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APPENDIX A

The Reliability of the Department
of Commerce Samples

THIS APPENDIX discusses in detail the reliability of the data on
which the greater part of our analysis is based. These data were
collected by the U. S. Department of Commerce as part of a study
of the size of national income. Chapter 2 describes the samples
we have used and summarizes the conclusions reached in this
Appendix.

The relatively small size of the samples (see column io of Table
4) makes it specially important to investigate thoroughly their
representativeness, to determine the biases to which they may be
subject, and to find ways of eliminating these biases. We shall at-
tempt to do this (i) by examining in detail the sampling methods
used; and (2) by comparing (a) the distribution of the samples
with the distribution of the universe, (b) different samples cover-
ing the same year with one another, (c) the Department of Com-
merce samples with other studies of the incomes of professional
men.1

1 THE SAMPLING METHOD

The process of obtaining a sample involves first, the designation of
a list of names to serve as the basis for sampling; second, the choice
of the persons on the list to whom questionnaires are sent; third,
the return of the questionnaires by the respondents; and fourth,
the editing of the returned questionnaires before final use. Biases
may enter at each stage: the list may be defective, the method of
choosing names may not yield a truly 'random' sample, those who
reply may differ from those who fail to reply, the answers of those
1 Most of the computations cited in this Appendix do not incorporate minor
revisions of the basic data made at a fairly late stage in the study. Correction
of the computations would have altered none of the conclusions and hence
did not seem justified. In consequence, however, there are minor discrepancies
between some of the measures cited in this Appendix and supposedly identical
measures in the text, text tables, or tables of Appendix B.

411



412 APPENDIX A
who reply may have a systematic bias, and the questionnaires re-
jected in the process of editing may differ systematically from those
retained.

a The lists employed

i The incompleteness of the lists for the earlier years. All qu.es-
tionnaires requested information on income for several years from
a sample of professional men selected from a list presumed to be
comprehensive for the end of the period. For example, the ques-
tionnaires mailed to physicians in 1933 requested information on
income for the four years 1929—32. These questionnaires were sent
to a sample selected from a list of physicians in practice in 1932.
Even if such a sample were entirely random for 1932 it would
not be random for 1929, since the list would exclude the names of
men who were in practice in 1929 but who died, retired, or left
the profession for other reasons, between 1929 and 1932. The
longer the period between the year for which information is re-
quested and the year for which the list is comprehensive, the more
incomplete the list will tend to be.

The resulting bias in average income depends not only on the
number of men- who leave the profession and hence are omitted
from the list but also on their average income. If their average in-
come were equal to the average income in the profession as a whole,
there would be no bias; if it were higher than the average income
in the profession, the sample average would tend to be too low;
and conversely.

Since termination of independent professional practice is

usually due to death or retirement, the persons omitted from the
list are likely to be concentrated in the relatively high age groups.
The average age of professional men at the time of death is about
6g years.2 The average age of those omitted because of death was,
therefore, less than 69 in the year in question—i.e., in one of the
earlier years when they were in practice. The average age of those
omitted because they retired or left the profession for other
reasons was almost certainly still lower.

From the evidence in Chapter 6, it appears that average income
rises for a time with increasing experience and then falls, eventu-

2 Clark, Life Earnings in Selected Occupations, p. 150. This is the expected
average age at death of males who were in lg3o.
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ally dropping below the average for the profession as a whole. In
medicine and dentistry the average for the profession is reached
after or years in practice, i.e., by men about 55 or 6o years
old. In the other professions the rise continues longer and the fall
is less rapid, so that the average for the profession is not reached
until considerably later. These statements, based on data for all
persons in practice, may not be valid for persons destined to leave
practice in the next few years. Some men may be in a position to
retire because their earnings have been better than average; others
may retire or leave practice because they have been receiving such
low incomes that there is no incentive for them to remain in prac-
tice.

While this evidence does not yield a clear-cut conclusion, it does
suggest that those omitted from the list are concentrated in age
groups whose average income is about the same as or somewhat
higher than the average for the profession. If this is so, and if the
average income at each age of men in practice can be assumed
valid for men destined to leave practice in the next few years, the
sample averages for the earlier years might be expected to be some-
what too low. Since the persons omitted from the list are likely to
be more numerous and, on the average, younger the longer the
period between the year for which income information is re-
quested and the year for which the list is comprehensive, the bias
in the sample averages will tend to be greatest for the earliest year
covered. Hence the incompleteness of the list not only affects the
absolute level of average income but also imparts an upward bias
to the trend of average income over time.

In practice, this tendency accentuated by the fact that a list
purporting to be comprehensive for a given year rarely is. New
entrants into a profession are difficult to trace and are almost
always inadequately covered. Since the average income of new
entrants is considerably below the average for the profession, their
underrepresentation tends to make the sample average for the
terminal year too high.

The existence of an upward bias in the trend of income over
time is confirmed by our data. Such a bias would mean that the
earlier of two samples for the same profession would tend to yield
a higher average for an overlapping year. We show below (Sec. 2b)
that this tendency is reflected in our data after correction is made
for the specific biases discussed later. In the absence of detailed
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data on the persons omitted from the list, it has not been possible
to correct the data for this bias.

ii The inclusion of persons not in independent practice. All lists
of professional men from which the samples were selected include
not only men in independent practice but also salaried employees
and persons not in professional. practice.3 Although the ques-
tionnaires emphasized that information was desired' solely from
men in independent practice, some of the returned questionnaires
contained notations indicating that this instruction had been dis-
regarded. It is unlikely, however, that a large number of persons
not in independent practice are included in the final sample, since
the many items on the questionnaires applicable only to persons
in independent practice facilitated the identification of question-
naires inadvertently returned by others. Except for the elimina-
tion of questionable returns in the process of editing, no attempt
has been made to correct the data for the inclusion of persons not
in independent practice.

The inclusion of salaried employees on the list from which the
sample was selected introduced an additional bias into the 1937
accountancy sample. The questionnaire for this sample differed
from the questionnaires for the other accountancy samples and the
other professions in that it requested a recipient who was a salaried
employee of an accounting firm to hand the questionnaire to his
employer. Consequently, an accountant with salaried professional
employees would be more likely to be included in the final sample
than an accountant without such employees. This would make for
an overrepresentation of the more affluent accountants since ac-
countants who have professional employees are likely to receive
higher incomes than other accountants. Two bits of evidence sug-
gest that this bias is unimportant. First, the 1937 accountancy sam-
ple yielded lower average incomes for the overlapping years than
the earlier samples (Table Second, it seems likely that a larger
proportion of firms than of individual practitioners employ other
accountants; yet the proportion of firm members in the 1937 sam-

8 In addition, the lists include the names of some retired or deceased persons.
Replies by the retired persons for the years prior to retirement would tend to
counteract the bias discussed in the preceding section. In fact, however, it is
clear from the returned questionnaires that most retired persons either do not
reply or return the questionnaires with notations that they have retired but
with no information for years prior to retirement.
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pie is about the same as in the 1935 sample and decidedly lower
than in the 1933 sample (Table 46).

iii The medi'cal, legal, and accountancy lists. The lists used in
selecting the medical, legal, and accountancy samples—the Direc-
tory of the American Medical Association, the Martindale-Hub bell
Law Directory, and the mailing list of the American Society of
Certified Public Accountants—seem excellent apart from the gen-
eral defects already noted. Since in all three professions the right
to practise is limited to individuals licensed by the state, the in-
clusion of new practitioners is relatively easy. The number of
names on these lists checks very closely with the totals recorded in
other sources.4

iv The dental list. The list used for dentists was restricted to mem-
bers of the American Dental Association, which included only
about 46 per cent of the dentists in practice when our samples
were taken.5 It is clear from the available evidence that members

4The medical directory lists 156,359 physicians; the Census of Popu-
lation, 153,803. The issue of the legal directory (relating to lawyers in
practice in 1929) lists 141,501 lawyers; the 1930 Census, 139,059 as engaged in
professional service. (The Martindale-Hubbell directory makes no attempt to
list lawyers employed by nonlegal enterprises. This explains why the.compari.
son is made with the number of lawyers listed by the Census as engaged in
professional service.) The mailing list of the American Society of Certified Pub-
lic Accountants included between 13,000 and 15,000 names during the period in
question. The American Institute of Accountants (with which the Society re-
cently merged) estimated that there were approximately 16,500 certified public
accountants in 1937.
5 estimate of 46 per cent is based on (1) data supplied by the American
Dental Association on the number of members in 1952 and 1934, and (2) esti-
mates of the total number of dentists in the United States in 1932 and 1934.
The estimates of the total number of dentists are based on straight-line inter-
polation between 71,055, the number of dentists listed in the Census of Popu-
lation for 1930, and 75,225, the estimate of the number of dentists in 1936 given
in Table i. The years 1932 and 1934 were used because our samples were drawn
from the membership lists for those years.

