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Abstract:  How do we understand the great upsurge of technological change after the Civil War that 
led the United States to world’s technological and economic lead by 1929 ?  It could have been 
because postbellum institutional innovations of managerial firms, organized R&D, and research 
universities formed a new innovation system that underpinned U.S. ascendance.  But it could also 
have been a legacy of an earlier, antebellum innovation system in which institutions supporting 
widespread but unspecialized innovators continuing to do so for seven decades after the war ended.  
Using a random sample of 1700 patentees and a study of 1100 major innovators, I argue that 
antebellum institutions did structure later innovation.  Inventors received the same number of 
patents, issued to the same occupations, with the same roles in firms, network connections, and 
urban locations after 1900 than they had had by 1860.  Yet key changes led to more specialized 
inventing, greater roles for managerial firms and R&D, and a shift of centrality from machinists to 
engineers.  These trends were underpinned by the growth of college education, civilian 
governmental occupations, and civil organizations.  The dynamic would propel the economy toward 
a very different innovation system after 1929.   
 



The More Things Change, the More They Stay the Same? 

The Maturation of the U.S. Innovation System, 1866-1929 

 
 
 Understanding how the United States evolved from a promising follower at the end of 

the Civil War to the world’s economic and technological leader at the onset of the Great Depression 

forms a vitally important question in economic history.  Technological change was everywhere.  

Mechanization deepened in textiles, harvesting, garment-making, printing and woodworking, and 

expanded to business machines, and shoemaking.  Mass-produced automobiles originated and by 

1925 made up the country’s largest industry.  Electrification brought power to factories, urban 

transportation, telephones and radios for communication, and lighting for much of the population.  

Steel replaced iron in many uses, and new materials cut metals and stone faster.  Biological 

innovation brought new seed types, more productive dairy herds, and fought diseases.   

New techniques were accompanied by new institutions.   Large firms dominated many 

industries, benefitting from economies of scale and scope. Corporations replaced partnerships 

across much of the economy.  Firms increasingly turned to research and development; by 1928 

manufacturing firms formed over 1300 labs, which employed 6,000 scientists and engineers. 

Government and university labs added to the total.  Research universities with extensive graduate 

and undergraduate programs trained the engineers and scientists.  The 20th century knowledge 

economy may have basically changed innovation.  Such widespread institutional innovation 

forms a tempting explanation for the qualitative change of techniques over the postbellum 

period.1   

1 Alfred D. Chandler, Jr.  The Visible Hand:  The Managerial Revolution in American Business(Cambridge, Mass., 1977) 
and Scale and Scope:  The Dynamics of Industrial Capitalism (Cambridge, Mass., 1990;  David C. Mowery and Nathan 
Rosenberg, Technology and the Pursuit of Economic Growth (Cambridge, Eng., 1989), 62-66; Claudia Goldin, “The Human 
Capital Revolution and American Leadership:  Virtues of the Past,” Journal of Economic History (June, 2001).   
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But there are other possible explanations.  It is now well known that innovation was 

widespread before the Civil War.  Mechanization was well advanced in textiles, engines, 

woodworking, sewing, printing, reaping, locomotives, clocks, firearms, and machine tools.  Civil 

engineering had developed in constructing canals, railroads, and water systems.  The electric 

telegraph had spread widely, and effective petroleum refining techniques originated by the end of 

the Civil War.  Biological innovations had already increased yields in cotton and other crops.  

These innovations were structured by key institutions and markets, including firms, occupations, 

patenting organizations, civil and educational organizations, and governments.  These 

knowledge-generating, -using, and -diffusing institutions structured the first innovation system in 

the United States.  Perhaps, then, the institutions that structured this innovation system persisted 

after the war and structured later innovation.  If so, the same underlying structures of innovation 

had the flexibility to generate the deluge of postbellum technological changes.2   

Yet as it existed in 1860 or 1865, the antebellum innovation system had to evolve to be 

able to structure later innovation.  Most evidently, it had to grow.  It had grown markedly in the 

1850s, so that later growth could have continued the same pattern.  But it also had to mature.  

The antebellum system had really only developed its key institutions in the 1840s and 1850s, and 

they had to refine their practices over time.  This persistent evolution is another aspect of 

continuity.  However, the system might have met fundamental limits, requiring distinct 

institutions and practices to form, and these institutional innovations could have shaped 

invention through 1929 and indeed the rest of the 20th century.   

2 On the antebellum innovation system, see Ross Thomson, Structures of Change in the Mechanical Age:  
Technological Innovation in the United States, 1790-1865 (Baltimore, 2009).  On national innovation systems 
more generally, see Richard R. Nelson, ed., National Innovation Systems (New York:  Oxford Univ. Press, 
1993) and Bengt-Ake Lundvall, ed., National Systems of Innovation (London: Pinter, 1992).  
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I will argue that the antebellum innovation system did structure innovation through 1929, 

and indeed continued to have an impact long after that.  The core institutions expanded and 

evolved in trajectories established by 1865, and, as a result, many of the patterns of innovations 

and patenting remained quite similar.  Yet not all innovations evolved through these established 

institutions.  Some innovations required sources of knowledge not available in the antebellum 

system, and not-for-profit, civil, and governmental institutions were needed to support them.  

Changes in firm structure and organized research altered some inventive processes, but not in 

ways that reshaped most invention.  Just as innovations before the 1840s gave rise to the 

powerful institutions structuring innovation over the following century, so too later innovations 

would require and in part generate novel forms of organizing innovation that would grow after 

1930.   

To examine the continuity of innovation before and after the Civil War, the 

characteristics of the antebellum innovation system need to be described.  This will help to 

identify data that can illuminate the paper’s thesis.  These data will then be used to document the 

continuities and discontinuities of innovation over time.   

 
The Antebellum Innovation System 

 
 
An innovation system communicates technological knowledge in ways that foster 

inventions and their usage and spread.  Institutions governed the extent of, constraints on, and 

unevenness of the spread of knowledge; they also shaped the benefits of developing new 

knowledge.  Innovation systems are largely differentiated by varying institutions and their 

impact on innovation.  Certainly the post-World War 2 U.S. system with its extensive corporate 

R&D, its greatly expanded government R&D, and its research universities differed greatly from 

the system that preceded the Civil War. Because antebellum technological learning occurred 
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predominantly on the job, economic institutions structured the innovation system.  Knowledge 

spread between firms making the same kinds of products through labor mobility, capital goods 

sale, new firm formation, patent assignment or licensing, and in cases knowledge sharing 

between firms.  Practitioners formed networks that communicated knowledge where labor 

markets and product markets operated. Yet they always operated in the context of extra-

economic institutions, including the patent system and formal and informal education.3   

Network members were far more likely to undertake technical improvements in their 

industry than in others.  In a study of almost 1700 patentees in 13 technologies, network 

inventors comprised 42 percent of patentees with known occupations from 1836 through 1865 

and received 52 percent of patents in those technologies.  Principals of firms often invented.  In a 

sample of all patentees, 38 percent of those with manufacturing occupations were proprietors, 

superintendents, foremen or agents in their firms, and they received 46 percent of all patents.  

Some others brought their patents into use through setting up firms or through patent assignment.  

The great growth of patenting in the antebellum U.S. was not accomplished by the growth of 

professional inventors with many patents; average patents for the 1790-1835 period barely rose 

from 1.6 for inventors before 1836 to 1.7 for those in the next three decades.  Rather the 

proliferation of networks, especially in manufacturing, led to what Zorina Khan and Kenneth 

Sokoloff called the “democratization of invention.”  In this way, antebellum innovation evolved 

in distinct paths led by practitioners of and typically accelerated over time as the number of 

practitioners rose.4   

3 By this definition, an innovation system would not include demand structure and growth, factor availability, and 
most legal and political structures.  All of these can shape innovation systems and be shaped by it, but are distinct 
from it.  Moreover practices surrounding labor markets and commodity markets do communicate technological 
knowledge, but also serve other functions.  Yet because occupations involve useful knowledge, the innovation 
system includes everyone in the labor force.   
4 Kenneth L Sokoloff and B. Zorina Khan, “The Democratization of Invention During Early Industrialization:  
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Technological centers tied these paths together.  Centers were groups—largely identified 

with occupations—that possessed knowledge relevant to many industries and that were aware of 

technical problems and solutions in many industries.  They applied their technological 

knowledge to many industries, and so were agents of what Nathan Rosenberg called 

“technological convergence.”  Three centers were especially important.  First, machinists made 

and developed machines that had uses in many industries, such as machine tools and steam 

engines, and they also understood design principles that could apply to many industries.  

Machinists were employed in capital goods firms or in the shops of machine users, and their 

mobility brought them jobs making many kinds of machines.  Second, applied scientists included 

civil engineers, early mechanical engineers, telegraphers and electricians, chemists, and 

agronomists.  Third, inventive occupations, including patent agents, draftsmen, model-makers, 

pattern-makers and the (relatively few) with occupations as inventors, studied, designed, and 

depicted technological novelties. Altogether, these technological occupations, as I term them, 

made up one percent of the labor force in 1860, but comprised 30 percent of inventors and 

received 40 percent of patents.  They were so prolific not so much because their members 

averaged more patents; their 2.8 average patents from 1836 through 1865, though well above the 

1.8 for other inventors with known occupations, cannot explain their high patent share.  Rather 

far higher proportions of them received patents.  For all technological occupations, 44 percent of 

principals in urban firms received patents.  For them, invention had become a regular part of 

doing business.  Often in close interaction with technological occupations, other manufacturing 

occupations and crafts formed 43 percent of inventors in the 1836-1865 period with about 41 

Evidence for the United States, 1790-1846,” Journal of Economic History  50 (June 1990): 363-378; Thomson, 
Structures of Change, 111, 316.  
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percent of patents.5  

If networks and centers structured innovation, then innovation should have been located 

near them.  Manufacturing networks concentrated in cities, where firms had access to machinists, 

engineers, patent agents, publications, and technical societies. So did patenting; 44 percent of 

inventors had at least one patent in a city with over 10,000 residents, when only 12 percent of the 

population lived in such cities in 1850.  More broadly, networks extended across national 

boundaries, forming what Anthony Wallace called an “international fraternity of mechanicians.”  

