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ABSTRACT

Healthcare in the United States experienced a remarkable transformation during 

the late 19th and early 20th centuries.  While this transformation is well documented in 

descriptive historical accounts there are few empirical studies investigating the 

mechanisms through which reform was disseminated or the affects of the reform on 

healthcare.  To this end, this dissertation examines four issues related to changes in the 

American healthcare industry during the early 1900’s.  

Chapter 2 examines changes in medical education.  This chapter provides a 

qualitative analysis of motivations behind the medical education reforms in America and 

an empirical analysis of the shakeout of medical schools that occurred from 1905 to 

1920.  Licensing laws and medical school reviews were found to have influenced exiting 

decisions of many medical schools.  Reform of medical education in America was 

followed by a disproportionate decline of physician supply in rural areas.  Along these 

lines, Chapter 3 provides a case study of the geographic distribution of physicians during 

the early 20th Century.  Data on individual physicians was compiled to analyze variation 

in physician counts across counties and to investigate out-migration of rural county 

physicians.  This analysis indicates physicians were drawn more and more to areas 

offering better financial opportunities, greater access to medical facilities, and more 

opportunity for professional contact.  

It is unclear to what extent patients initially benefited from the changes in 

medicine.  Chapters 4 and 5 focus on one aspect of this issue by examining the impact of 
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physicians on mortality rates.  Chapter 4 utilizes the individual physician data from 

Chapter 3 to assess whether variation in physician counts explain variation in infant and 

non-infant mortality rates across counties.  Estimates indicate that physicians were still 

unable to reduce mortality in the early 1920’s.  Chapter 5 focuses on the impact on 

maternal mortality resulting from the transition of childbirth during the first half of the 

20th Century from the home to the hospital setting.  Using hospital beds as a proxy for 

medical inputs, regression analysis revealed that the transition may have contributed to 

more maternal deaths until the introduction of sulfa drugs in the late 1930’s.   
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CHAPTER 1

THE TRANSFORMATION OF AMERICAN HEALTHCARE

Healthcare represents one of the largest industries in the United States.  In 2003, 

Americans consumed approximately $1.7 trillion, or 15% of the national Gross Domestic 

Product, of healthcare goods and services.  The relative size of this industry is likely to 

continue to expand as growth in this industry has outstripped GDP growth by 2% since 

1990 and 4% since 2000 (Center for Medicare and Medicaid Services 2005).  The baby 

boomer generation will provide additional impetus for continued expansion in this sector 

as the demand from this large demographic group for medical goods and services will 

increase as more reach retirement age.  

A primary beneficiary of the largess of healthcare expenditures has been 

physicians.  While the average real income of physicians declined in the late 1990’s 

(Reed and Ginsburg 2003), the profession remains well compensated.  In 1999, the 

average reported income for physicians was $187,000 (Reed and Ginsburg, 2003) and the 

median income for physicians was over four times higher than the national median

income (U.S. Census Bureau, 2005).  Obtaining such remuneration requires substantial 

human capital investment.  At minimum, physicians must obtain an undergraduate 

degree, a medical graduate degree, and complete a three-year residency.  Specialists 

generally require additional education and training.  
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Yet, healthcare has not always played such a prominent role in America and 

physicians have not always enjoyed their current elite economic status.  Through the late 

19th Century medicine had little curative benefits for patients.  Physicians were generally 

capable of “dressing minor injuries, sores, and ulcers, opening abscesses, extracting teeth, 

and occasionally setting fractures and reducing dislocations” (Shorter 1985, p. 46) and 

little else.  Physicians typically prescribed the same treatments for nearly all ailments.  

Lancets were used to bleed patients and drugs were administered to extricate other bodily 

fluids.  These treatments were often painful and ineffective.  Naturally, as Shorter (1985, 

p. 61) indicates, demand for healthcare services was relatively low, “medicine was held 

in such low esteem that traditional patients preferred to dose themselves or to seek out an 

‘alternative’ healer.”  Consequently, physicians were generally not well compensated and 

were often forced to supplement their income through other means.  Physicians were not 

regarded as professionals as they are today, but rather as lay tradesmen.  The physician’s 

status during this period was befitting given the minimal, often non-existent, training 

required to become a physician.  

What explains the paradigm shift of the role of medicine in America?  The 

answers lie in the remarkable transformation of healthcare that occurred in the United 

States in the late 19th and early 20th centuries.  During this period American medical 

education moved from a state of ill-repute to become the model system of medical 

education around the world.  Physicians evolved from practitioners of folklore medicine 

to respected advocates of scientific medicine.  Hospitals transformed from almshouses 

providing comfort and relief for the indigent to standard bearers of health care, 
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combining medical research, training, and care under one roof.  While the transformation

of healthcare is well documented in descriptive historical accounts there are few 

empirical studies investigating the mechanisms through which reform was disseminated 

or the affects of the reform on healthcare in America.  As such, there remains 

considerable opportunity in this area for additional research.  To this end, this dissertation 

examines four topics related to changes in the American healthcare industry during the 

early 1900’s.  

Chapter 2 examines the transformation of American medical education during the 

late 19th and early 20th centuries.  While historical accounts chronicle this period of 

change in medical education, they have not focused on underlying economic questions of 

interest.  Through a combination of qualitative and quantitative analysis, this chapter 

examines the economic factors motivating reform in medical education, why reforms 

were slow to develop prior to the close of the 19th Century, and how the reforms in 

medical education impacted the structure of the medical school industry.  

In general, the transformation of the American medical education system can be 

attributed to changing incentives.  Significant improvements in medical care resulting 

from scientific breakthroughs in the late 1800’s increased the demand for highly trained 

physicians.  Well-endowed medical schools responded by implementing rigorous 

science-based medical education programs.  The development of physician licensing 

legislation prompted the eventual widespread adoption of these reforms.  Through most 

of the 19th century the number of medical schools had been expanding, but there was a 
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significant shakeout during the early 1900s with large numbers of schools closing or 

merging into others.  

Panel data on medical schools was compiled to examine the extent to which 

reform in medical education contributed to the significant medical school consolidation 

that occurred from 1905 to 1920.  Reduced form estimates indicate that the decision to 

exit the industry was influenced by the stringency of state licensing laws and the AMA’s 

rating of the institution.  Contrary to the conjectures of nonquantitative historians, the 

Flexner Report of 1910, which provided summaries of the current conditions at each 

medical school in the United States, increased the probability of failure among medical 

schools.  

Following the changes in medical education there was a shift in the geographic 

distribution of the physicians.  Chapter 3 examines the disproportionate decrease in the 

number of physicians per capita in rural areas relative to urban areas that occurred in the 

United States during the early 20th Century.  This development was of some concern as it 

was believed that rural inhabitants would suffer from diminishing access to healthcare, a 

concern that remains to this day.  The existing literature has offered many potential 

explanations for the increased urbanization of physicians, but the hypotheses have not 

been rigorously tested with data on substantial numbers of physicians.  To perform 

quantitative examinations of the variation in physician supply across counties and the 

migration decisions of rural county physicians during the early 20th Century, data was 

compiled on approximately 100,000 physicians from selected states in 1909, 1914, 1918, 

and 1923, and was combined with county level census data.  
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Several factors were found to have contributed to the variation in physician counts 

across counties.  Predictably, population exerted the largest economic influence.  Larger 

county populations were associated with larger physician counts.  Furthermore, the more 

populated the county, the smaller the population change required to attract an additional 

physician.  As a result, rural areas suffered a disproportionate loss of physicians as the 

population became more urbanized during the early 1900’s.  In controlling for population 

and population growth, the analysis offers the opportunity to isolate the impact of other 

factors.  The empirical analysis supported assertions in the existing literature that 

physicians were drawn to areas offering better financial opportunities, greater access to 

medical facilities, and more opportunity for professional contact.  

Analysis of migration decisions made by individual physicians in rural areas

indicated that recent medical school graduates were more apt to move from a rural to an 

urban area.  With laboratories and hospitals not as prevalent in rural areas, recent 

graduates trained to rely on these facilities may not have been as comfortable practicing 

in rural communities as their contemporaries who had not been trained as extensively in 

these facilities.  The growing importance of the female population to a physician’s 

practice was also borne out in the results.  The greater the female share of the population 

the less likely a physician was to out-migrate to an urban area.  During this period, 

females were seeking physician care for a much wider range of afflictions than their 

ancestors.  Shorter (1985, p. 110) intimates that this can be largely attributed to changes 

in cultural norms regarding women and suffering.
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In Chapter 4, the data from the previous chapter was combined with morbidity 

and mortality data to assess the impact of variation in physician counts across counties on 

health outcomes.  This analysis was conducted to address whether rural inhabitants 

should have been concerned with an unequal distribution of physicians.  It is not entirely 

clear that any concern was warranted given the state of medicine at the time, at least to 

the extent that the communities were worried about preventing deaths.  Using physician 

counts as a determinant of infant and non-infant mortality rates, regression analysis 

supports the notion that the rural inhabitants may not have been any worse off than their 

urban contemporaries.  The results suggest that more physicians were associated with 

higher mortality rates.  At best they appear to have been unable to reduce mortality in this 

sample.  Simply, physicians had few drugs at their disposal that were capable of 

preventing or curing illnesses.  Physicians practicing “heroic” medicine may have 

actually increased mortality rates as these methods often weakened a patient’s ability to 

fight disease.  This is not to say that the rural population would not have been justified in 

raising concern over the urbanization of the physician supply as the analysis does not 

account for pain relief provided by doctors or concern that rural areas would not benefit 

from future advances in medicine.  Nonetheless, this analysis is useful in that it 

demonstrates that impact analysis should be conducted when assessing distributional 

issues.

Chapter 5 examines the motivations behind the transition from the home to the 

hospital as the primary setting for the delivery of medical care and analyzes the impact of 

this transition on maternal health outcomes.  The birthing process represents a prime 
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example of this change as only 5% of deliveries occurred in hospitals in 1900, but by 

1950 this had grown to 95%.  At first blush it might be assumed that the transition 

occurred because hospitals represented a safer environment than the home.  However, 

maternal mortality actually increased slightly until the introduction of anti-infective sulfa 

drugs in the late 1930’s.  There were other possible motivations for the increased 

utilization of hospitals.  For example, physicians may have encouraged hospital delivery 

as this setting afforded them an opportunity to consolidate their business and eliminate 

costly trips to individual homes to perform deliveries.  Additionally, women may have 

preferred hospital delivery for the anesthetics that this setting had to offer.  

This chapter provides insight on the motivations behind the shift from the home to 

the hospital through an empirical examination of the impact of increased hospitalization 

on maternal mortality during the period 1927 to 1940.  Estimates from regressions of 

maternal mortality on the number of hospital beds, socio-economic variables, and a time 

trend, imply that hospitals had a slight adverse impact on maternal mortality prior to the 

dissemination of sulfa drugs and a positive impact thereafter.  This is consistent with the 

notion that the probability of puerperal infection was higher in the hospital setting as a 

result of greater utilization of intervention methods during the birthing process.  It was 

not until 1937, when hospitals first obtained the ability to fight infections with sulfa 

drugs, that they were able to reduce maternal mortality.  These results indicate that safety 

was not a motivating factor in shifting the birthing process into the hospital setting.

Rather, the shift appears to have been driven by factors such as women's preferences for 

anesthesia and physician preferences for convenience and higher incomes.
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CHAPTER 2

THE EVOLUTION OF MODERN MEDICAL EDUCATION IN THE 

UNITED STATES:  INSTITUTIONAL CHANGES AND THE 

CONSOLIDATION OF MEDICAL SCHOOLS

2.1 Introduction

 “Somewhere between 1910 and 1912 a random patient with a random 
disease, consulting a doctor chosen at random, had, for the first time in 
the history of mankind, a better than fifty-fifty chance of profiting from the 
encounter.”
-Lawrence J. Henderson, Harvard Biochemist2

Medical education had a tarnished reputation across the United States throughout 

much of the 19th Century.  Competition among a surging supply of medical schools 

resulted in sustained efforts to increase enrollment at the expense of quality.  Those 

unable to succeed in other professions were welcomed with open arms by medical 

schools.  Entrance requirements were effectively non-existent and graduation 

requirements were hardly rigorous.  Illiteracy did not constitute a significant hindrance in 

efforts to obtain a medical diploma.  The results were predictable.  Medical care offered 

little if any curative effects.  As the quote from Lawrence Henderson suggests, few 

benefited from an encounter with a physician during this period and many endured 

additional suffering.  Where state licensing laws existed, they were rarely effective as 

punishments were minimal and agencies lacked the resources necessary for proper 

enforcement.  Essentially, anyone wishing to practice medicine could.  Medical degrees 
                                                
2 Cited in Rayack (1967, 25)
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were only a weak signal of quality as even highly trained physicians had little to offer 

patients.  The signaling power of medical degrees deteriorated throughout much of the 

19th century as medical school standards were relaxed and diplomas became easier to 

obtain.

Much has changed within the medical profession since the 19th Century.  Today’s 

physicians are highly skilled professionals with an enormous power to cure.  How did 

this medical transformation occur?  Scientific and technological breakthroughs were 

significant factors.  The development of new treatments enhanced physicians’ diagnostic 

capabilities and for the first time in history allowed them to effectively fight and conquer 

various illnesses.  Dissemination of the medical benefits derived from science and 

technology necessitated a complete restructuring of medical education.  These 

institutional changes began in earnest around 1870 and by 1920 the modern medical 

education system had been developed.  Over this period medical education went from a 

primarily proprietary endeavor characterized by cutthroat enrollment competition among 

medical schools to an industry funded through taxes and private benefactors.  Change 

typically occurred along a gradual path, as one or two institutions implemented a new 

policy and others followed slowly over time.  However, there were two significant shocks 

that may have hastened the adoption of many of these institutional changes.  The opening 

of Johns Hopkins Medical School in 1893 provided a model for medical schools to 

emulate (Ludmerer 1985, p. 48).  In 1910, Abraham Flexner published a report funded by 

the Carnegie Foundation that criticized the poor conditions of many of the medical 
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schools operating in America.3  Flexner’s report elicited public support for continued 

improvements in medical education.  

Existing literature on the changes in medical education consists primarily of 

historical accounts.  Little attention has been paid to the economics driving these 

changes.  What motivated medical schools to undertake change?  Why did these 

motivations not exist earlier?  What factors affected the restructuring of the medical 

school industry?  In 1905, many of America’s medical schools were continuing to 

maintain low quality facilities and program standards.  Over the next 15 years these 

institutions were displaced by medical schools that would elevate the United States to the 

leader in medical education around the world.  Following a period of substantial growth, 

medical schools experienced unprecedented consolidation from 1905 to 1920.  The 

number of medical schools operating in the United States decreased from 159 to 85 over 

this period.

This chapter provides discussions of the development of medical education in the 

19th century and offers a quantitative assessment of factors driving the remarkable 

consolidation of medical schools between 1905 and 1930.  For this purpose, institutional 

level data on medical schools was compiled for the period covering 1905 to 1920.  A 

hazard rate framework was utilized to obtain reduced form estimates of factors identified 

to have potentially influenced the exit decisions of medical schools.  Results from Cox 

proportional hazard estimation suggest that exiting decisions of medical schools were

strongly influenced by unfavorable reviews from the AMA and from Abraham Flexner in 

                                                
3 The report is commonly referred to as the “Flexner Report”.
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his nationally publicized Flexner Report.  State licensing laws and type of ownership 

were also found to be important determinants of consolidation.  

After describing the landscape of American medical education prior to 1870, 

Section 2.3 is devoted to discussing reforms in medical education that were developed 

during the late 1800’s. Section 2.4 presents a brief discussion of relevant literature on 

industry exiting behavior and develops a simple model of the exit decision faced by 

medical schools.  The final three sections contain a layout of the econometric 

specification, a discussion of the estimation results, and some concluding remarks.  

2.2  Medical Education in the United States Before 1870

During the colonial period those interested in becoming a physician faced few 

obstacles.  Apprenticeships offered the easiest path towards a practice.  Typically three to 

seven years in duration, an apprenticeship offered the student an opportunity to learn their 

trade in return for providing free labor (Norwood 1971, p. 32; Kaufman 1980, p. 7; and 

Rothstein 1987, p. 25).  Actual medical training received during these years varied widely 

as some mentors actively engaged trainees in their practices while others primarily used 

their pupils to complete laborious tasks and offered little exposure to medical practice.  

During this era only prospective physicians from wealthy families could afford the formal 

medical education offered in European medical schools.  In general, even well trained 

physicians had little to offer as diagnostic capabilities were primitive and treatments 

typically involved bleeding and drugs that induced vomiting and diarrhea, techniques 

which were rarely effective. (Rothstein 1987, p.16; and Norwood 1971, p. 22).  
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By the late 18th Century a growing number of physicians in America who were 

trained in Europe believed that many practicing physicians across the country were 

inadequately trained.  To remedy this problem they sought to elevate the standards of 

medical education in America up to the levels found abroad (Norwood 1971, p. 7).  

Along these lines, in 1765, John Morgan founded the Medical School at the College of 

Philadelphia, the first medical school in America (Kaufman 1976, p. 20; Kaufman 1980, 

p. 8).  By 1800, similarly organized medical schools had been opened at King’s College 

in New York, Harvard in Massachusetts, and Dartmouth in New Hampshire.  

These initial medical schools were affiliated with established colleges or 

universities, but these relationships were in name only as the medical schools remained 

financially independent.  Medical professors did not receive salaries; rather remuneration 

occurred only if fees collected exceeded the cost of securing and operating facilities.  

Given the absence of effective licensing laws, training beyond the apprenticeship 

probably did not substantially improve the prospects for physicians, particularly those in 

rural areas who faced little competition.  Additionally, tuition and more importantly 

forgone earnings were a steep price to pay.  Given these circumstances, demand for 

medical school training was not sufficient to support high tuition fees; consequently 

earnings accrued to professors were generally small.4  Despite the lack of potential direct 

financial gains, opening a medical school was still an attractive proposition.  Professors 

stood to reap social accolades for their dedication to the greater cause of raising medical 

                                                
4 Rothstein (1987, p. 30) and Norwood (1971, p. 389) discuss how earnings extracted by professors were 
not large.  It was not uncommon for professors to actually work for free and provide additional financial 
support to help ensure the college’s continued existence.



24

care standards as well as for holding a prestigious position within academia (Norwood 

1971, p. 381).  Universities and colleges were also motivated to support the formation of 

medical schools.  The loose affiliations they granted to medical schools increased the 

array of programs they could claim to offer and helped boost their reputation as a leader 

in academia (Rothstein 1972, p. 88).

Beginning in the 1810’s medical schools began to take on a new form.  Private 

physicians began collaborating to form “proprietary” medical schools.5  While similarly 

structured in that faculty were not salaried, these institutions differed from their 

predecessors in that they were not affiliated with an existing university or college.  This 

disconnect from the rest of higher education gave these schools a decidedly more 

business like flavor.  Proprietary medical schools were established primarily for the 

benefit of their founders rather than as efforts to elevate medical care.  More physicians 

had begun to see the potential for increased earnings associated with becoming a 

professor.  In contrast to serving as mentors teaching to one or two students at a time as 

they did under the apprentice system, physicians serving as professors were exposed to a 

much larger cross-section of students.  Consequently, a professor’s private practice was 

likely to receive more patient referrals.  Additionally, the prestige accorded to professors 

within many communities served as advertising for their private practices.  Communities 

typically encouraged the development of a local medical school as they believed it would 

bring recognition and respect to their community (Kaufman 1976, p. 40; and Rothstein 

1987, pp.48-49).  The potential financial and social gains associated with becoming a 

                                                
5 Proprietary schools were defined as “owned and operated by the faculty, and dependent for income upon 
student fees” (Ludmerer 1985, p. 80).  They were not affiliated with public universities.
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professor provided strong incentives for the masses of physicians who struggled for 

economic survival and social influence (Rosen 1983, 3). 6  

The first medical schools initially established rigorous degree requirements.  

Students were required to complete coursework, fulfill an approved apprenticeship, pass 

a comprehensive oral examination, and exhibit a basic knowledge of the liberal arts, 

particularly Latin and mathematics for a bachelor’s degree (Kaufman 1976, p. 26).  This 

degree, several years of practical experience, and a dissertation were requisites for a 

doctorate.  These initial programs represented the pinnacle of quality in medical 

education over the next 100 years.  By 1800, the rigorous standards had been abandoned 

in favor of less taxing requirements.7  Degradation in the quality of medical education 

continued throughout much of the 19th Century.  As the supply of medical schools 

increased (see Figure 5.1), intense enrollment competition ensued.  Schools engaged in 

price and non-price competition in order to increase the size of operations and benefit 

from economies of scale.8  Tuition and graduation fees were reduced and program 

standards deteriorated as entrance requirements, program durations, and graduation 

requirements were reduced.9  

Why were rigorous standards incompatible with sustaining sufficient enrollments 

in medical schools?  Costs, particularly the implicit cost of forgone earnings, associated 

with higher standards simply outweighed the benefits.  There was value in a medical 

                                                
6 Kaufman (1976, pp. 40-41), Kaufman (1980, p. 10), and Ludmerer (1985, p. 15) provide more discussion 
on the incentives driving the creation of proprietary medical schools.
7 Kaufman (1976, p. 39) notes “the M.D. degree required less work than previously had been required for 
the M.B. degree.”
8 Rothstein (1972, p. 95) discusses the economies of scale associated with medical schools.  
9 Refer to Kaufman (1976,  p. 46), Kaufman (1980, p. 12), Ludmerer (1985, pp. 11-12), and Rothstein 
(1987, p. 53) for a more detailed explanation of the declining standards.
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school diploma.  As Rothstein (1987, p. 30) notes “the degree impressed patients more 

than the preceptor’s certificate given after apprenticeship training because the medical 

school was widely known, while a preceptor was known only in one community.”  

However, greater rigor in medical education did not generally provide the physician with 

superior skills for treating patients.  Even highly trained physicians had little to offer in 

terms of tangible health benefits.  The existing body of available medical knowledge was 

not based in science and centered on treatments possessing little therapeutic value.  Most 

physicians adhered to the “heroic” method of medicine promoted in academia which 

involved aggressive application of the same set of treatments, primarily bleeding, 

blistering, diuretics, and narcotics, on all patients.10,11  These practices were generally 

painful for patients, offered minimal therapeutic affects, and were potentially harmful.12  

An increased awareness or more thorough understanding of this body of knowledge did 

not translate into an ability to provide superior medical care.13  In general, healthcare 

consumers were unwilling to pay a premium for the services of a highly educated 

physician when these services were fairly comparable to those offered by a physician 

possessing less arduous academic training.  Consequently, there was little demand for 

medical schools with rigorous standards.

                                                
10 See Rothstein (1972, p. 41), Kaufman (1976, p. 57-58), Rosen (1983, p. 8), and Rothstein (1987, pp. 40-
41), for greater discussion of “heroic” medicine and its impacts.
11 Physicians practiced heroic medicine as a means for illustrating their worth to their patients.  Rothstein 
notes that physicians  “rapidly developed a vigorous therapy which demonstrated to the patient and his 
friends that the physician was earning his fee not by idle looking on, but by actively attacking the source of 
the patient’s troubles” (Rothstein 1972, p. 44).
12 Kaufman notes that “Heroic medicine undoubtedly contributed to the high mortality rate” (1976, p. 62).  
Rothstein offers similar sentiments when discussing how heroic medicine “led to a dreary and often fatal 
routine” (1972, p. 127).  
13 As Rothstein notes “well-educated physicians were unable to offer their patients therapies superior to 
those of the empirics” (Rothstein 1972, 35-36).  Empirics are defined as those lacking any formal medical 
education.
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2.3  Medical Education Reform

As competition drove down the price of medical school, the number of medical 

school graduates increased dramatically.14  This increasing supply of physicians placed 

downward pressure on patient fees (Rothstein 1987, pp.41-42).  Additional competition 

surfaced with the establishment of sectarian physician groups.  Development of these 

“irregulars” started with the Thomsonians in New England during the early 1800’s.15  

Similarly related sects, notably homeopathy and eclecticism, soon followed.16  In general, 

these alternative physicians used much more benign methods of medical care than the 

heroic medicine practiced by “regular” physicians.17  During the mid 1800’s the public 

became increasingly disenchanted with heroic medicine, prompting many patients to seek 

care from “irregular” practitioners (Rothstein 1972, p. 128).  Reduced demand from 

defections to alternative methods further depressed the price of services offered by 

mainstream physicians.  By the Civil War the majority of physicians was struggling to 

make a living and had little social or political influence (Stevens 1970, pp. 30-33; and 

Kaufman 1976, pp. 118-119).

In 1847, physicians formed the American Medical Association (AMA) as a 

concerted effort to reverse the downward spiral of the medical profession.  Many 

physicians attributed their deteriorating lot in life to an abundance of inadequately trained 

                                                
14 According to Rothstein (1972, p. 98) there were 343 medical school graduates in the first decade of the 
19th Century and over 17,000 during the 1850’s.
15 The label “irregular” encompasses physicians in all of the non-mainstream sects of medical care.  This 
includes Thomsonians, Eclectics, Homeopaths, and Physio-medicals among others.
16 Refer to Kaufman (1976, pp. 66-70) for more discussion on the various alternative physicians sects.
17 Refer to Rothstein (1972, ch. 7,8, and 11) for detailed discussion on sectarian, or “irregular”, medicine.
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practitioners.  Well trained physicians believed these “quacks” were flooding the market 

and forcing down prices while simultaneously decreasing patient demand due to their 

incompetence.  To remedy this problem the AMA lobbied medical schools to adopt 

stricter standards (Kaufman 1976, pp. 89-90).  The AMA believed this would increase the 

cost of medical school and thereby reduce the number of people entering the field.  Their 

efforts were unsuccessful.  There remained little incentive to pursue a rigorous education 

as physicians could not expect to reap additional rewards for their efforts.  With medical 

schools still relying extensively on student fees they could not afford to institute stricter 

standards and risk losing students to competitors with lower standards.  

Reform of medical education in the United States began in earnest with the 

actions of Harvard President Charles Eliot.  A visionary in higher education, Eliot 

implemented significant changes to the Harvard Medical School in 1871 despite internal 

opposition.18  One of his first moves was to restructure the relationship between the 

University and the medical school.  Eliot ended the existing loose affiliation whereby the 

medical school and university were essentially connected in name only by assuming 

direct control of the medical school.  As part of this process, medical school professors 

were placed on salary and the medical school was incorporated into the University’s 

budget.  Harvard Medical School was no longer a proprietary medical school.  As 

Kaufman notes, this removed the incentive to cater to “students’ demands for quick and 

easy degrees” (Kaufman 1976, p. 130).  Eliot also introduced radical changes to the 

                                                
18 Harvard professor Henry Bigelow represented Eliot’s most ardent opposition.  His argument against 
instituting written examinations provides an excellent summation of the standards of medical education at 
that time: “more than half of them (students) can barely write.  Of course, they can’t pass written 
examinations.” (Kaufman 1976, p. 130)



29

medical school program.  The program term of two years was extended to three years 

with each academic year to last nine months, more than doubling the previous term 

length of four months.  Other notable modifications included requirements that courses 

be graded and that students pass written and oral examinations in every department prior 

to graduation (Ludmerer 1985, p. 50).  Student enrollment at Harvard Medical School 

initially declined with the implementation of these reforms, but the program was 

experiencing growth again within a couple of years (Ludmerer 1985, p. 52).  A handful of 

other prestigious universities followed suit with similar modifications to their medical 

schools’.19  However, the viability of such a transformation depended on the availability 

of alternative funding.  While well endowed schools such as Harvard and the University 

of Pennsylvania had the funding necessary to offset declines in student fee revenues, the 

majority of medical schools could not afford to institute changes and risk even temporary 

enrollment reductions.  Consequently, as the 20th Century approached, there developed 

heterogeneity in the quality of education among medical schools across the United States.  