According to these data, 45.5 per cent of all dentists were members in 1932
and 47.2 in 1934. The figure we use, 46.2. is an average of the two, with the
1932 and 1934 figures weighted respectively 4 and the number of years cov-
ered by the corresponding samples.

These estimates are for all dentists, whereas our interest centers in inde-
pendent practitioners. Some indication of the maximum error involved in
using the same percentage for independent practitioners can be obtained by
assuming that all members are in independent practice, and accepting unpub-
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of the American Dental Association are not representative of all
dentists. In a study of 1929 incomes made in 1930 and covering
slightly over 5,000 dentists in twenty states, Leven found "that the
net incomes of those who reported themselves as members were,
on the average 30 per cent than those of the dentists who
did not claim membership".° In a study made in California in
and based on approximately i,6oo returns, the 1933 average net
professional income of members of the American Dental Associa-
tion was found to be per cent higher than that of nonmem-
bers.7 Both percentages are based on fairly large samples. Their
closeness, while not conclusive as to their reliability, gives some
reason for confidence in them.

However, neither figure can be used, without further investiga-
tion, to adjust the average incomes from our samples. In both
studies a dentist was classified as a member or nonmember on the
basis of his answer to a question requesting him to indicate the
societies to which he belonged. Leven found a wide discrepancy
between the membership records of the American Dental Associa-
tion and the information supplied by the dentists themselves: 49
per cent of the dentists in the 20 states covered by Leven's sample
were carried on the membership rolls of the Association in 1929,
whereas Leven estimates that 68 per cent would have classified
themselves as members if all had returned questionnaires.8 The
California figures show a similar discrepancy. The discrepancy is
presumably attributable to three groups: individuals who were
formerly membçrs of the Association but had been dropped for
nonpayment of dues or for other reasons; individuals belonging to
local or other dental societies but not to the national association;

lished estimates by the American Dental Association of the total number of
dentists in independent practice (these estimates seem, if anything, slightly
too low). These assumptions yield 57.8 as the percentage of independent practi-
tioners who were members. Assuming that a smaller proportion of members
than of nonmembers are in independent practice would of course yield a figure
below 46.2 per cent; but there seems no particular numerical assumption that
deserves special recognition as setting a lower limit.
6 Practice of Dentistry, p. 200.
7 California Medical-Economic Survey, Table 71. The average income of mem-
bers was $3,022; of nonmembers, $2,265. These averages are based on 1,074
members and 541 nonmembers. -

8 Practice of Dentistry, pp. 12, 200.
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individuals who had become members so recently that their names
had not been entered on the membership rolls.

Since our samples were chosen from the membership rolls of the
American Dental Association, only individuals listed as members
by the Association could have been included. Hence, the relevant
figure for our purposes is the percentage excess of the average in-
come of this group of members over the average income of other
dentists. The data available from the two studies cited do not yield
a precise estimate of this figure. The best we can do is to set limits
within which it may reasonably be supposed to lie. On the basis
of Leven's figures, these limits are 17 and 42 per cent; on the basis
of the California figures, they are 20 and 50 per cent. More or less
arbitrarily, we have selected per cent as the best estimate of the
percentage excess of the average income of dentists on the mem-
bership rolls of the Association over the average income of other
dentists.9

Since, as already indicated, approximately 46 per cent of all
dentists were on the membership rolls of the American Dental
Association when our samples were selected, a difference of
per cent between the incomes of members and nonmembers would
imply that the average income of all dentists is 87.6 per cent of the
average income of members alone. The final estimates of the aver-
age incomes of dentists given in Table ii were computed by using
this correction factor to adjust for the restriction of the samples

9 Let Ii be the percentage excess of the average income of dentists on the mem-
bership rolls of the Association over the average income of the remaining den-
tists; xm, the average income of dentists on the membership rolls of the Associa-
tion; the average income of dentists who classify themselves as members but
are not on the membership rolls of the Association; and the average income
of all other dentists. The relation between k and the figure of 30 per cent
cited by Leven or the figure of per cent from the California study depends
on the relation of to and and on the relative size of the three groups.
According to Leven's figures. if Xq were equal to k would equal 17 per cent.
On the other hand, if were equal to k would equal 42 per cent. According
to the California figures, these two extreme assumptions would give values of
k of about 20 and 50 per cent respectively. Presumably, the correct value of A
lies between these two extremes, since the self .designated members appear to be
somewhat of a mixture of the other two groups and might be expected to have
an average income between Xm and The figure of 30 per cent selected for A
implies, on the basis of Leven's figures, that Xq is approximately 12 per cent
greater than and 17 per cent less than xm; on the basis of the California
figures, that is 21 per cent greater than and 13 per cent less than
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to members.1° This is the only table in which corrected data are
presented. The data for dentists in all other tables should be inter-
preted as referring solely to members of the American Dental
Association.

The correction factor used to adjust for the bias in average in-
come is admittedly based on slender evidence. However, a recent
study, the results of which became available only after our esti-
mates had been made—and, indeed, published li—provides strik-
ing confirmation of their validity. This study was made by the
Department of Commerce and is based on a sample of over 7,000
dentists. The sample was similar to those we analyze but covered
both members and nonmembers. According to this study the aver-
age income of nonsalaried dentists was $4,267 in 1929, and $2,188
in 1933.12 Our final estimates (Table ii) are $4,176 for 1929, and
$2,178 for 1933; i.e., the difference is about 2 per cent for 1929, and
less than 0.5 per cent for 1933.

The exclusion of nonmembers presumably affects not only aver-
age income but also other aspects of the frequency distribution of
income by size. In particular it seems reasonable to expect that the

10 Since the two figures on which the correction factor of .816 is based cannot
be determined exactly but are selected from a range of possible values, it is of
interest to investigate the effect on the correction factor of choosing different
values. In the following table the values actually used are italicized; the other
hypothetical values are approximately the largest and smallest values that, on
the basis of the preceding analysis, could reasonably have been used.

PERCENTAGE IMFFERENCE BETWEEN VALUE OF THE CORRECTON FACTOR IF PERCENTAGE

INGOMES OF MEMBERS AND NON- OF MEMBERS IS TAKEN AS
MEMBERS (k) TAKEN AS 40 46.2 6o

20 .900 .910 .933
30 .862 .876 .908
40 .829 .846 .886

11 Incomes from Independent Professional Practice, 1929—1936, Bulletin 72—73
(National Bureau of Economic Research, 1939), p. jo.
12 Lasken, 'Incomes of Dentists and Osteopathic Physicians', Table 2. The re-
turns induded a disproportionately large number of members. Consequently
the averages cited represent weighted averages of the incomes of members and
nonmembers, the weights being the estimated total number in each group. Be-
cause of a marked increase in the membership of the American Dental Associa-
tion between the dates when the samples we analyze were taken—1953 and 1935
—and the date the later Department of Commerce sample was
is not possible to make a direct comparison between the percentage excess of
the average income of members that we have used and that shown by the later
sample.
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frequency distribution will be more concentrated and less 'skew'
than if a more comprehensive list had been employed. Unfortun-
ately, no way could be found to correct for these deficiencies.

v The engineering list. The list used for consulting engineers ap-
pears seriously defective. It was compiled with the aid of the
American Engineering Council, representatives of which exam-
ined the directories of four national engineering societies and
checked the names of engineers thought to be consultants. The
number of names obtained in this way totaled 3,286; yet, according
to Table i, there were in igso approximately io,ooo consultants.
The list clearly excludes consultants who were not members of
engineering societies. In addition, it excludes engineers whose
status as consultants was not known by the persons who examined
the directories. Both deficiencies operate in the same direction—
to exclude the less prominent and well-known. Since these
dividuals might be expected to receive relatively low incomes, the
final sample has a definite, and possibly fairly substantial, upward
bias. Unfortunately, it has not been feasible to adjust the data for
this bias.

b The selection of the persons to whom questionnaires were sent
A questionnaire was sent to every n-th dentist on the list of the
American Dental Association. This procedure is entirely valid and
should yield a 'random' sample of the list employed, though, for
reasons noted in the preceding section, not of the universe of den-
tists. Similarly, no bias could have been introduced into the en-
gineering sample at this stage, since a questionnaire was mailed to
every person whose name was on the list. The method of selecting
the' persons to whom questionnaires were sent was less straight-.
forward for the other professions and introduced a number of
significant biases.