From the time of Samuel Slater throughout the period, these modes of technological 

communication brought European techniques to the U.S.6   

The antebellum innovation system also involved institutions outside the economy. Civil 

institutions spread knowledge widely, including mechanics’ institutes, led by the Franklin 

Institute.  Their meetings, publications, trials, and experiments fostered urban innovation.  

Scientific societies and publications informed innovations ranging from Morse’s telegraph to 

water turbines, ordnance testing, and petroleum refining.  Colleges supplied useful information 

to many innovators, including 25 percent of a sample of major innovators recorded in 

biographical dictionaries.   

The government was also essential to the system.  Its broadest role was in forming a 

patent system that was cheap and increased the certainty of intellectual property rights through 

an examination system to establish originality.  Patent Office examiners were among the most 

5 Nathan Rosenberg, “Technological Change in the Machine Tool Industry, 1840-1910,” in Perspectives on 
Technology  (Cambridge, Eng., 1976), 9-31. Data for this and the rest of this section are taken from Thomson, Structures 
of Change, pp. 109, 112, 115, 195, 227, 313, 320.  
6 Anthony F.C. Wallace,   Rockdale:  The Growth of an American Village in the Early Industrial Revolution (New 
York, 1978), 211.  The rest of the paper will define cities as having at least 20,000 residents.  Networks concentrated 
in manufacturing regions, and so did patents, led by New England with the South far behind.  But in 13 important 
technologies, the West and especially the South had far fewer patentees than their share of occupations, which 
reflected the limited mobility to these regions, and, especially for the South, its lower share of technological 
occupations and cities.  This paper will not develop the regional aspect of innovation systems.   
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technologically sophisticated people of the country.  Specialized patent agents in close touch the 

Patent Office advised inventors on the patentability of their inventions and wrote up patent 

specifications.  About 120 patent agencies in 17 cities around 1860 increased the value of patents 

by describing claims more inclusively; agents themselves patented extensively.7  The 

government, or rather various governments, had a far broader role.  Some were indirect, such 

state and local governments that extended primary education.  Many were more direct, including 

infrastructure projects by state and local governments, and the fundamental role of the federal 

government in engineering education, roads, railroads, harbors, firearms and other sectors.   

The antebellum innovation system was integrated with those of Britain and the rest of 

Western Europe, and it regularly benefitted from imported techniques.  But the U.S. system was 

distinct.  It adapted and improved diffused techniques and innovated across a wide spectrum 

including sewing, harvesting, woodworking, mass produced firearms, watches and clocks, 

shoemaking, and, in general, mechanization.  The wider innovation broadened learning and 

extended spillovers.  Innovations before and during the Civil War developed technologies and 

firms that would have profound postbellum effects.  Trajectories had begun that would, in the 

absence of catastrophic interruptions, continue long after the war.  The question is whether this 

trajectory could account for the enormous spurt that would lead the country to world leadership 

in the 20th century.   

 
Evidence 

 
 
Because innovation systems span the economy, economy-wide evidence is required to 

7 On the distinctiveness of the U.S. patent system from those of Europe, see B. Zorina Khan, B. Zorina Khan, 
The Democratization of Invention:  Patents and Copyrights in American Economic Development, 1790-1920 
(Cambridge, 2005).  
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understand their development.  The most important source of evidence is a random sample, 

called the typical inventor sample, of 1,674 patentees who were U.S. residents from 1836 

through 1865 and in the first two years of subsequent decades through 1911.  All of their patents 

through 1929 were determined, for a total of over 13,500 patents.  I sample patentees rather than 

patents because one fundamental source of ongoing invention was the repeated invention of 

inventors; inventive success normally came from a series of patents solving a sequence of 

problems.8  The sample examined average patenting over time and identified factors associated 

with innovation systems such as occupations, network status, position in firms, and urban 

location.  The 1847-1865 period, when the antebellum system had been established, can be 

compared to an earlier period to establish discontinuity and later periods to point to continuity.   

Such a study is limited in several ways.  The major limitation is that patentees did not 

comprise all inventors (though the two terms will be used synonymously in much of this paper).  

Nonpatented inventions were spread across economic sectors, but they played an especially 

important role among biological innovations and, to a lesser extent, civil engineering and mining 

innovations.  Hence a study of patentees may not be a reliable indicator of inventing trends in 

sectors where large shares of inventions were not patented.  Another source of bias was smaller 

likelihood of patenting by earlier innovators.  Second, the sample does not illuminate cross-

national diffusion of technology.  Patent data outside the sample can offer some assistance if 

foreign residents patented in the U.S., but much technological diffusion came in other ways. 

8 By focusing on inventors, this paper complements other studies of invention in the whole economy in this period 
that focus on patents, including Kenneth L. Sokoloff, Naomi R. Lamoreaux, and Dhanoos Sutthiphisal, “The 
Reorganization of Inventive Activity in the United States during the Early Twentieth Century,” Understanding 
Long-Run Economic Growth:  Geography, Institutions, and the Knowledge Economy, edited by Dora L. Costa and 
Naomi R. Lamoreaux (Chicago, 2011), 235-274 and Tom Nicholas, “The Role of Independent Invention in U.S. 
Technological Development, 1880-1930,” Journal of Economic History 70 (March 2010), 57-82.  For a study that 
uses both patent and patentee data, as well as data on great inventors, see Naomi R. Lamoreaux and Kenneth L. 
Sokoloff, “The Rise and Decline of the Independent Inventor,” in The Challenge of Remaining Innovative:  Insights 
from Twentieth-Century American Business, edited by Sally H. Clarke, Naomi R. Lamoreaux, and Steven W. 
Usselman (Stanford, Calif., 2009), 43-78. 
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Finally, a sample of patentees offers little evidence about the role of extra-economic sources of 

learning, including education, governments, and voluntary associations.  To address these issues, 

a study of 1123 major innovators will provide evidence about the distribution of unpatented 

innovations over time and across space, identify the important of the international movement of 

inventors, and estimate the importance of various kinds of extra-economic learning.9   

 
The Continuity of Innovation 

 
 
If the antebellum innovation system structured innovation after the Civil War, then this 

should have been reflected in the patenting behavior of inventors.  Inventors would have remained 

engaged in production, so that specialization in invention, such as would be observed in R&D labs, 

would have been exceptional.  Technological occupations would have continued to play a 

disproportional role in innovation, and within them those with managerial authority would have 

continued to invent out of proportion to their numbers.  Networked inventors would have remained 

important.  As cities grew, inventors increasingly would concentrate in them.    

The typical inventor sample allows us to examine these issues.  It was constructed in three 

steps.  In the first, patentees were randomly sampled from the Annual Report of the U.S. 

Commissioner of Patents in various years.  They were grouped into four periods, 1836-1846, before 

the innovation system had consolidated, 1847 through 1865, when the system was in full operation, 

the postbellum 19th century, and 1900 through 1929.  For comparison’s sake, the patents of 

inventors from 1790 through 1835 were taken from another data set.  Second, all patents for each 

inventor through 1929 were determined.  This involved at least 450 patentees each of the 1847-

9 Ross Thomson, “The Government and Innovation in the United States:  Insights from Major Innovators” in 
Business and Economic History On-Line, Fall 2012; Alan L. Olmstead and Paul W. Rhode, Creating Abundance: 
Biological Innovation and American Agricultural Development (Cambridge, 2008). 
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1865, 1870-1891, and 1900-1911 cohorts of inventors, with from 3300 to 5500 patents in each 

period (see Table 1).  Inventors averaged seven or more patents in each of the last three periods.  

But even though patentees were randomly selected within years, the set of all patents does not 

reflect the actual distribution of patents among inventors.  Those who invented in more than one 

year had more chances to be selected than those who patented in only one year.  For example, 

William Sellers, the renowned Philadelphia machine tool producer, patented in 39 separate years, 

and hence in a sample of all patentees through 1929, he had 39 times the chances of being selected 

as a person who patented in a single year.  The third step compensates for this by weighing the 

number of inventors and their patents by the inverse of the number of years in which they received 

patents.  An inventor sampled in two years, which included Sellers and several others, would be 

weighed as two divided by the total years in which they patented.  The weighted distribution of 

patents should reflect the actual distribution among patentees.10   These adjusted numbers hence 

approximated the “typical” inventor, and will be used throughout the paper.   

 
 
Table 1.  Patenting by Typical Inventors, 1790-1929 
 

 

1790-
1835 

1836-
1846 

1847-
1865 

1870-
1891 

1900-
1911 

      Inventors 188 102 451 505 616 
Patents 304 277 3257 4452 5533 
Average Patents 1.62 2.72 7.22 8.82 8.98 
Average Patents, Weighted 1.61 1.41 2.36 2.47 2.51 
With Multiple Patents 25.5% 33.3% 65.4% 66.3% 65.3% 
With Multiple Patents, Wtd 25.3% 21.5% 33.5% 33.6% 33.1% 
Av. Pts, Wtd., Multiple Patentees 3.42 2.89 5.05 5.38 5.56 

 

10  One way of validating this method is to consider sampling until all inventors in each year were included.  Each 
inventor patenting in one year would be sampled once.  Sellers would be sampled 39 times, and when each was 
weighed 1/39, his patents would be fully accounted for.  An alternative would be to sample by patent number, which 
would not be random in individual years.  Each of Sellers’ 91 patents would be weighed as 1/91.  It might be 
mentioned that sampling in single years is not without similar problems.  If we sample based on position in the page 
of the annual reports (e.g. page 47, inch 7), then inventors with multiple patents that year are more likely to be 
selected.  We compensate for this by selecting the inventor after that point on the page.   
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Notes and Sources:  Patentees were selected from Annual Report of the U.S. Commissioner of Patents for each year 
from 1847 through 1865 and in 1870, 1871, 1880, 1881, 1890, 1891, 1900, 1901, 1910 and 1911.  They were 
selected in proportion to the number of patents in that year for 1847-1865 patents in in proportion to the number in 
the surrounding decade for later patents.  Inventors from 1836 through 1836 were selected from an index of all US 
patents through 1846.  The set of all patents for these inventors was taken from Google Patents and LexisNexis 
Academic.  Because these sources are more accurate after 1888 than before, I consulted Annual Report of the U.S. 
Commissioner of Patents through 1888, which added about 15 percent to patent totals through that year.  In cases of 
common names, I included patents in other locations if they were of similar content as surveyed patents or if the 
inventor had the same date and state of birth, as listed in population census manuscripts.  Because the patent search 
was truncated in 1929, it undercounts lifetime patents for those surveyed in the last period, many of whom patented 
into the 1930s and 1940s.   