Why were Eliot and others able to achieve reform where other efforts had failed?  

What separated their efforts from earlier attempts was that in return for exacting a higher 

cost of education they could offer a tangible carrot.  By the mid 1800’s scientific 

advances were beginning to yield benefits in medicine.  Surgery was the first area of 

medicine to experience significant gains.  The discovery in the 1840’s of the use of ether 

and chloroform as effective anesthetics significantly reduced the pain associated with 

surgery.  Advances in bacteriology opened the door for a greater understanding of the 

                                                
19 By 1880 there were 10 medical schools requiring a third year of instruction (Rothstein 1987, p. 104).
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pathology of disease and infection.  Accordingly, methods were developed to help 

prevent the occurrence and spread of disease during surgery.  Reductions in the pain and 

health risks associated with surgery significantly diminished the implicit costs of surgery.  

The resulting outward shift in surgery demand and corresponding rise in price served to 

increase the potential return on medical human capital investment.20  Acquiring this new 

medical knowledge necessitated an increased grounding in the sciences as well as greater 

hands-on laboratory experience.  Eliot and others sought to create a system in which the 

growing body of medical knowledge could be more thoroughly conveyed to the 

students21.  Their ability to successfully implement higher standards can be largely 

attributed to the fact that physicians possessing the ability to perform surgery utilizing 

modern advances could now extract a premium over their less educated competitors.  

The ability of science to engender changes in medical education was initially 

limited in scope as scientific innovation was slow in developing improvements outside of 

surgery.22  Throughout much of the latter 19th Century the therapeutic abilities of highly 

educated physicians remained largely indistinguishable from the abilities of less educated 

physicians.  Unlike surgeons, general practitioners had little incentive to attend the more 

rigorous medical schools as they were unable to extract a premium for services.  For this 

                                                
20 Rothstein (1972, p. 258) argues that the development of surgery as a specialization during the late 1800’s 
indicates substantial demand growth.  Evidence from Massachusetts General Hospital shows that the 
number of surgeries per year increased from 98 in 1847 to 3700 in 1898.  Rothstein (p. 288) also implies 
that the return on investment in medical human capital was increasing during this period.
21 Ludmerer (1985, pp. 64-66) discusses the extent of the changes in the body of medical science 
knowledge as well as the method of learning which promoted continued learning beyond medical school.
22 Science brought about improvements in diagnosis and a better understanding of the behavior of disease 
during the later 1800’s (Rothstein 1972, p. 261).  Ludmerer (1985, p. 77) provides an extensive list of the 
diseases for which an origin was uncovered during the late 1800’s.  These findings did have public health 
implications as Kaufman notes “the importance of preventative medicine was apparent”  However, their 
impact on therapeutics was not really felt until the introduction of the diphtheria antitoxin around 1900.
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reason, demand for medical schools offering cheap and easily obtainable medical degrees 

flourished into the 20th Century and proprietary medical schools continued to proliferate.  

The next major development in medical education was the utilization of hospitals 

for clinical teaching.  Apprenticeship requirements had been largely abandoned during 

the mid 1800’s in order to reduce the cost of obtaining a medical degree.  Consequently, 

students lacked opportunities to gain clinical experience during the course of their 

medical education.  Medical schools began using hospitals to provide this experience, 

taking students on rounds to observe treatments.  The opening of Johns Hopkins Medical 

School in 1893 may be viewed as the beginning of a more formal arrangement between 

medical schools and hospitals.  While not the first school to own a teaching hospital, 

Hopkins was a leading innovator in teaching in hospitals, using the hospital as the 

classroom for third and fourth year students.  Students actively participated in the care of 

patients and met daily with professors to discuss their work (Ludmerer 1985, p. 60).  

Johns Hopkins Medical School also became the beacon for other reforms.  Their 

program represented an amalgamation of recent innovations:  admission required an 

undergraduate degree, class sizes were small, students were constantly evaluated, a four-

year curriculum was established, clinical teaching occurred in hospitals, laboratories were 

utilized for the sciences, and full-time faculty appointments were made to ensure faculty 

focused on teaching and research rather than on an outside practice.  Johns Hopkins 

Medical School was not the first institution to introduce many of these innovations; 

rather, they were the first to combine these innovations into one program.  Kenneth 
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Ludmerer (1985, p. 58) argues that “Johns Hopkins Medical School became the country’s 

first modern medical school.”  

While standards in medical education were gradually changing during the latter 

part of the 1800’s, entry in this sector accelerated.  As illustrated in Figure 2.1, there were 

approximately 150 medical schools founded from 1870 to 1900 compared to the 100 

schools founded over the previous one hundred years.  Over this same period the number 

of operating medical schools more than doubled from 75 to 160.  However, beginning 

around 1905 the momentum reversed and massive consolidation in medical education 

commenced.  Within 15 years the number of medical schools had diminished to 85.  It is 

generally believed that this phenomenon can be attributed to the widespread 

dissemination of improvements in medical education standards.  However, there remains 

an unanswered question surrounding this consolidation.  Why were schools once able to 

forsake reforms no longer able to do so?  The following sections develop and estimate an 

empirical framework in order to identify factors that influenced consolidation of the 

medical school sector.  Estimates will provide insight into the pressures that forced 

schools to choose between adopting stricter standards and shutting down.

2.4  Modeling the Consolidation of Medical Schools

Exiting behavior has received limited attention in the literature.  In many 

industries exiting behavior conforms to expectations and therefore leaves little to 

investigate.  According to economic theory, a profit maximizing firm will exit an industry 
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when their expected economic profits23 are negative.  Inefficient firms are more likely to 

encounter the exiting criteria given their higher cost structures.  The small number of 

empirical examinations on industry exits generally confirm these predictions.24  However, 

there are cases in which examining exiting behavior can be of interest.  For example, 

Pietola, Vare, and Lansink (2003) investigate exiting behavior in agriculture to evaluate 

the impact of Finland’s early retirement programs for farmers.  They found changes in 

these programs affect the timing of retirement and the choice at retirement between 

closing the farm or transferring ownership.  These insights are useful in evaluating and 

developing public policy designed to influence the stock of farmers in their country.  

Deily, McKay, and Dorner (2000) provided another interesting case study.  In 

their investigation of hospital closures their measure of inefficiency was found to be a 

good predictor of exit activity among for-profit and not-for-profit hospitals but not among 

government hospitals.  They conclude that type of ownership may be an important 

determinant in the exiting decision.  Bates and Santerre (2000) obtained a similar result in 

their study of private college exits in the United States from 1960 to 1994.  This industry 

was also characterized by a significant presence of not-for-profit firms.  Consistent with 

                                                
23 Economic profits are calculated using implicit costs, such as foregone earnings, and explicit costs.  
Accounting profits only consider explicit costs.  A negative economic profit indicates that resources would 
earn a higher return in their next best alternative use.  Therefore, expected economic profit is the relevant 
measure to use when examining exiting decisions in an industry.
24 Deily et al (2000) note that “empirical work on exit supports” the prediction that inefficient firms have a 
higher probability of exit.  The authors cite studies conducted by Baden-Fuller (1989), Deily (1991), 
Liberman (1990), and Schary (1991).  Theoretical work by Ghemawat and Nalebuff (1985) uncovered 
conditions whereby an equilibrium exists in which large firms leave an industry first.  Reynolds found a 
similar outcome could occur in a multi-plant setting provided firms differ in the number of plants and cost 
differences are minimal.  Whinston (1988) found that in general Ghemawat and Nalebuff’s result could not 
be extended into the multi-plant setting and that exiting behavior was difficult to predict without intimate 
knowledge of the industry.  Baden-Fuller (1989) found a small amount of empirical evidence in support of 
Ghemawat and Nalebuff’s view.
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theoretical predictions for profit maximizing firms, estimation revealed that increases in 

tuition and size of the potential student pool reduced the probability of exit while

increases in faculty salaries had the opposite effect.  In addition to these revenue and cost 

proxies, a non-pecuniary factor was also found to impact the probability of exit.  Holding 

everything else constant, colleges with a religious affiliation were less likely to exit.  

Given these results, consolidation of medical schools in the United States during 

the early 20th century represents another setting in which an examination of exits may be 

of interest.  This industry was characterized by a mix of for-profit and not-for-profit 

schools and experienced considerable exiting activity from 1905 to 1920.  Analyzing the 

consolidation of medical schools offers an opportunity to uncover additional insight into 

the factors impacting exiting decisions in a market characterized by different types of 

ownership.

Economic theory implies that the exit decision for a profit-maximizing firm is 

based on a comparison of expected revenues and expected costs.  Profit maximizing firms 

will continue if expected economic profits are greater than zero and exit otherwise.  Not-

for-profit firms are likely to be driven by considerations other than profitability and 

therefore relative to profit maximizing firms they may, as Deily et. al. note, “tolerate 

lower rates of return before exiting” (2000, p. 36).  The model must be adjusted to 

account for the presence of not-for-profit firms in the market.  A simple general model 

would be to specify the individual firm’s objective function as a function of economic 

profit and the firm’s mission statement:25

                                                
25 Similar conventions were utilized by Deily et al (2000) and Bates and Santerre (2000).
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Let πjt represent firm j’s expected economic profit at time

Let mjt represent firm j’s mission statement at time t

H(πjt, mjt) = expected objective function for firm j at time t 

L(mjt)= minimum acceptable expected value for firm j at time t

Exit if H(πjt, mjt) < L(mjt)

For a profit-maximizing firm, H(πjt, mjt) reduces to the expected economic profit 

function πjt, and L(mjt) is equal to zero.  Consistent with economic theory, a profit-

maximizing firm would choose to exit if their expected economic profits were less than 

zero.  However, this framework also allows for the possibility that firms pursuing an 

objective other than profit-maximization may choose to remain open with negative 

expected economic profits.  

2.5  Potential Determinants of Medical School Consolidation

Based on annual reports published in the Journal of the American Medical 

Association, panel data was compiled on medical schools in the United States from 1905 

to 1920.  Exiting decisions were likely to have been dependent upon factors influencing 

expected revenues, expected costs, or the threshold value at which firms exit.  The 

remainder of this section is devoted to a discussion of several potential factors.

Student enrollment and tuition may have influenced the exit decision through 

their impacts on revenues, costs, and profit thresholds.  Holding tuition constant, larger 

enrollments translated into greater student fee revenues which may have increased a 
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school’s probability of remaining open.  Holding enrollment constant, higher tuition 

charges would have a similar effect.  During this time period there was increasing 

pressure for medical schools to purchase and maintain large modern laboratories and 

provide opportunities for clinical experience in hospitals.  Schools with higher student fee 

revenues were potentially better situated to finance these increases in capital investment.  

Another benefit of a large enrollment was cost savings.  The total cost of production for a 

medical school varied little with size of enrollment, as rent and the value of the 

professor’s time constituted the majority of the school’s total cost.26  Therefore, the larger 

the class size the lower was the average cost and the higher the probability of turning a 

profit and remaining open.  Size of enrollment potentially influenced  the threshold 

values as well.  High enrollment entitled professors to expand their sphere of influence.  

Given this non-pecuniary benefit, professors may have been more willing to cover losses 

out of their own pockets to ensure the continued survival of the medical school (Norwood 

1971, pp. 389-390).  These potential impacts suggest a positive predicted impact of 

student enrollment and tuition on the probability of remaining open.  

Reputation was likely to have played a role in exit decisions.  As state 

governments began tightening licensing laws, prospective students were likely to 

consider a school’s ability to provide an education that would adequately prepare them to 

satisfy licensing requirements.  Less reputable schools faced a greater risk of future 

enrollment declines and reduced profitability.  The number of weeks in each school’s 

                                                
26 It is possible that economies of scale for medical schools were non-linear.  For example, costs per student 
may have decreased until enrollment equaled classroom capacity, at which point increased enrollment 
required additional investments in facilities and labor and therefore an increase in average costs.  
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academic year was included as a proxy for quality of schooling as longer terms provided 

greater opportunity to gain additional human capital.27  

Another potential proxy for reputation was the assessment of American medical 

schools conducted by the AMA.  The first such assessment was performed in 1907 by the 

AMA’s Council of Medical Education.  Every medical school was graded across ten 

categories on a 100 point scale and then assigned a letter grade of A, B, or C based on the 

cumulative score.  The AMA’s scoring system focused on the quality of education as 

measured by performance of students on board exams and the rigor of the curriculum.  

Considerable weight was also placed on the school’s quantity and quality of laboratory, 

clinical, and hospital facilities.  These assessments were repeated several times from 1907 

to 1920.  According to AMA standards, schools receiving less than an A grade were in 

need of reform, with complete reorganization the only answer for schools with a C grade.  

Given these definitions, schools obtaining higher grades faced brighter prospects and 

therefore were less likely to exit.  Indicator variables were incorporated into the analysis 

as controls for the potential explanatory power associated with the AMA grades.  

Beginning in the 1870’s and continuing throughout the early 20th Century, states 

began adopting physician licensing legislation.  While these laws were relatively uniform 

across states there was variation across states regarding the timing of adoption (Baker 

1984).  Prior to formal licensing legislation the primary function of a medical school was 

the conferring of medical degrees.  The quality of education attained was of little 

importance compared to the medical degree itself.  As licensing criteria tightened, the 

                                                
27 Results from state board examinations would likely have been a strong signal of reputation.  However, 
this data was not available for all schools in all years and therefore could not be included in the model.  
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situation reversed.  A medical school’s appeal to future students became dependent on 

their ability to adequately prepare graduates to satisfy licensing requirements.  

Institutions failing to adapt their programs to accommodate stricter licensing standards 

risked lower enrollments.  This implies that incentives to implement reforms were higher 

in states with more restrictive legislation.  Given the high cost of reforms, expected 

profits were likely to be lower for medical schools located in states with more restrictive 

licensing legislation in place.  Ceteris paribus, medical schools in more restrictive states 

had a higher probability of exit.  Based on Baker’s (1984) study on physician licensure 

laws, five types of laws were identified to have been adopted by states at different times 

across the country during this period.  For each type of law a dummy variable was 

created to indicate whether that type of law existed in a given state during a given year.

The Flexner Report, which was published and distributed across the United States 

in 1910,  served as an indictment of many medical schools operating in America at the 

time.  Seeking an assessment of medical education in America that would be perceived as 

impartial, the AMA asked the Carnegie Foundation for the Advancement of Teaching to 

assess the conditions of medical education in the United States.  The foundation agreed 

and in 1908 they commissioned Abraham Flexner to conduct the study.  During 1909, 

Flexner visited every medical school in the United States.  Flexner included in his report 

individual summaries of the conditions present at each school based on these visits.  

These précis’s were unfavorable for many schools.  He was particularly harsh in his 

criticism of proprietary institutions, blaming them for suppressing the quality of medical 

education across America.  Overall, Flexner concluded that only thirty one medical 
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schools were necessary to provide the United States with a sufficient supply of physicians 

(1910, pp. 143-155).  

The extent to which the Flexner Report influenced the exiting decisions of 

medical schools remains an open question.  It is conceivable that the report caused 

irreparable damage to the reputation of many schools and doomed them to subsequent 

failure.  However, many believe the Flexner Report merely provided an explanation for 

the existing trend of consolidation in the medical school industry and had no impact on 

exit decisions.  According to this argument medical schools closing after the publication 

of the Flexner Report would have closed even in the absence of the report.  Table 2.1

provides support for this argument as there does not appear to have been any significant 

increase in exiting activity after the publication of the Flexner Report.  

To date there remains scant empirical evidence regarding the impact of this report 

on medical school consolidation.  A literature search revealed just one quantitative study 

of the relationship between the Flexner Report and medical school consolidation.  Hiatt 

and Stockton (2003) performed an internet search to find information pertaining to the 

exit decisions of medical schools after 1910.  They found that 12 schools directly or 

indirectly attributed their exit decision to the Flexner Report.  The authors note that while 

their study indicates that the Flexner Report influenced exit decisions, it only represents a 

preliminary investigation and they encourage a more rigorous study involving a 

“multivariate analysis to take into account the varying effects of various factors” to be 

undertaken.  It is to this end that I have included an indicator variable to account for 

schools receiving an unfavorable review in the Flexner Report.  
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The information on medical schools contained in the Flexner Report was very 

similar to the information used by the AMA in grading each medical school in 1907.  

However, the AMA grade indicator variables and the Flexner indicator variable identify 

separate effects.  The grade dummy variables should capture variation in exit decisions 

due to variation in the condition of medical schools.  However, since the AMA’s ratings 

were not initially released to the public, it was the Flexner Report that first exposed these 

conditions to the nation.  This public exposure may have tarnished the reputation of the 

medical schools receiving Flexner’s disdain.  As a result, it may have hastened the 

demise of some medical schools and prompted the shutdown of others that would have 

otherwise survived.  The Flexner indicator variable has been included to control for this 

potential impact.  

Several variables have been identified as potential proxies for differences in 

mission statements.  First, a dummy variable was created to identify proprietary medical 

schools.  These schools were solely dependent on tuition charges.  Operating expenses 

were paid out of these fees and the remainder, if any, was split among the faculty.  

Proprietary schools had fewer options for funding operating deficits relative to medical 

schools that were an “organic” part of an existing university.  Consequently, they were 

likely to have a higher minimum acceptable value for their objective function than non-

proprietary institutions.  Sectarian affiliation also had the potential to impact the exit 

threshold.  Philosophical differences relative to allopathic or mainstream medical schools 

may have induced professors in sectarian schools to fund budget deficits in order to 

continue to promote their method of medicine.  Holding everything else constant, 
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sectarian schools may have been less likely to exit.  Lastly, a dummy variable was 

created to denote schools that were designated as all black or all female.  These schools, 

similar to sectarian institutions, may have been focused on an objective other than profit 

and therefore could have had lower minimum accepted values.  

2.6  Event History Analysis Specification

This study can be characterized as an event history analysis of medical school 

failure with time-varying covariates.  The objective of this type of analysis is to 

determine the impact of covariates on the hazard rate.28  Event history analysis with time-

varying covariates can be estimated using a proportional hazard specification.  According 

to this estimation strategy the hazard function is specified as the product of a baseline 

hazard function and a function of the covariates.  Since hazard rates cannot be negative 

the function of the covariates must be nonnegative.  Exponentiation of the covariates is a 

commonly used functional form satisfying this constraint.  The baseline hazard function 

may vary across time but must be constant across all observations.  

Parametric estimation of the proportional hazard model requires the researcher to 

make a distributional assumption for the baseline hazard.  For example, an Exponential 

distribution is typically assumed when the hazard rate is believed to be constant over time 

and the Weibull distribution is the common choice for hazard rates that are known to 

increase or decrease exponentially over time.  If the researcher has strong priors 

regarding the shape of the hazard over time then it may be appropriate to make a 

                                                
28 Allison (1984, p.23) describes the continuous-time hazard to be the “unobserved rate of at which events 
occur”.
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distributional assumption.  However, if it is unknown how the hazard rate varies over 

time it would be preferable to utilize an estimation technique that does not require a 

restrictive distributional assumption.  Cox proportional hazard regression provides such 

an alternative.  The Cox estimation method is a semi-parametric approach that can be 

used to estimate the impact of covariates on the hazard rate without requiring an 

assumption as to the shape of the baseline hazard.  Given the lack of information 

regarding the expected shape of the hazard function for medical school closure, the Cox 

proportional hazard framework provides an appropriate estimation technique.  The 

econometric model can be represented by the following equation:  

h(t) = h0(t) * exp(Zjβ + Xkθ + αYk)

where h(t) is the hazard rate of medical school failure at time t and h0(t), or baseline 

hazard, is the hazard rate of medical school failure at time t when all covariates are equal 

to zero.  School specific regressors are contained in Zjt and indicator variables for state 

licensing laws are included Xk.  State income per capita, represented by Yk, was included 

to account for variation in the ability of states to support medical education.  

2.7  Estimation

There were 1,943 school-year observations of which 24 contained missing values 

for the tuition or weeks in academic year variables.  Descriptive statistics with and 

without these 24 observations are provided in Table 2.2.  This table shows that seven of 

the 24 observations with incomplete data were from schools that chose to exit.  This 

represents approximately seven percent of the total number of exits.  Considering the 
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non-trivial share of total exits associated with these observations, excluding them from 

the regression analysis may result in a significant loss of information.  Estimates from the 

specification incorporating both the tuition and weeks in academic year variables are 

shown in Column I of Table 2.3.  The p-values associated with these variables indicate 

that they did not have a statistically significant impact on the hazard of medical school 

closure.  Furthermore, these variables were not found to be jointly significant based on 

the results of a likelihood ratio test. Consequently, the tuition and weeks in academic 

year variables were excluded from the final specification allowing for all observations to 

be included in the analysis.  

After removing these variables from the model new estimates were obtained and 

are presented in Column II of Table 2.3.  The p-values associated with enrollment, 

sectarian affiliation, minority affiliation, exam regulation, four year term regulation, and 

internship regulation suggest that these variables did not have an impact on medical 

school closures.  Based on these results and a likelihood ratio test of joint significance the 

six variables were excluded from the final analysis.  

Estimates based on the preferred specification are shown in Table 2.4.  A primary 

assumption of proportional hazard estimation is that hazard ratios are constant over time.  

In other words, the impact of the covariates cannot vary over time.  Statistical tests 

confirmed the validity of this assumption for the preferred specification.29  Several 

interaction terms were also tested to determine if the impact of Flexner’s rating or the 
                                                
29 Grambsch and Therneau (1994) developed tests of the proportional hazards assumption using scaled and 
unscaled  Schoenfeld residuals.  Essentially, this process involves testing the null hypothesis of non-zero 
slope coefficients in linear regressions of the residuals on time.  Failing to reject the null confirms that the 
proportional hazards assumption is valid.  These tests are implemented in STATA 7.0 (2001) under the 
stphtest command.
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AMA’s rating varied across different strata within the sample.  The only such term found 

to be statistically significant, and therefore included in the preferred specification, was 

the interaction between Flexner’s rating and the number of years a school had been in 

business.  

Based on the model’s functional form, the estimated coefficients are interpreted as 

the impact of a one unit change in the covariate on the log of the hazard ratio.  A more 

straightforward interpretation can be obtained by taking the exponential of the estimated 

coefficients.  The exponential of the estimated coefficient represents the impact on the 

hazard rate, not the log of the hazard rate, resulting from a one unit change in the 

covariate.  Holding everything else constant, an exponentiated coefficient can be 

interpreted as the ratio of the hazard rates for two different values of the covariate.  This 

is known as the hazard ratio.  For ease of interpretation, Table 2.4 lists the hazard ratios 

and associated p-values obtained from estimation of the preferred specification.  

The hazard ratio associated with the flexner variable reveals that an unfavorable 

review from Abraham Flexner increased the risk of failure among medical schools.  

Ceteris paribus medical schools were approximately 3.5 times more likely to close if they 

received unfavorable comments in the Flexner Report.  This is consistent with the 

conjecture that unfavorable comments from Flexner influenced the exiting decisions of 

medical schools.  The impact of Flexner’s comments did vary across schools based on 

how long the school had been in business.  Based on the hazard ratio obtained for the 

interaction of the flexner and years in business variables, the hazard rate of closure for 

schools disparaged by Flexner reduced 1.66% (100% - 98.34%) for every year in 
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business.  For example, suppose two medical schools received unfavorable comments 

from Flexner and were identical in every dimension with the exception that one school 

had been in business 5 years longer than the other.  The school with a longer history 

would have been approximately 10% less likely to close than the school with the shorter 

history.  This suggests that the more established medical schools were better situated to 

cope with a poor review.  While it is not clear why older schools were less likely to 

succumb to failure in the face of an unfavorable review, it is possible that older schools 

had a larger and more established pool of benefactors whom they could call upon for 

financial support to help them weather reduced enrollments and improve on the areas 

Flexner identified as deficient.  

Similar to unfavorable comments from Flexner, low grades from the AMA 

increased the hazard of closure.  Medical schools receiving a “B” grade from the AMA 

were 1.85 times more likely to exit at any point in time than schools receiving an “A” 

grade.  Schools with a “C” grade had a 3.5 times greater risk of closure when compared 

to “A” schools and were 1.9 times more likely to fail when compared to “B” schools.  

The combined effect of a poor review from both Flexner and the AMA is illustrated by 

the graphs in Figure 2.2 of the estimated survival functions.  Medical schools receiving 

unfavorable comments from Flexner and a “C” grade from the AMA had about an 84% 

chance of surviving 10 years during this period compared to a 97% probability of 

survival over this duration for schools that were not disparaged by Flexner and received 

an “A” grade from the AMA.  Overall, the results obtained for the Flexner and AMA 
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grade indicator variables provide strong evidence that public awareness of the conditions 

at medical schools had a substantial impact on medical school closure decisions.

Of the variables designed to control for variation in mission statements, only the 

proprietary ownership indicator was included in the final specification.  According to the 

estimated hazard ratio for this variable, proprietary medical schools experienced higher 

probabilities of exit as expected.  Specifically, these institutions were 3.7 times more 

likely to exit at any point in time than their counterparts.  

The three state level control variables included in the final analysis were all found 

to be statistically significant.  Based on the hazard ratio associated with income a one 

standard deviation increase in income per capita would have resulted in a 26% decrease 

in the hazard.  This result is consistent with the conjecture that schools located in 

wealthier states had greater access to funding for capital investments necessary to remain 

competitive in a medical education industry that was becoming increasingly reliant on 

expensive laboratory and clinical facilities.  The two variables controlling for the degree 

of state government involvement in the licensing of physicians both indicated that 

schools located in states with more stringent licensing laws faced a higher hazard of 

failure.  At the extreme, medical schools located in states with both regulations were 7.4 

times more likely to fail than schools located in states with neither regulation.  

2.8  Conclusion

This chapter provides two significant contributions.  First, the chapter addresses a 

topic that has been underrepresented in the existing literature.  While numerous scholars 
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have documented changes in the delivery of medical education from the late 18th Century 

to the early 20th Century, identification of the underlying incentives responsible for these 

changes has been largely ignored.  Prior to the Civil War, available medical knowledge 

had little to offer patients in terms of beneficial treatments.  As a result, there was little 

incentive for the public to push for rigorous standards of education.  After the initial 

medical schools opened, many established physicians began viewing them as an 

opportunity to supplement their income.  Throughout the 19th century the medical school 

industry experienced considerable entry activity which resulted in significant 

competition.  Standards were reduced in order to decrease time costs and maintain high 

enrollment levels.  Initial efforts to stimulate reform met with little success as the 

incentive to change was not sufficient.  After the Civil War, improvements in available 

medical treatments evolved from scientific advances.  As quantifiable differences in the 

quality of physician care began surfacing, the value of a more rigorous education also 

began to rise.  Support for reform increased as asymmetric information problems 

developed.  Over the next fifty years higher standards were adopted throughout the 

industry and by 1920 the modern system of medical education had been born.  