I The nonrandomness of the 1937 medical and legal samples by
states. For both physicians and lawyers, questionnaires were sent
to persons selected by taking a specified number of names from each
page of the relevant professional directory. For the and 1935
medical samples and the 1935 legal sample, the same number of
names was taken from each page. For the 1937 medical and legal
samples, however, the number of names per page was deliberately
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varied from state to state.18 These two samples are therefore ad-
mittedly nonrandom as among states. To correct for this nonran-
domness, all computations for these two samples have been made
for each state separately, and the results weighted by the esti-
mated total number of practitioners before being combined. (More
exactly, each return has been weighted by the ratio of the esti-
mated total number of practitioners in the state to the number in
the sample for that state.)

For physicians, the weights used are the estimated number of
physicians in active practice in each state in The weights
therefore include salaried physicians as well as those in inde-
pendent practice whereas we use them in connection with data
for independent practitioners alone. The proportion of all physi-
cians in active practice in the United States in 1929 who were
salaried employees has been estimated as about 15 per cent.'5 It
is doubtful, therefore, that the inclusion of salaried physicians
greatly affects the percentage allocation of the total among states;
and, it is solely the latter, of course, that is relevant from the point
of view of weighting. In any event, there are no data that could
be used to estimate the proportion of salaried physicians by states.

For lawyers, the weights used are the number of lawyers in each
state listed in the 1936 Martindale-Hub bell Law Directory.16 This
directory lists lawyers in practice in 1935 and includes salaried
lawyers as well as independent practitioners. There seems little
reason to suppose, however, that either deficiency seriously af-

18 Since these samples were taken with the expectation that the data would be
used in an analysis of income by states, it was desired to have a sample for each
state sufficiently large to be used for this purpose. The same sampling ratio
for all states would have necessitated a larger total sample than was feasible.
Consequently, the sampling ratio was varied from state to state, a larger pro-
portion of names being taken for smaller states.
14 The estithate for each state was derived by multiplying the number of phy-
sicians in that state listed in the 1936 Directory of the American Medical Associa-
tion (this count is given in the directory itself) by the 1931 ratio for the same
state of the number of physicians in active practice to the total number of
physicians. These ratios were based on Leland (Distribution of Physicians, p. 17)
who gives, for each state, the total number of physicians listed in the 1951
directory, and the number listed as in active practice, retired, and not in prac-
tice. This tabulation is the most recent available.
15 Leven, Incomes of Physicians, pp. 103—4.
16 These figures were furnished by Martindale-Hubbell.
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fects the relative weight assigned each state. And, as for physi-
cians, there is no feasible alternative.

ii The size of community bias in the medical and legal samples.
The selection of a specified number of names from each page of a
directory—the procedure followed for physicians and lawyers—
will yield a 'random' sample only if all pages contain the same num-
ber of names or if any variation in the number of names per page
is independent of the characteristics to be studied. Examination
of the medical and legal directories reveals that they satisfy neither
requirement. The humber of names per page varies considerably,
and the variation is associated with size of community, which, in
turn, is associated with income.

In both directories, the names of professional men are listed by
communities. The communities are separated by a blank space
and the name of each community and some information about it
are given. More space per page is needed for this purpose, and
hence less space remains for the listing' of names, the smaller the
communities listed on a page. By itself this would tend to make
the number of names per page less for small communities than for
large ones.

In the Directory of the American Medical Association, this
tendency is more than counterbalanced by another: the number
of lines devoted to each physician varies and tends to be greater
for large communities. There are two reasons for this. First, a
physician in a large community is likely to have a longer address,
since it includes a street and number whereas the post office desig-
nation is ordinarily sufficient for a physician in a small community.
Second, the medical directory lists the professional societies 17 of
which the physician is a member, and, if he is a specialist, indicates
by symbols his specialty. Specialists and members of the profes-
sional societies listed are concentrated in the larger communities.

The average number of names per column 18 of the medical
directory is shown in Table A i for communities of various size.
The number of names per column is approximately the same for
all communities over io,ooo in population, but is considerably less

11 Other than the American Medical Association, membership in which Is desig-
nated by printing the name in capital letters, but in the same size type.
IS There are three columns to a page.
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in these communities than in smaller ones.19 Such variation clearly
tends to introduce a bias into a sample chosen by taking the same
number of names from each page: communities for which the total
number of names per page is relatively large tend to be under-
represented. Small communities therefore tend to be underrepre-
sented in the medical samples.

TABLE A i

Average Number of Names per Column of the Directory of the
American Medical Association, by Size of Community

SIZE OF COMMUNITY AVG. NO. OF

(1930 Census) NAMES PER COLUMN

500,000 & over 44
100,000-500,000 45
50,000—100,000 47
25,000— 50,000 44
10,000— 25,000 46
2,500- 10,000 62

Under 2,500 54

Count ofsample columns from 1936 Directory of the American Medical Asso.
ciation, In all, 70 columns containing 5,293 names were counted.

Though the variation in the number of names per page is small,
the expected bias is revealed by a comparison of the distribution
of the samples by size of community class with the corresponding
distribution of all physicians. This comparison shows a slight
underrepresentation of communities under io,ooo in popula-
tjofl.20

19 The differences between the averages in the two smallest community classes
and the others cannot be attributed to chance. The significance of the differ-
ences among the mean values for the seven groups was tested by the analysis
of variance. A value of 9.7 was obtained for F, the ratio of the mean square
between groups to the mean square within groups. For the number of degrees
of freedom available, a value of would be exceeded by chance only once
in a hundred times. On the other hand, the differences among the first five
classe's are not significant. The value of F for these five classes alone was 0.9.
20 Leland, Distribution of Physicians, Table 42, gives the distribution of phy.
sicians in active practice in 1931 by size of community, based on a count of the
1931 Directory of the American Medical Association. The distributions by size
of community of the physicians reporting income for 1932 in both the
and 1935 samples were compared with this distribution for all physicians.
(No attempt was made to compare the 1937 sample because of its nonrandom-
ness among states.)

The effect of correcting for the size of community bias was tested by correct.
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Comprehensive data are available, at least for 1931, on the

distribution of physicians by size of community and geographic
region.2' These data could be used to correct for the size of com-
munity bias by weighting the sample data for each size of
community class by the number of physicians in
the universe. Before deciding to make this correction, however, a
test was made, using 1932 arithmetic mean incomes from both the

and 1935 samples, in order to see how much these would be
altered by the correction. This test, summarized in Table A 2,
suggests that the weighting does improve the results, but that the
improvement is so slight as not to be worth the labor involved.22

ing the sample distributions on the basis of Table A i (see footnote 24 for the
exact method used), adjusting the totals for the corrected distribution to make
them equal to the totals for the uncorrected distributions, and computing x9
between the sample distributions and the distribution of all physicians. The
smaller the value of the less the discrepancy between the sample and the
universe. For both samples, the correction for the size of community bias lessens
the discrepancy between the sample and the universe.

VALUE OF FOR

1933 sample '935 sample
Not corrected 65.77 i6.g6
Corrected 39.87 14.01

21 Ibid.
22 Table A 2 gives for the United States and the nine Census regions the un-
weighted and weighted arithmetic mean incomes and the difference between
them. The unweighted means exceed the weighted means for the United States
in both samples, for six out of nine regions in the 1933 sample, and for five
out of nine, in the 1935 sample. Moreover, in both samples, the positive dif-
ferences are, on the average, considerably larger in absolute value than the
negative differences. These results conform to expectation. The two community
classes that have the largest number of names per page and hence should be
underrepresented in the sample include the smallest communities, in which
the average income of physicians is relatively low (see Ch. 5). The use of correct
weights should therefore raise the mean income.