 
 
 
The results are quite different when so adjusted.  Average patents of the typical inventor—

reflecting not just the sample but the full distribution of patentees—declined from 7.2 to 2.4 for 

1847-1865 inventors, reflecting the fact that inventors patenting in many years are more likely to be 

selected, and so should be reduced as a proportion of all inventors.   One remarkable conclusion 

emerges:  inventors sampled in each period after 1865 averaged about the same number of patents, 

2.5 per inventor, as those before the war’s ending.  This was one important continuity of innovation 

from the antebellum to later periods; typical inventors after the Civil War did not patent more than 

they had before.  The democratization of invention persisted among later inventors; if inventors 

averaged 2.5 patents, then nearly 700,000 people patented from 1836 through 1929.   The 

discontinuity came earlier; inventors from 1836 through 1846, when appropriately weighted, 

averaged 1.4 patents, which is far closer to the 1.6 average of pre-1836 inventors.  Apparently, then, 

the institutions of the innovation system were operating well by 1850.  By this time, reformed 

Patent Office had developed its methods and increased its size, patent agents were common in cities 

and had well-defined relations to the Patent Office, machinists and engineers opened plants and 

offices in cities, and well-read publications like the reports of the Commissioner of Patents and the 

Scienctific American, spread knowledge widely.11  

11 Falling average patents in the 1836-1846 period reflected the falling patents per capita in the long recession 
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Moreover, the share of inventors with more than one patent remained almost exactly the 

same at 34 percent.  (Again this points to the importance of weighing inventors to approximate the 

actual distribution of patents among inventors; two-thirds of the unadjusted sample had multiple 

patents).  Among those with multiple patents, average patents increased slightly from 5.1 for 1847-

1865 inventors to 5.6 for 1900-1911 inventors.  But this is not the kind of change that would suggest 

that large numbers of specialist inventors had come to characterize early 20th century invention.   

The size distribution of patents by period reinforces the basic claim.  The distribution, again 

appropriately weighted, demonstrates that patentees sampled in the three periods after 1846 had 

similar distributions of numbers of patents (see Figure 1).  There were modest differences; inventors 

with many patents had somewhat more of the total patents after the Civil War.  But the three periods 

after 1846 were much more similar than earlier periods.  In both of the earlier periods, inventors 

with fewer than eight patents received nine-tenths of all patents, but after 1847, they never received 

more than two-thirds.   Interestingly, though patentees from 1790 to 1835 averaged more patents 

than those in the 1836-1846 period, the latter group had a distribution with more prolific inventors.  

In this way, 1836-1846 inventors represented a transition from the patenting behavior of the first 

third of the 19th century to those after the Civil War.   

 
 
 
 
 
 
 
 

beginning in 1837, and the reestablishment of an examination system in the Patent Act of 1836, in which Patent Office 
examiners rejected some applications that were not judged to be original.   Average patents among 1847-1865 inventors 
might have been lower because prior to about 1857, the Patent Office rejected a much high share of applications.  After 
that year, the total number of patents granted grew greatly.  Robert C. Post, “’Liberalizers’ versus ‘Scientific Men’ in the 
Antebellum Patent Office.” Technology and Culture 17 (January 1976): 24-54.  
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Figure 1.  The Size Distribution of Patents by Period 
 

 
 
 
 
The occupational distribution of patents in the late antebellum period largely persisted 

through the early 20th century.  Knowing the occupation of patentees immediately before or early in 

their inventive career can illuminate whether the technological capabilities gained on the job 

affected their later invention.  City directories and the population censuses provided data on 

occupations for 84 percent of inventors from 1847 through 1911 (or 77 percent when weighted to 

reflect typical inventors).  Technological occupations were the most prolific inventors in the 

antebellum period, and remained so afterwards.  They formed between 21 and 26 percent of 

patentees, with no clear trend (See Table 2).12  Inventors with technological occupations at the 

12 Many others joined technological occupations as their inventive careers progressed; these are not included 
because the invention might have led to the new occupation rather than the other way around.   
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beginning of their inventive career received from 4.6 to 5.0 patents—about two patents greater than 

any other occupational group.  As a result, their share of patents—ranging between 39 and 45 

percent—was far above their share of inventors.  Their higher average patents had two sources.  A 

far higher share received multiple patents—from 52 to 63 percent—and these repeat patentees 

averaged more patents than other occupations, from 6.8 to 8.1.13  

 
Table 2.  Patenting by Occupation and Period 
 

 

1847-
1865 

1870-
1891 

1900-
1911 

Technological 
      Inventor Share 22.6% 21.3% 25.9% 

  Average Patents 4.61 5.02 4.67 
   Patent Share 38.1% 36.3% 44.2% 
   With Multiple Patents 62.1% 62.7% 52.0% 
   Av. Pts, Multiple Patentees 6.81 7.42 8.06 
Other Manufacturing & Crafts 

      Inventor Share 44.5% 43.6% 36.1% 
  Average Patents 2.44 2.76 2.48 
   Patent Share 39.7% 40.9% 32.7% 
   With Multiple Patents 35.5% 34.9% 32.0% 
   Av. Pts, Multiple Patentees 5.05 6.04 5.64 
Agriculture 

      Inventor Share 11.5% 11.5% 10.2% 
  Average Patents 1.79 1.58 1.41 
   Patent Share 7.5% 6.1% 5.2% 
   With Multiple Patents 30.8% 25.8% 22.1% 
   Av. Pts, Multiple Patentees 3.55 3.23 2.87 
Services and Other 

      Inventor Share 21.4% 23.6% 27.8% 
  Average Patents 1.88 2.08 1.76 
   Patent Share 14.7% 16.7% 17.8% 
   With Multiple Patents 25.9% 35.1% 28.0% 
   Av. Pts, Multiple Patentees 4.38 4.07 3.71 

 

13 Patentees from 1836 to 1846 are not included because population censuses did not include occupations in 1840, and 
using only city directories would have greatly reduced the comparability with later periods.  About 18 percent of these 
(urban) inventors had technological occupations, and they received 39 percent of patents. Those without known 
occupations resembled agricultural and service occupations in average patenting, shares with multiple patents, and 
average patents per multiple patentee; in each dimension, they trailed machinists and other manufacturing occupations. 
We can get a lower bound of patenting by technological occupations if we assume that none of those with unknown 
occupations had technological occupations.  Under this assumption, technological occupations would still have had 31 
percent of patents in the 1847-1865 period, 30 percent in the 1870-1891 periods, and 40 percent in the 1900-1911 period.   
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Notes and Sources:  All data are weighted to reflect the patenting of typical inventors.  Inventor and patent shares 
are shares of inventors with known occupations.  Occupations were determined through population census 
manuscripts accessed at ancestry.com and city directories accessed at the New York Public Library, supplemented 
by some from ancestry.com.   

 
 

 
Other manufacturing and craft occupations were the next most prolific group in all three 

periods, with 44 percent of inventors with known occupations in the first two periods and 36 percent 

in the last.  Their patent share was slightly under their share of  inventors in each period, and about 

one-third of them received more than one patent.  Technological and other manufacturing 

occupations together received around over three-quarters of the patents in each period.  Inventors 

with agricultural and related occupations were a fairly steady 11 percent of inventors but their 

average patents were the lowest of any group, so that their patent share was 35 to 50 percent under 

their inventor share.  Finally, inventors from service and trading occupations grew from 21 to 28 

percent of inventors at a time when these occupations were growing as a share of the labor force.  

But because they averaged relatively few patents, their patent share remained about two-thirds of 

their share of inventors.  The relatively constant occupational share of inventors over time and 

patenting performance of these inventors forms a further argument for inventive continuity.   

Inventors who owned or managed firms were integral to the innovation system before the 

Civil War, and they were even more important afterward.  They had both critical knowledge and 

incentives to invent for usage within their own firm.  Among machinist-inventors, almost half were 

principals in machinery firms, and they received three-fifths of patents issued to this occupational 

group (see Table 3).  The share of principals among machinists grew somewhat after the war, and 

their share of patents issued to machinery occupations grew to 64 percent.  Principals commonly, 

but not always, invented for use in their own firm.  Machinist-principals had higher average patents 

than other machinists in each period because they received multiple patents and repeat patentees 
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took out more patents.  Moreover, some machinist-inventors who worked for others early in their 

inventive career later formed their own firms.  The vertical integration of producers into invention 

was common.14   

 
 
Table 3.  Manufacturing Occupations by Rank and Period 
 

 
1847-1865 1870-1891 1900-1911 

Machinists 
   Managers & Owners 
      Inventor Share 38.5% 54.0% 44.8% 

   Patent Share 56.6% 59.6% 63.8% 
  Average Patents 5.86 5.11 5.37 
   With Multiple Patents 83.9% 55.8% 66.0% 
   Av. Pts, Multiple Patentees 6.79 8.38 7.62 
Others 

     Average Patents 2.81 4.08 2.48 
   With Multiple Patents 39.6% 58.4% 40.1% 
   Av. Pts, Multiple Patentees 4.22 4.49 3.27 

    Other Manufacturing 
   Managers & Owners 
      Inventor Share 31.4% 33.7% 36.7% 

   Patent Share 41.0% 54.7% 59.7% 
  Average Patents 2.44 2.76 2.48 
   With Multiple Patents 38.8% 53.7% 43.0% 
   Av. Pts, Multiple Patentees 6.63 7.48 8.07 
Others 

     Average Patents 2.10 1.89 1.58 
   With Multiple Patents 34.0% 25.4% 25.6% 
   Av. Pts, Multiple Patentees 4.22 4.49 3.27 

 
 
 
Much the same was true of other manufacturing and craft occupations in each period.  The 

share of inventors who were owners or managers grew from 31 to 37 percent of all non-machine 

manufacturing occupations, and their patent share grew from 41 to 60 percent.  Hence at a time that 

14 Thomas Hughes suggests that independent inventors were common in the pre-R&D era, and illustrates this 
through major innovators such as Thomas Edison and Elmer Sperry who patented and assigned or licensed 
extensively and kept their distance from firms using their patents.  American Genesis:  A Century of Invention and 
Technological Enthusiasm (New York, 1989), 96-137.  His cases did follow this pattern, but they did not describe 
the “typical” inventor, who either was a manager-inventor was on the look-out, often futilely, for an assignee whose 
payments more than compensated for the cost of inventing.   
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large manufacturing firms and average firm size were growing, the share of patents issued to owners 

and managers was rising as well.  In manufacturing occupations, it was as owners, superintendents, 

and foremen who led the growth of manufacturing invention, more than non-managerial inventive 

employees or independent inventors.  In other sectors, farmer-inventors typically managed their 

own farm, though a few farm laborers invented.  Engineers and services are hard to classify, but 

many had their own firms.   