In addition to providing a qualitative economic analysis of the development of 

modern medical education, this chapter presents an interesting case study in exiting 

behavior by conducting an empirical investigation of the remarkable consolidation that 

occurred in the medical school industry from 1905 to 1920.  Results obtained from Cox 

proportional hazard estimation, indicate that school reputation, as measured by separate 

assessments conducted by Abraham Flexner and the AMA and made available to the 
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public, had a strong impact on the hazard of medical school failure during this period.  

The impact attributed to unfavorable comments in the Flexner Report is of particular 

historical significance as it suggests that this report stimulated medical school closures.  

While some historians contend that the Flexner Report was a catalyst in medical 

education reform, others have argued that the impact of the report is often overstated 

because the report simply reiterated information that had previously been uncovered.  

Based on the findings in this chapter, it appears that by exposing this information to a 

national audience the Flexner Report may have stimulated public outrage.  While medical 

schools with a longer tenure appear to have been better situated to weather the storm of a 

bad report, many institutions that otherwise may have been able to adapt to changes in the 

delivery of medical education may not have been able to survive the blow to their 

reputation provided by this report. The results imply that the public revelation of 

conditions within medical schools influenced consolidation beyond the impact 

attributable to the conditions alone.  

Medical school consolidation also appears to have been strongly influenced by 

type of ownership and state licensing laws.  Medical schools designed primarily to 

benefit the faculty were more likely to close during this period.  These medical schools 

were not affiliated with a university and therefore had fewer avenues to pursue financing 

for construction of the new modern laboratories and clinical training facilities necessary 

to keep up with the competition.  State regulations also appear to have played a role in the 

consolidation as the increasing presence of state mandated physician licensing 

requirements had a strong impact on the probability of medical school failure.  
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The quantitative analysis performed in this chapter provides some general insight 

on the factors driving medical school consolidation during the first two decades of the 

20th Century.  Prior to the 20th Century, numerous medical schools were able to maintain 

low standards and succeed.  The public was unaware of the deficiencies in medical 

schools and there was little oversight by licensing boards as to the quality of education a 

physician received.  As the AMA and Abraham Flexner increased public awareness and 

state legislatures became more involved in the licensing of physicians, medical schools 

faced pressure to continually improve their standards.  Medical schools located in 

wealthier states or affiliated with universities appear to have been better situated to obtain 

the financing necessary to implement quality improvements.  Schools unable to 

implement the upgrades necessary to remain competitive had little choice but to exit the 

industry.  As a result of these forces, by 1920, medical education in America had been 

transformed into a rigorous academic institution that fostered the continuing development 

of the connection between medicine and scientific advance. 
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FIGURE 2.1.  Number of  Medical Schools Opened

0

50

100

150

200

250

300

1800 1810 1820 1830 1840 1850 1860 1870 1880 1890 1900

Total Number of Medical Schools Opened Medical Schools Opened in the Previous Decade

Source:  Data are from the “Life Chart of the Medical Colleges of the United States” 
in the Journal of the American Medical Association, 61(1913) pp. 578-581.
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FIGURE 2.2.  Estimated Survival Functions
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TABLE 2.1.  Medical Schools and Merger and Closure Activity

Year
Medical
Schools

Exits 
Through 
Merger

Exits
Through
Closure

Total
Exits Entrants

1850 52

1860 65

1870 75

1880 100

1890 133

1900 160

1905 159 7 1 8 5

1906 156 1 1 2 5

1907 159 5 4 9 6

1908 156 6 3 9 1

1909 148 4 8 12 3

1910 139 5 7 12 0

1911 127 5 2 7 1

1912 121 0 6 6 1

1913 116 9 4 13 2

1914 105 2 3 5 1

1915 101 4 2 6 1

1916 96 1 2 3 2

1917 95 0 3 3 2

1918 94 0 8 8 0

1919 86 0 1 1 0

1920 85 0 1 1 0

TOTALS 49 56 105 30

Source:  Sample data set described in the text.
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TABLE 2.2.  Descriptive Statistics

(All observations)

Variable M ean M in M ax St. Dev. Count

Exit 0.0540 0.00 1.00 0.2262 105

Enrollment 151.4838 3.00 706.00 132.5952

Years in Business 38.2923 1.00 156.00 30.8528

Ow nership Type 0.5193 0.00 1.00 0.4998 1009

Sectarian Affiliation 0.1606 0.00 1.00 0.3672 312

M inority Institution 0.0612 0.00 1.00 0.2398 119

Flexner (unfavorable comments) 0.2625 0.00 1.00 0.4401 510

No AM A grade 0.1637 0.00 1.00 0.3701 318

"A" Grade from AM A 0.5142 0.00 1.00 0.4999 999

"B" Grade from AM A 0.1662 0.00 1.00 0.3724 323

"C" Grade from AM A 0.1559 0.00 1.00 0.3629 303

Income Per Capita 514.4545 188.00 908.00 183.5963

Board Regulation 0.8580 0.00 1.00 0.3492 1667

Exam Regulation 0.9465 0.00 1.00 0.2251 1839

Four Year Term Regulation 0.5353 0.00 1.00 0.4989 1040

Prior College Education Regulation 0.2465 0.00 1.00 0.4311 479

Internship Regulation 0.0247 0.00 1.00 0.1553 48

(1,918 observations containing no m issing values)

Variable M ean M in M ax St. Dev. Count

Exit 0.0511 0.00 1.00 0.2202 98

Enrollment 152.1584 3.00 706.00 133.0104

Tuition 124.8510 0.00 351.50 49.2492

W eeks in Academic Year 32.5941 22.00 40.00 2.6061

Years in Business 38.6910 1.00 156.00 30.8272

Ow nership Type 0.5143 0.00 1.00 0.4999 987

Sectarian Affiliation 0.1579 0.00 1.00 0.3647 303

M inority Institution 0.0620 0.00 1.00 0.2412 119

Flexner (unfavorable comments) 0.2647 0.00 1.00 0.4413 508

No AM A grade 0.1621 0.00 1.00 0.3686 999

"A" Grade from AM A 0.5206 0.00 1.00 0.4997 322

"B" Grade from AM A 0.1678 0.00 1.00 0.3738 287

"C" Grade from AM A 0.1496 0.00 1.00 0.3567 311

Income Per Capita 514.9897 188.00 908.00 183.8985

Board Regulation 0.8583 0.00 1.00 0.3489 1647

Exam Regulation 0.9463 0.00 1.00 0.2254 1816

Four Year Term Regulation 0.5326 0.00 1.00 0.4991 1022

Prior College Education Regulation 0.2496 0.00 1.00 0.4329 479

Internship Regulation 0.0250 0.00 1.00 0.1562 48

Source:  Sample data set described in the text.
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TABLE 2.3.  Cox Proportional Hazard Estimation - Preliminary Specifications

Dependent Variable:  Hazard rate of medical school closure

Specification I II

Estimated Estimated
Variable Hazard Ratio p-value Hazard Ratio p-value

Enrollment 0.9985 0.254 0.9983 0.174

Tuition 1.0010 0.819

Weeks in Academic Year 0.9882 0.812

Years in Business 0.9908 0.119 0.9908 0.108

Sectarian Affiliation 0.8349 0.515 0.7243 0.220

Minority Affiliation 0.9147 0.853 0.8028 0.634

Ownership Type 3.7611 * 0.000 3.8124 * 0.000

Flexner (unfavorable comments) 2.4746 ** 0.032 2.1743 *** 0.052

No AMA Grade 6.7973 *** 0.100 2.7498 0.191

"B" Grade from AMA 1.8586 *** 0.084 1.9543 *** 0.056

"C" Grade from AMA 3.3841 * 0.001 3.4779 * 0.001

Income Per Capita 0.9986 0.113 0.9985 ** 0.018

Board Regulation 3.8009 ** 0.013 3.5001 * 0.009

Exam Regulation 1.2398 0.737 0.9687 0.954

Four Year Term Regulation 0.9424 0.798 0.8824 0.572

Prior College Education Regulation 2.2526 ** 0.025 2.0289 ** 0.045

Internship Regulation 0.4571 0.452 0.4840 0.484

# of observations 1,919 1,943

*     1% Level of Significance
**   5% Level of Significance
*** 10% Level of Significance



55

TABLE 2.4.  Cox Proportional Hazard Estimation - Preferred Specification

Dependent Variable:  Hazard rate of medical school closure

Estimated
Variable Hazard Ratio p-value

Years in Business 0.9956 0.423

Proprietary Ownership 3.7733 ** 0.018

Flexner (unfavorable comments) 3.5211 * 0.000

Years in Business * Flexner 0.9834 ** 0.018

No Grade from the AMA 2.7140 0.312

"B" Grade from the AMA 1.8499 *** 0.062

"C" Grade from the AMA 3.5056 * 0.000

Income Per Capita 0.9984 * 0.002

Board Regulation 3.3505 * 0.003

Prior College Education Regulation 2.2013 * 0.007

# of observations 1,943
*     1% Level of Significance
**   5% Level of Significance
*** 10% Level of Significance
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CHAPTER 3

PHYSICIAN SUPPLY INEQUALITY IN THE UNITED STATES 

DURING THE EARLY 20TH CENTURY

3.1  Introduction

The changes in American medical education described in the previous chapter had 

a significant impact on the number of medical doctors in the United States.  While tuition 

costs remained relatively stagnant, even declining in real terms, the implicit costs of 

medical education skyrocketed as medical schools increased the rigor of their programs.  

The increasing cost of medical education generated a decline in total enrollment and 

number of graduates.  After peaking at 28,142 in 1904, medical school enrollment 

steadily declined for the next fifteen years reaching a low of 13,052 in 1919.  Enrollment 

slowly increased over the next decade but by 1930 had only climbed back to the levels 

achieved in 1910.  The number of graduates followed a similar path.1  Medical schools 

continued to produce enough physicians to replace exiting physicians.  In absolute terms 

the number of physicians in the United States continued to increase over this period.2  

However, relative to the total population the number of physicians decreased.  According 

to statistics reported in Mayers and Harrison (1924, p. 168), the population to physician 

ratio rose from 670 to 759 from 1906 to 1923.  The changes in medical education had left 

                                                
1 Council on Medical Education (1923 and 1930)
2 Rothstein (1987, p. 120)
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the medical school industry incapable of producing a sufficient number of physicians to 

offset the growth in total population.

From a contemporary perspective it might seem somewhat alarming to learn that 

people had access to fewer physicians.  However, this trend was not particularly 

distressing at the time.  Indeed, it was an intended consequence of many of the medical 

education reforms.  A common perception among those seeking reforms was that there

existed a surplus of physicians.  The proponents of medical education reform believed 

that fewer physicians possessing superior knowledge could better provide for the 

country’s medical needs than an abundance of lesser trained physicians.  In his report on 

American medical education, Flexner asserts that an annual graduating class of 3,500 

from a rigorous medical education system would be sufficient to staff a physician 

workforce capable of caring for all of the medical needs of Americans (Flexner 1910, p.

154).  This was considerably less than the 5,747 students that received medical school 

degrees in 1904.  Given this perspective, it is not surprising that the relative decline in 

physician supply generated little concern as evidenced by a lack of historical literature on 

the subject.  

While the relative decline in the supply of physicians did not warrant much 

trepidation, the geographical distribution of those physicians did garner more attention.  

The concern was not that there were too few physicians in the United States, rather that 

these physicians were unevenly distributed in urban areas at the expense of rural areas.  

An implication of this phenomenon would be that rural medical systems were inadequate 

to provide for the medical needs of the population residing in these areas.  
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This type of concern persisted in the United States throughout the 20th century and 

remains problematic to this day.  In a report on current differences between rural and 

urban health, the Center on an Aging Society (2003) asserts that the “rural population is 

consistently less well-off than the urban population with respect to health.”  Furthermore, 

they offer the following statement as an explanation for this differential:  “Limited access 

to health care in rural areas is generally associated with the fact that there are fewer 

providers.”  Other recent studies have made similar conclusions regarding the health of 

the rural population and the disparity in access to medical care for this population relative 

to the more urban population (Parchman and Culler 1999; Ricketts 2000; Eberhardt et al 

2001; Farely et al 2002; and  Hartley and Gale 2003).  The U.S. government has been an 

active supporter of research on rural health care issues.  According to the 9th Edition of 

the Rural Health Research in Progress report (Maine Rural Health Research Center, 

2005), the Federal Office of Rural Health Policy is currently funding approximately 100 

studies examining various rural health issues.  The Federal government has also used 

legislative policy to address the concern over the disparity of medical care in rural areas.  

The 1997 Balanced Budget Act, the 1999 Balanced Budget Refinement Act, and the 2000 

Benefits Improvement and Protection Act all contained provisions designed to improve 

the conditions of rural medical care.  Additionally, Hartley and Gale (2003) identified 17 

active federally sponsored programs designed to improve health care in rural areas.  

Clearly, the health of the rural population and their access to health care services remains 

an important concern in the United States today.  
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Given the persistence of this concern over time, a detailed investigation of when it 

first surfaced is warranted.  This chapter builds on the existing literature in an effort to 

enhance the general understanding of the motivations behind the redistribution of 

physicians that occurred during the early 1900’s.  The second section provides a 

summary of the existing literature.  In the third section, county level physician and census 

data from four states is used to asses the extent to which certain factors contributed to 

inequality in the supply of physicians during the early 20th Century.  The fourth section 

combines county level census data with individual physician data to examine the 

movement of rural physicians during the period from 1909 to 1923.  Concluding remarks 

are contained in the final section.  

3.2 Existing Literature

When Abraham Flexner proposed extensive changes to medical education in his 

1910 report, he addressed concerns that these reforms would disproportionately affect the 

rural population.  In response to the claim that highly trained physicians would choose 

large cities over rural areas due to discrepancies in financial opportunities, Flexner 

argued: 

“The fact stands out that it is not income but taste that primarily attracts men into 
scholarly or professional life.  That granted the prospect of a modest income does 
not effectually deter; and not infrequently the charm of living away from large 
cities may even attract.” (Flexner 1910, p. 45)

Flexner noted that several graduates of Johns Hopkins, the country’s most prominent 

medical school at that time, had chosen to set up practices in rural towns rather than 
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pursue greater financial rewards in larger cities.  Contrary to Flexner’s assurances, 

following the reform of medical education, it quickly became evident that physicians in 

increasing numbers were choosing to locate in large cities rather than in rural America.

Growing concern over this development prompted a few studies in the 1920’s on 

the changing geographic distribution of physicians.  The most comprehensive of these 

studies was a 1924 report by Lewis Mayers and Leonard Harrison aptly titled The 

Distribution of Physicians in the United States.3  Mayers and Harrison used physician 

count data obtained from the American Medical Directory that was published every 

couple of years from 1906 to 1923 to examine changes in the supply and geographic 

distribution of physicians.  

According to statistics compiled by Mayers and Harrison, from 1906 to 1923 the 

population to physician ratio in the United States increased 13% from one physician per 

670 people to one physician per 759 people.  While there was variation in the magnitude 

of changes across the nine U.S. Census Regions, only two of these regions did not 

experience an increase of 10% or greater.4  The relative decrease in the supply of 

physicians was most pronounced in the less populated areas.  For cities and towns with 

populations of 25,000 or less the population to physician ratio increased from 775 to 939, 

a 21% increase.  Comparatively, the ratio increased 11% on average for areas with 

populations of at least 25,000.  There was cross-sectional variation among the nine 

                                                
3 Ironically, it was Abraham Flexner, through his role on the General Education Board, that spearheaded 
this study (Starr 1982, p. 126).  
4 The Middle Atlantic and South Atlantic regions were the exceptions.  Middle Atlantic states experienced 
no change in the population to physician ratio.  South Atlantic states actually experience a 2% decrease
indicating that the supply of physicians in that region was greater than the population growth.
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census regions, but in general the trend of less populated areas experiencing greater 

declines relative to larger cities was a fairly consistent theme across the United States.

In addition to detailing changes in the supply of physicians, Mayers and Harrison 

also attempted to identify factors contributing to the widening gap between physician 

supply in rural and urban areas.  Their conclusions were based on answers from 

completed questionnaires that they received from five thousand medical professionals 

across the country.  They identify the diffusion of the automobile as one of the key 

factors.  One of the advantages of rural practice was that competition was relatively 

scarce prior to the automobile.  As Mayers and Harrison (1924, 9) note, the rural 

practitioner “was fairly well assured a comfortable monopoly”.  However, as 

transportation systems steadily improved during the early 20th Century, the rural 

physician’s monopoly status was increasingly threatened by physicians from neighboring 

rural villages and larger cities whose practice radii had greatly increased.  

Another factor the authors identified was that rural patients began to view rural 

practitioners as inferior to urban physicians.  Mayers and Harrison believe this can be 

largely attributed to a greater availability of electricity, running water, public sewer, and 

hospitals in larger towns that provided physicians in these areas with greater access to 

modern medical machinery and allowed them to maintain more professional looking 

offices than their rural counterparts.  

Mayers and Harrison also contend that a widening economic gap between rural 

and urban areas contributed to the changing distribution of physicians.  While rural 

economies declined during this period, the standard of living in urban areas generally 
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increased.  Consequently, demand for physicians’ services was rising much faster in 

urban areas than in rural areas.  Combining this with the previous factors suggests that 

financial incentives for physicians decreased in rural areas while they increased 

substantially in urban areas.

Along with financial concerns, Mayers and Harrison assert that the social and 

professional opportunities available in urban areas also influenced physicians’ decisions 

on where to set up shop.  Urban areas offered greater contact with others within the 

profession and greater access to hospitals, large medical equipment, and laboratories on 

which recently trained physicians were becoming increasingly reliant.  Additionally, 

urban areas were more socially appealing for doctors with families because they provided 

“access to better schools and churches” (Mayers and Harrison 1924, p. 32).

There were other studies which complemented and generally reinforced the 

findings of Mayers and Harrison.  Falk, Rorem, and Ring (in Rosen 1983, pp. 55-56) also 

found evidence of a disproportionate decline of physician supply in rural areas.  

According to their estimates rural towns accounted for 48% of physicians in 1906 but 

only 31% by 1929 while their share of the total population fell only 12% over this period.  

In his study of 283 rural counties, W.A. Pusey (1925) determined that 35% did not have 

any physicians who had graduated from medical school within the previous ten years.  

H.G. Weiskotten (1932) examined the practice location choices of 1920 and 1925 

medical school graduates and found that almost 50% of these graduates went to largely 

populated cities and towns that accounted for only 30% of the total population.  These 

findings are in line with statistics reported in Mayers and Harrison showing that in 1906 
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approximately 48% of recent medical school graduates settled in areas with populations 

of 2,500 or less, but by 1923 only 18% of recent graduates were settling in these areas.  

From these studies it is clear that medical school graduates were avoiding rural areas with 

increasing regularity during the early 1900’s.

Mayers and Harrison’s assertion that financial concerns were a key factor in the 

changing distribution of physicians was also reinforced in other reports.  In a statistical 

analysis, Raymond Pearl (1925) found a strong correlation between per capita income 

and the number of physicians located in a given region of the United States.5  Additional 

support for this assertion was provided in the Final Report of the Commission on Medical 

Education (in CME 1932, pp.107-108):

“Physicians in a system of free competition are bound to react to the shift in the 
economic status of rural communities.  This is probably the largest single factor 
governing the uneven distribution of physician”

“…physicians tend to locate where the prospects of practice are best.” 

Historical accounts have continued to place significant importance on the widening 

divergence of financial prospects between rural and urban areas in explaining the 

redistribution of physicians during the early 20th Century (Starr 1982, p.125; Rosen 1983, 

pp.58-59;  Rothstein 1987, p.119).

Other factors have also received attention in the literature.  Most notably was the 

diffusion of automobiles and paved roads and the growth in hospitals and laboratories in 

urban areas.  The CME (1932, p.109), Berger (1973), Starr (1982, p.125), Rosen (1983, 

p.59), and Rothstein (1987, p.120) all included discussions on how improvements in 
                                                
5 Rosen (1983, p. 58) notes a similar study was conducted in the 1930’s by the Bureau of Medical 
Economics.  This study found “a distinct relationship between the number of physicians in an area and the 
proportion of individuals who earned enough to pay federal income tax.”
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transportation expanded the physician’s practice and enabled patients to travel farther to 

see city physicians they deemed superior to their local doctors.  Additionally, these 

sources document the rise in the importance of the hospital to the doctor.  As medical 

schools began to rely more heavily on hospitals, laboratories, and new machinery to train 

students, the new generation of doctors came to view these facilities and equipment as 

necessities in their practices (Brown 1979, p.99; Starr 1982, p.125; Rosen 1983, p.60).  

Overall, the existing literature has done a sufficient job in detailing the 

“urbanization” of physicians that occurred in the United States during the early 1900’s.  

These researchers have identified a group of factors that they believe were instrumental 

in propelling this movement.  This chapter extends the literature on this topic by using 

empirical methods to examine physician location decisions and factors influencing 

variation in physician supply.

3.3 County Level Analysis

3.3.1  Data

For the purposes of conducting the empirical examinations presented in this 

chapter, a data set was compiled for a small sample of states by combining information 

on individual physicians with county level data on the number of hospitals and various 

socio-economic variables.  Data on physicians in California, Mississippi, New York, and 

North Carolina was extracted from the 1909, 1914, 1918, and 1923 American Medical 

Directories (AMD).  Overall, approximately 100,000 observations were entered for the 

four years.  Hospital counts for each county were also entered from these directories.  
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The county level socio-economic data was obtained from the 1910, 1920, and 1930 U.S. 

censuses.  Appendix I of this chapter provides an explanation on how the four states were 

chosen, details the physician level data that was extracted from the AMD’s, and describes 

the types of data obtained from the decennial censuses and the variables that were 

constructed from this data.

3.3.2  Trends in Physician Supply

Lacking a universally accepted definition of “rural county”, a county was deemed 

rural in this study if the county’s total urban population was less than 10,000.  This 

definition limited the size of the largest city in a county to be less than 10,000 people 

which is how Eberhardt et al (2001) identified rural counties in their comprehensive 

study of contemporary differences in rural and urban health.  Using this definition each 

physician was categorized as living in a rural or urban county for each year in the sample.  

A similar breakdown was conducted for a subset of the data containing only physicians 

who had recently graduated from medical school.  These urban and rural physician 

breakdowns, along with a breakdown of the total population, are presented for the total 

sample in Table 3.1 and for each state in the sample in Tables 3.2 through 3.5.  

Table 3.1 indicates that there was inequality in the supply of physicians in 1909 as 

urban counties accounted for 72% of the sample population but 80% of physicians were 

located in these counties.  This inequality did not change much over the next 14 years.  

By 1923 urban counties contained 80% of the sample population and 87% of the 

physicians.  Alternative definitions for rural county also revealed little movement in the 
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level of overall physician supply inequality.6  The general inertia of physician supply 

inequality in this data differs from the finding of the existing literature that inequality 

increased during the early 20th Century.  These differences are most likely due to 

differences in how the unit of observation is defined than to differences in the underlying 

data.  Studies, such as Mayers and Harrison, which showed an increasing inequality in 

the supply of physicians between rural and urban areas used cities rather than counties as 

the unit of observation.  A redistribution of physicians from rural to urban cities within 

the same county would be captured in city level analysis but not in county level analysis.  

While there was little change in inequality for the sample as a whole, Tables 3.2 –

3.5 reveal movement in county level physician supply inequality for the individual states.  

New York, North Carolina, and Mississippi experienced increases in inequality while 

California actually incurred a decrease.  Additionally, growth in the percentage of recent 

medical school graduates choosing to locate in urban counties outstripped growth in the 

percentage of the total population choosing to live in these counties.  Overall, as Table 

3.1 shows, the percentage of new graduates locating in urban areas increased from 77% 

in 1909 to 95% in 1923 whereas the urban share of total population only increased from 

72% to 80% over the same time period.  Similar trends were found in each state except 

California where the percent of recent graduates locating in rural areas and the percent of 

the population living in rural areas both declined by 12 percentage points.  In general, this 

data indicates a growing preference among physicians to locate in urban counties, 

                                                
6 Three alternative “rural county” definitions were used to test the sensitivity of the results.  The first 
alternative deemed counties rural if the total urban population was less than 5,000.  The second alternative 
deemed counties rural if total population was less than 25,000.  The third alternative deemed counties rural 
if total population was less than 50,000. 
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particularly for recent medical school graduates.  The remainder of this section examines 

the extent to which county characteristics can explain variation in physician supply across 

counties in this sample.  

3.3.3  Analysis of Variation in Physician Supply

Physician counts were tabulated by county for each year in the sample.  The 

dependent variable was then formed by taking the log transform of the physician counts.  

The number of hospitals in a county, the percentage of physicians in the county 

belonging to the American Medical Association (AMA), and the percentage of physicians 

in the county having graduated from medical school in the last 10 years were included as 

regressors along with the county level socio-economic variables described in Appendix I.  

Descriptive statistics for the dependent and potential independent variables are presented 

in Table 3.6.  

Given the relatively small number of variables being used to describe the 

counties, it is likely that there is variation among counties and across time that is not 

being adequately captured.  Year indicator variables were included to control for 

unobserved factors that were constant across counties but varied over time, such as 

changes in medical education that may have influenced physicians’ decisions on where to 

locate their practice.  County indicator variables were included to control for factors that 

were constant over time for a given county but varied across counties.  This could include 

many issues such as degree of automobile penetration, quality of roads, quality of 

primary and secondary schools, and number of churches.  There could also be factors that
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were constant across all counties within a state but varied across states such as variation 

in malpractice laws that would have impacted location decisions.  Econometrically it is 

not possible to control for both state and county fixed effects at the same time.  For this 

reason separate regressions were run controlling for state and county fixed effects.

OLS estimates are presented in Table 3.7.  These results should be interpreted as 

reduced form estimates as it is not possible to separately identify supply side and demand 

side effects for the regressors.  Column I reflects estimates without controlling for year or 

location fixed effects.  Column II presents estimates controlling for year and state fixed 

effects.  Similarly, Column III shows results after controlling for year and county fixed 

effects.  Several state and county fixed effects were statistically significant indicating that 

coefficient estimates in Columns II and III are likely to be more reliable than those shown 

in Column I.  Coefficients estimates vary in magnitude but not in sign across Columns II 

and III.  The county fixed effects specification produced a higher adjusted R-squared 

value than the state fixed effects specification and, therefore, the following discussion 

focuses on the results from Column III.

As expected, population and physician counts have a positive relationship.  Based 

on the coefficient estimate, a 1% increase in the population was correlated with 

approximately a 0.97% increase in the number of physicians.  Holding everything else 

constant, a county with a population of 59,445 (a 1.23% increase in the mean population) 

would have approximately 85 physicians (a 1.19% increase in the number of physicians).  

According to these results, the population increase necessary to secure one more 

physician varied considerably.  An increase of 1,113 would have been necessary for a 
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county with the minimum population compared to an increase of 480 for a county with 

the maximum population.  This is consistent with the notion that the number of 

physicians relative to the population was greater in highly populated areas than in less 

populated areas.  Estimates in Column IV of Table 3.8 show that the relationship between 

population and physician counts did not change over time in this sample.  Variables 

created from interacting the log of population and year indicator variables were 

statistically significant but were not statistically different from the 0.966 coefficient 

estimate for the log of population variable displayed in Column III of Table 3.7.  