Table A 2 therefore affords additional evidence of the existence of the size
of community bias. At the same time, the difference between the weighted
and unweighted means are all small. The correction raises the mean for the
country from the 1933 sample by slightly over two per cent and the correspond.
ing mean from the 1935 sample by about one-tenth of one per cent. The dif-
ferences are not much larger for individual regions, for which the number
of returns is much smaller and hence the possibility of random variation much
greater. Comparable means from the two samples differ considerably more than
weighted and unweighted means from the same sample.



t0

T
A

B
LE

A
2

E
ff

ec
t o

f 
Si

ze
 o

f 
C

om
m

un
ity

 B
ia

s 
on

 A
ri

th
m

et
ic

 M
ea

n 
In

co
m

e

Ph
ys

ic
ia

ns
, 1

93
2:

an
d 

19
35

S
am

pl
es

19
33

S
A

M
P

LE
19

35
 S

A
M

PL
E

D
if

fe
re

nc
e

D
if

fe
re

nc
e

be
tw

ee
n

be
tw

ee
n

A
ri

th
m

et
ic

 m
ea

n
un

w
ei

gh
te

d
A

ri
th

m
et

ic
 m

es
n

un
w

ei
gh

te
d

N
o.

 o
f

in
co

m
e 

in
 1

93
2

an
d

w
ei

gh
te

d
N

o.
 o

f
in

co
m

e 
in

 1
93

2
an

d 
w

ei
gh

te
d

re
tu

rn
s

Il
nw

ei
gh

te
d

W
ei

gh
te

d1
m

ea
ns

re
tu

rn
s

U
nw

ei
gh

te
d

W
ei

gh
te

d'
m

ea
ns

(d
ol

la
rs

)
(d

ol
la

rs
)

N
ew

 E
ng

la
n4

i6
o

4,
67

6
4,

71
2

—
36

10
4

4,
16

1
4,

12
1

+
40

M
id

dl
e 

A
tla

nt
ic

48
0

3,
97

7
3,

90
7

+
7°

31
6

3,
72

5
3,

78
4

—
59

E
. N

. C
en

tr
al

49
0

2,
78

1
2,

71
8

+
63

3,
io

7
—

i8
W

. N
. C

en
tr

al
24

2
3,

65
6

16
4

2,
73

6
2,

72
3

+
13

S.
 A

tla
nt

ic
23

3
34

06
3,

21
4

+
19

2
11

0
3,

22
7

3,
29

4
—

77
E

. S
. C

en
tr

al
2,

31
3

2,
31

9
—

6
76

24
54

1,
41

0
+

24
W

. S
. C

en
tr

al
2,

64
6

2,
49

4
+

15
2

96
2,

21
6

2,
22

2
—

6

M
ou

nt
ai

n
64

2,
25

0
2,

06
2

+
18

8
57

3,
19

8
2,

95
7

+
24

1
Pa

ci
fi

c
28

2
4,

20
2

4,
02

5
+

'7
7

14
2

3,
03

8
2,

95
0

+
88

U
. S

.
2,

28
8k

34
34

3,
34

7
+

87
3,

10
7

3"
°4

+
3

1W
ei

gh
ts

 u
se

d 
ar

e 
th

e 
nu

m
be

r 
of

 p
hy

si
ci

an
s 

in
 1

93
1

ea
ch

In
cl

ud
es

 2
8 

re
tu

rn
s 

fo
r 

w
hi

ch
 e

ith
er

 s
iz

e 
of

 c
om

m
un

ity
 o

r
re

gi
on

 a
nd

 s
iz

e 
of

 c
om

m
un

ity
. R

. C
. L

el
an

d,
 D

is
tr

ib
ut

io
n 

of
re

gi
on

 w
as

 u
nk

no
w

n.
lii

P
hy

si
ci

an
s

in
 th

e 
U

ni
te

d 
St

at
es

 (
A

m
er

ic
an

 M
ed

ic
al

 A
ss

oc
ia

tio
n,

8l
nd

ud
es

 2
6 

re
tu

rn
s 

fo
r 

w
hi

ch
 e

ith
er

 s
iz

e 
of

 c
om

m
un

ity
 o

r
T

ab
le

re
gi

on
w

as
 u

nk
no

w
n.

—



RELIABILITY OF SAMPLES 425

Hence the original sample has been used and no attempt has
been made to correct for the size of community bias.

In the Martindale-Hubbell Law Directory, the tendency for the
number of names per page to be greater for large communities
than for small ones because of the space needed to separate com-
munities and to describe them is reinforced by the variation in the
amount of space allotted individual lawyers or firms: some names
are printed in larger type than others, and some names are fol-
Iowedby a brief statement describing the activities of the lawyer

TABLE A

Average Number of Names per Page of the
Martindale-Hubbell Law Directory, by Size of Community

SIZE OF COMMUNITY AVG. NO. OF
(1930 Census) NAMES PER PACE

1,500,000 & over 148
500,000—1,500,000 141

250,000— 500,000 131
100,000— 250,000 109

Under ioo,ooo 86

For communities over 5oo,00o with the exception of Milwaukee, Martindale-
Hubbell supplied the number of lawyers listed in the 1936 directory. A count
was made of the number of pages assigned each of these communities in the
1936 directory, and the number of names per page computed by division. The
averages for the other size of community classes are based on counts of sample
pages selected from the 193'7 directory. In all, 47 pages containing 4,869 names
were counted.

'In the substantive analysis by size of community, this class is broken down
into four classes: 25,000—100,000, 10,000—25,000, 2,500—10,000, and under 2,500.
There seemed, however, to be no significant differences among these classes in
the average number of names per page. Hence, they were grouped together
for the present purpose.

or firm and listing the members and associates of the firm. This
larger amount of space is allotted only to lawyers who have been
in practice a certain number of years and who have attained
prominence in their communities. It so happens that the propor-
tion of lawyers allotted the larger amount of space is higher in
small communities than in large ones, presumably as a result of
the concentration in large cities of both young lawyers and salaried
lawyers.

These two factors make for wide differences in the average
number of names per page. As Table A shows, the average num-
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ber of names per page decreases consistently with size of com-
munity and is 72 per cent larger for communities over 1,500,000
in population than for communities under ioo,ooo. These dif-
ferences are very much larger than in the medical directory and in
the opposite direction. They might be expected to lead to a con-
siderable underrepresentation of lawyers in large communities.

In order to eliminate this considerable bias, the data for both
legal samples were grouped by size of community and all com-
putations made for such groups.23 In combining the size of com-
munity classes an adjustment was made on the basis of Table A 3.24

The conclusions that the two legal samples are subject to bias
and that Table A can be used to correct this bias, have so far been
based solely on a priori reasoning. These conclusions should be
tested empirically before being accepted, first, because other fac-
tors might conceivably have counteracted the presumed bias,
second, because the analysis has been entirely in terms of the
sample of questionnaires sent out, whereas the corrections must
be applied to the sample of questionnaires returned.

Unfortunately, there are no comprehensive data on the number
of lawyers by size of community with which to compare the dis-
tributions of the samples.25 Indeed, if such data were available,

23 In practice, the data for the sample were grouped by size of community
and region, and for the 1937 sample, because of the necessity of weighting by
states, by both size of community and state.
24 This adjustment was made by multiplying the number of questionnaires in
each size of community class by a factor proportional to the average number of
names per page in Table A For example, to get the same proportionate sam-
ple as from communities under ioo,ooo, the sample from communities over

1,500,000 should have been 1.72 (148) times as large as it actually was. In order

to adjust the sample, it is therefore necessary to treat each questionnaire from
a community over 1,500,000 as if it represented 1.72 questionnaires; and simi-
larly for other size of community classes. In combining averages, the average
for each size of community was weighted by the adjusted number of question-
naires. In combining frequency distributions by size of income, the adjusted
number of questionnaires, rather than the original number, was added for each
income class.
25 Offhand, it may seem that such data could be compiled from the Census of
Population, at least for communities above 25,000. The main reason they can-
not is that the Census classifies lawyers by residence, whereas the questionnaires
were mailed to the business address. A comparison of the number of lawyers
listed in the Martindate-Hub bell Law Directory for some of the larger cities with
the number listed in the Census reveals large differences. For example, the
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the bias could be corrected more adequately and directly: each
size of community class could be weighted by the total number of
lawyers in that class. In the absence of more comprehensive data,
we have relied on a count made available by Martindale-Hubbell
of the lawyers listed in the 1936 directory for each state and each
city over 500,000 except Milwaukee. For the nine states containing
one or more of these cities, the distribution of all lawyers by size
of community classes was compared with the distribution of the
sample both before and after correction for the size of community
bias. This comparison confirms both the existence of the bias and
the validity of the correction based on Table A 3.26 A similar

Census gives a total of i,8g8 lawyers for Boston, Martindale-Hubbell, 4,374.
Yet the totals for the state of Massachusetts agree very well; the Census total
is 6,940, the directory total, 7,150. This difference is, of course, consistent; the
Census givessmaller totals for large communities and larger totals for small
communities. Two additional minor difficulties are that the Census includes
lawyers employed by both legal and nonlegal enterprises, and that it is for

whereas the earlier of the two samples was mailed in 1933.
26 For each of the nine states, the questionnaires from the 1935 sample report.
ing income in 1934 and the questionnaires from the sample reporting
income in 1936 were grouped Into the size of community dasses in Table A
These distributions were then adjusted for the firm member bias discussed in
Sec. ib iv. Both the adjusted and the unadjusted distributions were then car
rected for the size of community bias by the method outlined in footnote 24
above.