Similarly the share of patentees whose learning in occupational networks shaped their 

inventions remained high throughout the period.  I classify patents into 35 main categories, and over 

200 subcategories.  Some of the categories paralleled industries (textiles, rubber, chemicals, 

electricity, machine tools) and others were composites (fluid manipulation, instruments, metal 

manipulation). One could classify patentees to be networked if any of their patents were issued in 

areas for which their occupations or pre-invention connections supplied critical information.  

However this would bias network linkages in favor of those who patented in many patent 

categories, who had more chances for at least one patent to rely on information they acquired in 

their occupation or through their contacts.  Instead, I identified the largest patent category for each 

patentee—the one (or occasionally more than one) of 35 categories in which the person received the 

most patents, and ask whether the patentee had network connections for that category.  This 

procedure gives those with patents in one category almost the same chance to be classified as 

networked as those with patents in many categories.15  Inventors were classified as networked if 

their largest category of patents occurred in areas in which they learned in their occupation—using 

knowledge gained from interaction with other occupation members or with suppliers and 

customers—or thorough interactions with firms to which they assigned patents at the time of 

15 The exception is those inventors who had the same number of patents in more than one of their largest categories, 
such as those with one patent in each of two categories or two patents in two or more categories.  In this case, if 
networks provided knowledge that affected any leading category, they were classified as networked.   
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patenting (and so had interacted with before the patent) and which made produced that could have 

used the patent.16  By this criterion, a generic machinist who invented a printing press was not 

considered to be networked, but one that made presses was.  This criterion clearly underestimated 

network patents because many whose occupation was simply “machinist” had made printing 

presses, but their census manuscript or city directories did not reflect that fact.   

Almost half of inventors with known inventors were classified as network inventors before 

the Civil War, virtually identical with the share in the 20th century (see Table 4).  These inventors 

learned on the job throughout the period, and the intra-network invention that helped the U.S. to 

catch up with Britain has the same structure as that through which it diverged from the former 

leader. Network inventors averaged more patents throughout the period, and about one-half received 

multiple patents in each period, compared to around one-quarter for non-network inventors.  

However, the share of patents issued to network inventors rose from about 58 percent before the 

Civil War to 69 percent afterwards.  This reflected modestly increasing average patents for 

networked multiple patentees and falling patents for non-networked multiple patentees.17 

Patenting also was similar in location throughout the period.  It located disproportionately in 

cities before and after the Civil War.  Cities were locations of invention because inventive 

capabilities were higher in cities, which were centers of technological and scientific occupations, 

and because costs of securing patent agents, assignments, or access to firms were lower.  Inventors 

16 Of course this simple identification of network with occupation misses the density of network linkages.  A small-
town printer monopolizing the business could not have the same opportunities for learning as a big-city printer 
interacting with many printers, sophisticated customers and press-makers. Hence we would expect the information 
flows that shaped invention to be denser in areas where production and usage were greater.  Using assignments at 
the time of patenting does introduce one possible overestimate of network linkages, because the inventor could have 
agreed to sell the patent between the time he or she applied for the patent and the time the patent was granted.  This 
gap was typically under a year in the 19th century but grew to two or three years in the 20th.   
17  In part this difference may have reflected the tendency for firms to specialize after the Civil War, so that generic 
machinists and others listed as non-networked before the war might worked in unspecialized machine shops that 
made products in their largest category, and so in fact were networked.  This might have accounted for the modest 
differences in patents between networked and non-networked multiple patentees before the war, but the substantial 
difference afterwards.   
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are classified as urban if they received at least half of their patents when residing in a city of 20,000 

or more people.  Cities this large typically had a full range of patent agents, machinists, and 

engineers.  This standard understates urban effects on inventors residing outside cities for most of 

their patents, because many of them learned from their time in cities or lived in or near metropolitan 

areas where they had access to city services.     

 
 
Table 4.  Inventors by Network Status and Period 
 

 
1847-1865 1870-1891 1900-1911 

Networked 
      Inventor Share 46.9% 51.3% 48.3% 

   Patent Share 57.6% 68.1% 68.7% 
  Average Patents 3.35 3.91 3.90 
   With Multiple Patents 50.6% 46.9% 47.7% 
   Av. Pts, Multiple Patentees 5.65 7.20 7.08 
Others 

     Average Patents 2.18 1.93 1.66 
   With Multiple Patents 28.6% 32.3% 23.3% 
   Av. Pts, Multiple Patentees 5.13 3.87 3.83 

 
 
 
The share or urban inventors grew steadily from 35 percent of patentees in the 1836-1846 

period to 55 percent among 1900-1911 inventors (see Table 5).  Of course at the same time 

urbanization advanced—under 7 percent of the nation’s residents in 1840, cities over 20,000 grew 

to hold 32 percent of the population in 1910—so that urban inventors would be expected to grow.  

But relative to their population cities always had more inventors than towns and rural areas.  As 

indicated by the inventor index, which is the share of weighted patentees relative to the share of 

population, cities had 3.3 times as many inventors as their population share in the 1847-1865 period 

and 1.7 times as many in the early 20th century.  The decline of this index over time expresses more 

the growth of cities rather than the growth of nonurban invention; the rural and small town inventor 

index was consistently about two-thirds of the national average.   
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Table 5.  Inventors by Urban Location and Period 
 

 
1836-1846 1847-1865 1870-1891 1900-1911 

Urban    
       Inventor Share 34.5% 40.8% 45.1% 55.2% 

   Inventor Index 5.24 3.27 2.50 1.70 
   Patent Share 42.7% 52.9% 57.2% 66.0% 
   Multiple inventor share 36.4% 45.7% 42.9% 36.0% 
   Av. Pts, Multiple Inventors 3.04 5.50 5.97 6.57 
   Patent Index 6.49 4.23 3.16 2.04 

     Rural and Small Town 
       Inventor Index 0.70 0.68 0.67 0.66 

   Multiple Inventor Share 13.7% 25.1% 26.0% 29.6% 
   Av. Pts, Multiple Inventors 2.68 4.50 4.58 4.05 
   Patent Index 0.61 0.54 0.52 0.50 

 
Notes and Sources:   Inventors are classified as urban if they resided in cities of over 20,000 population for at least half 
of their patents.  Urban population in 1840, 1860, 1880, and 1910 is used, respectively, to classify patents from 1836 
through 1846, 1847 through 1865, 1866 through 1895, and 1896 through 1929.   The inventor index is the area’s share of 
inventors relative to its share of population.  The patent index is the area’s share of patents relative to its population 
share.  

 
 
 
Urban inventors had even larger patent shares, growing from 43 percent of the nation’s 

patents for the 1836-1846 cohort to 66 percent for early 20th century inventors.  Their greater patent 

share has two sources:  many more of them received more than one patent, and those who did 

averaged more patents.  Consequently, as the patent index expresses, city dwellers received 4 times 

as many patents in the 1847-1865 period as their population share and two times as many among 

early 20th century inventors, while rural and small town inventors consistently had half of the 

patents per capita of the national average.       

The factors identified with innovation systems clearly interacted.  If technological 

occupations, networks, and cities each conferred advantages, then urban occupations should have 

patented more than their rural counterparts, and urban technological occupations should have 
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patented more than other urban inventors.  Within essentially each occupational grouping, urban 

inventors patented more than rural and small town inventors, often by substantial margins (see 

Table 6).18  Similarly, both urban network and non-network inventors patented more than their non-

urban counterparts.  In addition, inventors from both urban and rural technological occupations 

patented more than those from other occupations in their location, and networked occupations 

patented more than non-networked occupations inside and outside of cities.  The inventive effects of 

occupation, network status, and urban status reinforced each other, and that they did so in the same 

way in each period provides evidence of the continuity of innovation.19     

 
 

Table 6.  Average Patents by Urban Location, Occupation, Network, and Period 
 

 
1847-1865 1847-1865 1870-1891 1870-1891 1900-1911 1900-1911 

 
urban rural & town urban rural & town urban rural & town 

       Technological Occupations 5.42 3.50 5.17 4.73 4.92 3.89 
 Other Manufacturing 2.96 1.97 3.07 2.26 3.03 1.91 
 Agricultural 2.68 1.69 8.47 1.45 1.00 1.45 
 Service and Other 1.98 1.75 2.20 1.94 1.86 1.62 
Networked 4.24 2.48 4.67 2.93 4.71 2.57 
Non-networked 2.55 1.89 2.02 1.83 1.69 1.63 

 
 
 
By virtually every measure, innovation followed the same patterns after the Civil War than 

it had before.  Later inventors averaged about the same number of patents, had roughly the same 

occupational distribution, remained disproportionately concentrated among owners and managers of 

firms, remained networked with network inventors continuing to patent more, and were 

disproportionately urban.  And these factors reinforced one another throughout the period; urban 

18 The only exception was agriculture in the 1900-1911 period, where there were only two urban inventors, each 
with one patent.   
19 Network status and occupations were also mutually reinforcing; inventors from networked technological 
occupations averaged 40 percent more patents than inventors from non-networked technological occupations in the 
1847-1865 period and three times as many patents in the next two periods.  
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inventors patented more, and urban occupations and networked inventors patented more than their 

small town and rural counterparts.  Technology changed greatly, but it would appear that the more 

technology changed, the more its structures remained the same.  Perhaps, then, a persistent 

innovation system structured technological change even as technology, markets, and firm structure 

basically changed.   