Estimates in Table 3.7 also suggest that the higher the percent foreign born, 

percent black, or percent illiterate, the fewer the physicians in the county.  These 

variables were included to control for variation in economic status and potential 

differences in preferences for physician services among these demographic groups.  Crop 

value per acre of farmland was also included to capture the impact of variation in 

incomes across counties and over time.  The estimated coefficient for this variable 

indicates that an increase in county income would have been associated with an increase 

in the number of physicians residing in that county.  While these terms are statistically 

significant they do not appear to have a great deal of economic significance.  

Respectively, one standard deviation increases in percent foreign born, percent black, and 

percent illiterate were associated with 0.13%, 0.44%, and 0.10% decreases in the number 

of physicians.  Crop value per acre of farmland also had a relatively small impact as a one 

standard deviation decrease was only associated with a 0.05% decrease in the number of 

physicians.  Comparing the minimum and maximum values for the percent black variable 
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shows that a county with a 94% black population would have only 1.6% fewer doctors 

than a county with no black population holding everything else constant. Even smaller 

differences were found when performing similar analyses on the percent foreign born, 

percent illiterate, and crop value per acre of farmland variables.

The existing literature has stipulated that physicians were being drawn towards 

areas with greater access to hospitals and other medical facilities.  Additionally, Mayers 

and Harrison (1924, p. 36) suggest that opportunity for professional contact was 

becoming a factor considered by physicians when deciding where to locate their 

practices.  In an effort to control for these potential determinants, the number of hospitals 

in a county, the percentage of physicians in a county belonging to the American Medical 

Association (AMA), and the percentage of physicians having graduated from medical 

school in the last 10 years, were included as regressors.  The positive and statistically 

significant coefficient estimate obtained for the hospitals variable is consistent with the 

idea that, holding everything else constant, more physicians lived in areas with greater 

access to medical facilities.  

It is possible that the estimated coefficient for the number of hospitals variable 

contains an endogeneity bias if the number of physicians was influencing the number of 

hospitals.  As Starr (1982) mentions there was a growing movement around this time for 

physicians to open their own hospitals in order to ensure that they would have admitting 

privileges.  Therefore, it is possible that an increase in the number of physicians would 

increase the number of hospitals.  However, it is difficult to predict the sign of the bias.  

An increase in the number of hospitals may have attracted more physicians.  Conversely, 
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an increase in the number of hospitals may have worked to reduce demand for physicians 

as each physician may have been able to provide more services given the increased 

centralization provided by hospitals.  It was not possible to correct for any potential 

endogeneity as appropriate instruments could not be identified.  As Column V of Table 

3.8 reveals, removing this variable from the model did not significantly alter the 

estimates of the remaining variables.  Given the potential endogeneity bias, the 

statistically significant hospital coefficient should be loosely interpreted as an indication 

of a correlation between the number of physicians and the number of hospitals, but we 

cannot yet say much about causation.  

According to the coefficient estimate for the percent graduating in the last ten 

years, the higher the percentage of recent medical school graduates in a county, the larger 

the number of total physicians living in that county.  This is in line with the conjecture 

that opportunity for professional contact was an important determinant of variation in 

physician counts across counties.  The percent belonging to the AMA was also included 

to control for professional contact as local meetings for the AMA provided an 

opportunity to interact with other local physicians.  However, the coefficient estimate for 

this variable was unexpectedly negative and statistically significant.  Overall, the 

economic significance of these variables was minimal.  While the percent graduating in 

the last ten years variable exhibited a larger economic impact, neither variable could 

generate even a 0.10% change in the number of physicians from a one standard deviation 

increase.
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In general, these regressions are consistent with Raymond Pearl’s (1925) 

conclusion that physicians “do business where business is good and avoid places where it 

is bad.”  Physician counts were higher in counties with more population, lower 

percentages of the population that were foreign born, black, or illiterate, and higher crop 

values per acre of farmland.  The relatively small economic significance associated with 

most of these variables suggest that it was variation in unmeasured factors, such as 

automobile penetration and quality of roads, that accounted for much of the variation in 

physician supply.  Therefore, these estimates should be construed as quantitative 

evidence in support of existing conjecture rather than as evidence of causation.

3.4 Longitudinal Analysis of Rural County Physician Migration

3.4.1  Matching

While the preceding section aggregated the data in order to examine county level 

variation in physician counts, this section seizes on the individual level nature of the 

American Medical Directory data to examine the movement of physicians.  

Characteristics for each physician provided in the AMD allowed for physicians to be 

tracked over time.  As described in Appendix I, observations were matched across years 

in the sample.  Observations from the 1909 AMD were compared to observations from 

1914 for possible matches.  Likewise, observations from the 1914 AMD were matched to 

1918 observations and 1918 observations were matched to 1923 observations.  For the 

1909 to1914 period there was a 58% matching frequency as 12,860 of the total 22,273 

observations from the 1909 AMD were matched with observations from the 1914 AMD.  
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For the 1914 to 1918 period the matching frequency rose to 70% as 17,142 of the 24,449 

observations from the 1914 AMD were matched to observations from the 1918 AMD.  

The matching frequency was 77% for the 1918 to 1923 period as 19,881 of the 25,937 

observations from the 1918 AMD were matched to observations from the 1923 AMD.

For comparison purposes the means of several variables were tabulated for two 

data sets and presented in Table 3.9.  The first data set consisted of all observations that 

could have been matched.  In other words, this group contained all observations from 

1909, 1914, and 1918.  Observations from 1923 were not included as they did not 

represent the baseline for any of the periods considered.  The second data set was a subset 

of the first as it contained only those observations that were successfully matched.  

Means across these two data sets appear quite similar.  P-values from difference in means 

tests provided in the final Column of Table 3.9 reveal that means across the two groups 

were statistically different for only 3 of the 18 variables at the 5% level of significance.  

While the differences in means for these variables were statistically significant, the 

magnitude of the differences were quite small.  Overall, the observations successfully 

matched in this data set appear to be fairly representative of the data from which they 

were drawn.  

3.4.2  Physician Migration

Physician movement within the sample of matched observations was fairly 

consistent across the three time periods.  Table 3.10 shows that 9% of all physicians in 

the matched sample moved to a different county in the 1909 to 1914 period and 8% of all 
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physicians migrated in the two subsequent periods. Similarly, Table 3.11 reveals that 

movement of physicians initially located in rural counties was also fairly consistent over 

time.7  During the 1909 to 1914 period there were 347 rural physicians who moved to a 

different county.  This represented 14% of the total 2,442 rural physicians in the matched 

sample in 1909.  In each of the two succeeding time segments around 12% of rural 

physicians migrated.  The percentage of rural physicians migrating in each time period is 

relatively consistent across alternative rural county definitions.  Overall, the results 

indicate greater movement among rural physicians than among urban physicians.  

That rural physicians were more apt to move than their urban contemporaries is 

only part of the story.  If rural physicians were simply relocating to other rural counties, 

migration would not have contributed to the redistribution of physicians toward urban 

areas.  This was not the case as Table 3.11 shows that roughly half of the migrating rural 

physicians in each time segment relocated to urban areas.  Furthermore, they were not 

replaced by urban physicians migrating to rural counties.  During the entire period in the 

sample there were 535 rural physicians migrating to urban areas while only 350 urban 

physicians relocated to rural counties.  Based on this data, it appears that from 1909 to 

1923 rural counties were consistently experiencing a net out-migration of physicians.

3.4.3  Location Choices of the More Recent Graduates

The location choices of the more recent medical school graduates have also been 

credited with increasing inequality in the distribution of physicians.  A trend to locate in 

                                                
7 As discussed in Section 3.1 a county has been deemed “rural” for purposes of this study if the total urban 
population in the county is less than 10,000. 
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urban areas among physicians receiving their degrees within the most recent ten year 

period was also apparent in this data set.  As shown in Table 3.1 the percentage of 

physicians graduating within the last five years who chose to locate in rural counties 

decreased from 23% in 1909 to 5% in 1923.  Relative to changes in the population this 

was still a sizable decline as the rural share of total population only decreased by eight 

percentage points over this period.  Not only were fewer recent graduates choosing to 

locate in rural counties, those graduates who did choose to locate in rural areas were 

leaving with greater regularity.  Table 3.12 indicates that in both relative and absolute 

terms, recent graduates were leaving rural counties for urban counties more often than 

they were leaving urban counties for rural counties.  Overall, from 1909 to 1923 there 

were 124 defections of recent graduates from rural counties to urban counties but only 97 

recent graduates chose to move from an urban county to a rural county.  These patterns 

are consistent with the findings from previous studies illustrating how fewer recent 

medical school graduates were settling in rural communities. 

3.4.4  Developing a Model of Physician Out-migration from Rural Counties

Rural physicians relocating to urban areas contributed to the increasing inequality 

of physician supply.  However, not all rural physicians left for urban counties.  This 

provides an opportunity to identify factors that influenced the decision to migrate.  The 

decision to remain in a rural area or migrate out can be formulated as a utility 
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maximization problem.8  Accordingly, a physician would choose to migrate to an urban 

county when their expected utility in that county is higher than their expected utility from 

remaining in a rural county.  Within this framework the dependent variable is defined as a 

binary choice variable taking on the value of 1 if a rural physician moves to an urban 

county and 0 otherwise.  The linear probability model can be used to estimate the impact 

of various factors on the migration decision.

The literature has suggested that location decisions of physicians were likely to 

have been driven by both economic and social concerns.  Therefore, it would be 

appropriate to include factors that would have influenced both of these concerns.  Market 

size as measured by population has been found to be an important determinant of 

physician location in numerous studies (Kirk, 1961; Somers, 1961; Marden, 1966; 

Benham et. al., 1968; Newhouse et. al., 1982).  As suggested by Mayers and Harrison and 

others, income measures as proxies for physician demand have been shown to be 

statistically significant.9  

Several socio-demographic variables were included in the model to control for 

market size and physician demand per capita.  Population was included to capture 

differences in market size.  Population per square mile was also included as more 

congested populations may have higher incidence of disease.  Additionally, the more 

dispersed the population the greater the cost of servicing this population.  This cost could 

have been either directly realized by the physician in higher costs associated with in-

                                                
8 Newhouse et. al. (1982) discuss formulating physician location decisions as a utility maximization 
problem.  They conclude that “Standard theory assumes profit maximization, but its predictions are not 
fundamentally changed if we assume that physicians maximize utility rather than profit.”
9 See Remlinger and Steele (1963, 1965), Benham et. al. (1968), and Hellinger and Encinosa (2003).
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home visits or indirectly through reduced willingness to pay from patients who had to 

incur the expense of traveling to the physician’s office.  Regardless of the reason, there 

was the potential for physician earnings in two counties with the same population and 

otherwise identical characteristics to vary based on the relative population densities 

between those counties.  It is also possible that demand may have been impacted by the 

makeup of the population.  For instance, Shorter (1985, pp.109-110) discusses how 

during the early 20th Century, females moved from composing a small part of a 

physicians clientele to the “keystone of the modern medical practice”.  Similarly, given 

that health practices appear to vary by educational attainment, it is possible that demand 

for physician services varied along this dimension as well. 10  Percentage breakdowns of 

the county population by sex, illiteracy, race, and foreign born were included in the 

model to control for these types of differences in demand.

Ideally, per capita income would also be included to control for differences in per 

capita demand.  However, this data is not available over this time period and therefore 

cannot be incorporated in the model.  Alternatively, crop value per acre of farmland was 

included as proxy for income.  Similarly, the percentage of families owning a home was 

included as a proxy for wealth to account for any differences in demand attributable to 

variations in wealth.  The aforementioned demographic variables on race, illiteracy, and 

immigration may also serve as controls for differences in income and wealth as areas

with higher concentrations of these populations tended to be more economically 

depressed.

                                                
10 See Beardsley (1987, pp.32-35), Berger and Leigh (1989), Kenkel (1991), and Meara (2001) for 
examples of how health practices may vary by educational attainment.
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Developing controls for social concerns is more troublesome.  However, the 

existing literature has suggested that professional contact and access to modern 

technologies were an important concern of physicians.  Three variables were developed 

in an effort to control for these issues.  A variable indicating membership in the American 

Medical Association (AMA), along with the percentage of physicians in a county 

belonging to the AMA, serve as proxies for the degree of potential professional contact.  

The AMA promoted professional contact through both local, state, and national meetings 

and the publication of the Journal of the American Medical Association.  The total 

number of physicians in a county was included as a more blunt measure of professional 

contact as the opportunity for contact would have been higher in counties with more 

physicians.  As another proxy for professional contact the number of hospitals in a county

was incorporated into the model.  This variable may also represent a proxy for access to 

modern technologies.  

Automobiles and paved roads were identified in the literature as significant 

factors in the redistribution of physicians.  Unfortunately, data on automobile diffusion or 

miles of paved roads is not available at the county level for this time period.  Similarly, 

data is not available on the quality of primary or secondary schools or churches which 

were also cited as potential contributors to the migration of physicians out of rural areas.  

State and year indicator variables were included in an effort to control for some of the 

heterogeneity in these categories across states and over time.  County dummy variables 

could not be included as there are several counties in which all physicians made the same 

choice.  Therefore, county indicator variables would perfectly predict the outcome for 
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these counties.  Finally, years since graduation from medical school was also included to 

control for greater preferences among recent graduates for urban areas that were not 

captured by other variables.

The model can be represented by the following equation:

migrateijt =  Xjtθ + Zjtα + Gijtß + St + Tt + Єijt , 

where i refers to the individual rural county physician, j refers to the county, and t 

represents the time period.11  Migrateijt represents the decision of physician i in rural 

county j during time period t to migrate to an urban county or remain in a rural county.12  

This variable is equal to 1 for physicians that resided in a rural county at the beginning of 

the time period and relocated to an urban county by the end of the time period.  For all 

other observations the migrate variable is equal to zero. Xjt is a matrix containing all of 

the county level census variables including population, population per square mile, 

percent black, percent illiterate, percent foreign born, percent female, crop value for acre 

of farmland, and percent of families owning homes.  Census data was obtained from 

ICPSR Study Number 2896 Version 2 compiled by Michael Haines.  County level count 

data on number of hospitals, AMA membership, and physicians is contained in matrix Zjt.  

This data, along individual information on  the year of graduation contained in Gijt, was 

compiled from the 1909, 1914, 1918, and 1923 volumes of the American Medical 

Directory.  State and year fixed effects are contained in S and T respectively.  To reduce 

                                                
11 Three time periods are used in this analysis: 1909 to 1914, 1914 to 1918, and 1918 to 1923.
12 This analysis only examines the migration decisions of physician located in a rural county at the 
beginning of a time period.  All observations in which the physician started the period in an urban county 
were discarded for this analysis.  Of the physicians that began the period in a rural county, only those 
physicians who choose to relocate to an urban county were considered to have migrated.  The movement of 
physicians from one rural county to another rural county is treated the same as physicians who do not 
move.
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concerns of simultaneity in estimation, the variables were assigned their beginning values 

for each time period.  Values for 1909 were used for observations from the 1909 to 1914 

time period.  Likewise, values from 1914 and 1918 were used for observations in the 

1914 to 1918 and 1918 to 1923 time periods respectively.  This is also consistent with the 

finding of Benham et. al. (1968) that physicians respond to initial conditions rather than 

changes in these conditions when making location decisions.  

3.4.5  LPM Regression Analysis of the Decision to Out-migrate from Rural Counties

Descriptive statistics for the dependent and independent variables are displayed in 

Table 3.13.  Coefficient estimates from the linear probability model (LPM) regressions

are presented in Table 3.14.  Column I provides estimates obtained without controlling 

for state or year fixed effects and Column II provides the estimates obtained when these 

effects are included in the model.  Nearly all of the state and year control variables 

exhibited individual statistical significance and an F-test confirmed that these variables 

were jointly statistically significant as well.  Therefore, this section focuses on the results 

obtained from the fixed effects model and presented in Column II.

The estimated coefficients for percent foreign born and percent black imply that 

physicians located in rural counties with relatively larger immigrant or black populations

were more likely to migrate to an urban county.  This would be consistent with the 

conjecture that immigrants and blacks relied more heavily on family and friends for 

medical care than physicians and, therefore, counties with higher percentages of these 

populations had lower demand for physician services.  Several other results conform to a 
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priori predictions.  The estimate obtained for the percent female variable indicates that 

rural counties with a higher proportion of females were less likely to lose their physicians 

to urban counties.  Assuming that crop value per acre of farmland proxies for income per 

capita, the negative and statistically significant estimates associated with this variable is 

consistent with the notion that demand for physician services increased with  per capita 

income.  Recent graduates, as expected, were found to be more likely to migrate out of 

rural counties.  Additionally, the estimates obtained for the AMA member indicator and 

hospital count variables suggest that physicians in rural counties with higher levels of 

exposure to professional contact and modern technologies were less likely to relocate to 

an urban county.  

In addition to identifying factors that can explain variation, it is important  to 

examine the magnitude of the impact of these factors.  Based on elasticities calculated 

using the coefficient estimates from Table 3.14 and the mean values provided in Table 

3.13, the percent female and years since medical school graduation had the largest 

economic impacts.  At the mean, substituting 125 females for males (approximating a one 

percent increase in the mean value of percent female) would generate a 8.5% reduction in 

the probability of out-migrating to an urban county.  It would have taken either a 32% 

decrease in percent foreign born, a 33% decrease in percent black, or a 24% increase in 

crop value per acre of farmland, or the addition of one more hospital to generate a similar 

impact on the predicted probability.  This finding provides support for Shorter’s assertion 

that females were becoming an important part of a physician’s clientele during this 

period.  A quote found in Shorter (1985, p.112) provides some idea of the degree to 
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which physicians considered women in choosing their location: “Endeavor to secure 

rooms on a shopping street, since this is the place where women will come.”

Years since medical school graduation also had a profound impact on the rural 

physician’s decision to out-migrate to an urban county.  Increasing the mean value of 

years since medical school graduation by 5% (an increase of one year at the mean) would 

have resulted in a 4.3% increase in the probability of out-migration.  This impact is not 

surprising given the qualitative analysis provided in early studies and in this chapter.  

Recent graduates were trained to rely more on laboratory analysis and modern medical 

tools in their practices than their predecessors.  Building and maintaining laboratories and 

purchasing and housing tools such as X-ray machines and ECG machines required 

considerable capital investment.  In many rural communities there was not enough 

demand to overcome these fixed costs of investment.  Consequently, recent graduates 

were likely to have been less comfortable practicing in rural areas than their older 

counterparts.  This statistical evidence provides credence to the conclusion that the 

modernization of American medical education contributed significantly to the 

redistribution of physicians during the early 1900’s.

To test the sensitivity of the results to the method used to categorize counties as 

rural, estimates were obtained using alternative rural county designations.  Descriptive 

statistics for three alternative definitions are provided in Table 3.15.  Results from 

estimating the state and year fixed effects model for each of the three alternate rural 

county definitions are provided in Table 3.16.  In terms of sign and statistical 

significance, the estimates are relatively consistent across these alternate definitions for 
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rural county and do not deviate significantly from the results in Table 3.14.  Overall, the 

inferences drawn from estimation appear reasonably robust to the choice of rural county 

definition.  

3.5  Conclusion

During the first quarter of the 20th Century the supply of physicians in the United 

States failed to keep up with population growth.  Rural areas shouldered a 

disproportionate share of this decline.  The existing literature on this issue has targeted 

factors such as improving transportation, economic growth in urban areas, a growing 

social and professional appeal of urban areas, and changes in medical education as 

contributors to this phenomenon.  However, to date these conjectures have not been 

empirically tested.  Using approximately 100,000 observations on individual physicians 

compiled from four issues of the American Medical Directory in conjunction with county 

level census data, this study applies econometric methods to readdress the redistribution 

of physicians that played out in America during the early 1900’s.  

Analysis of variation in physician counts across counties yielded several 

statistically significant factors.  As expected, population was found to have been a 

significant factor.  Consistent with the notion of inequality in physician supply between 

rural and urban areas was the finding that more populated counties required a much 

smaller absolute change in population to secure an additional physician than less 

populated counties.  Several other socio-economic variables were statistically significant 

in these regressions, indicating as others had suggested that physicians were drawn to 
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areas offering better financial opportunities, greater access to medical facilities, and more 

opportunity for professional contact.  However, given the minimal economic significance 

associated with these variables it appears that unmeasured factors captured in county and 

year fixed effects were responsible for much of the variation in physician supply.

Linear probability model regressions revealed that medical education and the 

female population were important factors in determining whether a physician was likely 

to leave a rural county.  Specifically, the more recent the year of graduation from medical 

school the more apt a physician was to out-migrate from rural areas.  This is not 

surprising given the increased emphasis placed on laboratories and hospitals in medical 

education beginning in the early 20th Century.  With these facilities not as prevalent in 

rural areas, recent graduates may not have been as comfortable practicing in rural 

communities as their contemporaries who had not been trained as extensively in these 

facilities.  The growing importance of the female population in a physician’s practice also 

appears to have influenced the out-migration decision.  Rural counties with a higher 

percentage of females were less likely to lose a physician.  

This study has added empirical support to the existing literature on this topic.  

Empirics have provided useful insight into factors that affected variation in physician 

supply during the early 20th Century.  There remains considerable room for future 

research involving examination of the variation at the city level and expanding the time 

period under investigation.
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3.A Appendix I

The American Medical Directory (AMD) provides a comprehensive listing of 

every physician in the United States.  The first volume was printed in 1906 and 

successive volumes were published every three to five years.  For this study, data on each 

physician’s state and county of residence, full last name, abbreviated first name, year of 

birth, year of graduation, an identifier for the medical school attended, and membership 

in the American Medical Association (AMA) was extracted from the 1909, 1914, 1918, 

and 1923 American Medical Directories for a sample of states.  New York and California 

were included in the sample to capture variation in physician activity between the coasts 

and North Carolina and Mississippi were chosen to represent the South where, as Mayers 

and Harrison (1924, p. xi) intimate, physician shortages in rural areas were the most 

noticeable.  Wisconsin was also to be included in the sample to account for physician 

movement in the Midwest.  However, limited available resources for data entry made it 

necessary to trim the sample to four states.  California, Mississippi, New York, and North 

Carolina were the logical choices as data entry from the 1909 and 1923 American

Medical Directories (AMD) for these four states had already been initiated for use in a 

different study.  

The data obtained from these AMD volumes was aggregated to obtain physician 

counts by county and state and to describe various characteristics of the supply of 

physicians such as average year of graduation and percent belonging to the AMA.  

Additionally, this data allowed for changes in physician location to be tracked over time 

through a matching process.  Each observation was uniquely identified by a combination 
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of the physician’s last name, first initial of first name, year of birth, year of graduation, 

and the first three letters of the medical school identifier.  Observations from adjacent 

AMD editions were matched based on this groupwise identifier.  Separate files were 

created for each of the three matching periods: 1909 to 1914, 1914 to 1918, and 1918 to 

1923.  For the 1909 to1914 period there was a 58% matching frequency as 12,860 of the 

total 22,273 observations from the 1909 AMD were matched with observations from the 

1914 AMD.  For the 1914 to 1918 period the matching frequency rose to 70% as 17,142 

of the 24,449 observations from the 1914 AMD were matched to observations from the 

1918 AMD.  The matching frequency was 77% for the 1918 to 1923 period as 19,881 of 

the 25,937 observations from the 1918 AMD were matched to observations in the 1923 

AMD.  

There were a couple of reasons why observations may not have been matched.  

First, physicians listed in the directory one year may have moved to another state.  This 

observation would only be matched to an observation in the subsequent AMD if the state 

to which the physician moved was also included in the sample.  Matches would also fail 

to occur if data had been entered incorrectly during the compilation of the AMD’s.  For 

example, if a physician’s last name was spelled differently in adjacent AMD’s then the 

matching process would treat them as different physicians and a match would not be 

attained.  Similar errors could have occurred during the data coding process for this 

study, however, dual entry was used during much of the coding process in an effort to 

limit errors in data entry.  Improvements in data reporting could also be an explanation 

for failed matches.  This was particularly prevalent in the year of birth variable as the 



87

percentage of observations for which a year of birth was not listed declined from 50% in 

1909 to 31% in 1914 and to under 20% for 1918 and 1923.  If a year of birth was not 

reported for a physician in one AMD but was reported in a subsequent AMD then the 

matching process would fail to yield a successful match between these observations.  

This is a likely explanation for differences in the matching frequencies across the years in 

the sample.  

Hospital counts for each county were also obtained from the AMD volumes.  All 

other county level variables were based on 1910, 1920, and 1930 U.S. census data 

obtained from ICPSR Study Number 2896 Version 2 compiled by Michael Haines.  

County population was used to create several variables.  Population density was created 

by dividing the county population by the square miles of land in the county.  Similarly, 

the number of persons living in cities of 2,500 was divided by the county population to 

form the percent urban variable.  The percent foreign born, percent black, and percent 

female variables were generated by dividing the number of foreign born, black, and 

female by the county population.  To create the percent illiterate variable, the number of 

illiterate persons 10 years of age and older in a county was divided by the total number of 

persons age 10 years of age or older in that county.  The number of families owning 

homes was divided by the total number of families to create the percent owning homes 

variable.  Lastly, each county’s total crop value was divided by the acres of farmland in 

that county to form the crop value per acre of farmland variable.  The 1910 values for the 

census variables were combined with the 1909 AMD data.  Straight line interpolation 
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between adjacent census years was utilized to create values for these variables to be 

combined with the 1914, 1918, and 1923 AMD data.  
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TABLE 3.1.  Physicians and Total Population (all states in the sample)

ALL PHYSICIANS

Number of Physicians
 Located in:

Percentage of 
Physicians

 Located in:

Year
Urban

Counties
Rural

Counties
Urban

Counties
Rural

Counties

1909 17,783 4,490 80% 20%

1914 20,163 4,286 82% 18%

1918 22,016 3,921 85% 15%

1923 23,434 3,630 87% 13%

PHYSICIANS GRADUATING WITHIN THE LAST 
5 YEARS

Number of Physicians
 Located in:

Percentage of 
Physicians

 Located in:

Year
Urban

Counties
Rural

Counties
Urban

Counties
Rural

Counties

1909 2,118 619 77% 23%

1914 2,230 504 82% 18%

1918 2,584 305 89% 11%

1923 1,069 57 95% 5%

Total Population
 Located in:

% of Total Population
 Located in:

Year
Urban

Counties
Rural

Counties
% in Urban

Counties
% in Rural
Counties

1909 11,103,637 4,390,927 72% 28%

1914 12,322,353 4,214,625 75% 25%

1918 13,656,145 3,923,245 78% 22%

1923 15,718,438 3,964,498 80% 20%

Data Source:  Sample described in the text.
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TABLE 3.2.  Physicians and Total Population in California

ALL PHYSICIANS

Number of Physicians
 Located in:

Percentage of 
Physicians

 Located in:

Year
Urban

Counties
Rural

Counties
Urban

Counties
Rural

Counties

1909 3,522 710 83% 17%

1914 4,602 630 88% 12%

1918 5,468 449 92% 8%

1923 6,211 455 93% 7%

PHYSICIANS GRADUATING WITHIN THE LAST 
5 YEARS

Number of Physicians
 Located in:

Percentage of 
Physicians

 Located in:

Year
Urban

Counties
Rural

Counties
Urban

Counties
Rural

Counties

1909 298 55 84% 16%

1914 363 50 88% 12%

1918 429 18 96% 4%

1923 170 7 96% 4%

Total Population
 Located in:

% of Total Population
 Located in:

Year
Urban

Counties
Rural

Counties
% in Urban

Counties
% in Rural
Counties

1909 1,869,253 508,296 79% 21%

1914 2,337,000 460,274 84% 16%

1918 2,882,202 334,797 90% 10%

1923 3,740,386 361,592 91% 9%

Data Source:  Sample described in the text.
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TABLE 3.3.  Physicians and Total Population in Mississippi

ALL PHYSICIANS

Number of Physicians
 Located in:

Percentage of 
Physicians

 Located in:

Year
Urban

Counties
Rural

Counties
Urban

Counties
Rural

Counties

1909 306 1,725 15% 85%

1914 412 1,632 20% 80%

1918 461 1,557 23% 77%

1923 429 1,474 23% 77%

PHYSICIANS GRADUATING WITHIN THE LAST 
5 YEARS

Number of Physicians
 Located in:

Percentage of 
Physicians

 Located in:

Year
Urban

Counties
Rural

Counties
Urban

Counties
Rural

Counties

1909 54 279 16% 84%

1914 58 210 22% 78%

1918 37 96 28% 72%

1923 8 18 31% 69%

Total Population
 Located in:

% of Total Population
 Located in:

Year
Urban

Counties
Rural

Counties
% in Urban

Counties
% in Rural
Counties

1909 228,778 1,568,336 13% 87%

1914 303,220 1,475,626 17% 83%

1918 327,090 1,433,487 19% 81%

1923 346,180 1,469,485 19% 81%

Data Source:  Sample described in the text.
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TABLE 3.4.  Physicians and Total Population in New York

ALL PHYSICIANS

Number of Physicians
 Located in:

Percentage of 
Physicians

 Located in:

Year
Urban

Counties
Rural

Counties
Urban

Counties
Rural

Counties

1909 13,509 760 95% 5%

1914 14,555 635 96% 4%

1918 15,191 618 96% 4%

1923 15,704 552 97% 3%

PHYSICIANS GRADUATING WITHIN THE LAST 
5 YEARS

Number of Physicians
 Located in:

Percentage of 
Physicians

 Located in:

Year
Urban

Counties
Rural

Counties
Urban

Counties
Rural

Counties

1909 1,692 68 96% 4%

1914 1,731 40 98% 2%

1918 1,999 38 98% 2%

1923 865 8 99% 1%

Total Population
 Located in:

% of Total Population
 Located in:

Year
Urban

Counties
Rural

Counties
% in Urban

Counties
% in Rural
Counties

1909 8,650,427 463,187 95% 5%

1914 9,218,161 404,098 96% 4%

1918 9,738,679 392,225 96% 4%

1923 10,658,304 387,774 96% 4%

Data Source:  Sample described in the text.