This procedure gave four distributions by size of community for each state
and( each sample: (i) not corrected for the size of community bias and not
adjusted for the firm member bias, (2) not corrected but adjusted, (3) corrected
but not adjusted, corrected and adjusted. In order to make the four dis-
tributions comparable, their totals were made equal to the unadjusted and
uncorrected total number of returns. The size of community classes were then
combined to conform with the classification available for the universe; namely,
communities over i ,500,000, 500,000—i ,500,000, and under 500,000.

Even if the samples were entirely 'random', the ratio of the sample to the
estimated universe should decrease as size of community increases, since the
estimated number of lawyers includes not only independent but also salaried
lawyers, and these tend to be concentrated in the larger communities. The
resulting discrepancy between the sample and the universe is in the same direc-
tion as that arising from the size of community bias. Hence, while sample dis-
tributions corrected for the size of community should conform more
closely to the estimated distribution of the universe than uncorrected distribu-
tions, they should still differ significantly from it.

Comparison of the four distributions for each state and sample with the
distribution of the universe reveals that in practically all cases the discrepancy
between the uncorrected distributions and the universe is in the expected
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conclusion emerges if the distribution of all lawyers by states is

direction, and that correction for the size of community bias tends to reduce
but not to eliminate the discrepancy. As a single objective measure of the
extent of the discrepancy, x2 was computed for each of the four distributions
available for each sample and each state (except Maryland, for which the
sample was too small). The larger the value of the greater the discrepancy
between the sample and the universe. Hence the correction is to be considered
successful if the corrected distributions yield smaller values of than the
uncorrected. (Since the totals of all distributions were arbitrarily made the
same, the values of x2 measure solely the extent of the discrepancy between
the distribution of the sample and of the universe.)

NUMBER OF STATES IN WHICH
for corrected x2 for corrected

distribution distribution
smaller than for larger than for
uncorrected (i.e. uncorrected (i.e.

correction successful) correction unsuccessful)
1935 sample
Not adjusted for firm member bias 7 1

Adjusted for firm member bias 8 0

1937 sample
Not adjusted for firm member bias 4 4
Adjusted for firm member bias 7 1

On the whole, the correction was clearly successful. Moreover, since a correc-
tion introduced at random would be as likely to raise x2 as to lower it, the dif-
ferences shown in the above table cannot reasonably be attributed to chance
alone. Adding the values of x2 for the separate states yields a similar conclusion.

SUM OF THE VALUES OF x2 FOR EIGHT STATES
1935 sample 1937 sample

Not adjusted Adjusted Not adjusted Adjusted
for firm for firm for firm for firm

member bias member bias member bias member bias
Not corrected 169.67 169.22 38.47 40.98
Corrected 85.78 82.58 28.95 18.10

One final computation may be cited. For the sample, the distributions
for nine states were combined, and x2 computed for each of the four sample dis-
tributions.

FOR NINE STATES, 1935 SAMPLE
Not adjusted for Adjusted for
firm member bias firm member bias

Not corrected 173.3 169.8
Corrected 79.3 77.0

This computation, like the others, indicates that the correction lessened the
discrepancy between the sample and the universe. A similar computation for the
1937 sample could not validly be made, since the sample is not random among
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compared with the distribution of the sample before and after
correction for the size of community bias.27

iii The overrepresentation of certain types of physicians and
lawyers. In selecting the medical and legal samples, the particular
names taken from each page of the directory were determined by
laying a straight edge marked off at equally spaced intervals along
a column of names. The names that fell opposite the marks were
included in the sample. The probability of a particular person
being chosen is therefore proportional to the space his listing oc-
cupies. A person whose listing occupies two lines has twice as
large a chance of being included in the sample as a person whose
listing occupies only one line.28 As noted in the preceding section,
in both the medical and legal directories the number of lines
devoted to each person varies. In the medical directory the varia-
tion is fairly limited: many names require one line and few names
more than three. In the legal directory, on the other hand, the
variation is much greater: from one line to ten or fifteen or even,
occasionally, more.

The samples for both professions, but especially for lawyers,
will therefore tend to overrepresent persons whose listings occupy

states. It should be noted that except for the unadjusted and uncorrected dis-
tributions, the prol)ability of the computed being exceeded by chance cannot
be judged by the use of the ordinary sampling distribution of x2• The reason is
that the totals of the remaining distributions were arbitrarily adjusted to equal
the totals for the unweighted and uncorrected ones. Nor is there any sampling
distribution available for testing the significance of the differences between the
values of x2 computed in this way.
27 As in the preceding footnote, was used as a measure of the discrepancy
and the totals of the sample distributions were arbitrarily made the same. Be-
cause the 1937 sample is not random among states, the test could be made only
for the sample.

FOR 1935 SAMPLE BY STATES

Not adjusted for Adjusted for
firm member bias firm member bias

Not corrected 325.3 2564
Corrected 239.3 176.9

28 The statement that the probability of a particular person being chosen is
proportional to the space hiS listing occupies is precise only for listings requir-
ing a smaller number of lines than the space between the markings on the
straight edge. Every person whose listing occupies more space than this must be
chosen; the probability that he will be included in the sample is therefore unity
no matter how much space his listing occupies.
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more than the average amount of space.2° As noted above, in the
medical samples, these will tend to be specialists and physicians
with long addresses; in the legal sample, the older and more prom.
inent. lawyers. Since both groups tend to have incomes higher than
the average for all practitioners, the income data from the samples
may be expected to have an upward bias.

Comparison of the percentage of specialists in the medical
sample—the only sample for which this information is available—.
with the percentage indicated by other studies does not confirm
the existence of this suspected bias (see Sec. 2C below). Similarly,
comparison of our legal samples with studies of lawyers in Wiscon-
sin and New York County fails to confirm its existence, since aver-
age incomes from our samples are lower than averages from the
other studies. However, these tests are fragmentary and unsatis-
factory and cannot be taken as establishing the absence of this
bias. Unfortunately we have been unable to make more adequate
tests. No correction has been made for this bias.

iv The firm member bias in the legal and accountancy samples.
The legal and accountancy samples were selected from lists of
persons, not of professional units (i.e., firms plus individual prac-
titioners), but each person to whom a questionnaire was sent was
requested, if a member of a firm, to reply for the firm as a whole.
By the procedure followed, a firm had a greater chance of being
included in the sample than an individual practitioner, since it
was included if any one of its members was included; and the larger
the firm, the greater its chance of being included. Fr example,
suppose that a 2 per cent sample is taken from a universe of 5,000
individual practitioners and 5,000 members of two-member firms.
The sample of persons to whom questionnaires are sent will tend
to include ioo individual practitioners and too firm members. If
all who receive questionnaires reply and if no firm has more than
one of its members in the sample,8° the questionnaires returned
29 Any variation in the amount of space .devoted to each person that is asso-
ciated with size of community has already been allowed for in the preceding
section. What is relevant here is solely the variation among persons in com-
munities of the same size.
80 On the average, with the assumed figures, one firm would have both mem-
bers selected: the probability of a particular person being selected is 1/50; of
both members of a firm being selected, this number squared, or 1/25oo; and
there are assumed to be 2,500 firms.
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will cover ioo individual practitioners and 200 firm members,
since each firm member will reply not only for himself but also
for his partner. The final sample will include twice as many firm
members as individual practitioners, although there are an equal
number of each in the assumed universe.