 
The Discontinuity of Innovation 

 
 
Did nothing change in the basic organization of innovation, and the communication of 

knowledge on which it rested, from the 1840s through the 1920s?  An unchanging organization of 

invention seems dubious given the growth of national markets, managerial firms, industrial research 

and development, colleges, scientific and engineering societies, and publicly funded education and 

research.  And the innovation system did indeed evolve in ways that altered innovation through 

1929 and formed tendencies that would more basically change it afterwards.   

Specialization.  Over the period, inventors reduced the range of patenting and concentrated 

on certain types of patents.  Range and concentration were both determined in relation to the 35-

category classification of patents.  The breadth of patenting is the average number of categories for 

repeat inventors.  The depth of invention is the number of patents in the largest category issued to 

the repeat inventor (which is also the category used to determine network affiliations).  We chose 

inventors with more than one patent because inventors with only one patent have neither breadth 

nor depth (or alternatively both were one), and comparisons over time might simply reflect change 

share of those with one patent.  By both of these measures, the breadth of patenting fell from 2.5 

categories per inventor in the earliest period to 2.2 in the early 20th century.(see Table 7).20  More 

20 Repeat inventors from the 1836-1846 period are not included because their much lower average number 
of patents meant that they’re less likely have many patent categories, and so would tend to have lower 
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strikingly, the depth of patenting grew from 2.9 patents in the largest category before 1866 to 3.7 for 

inventors in the 20th century.  The concentration of patenting, which is the share of the patents in the 

biggest category, shows that repeat patentees increased the share of patents in their largest category 

from 57 percent before 1866 to 67 percent in the 20th century.  This specialization was true for all 

occupations.  Networked inventors were more concentrated in every period, but both they and other 

inventors increased their concentration over time.  Urban inventors increased their concentration a 

lot, though rural and small town inventors had little trend.  Hence inventive specialization was 

largely an urban phenomenon affecting inventors of all occupations and network affiliations.  It 

seems likely that this specialization reflected the specialization of firms occurring as they sold in 

national markets.  

 
 
Table 7.  Depth, Breadth, and Concentration of Patenting 
 

 
1847-1865 1870-1891 1900-1911 

    Breadth 2.54 2.33 2.16 
Depth 2.89 3.47 3.71 
Concentration 57.1% 64.5% 66.8% 
   Technol. Occup. 52.9% 63.3% 66.4% 
  Other Manuf & Crafts 58.0% 65.6% 68.6% 
  Agricultural 69.6% 66.3% 76.0% 
   Service & other 56.2% 61.4% 62.3% 
   Network 67.0% 65.7% 69.4% 
   Non-networked 50.1% 59.2% 57.7% 
   Urban 54.2% 62.8% 68.0% 
   Rural and town 61.6% 67.7% 63.7% 

 
 
 
Prolific Inventors.  Inventors with large numbers of patents increased their patent shares 

over time.  For the three periods after 1846, 99.8 percent of patentees had 50 or fewer patents.   

Inventors with over 50 patents did grow slightly, from 0.18 percent of inventors before 1865 to 0.23 

breadth and lower depth.   
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percent after (see Table 8).  More importantly, postbellum inventors patented more, so that prolific 

inventors increased their average patents from 65 to 85.  As a result, their share of patents grew 

from almost 5 percent to almost 8 percent.  They also changed their composition.  Technological 

occupations continued to dominate, but their share declined somewhat as other manufacturing 

occupations rose.  (The one outside technological and manufacturing occupations was a farmer 

early in his inventive career, but quickly turned to making sewing machines and then inventing as 

professions.)  Prolific inventors were disproportionately urban and networked, and became more so 

with time until in the early 20th century virtually all were.   Like typical inventors, prolific inventors 

came to concentrate on certain types of inventions.  They received 47 percent of their patents in 

their largest patent type before 1866, and this share rose to 75 percent for 20th century inventors.   

 
 
Table 8.  Prolific Inventors by Period 
 

 
1847-1865 1870-1891 1900-1911 

    Share of Inventors 0.18% 0.24% 0.23% 
Average Patents 64.79 85.04 85.41 
Share of Patents 4.95% 8.10% 7.73% 
Shares of Prolific Inventors 

       Technological Occup. 83.9% 61.5% 72.4% 
    Other Manuf and Crafts 16.3% 34.3% 27.6% 
    Other Occupations 0.0% 4.1% 0.0% 
    Networked 71.4% 100.0% 100.0% 
    Urban 74.2% 81.6% 95.9% 
Breadth 4.17 4.63 5.03 
Depth 12.83 35.57 46.47 
Concentration 46.8% 69.4% 74.8% 

    Assignment to Individuals 81.1% 88.9% 60.7% 
Assignment to any firm 48.9% 100.0% 100.0% 
Assignment to Own Firm 25.5% 74.2% 72.9% 
   Number of Firms 1.00 1.44 1.83 
Assignment to Other Firm 31.2% 69.5% 85.3% 
  Number of Firms 2.30 2.51 1.98 

 
Notes: Prolific inventors are those patentees with 50 or more patents.  Assignment refers to whether the patentee 
assigned any patents at the time of patenting and as such does not indicate the proportion of patents assigned.  
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Assignment to firms and national markets.  Scholars have established that over the century 

from the 1830s, inventors have increasingly assigned their patents at the time of patent issue to 

firms.  According to one study, the share of patents assigned to firms rose from 3 percent around in 

1870 and 1871 to 20 percent in 1910 and 1911 to 49 percent in 1928 and 1929.21  This suggests a 

closer pre-patent linkage to firms, consistent with rising network connections.  The growing 

assignment of national rights was accompanied by declining local assignment to particular counties 

and states and for particular uses.  This important trend must be treated with care.  It makes sense 

that national patent assignments superseded more local ones at a time when national product 

markets emerged.  But those who did not assign patents or who assigned to individuals, often called 

independent inventors, often used patents in their own firms, and so were not simply autonomous 

inventors using post-patent assignment to garner revenues.   

A second, discontinuous trend in patent assignment affected 20th century inventors, as 

Naomi Lamoreaux and Kenneth Sokoloff document. As assignments to firms increased, the number 

of distinct assignees for any inventor increased in the postbellum 19th century but then decreased in 

the 20th century.  Inventors in the new century were more linked to particular firms, and reduced 

their assignments to a wide range of firms.  They increasingly assigned to national firms linked to 

national capital markets or to their own firms.  These trends may have resulted from rising capital 

costs, access to capital markets, and the growing scientific knowledge needed to invent in some 

fields, often those with high capital costs.22 

Prolific inventors illustrate the issues, though of course their experience was atypical.  The 

big change was the doubling of the share who assigned any patents to firms from under half before 

21 Sokoloff, Lamoreaux, and  Sutthiphisal, “The Reorganization of Inventive Activity,” 244.  Nicholas reaches 
very similar conclusions, “The Role of Independent Invention,” 63.   
22 Lamoreaux and Sokoloff, “The Rise and Decline of the Independent Inventor,” 64-72.  
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1866 to every prolific inventor after the Civil War.  The share who assigned to firms they owned or 

managed tripled from one-quarter in the earliest period to three-quarters in the later periods.  Among 

those who did assign to their own firms, the earliest group assigned to a single firm, whereas the 

20th century cohort averaged 1.8 distinct firms, often start-ups to make and sell their invention.  

Similarly, the share assigning to other firms more than doubled from under one-third for early 

inventors to over two-thirds for inventors in the next two periods, and the number of distinct firms 

to which they assigned averaged two or more in each period, though—consistent with Lamoreaux 

and Sokoloff’s conclusions, it did fall in the 20th century. Indeed, the first period was even more 

distinctive, because three of the five prolific inventors who did assign patents to firms did so after 

1880.  Assigning to multiple firms came to be common behavior.23 

The upsurge in assignments to firms does not imply that earlier inventors without 

assignments to firms did not secure returns from their patents.  First, some assigned after they 

patented.  Assignments after patenting have been studied for half of the early prolific patentees, 

none of whom had assignments at the time of patenting through 1865.  By 1865, each of them 

assigned patents to others who could have used them, and one engineer had assigned eight patents.  

Second, several of them had firms that used their patents.  One such inventor, William C. Baker, 

presumably used his steam heater patents in his steam heater company before the Civil War, but did 

not assign patents to his firm at the time of patenting until 1886.  Hence nine of the ten prolific early 

inventors had at least the potential for their patents to be used by the end of the Civil War, and the 

tenth did not receive his first patent in 1862 and changed fields after the war.24  

At least for prolific inventors, it was common practice to use patents in their own firms, 

23 Naomi R. Lamoreaux and Kenneth L. Sokoloff.  “Inventors, Firms, and the Market for Technology in the Late 
Nineteenth and Early Twentieth Centuries.”  In Learning by Doing in Markets, Firms, and Countries,  ed. Naomi 
Lamoreaux, Daniel M. G. Raff, and Peter Temin.  Chicago, 1999), 19-57.   
24 These data come from research done for Structures of Change.  
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whether or not assigned at the time of patenting.  Many of these firms were short-term efforts, but 

some flourished for decades.  Many also assigned to other firms—and often many other firms—so 

that they were not tethered to their company.  Yet some inventors approached the image of a 

company inventor.  One was Justus Traut, who assigned dozens of patents to Stanley Rule and Level 

beginning in 1865, a company he came to manage.  Later inventors did the same, including Ezra 

Gilliland, who assigned dozens of electrical patents to American Bell and Western Electric.  After 

assigning to a start-up, Joseph Pope was a company inventor for United Shoe Machinery who 

assigned them 65 patents from 1901.  John Gammeter assigned B.F. Goodrich 159 patents from 

1900.  These examples exemplify the rise of a later pattern of company-organized invention, and 

raise the question of the role of large firms.   

Managerial Firms.  Alfred Chandler argued that managerial firms came to dominate much of 

the manufacturing and transportation sectors after 1880, and that they developed technologies to gain 

and maintain their dominance.  Once they gained domination, many formed R&D departments to 

preserve and extend their lead.   Because managerial firms ascended after the Civil War, they were 

more pertinent to later inventors.  We can begin to assess the importance of these firms by examining 

patents assigned to the largest 200 manufacturing firms in 1917, as identified by Chandler.  