93

TABLE 3.5.  Physicians and Total Population in North Carolina

ALL PHYSICIANS

Number of Physicians
 Located in:

Percentage of 
Physicians

 Located in:

Year
Urban

Counties
Rural

Counties
Urban

Counties
Rural

Counties

1909 446 1,295 26% 74%

1914 594 1,389 30% 70%

1918 896 1,297 41% 59%

1923 1,090 1,149 49% 51%

PHYSICIANS GRADUATING WITHIN THE LAST 
5 YEARS

Number of Physicians
 Located in:

Percentage of 
Physicians

 Located in:

Year
Urban

Counties
Rural

Counties
Urban

Counties
Rural

Counties

1909 74 217 25% 75%

1914 78 204 28% 72%

1918 119 153 44% 56%

1923 26 24 52% 48%

Total Population
 Located in:

% of Total Population
 Located in:

Year
Urban

Counties
Rural

Counties
% in Urban

Counties
% in Rural
Counties

1909 355,179 1,851,108 16% 84%

1914 463,972 1,874,627 20% 80%

1918 708,174 1,762,736 29% 71%

1923 973,568 1,745,647 36% 64%

Data Source:  Sample described in the text.
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TABLE 3.6.  County Level Descriptive Statistics

Variable Mean Min Max Stdev Obs

Physician Count 84 1.00 6,566 399.88 1,180

Ln (Physician Count) 3.29 0.00 8.79 1.17 1,180

Population 58,723 1,080 3,051,054 214,131 1,180

Ln (Population) 10.17 6.98 14.93 0.97 1,180

Population Per Square Mile 363.06 0.36 48,429.43 3,175.39 1,180

Ln (Population Per Square Mile) 3.67 -1.03 10.79 1.28 1,180

Percent Foreign Born 6.57 0.00 45.36 8.83 1,180

Percent Black 23.07 0.00 94.19 25.25 1,180

Percent Illiterate 11.66 0.68 44.05 7.86 1,180

Percent Female 48.27 30.46 53.85 3.53 1,180

Crop value per acre of farmland 15.21 0.93 359.41 24.73 1,180

Percent of Families Owning Homes 46.81 3.68 89.80 14.01 1,180

Number of Hospitals 2.96 0.00 126.00 8.62 1,180

Percent belonging to AMA 55.76 0.00 100.00 19.75 1,180

Percent graduated in last 10 years 23.07 0.00 85.71 14.50 1,180

NOTE:  Sample consists of observations from 1909, 1914, 1918, and 1923 on 295 counties in 
California, Mississippi, New York, and Mississippi as described in the text.
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TABLE 3.7.  Physician Count OLS Regressions

(dependent variable = log of the physician count in each county)

I II III

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Ln (Population) 1.0848 * 0.000 1.0330 * 0.000 0.9663 * 0.000

Ln (Pop per square mile) -0.1066 * 0.000 -0.0090 0.576 -0.0293 0.863

Percent Foreign Born 0.0064 * 0.004 -0.0198 * 0.000 -0.0143 *** 0.066

Percent Black 0.0010 0.258 -0.0020 ** 0.012 -0.0174 * 0.000

Percent Illiterate -0.0410 * 0.000 -0.0287 * 0.000 -0.0132 * 0.000

Percent Female 0.0207 * 0.000 0.0171 * 0.001 0.0131 0.135

Crop value per acre of farmland -0.0020 * 0.000 -0.0016 * 0.000 0.0019 ** 0.049

% of Families Owning Homes -0.0132 * 0.000 -0.0102 * 0.000 -0.0023 0.528

Number of Hospitals 0.0032 ** 0.036 0.0063 * 0.000 0.0078 ** 0.031

Percent belonging to AMA -0.0031 * 0.000 -0.0013 * 0.001 -0.0017 * 0.000

Percent graduated in last 10 years 0.0028 * 0.000 0.0017 * 0.008 0.0049 * 0.000

Constant -7.1931 * 0.000 -6.6966 * 0.000 -6.2065 * 0.000

Year = 1914 -0.0153 0.474 -0.0119 0.420

Year = 1918 -0.0496 ** 0.030 -0.0348 *** 0.090

Year = 1923 -0.1889 * 0.000 -0.0863 * 0.001

Mississippi -0.1901 * 0.000

North Carolina -0.5886 * 0.000

New York 0.1616 * 0.000

Included County Dummies no yes

# of observations 1,180 1,180 1,180

NOTE: The Albany (NY) indicator variable was excluded in the regression containing county 
indicator variables.

*        1% Level of Significance     
**      5% Level of Significance     
***  10% Level of Significance
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TABLE 3.8.  Physician Count OLS Regressions – Alternate Specifications

(dependent variable = log of the physician count in each county)

IV V

Variable Coefficient p-value Coefficient p-value

Ln (Population) 0.9930 * 0.000

Ln (Population) * Year = 1909 0.9490 * 0.000

Ln (Population) * Year = 1914 0.9388 * 0.000

Ln (Population) * Year = 1918 0.9292 * 0.000

Ln (Population) * Year = 1923 0.9583 * 0.000

Ln (Pop per square mile) -0.0310 0.855 -0.0413 0.808

Percent Foreign Born -0.0129 0.109 -0.0156 ** 0.044

Percent Black -0.0171 * 0.000 -0.0174 * 0.000

Percent Illiterate -0.0136 * 0.000 -0.0128 * 0.001

Percent Female 0.0146 0.107 0.0113 0.196

Crop value per acre of farmland 0.0021 ** 0.031 0.0017 *** 0.089

% of Families Owning Homes -0.0023 0.528 -0.0027 0.453

Number of Hospitals 0.0107 * 0.010

Percent belonging to AMA -0.0017 * 0.000 -0.0017 * 0.000

Percent graduated in last 10 years 0.0049 * 0.000 0.0048 * 0.000

Constant -6.1035 * 0.000 -6.2611 * 0.000

Year = 1914 0.0893 0.521 -0.0045 0.756

Year = 1918 0.1628 0.279 -0.0237 0.235

Year = 1923 -0.1817 0.225 -0.0818 * 0.001

Included County Dummies yes yes

# of observations 1,180 1,180
NOTE: The Albany (NY) was the excluded county

NOTE: The Albany (NY) indicator variable was excluded in the regression containing county 
indicator variables.

*        1% Level of Significance     
**      5% Level of Significance     
***  10% Level of Significance
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TABLE 3.9.  Difference in Means (Potential Matches Versus Successful Matches) 

All Potential
Matches

(n = 72,659)

Matched
Observations
(n = 49,883)

Difference
in Means

Variable Mean Mean p-value

Year of Birth 1870.78 1871.16 0.0000

Year of Medical School Graduation 1895.26 1895.69 0.0000

Member of the AMA 0.54 0.54 0.3713

Number of Physicians in the County 1,895.88 1,903.21 0.6000

Number of AMA Members in the County 862.08 868.82 0.2854

Population 995,165 997,193 0.7664

Population Per Square Mile 14,048 14,038 0.9246

Percent Foreign 23.30 23.20 0.2546

Percent Black 8.22 8.18 0.7532

Percent Illiterate 6.98 6.91 0.0241

Percent Female 49.09 49.11 0.1911

Crop value per acre of farmland 67.15 66.65 0.3149

Percent of Families Owning Homes 32.21 32.22 0.8853

Number of Hospitals 40.45 40.89 0.0856

Located in California 0.21 0.22 0.1251

Located in Mississippi 0.08 0.08 0.5404

Located in New York 0.62 0.62 0.4132

Located in North Carolina 0.08 0.08 0.8180

NOTE:  Data source is the sample described in the text.  Statistics based on all observations from 
1909, 1914, and 1918 are presented under the "All Potential Matches" as these observations were 
compared to subsequent AMD's in the matching process.  Observations from 1923 are not 
included as there was no subsequent AMD to compare for matches.
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TABLE 3.10.  Migration of Physicians

Time Period
Total Number
of Physicians

Number of Physicians
Who Moved to a 
Different County

Percentage of Physicians
Who Moved to a 
Different County

1909 to 1914 12,860 1,105 9%

1914 to 1918 17,142 1,363 8%

1918 to 1923 19,881 1,541 8%

Data Source:  Sample of matched observations described in the text.
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TABLE 3.11.  Migration of Physicians by Size of County

Migration of Rural County Physicians

Time Period

Total Number
of Rural 

Physicians

Number of 
Rural

Physicians Who 
Moved to a 

Different County

Percentage of 
Rural

Physicians Who 
Moved to a 

Different County

Number of 
Rural

Physicians Who 
Moved to an 

Urban County

1909 to 1914 2,442 347 14% 164

1914 to 1918 3,199 375 12% 187

1918 to 1923 3,043 357 12% 184

Data Source:  Sample of matched observations described in the text.

Migration of Urban County Physicians

Time Period

Total Number
of Urban 
Physicians

Number of 
Urban

Physicians Who 
Moved to a 

Different County

Percentage of 
Urban

Physicians Who 
Moved to a 

Different County

Number of 
Urban

Physicians Who 
Moved to a 

Rural County

1909 to 1914 10,418 758 7% 106

1914 to 1918 13,943 988 7% 117

1918 to 1923 16,838 1,184 7% 127

Data Source:  Sample of matched observations described in the text.
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TABLE 3.12.  Migration of Physicians by Size of County – Recent Graduates

Migration of Rural County Physicians Who Graduated in the Last 5 Years

Time Period

Total Number
of Rural Physicians

Graduating in the
Last 5 Years

Number of Rural
Physicians Graduating

in the Last 5 Years
Who Moved to a 
Different County

Percentage of Rural
Physicians Graduating

in the Last 5 Years
Who Moved to a 
Different County

Number of Rural
Physicians Graduating

in the Last 5 Years
Who Moved to an 

Urban County

1909 to 1914 287 83 29% 35

1914 to 1918 383 114 30% 48

1918 to 1923 218 66 30% 41

Data Source:  Sample of matched observations described in the text.

Migration of Urban County Physicians Who Graduated in the Last 5 Years

Time Period

Total Number
of Urban Physicians

Graduating in the
Last 5 Years

Number of Urban
Physicians Graduating

in the Last 5 Years
Who Moved to a 
Different County

Percentage of Urban
Physicians Graduating

in the Last 5 Years
Who Moved to a 
Different County

Number of Urban
Physicians Graduating

in the Last 5 Years
Who Moved to a 

Rural County

1909 to 1914 1,053 164 16% 21

1914 to 1918 1,449 299 21% 42

1918 to 1923 1,682 367 22% 34

Data Source:  Sample of matched observations described in the text.
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TABLE 3.13.  Descriptive Statistics on Rural County Physicians

(Rural County: total urban population less than 10,000)

Variable Mean Min Max Stdev Obs

Rural Physician Migrates to Urban County 0.06 0 1 0 7,483

Population 25,729 1,609 55,916 10,795 7,483

Population Per Square Mile 41.09 0.53 116.41 18.86 7,483

Percent Foreign Born 4.00 0.00 32.03 6.71 7,483

Percent Black 29.01 0.00 94.19 27.46 7,483

Percent Illiterate 13.51 0.86 44.05 8.55 7,483

Percent Female 48.55 30.46 51.80 3.11 7,483

Crop value per acre of farmland 14.70 0.93 72.08 12.24 7,483

Percent of Families Owning Homes 45.96 7.14 89.80 15.78 7,483

Years Since Medical School Graduation 18.48 0 65 12.12 7,483

Number of Physicians in the County 29.50 1 83 16.45 7,483

AMA Member Indicator Variable 0.63 0 1 0.48 7,483

Percent belonging to AMA 54.48 0.00 100.00 17.82 7,483

Number of Hospitals 0.98 0 8 1.43 7,483

NOTE:  Sample is a subset of all matched observations from the 1909 to 1914, 1914 to 1918, and 
1918 to 1923 periods.  Only observations for physicians located in a rural county at the beginning 
of a period were included.
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TABLE 3.14.  LPM Estimation of Rural County Out-Migration

(Rural County: total urban population less than 10,000)

(dependent variable = 1 if migrated to an urban county; 0 otherwise)

I II

Variable Coefficient p-value Coefficient p-value

Population 0.0000 0.430 0.0000 0.971

Population Per Square Mile 0.0002 0.558 0.0004 0.225

Percent Foreign Born 0.0049 * 0.000 0.0040 ** 0.013

Percent Black 0.0002 0.437 0.0005 *** 0.056

Percent Illiterate -0.0008 0.363 0.0008 0.395

Percent Female -0.0067 ** 0.011 -0.0107 * 0.001

Crop value per acre of farmland -0.0004 0.162 -0.0014 * 0.000

Percent of Families Owning Homes 0.0006 0.159 0.0006 0.204

Years Since Medical School Graduation -0.0027 * 0.000 -0.0029 * 0.000

Number of Physicians in the County -0.0001 0.768 0.0001 0.802

AMA Member Indicator Variable -0.0254 * 0.000 -0.0219 * 0.001

Percent belonging to AMA 0.0002 0.260 0.0002 0.380

Number of Hospitals -0.0061 ** 0.047 -0.0070 ** 0.042

Mississippi -0.0630 * 0.002

North Carolina -0.0369 *** 0.088

California -0.0383 0.191

Year = 1914 0.0151 *** 0.060

Year==1918 0.0385 * 0.000

Constant 0.3935 * 0.001 0.5962 * 0.000

# of observations 7,483 7,483

NOTE: The New York indicator variable was excluded in the regression containing state 
indicator variables.

*        1% Level of Significance     

**      5% Level of Significance     

***  10% Level of Significance
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TABLE 3.15.  Descriptive Statistics on Rural County Physicians – (alternative definitions 
for rural county)

(Rural County: total urban population less than 5,000)

Variable Mean Min Max Stdev Obs
Rural Physician Migrates to Urban County 0.08 0 1 0 5,161
Population 22,706 1,609 55,916 10,528 5,161
Population Per Square Mile 36.60 0.53 74.46 16.24 5,161
Percent Foreign Born 3.30 0.00 32.03 6.35 5,161
Percent Black 31.23 0.00 94.19 27.10 5,161
Percent Illiterate 14.56 0.86 44.05 8.25 5,161
Percent Female 48.44 30.46 51.72 3.24 5,161
Crop value per acre of farmland 13.65 0.93 70.07 11.19 5,161
Percent of Families Owning Homes 45.75 7.14 89.80 15.59 5,161
Years Since Medical School Graduation 17.98 0 65 12.03 5,161
Number of Physicians in the County 23.89 1 68 13.25 5,161
AMA Member Indicator Variable 0.64 0 1 0.48 5,161
Percent belonging to AMA 54.44 0.00 100.00 19.21 5,161
Number of Hospitals 0.74 0 6 1.30 5,161

(Rural County: total population less than 25,000)

Variable Mean Min Max Stdev Obs
Rural Physician Migrates to Urban County 0.10 0 1 0 3,939
Population 17,043 1,609 24,849 4,918 3,939
Population Per Square Mile 31.65 0.53 79.30 15.95 3,939
Percent Foreign Born 4.50 0.00 26.83 7.52 3,939
Percent Black 26.59 0.00 94.19 24.89 3,939
Percent Illiterate 12.87 0.86 44.05 7.70 3,939
Percent Female 47.83 30.46 53.51 3.77 3,939
Crop value per acre of farmland 11.06 0.93 70.07 8.71 3,939
Percent of Families Owning Homes 47.86 7.14 89.80 12.98 3,939
Years Since Medical School Graduation 18.14 0 65 12.01 3,939
Number of Physicians in the County 19.69 1 48 9.12 3,939
AMA Member Indicator Variable 0.64 0 1 0.48 3,939
Percent belonging to AMA 53.79 0.00 100.00 19.41 3,939
Number of Hospitals 0.82 0 6 1.38 3,939

(Rural County: total population less than 50,000)

Variable Mean Min Max Stdev Obs
Rural Physician Migrates to Urban County 0.05 0 1 0 11,099
Population 29,698 1,609 49,872 11,307 11,099
Population Per Square Mile 48.15 0.53 256.14 32.06 11,099
Percent Foreign Born 6.38 0.00 32.03 7.77 11,099
Percent Black 22.48 0.00 94.19 26.21 11,099
Percent Illiterate 11.20 0.86 44.05 8.24 11,099
Percent Female 48.52 30.46 53.85 3.22 11,099
Crop value per acre of farmland 14.53 0.93 72.08 10.99 11,099
Percent of Families Owning Homes 47.44 7.14 89.80 14.31 11,099
Years Since Medical School Graduation 19.20 0 67 12.16 11,099
Number of Physicians in the County 37.79 1 88 19.98 11,099
AMA Member Indicator Variable 0.64 0 1 0.48 11,099
Percent belonging to AMA 55.96 0.00 100.00 15.80 11,099
Number of Hospitals 1.86 0 14 2.30 11,099

NOTE:  Sample is a subset of all matched observations from the 1909 to 1914, 
1914 to 1918, and 1918 to 1923 periods.  Only observations for physicians located 
in a rural county at the beginning of a period were included.
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TABLE 3.16.  LPM Estimation of Rural Physician Out-Migration – (alternative 

definitions for rural county)

(dependent variable = 1 if migrated to an urban county; 0 otherwise)

Rural County:
urban population less 

than 5,000

Rural County:
total population less 

than 25,000

Rural County:
total population less 

than 50,000

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Population 0.0000 0.316 0.0000 0.264 0.0000 0.240

Population Per Square Mile 0.0004 0.392 0.0001 0.794 0.0000 0.807

Percent Foreign Born 0.0037 0.108 0.0045 *** 0.054 0.0029 * 0.005

Percent Black 0.0007 *** 0.054 0.0008 ** 0.043 0.0003 0.209

Percent Illiterate 0.0009 0.448 0.0015 0.315 0.0007 0.349

Percent Female -0.0094 ** 0.028 -0.0094 ** 0.021 -0.0036 *** 0.060

Crop value per acre of farmland -0.0005 0.306 -0.0020 * 0.002 -0.0008 * 0.001

Percent of Families Owning Homes 0.0010 *** 0.091 0.0004 0.562 0.0003 0.472

Years Since Medical School Graduation -0.0034 * 0.000 -0.0039 * 0.000 -0.0026 * 0.000

Number of Physicians in the County 0.0005 0.561 0.0019 0.101 0.0005 0.108

AMA Member Indicator Variable -0.0171 ** 0.048 -0.0404 * 0.000 -0.0179 * 0.000

Percent belonging to AMA 0.0000 0.865 0.0003 0.303 0.0000 0.909

Number of Hospitals -0.0053 0.302 -0.0134 ** 0.040 -0.0021 0.212

Mississippi -0.0684 ** 0.016 -0.0527 *** 0.077 -0.0434 * 0.002

North Carolina -0.0444 0.139 -0.0314 0.323 -0.0308 ** 0.038

California -0.0370 0.326 -0.0464 0.287 0.0050 0.766

Year = 1914 0.0092 0.392 0.0064 0.648 0.0135 ** 0.025

Year==1918 0.0353 * 0.007 0.0232 0.150 0.0291 * 0.000

Constant 0.5408 ** 0.012 0.5990 * 0.002 0.2557 * 0.006

# of observations 5,161 3,939 11,099

NOTE: The New York indicator variable was excluded in the regression containing state 
indicator variables.
*        1% Level of Significance     

**      5% Level of Significance     

***  10% Level of Significance
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CHAPTER 4

ASSESSING THE IMPACT OF PHYSICIANS ON MORTALITY RATES 

DURING THE EARLY 20TH CENTURY

4.1  Introduction

When studying variation in the relative supply of physicians it is also prudent to 

examine whether this variation had an impact on health care.  Should rural communities 

have cared that they had less access to physician services than their urban 

contemporaries?  Asking a similar question today regarding access to modern medicine 

would likely elicit an affirmative response.  However, even today it is clear that access to 

physician services is not always helpful.  For example, there remains no effective cure for 

amyotophic lateral sclerosis (ALS) or Alzheimer’s.  While progress has been made in 

developing treatments for these afflictions, the final outcomes for patients with these 

diseases are not likely to vary relative to access to physician services.  The same could be 

said for many of the deadly diseases that pervaded the early 20th Century.  While 

diagnostic capabilities of physicians had increased immensely by this time, their ability to 

treat had not.  Doctors could perform surgeries to repair wounds or administer drugs to 

relieve pain, cure malaria, protect children against diphtheria, provide short-term relief 

for heart failure, and treat diabetics.  However, that was the extent of their medical 
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powers.1  Given the state of medicine at that time it is reasonable to ask whether access to 

physician services affected health care outcomes. 

This chapter investigates the question of whether access to physician care affected 

health care outcomes by examining the extent to which variation in physician supply can 

explain variation in mortality rates.  If physicians possessed the medical power necessary 

to influence the outcome of potentially fatal diseases then counties with a greater relative 

supply of physicians would be expected to have lower mortality rates holding other 

factors constant.  County level data on mortality rates, physicians, hospitals, and socio-

economic variables is utilized to empirically test this conjecture.  The following section 

describes the data and the variables created to carry out the regressions.  Section 4.3 

presents estimation results and provides a discussion of the findings.  Concluding 

remarks are contained in the Section 4.4.

4.2  Data and Variables

4.2.1  Mortality Data

To assess the impact of variation in physician supply, mortality data for 1924 was 

obtained for each county in the sample.2  The number of total deaths was entered from 

the U.S. Bureau of the Census (1927) and data on infant deaths and total births were 

obtained from the U.S. Department of Commerce, U.S. Bureau of the Census (1926).  It 

would perhaps be of even greater interest to assess the impact on individual ailments to 
                                                
1 See Ludmerer (1985, p.78), Shorter (1985, pp.92-99), and Rothstein (1987, pp.122-123) for a discussion 
on the curative ability of physicians.  Shorter in particular notes that “drug treatment in the 1920s was quite 
ineffective for most of the diseases...”
2 Mortality data was entered for 1924 rather than 1923 in an attempt to reduce the potential for any 
simultaneity between the independent variables which were measured in 1923 and the mortality rate data. 
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identify particular areas where physicians were more or less effective.  However, 

mortality data is not available by cause of death at the county level during the period 

under investigation in this study.  The data on total deaths, infant deaths, and births were 

combined with population figures for each county to calculate non-infant and infant 

mortality rates.  Subtracting infant deaths from total deaths, dividing the resulting number 

by the county population, and multiplying by 1,000 resulted in non-infant mortality rate 

per 1,000 population.  Infant deaths were dividing by total births and then multiplied by 

1,000 to created infant mortality rates per 1,000 births.

Data on total deaths, infant deaths, and births were only reported for states 

included in the Death Registration Area and the Birth Registration Area.3  Furthermore, 

births and infant deaths were not reported for any state until 1915.  Of the four states in 

this sample, only New York was included in the Birth Registration Area prior to 1917 

and Mississippi was not included until 1921.  Given these limitations it was not possible 

to create a full panel data set to examine the impact of changes in physician supply over 

time on mortality.  Instead this analysis focuses primarily on measuring the extent to 

which cross-sectional variation in relative physician supply can explain variation in 

mortality rates.  

4.2.2 Regressors

In order to capture the impact of variation in relative physician supply, county 

level population and physician count data were combined to create physicians per 1,000 

                                                
3 States had to demonstrate that at least 90% of deaths were accurately registered to be included in the 
Death Registration Area.  A similar requirement for births was necessary for inclusion in the Birth 
Registration Area.  
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population.  Hospitals per 1,000 population is included as a right-hand side variable to 

account for access to modern medical technologies, such as X-rays and ECG machines, 

provided by hospitals.  Physician and hospital counts were obtained from the 1923 

American Medical Directory.  County level population for 1923 was calculated using 

straight-line interpolation of the 1920 and 1930 U.S. census figures obtained from ICPSR 

Study Number 2896 Version 2 compiled by Michael Haines.  

Several socio-economic variables were also included as regressors.4  The 

percentage of the county population living in urban areas was generated to control for 

potentially higher rates of epidemic disease in areas with greater population congestion.  

Percent foreign born, percent black, and percent illiterate variables serve as proxies for 

differences in health practices and utilization of medical services.  For example, 

discrimination likely limited access to medical services for blacks and immigrants tended 

to rely more heavily on midwives than physicians during childbirth.  Health practices 

may have varied by education attainment as the less educated population may not have 

been exposed to more modern preventative medical measures.  These demographic 

variables also serve, along with crop value per acre of farmland and the percentage of 

families owning homes, as proxies for economic well-being.  Populations in wealthier 

counties may have been better prepared to fight off disease as they could have afforded 

higher levels of nourishment.  People in these counties could have also afforded more 

medical services.  Percent female was included because women had to endure childbirth, 
                                                
4 With the exception of the percent urban variable, details on the construction of the socio-economic 
variables can be found in the Data Appendix of Chapter 3.  The percent urban variable was calculated by 
taking the total population living in urban areas as defined by the U.S. Census Bureau and dividing by the 
total county population.  Values were calculated from the 1920 and 1930 census figures and straight line 
interpolation was used to obtain a value for 1923.
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which at this time still claimed many lives.  Consequently, counties with a higher 

percentage of females may have had a higher non-infant mortality rate.  Lastly, state 

dummy variables were used to control for unmeasured factors that were constant across 

counties within a state but varied across states. 