It follows that the method of selecting lawyers and accountants
to whom questionnaires were to be sent, combined with the word-
ing of the questionnaires, yield 'outgoing' samples that contain a
known proportionate excess of firm members.81 If, like the legal
samples, the sample is small relatively to the universe, it will tend
to contain approximately twice as many members of two-member
firms, three times as many members of three-member firms, and so
on, as it should for a representative sample. If, like the accountancy
samples, the sample is fairly large relatively to the universe, the
proportionate excess will be smaller, but still considerable.82

The overrepresentation of firm members in the 'outgoing' sam-
ple might be expected to lead to a similar overrepresentation in
the sample of questionnaires returned—the 'incoming' sample.
Whether the overrepresentation will be larger or smaller in the

31 This bias does not affect the medical and dental samples because almost all
physicians and dentists practise as individuals. It does not affect the engineering
sample because questionnaires were sent to all persons on the list; consequently,
every member of every firm on the list received a questionnaire.
32 Let p be the proportion of all names on the list included in the sample and
let q = — p. Then q is the probability that a particular name will not be
included in the sample, qm, the probability that none of m specified names will
be included, and i — qm, the probability that at least one of m specified names
will be included, i.e., the probability that at least one member of a firm of m
members, and hence the firm itself, will be included. If p is small, qm is approxi-
mately equal to i — rnp, as can be seen by expanding (i — p)m. In this case,
1 _qtn = Since p is the proportion of individual practitioners included in
the sample, it follows that if the sample is small relatively to the universe, the
proportion of firms of size rn in the sample will be m times the proportion of in-
dividual practitioners in the sample. Since i — rnp is always less than qm, i — qm

is always less than mp and (t — qrn)/p is always less than m. The difference is
negligible when p is small, but increases as p increases. The difference reflects
the increasing possibility that more than one member of the firm will be in-
cluded in the sample. At the limit, when p is unity, i.e., when a ioo per cent
sample is taken, q is zero, and i — q?n is unity, or equal to p. The formulae in
this footnote are valid so long as the universe is fairly large. Otherwise, a slight
correction is needed. See Money Disbursements of Wage Earners and Clerical
Workers in Five Cities in the West North Central-Mountain Region, 1934—36,

U. S. Bureau of Labor Statistics Bulletin 641, pp. 384—go.
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incoming than in the outgoing sample depends on the relative
proportion of firm members and of individual practitioners who
refuse to reply.33 Since we have no information on these propor-
tions, we have tested the existence and magnitude of the presumed
bias indirectly.

For lawyers, we have placed major reliance on a comparison be-
tween the estimated percentage of all lawyers who are firm mem-
bers and the percentage of lawyers in our samples who are firm
members, before and after correction for the firm member bias.
The estimate of the percentage of all lawyers who are firm members
is based on a sample count of the Martindale-Hubbell Law
Directory.84 Unfortunately the directory listings do not permit an
entirely satisfactory classification. They distinguish between firm
members and other lawyers, but not between lawyers in independ-
ent practice and salaried employees.85 A survey made by the New

33 If the probability that a firm will refuse to reply were independent of the
number of members of the firm who received questionnaires and equal to the
probability that an individual practitioner will refuse, it can easily be shown
that the proportionate excess of firms of each size would be the same in the in-
coming as in the outgoing sample, i.e., that the probability of a firm of m mem-
bers being included in the incoming sample is given by the formulae of the pre-
ceding footnote, with p, as there, equal to the ratio of the number of individual
practitioners in the outgoing sample to the number in the universe. If the prob-
ability that a particular member of a firm will refuse were the same as the
probability that an individual practitioner will refuse, and if, when more than
one member of a firm received questionnaires, the probabilities that the different
members would refuse were independent of one another (implying that a firm
is more likely to reply the more members receive questionnaires)1 it can be
shown that the probability that a firm of in members will be induded in the
incoming sample is different from the probability that it will be included in
the outgoing sample and is given by the formulae of the preceding footnote,
with p equal to the ratio of the number of individual practitioners in the in-
coming sample to the number in the universe. There is little basis on which to
choose between these alternative sets of assumptions. Moreover, other plausible
assumptions would give different results.
34 The sample count included every 5oth page of the directory. While involving
much less work, such a sample is, of course, subject to larger sampling errors
than one including every 5oth name, because of the larger size of the sampling
unit and consequently the smaller number of units. At the same time, it is not
subject to any of the biases• arising from taking the same number of names
from each page.
35 lawyers employed by other lawyers or by legal firms are listed in the
directory, which makes no attempt to list lawyers employed by nonlegal enter-
prises.
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York County Lawyers Association indicates that approximately
20 per cent of all lawyers in active practice in New York County
are employed, by legal firms.36 Since the percentage of salaried
employees is probably at least as large in New York County as
elsewhere, we have used this figure to convert the results of the
sample count into an upper estimate of the 'percentage of all
lawyers who are firm members. The percentage computed directly
from the sample count gives a lower limit.

The 1935 legal sample was adjusted for the firm member bias
by weighting the number of members of two-member firms by one-
half, the number of members of three-member firms by one-third,
etc. The sum of these weighted numbers was used as the corrected
number of firm members.87 The 1937 legal sample was adjusted in
the same way, except that more nearly exact weights were used
and that the weights varied from state to state. This was necessary
because in some states questionnaires were mailed to a sizable
proportion of all lawyers.38

The comparison between the estimated percentage of firm mem-
bers in the universe and the percentage computed from the
samples (Table A 4) reveals that the 1935 sample conforms to
expectations but the 1937 sample does not. The unadjusted per-
centage of firm members in the 1935 sample is much higher than
the estimated percentage in the universe; the adjusted percentage
of firm members, a trifle lower.89 This indication of a firm member
bias in the 1935 legal sample is confirmed by a comparison between
the distribution of all lawyers by states and the distribution of the

$6 Survey of the Legal Profession in New York County, p. 12. The exact per-
centage is 21.14.
8? The adjustment was made separately for each size of community class in order
to correct for the size of community bias.
88 The adjustment was made separately for each size of community class in each
state in order to correct for the size of community bias and the nonrandomness
among states.
89 As a measure of the discrepancy between the estimated percentage of firm
members in the universe and the percentage in the sample, we can use x2 com-
puted from a 2x2 table giving the number of firm members and individuals
counted in the directory and the corresponding numbers in the sample. The
value of before allowance for the inclusion of salaried employees in the di-
rectory is 174.6 for the unadjusted sample numbers, and .59 for the adjusted
ones. The corresponding values of after allowance for the inclusion of sal-
aried employees, are 71.1 and 19.3, respectively.
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TABLE A

Test of Existence of Firm Member Bias

Lawyers, and 1937 Samples

% OF INDEPENDENT
PRACTITIONERS

NO, OF INDE- CLASSIFIED AS
PENDENT PRACTITIONERS FIRM MEMBERS

Sample from Martindale-Hubbell
Law Directory 5,109

1935 sample2
Not adjusted for firm member bias 1,332° 44.5
Adjusted for firm member bias8 9337 23.0

1937 sample'
Not adjusted for firm member bias 1,1688 25.3

Adjusted for firm member bias8 12.9

1 Lower limit assumes that no salaried employees are included in the directory.
The upper limit assumes that 20 per cent of all practitioners in the directory
were salaried employees and that these were all included in the sample count as
individual practitioners.
Compilation is of schedules reporting net income for 1953.

'Each size of firm was weighted by the reciprocal of the number of members.
'Compilation is of schedules reporting net income for 1936.
° Because the sampling ratio varied from state to state, different weights were
used for each state. The weights used were — qm), where p is the proportion
of names in the particular state to whom questionnaires were sent, q = 1 —

and m is the number of members in the firm.
'Total number of persons represented on questionnaires before correction for
size of community or firm member bias.
'Total number of persons represented on questionnaires after adjustment for
firm member bias but before correction for size of community bias.

1935 sample by states, before and after adjustment for the firm
member bias. There is much closer agreement after adjustment
than before adjustment.4°

The unadjusted percentage of firm members in the 1937 legal
sample is about the same as the estimated percentage in the uni-
verse; the adjusted percentages, very much lower. Adjustment for
the presumed firm member bias, which yields closer agreement for
the 1935 sample, has exactly the opposite effect on the 1937 sample.
This difference between the two samples is puzzling; and we have

40 See the values of x2 given in footnote 27 above.
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been unable to explain it satisfactorily.4' Hence the 1937 sample
must be viewed with considerable scepticism.

In the light of these results, we have corrected the 1935 sample
for the firm member bias by weighting each size firm by the
reciprocal of the number of members in that size firm,42 but have
made no attempt to correct the 1937 sample. For the sample,
firm members and individual practitioners have been combined
without weighting.

For accountants, the absence of any evidence on the proportion
of firm members rules out the kind of test for the existence of the
presumed firm member bias in the incoming sample that we used
for lawyers. We have relied instead on two even more indirect
tests, both of which indicate that the bias in the outgoing samples
is also present in the incoming samples.