Altogether, 34 patentees assigned 541 patents to managerial firms (see Table 9).  When weighted to 

reflect typical inventors, their share ascended over time, but only reached 1.1 percent of inventors 

among patentees sampled in the 20th century, and the share of patents assigned to managerial firms 

reached 3.4 percent.  They were clearly growing, but still made up a tiny share of patents.   Assignees 

to managerial firms concentrated more of their patents on these firms among the last two cohorts, 

when these inventors assigned one-half or more of their patents to managerial firms.   
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Table 9.   Assignment to Managerial firms 
 

 
1847-1865 1870-1891 1900-1911 

    Inventors 2 6 26 
Managerial Patents  2 123 416 
Share of Individual's Patents 4.53% 53.75% 50.86% 
Inventor Share 0.06% 0.52% 1.06% 
Managerial Patent Share 0.03% 1.01% 3.44% 

 
 
 

Such assignment among the last two cohorts was skewed by industry; those with the greatest 

concentration of managerial patents located principally in electrical machinery, rubber, and 

specialized shoemaking machinery, and pumps.  Most of these firms had multiple assignees in the 

sample.  General Electric led with seven, and Westinghouse and Western Electric each had three. 

Several machinery firms had more than one, including John Deere, United Shoe Machinery, and 

Worthington Pump.  Together with B.F. Goodrich and Niles-Bement-Pond, these firms received 

seven-eighths of the patents  assigned to managerial firms.  Some inventors in these industries 

assigned long lines of patents to managerial firms, and some were company employees.  But others 

interspersed patents to managerial firms with patents assigned to as many as eight other firms, 

including ones they formed. In other industries some inventors assigned only to managerial firms, 

but more of them assigned widely.25 

Research and Development.  Already by 1898, 112 R&D labs had formed in U.S. 

manufacturing, and the number rose to 1,325 by 1928, at which time they employed over 12,000 

workers, half of whom were scientists and engineers.  Yet employment in such labs remained highly 

exceptional among patentees in general.  About three-fifths of the 19 managerial firms to which 

surveyed inventors assigned patents had labs in 1921.  It is next to impossible to determine whether 

25 Managerial firms did grow in importance; studies of patents show that the top 200 firms rose to 8 percent of all 
patents by 1930 and that 20 percent of patents were assigned to firms with over $10 million in assets in 1928 and 
1929.  Nicholas, “The Role of Independent Invention,” 63.  Sokoloff, Lamoreaux, and  Sutthiphisal, “The 
Reorganization of Inventive Activity,” 244.   
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patentees in these firms were employed in formal R&D labs, but we can ascertain the share who 

patented when residing near the location the lab of the company to which they assigned at a time 

when the lab had been formed. Altogether one-third of those who assigned to managerial firms met 

this criterion, with about almost four-fifths of all patents assigned to managerial firms.  For these 

inventors sampled in the 20th century, their managerial patents made up 2.3 percent of all patents 

issued to this group.  Moreover, some of the inventors included as potentially R&D workers had 

other employment in firms with labs.  For example, one Schenectady GE assignee who qualified as 

a potential R&D worker in fact was a commercial traveler for the company.  Smaller firms also 

conducted organized research.  Another half-dozen inventors assigned 85 patents to companies with 

labs, half located at the site of the lab.  Even with these, early 20th century inventors associated 

R&D labs generated under three percent of all patents.  Yet “informal R&D”—the allocation of 

time and equipment to exploring problems without organizationally distinct labs—was more 

common, and had been throughout the period.26  

New Innovations and Old.  The capabilities needed to develop new sectors often varied 

greatly from those undertaking improvements in established sectors.  Hence it could be that 

occupations differ in their contribution to new sectors. In particular, inventors from technological 

occupations, which by their nature held knowledge applicable to multiple sectors, might have been 

the key inventors in ascending sectors, while other practitioners might have maintained innovation 

26 In one sense, the coming of R&D was more continuous than data on the growth in labs suggests.  Firm members 
had long allocated time and resources to invention before formal R&D labs had been formed, and many continued doing 
so alongside their colleagues in the lab.  Many early labs simply formalized earlier relations, such as American Can, 
which described part of its team to include “one-half time on 12 on cooperative work with packers of food products.”  
For some firms, the time commitment were even less than this; Baldwin Locomotive’s  R&D worker’s jobs consisted of 
“small part time of 10 on problems connected with the plant, “ surely something Baldwin was already doing.   It would 
be useful to know what rules of thumb firms used in allocating time of firm members to invention, but we know little 
about it.  National Research Council, “Research Laboratories in Industrial Establishments of the United States, 
including Consulting Research Laboratories,” Bulletin 16 (Washington, D.C., 1921), 5-6, 11 and passim; David C. 
Mowery and Nathan Rosenberg, Technology and the Pursuit of Economic Growth (Cambridge, Eng., 1989),61-65.  
On the financing of innovation, see   Sokoloff, Lamoreaux, and  Sutthiphisal, “The Reorganization of Inventive 
Activity.”   
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in established sectors.  This can be examined by comparing types of inventors in established and 

new sectors.  New sectors can be identified in terms of their growth rates.  Kuznets identifies sectors 

that multiplied at least six fold from 1880 through 1914.  Because our interest is longer term, we add 

sectors those that grew greatly from 1860 through 1880.  Some growth sectors could not easily be 

correlated with patenting concentrations, but others could.   Inventors were classified by their largest 

patent category.  The largest patent categories were classified into three groups.   Ascending 

science-based sectors included electrical, chemical, rubber, metallurgy, and petroleum and gas; they 

had high research intensity in 1921, and relied much on applied sciences long before then.  

Ascending machinery applications included railroads, automobiles and airplanes, machine tools, 

engines, and business machines; they relied on machinists and mechanical engineers for much 

innovation.  Established industries had significant penetration by 1860; however many of them 

experienced critical innovations occurred after the Civil War, so that the contrast with ascending 

industries masks the innovation common to these sectors.27   

Ascending sectors not only increased their share of manufacturing output over time, they 

also increased their patent share.  Ascending science-based and machinery sectors grew from 13 

percent of inventors in the first period to 28 percent in the last, and the share of their patents grew 

from 15 to 37 percent of all patents.  To this extent, as Jacob Schmookler would have predicted, 

patents moved where investment was greatest.  Much larger shares of inventors in ascending sectors 

came from technological occupations.  Whereas technological occupations made up about 20 

percent of inventors in established sectors from 1847 through 1929, they comprised a much larger 

share in ascending sectors.  The difference grew with time; early 20th century technological 

27 Kuznet’s data are taken from Chandler, Scale and Scope, 225-226.  The two ascending sectors together were 
substantially the same as the high tech 1 industries in Sokoloff, Lamoreaux, and  Sutthiphisal, “The Reorganization 
of Inventive Activity.”   
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occupations were twice as common in ascending machinery sectors than in established sectors and 

three times as common in science-based sectors. Technological occupations hence played a 

disproportional role in inventing in sectors that came to lead economic growth.   

 
 
Table 10.  Inventors in Ascending and Established Sectors 
 

 
1836-1846 1847-1865 1870-1891 1900-1911 

Shares of Inventors 
       Established 87.3% 83.4% 79.2% 72.3% 

   Selected Machinery 5.2% 8.4% 12.5% 18.3% 
   Science 7.5% 8.2% 8.3% 9.3% 
Shares of Patents 

       Established 85.2% 78.3% 73.6% 62.6% 
   Selected Machinery 7.1% 11.9% 15.3% 21.7% 
   Science 7.7% 9.8% 11.1% 15.7% 
Technological Occup. Share 

       Established 
 

20.4% 18.9% 18.5% 
   Selected Machinery 

 
56.6% 28.8% 35.2% 

   Science 
 

16.3% 31.0% 60.2% 
Average Patents 

       Established 1.37 2.21 2.30 2.17 
   Selected Machinery 1.93 3.35 3.04 2.97 
   Science 1.43 2.82 3.32 4.22 
Average Patents, Techn. Occ.  

       Established 
 

4.35 4.76 4.23 
   Selected Machinery 

 
4.89 7.00 4.46 

   Science 
 

6.67 4.32 5.84 
Breadth 

       Established 1.65 2.45 2.31 2.04 
   Selected Machinery 4.56 2.91 2.38 2.42 
   Science 2.75 2.86 2.43 2.46 
Depth 

       Established 1.88 2.77 3.32 3.19 
   Selected Machinery 5.12 3.05 3.41 4.39 
   Science 3.50 3.82 4.75 5.51 
Concentration 

       Established 
 

58.6% 64.1% 67.2% 
   Selected Machinery 

 
48.0% 63.6% 63.8% 

   Science 
 

58.1% 67.8% 69.3% 
 
 
Inventors averaged more patents in ascending sectors throughout the period, and the 

difference was at times great.  This difference had two sources.  First, technological occupations 
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were more highly represented, and they received more average patents.  Second, these occupations 

patented more in ascending sectors.  Inventive breadth and depth were both greater for inventors 

concentrating on ascending sectors, but the decline of inventive breadth—number of patent 

categories—and the growth of depth—patents in leading category—was true for all sectors, at least 

after 1846.  As a result, patent concentration—the share taken out in the leading category—grew for 

all sectors.  Inventive specialization, hence, occurred in all sectors, but technological occupations 

were particularly important for inventing in new and growing sectors.   

Composition of Technological Occupations.  Technological occupations have been grouped 

together, but they learned in quite different ways, and this learning affected their invention.  

Machinists were primarily taught on the job.  Engineers and other applied scientists increasingly 

learned in colleges prior to their job, though mechanical engineers—the loosest category of 

engineers—were at times indistinguishable from machinists, especially in the earliest cohort.  

Engineers also learned in engineering societies.  Inventive occupations learned off the job and on.  

Draftsmen learned in high school classes as well as at work or through mechanics’ institutes.  Thus 

shifting shares in technological occupations reflected differences in the source of knowledge.  And 

these shares changed dramatically.  The share of machinists among all technological occupations 

fell from 88 to 57 percent, and their share of patents fell from 76 to 46 percent (see Table 11).  By 

contrast, applied scientists increased their share of inventors from 5 to 33 percent, and their 

patenting share increased from 10 to 38 percent.  Inventive occupations remained smaller and 

relatively constant.  The ascent of engineers and other applied scientists raises the question of the 

changing role of extra-economic learning in innovation.   