4.3  Estimation

4.3.1 Initial Regressions

Descriptive statistics for the two dependent variables and the regressors described 

above are provided in Table 4.1.  Separate Ordinary Least Squares regressions were run 

for the two mortality rates.  Results from the non-infant mortality rate and infant 

mortality rate regressions are presented in Tables 2a and 2b respectively.  The positive 

and statistically significant coefficient for the physicians per 1,000 population variable in 

Table 4.2 suggests that physicians may have been doing more harm than good.  This is 

consistent with Gaspari and Woolf’s (1985) study of mortality rates in urban cities in 

1910.  In their study they found that mortality rates increased with physician supply.  

This impact may be attributable to a continuation of the practice of “heroic” medicine 

described in Chapter 1.  While less harmful, though not necessarily more efficacious, 

drugs were being developed and utilized in the early 20th Century (Shorter 1985, p.97), as 

the following statement indicates, “heroic” medicine persisted in this era:

“Violent purgation remained popular for some time, as did Fowler’s solution (a 
compound of arsenic), strychnine, and potassium iodide.  An analysis of the 
recommended treatments of 362 medical problems in a 1927 textbook of medicine 
found that 60 percent of the treatments are now considered ineffective or 
harmful.” (Rothstein 1987, p.122)
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There are other potential explanations for this result.  Mortality data was reported 

by place of occurrence.  Someone residing in one county who expired in a different 

county would have been included in the mortality statistics for the county where death 

actually occurred rather than where the person resided.  If patients were traveling from 

counties with a small supply of physicians to counties with a larger supply of physicians 

for medical treatment, as Mayers and Harrison intimate (1924, pp. 12-18), it is possible 

that mortality statistics would be artificially high in counties with more physicians and 

artificially low in counties with fewer physicians.  Furthermore, reporting of deaths and 

births was typically more accurate in urban areas than in rural areas.  In 1940 the U.S. 

Census Bureau conducted a test on the completeness of birth registrations for each state.  

New York and California scored close to 100% for completeness while the more rural 

states of Mississippi and North Carolina scored approximately 10% lower (in Linder and 

Grove, 1947, pp. 99).  This variation may help explain the negative coefficients 

associated with the Mississippi and North Carolina state dummies found in both the non-

infant and infant mortality rate regressions.  A similar study was not conducted on the 

completeness of death registrations but it is likely that variation existed in that data as 

well.  Variation in the accuracy of reporting could have generated artificial differences in 

mortality rates and generated an upward bias in the impact of physicians, and possibly 

hospitals.  

Another explanation could be the potential for endogeneity in the physician 

supply variable.  Counties with higher mortality rates may have been attractive to 

physicians as areas with elevated demand for medical services.  If physicians did consider 
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mortality rates in their location decisions, physician supply would have been relatively 

larger in counties with higher mortality rates.  Consequently, the physician supply 

variable would be anticipated to have a positive endogeneity bias in an OLS regression of 

mortality rates.  While simultaneity between mortality rates and physicians supply may 

have existed, there is no qualitative or quantitative evidence in support of this conjecture.

It is not possible to measure the extent to which place of occurrence reporting, 

variation in reporting accuracy, or potential simultaneity bias can explain away the 

positive coefficient obtained for the physician per 1,000 population variable.  Table 4.3

reveals a statistically insignificant coefficient was obtained for the physician per 1,000 

population variable in the infant mortality rate regressions.  While it is debatable whether 

physicians actually exacerbated mortality rates, based on the positive and statistically 

significant coefficient in Table 4.2 and the statistically insignificant estimated coefficient 

in Table 4.3, it would seem reasonable to infer that physicians were not very effective in 

reducing these rates.

4.3.2 Extended Analysis

Given the changes in medical education that occurred in the early 20th century it is 

possible that physician impacts varied based on when the physician graduated from 

medical school.  To examine this issues the supply of physicians was divided into two 

cohorts.  Physicians who graduated in 1910 or after were placed in one cohort and all 

other physicians were placed in the other.  The year 1910 was chosen primarily due to the 

fact that the number of proprietary medical schools, often nothing more than diploma 

mills, had been significantly reduced by this time and continued to disappear after this 
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point.  Variables were created for each cohort to reflect the number of physicians per 

1,000 population.  These variables were then substituted for the physicians per 1,000 

population variable and the models were re-estimated.  

As Column I in Table 4.4 shows, the impact on non-infant mortality rates appears 

relatively similar across the physician cohorts.  A statistical test of equality between these 

two coefficients could not be rejected, suggesting that recent graduates had 

approximately the same effect on mortality rates as those who graduated before them.  

However, this was not true in the infant mortality regression.  Recently educated 

physicians were found to have an inferior impact on infant mortality rates relative to 

physicians in the opposing cohort.  A potential explanation for this finding is that 

intervention during childbirth was being strongly encouraged in medical schools during 

this period.  It has been suggested that much of this intervention was unnecessary and 

may have actually increased the risk to both the child and the mother.  This issue is 

discussed in greater detail in the next chapter.  Using an alternative year to identify recent 

graduates does not significantly alter these findings.

An effort was also made to examine the impact of physicians over time.  Due to 

the aforementioned limitations in the availability of mortality data it was not possible to 

include Mississippi counties in this analysis.  Additionally, the data set could only be 

extended back one period.  The number of total deaths for 1919 were entered from the 

U.S. Bureau of the Census (1921) and data on infant deaths and total births for 1919 were 

obtained from the U.S. Department of Commerce, U.S. Bureau of the Census (1921).  

Physician and hospital counts were obtained from the 1918 American Medical Directory 
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and values for the socio-economic variables were calculated through straight line 

interpolation of the 1910 and 1920 U.S. Census figures obtained from ICPSR Study 

Number 2896 Version 2.  

Estimates from regressions using this panel data are presented in Table 4.5.  The 

impact of physicians in the different cohort does not vary much from the results obtained 

for the cross-sectional analysis reported in Table 4.4.  Again, both cohorts had the same 

effect on non-infant mortality rates, although in this case the coefficient were not 

statistically significant compared to statistically significant adverse impact presented in 

Table 4.4.  The results in Column II of Table 4.5 suggest that recent graduates had an 

adverse impact on infant mortality rates, while the other physician had no impact on these 

rates.  An F-test confirmed that these coefficients were statistically different from each 

other.  

4.4  Conclusion

This chapter examined an important question when studying issues of inequality 

in access to health services.  Were rural areas likely to have been adversely affected by 

the increase in physician inequality?  Estimates from this section indicate that the answer 

was no.  Physicians were essentially helpless when it came to treating life threatening 

illness.  While the results seem to indicate that physicians may have actually done more 

harm than good, concerns over the accuracy of reporting cast some doubt on this finding.  

Two important caveats should also be considered.  First, this analysis does not consider 

benefits provided by physicians in the form of surgery and pain relief.  Physicians may 
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not have been able to cure illness but they were becoming adept at performing various 

surgeries and administering various methods of pain relief.  These medical services may 

not have impacted mortality rates but they clearly had the potential to affect the quality of 

life.  Second, the impact of physician inequality found in this study is a short-run impact.  

The melding of science and medicine had ushered in optimism towards the potential for 

medicine.  With life saving technologies not far off, concern over the inequality of 

physician supply may still have been justified regardless of the short-run impact.  These 

caveats aside, it remains a useful exercise to explore the question of importance before 

deciding whether public policy is necessary.
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TABLE 4.1.  County Level Descriptive Statistics

Variable Mean Min Max Stdev Obs

Non-Infant Mortality Rate 10.26 3.95 25.35 3.23 295

Infant Mortality Rate 71.26 0.00 189.14 23.10 295

Physicians Per 1,000 Population 1.04 0.34 2.40 0.39 295

Hospitals Per 1,000 Population 0.05 0.00 0.93 0.08 295

Percent Urban 23.35 0.00 100.00 26.02 295

Percent Foreign Born 5.98 0.00 38.31 8.03 295

Percent Black 22.31 0.03 88.27 24.50 295

Percent Illiterate 9.62 0.68 39.82 6.47 295

Percent Female 48.58 33.31 53.01 3.03 295

Crop value per acre of farmland 14.22 1.11 325.11 24.22 295

Percent of Families Owning Homes 46.76 4.06 87.28 14.02 295

NOTE:  Sample consists of observations from 1923 on 295 counties in California, Mississippi, 
New York, and Mississippi as described in the text.  The non-infant mortality rate is defined as 
non-infant deaths per 1,000 population.  The infant mortality rate is the number of infant deaths  
per 1,000 births where infant is defined as any child under 1 year of age.
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TABLE 4.2.  Non-Infant Mortality OLS Regressions

I II

Variable Coefficient p-value Coefficient p-value

Physicians Per 1,000 Population 2.8006 * 0.000 2.9149 * 0.000

Hospitals Per 1,000 Population 25.7370 * 0.000 21.2578 * 0.000

Percent Urban 0.0137 0.173 0.0039 0.700

Percent Foreign Born -0.0015 0.961 -0.1096 * 0.002

Percent Black 0.0607 * 0.000 0.0789 * 0.000

Percent Illiterate -0.0897 0.131 0.0211 0.706

Percent Female 0.1215 0.207 0.1995 ** 0.047

Crop value per acre of farmland 0.0039 *** 0.057 0.0052 * 0.003

Percent of Families Owning Homes 0.0667 * 0.000 0.0362 ** 0.033

Constant -3.4269 0.478 -3.3152 0.486

Mississippi -6.1650 * 0.000

North Carolina -4.6366 * 0.000

New York -0.0052 0.988

# of observations 295 295

NOTE: The dependent variable is defined as the number of non-infant deaths per 1,000 
population.  Infant is defined as any child under 1 year of age.  California is the reference state for 
the regression containing state indicator variables.
*        1% Level of Significance
**      5% Level of Significance
***  10% Level of Significance



117

TABLE 4.3.  Infant Mortality OLS Regressions

I II

Variable Coefficient p-value Coefficient p-value

Physicians Per 1,000 Population -5.0388 0.113 -1.6335 0.621

Hospitals Per 1,000 Population 7.3098 0.785 -16.7430 0.550

Percent Urban 0.2076 * 0.002 0.1681 ** 0.013

Percent Foreign Born -0.5548 * 0.003 -0.8091 * 0.000

Percent Black -0.1700 0.236 0.0523 0.757

Percent Illiterate 1.2121 * 0.010 1.2617 ** 0.027

Crop value per acre of farmland -0.0643 * 0.000 -0.0538 * 0.000

Percent of Families Owning Homes -0.2936 ** 0.027 -0.2953 *** 0.083

Constant 83.0509 * 0.000 84.6498 * 0.000

Mississippi -23.8716 * 0.004

North Carolina -7.0650 0.386

New York 3.3867 0.354

# of observations 295 295

NOTE: The dependent variable is defined as the number of infant deaths per 1,000 population.  
Infant is defined as any child under 1 year of age.  California is the reference state for the 
regression containing state indicator variables.
*       1% Level of Significance
**     5% Level of Significance
***  10% Level of Significance



118

TABLE 4.4.  Mortality Regressions With Physicians Broken Out By Graduation Cohort

I II

Dependent Variable: non-infant mortality rates infant mortality rate

Variable Coefficient p-value Coefficient p-value

Recently Graduated Physicians Per 1,000 Population 2.0356 *** 0.075 21.2021 *** 0.063

Other Physicians Per 1,000 Population 3.2013 * 0.000 -8.3849 0.125

Hospitals Per 1,000 Population 20.9738 * 0.000 -14.3488 0.591

Percent Urban 0.0055 0.600 0.1538 ** 0.016

Percent Foreign Born -0.1067 * 0.002 -0.9395 * 0.000

Percent Black 0.0789 * 0.000 0.0561 0.733

Percent Illiterate 0.0198 0.725 1.3015 ** 0.022

Percent Female 0.1776 *** 0.090

Crop value per acre of farmland 0.0053 * 0.003 -0.0539 * 0.000

Percent of Families Owning Homes 0.0335 *** 0.055 -0.2238 0.158

Constant -5.9645 * 0.000 -27.3798 * 0.002

Mississippi -4.3363 * 0.000 -12.9727 0.175

North Carolina 0.0885 0.804 2.5276 0.486

New York -2.3488 0.634 85.1961 * 0.000

# of observations 295 295

NOTE:  California is the reference state for the regression containing state indicator variables.
*        1% Level of Significance
**      5% Level of Significance
***  10% Level of Significance



119

TABLE 4.5.  Mortality Regressions With Panel Data

I II

Dependent Variable: non-infant mortality rates infant mortality rate

Variable Coefficient p-value Coefficient p-value

Recently Graduated Physicians Per 1,000 Population 5.5947 0.453 12.8563 0.192

All Other Physicians Per 1,000 Population -2.6550 0.710 -8.8477 ** 0.024

Hospitals Per 1,000 Population -10.7170 0.668 -12.6792 0.520

Percent Urban 0.2957 0.191 0.1912 * 0.010

Percent Foreign Born 0.0363 0.864 -0.5687 * 0.007

Percent Black 0.2762 ** 0.021 0.1855 0.149

Percent Illiterate -0.2059 0.809 1.4252 * 0.007

Percent Female -1.5228 0.279

Crop value per acre of farmland -0.0336 0.286 -0.0696 * 0.000

Percent of Families Owning Homes 0.4555 0.263 -0.0745 0.656

Constant 51.1190 0.130 83.0626 * 0.000

North Carolina 7.2999 0.447 -14.5056 *** 0.084

New York 9.5262 0.270 5.7103 *** 0.058

Year = 1923 -6.1404 0.225 -11.4320 * 0.000

# of observations 432 431

NOTE:  Data set contains observations for all counties in California, New York, and North Carolina for 1918 and 1923.  California is the 
NOTE:  Data set contains observations for all counties in California, New York, and North 
Carolina for 1918 and 1923.  California is the reference state for the regression containing state 
indicator variables.

*        1% Level of Significance

**      5% Level of Significance

***  10% Level of Significance
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CHAPTER 5

HOME TO HOSPITAL:

THE EVOLUTION OF CHILDBIRTH IN THE UNITED STATES, 1927-

19401

5.1  Introduction

The early twentieth-century transformation of the hospital from almshouse to 

center of medical science is remarkable both in its physical scope and in its social 

importance. In the late nineteenth century, hospitals were noisy, dirty places that cared 

for indigents and were operated by charities, religious organizations and government.  

Respectable persons were cared for at home by their families. As noted by Rosenberg

(1987, p.116), “No one wanted to enter a hospital in the mid-1870s, except for the small 

minority of the least enterprising and lacking in self-respect.”2 The relatively primitive 

state of medical technology meant that there were virtually no reasons for families to seek 

care in hospitals rather than be attended by physicians in their homes.  Medical care 

consisted primarily of the administering of drugs, a task that could be easily 

accomplished at home (Temin 1988, p. 79).

As medical technology advanced, the gradual transformation of the hospital from 

an almshouse to a modern, scientific institution occurred. Hospitals became natural 

                                                
1 Joint work with Dr. Melissa A. Thomasson.
2 A common perception of the day was poor health was often the result of poor moral character.  Therefore, 
hospitals concerned themselves more with curing a person’s moral flaws than becoming a steward of 
medical advances. (Temin 1988, p. 79).
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arenas for medical care and science because technological advances necessitated 

centralization. Rapid advances in bacteriology led to a greater understanding and 

implementation of complex aseptic surgical techniques that could more easily be 

performed in specially designed hospital surgical suites than in living rooms. Advances 

in pathology led to the formation of clinical laboratories in hospitals, and the X-ray 

became an important, non-portable diagnostic tool.

The centralization of medical technologies in hospitals coincided with the 

increasing standardization and professionalization of medical education in the late 

nineteenth century that is described in Chapter Two.  While some universities opened 

small hospitals of their own to provide clinical teaching for at least some of their 

students, it was not until the 1890s that significant reforms linking medical education to 

hospitals occurred. In 1893, Johns Hopkins became the first medical school to treat 

medicine as a field of graduate study, emphasizing science and clinical experience in 

their training of medical students. The first two years of the four-year program were 

dedicated to studying science, while the last two were spent in hospital wards. This 

reform cemented the marriage of physician education to hospital clinical experience, 

whereas previous medical school students had learned the practice of medicine “… in 

their preceptor’s office and the patient’s home” (Starr 1982, p. 116). Following the 

reforms at Johns Hopkins, the American Medical Association (AMA) and the 

Association of American Medical Colleges (AAMC) pushed for stricter changes in 

medical education that emphasized interactions with hospitals.  By the time Abraham 

Flexner published his famous indictment of medical education in 1910, the training of 
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physicians in hospital wards for long periods of time had become the standard for 

medical education that other schools strove to imitate.

The link between medical education and clinical experience in hospitals ushered 

in the era of hospital-based medicine. On the supply side, physicians trained in hospitals 

came to view hospitals as physician workshops, and as the number of physicians trained 

in hospital settings continued to grow, the shift in medical care from home to hospital 

began in earnest. Hospitals focused on image-building and customer-service, 

specializing in obstetrical deliveries, tonsillectomies, and appendectomies—all 

procedures with usually happy outcomes (Stevens 1989, p. 105).  On the demand side, 

the decline in average family size that occurred with urbanization further spurred the shift 

as families moved into smaller homes with fewer people left in the home to care for the 

sick (Vogel 1980, p. 99; Temin 1988, p. 83).  Medical discoveries such as the 

prophylactic treatment of rabies (1885), diphtheria antitoxin (1891), and tests for typhoid 

(1897) and syphilis (1906) lent a new scientific aura to medicine (Rosenberg 1987, p. 

159). By 1920, American upper- and middle-class families began to accept hospitals as a 

consumer good, and hospitals catered to this new consumerism.

While the shift from home to hospital is well-documented, what is less clear is the 

extent to which this shift occurred because it benefited practitioners or because it 

benefited patients. Obstetrical care in particular is a remarkable example of the shift 

from home to hospital, and an example in which the reasons underlying the shift may not 

have been due to the fact that women received better care in hospitals than in their 

homes.  In 1900, only five percent of all births occurred in hospitals (Wertz and Wertz 
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1977, p. 133). Particularly in urban areas, the shift from home to hospital occurred 

quickly. By 1935, nearly 75 percent of urban births occurred in hospitals, and nearly all 

urban births occurred in hospitals by 1950.3

Despite the rapid shift from home birth to hospital birth, Figures 1 and 2 show 

that maternal mortality remained flat until the mid-1930s, even as death rates among 

women due to other causes such as respiratory tuberculosis decreased.  Figure 5.1 shows 

total, urban (places over 10,000) and rural maternal mortality from 1915-1940. 

Strikingly, maternal mortality was higher in urban areas than in rural areas until the late 

1930s when sulfa drugs became available, even though women in urban areas had greater 

access to physicians and hospitals. Figure 5.2 shows the death rate among women for 

tuberculosis and all causes related to childbirth (puerperal causes) from 1900-1940.

While tuberculosis death rates fell throughout the period, maternal mortality did not 

begin to decline until the 1930s. Ignoring the spike in maternal mortality rates associated 

with the 1918 influenza epidemic, maternal mortality death rates are essentially flat until 

the 1930s, even as childbirth increasingly moved from home to hospital over the period.4

Further, infant mortality rates due to birth injuries increased 40-50 percent between 1915 

and 1929 as hospital birthrates increased (White House Conference on Child Health and 

Protection 1933, pp. 215-217). 

                                                
3 The transition occurred more slowly in rural areas initially.  In 1935, roughly 20 percent of rural births 
occurred in hospitals.  By 1950, over 70 percent of rural births occurred in hospitals, and by the 1960s, it 
was rare for any birth to occur outside of a hospital (Leavitt 1986, p. 171; Wertz and Wertz 1977 p. 135). 
4 The spike in 1918 due to influenza occurs because the U.S. classified influenza deaths among pregnant 
women as due to puerperal causes instead of influenza.  When joint causes of death were present, they were 
coded using the Manual of Joint Causes of Death prepared by the U.S. Bureau of the Census.  For each 
cause of death, the Manual of Joint Causes tells what other causes are “preferred” and should be listed as 
the primary cause if both are present.  For example, puerperal septicemia as a primary cause took 
precedence over tuberculosis, but not over syphilis.
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It could be argued that the seeming rise (or lack of decline) in maternal mortality 

rates may have resulted from improved reporting of maternal deaths as time progressed, 

or because a decline in the birth rate meant that more hazardous first births accounted for 

a greater share of total births over time.  However, neither of these reasons can fully 

account for the trend in maternal mortality from 1900-1940. Improvements in reporting 

could have led to a seeming increase in maternal mortality for two reasons. First, states 

with higher mortality rates may have been admitted to the U.S. death registration area 

later than states with lower rates. As these higher mortality states were admitted, the U.S. 

overall maternal mortality rate would increase. While plausible, it does not appear to be 

the case that the admission of an increasing number of states to the death registration area 

was responsible for the trend in maternal mortality. Even in those states that were in the 

death registration area in 1900, maternal mortality did not decline over the period. Figure 

5.3 shows the essentially flat trend until the 1930s in Massachusetts, a state that had 

collected maternal mortality data since 1850. Further, international comparisons, shown 

in Figure 5.4, reveal that both England and Sweden had flat or rising maternal mortality 

rates during the same period, even though they possessed fairly accurate vital statistics 

data (Loudon 1992, p. 240).5

Another reason why the increase in maternal mortality in the early twentieth 

century may be an artifact of the data is that there may have been a tendency on the part 

                                                
5 A note of caution when looking at this figure: the levels are difficult to compare because of differences 
between countries in classifying deaths due to joint causes (for example, Sweden and England coded joint 
deaths in which the mother had influenza as due to influenza, not due to puerperal causes as was done in 
the U.S., so that the U.S. has a spike in maternal mortality during the influenza epidemic that is not seen in 
international data).  A study done in 1927 found that the rates in England and Sweden would be higher if 
classified using the American method, although the rank order would be the same (Tandy 1935).
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of physicians to misreport deaths from puerperal fever in order to avoid blame (Loudon 

1992, pp. 35-36). While such deaths were usually classified as due to another puerperal 

cause such as hemorrhage, so that the overall maternal mortality rate would be the same, 

some doctors may have coded deaths from puerperal infection as due to non-childbirth 

related causes.  As the quality of vital statistics reporting improved over time, these 

deaths may have been more accurately reported, so that maternal mortality seemed to 

increase. These effects were undoubtedly present, but probably small and not large 

enough to obscure the overall trend, especially by the 1920s. In a 1917 study that 

investigated maternal mortality in the U.S. and examined the quality of the data, Meigs 

states, “… it is safe to say that any marked decrease in the actual death rate from 

childbirth during the last 13 years could not have been masked by “the improvement in 

reporting deaths from childbirth (Meigs 1917, p. 18).

Even if the data were accurately reported, it may be that maternal mortality failed 

to decrease over this period because a decline in the birth rate meant that more hazardous 

first births (primiparity) increased as a share of total births.  While it is true that first 

births are more hazardous than second or third births, it is also true that grand multiparity 

(four or more births) is more hazardous as well (Loudon 1992, p. 242).  If birth rates were 

declining, then primiparity was increasing, but grand multiparity was decreasing. Thus, 

the increased risk of maternal mortality associated with higher primiparity may have been 

offset by the decreased risk of maternal mortality associated with lower grand 

multiparity. Statistics available from 1920-1940 suggest that as the total birth rate per 

1,000 women aged 10-54 fell from 72.6 births to 52.3 births, the percentage of first births 
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as a share of total births rose from 29 percent to 37 percent. At the same time, the share 

of fourth and subsequent births fell from 35 percent to 24 percent (Linder and Grove 

1947, Table 48, Table XIV-A). Given that the decrease in grand multiparity more than 

offsets the increase in primiparity as a share of total births, it seems unlikely that the 

overall trend in maternal mortality can be attributed to changes in fertility.

The data clearly suggest, then, that maternal mortality was not decreasing over the 

period 1900-1940 even as hospital birth rates increased. If, ostensibly, one of the primary 

reasons underlying the shift from home to hospital birth was that hospitals provided 

greater safety for women and infants during labor and childbirth, why was this effect not 

seen in declining maternal mortality rates? Several historians have argued that stagnant 

maternal mortality rates and rising rates of infant mortality due to birth injury occurred as 

a result of increased operative intervention on the part of practitioners as birth moved 

from the home to the hospital, combined with a lack of set standards for the practice of 

obstetrics.  Unnecessary intervention may have led to excess maternal deaths for a 

number of reasons. A primary cause of maternal mortality was puerperal septicemia, and 

increased operative intervention in the form of version, forceps delivery and cesarean 

section all increased the likelihood of such an infection. Complications from anesthesia 

could also lead to maternal death. How preventable was maternal death in this period? 

Two studies in the early 1930s claimed that between half and two-thirds of maternal 

deaths could have been prevented by better training of the attendants (White House 

Conference on Child Health and Protection 1933; New York Academy of Medicine 1933 

p. 213). If these arguments are correct, then modern medicine may have actually 
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increased the number of maternal deaths due to childbirth than otherwise would have 

occurred.

This chapter uses a panel of city-level data over the period 1927-1940 to examine 

the shift of childbirth from home to hospital and to analyze whether or not medical care 

contributed to maternal mortality. Results indicate that medical care generated a slight 

increase in maternal mortality prior to 1937, and a slightly larger decrease after 1937 

when sulfa drugs became available. The remainder of the chapter is structured as 

follows. Section 5.2 discusses the background and history of childbirth in the United 

States, and frames the model discussed in Section 5.3. Section 5.4 describes the data and 

results, while Section 5.5 concludes.

5.2  The History of Childbirth in America

5.2.1  Childbirth Prior to 1900

Before 1750, women controlled childbirth.  Typically, a pregnant woman entering 

confinement requested the attendance of a midwife and several close friends and relatives 

who would aid her during the process of childbirth in her home. The technology of 

childbirth was relatively simple; midwives were generally passive but supportive 

participants in the birthing process, especially during normal deliveries. They were able 

to turn breech births, but in complicated cases could do little to prevent either maternal or 

infant death (Wertz and Wertz 1977, p.17-18). Women feared childbirth, and while 

actual data are scarce, Leavitt notes that women’s diaries in colonial times (and even 

through the turn of the twentieth century) showed that “… an important part of women’s 
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experience of childbirth was their anticipation of dying or being permanently injured 

during the event” (Leavitt 1986, p. 14). 

Medical intervention during childbirth, even the presence of a physician during 

labor and delivery, was rare until after 1750, when men trained as physicians abroad 

returned to practice in America (Wertz and Wertz 1977, p. 29). Physicians trained in the 

“new midwifery” in Europe brought forceps to the United States, offering middle- and 

upper-class women an alternative to traditional, midwife-attended childbirth.6 The fear 

of childbirth led women to invite physicians (and their promises of greater safety and less 

pain) into the birthing room (Leavitt 1986, pp. 37-38). With forceps, physicians could 

assist women in difficult births, or hasten slow deliveries. Technological developments 

such as with the introduction of ergot (a drug used to cause uterine contractions), and the 

advent of pain-relieving drugs such as ether and chloroform also provided physicians 

with an aura of science that led more and more women to choose to have physician-

attended births. General practitioners were eager to accommodate women.  They viewed 

childbirth as central to their attempts to build a practice, given that successful births led to 

more patients (Wertz and Wertz 1977, p. 67) At the same time, midwives, most of whom 

were without formal education and who lacked professional organization, gradually 

attended fewer and fewer births as the century progressed.

