentiments toward
technological change

3. Finally, go to the Google Form for submitting responses and enter in all
of the relevant information.

https://docs.google.com/forms/d/e/1FAIpQLSeNiF5GUvm-iidElMJJGpYGX4TT83pXxQGLp_OE_Gep4p34ZQ/viewform?usp=sf_link


Assignment 5

▶ Once I have received everyone’s responses (due date is 4/25 at 5pm), I
will aggregate the passages into a single database and run it through a
sentiment analysis program to estimate an additional dataset of
sentiment scores

▶ We will then spend time in lecture comparing how your sentiment scores
compare to those of the algorithm

▶ We’ll use that as the foundation of a discussion around the possibilities
and limitations of automated text analysis to analyze history



Announcements

▶ More on the Great Divergence today, next week will shift into the mixed
benefits of industrialization

▶ Last required reading for the semester is Goldin and Katz (1998) “The
Origins of Technology-skill Complementarity”

▶ I’m hoping to have grades and feedback up for Assignment 4 on Friday

▶ Get to work on Assignment 5

▶ Before we get back to the Great Divergence, let’s take some time to
reflect on Assignment 4



The Long Reach of History



The Long Reach of History



Nice and Not So Nice Documents



Historical Error Correction



Never Before Seen Data



Never Before Seen Data



Never Before Seen Data