Extra-economic Learning in Colleges.  Sampled inventors virtually all learned off the job in 

ways that affected their learning.  The vast majority attended primary school.  Many acquired 
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technological knowledge off the job through training in colleges, high schools, mechanics’ 

institutes, or systematic study, but the share of typical inventors who did so cannot be determined.  

However another set of inventors, major innovators documented in biographical dictionaries, sheds 

light on the issue.  Evidence for 1,123 US major innovators with technological advances from 1820 

through 1929 documents their education.  These included not only those listed as inventors, but 

those listed as engineers, metallurgists, and agricultural specialists.28  Their distribution did not 

mirror that of typical inventors; most (but far from all) patented more, were better educated, and 

concentrated more on leading-edge technologies.  Nonetheless, the trends in college education were 

so dramatic that they almost certainly had to be reflected to some extent among typical inventors.   

 
 
Table 11.  Composition of Technological Occupations by Period 
 

 
1847-1865 1870-1891 1900-1911 

Inventor Shares 
      Machinists 87.5% 55.8% 57.2% 

   Applied Science 4.6% 28.4% 33.3% 
   Inventive 7.9% 15.9% 9.5% 
Patent Shares 

      Machinists 75.6% 51.5% 46.3% 
   Applied Science 9.9% 28.8% 38.2% 
   Inventive 14.5% 19.7% 15.5% 

 
 
 
To examine trends, innovators were divided into cohorts born before 1831, from 1831 

through 1860, and after 1860, which roughly conforms to patents coming on line before 1865, from 

1866 through 1895, and after 1895 though of course innovators overlapped these periods.  College 

education increased from one-third of the earliest cohort to four-fifths of the last (see Table 12).  For 

28 A number of scholarly works have used biographical dictionaries to study characteristics of inventors, including 
Zorina Khan and Kenneth L. Sokoloff, “’Schemes of Practical Utility’:  Entrepreneurship and Innovation Among ‘Great 
Inventors’ in the United States, 1790-1865,” Journal of Economic History  53 (June 1993): 289-307; Lamoreaux and 
Sokoloff, “The Rise and Decline of the Independent Inventor;” and Thomson, Structures of Change. 
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the vast majority, their education concentrated on technological and scientific studies, and so 

informed later innovation.  The share with graduate degrees in a technological or scientific field 

grew from 1 percent for the first cohort to 34 percent for the last.29  Moreover the share of the 

college-educated who learned in government-supported colleges grew from 37 to 58 percent of 

inventors.  And the composition changed fundamentally; military institutes were predominant 

among the earliest cohort but land-grants and state universities dominated the last cohort.  Civilian 

government-financed colleges were themselves innovations of great impact after the Civil War, but 

not before, and thus a key source of discontinuity.  Interestingly, even as the U.S. caught up 

economically and emulated foreign curricula, the share of the college educated studying in foreign 

universities remained higher after the Civil War than before, although it declined a little in the 20th 

century, when U.S. public universities offered curricula competing with those of foreign 

universities.  Though the share of typical inventors who enjoyed this education was surely not the 

same, the same trend likely shaped their learning.  

 
Table 12.  College Education among Major Innovators 
 

 
All Early Middle Late 

     College  54.9% 33.3% 57.8% 80.0% 
Graduate Technical College 15.2% 1.0% 15.4% 34.2% 
Share of College Educated 

       US Gov't-Supported College  47.6% 36.7% 42.4% 58.5% 
         Military 13.6% 32.4% 11.8% 4.8% 
         Land-grant or State 35.1% 5.0% 31.0% 55.6% 
   US  Private College  53.4% 57.6% 55.5% 49.2% 
   Foreign College 21.9% 14.4% 25.8% 22.6% 
   Graduate Technical College 27.8% 2.9% 26.6% 42.7% 
   Graduate: Govt Supported 10.2% 0.0% 7.0% 19.0% 
   Graduate:  Private US 11.7% 0.7% 10.9% 18.5% 
   Graduate: Foreign 11.5% 2.2% 14.8% 13.7% 

29 U.S. colleges themselves changed fundamentally after the Civil War and in the early 20th century with the birth 
of the research university.  See Roger L. Geiger, To Advance Knowledge:  The Growth of American Research 
Universities, 1900-1940 (New York, 1986).   
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Source:  Ross Thomson, “The Government and Innovation in the United States:  Insights from Major 
Innovators” in Business and Economic History On-Line, Fall 2012, based on studies of 1123 biographies in 
Dictionary of American Biography and American National Biography.   
 
 
 
Learning after schooling.  Only exceptionally was learning in school sufficient to invent.  

The most common source of post-schooling learning was one’s occupation.  The linkage of 

occupational networks to the content of invention suggests that occupational learning shaped the 

content of invention.  Most typical inventors had private occupations, though not all; Cleland Davis, 

the long-time officer in the US Navy used occupational knowledge in his armaments and metallurgy 

patents.  Similarly five-sixths or more of major innovators learned in employment in the for-profit 

economy in ways that shaped their innovations (see Table 13).  Yet three-quarters learned from 

governmental occupations or contracting or from membership in professional associations, and a 

great many others informally studied the technical press in an ongoing manner.  Economic and 

extra-economic learning moved in opposite directions over time; the share of major innovators 

learning from private occupations declined modestly, while the share with extra-economic learning 

increased from 61 percent of the first cohort to 83 percent of the last.  Over time, an increasing share 

learned from both sources.  At least for major innovators, extra-economic sources played a strong 

role in learning that shaped their invention, and this role increased over time.   

Well over half of major innovators learned from government employment or contracting in 

ways that shaped their key invention, and the share increased from 49 percent of the first cohort to 

59 percent for the last.  Some did so through military occupations, though their share of major 

innovators  decreased from 14 percent for the first cohort to 5 percent for the last.  Many of these 

were in the Army Corps of Engineers or in the Navy.  Conversely, civilian government workers 

grew from 40 percent of all innovators in the first cohort to 55 percent in the last.  They were 
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employed by both the federal government, such as U.S. Department of Agriculture and Geological 

Society workers, and state and local governments, which undertook most civil engineering 

improvements and ran state agricultural experiment stations.30  Government contractors were less 

significant, but grew a bit over time.  

 
 
Table 13.  Learning Sources for Major Innovators 
 

 
All Early Middle Late 

 
    Learning in Economy 84.8% 87.5% 83.3% 82.9% 

Extra-economic Learning 73.3% 60.7% 78.8% 83.2% 
Both 58.1% 48.2% 62.1% 66.1% 
Government Learning 54.3% 49.2% 56.1% 59.0% 
    Military Occupation 10.5% 14.1% 10.6% 5.5% 
    Civilian Occupation 47.1% 39.8% 48.7% 54.8% 
    Contracting 16.1% 14.9% 13.9% 20.6% 
Professional Associations 46.1% 26.1% 55.8% 60.6% 
Any Foreign Learning 25.3% 22.5% 28.0% 25.5% 
With Patents 68.0% 64.7% 69.3% 71.0% 
     Average Patents 32.0 17.0 44.4 35.1 
With Patents in Innovation 65.5% 61.3% 66.5% 70.3% 
Technical Publications 50.2% 39.6% 55.1% 58.4% 

 
Source:  Dictionary of American Biography and American National Biography.   

 
 
 
Civil organizations were also sources of learning.  The share known to have been members 

in engineering, scientific, or agricultural organizations increased from 26 percent of the first cohort 

to 61 percent of the last, and the number surely was larger for each group.  Most of the earliest 

30 On their importance in these venues, see Alan L. Olmstead and Paul W. Rhode, Creating Abundance: Biological 
Innovation and American Agricultural Development (Cambridge, 2008); Louis Ferleger and William Lazonick, 
“The Managerial Revolution and the Developmental State:  The Case of U.S. Agriculture,” Business and Economic 
History, 22 (Winter 1993): 67-98; Paul A. David and Gavin Wright, “Increasing Returns and the Genesis of 
American Resource Abundance,” Industrial and Corporate Change 6 (March 1997): 203-245; Daniel Hovey 
Calhoun, The American Civil Engineer:  Origins and Conflict (Cambridge, Mass., 1960); Monte A. Calvert, The 
Mechanical Engineer in America:  1830-1910 (Baltimore, 1967); David F. Noble, America by Design:  Science, 
Technology, and the Rise of Corporate Capitalism (New York, 1977). 
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cohort participated in state and local agricultural, engineering, and mechanics’ organization.  Later 

innovators joined national organizations, such as the American Society of Civil Engineers, formed 

in 1852, the American Institute of Mining Engineers (1871), American Society of Mechanical 

Engineers (1880), the American Institute of Electrical Engineers (1884), and a variety of national 

agricultural organizations.  Though learning from these societies varied with involvement, members 

often attended meetings, presented and heard papers, published, and sat on technical committees.    

A consistent quarter of innovators also learned from abroad outside of foreign education.  

Many were trained abroad and emigrated to the US, while others toured foreign facilities or took 

foreign jobs.  That the share did not decrease at a time when the US was growing rapidly and 

approaching or taking world leadership in various fields points to the continued importance of 

diffusion, either because innovators trained abroad found markets for foreign inventions or sought 

US employment where they undertook their invention.   

About two-thirds of innovators patented, which is a surprisingly small share.  A great many 

innovations were not patented because they did not meet the standard for originality patenting or 

because the innovator elected not to do so.  The share of major innovators with patents in their 

major innovation is somewhat lower, through it increased from 61 percent of the first cohort to 70 

percent of the last.  Those who did patent were prolific, averaging 32 patents, and the number 

increased over time—much as it did for typical prolific inventors.  It is also notable that half had 

technical publications pertaining to their innovation, and the share increased markedly from 40 

percent of the first cohort to 58 percent of the last.  Two paths of innovation can be separated, one 

involving private learning and patenting, and a second government learning and greater publication.  

The contrast was especially strong for those with government jobs.  Among those without learning 

from government employment, 81percent patented in their innovation and 40 percent published.  
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Yet among learning from government occupations, 43 percent patented and 66 percent published.  