The more satisfactory of these tests is based on data for New
York State alone. (However, New York contains almost one-third
of all certified public accountants.) These data were derived from
sample counts of (i) the New York section of the 1933 yearbook

41 The only explanation that has occurred to us hinges on the content and form
of the questionnaires. The questionnaire sent out in 1935 covered a single sheet
and requested informatio.n solely about the legal enterprise—individual practi-
tioner or firm, as the case might be. It therefore requested the same information
from and involved the same amount of trouble for individual practitioners and
firm members. The questionnaire sent out ifl 1937, on the other hand, was in two
parts; the top part requested information about the enterprise, the bottom part
about the practitioner. Both parts were to be filled out by individual practi-
tioners. A firm member was supposed to fill out the top part for the firm as a
whole, the bottom part for himself. Additional copies of the bottom part were
endosed and were to be filled out by firm members other than the one who re-
ceived the questionnaire. (See Appendix C.) The trouble involved was there-
fore greater for a firm member than for an individual practitioner, since the
former was asked to distribute additional copies of the bottom part. In addition,
there may have been a reluctance to return the questionnaire unless all firm
members filled out the bottom part; refusal by a single firm member might have
resulted in a refusal by the firm as a whole.

Both factors tend to make the refusal rate for firm members higher
relatively to the refusal rate for individuals in the 1937 sample than in the 1935
sample. It seems dubious, however, that this factor alone could have produced
a difference in results as great as that reflected in Table A 4.
42 These are not the exact weights, which, according to footnote 32, would be
p/(i — qm). For a sample as small as the legal sample, however, the difference
between the two sets of weights is so slight that the gain in accuracy through
the use of exact weights would not repay the extra labor involved.
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of the American Institute of Accountants and (2) the 1938 register
of the New York State Society of Certified Public Accountants.48
Both lists contain enough information to permit the identifica-
tion of persons in independent practice and of firm members. On
the basis of this sample count, we estimated the number of certi-
fied public accountants in independent practice who were members
of (i) the Institute, (2) the Society, both the Institute and the
Society, (4) the Institute but not the Society, the Society but not
the Institute. For each group, we estimated the percentage who
were firm members. (See first five lines of Table A

Like most professional associations, these two include the more
prominent and affluent practitioners. In accountancy, they would
tend to include a larger proportion of firm members than of in-
dividual practitioners, since, on the average, firm members receive
higher incomes and are older than individual practitioners (see
Ch. 6, Sec. At the time the count was made, the Institute was
more biased in this direction than the New York State Society,44
as is clear from the first two lines of Table A The difference is
even greater between accountants who were members of both
associations and of only one: 71 per cent of the independent prac.
titioners who belonged to both associations were firm members;
but only about 40 per cent of those who belonged to one associa-
tion. A priori, the percentage of firm members might be expected
to be still smaller amàng certified public accountants who belonged
to neither the Society nor the Institute.

This suggests a method of testing whether our samples over-
represent firm members: we can construct from our samples two
estimates of the percentage of firm members among accountants
who belonged to neither association—one, before adjusting the
samples for the presumed firm member bias, a second, after adjust-
ing the samples—and see which appears more consistent with this
a priori presumption. These estimates, given in Table A were
computed as follows. The percentage of firm members in the orig-
inal sample was applied to the estimated total number of certified
public accountants in independent practice in New York State.
This gave the total number of firm members and of individual

43 Every third page of the former and every tenth page of the latter was in-
cluded in the sample count.
44 The institute has since merged with the American Society of Certified Public
Accountants.
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practitioners in the state. Subtracting the number of firm members
and of individual practitioners who belonged to one or both of the
associations (as estimated from the sample counts) gave the number
of firm members and of individual practitioners who belonged to
neither association. The percentages in the column headed 'unad-
justed' are based on these numbers. This process was then re-

TABLE A

Test of the Existence of Firm Member Bias

Certified Public Accountants
ESTIMATED OF

INDEPENDENT CERTIFIED
CERTIFIED PUBLIC ACCOUNTANTS PUBLIC ACCOUNTANTS WHO

IN NEW YORK STATE WHO BELONG TO ARE MEMBERS OF FIRMS

American Institute of Accountants * 63.1
N. Y. State Society of Certified Public Accountants *

Both Institute and Society 71.1
Institute but not Society 37.8
Society but not Institute 424

Samples
Neither Institute nor Society: estimate based on Unadjusted Adjusted

lg37Samplefor 1936 49.5 24.0
1937 sample for 1934 43.3 18.8
lg35samplefor '934 38.9 16.7

All certified public accountants: estimate based on
1937 sample for 1936 48.3 34.9
1937 sample for 1934 45.0 32.2
l935samplefor 1934 42.7 31.1

• Data derived from sample counts of the New York section of the 1933 year-
book of the American Institute of Accountants and the register of the
New York State Society of Certified Public Accountants, respectively.

peated, except that the percentage of firm members applied to
the estimated total number of accountants was based not on the
original samples but on the samples after adjustment for the pre-
sumed firm member bias.45 This yielded the percentages in the
column headed 'adjusted'.

Table A shows that accepting the original sample as valid

45 The adjustment was made by weighting the number of members of firms of
each size by p/(i — qm), where p is the proportion of names included in the
outgoing sample, q is 1 — p, and m is the number of members in the firm. For the
1933 and samples p was taken as 0.5, for the 1937 sample, as 04. See foot-
note 32 above.
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contradicts the a priori presumption stated above, since the per-
centage of firm members among certified public accountants who
belonged to neither association is as large as or larger than the
corresponding percentage among accountants who belonged to
only one association. On the other hand, adjusting for the firm
member bias yields percentages that are consistent with expecta-
tions: the percentage of firm members is uniformly smaller among
accountants who belonged to neither association than among ac-
countants who belonged to only one. This test therefore confirms
the existence of the presumed bias in all samples.

The second test involved a comparison of the frequency dis-
tributions by size of firm computed from two different samples
covering the same year. Two comparisons were made for each of
two years: one, between distributions not adjusted for the firm
member bias; a second, between distributions adjusted for this
bias. For both years, the adjusted distributions differed less from
one another than the unadjusted.46

These tests give no reason for doubting the existence of the firm
member bias in any of the samples. Consequently, all three ac-
countancy samples have been adjusted for the firm member bias
by weighting each size firm 'inversely to the overrepresentation
theoretically to be expected in the outgoing sample.47

c The return of questionnaires by the respondents
The problem of selecting a random 'outgoing' sample, to which
Sections a and b have been devoted, is common to all investiga-
tions using samples, whether in the social, biological, or physical
sciences. It is a problem treated extensively in the literature of

46 x2 was used as a measure of the discrepancy between the two distributions.
In order to make the X2'S comparable, the totals of the adjusted distributions
were made equal to the totals of the unadjusted distributions.

NO.OF VALUES OF
DECRZES Unadjusted Adjusted

SAMPLES COMPARED OF FREEDOM distributions distributions

1935 sample and 1933 sample for
1932 (i.e., for persons reporting
income in 1932) 4 74.92 67.91

1937 sample and 1935 sample for
1934 5 26.96 16.48

47 See footnote 45 for the weights used.
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theoretical statistics, one that is susceptible to a priori analysis of
the type suggested by the familiar model of balls in an urn.

In most fields other than the social sciences, the representative-
ness of the sample is determined entirely by its method of selection.
Not so in the social sciences. If a ball is drawn from an urn it
cannot refuse to become a member of a sample; but if an individual
is sent a questionnaire, he can refuse t.o reply. The outgoing
sample may be completely random, yet the incoming sample hope-
lessly biased if the persons who reply differ significantly and con-
sistently from those who fail to reply.

Not only does the representativeness of a sample in the social
sciences depend on the behavior of the objects sampled; so also
may the validity of the information obtained. A ball chosen from
an urn cannot tell the investigator that it is black when it is
really white. The investigator may make a mistake; but his errors
ordinarily are his own and subject to check. An individual asked
to state his net income from independent professional practice may
state his gross income, his income from both independent and
salaried practice, or his income less personal expenses; if he thinks
his answer will affect policy, he may deliberately overstate or under-
state his income; and so on.

This distinction between the outgoing and incoming samples
that is so important for samples like ours has received little atten-
tion in the theoretical literature of statistics, first, because it does
not arise in the kinds of samples with which theoretical statisticians
have been mainly concerned, second, because it is not susceptible
to a priori analysis. Whether individuals who reply differ from
those who do not reply and whether the answers of those who
reply are subject only to random errors or to consistent and biased
errors are essentially empirical questions, the answers to which will
depend greatly on the particular circumstances surrounding the
inquiry—the agency sponsoring it, the purpose of the inquiry, the
way the questions are worded, the methods used to encourage
replies, and so on.

Unfortunately, there is little empirical evidence directly rel-
evant to these questions. Our own samples give some; and prior
studies of professional income add a bit more.