The idea that physician-attended deliveries were in fact safer was not necessarily 

true; while there are no records of epidemics of puerperal fever in America during the 

                                                
6 An Englishman named Peter Chamberlen is believed to have invented forceps in the early 17th century.  
The device consisted of “… two enlarged spoons with handles” that could be joined and locked together.  
The Chamberlen family kept the device a secret for over 100 years, so that they were not widely used until 
after 1800 (Wertz and Wertz 1977, pp. 34-35; Radcliffe 1967, pp. 31-32). 
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18th century, puerperal fever became more common in America after 1840, perhaps 

because of increasing physician intervention during childbirth (Wertz and Wertz 1977, p. 

119). Regardless, by the end of the nineteenth century nearly 50 percent of all births 

were physician-attended, although the majority still occurred in women’s homes. Most 

middle-and upper-class white women were attended by physicians in their homes during 

childbirth, while Southern black families and immigrants relied heavily on midwives 

(Litoff 1978, p. 26). The only births that occurred in hospitals were those of homeless 

women or women who could not receive in-home assistance (Leavitt 1986, p. 61).

5.2.2  Childbirth After 1900

After the turn of the century, the shift from home to hospital began in earnest, 

although it occurred slowly at first. A Children’s Bureau study conducted in Baltimore in 

1915 sheds some light on trends in urban areas. By 1915, the percentage of births 

attended by physicians had increased, and women were more likely to deliver in hospitals 

(Rochester 1923, pp. 212-213).  However, as shown in Tables 5.1 and 5.2, the percentage 

of women attended by physicians and delivering in hospitals varied widely by both 

income and nationality of mother. Table 5.1 shows that physician-attended births in 

Baltimore hospitals were highest among families where the father reported no earnings 

and among the highest-earning fathers.  Middle-class families were more likely to deliver 

at home while being attended by a physician, while midwives generally limited their 

services to middle- and lower-income families. Table 5.2 illustrates the fact that foreign-

born mothers in Baltimore were more likely to use midwives than native-born mothers, 
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usually because of a reluctance to admit men into the birthing room. Only 27.4 percent 

of infants born to white, native-born mothers were delivered by midwives in 1915, while 

midwives attended the births of over 77 percent of Italian-born women.

5.2.3  The Rise of the Physician and Hospital-Based Childbirth

What engendered the shift from home to hospital based childbirth in the first 

decades of the twentieth century?  On the supply side, reforms in medical education, 

increasing professional organization and specialization among physicians, the economic 

gains that accrued to physicians who had hospital-centered practices, and the 

disappearance of the midwife as an alternative to physician-attended birth all played a 

role in the transition of birth from home to hospital. 

By the turn of the century, reforms in medical education were well underway. 

The impetus for reform stemmed from the success of the Johns Hopkins model and the 

willingness of American philanthropists to fund improvements in medical science and 

education.7 However, the chief proponent for change became the newly restructured and 

more powerful American Medical Association (AMA).8  The AMA recognized the fact 

that improving standards would not only lead to additional funding of medical school 

                                                
7 Stevens notes that endowments to medical schools rose as educational standards increased.  She quotes 
the president of Harvard in 1907 as stating “Gentlemen, the way to get endowment for medicine is to 
improve medical education.” American Medical Association Bulletin, 1907, p. 263, quoted by Stevens 
1971, p. 60. 
8The growth in AMA membership over the time period is striking. While the reorganization of the AMA in 
1913 to include all members in good standing with local medical societies makes it difficult to compare 
AMA membership over time, Burrow notes that by comparing the number of AMA fellows (members who 
were in good standing with a local society, actually applied for AMA membership, subscribed to the 
Journal and paid the annual fee) with the number of members before 1913 allows for nearly parallel 
comparisons.  Total fellows in the AMA in 1920 equaled 47,045 (of total membership of 83,338), 
compared to 8,401 members in 1900  (Burrow 1963, pp. 49-50).



131

endowments and improvements in the quality of medical care, but would also serve to 

reduce the number of medical practitioners at a time when many physicians were 

struggling financially.  The problem of “overcrowding” in the profession was referred to 

in several articles at the turn of the century. A Journal of the American Medical 

Association (JAMA) editorial written in October, 1901 stated, “It is evident from the 

census statistics that we must be rapidly approaching the limit of additions to the medical 

profession if the individual members are to find the practice of medicine a lucrative 

occupation” (JAMA, October 26, 1901, p. 1119). 

Regardless of motive, the reforms in medical education that occurred in the first 

two decades of the twentieth century influenced the shift in childbirth from home to 

hospital in two ways. First, reforms in medical education focused on the close 

incorporation of hospitals with physician education.  Prior to the twentieth century, most 

physicians had little clinical experience in hospitals. Even before the Flexner Report was 

published in 1910, medical reformers recognized the need for a close tie between 

hospitals and medical training.9 Thus, increasing numbers of physicians were routinely 

trained in hospitals and came to view hospitals as workshops in which they could use the 

latest medical technologies. With respect to childbirth, hospitals enabled physicians to 

use technologies that may have been more difficult at home. For example, physicians 

often had physical difficulty utilizing forceps in the home birthing bed, and some types of 

anesthesia were best administered in a hospital environment. Further, an increasing 
                                                
9 Some philanthropists encouraged the development of ties between medical schools and hospitals.  
Markowitz and Rosner (1973) note several incidences where philanthropists and other industrialists 
“… attempted to foster consolidation of the medical school and hospital by giving money with certain 
substantial strings attached,” usually requiring hospitals to allow medical schools to use their facilities for 
teaching (p. 103).
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awareness of the importance of a germ-free environment to prevent puerperal fever led 

doctors to prefer hospital-based over home-based childbirth (Leavitt p. 177). 

In addition to being more comfortable practicing in a hospital setting, physicians 

also found that centralizing childbirth in hospitals was more convenient and perhaps more 

lucrative. They no longer had to carry their equipment and travel great distances to 

women’s homes to attend labor and delivery, and hospitals provided trained nurses to 

assist doctors during delivery (Wertz and Wertz 1977, p. 144; Vogel 1980, pp. 102-103). 

In addition, hospital-centered practices may have allowed doctors to increase their 

incomes.  Doctors could see more patients than they could if they traveled to patient’s 

houses, and hospitals enabled them to do more complicated (and more expensive) 

procedures. The idea that physicians may have used excessive intervention to increase 

their incomes is in line with the modern theory of “supplier-induced demand.” For 

example, Gruber and Owings (1996) found that the decrease in fertility that occurred 

from 1970-1982 led obstetricians to substitute normal childbirth with more highly 

compensated cesarean deliveries.  Two studies published much earlier are also suggestive 

of the presence of supplier-induced demand.  A 1915 Children’s Bureau study found that 

physicians used forceps (for which they were reimbursed more) in only 4.3 percent of 

births in families with fathers earning less than $450, compared to 14.2 percent of births 

in families with earnings over $1,850 (Woodbury 1925, p. 236). Similarly, results from 

the National Health Survey of 1935-1936 found that the cesarean birth rates varied from a 

low of 1.4 percent among those families on relief to 3.7 percent among those women with 

a family income of $2,000 or more.  Even more striking, the percentage of hospitalized 
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women undergoing episiotomy ranged from a low of 25 percent among relief families to 

nearly 50 percent among women with family income over $2,000. (Goddard 1941, pp. 

44-45). 

The second reason reforms in medical education helped to foster the shift in 

childbirth from home to hospital was that they were part of a larger effort by the AMA to 

increase the level of professional organization and status among physicians, activities that 

may have in turn reduced the number of non-physician practitioners (such as midwives) 

that were available as alternatives to physician-attended childbirth. As the scope of 

medical knowledge broadened, greater numbers of physicians sought to specialize in an 

area of medicine rather than practice as generalists.10 State licensing requirements rose 

with increasing standards in medical education, and physicians resisted efforts by non-

medical competitors to treat patients (Stevens 1971, p. 99-100). The desire to reform 

obstetrics education and to raise the status of obstetricians led some physicians to call for 

the elimination of the midwife. Physicians may have felt threatened economically by 

midwives, who typically received one-half the fee charged by physicians for performing 

obstetrics services (Litoff 1978, p. 73; Chapin 1923, p. 77).  Further, some suggested that 

midwives took teaching opportunities away from medical students, particularly midwives 

who worked on charity cases.  Accordingly, many physicians regarded midwives as 

inferior substitutes and blamed them for high rates of maternal mortality. A physician 

                                                
10 Only 23 percent of medical students graduating in 1915 went on to practice solely as general 
practitioners.  Thirty-six percent developed a specialist interest, while 41 percent limited themselves 
entirely to a specialty (Stevens 1971, p. 116).  As more physicians became specialists, specialists sought to 
organize and delineate their specialties.  The American College of Surgeons (ACS) was founded in 1912 to 
standardize surgical quality and to openly distinguish between “quality” surgeons and other surgical 
practitioners.  Other specialties soon followed suit.
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writing in the American Journal of Obstetrics and Diseases of Women and Children in

1911 stated:

…40 to 50 percent of the births in the large cities of this country are attended by 
midwives who, except in some rare instances, are ignorant, untrained, 
incompetent women, and some of the results of their obstetric incompetence are 
unnecessary deaths and blindness of the infants, and unavoidable invalidism, 
suffering and deaths of the mothers…the gist of the matter is that one or two 
things must be done with the midwife—she must be eliminated or educated and 
placed under state control. (Edgar 1911, p. 881).

Indeed, there is little disagreement that untrained midwives contributed to high 

maternal mortality rates. However, it is not clear that trained midwives were any more 

hazardous than poorly trained physicians, especially since the maternal mortality rate did 

not fall as fewer and fewer women were delivered by midwives over time.  Speaking in 

1911 to the New York Academy of Medicine about the “midwife problem”, a New York 

physician noted that “... much that is said to-night concerning the evil results of midwife 

practice here in New York, can be said—even to a higher degree—of the physician. The 

poorly trained physician does far more harm than the midwife, as is abundantly shown by 

the various hospital records as well as by the records of the Board of Health” (Lobenstine 

1911, p. 879). 

Some physicians and public health officials were actually in favor of training and 

regulating midwives to reduce maternal mortality. Midwife proponents pointed to the 

much lower puerperal death rates experienced by some European countries that relied 

almost exclusively on trained midwives to deliver pregnant women. Mothers in Sweden 

and England relied more extensively on midwives than did mothers in the U.S., and 

midwives in these countries were better trained and regulated (Loudon 1992).  Despite 
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the much greater number of births delivered at home, both England and Sweden realized 

much lower levels of maternal mortality than the United States, as shown in Figure 5.4. 

In America, further evidence of the ability of trained midwives to reduce maternal 

mortality is given by the example of the Kentucky Frontier Nursing Service, founded by 

Mary Breckinridge, a nurse who later trained as a midwife in England. In the Frontier 

Nursing Service, more than 30 nurses trained as midwives in England and then provided 

midwifery services to families in rural Kentucky. Over the period 1925-1937, the nurse-

midwives delivered 3,000 babies. Physicians were called in to perform cesarean sections 

6 times, and forceps were used only 14 times. The maternal mortality rate associated 

with the Frontier Nursing Service over the period was 6.8 deaths per 10,000 births, in 

contrast to 56-68 deaths per 10,000 births for the U.S. as a whole, and 80-90 deaths per 

10,000 births for white women delivered in hospitals in Lexington. (Dye 1983, pp. 501-

502). New York City and New Jersey also experienced significant declines in infant 

mortality after implementing midwife training and regulatory programs (Litoff 1978, p. 

93). 

Despite the efforts of midwifery proponents, the percentage of births attended by 

midwives decreased from 50 to 12.5 percent over the period 1900 to 1935 (Loudon 1992, 

p.298).11 The absolute number of midwives declined from 7.39 midwives per 100,000 

people in 1900 to 2.90 per 100,000 in 1930. This trend was particularly pronounced in 

large cities. Southern states reported greater numbers of midwives throughout the period, 

and lower levels of decline, as seen in Figure 5.5.

                                                
11 In New Jersey, 42 percent of births were attended by midwives in 1918, compared to less than 19 percent 
in 1930.  By 1930, 80 percent of midwives were in the rural South (Stevens 1971, pp. 100, 180).
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Efforts by physicians to discredit the midwife profession were likely responsible 

for at least some of this decrease, as physicians regarded midwives as a “… temporary 

stopgap until all patients could be delivered by physicians” (Stevens 1971, p. 180). 

States began to pass laws to regulate midwives over this period, and one state 

(Massachusetts) even outlawed midwifery (Litoff 1986, p. 9).12 Overall, these laws did 

little to reduce the number of midwives as they were fairly lenient and poorly enforced.  

There were many other factors that contributed to the decline of midwives (Litoff 1986, 

pp. 9-10). In contrast to physicians, midwives were not professionally organized, and 

given that many midwives were women who attended blacks and immigrants, they may 

have lacked a political voice. Midwife proponents were less organized than opponents, 

and the demand for midwife services also fell as immigration declined (Litoff 1978, p. 

113).

5.2.4  Advances in Anesthesia and Women’s Preferences for Hospital Birth

While supply-side factors such as the increasing professionalization of physicians 

and their preferences for hospital-centered births, and the fact that fewer midwives were 

available to serve as alternatives doubtlessly contributed to the shift of birth from the 

home to the hospital, demand-side factors also played a role. Some women may have 

simply preferred hospital births over home births. With technological advances in 

anesthesia, more and more women turned away from midwives and turned to physicians 

who could administer anesthetics during labor and delivery. As hospitals shifted their 

                                                
12 In 1896, the year Washington, D.C. enacted a law requiring midwives to pass an examination, midwives 
attended 50 percent of all births.  By 1910, midwives attended less than 10 percent (Chapin 1923, p. 77).
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focus to customer-service, they offered women greater comfort and assistance than 

women could receive at home. Trained nurses could assist women, and lengthy hospital 

stays permitted women to rest and escape household duties.13 Safety concerns also 

prompted women to adhere to their physician’s advice regarding hospitals. Childbirth in 

the early twentieth-century was hazardous; a 1917 report noted that childbirth in 1913 

caused more deaths among women 15 to 44 years old than any disease except 

tuberculosis (Meigs 1917, p. 7). Advertisements in popular women’s magazines 

trumpeted the virtues of hospital births by proclaiming that “…motherhood is easier and 

far safer due… to the modern hospital and the great strides made in obstetrics” (Ladies’ 

Home Journal, September 1930, p. 83). Advertisements also frequently touted their 

products as those used by “hospital leaders” and as “hospital-safe” (Ladies’ Home 

Journal, February 1932, p. 120).

While doctors’ advice, comfort, convenience, and supposedly greater safety 

played a role in the shift from home to hospital birth, the availability of anesthesia also 

contributed to a growing demand for hospital birth. The advent of pain relieving drugs 

and techniques, notably “Twilight Sleep” in 1914 (Leavitt 1986, p. 130 and Wertz and 

Wertz 1977, p.150), likely played a large part in convincing women that hospitals were 

more comfortable than homes for delivering a child. Although ether and chloroform had 

been used since the mid-1800s, they were far from ideal. Induction and recovery were 

                                                
13 Even after a nursing shortage following World War II shortened obstetrical length of stays in hospitals, 
ward patients stayed an average of two weeks post-partum, and private, paying patients often stayed as long 
as three weeks, perhaps they “…appreciated the efficiency of transferring to an institution the whole daily 
round of care, feeding, and washing that could hardly be done anymore in the home” (Wertz and Wertz 
1977, p. 156).  Leavitt  also suggests that urbanization transformed birth from a “woman-centered” event 
where a woman’s friends and relatives took care of her and her family both during labor and after delivery 
to one in which women could not find the help they needed (1986, p. 175).
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slow with ether, and while women were induced much faster using chloroform, it carried 

higher risks of cardiac complications (Rushman, Davies, Atkinson 1996, pp. 23-26). 

Most other drugs could not be administered until late in labor, so that women still 

experienced pain (Leavitt 1986, p. 127). 

An advance in the early twentieth-century opened the door for greater anesthetic 

possibilities. Unlike earlier methods, “twilight sleep” involved the administration of the 

amnesiac scopolamine, which did not relieve pain but rather prevented women from 

remembering the painful experience. Pioneered in Germany, U.S. physicians were 

reluctant to use twilight sleep since they were unsure of its safety.  Complications 

included delayed labor, and infant respiratory depression (Sandelowski 1984, pp. 11-15). 

Women sometimes had to be restrained during its use, making the hospital the preferable 

setting for delivery (Sandelowski 1984, p. 16).  By slowing labor and incapacitating 

women, twilight sleep often required obstetrical interventions such as the administration 

of Pituitrin (a drug used to increase contractions) and the applications of forceps to 

deliver infants. Despite its drawbacks, women campaigned vigorously for its adoption. 

Proponents of twilight sleep included many wealthy society women, including Mrs. John 

Jacob Astor, whose picture appeared in newspaper articles endorsing the method (Leavitt 

1986, pp. 131-33; Wertz and Wertz 1977, pp. 150-54). While the popularity of the 

Twilight Sleep method faded somewhat after 1915 when a noted advocate died during 

childbirth, the furor it initially created served to increasingly medicalize childbirth, and to 

make obstetrics an increasingly surgical specialty that routinely involved anesthesia and 

instrumental intervention.
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Because of these reasons, increasingly large numbers of American women began 

to give birth in hospitals. The image of hospitals as safer places to give birth, however, is 

little supported by empirical evidence. Maternal mortality rates were flat and in some 

cases increasing until the 1930s, and several studies blamed the increase on excessive 

physician intervention in childbirth.14  As early as 1880 physicians were aware of the 

streptococci bacteria that caused sepsis, often called “child-bed” or “puerperal” fever.  

Nevertheless, puerperal septicemia remained a leading killer of women of childbearing 

age until the mid-1930s, when the anti-infective sulfonamide drugs were developed.15

Women attended by physicians and giving birth in hospitals prior to 1936 may have been 

at increased risk for septicemia, given that they were much more likely to have some sort 

of physical intervention. Results from the 1935-1936 National Health Survey found that 

forceps were used “… with two or three times the frequency” in hospital deliveries 

compared to nonhospitalized deliveries (Goddard 1941, p. 47). One prominent physician, 

Joseph B. DeLee, recommended the routine use of episiotomy and outlet forceps after 

sedating patients with ether and scopolamine. Describing this as the “prophylactic 

                                                
14A study conducted by the Children’s Bureau in 1927 and 1928 found that maternal deaths due to 
puerperal causes were 36 percent higher in urban areas than in rural areas (Maternal Mortality in Fifteen 
States Children’s Bureau 1934, p. 19).  Loudon (1991, p.294) and Leavitt (1986, p.183) also provide 
evidence that maternal deaths due to puerperal fever remained higher in urban areas than in rural areas. 
Given the higher incidence of hospital births in urban than rural areas this may suggest that hospitals may 
have actually increased the risks associated with childbirth.  Further evidence is suggested by interracial 
comparisons: Despite the fact that white mothers were hospitalized with much greater frequency  than 
nonwhite infants (twice as many white births occurred in hospitals than did nonwhite births), the racial gap 
in maternal mortality did not widen and even narrowed during this time period (Loudon 1991, p. 299).
15 Until sulfa drugs were developed, between 35-55 percent of maternal deaths were due to sepsis. Twenty 
percent were due to eclampsia, 20 percent due to hemorrhage, with the remainder due to other causes such 
as abortion (Loudon 1991, p. 34).  Dr. Gerhard Domagk described the antibacterial properties of the first 
sulfa drug (called “Prontosil” in results published in February, 1935.  The antibacterial action came from 
the drug’s sulphonamide compounds, which were generally effective against streptococcal agents, and to a 
lesser extent against staphyloccal infection.  Domagk won the 1939 Nobel Prize for Physiology or 
Medicine for his work.
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forceps operation,” DeLee stated that the technique was a “…rounded method for 

relieving pain, supplementing and anticipating the efforts of Nature, reducing the 

hemorrhage, and preventing and repairing damage” (DeLee 1920, p. 34).16 This 

“meddlesome midwifery” may have increased morbidity and mortality among 

childbearing women. Drugs slowed delivery and necessitated interventions such as 

forceps that could transmit infection. Physicians who inappropriately applied forceps 

risked lacerations of the cervix and perineum, as well as infection and hemorrhage. 

Two studies conducted in the early 1930s confirmed the notion that physician 

interference may have harmed women. A study conducted by the New York Academy of 

Medicine from 1930-1932 found the septicemia death rate to be 1.67 deaths per 1,000 

live births in the hospital, but only 0.90 deaths per 1,000 live births for infants delivered 

at home.17 A second study conducted by a subcommittee of the White House Conference 

on Child Health and Protection also suggested that excessive interference led to increased 

morbidity and mortality, with the result that “… all the advances in medical knowledge 

have been almost lost to the parturient woman through too great a recourse to 

instrumental delivery” (White House Conference 1933, p. 18).

5.3  Model

Despite the purported claims of increased maternal safety associated with hospital 

birth, Section 2 shows that it is not clear that hospitals really led to safer birth outcomes 
                                                
16 Other doctors such as J. Whitridge Williams believed that DeLee proposed excessive intervention, a 
debate that played out in medical journals in the 1920s (Leavitt 1986, p. 120). 
17 Even if cesarean sections are excluded, the hospital maternal mortality rate falls to 1.07—still 18 
percentage points higher than the maternal mortality rate associated with home births (New York Academy 
of Medicine 1933, p. 85).
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for mothers.  However, if hospitals were really actually dangerous for mothers, would 

more and more women voluntarily give birth in hospitals? In this chapter, we seek to 

statistically examine the link between hospital births and maternal mortality.  Loudon 

(1991) suggests that there are two views that explain differential maternal mortality rates. 

The first is that “…high mortality is due to poor obstetric practice and low mortality to 

good practice” whereas the second is that the underlying causes of high maternal 

mortality “…can be found in the social, economic, and political conditions of a 

population” (Loudon 1991, p. 34).  By attempting to control for medical inputs as well as 

the socioeconomic conditions that prevailed at the time, we seek to shed light on the 

question of whether or not the shift to hospital births actually benefited women. 

We begin by using city-level data for the period 1927-1940 that allow us to 

control for different factors—both medical and socioeconomic—that may have impacted 

maternal mortality rates.18 To capture medical factors that may have impacted maternal 

mortality rates, we include a control for medical inputs.  Ideally, this variable would be 

measured as the percentage of all births in a city occurring in hospitals; however, it is not 

possible to construct this variable for every year in the sample. Instead, we use hospital 

beds per 100,000 population to control for medical inputs.  Presumably, cities with 

greater numbers of hospital beds may have provided greater levels of physician-attended, 

hospital births for several reasons.  First, the costs (both actual costs and travel costs) of 

using a hospital may have been lower in cities with more hospital beds per 100,000. In 

                                                
18 Ideally, we would like a panel of city level data from 1920-1950 to more fully capture the shift, given 
that maternal mortality already begins to fall in the early 1930s.  However, consistent city-level information 
on hospitals is not available until 1927, and beginning in 1943, only county information is reported on 
maternal mortality.  Thus, we limit ourselves to the 1927-1940 period.
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addition, if physicians are more likely to locate in areas with greater numbers of hospital 

beds, then this may have increased the probability that a pregnant woman sought a 

physician’s assistance during delivery and thus increased her chance of delivering in a 

hospital.

A priori, it is not clear whether the sign on the estimated coefficient on hospital 

beds per 100,000 should be positive or negative.  Clearly, physicians and mothers 

believed that hospital births were safer.  Undoubtedly, the lives of some women were 

saved by the efforts of a physician during difficult births.  On the other hand, we are 

aware that excessive medical intervention may have claimed lives.  It is possible that the 

impact of medical inputs on maternal mortality changed during the period of time we are 

considering. In particular, with the introduction of sulfa drugs in the spring of 1937, 

obstetricians were able to more effectively combat puerperal infections.  After sulfa drugs 

were introduced, doctors could intervene with less chance of spreading an infection that 

would later claim the mother’s life.  For this reason we included a dummy variable 

indicating observations prior to 1937, as well as the interaction between this variable and 

hospital beds per 100,000 in order to distinguish between pre- and post-1937 effects of 

medical care on maternal mortality.

There is the potential for endogeneity bias in the hospital beds per 100,00 

variable.  A simultaneous relationship, similar to the one between mortality rates and 

physicians discussed in the previous chapter, may have existed between maternal 

mortality rates and the number of hospitals beds per 100,000.  Cities experiencing an 

increase in maternal mortality rates may have gained more hospital beds per 100,000 as a 
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result of the rising maternal mortality.  If this type of relationship existed we would 

anticipate an upward bias in the hospital beds per 100,000 coefficient in a single equation 

OLS regression on mortality rates.  The lack of supporting qualitative or quantitative 

evidence suggests that maternal mortality rates were not a prominent factor in 

determining the supply of hospital beds.  Therefore, it is unlikely that the coefficient 

estimate for the hospital beds per 100,000 variable would contain an endogeneity bias.

In order to control for socioeconomic characteristics that may have affected 

maternal health, we include county level measures of education, real income per capita, 

and race.  Construction of the variables is discussed in the data appendix. Education may 

be important if maternal health practices influenced maternal mortality.  For example, 

educational deficiencies might also have facilitated the continuing influence of 

superstition, folk remedies, and “lay referral” even when modern medical care and 

information was available (Beardsley 1987, pp. 32-35).  In addition, better educated 

people appear to be more behaviorally responsive to health-related information than 

others (Berger and Leigh 1989, Kenkel 1991, Meara 2001).  The percent of the 

population that is illiterate is included as a measure of educational attainment. As a 

proxy for economic activity, we include real retail sales per capita (Fishback et al 2005).

Income may be important for several reasons. First, women with higher incomes may 

have been better nourished and thus better able to withstand childbirth and its potential 

complications. This suggests that the estimated coefficient on the income variable should 

be negative.  Higher income families may have also been able to obtain better access to 

medical care.  To the extent that medical care lowered maternal mortality, this suggests 
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that the estimated coefficient on the income variable should be negative. However, if 

medical care did increase the risk of maternal mortality, and to the extent that the hospital 

beds per 100,000 variable inadequately captures the impact of medical care on maternal 

mortality, then the estimated coefficient on the income variable may be positive.

The percentage of the population that is black (also from the census) is included 

to measure the extent to which racial differences impacted maternal mortality.  Finally, 

women under 16 years of age and women over 35 are at a greater risk for puerperal 

complications (Cunningham et al 1997, pp. 570-572). As a control for this potential 

maternal health risk we include variables reflecting females in various age groups as a 

percentage of women in their childbearing years (ages 15 to 44).  Thus, our basic 

regression equation is:

MMRit = Zitα + Ytθ + [Yt*Zit]π + Xit� + eit , 

where i refers to cities, t refers to years, Zit reflects hospital beds per 100,000, Yt is the 

dummy variable indicating whether the observation occurred prior to 1937, and Xit

includes the city-year characteristics described above. In some specifications we include 

state dummies to capture any additional effects that vary across states but were constant 

over time.  Finally, because it could be the case that cities that were added to the 

registration areas after 1927 may have had greater levels of maternal mortality and more 

incomplete registration of maternal deaths as well as infant births, we run a balanced 

panel consisting of only those cities that were in the sample in the first year (1927) and an 

unbalanced panel consisting of all cities regardless of when they entered the sample.