The importance of the second path suggests, among other things, that patents cannot be a sufficient 

measure of innovation.     

The paths varied by type of innovation.  Where governmental learning was highest—among 

construction and civil engineering innovators and among biological innovators—learning in the 

private economy was lowest (see Table 14).  These innovators relied least on patenting and were 

among the highest in technical publication.   Electricity and mining innovators had considerable 

extra-economic learning; this learning came in part from the government but more from 

professional associations, so that they too published widely.  At the opposite extreme, machinery 

had the least extra-economic learning, with the lowest level of government learning and little 

professional organization.  It also had the lowest level of college education.  Hence machinery 

inventors depended the most on learning in the economy.    

 
 
Table 14.   Learning and Output by Type of Innovation for Major Innovators  
 

 

Economic 
Learning 

Extra-
Economic 
Learning 

Governmental 
Learning 

College Patents in 
Innovation 

Technical 
Public'n 

 
    

  Construction 66.7% 96.4% 90.4% 68.7% 41.8% 56.2% 
Biological 71.3% 91.3% 60.0% 60.6% 10.6% 78.8% 
Transportation 91.9% 78.4% 56.8% 45.9% 84.6% 36.0% 
Instruments 90.0% 68.9% 46.7% 31.1% 91.1% 30.0% 
Power 98.0% 70.6% 45.1% 45.1% 98.0% 41.2% 
Mining 87.0% 88.9% 44.4% 72.2% 48.1% 63.0% 
Electrical 92.4% 93.3% 40.3% 70.6% 94.8% 68.9% 
Metallurgy 98.6% 84.3% 40.0% 68.6% 85.3% 52.9% 
Chemical 95.0% 68.3% 38.3% 56.7% 78.9% 45.0% 
Machinery 98.1% 44.0% 23.9% 24.5% 91.8% 18.9% 

 
 
 
Innovations, Patents, and Institutions.  Fundamental changes in the innovation system 

occurred across types of innovations.  To see the extent of the change, consider the first and last 
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cohorts only—those born before 1831 and after 1860.  Major changes in technological learning 

differentiated these cohorts.  Colleges ascended, some with graduate programs, and land-grant and 

state colleges had their first major impact on those educated after 1880, who had their biggest 

effects in the 20th century.  College education grew by a lot in every sector, and graduate education 

ascended even faster (see Table 15).  Public university education rose virtually across the board, and 

military colleges declined relative to land-grant and state universities in virtually all technology 

types.   

 
 
Table 15.  Major Innovators in the Earliest and Latest Cohort 

 

 
 Innovation Share College Educated Gov't Learning Patents in Innov. Publications  

 
Early Late Early Late Early Late Early Late Early Late 

           Construction 24.9% 16.8% 54.8% 94.2% 88.5% 96.2% 38.5% 42.3% 46.2% 61.5% 
Biological 18.9% 11.0% 38.0% 94.1% 38.0% 79.4% 12.7% 5.9% 74.7% 79.4% 
Transportation 7.7% 15.2% 18.8% 61.7% 50.0% 66.0% 53.1% 76.6% 25.0% 40.4% 
Instruments 9.4% 7.4% 25.6% 39.1% 56.4% 34.8% 61.5% 91.3% 35.9% 21.7% 
Power 5.3% 3.9% 27.3% 66.7% 27.3% 50.0% 100.0% 83.3% 22.7% 58.3% 
Mining 1.9% 3.9% 37.5% 83.3% 50.0% 33.3% 37.5% 50.0% 50.0% 50.0% 
Electricity 3.1% 23.2% 38.5% 88.9% 38.5% 48.6% 92.3% 88.9% 53.8% 70.8% 
Metallurgy 3.8% 6.1% 12.5% 100.0% 50.0% 42.1% 93.8% 89.5% 18.8% 73.7% 
Chemical 5.3% 7.7% 31.8% 91.7% 36.4% 41.7% 86.4% 62.5% 27.3% 54.2% 
Machinery 19.7% 4.8% 14.6% 40.0% 17.1% 26.7% 89.0% 73.3% 13.4% 46.7% 

 
 

 
Key government institutions arose about the same time, including USDA experiment 

stations and the U.S. Geological Survey.  Learning through government employment and 

contracting also grew, though more unevenly among technology types.  Government learning 

among biological innovators grew greatly with the formation of the USDA and the state experiment 

stations.  Construction innovators formed regular contacts with governments at every level.  

Learning from governments grew for most technology groups.  National engineering and 

associations became significant for the last cohort especially.  Professional associations grew in 
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virtually all sectors.  Extra-economic education supported innovation among major innovators, and 

the trend percolated down, probably on lesser extents, to typical inventors.  However, patenting 

contrasts persisted from earlier innovators to later ones:  patenting was low among biological, 

construction and civil engineering and mining sectors, and higher for others.  Publication grew 

widely, and those with little patenting published more often, with the exception of electrical and 

metallurgical sectors where professional associations were strong.  These changes in the social 

organization of innovation helped transform the content of innovation.  Transportation ascended, 

reflecting the growth of automobiles and airplanes, and electrical innovations skyrocketed.  Mining, 

metallurgy, and chemical innovations also grew. Each of these involved college education, 

government learning, and professional associations.   

The dramatic discontinuities among major innovators must have been more general.  We 

know that engineering graduates of colleges grew rapidly; in New York state, as Michael Edelstein 

has demonstrated, annual engineering degrees grew from about 80 in the 1870s (excluding the 

Military Academy) to 210 in the 1890s and 830 in the 1920s.  The biggest single source was the 

land-grant, Cornell, which issued over one-third of the state’s engineering degrees from 1890 

on.31 Civil engineers dominated initially, but by the 1920s, civil, mechanical and electrical 

engineers graduated in broadly similar numbers.  The major impacts of the land-grant colleges and 

the USDA and USGS occurred after 1880, when students, faculty, and agency staffs grew, which 

surely would have sped innovation, patented or not.  The growth of engineering societies from the 

same date would have had the same effect.   

Patent data allow more direct comparisons.   Typical inventors, of course, averaged many 

31 Michael Edelstein, “The Production of Engineers in New York Colleges and Universities, 1800-1950:  Some 
New Data,” in Human Capital and Institutions:  A Long Run View, edited by David Eltis, Frank D. Lewis, and 
Kenneth L. Sokoloff (New York, 2009), 179-217.  
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fewer patents than did major inventors.  Biographical dictionaries emphasize dramatic changes over 

simpler ones; we surely don’t find many stove, chimney, and woodworking inventors in the 

dictionaries.   But electrical, chemical, automobile, airplane, metallurgy and mining patenting grew 

among typical inventors and major innovators.  Among both groups average patenting was highest 

in electricity, chemicals, and transportation equipment, in part reflecting their greater proportion of 

technological occupations.  For both groups, average patents of inventors with 50 or more patents 

grew; among major inventors, these prolific inventors averaged 86 patents in the first cohort, 133 in 

the second, and 121 in the third (with more to come after 1929).  Both groups assigned more patents 

to firms over time.  Growing numbers assigned patents to managerial firms for both groups, though 

even among major inventors, a distinct minority did so, and many of these, such as Edison and 

Westinghouse, invented long before their firms became managerial.  Even smaller but growing 

numbers were involved in organized research, though the share was larger among major inventors.  

Those born abroad had modest increases for both groups; for typical inventors they comprised 14 

percent of inventors in the first two periods but rose to 19 percent in the 20th century.  Given these 

parallels, at least some trends for major inventors must have spilled over into the wider population.  

If so, the innovation system relied on basically different sources and modes of communication of 

knowledge in the 20th century than it had earlier.   

 
Continuity and Discontinuity 

 
 

Was the remarkable innovation that transformed the American economy from the Civil War 

through the 1920s essentially the outcome of an innovation system established before that war 

began?  To a remarkable extent the answer is yes.  As evidenced by samples exhibiting the behavior 

of typical patentees, inventors in the two decades before the Civil War averaged about as many 
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patents as they did in early in the 20th century, and the similar size distribution of patents contrasted 

with that of inventors in the first half of the century.  The pre-war composition of inventors by 

occupation, rank in companies, and network affiliation persisted throughout the period, and those 

with technological occupations, managerial roles, and network links invented more throughout the 

period than did other inventors.  Cities were centers of innovation before and after the war, and city 

location reinforced occupational and network status throughout the period.  Patent Office practices 

and related patent agencies and patent publication continued to supply incentives and structure 

communication.   

Yet along with these continuities, the innovation system was evolving.  Inventors 

increasingly specialized on certain types of patents.  Patent assignment to firms rose regularly, and 

though some of this simply codified usage the inventor’s firm had already been undertaking, other 

parts reflected the deepening of network connections and organized invention by more specialized 

firms.  Prolific inventors grew in numbers and importance, though they still were tiny.  Similarly, 

patents by managerial firms and by firms with organized R&D ascended but were still small in even 

the 1910-1911 cohort.  These tendencies would accelerate, foreshadowing the rise of corporate 

R&D in the 1930s and later.  But they did not dominate patenting throughout the long 1847-1929 

period.  

The innovation system changed, in some ways fundamentally, as it introduced new modes 

of generating and transmitting information that led to new useful techniques.  The growth of 

innovation-shaping knowledge acquired outside the economy transformed innovation as private and 

public sector colleges grew, professional associations formed and nationalized, and technologically-

sophisticated government employment expanded.  Many of these changes occurred after the Civil 

War, as public colleges educated large numbers of students, associations became more national, and 
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government learning occurred less through military than civilian links.  These changes, documented 

through major innovators, surely had much wider effects, though the extent of the spread remains to 

be shown.  Especially after 1880 these changes shaped innovations in science-based industries 

particularly strongly, but they also penetrated virtually every economic sector in ways that reshaped 

the content of invention.  The relatively late ascendance of R&D was underpinned by the 

ascendance of extra-economic and on-the-job applied scientific training outside the formal industrial 

lab, complemented by research outside the for-profit sector.  With these changes, the share of 

applied scientists among typical inventors grew markedly.  The tendencies toward a new innovation 

system were linked to ascending managerial firms and industrial R&D, but were tied as well to 

changes in information generation and transmission that were complexly and deeply embedded in 

the maturing antebellum system.   
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