Table 5.3 presents summary statistics for the variables. 
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5.4  Results

Regression results are reported in Table 3.  Looking at the results for the balanced 

panel in column [1], the estimated coefficient on the beds per 100,000 population 

variable is negative and statistically significant, suggesting that beginning in 1937, an 

increase of 100 beds per 100,000 population resulted in 10.5 fewer maternal deaths per 

100,000 births. The estimated coefficient on the beds per 100,000 interaction term is 

positive and statistically significant, suggesting that prior to 1937, an increase of 100 

beds per 100,000 population resulted in an increase of about 7 maternal deaths per 

100,000 live births.  These results are consistent with the conjecture that until the late 

1930s obstetrical devotion to medical intervention rendered medical care detrimental to 

the health of women during the birthing process.  The introduction of anti-infective sulfa 

drugs and improving obstetrics practices enabled obstetricians to prevent injury and 

combat infections induced by their medical interventions later in the 1930s.19  The 

estimated coefficient for the pre-1937 variable indicates that maternal mortality was 

higher during the early to mid 1930s than the rest of the period.  Racial differences also 

appear to have played a role in maternal mortality; cities with larger black populations 

had higher levels of maternal mortality.  The odd result in the balanced panel is the 

negative and statistically significant coefficient on the percent of the population that is 

illiterate. There is speculation in the historical literature that maternal mortality may have 

                                                
19 Sulfa drugs were effective against puerperal fever, but not as effective as antibiotics.  City-level data are 
not reported beyond 1943, and antibiotics were not widely produced until 1946.  However, state level data 
run for the period 1937-1950 (not reported here) show that penicillin had an even stronger impact on 
reducing maternal mortality after 1946.
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been higher among more educated, higher-income women exactly because of the fact that 

they tended to use hospitals for births, while less educated, lower-income women may 

have been less likely to deliver in hospitals.

Results for the unbalanced panel are somewhat different.  The reason we use the 

balanced panel is because it may have been the case that cities added to the birth 

registration area later might have had higher rates of maternal mortality.  This is 

consistent with the summary statistics presented in Table 5.3; the mean maternal 

mortality rate for the full sample is 627 deaths per 100,000 births, compared to 598 

deaths per 100,000 births. To a large extent, the cities added later were in the South, 

where hospital quality may have been more dubious than in northern cities, and where 

blacks in particular had a more difficult time obtaining access to hospitals. Thus, it may 

not be surprising that the estimated coefficient on beds per 100,000 is not statistically 

significant.  However, the interaction term is again positive and statistically significant, 

suggesting that prior to 1937 medical care may have hindered maternal mortality more 

than it helped.

We also estimate separate regressions by race over the same period to gauge 

whether medical care had a differential impact on blacks and whites.20  Blacks, 

particularly in the South, may have had difficulty gaining access to quality medical care. 

Black women may have preferred to use black physicians, who were often excluded from 

good medical schools and residencies, and denied privileges at all but black hospitals or 

                                                
20 The number of observations in the race regressions is significantly lower than for the regressions based 
on the total population as mortality and birth data were only provided for cities in which the minority 
population was greater than 10,000 or 10% of the total population.  Also, mortality data by cause of death 
was not reported by race at the city level in 1938.
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hospitals for the indigent, many of which were unable to keep up with rapidly advancing 

medical technologies (Smith 1999, p. 21).  Even if blacks did not prefer to be attended by 

black physicians, they may have been excluded from other hospitals or restricted to 

segregated facilities that offered lower quality care, especially in Southern cities 

(Almond, Chay and Greenstone 2001). If blacks were restricted in their access to 

medical care, or if they received substandard care, we would expect to see a differential 

effect of medical care on black maternal mortality relative to white maternal mortality.

Summary statistics by race are provided in Tables 5.5 and 5.6. Estimates from the 

race regressions are provided in Tables 5.7 and 5.8.  Overall, results are consistent with 

those reported in Table 5.4, suggesting that hospitals had an adverse impact on maternal 

mortality for both blacks and whites prior to the advent of sulfa drugs.  There is however, 

a differential effect of medical care for blacks compared to whites. Results from both the 

unbalanced and balanced panels show that the estimated coefficient on the beds*pre-1937 

interaction term is much larger for blacks than whites, which is consistent with the 

hypothesis that blacks received lower quality care.  Also consistent with this hypothesis is 

the estimated coefficient on hospital beds per 100,000.  For white mothers, improvements 

in obstetrics practice and the use of sulfa drugs lowers maternal mortality; an increase in 

hospital beds per 100,000 after 1937 lowers maternal mortality by between 9.5 and 31 

deaths per 100,000. For black mothers, medical care does not have a statistically 

significant effect on maternal mortality after 1937, suggesting that black mothers may 

have received a lower quality of care than white mothers.



148

5.5  Conclusions

Despite the fact that hospital births increased dramatically over the period 1920 to 

1950, maternal mortality rates did not decline until the mid-1930s when sulfa drugs were 

developed. This chapter seeks to understand the relationship between medical care and 

maternal mortality.  Did maternal mortality rates remain flat and even increase because of 

iatrogenic causes? If so, why did women increasingly seek hospital births for their 

children? Results based on a sample of city-level data from 1927-1940 provide support 

for the hypothesis that medical intervention prior to the advent of sulfa drugs in 1937 

increased maternal mortality rates.  From 1927-1936 the number of hospital beds per 

100,000 people in a city seems to have increased maternal mortality, albeit very slightly.

However, the development of anti-infectives such as sulfa drugs did enable doctors to 

save mothers’ lives in childbirth. In a sense, these drugs made medical care more 

effective by not only directly reducing deaths from puerperal fever, but also by enabling 

doctors to perform potentially life-saving procedures such as cesarean sections without 

the risk of subsequent life-threatening infections. 

Regressions estimated separately by race reinforce the overall results that medical 

care increased maternal mortality prior to 1937 but also suggest that the impact of 

medical care on maternal mortality differed for blacks and whites. Relative to whites, 

hospitals posed a greater risk for black mothers prior to the availability of sulfa drugs in 

1937, and were less beneficial for them afterwards, suggesting that blacks received lower 

quality medical care. 

If medical care did not contribute to reducing maternal mortality, why did women 
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increasingly turn to hospitals for childbirth?  We can only speculate as to the reasons why 

the shift occurred, but it appears that women’s preferences for anesthesia and physician 

preferences for convenience and higher incomes played a significant role.  In addition, it 

may be very likely that women were not aware of the increased risk.  Overall, hospitals 

increased maternal mortality in the late 1920s and early 1930s by only 10 deaths per 

100,000 births, a number that few women may have noticed and may have been willing 

to overlook given the lack of alternatives and the comfort and convenience offered by 

hospital birth.
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5.A  APPENDIX I

Data on maternal deaths and number of live births were obtained from reports on 

vital statistics published annually by the U.S. Bureau of the Census.  These reports 

provided data at the city level for each city with a population of at least 10,000.  There 

were 941 cities consistently represented in these reports.  The maternal mortality variable 

was constructed by dividing maternal deaths by live births and multiplying by 100,000.  

This variable was used as the dependent variable in all regressions. 

The American Medical Association’s annual report on “Hospital Service in the 

United States” provided a listing of hospital beds by city.  From this report an annual 

count of hospital beds could be obtained for each city.  City populations for 1920, 1930, 

and 1940 were obtained from the Fourteenth, Fifteenth, and Sixteenth U.S. population 

censuses.  Populations for all other years were calculated using a straight line 

interpolation between the two closest census years.  The hospital beds and city population 

data were utilized to construct a hospital beds per 100,000 population variable.  This 

variable was included in the regressions as an explanatory variable representing medical 

inputs.  

Socioeconomic variables were constructed based on county level census data.  

Percent black, percent illiterate, and percentages of females in different age groups were 

calculated for 1920, 1930, and 1940.  Straight line interpolation was used to obtain values 

for all other years.  The percent black variable was created based on population data 

obtained from Historical, Demographic, Economic, and Social Data:  The United States, 

1790-1970, ICPSR file 0003, as corrected by Michael Haines.  The percent female 



151

variables represent the number of females in each age group as a percent of the female 

population from 15 to 44 years of age.  These variables were calculated from data 

provided in Gardner and Cohen’s ICPSR file 0020 and the Fourteenth U.S. population 

census.  For 1920 and 1930, the percent illiterate variable was calculated as the 

percentage of the population aged 10 and older that was illiterate.  This data was captured 

in the 1920 and 1930 censuses and reported in ICPSR file 0003 as corrected by Michael 

Haines.  However, beginning in 1940 the illiteracy counts were replaced in the census by 

years of schooling completed for people over 24 years old.  We were able to combine this 

data with illiteracy data by age group and level of education for the entire U.S., obtained 

from the U.S. Bureau of the Census (1948, 7), to calculate percent illiterate for 1940.  

This process involved computing separate national illiteracy rates for males and females 

over 24 years old with no schooling (78.2% and 80.7% respectively) and males and 

females over 24 years old with one to four years of schooling (22.5% and 16.7% 

respectively).  Applying these percentages to the census figures for the population aged 

25 and older by sex and years of schooling provided a count of illiteracy from which we 

could calculate the percent illiterate.  This is the same method utilized by Thomasson 

(2002) and Fishback et al. (2005).

The last socioeconomic variable included in the regressions was real retail sales 

per capita.  This variable was constructed from county level data on population and retail 

sales.  Population data for 1920, 1930, 1940, and 1950 was obtained from ICPSR file 

0003 as corrected by Michael Haines.  We used straight line interpolation to obtain 

population counts for 1929, 1933, 1935, 1939, and 1948.  These were the only years in 
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which retail sales information was available.  Retail sales data for 1929 and 1939 were 

obtained from ICPSR file 0003 as corrected by Michael Haines.  For 1933 and 1935 the 

data were acquired from the U.S. Department of Commerce, Bureau of Foreign and 

Domestic Commerce, 1936 and 1939.  Lastly, 1948 retail sales figures were pulled from 

the City and County Data Book Consolidated File, County Data 1947-1977, ICPSR file

7736.  The retail sales per capita variable was calculated directly for these years and was 

interpolated for all other years.  The interpolation procedure involved a weighting 

mechanism based on changes in per capita state income.  This was included to reflect the 

likelihood that retail sales per capita was closely linked to general economic 

performance.  This variable was also adjusted for inflation.
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TABLE 5.1.  Birth Attendant, by Place of Birth and by Earnings of Father, Baltimore, 
1915

Percent Attended by
PhysicianEarnings of Father

In hospital Outside hospital
Midwife Other

None 26.3 51.7 20.7 1.3
Less than $850 7.9 52.7 39.1 0.2
$850-$1,849 9.1 68.7 22.0 0.8
$1,850 and over 25.9 67.5 6.6 0.0
Source: Rochester 1923, Appendix VI, Table VI, p. 212.

TABLE5.2.  Birth Attendant, by Nationality of Mother, Baltimore, 1915

Percent Attended by
Physician

Race and Nationality of 
Mother

In hospital Outside hospital
Midwife Other

Native, white 8.1 64.4 27.4 0.2
Jewish 23.8 41.1 35.0 0.1
Polish 2.9 18.9 77.6 0.6
Italian 2.3 52.4 44.8 0.5
Other foreign born, white 5.9 50.6 42.8 0.6
Nonwhite 13.5 60.4 25.9 0.2
Source: Rochester 1923, Appendix VI, Table VII, p. 213.
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TABLE 5.3.  Summary Statistics

ALL OBSERVATIONS

Variable Mean Std. Dev. Min Max

Maternal Mortality Rate 627.18 389.55 0.00 100000.00

Hospital Beds Per 100,000 Population 537.47 350.20 0.00 7258.77

% Black 7.47 9.86 0.00 77.40

% Illiterate 3.68 2.09 0.30 36.99

Real Retail Sales Per Capita 0.89 0.23 0.14 1.92

% Females 15-19 17.52 2.02 12.90 28.21

% Females 20-24 18.47 1.00 14.37 24.29

% Females 25-34 34.29 1.49 27.16 42.10

Notes: 10,279 observations. Summary statistics weighted by total births. The maternal mortality 
rate is calculated as the number of deaths from puerperal causes per 100,000 live births.

BALANCED PANEL

Variable Mean Std. Dev. Min Max

Maternal Mortality Rate 598.25 282.27 0.00 9523.81

Hospital Beds Per 100,000 Population 509.57 200.71 0.00 3013.79

% Black 6.45 7.45 0.00 45.75

% Illiterate 3.59 1.69 0.48 9.93

Real Retail Sales Per Capita 0.92 0.21 0.36 1.63

% Females 15-19 17.13 1.67 12.90 24.62

% Females 20-24 18.37 0.86 15.91 24.29

% Females 25-34 34.49 1.34 28.31 37.98

Notes: 3,668 observations.  Summary statistics weighted by total births. The maternal mortality 
rate is calculated as the number of deaths from puerperal causes per 100,000 live births.
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TABLE 5.4.  Maternal Mortality Regressions, 1927-1940 (total population)

Variable Est. Coefficient Est. Coefficient

(Std. Error) (Std. Error)

Hospital Beds Per 100K -0.105 b -0.011
(0.043) (0.014)

(Hospital Beds Per 100K)*Pre-1937 0.177 a 0.117 a

(0.051) (0.022)

Pre-1937 Dummy 182.950 a 233.010 a

(30.648) (16.241)

Percent Black 7.173 a 9.822 a

(1.964) (1.281)

Percent Illiterate -13.816 a -3.911
(5.236) (3.973)

Real Retail Sales Per Cap 23.874 33.339
(29.176) (25.894)

% Females ages 15-19 28.987 a 26.637 a

(9.182) (6.572)

% Females ages 20-24 30.853 a 33.738 a

(8.985) (6.654)

% Females ages 25-34 -20.775 b -34.955 a

(9.523) (7.341)

Constant -77.206 250.194
(442.965) (334.510)

State Dummies Yes Yes

Balanced Panel Yes No

R2 0.4934 0.3956

# of observations 3,668 10,279
Notes: Dependent variable is the total maternal mortality rate, defined as number of maternal 
deaths/total births per 100,000 births. Excluded state dummy is Connecticut in both regressions. 
Regressions are weighted by total births.
a: Significant at the 1% level
b: Significant at the 5% level
c: Significant at the 10% level
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 TABLE 5.5.  Summary Statistics (white population)

ALL OBSERVATIONS

Variable Mean Std. Dev. Min Max

Maternal Mortality Rate 583.79 314.47 0.00 14285.71

Hospital Beds Per 100,000 Population 516.85 212.13 0.00 4255.74

% Black 10.25 9.98 0.20 77.40

% Illiterate 4.07 1.97 0.75 36.99

Real Retail Sales Per Capita 0.94 0.23 0.14 1.63

% Females 15-19 16.68 1.65 12.90 28.21

% Females 20-24 18.54 1.01 15.91 24.29

% Females 25-34 35.01 1.18 27.16 42.10

Notes: 1,960 observations. Summary statistics weighted by white births. The maternal mortality 
rate is calculated as the number of deaths from puerperal causes per 100,000 live births.

BALANCED PANEL

Variable Mean Std. Dev. Min Max

Maternal Mortality Rate 553.92 224.56 0.00 14285.71

Hospital Beds Per 100,000 Population 490.21 138.35 179.28 2809.78

% Black 9.30 7.55 2.28 45.75

% Illiterate 4.15 1.43 1.16 9.93

Real Retail Sales Per Capita 0.97 0.20 0.36 1.63

% Females 15-19 16.49 1.05 13.55 21.76

% Females 20-24 18.54 0.77 16.56 24.29

% Females 25-34 35.15 0.95 30.88 37.98

Notes: 468 observations.  Summary statistics weighted by white births. The maternal mortality 
rate is calculated as the number of deaths from puerperal causes per 100,000 live births.
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 TABLE 5.6.  Summary Statistics (non-white population)

ALL OBSERVATIONS

Variable Mean Std. Dev. Min Max

Maternal Mortality Rate 1188.23 875.47 0.00 50000.00

Hospital Beds Per 100,000 Population 569.53 259.40 0.00 4255.74

% Black 19.81 15.17 0.20 77.40

% Illiterate 4.89 2.98 0.75 36.99

Real Retail Sales Per Capita 0.85 0.25 0.14 1.63

% Females 15-19 17.22 2.07 12.90 28.21

% Females 20-24 18.97 1.28 15.91 24.29

% Females 25-34 34.82 1.35 27.16 42.10

Notes: 1,959 observations. Summary statistics weighted by nonwhite births. The maternal 
mortality rate is calculated as the number of deaths from puerperal causes per 100,000 live births.

BALANCED PANEL

Variable Mean Std. Dev. Min Max

Maternal Mortality Rate 1074.34 527.75 0.00 4761.91

Hospital Beds Per 100,000 Population 536.73 175.29 179.28 2809.78

% Black 16.10 12.10 2.28 45.75

% Illiterate 4.39 1.69 1.16 9.93

Real Retail Sales Per Capita 0.89 0.20 0.36 1.63

% Females 15-19 16.79 1.14 13.55 21.76

% Females 20-24 18.79 1.05 16.56 24.29

% Females 25-34 35.08 0.89 30.88 37.98

Notes: 468 observations.  Summary statistics weighted by nonwhite births. The maternal 
mortality rate is calculated as the number of deaths from puerperal causes per 100,000 live births.
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TABLE 5.7.  Maternal Mortality Regressions, 1927-1940 (white population)

Variable Est. Coefficient Est. Coefficient

(Std. Error) (Std. Error)

Hospital Beds Per 100K -0.390 a -0.105 b

(0.142) (0.048)

(Hospital Beds Per 100K)*Pre-1937 0.492 a 0.195 a

(0.137) (0.058)

Pre-1937 Dummy -35.985 146.988 a

(75.597) (39.398)

Percent Black 5.177 c 4.130 b

(2.936) (1.666)

Percent Illiterate -1.998 -0.805
(10.511) (6.468)

Real Retail Sales Per Cap 64.093 61.903
(58.146) (44.176)

% Females ages 15-19 31.915 25.649 c

(24.892) (13.894)

% Females ages 20-24 58.847 a 39.219 a

(16.152) (11.686)

% Females ages 25-34 9.841 -36.848 b

(27.014) (16.851)

Constant -1,424.659 444.294
(1,163.689) (762.559)

State Dummies Yes Yes

Balanced Panel Yes No

R2 0.6162 0.4448

# of observations 468 1,960
Notes: Dependent variable is the total maternal mortality rate, defined as number of maternal 
deaths/total births per 100,000 births. Excluded state dummy is Connecticut in both regressions. 
Regressions weighted by total white births.
a: Significant at the 1% level
b: Significant at the 5% level
c: Significant at the 10% level
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TABLE 5.8.  Maternal Mortality Regressions, 1927-1940 (non-white population)

Variable Est. Coefficient Est. Coefficient

(Std. Error) (Std. Error)

Hospital Beds Per 100K -0.447 0.070
(0.341) (0.136)

(Hospital Beds Per 100K)*Pre-1937 1.088 a 0.554 a

(0.330) (0.188)

Pre-1937 Dummy -137.448 120.675
(181.163) (104.276)

Percent Black 17.003 a 17.207 a

(6.128) (3.444)

Percent Illiterate 60.755 b -7.732
(26.013) (12.267)

Real Retail Sales Per Cap 422.332 a 369.987 a

(134.475) (123.150)

% Females ages 15-19 140.689 b 144.025 a

(55.196) (38.935)

% Females ages 20-24 27.339 51.961 c

(38.712) (29.806)

% Females ages 25-34 65.885 -3.820
(63.934) (51.630)

Constant -5,262.002 c -3,373.066
(2,857.644) (2,334.672)

State Dummies Yes Yes

Balanced Panel Yes No

R2 0.5288 0.3118

# of observations 468 1,959
Notes: Dependent variable is the total maternal mortality rate, defined as number of maternal 
deaths/total births per 100,000 births. Excluded state dummy is Connecticut in both regressions. 
Regression weighted by total nonwhite births.
a: Significant at the 1% level
b: Significant at the 5% level
c: Significant at the 10% level
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FIGURE 5.1.  Maternal Mortality: Birth Registration States, 1915-1940
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Source: Linder and Grove (1943). Vital Statistics Rates in the United States, 
1900-1940, Table 37, p. 622.
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FIGURE 5.2.  Death Rates Among Females due to Tuberculosis v. All Puerperal Causes, 
Death Registration States: 1900-1940
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FIGURE 5.3.  Maternal Mortality in Massachusetts, 1915-1940
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FIGURE 5.4  International Maternal Mortality

0

10

20

30

40

50

60

70

80

90

100

19
01

19
03

19
05

19
07

19
09

19
11

19
13

19
15

19
17

19
19

19
21

19
23

19
25

19
27

19
29

19
31

19
33

19
35

19
37

19
39

Year

D
ea

th
s 

pe
r 

10
,0

00
 B

ir
th

s

England
Sweden
U.S.

Source:  U.S. data are from Linder and Grove (1943), Vital Statistics of the United States, 1900-
1940, Table 36, “Maternal Mortality: Birth Registration States, 1915-1940.” Data for England 
and Sweden are from Loudon (1992), Appendix 6, Table 1 and 7



164

FIGURE 5.5  Midwives per 100,000 Population: 1900-1930
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CHAPTER 6

CONCLUSION

Healthcare in the United States prior to the late 19th Century was in a miserable

state.  Diagnostic capabilities were rudimentary at best and treatments of disease typically 

brought more pain than relief and generally had no therapeutic value.  The public had 

little confidence in medicine and doctors were regarded in a similar light as other laymen 

trades.  This picture contradicts the modern image of medicine in America.  Today there 

exists an abounding confidence in the ability of medicine to cure illness, reduce pain, and 

generally allow for a higher quality of life.  Physicians are well compensated 

professionals who wield considerable authority over their patients.  This metamorphosis 

of American medicine began in the late 1800’s and continued throughout the first half of 

the 1900’s.  During this period a link between medicine and science was finally 

developed, producing an aura of optimism pervading medicine that has not since 

diminished.  Physicians first obtained better methods for relieving pain, such as aspirin, 

and diagnostic capabilities.  Their ability to cure developed more slowly but the 

introduction of anti-infection sulfa drugs in the 1930’s and the anti-biotic drugs in the 

1940’s provided physicians with ample ammunition against many deadly illnesses.

This period of medical transformation in the United States has received 

considerable attention in the medical and historical literature.  However, there remained

numerous economic questions that had not been addressed.  This dissertation focused on
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several of these issues.  Chapter 2 examined the evolution of medical education in 

America during the late 19th and early 20th Centuries.  Medical education in the United 

States was not a rigorous endeavor throughout most of the 19th Century.  This can be 

largely attributed to the lack of advancement in medicine as a science.  In essence, there 

was a limited amount of information to teach medical students.   It was not until medicine 

began to merge with science in the late 1800’s that greater rigor in medical education 

translated into greater earning potential for physicians.  Reform in medical education 

advanced slowly until the early 1900’s when reviews conducted by the AMA and 

Abraham Flexner made public the dismal conditions present at many medical schools.  

Estimates in Chapter 2 suggest that these reviews inflicted irreparable damage to the 

reputation of many medical schools and therefore contributed to the mass exodus in the 

medical school sector.  This chapter provided insight behind the economic incentives that 

prompted initial reforms in medical education and factors that led to their eventual 

widespread adoption.  On a more general level, the evidence also suggests that variables 

capturing reputation may provide considerable explanatory power when examining 

industry exiting behavior.   

The consolidation of medical schools in the early 1900’s generated a decline in 

the number of medical students and a corresponding reduction in the number of 

physicians.  Rural areas shouldered a disproportionate share of the declining physician 

supply.  Previous studies have qualitatively examined this issue and uncovered several 

potential explanations.  Chapter 3 provided a quantitative analysis of the increasing 

disparity of physician supply in rural areas relative to urban areas.  This issue remains 



167

relevant today as concern over the adequacy of access to medical care in rural areas still 

persists.  Understanding the origins of the disparity in the availability of medical care 

between urban and rural areas will be useful in developing solutions to current problems. 

Evidence from this chapter was consistent with conjecture from the existing literature that 

physicians were choosing to locate in areas where their earning potential was greatest.  

Additionally, greater opportunity for professional contact and closer proximity to modern 

medical technology appear to have been strong influences in physicians’ decisions to 

choose urban areas over rural areas with increasing regularity.  It is likely that these 

issues remain significant determinants of physician location decisions.  Therefore, 

convincing more physicians to locate in rural areas will require altering differences in 

these elements or creating incentives that overwhelm these disadvantages associated with 

rural practice.  

When considering inequality along any dimension it is also important to examine 

the impact on welfare resulting from the inequality.  Chapter 4 explored the welfare 

impact associated with the inequality of physician supply.    This analysis showed that in 

the early 1920’s higher physician counts were not associated with lower mortality rates.  

While this study was not able to incorporate quality of life issues that physicians may 

have positively impacted, such as their ability to provide pain relief, this evidence does 

cast some doubt on the extent to which an unequal supply of physicians adversely 

impacted the welfare of rural inhabitants relative to their urban contemporaries in the 

early 20th Century.      
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The work on physician supply inequality provided in Chapters 3 and 4 should be 

considered the tip of the iceberg.  There remains considerable opportunity to enhance 

these studies by lengthening the time periods under consideration, increasing data sets, 

and considering different angles.  In particular, enlarging the individual physician level 

data both cross-sectionally and over time would open up several exciting opportunities.  

Such an endeavor would make possible an examination of the longer run impact of 

physicians on medical outcomes and would provide an opportunity to examine whether 

physician location choices changed after the early 1920’s.

Similar to Chapter 4, the final chapter provided an analysis of the impact on 

welfare resulting from a change in American healthcare.  Specifically, Chapter 5 

examined the impact on maternal health outcomes resulting from the transition of 

childbirth from the home to hospital that occurred in the first half of the 20th Century.  

Physicians at the time heralded the hospital as the safer environment, however, the lack 

of decline in infant and maternal mortality rates cast some doubt on the validity of this 

claim.  The analysis in Chapter 5 confirmed this doubt by illustrating that maternal health 

outcomes did not improve, and may have worsened, as a result of this transition until the 

introduction of anti-infective sulfa drugs in the late 1930’s.  This evidence suggests that 

the impact of advances in medical technology depend as much on the application of the 

technology as the technology itself.   

  In addition to the topics covered in this work, there remain several other 

questions of interest.  To what extent was the market power of physicians altered during 

this period?  Did geographic variation in medical practices evolve during this period?  To 
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what extent did physicians influence the structure and location of hospitals?  How did the 

Federal government influence changes in healthcare?  How did malpractice legislation 

evolve and what were its impacts on medicine?  These types of questions provide a 

promising line for future research.  

The origins of the modern American healthcare system are rooted in the 

transformation of medicine that occurred a century ago.  A better understanding of these 

origins may provide insight as to how the problems of today evolved and how they 

should be resolved.  For example, considerable attention today is paid to the impact of 

malpractice legislation on the cost of healthcare and the location choices of physicians.  

Geographic differences in medical treatments is another topic of current interest.  

Examining the roots of the current healthcare system may help uncover the optimal 

strategy for malpractice protection and help explain how geographic differences in 

medical treatments evolved.  Consequently, this line of research has the potential to 

contribute to discussions regarding contentious issues in the increasingly complex 

American healthcare system .  
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