The only evidence from our samples on the characteristics of
persons who fail to reply is provided by the medical and
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legal samples, for which we know the number of questionnaires
sent to persons in each state, as well as the number returned.48

These data reveal fairly conclusively that the refusal ratio (the
ratio of questionnaires not returned to questionnaires sent) differs
significantly among states.49 Moreover, differences among the re-
fusal ratios are fairly similar for the two professions: states that
have a high proportion of refusals among physicians also tend to
have a high proportion of refusals among lawyers.5°

The question immediately arises whether the proportion of
persons in a particular state who refuse to reply is correlated with
the average income of the persons who do reply. Such a correlation
between states would suggest a similar correlation within states.
For example, if the average income of those who replied were
relatively high in states that have a high proportion of refusals,
it would seem reasonable to conclude that within each state
separately persons with high incomes are less likely to reply than
persons with low incomes.5' For the 1937 medical and legal sam-

48 Offhand, a comparison between the distribution by states, regions, etc., of the
returned questionnaires and the corresponding estimated distribution of the
universe might seem to provide evidence on the nature of the refusal bias. How-
ever, discrepancies revealed by such comparisons are the product of errors in the
list employed, the method of selecting the sample, and the estimates of the uni-
verse as well as of differences in the willingness of various groups to reply. To
disentangle the resultant composite is an almost impossible task. Such compari-
sons are valuable as evidence on the over-all reliability of the data, and are used
for this purpose in Section aa below.
49 The discrepancy between the geographic distributions of the returned ques-
tionnaires and the questionnaires sent was measured by computing x2 between
the two distributions.

NO. OF PROBABILITY THAT

DECREES OBSERVED VALUE OF

OF WOULD HAVE BEEN EX•
FREEDOM * x2 CEEDED BY CHANCE

1957 medical sample 48 118.73 less than .00000005
1937 legal sample 47 95.86 less than .oooo5

'One less than the number of classes in the distribution. For the medical
sample, the classes were the forty-eight states and the District of Columbia.
For the legal sample, Delaware could not be included separately because there.
were too few questionnaires.
50 The rank difference correlation between the refusal ratios for physicians and
lawyers is with a standard error of .i44.
51 This test is not vitiated by the use of sample rather than population average
incomes unless (a) there is a significant relationship between income and will.
ingness to reply and (b) this relationship differs among states (or other units),
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pies, the correlation between the refusal ratio and average income
is negligible, suggesting that willingness to reply is not related to
income.52

For the particular samples analyzed—the 1937 medical and legal
samples—the variation in the refusal ratio among states is of no
importance, since these samples have been weighted by states.
The findings are important for the inferences they suggest about
the remaining samples and about the factors leading to refusals
within states. For the other samples also, the refusal ratio presum-
ably varies significantly among states and the incoming samples
cannot be expected to be entirely representative of the universe
even if the outgoing samples are. However, in the absence of any
correlation with average income, the variation in the refusal ratio
does not of itself introduce a bias into the average incomes com-
puted from the samples. And the two samples analyzed give no
direct indication of such a correlation between states; hence no
indirect indication of such a correlation within states.

being direct in some and inverse in others. If the relationship is similar in all
states, the sample averages will give the correct ranking of states by income. For
example, suppose in all states nine-tenths of the individuals with incomes over
$5,000 but only half of those with incomes below refuse to reply; and sup-
pose that the percentage of individuals with incomes over is larger in
state A than in state B. The sample averages will have a downward bias for both
states, and this bias will be larger for state A than for state B. Nevertheless, the
sample average for state A will be larger than the sample average for state B.
52 The rank difference correlation between the refusal ratio and average income

for physicians, and —.064 for lawyers. The standard error of each is
.144.

Another hypothesis tested was that differences among the refusal ratios were
related to the political complexion of the states. Since the questionnaires were
distributed by a government agency it might be supposed that persons in sym-
pathy with the administration would be more likely to respond than persons not
in sympathy with it. This hypothesis was tested by computing for both lawyers
and physicians rank difference correlations first, between the refusal ratio and
the percentage that the democratic presidential vote in 1936 was of the total
vote, and second, between the refusal ratio and the change from 1932 to 1936 Ifl
the percentage that the democratic presidential vote was of the total vote. For
physicians, the correlations obtained were —.04 and +.o5 respectively; for law-
yers, +.o8 and +.o7. None of these is significant, since the standard error of each
is .146. While these correlations do not support the hypothesis, it should be noted
that the refusal ratios were correlated with the political complexion of all voters
in the state, whereas the relevant correlation would be with the political com-
plexion of the specific professional group; and the former may be a poor index
of the latter.
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The evidence from our samples on the characteristics of those

who fail to reply can be supplemented by evidence from three
other studies of professional income—the studies of the 1929 in-
comes of physicians and dentists made by the Committee on the
Costs of Medical Care, and the California Medical-Economic
Survey sponsored by the California Medical Association.

For physicians, the Committee on the Costs of Medical Care
made both a nationwide study and intensive surveys of particular
communities. In connection with one of the latter—on, incomes
of Vermont physicians—"a supplementary study of a sample taken
from the physicians who failed for one reason or another to par-
ticipate in the state-wide survey disclosed the fact that the 57 per
cent [who participated] were fairly representative of the total."
The nationwide sample of the Committee on the Costs of Medical
Care yielded somewhat different results. A follow-up letter was sent
to a sample of the physicians who failed to reply to the original
questionnaire. "A comparison between the data received on the
first letter and those received in response to the follow-up letter,
for the same areas, show important differences in the two sub-
samples. The second contains a larger proportion of small incomes
and its median income is about $1,000 lower than the median of
the first returns." 54 Leven 'is disposed to explain this difference as
being "due, to some extent at least, to the nature of the appeal in
the follow-up letter. The physicians were urged to make returns
even though they felt that their collections and charges in. 1929
and 1930 were typical neither of their own practice nor of the
incomes of physicians in general. This . . . undoubtedly resulted
in returns from a disproportionately high number of those whose
incomes were low because of special circumstances—sièkness, old
age, partial retirement, and the like."

In the dental survey of the Committee on the Costs of Medical

58 Leven, Incomes of Physicians, p. 8. In a footnote to this statement Leven indi-
cates that "a test study was made in three Vermont communities. The gross in-
comes of the physicians who had not returned the mailed questionnaire were
obtained by personal contact and, by adding these to the returns procured by
mail, a too per cent sample was made available. The additional data changed
the average by only $25. The reasons for the physicians' failure to reply to the
mailed questionnaire were tabulated and it was established that failure to reply
was not in any way associated with the size of income."
54 Ibid., p.
55 Ibid., p. 14.
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Care, questionnaires were sent to a 25 per cent sample of a pre-
sumably comprehensive list of all dentists in twenty states. Usable
questionnaires were returned by 66 per cent of those circularized.
The representativeness of this group was tested by comparing their
age distribution with that of all dentists, by comparing the per-
centage of the respondents who were members of the American
Dental Association or component societies with the corresponding
percentage for all dentists, and, for three states, by obtaining in-
dependent estimates of the gross incomes of dentists who failed
to reply.

The first test suggested that the only serious discrepancy was in
the most recent graduating class, which seemed to be underrepre-
sented in the sample. However, it is not clear whether this re-
flected a defect in the list used for sampling 56 or the unwillingness
of young men to reply. In any event, correction of the sample for
this deficiency would have lowered the estimated average income
by only 1.4 per cent.57

The second test indicated that a larger proportion of members
than of nonmembers replied. Since members have higher incomes
than nonmembers, this bias resulted in an underrepresentation of
dentists with low incomes.58 The third test yielded similar results.
In each of three states, Colorado, Georgia, and Wisconsin, the
average gross income based on both the replies to questionnaires
and the estimates of local dental committees for dentists who failed
to reply was lower than the average based on the questionnaire
data alone. The difference varied from $28 or less than one-half
of one per cent to almost $500 or about eight per cent.6°

It is clear that in this study of the Committee on the Costs of
Medical Care, the refusal ratio was larger among dentists with
low incomes than among dentists with high incomes, although the
difference was not great. It is doubtful, however, that this result
can be generalized. The study was conducted under the auspices
of the American Dental Association; in addition, several of the
devices used to stimulate replies must have been more effective
with members of dental societies than with nonmembers. For cx-

56 See Sec. ia i above.
Leven, Practice Dentistry, p. igg.

58 Ibid., p. 200. The indicated correction in the average net income of all general
practitioners was about i per cent.
59 Ibid., p. 203.
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ample, special letters were sent by officers of various state societies;
committees of component societies solicited individuals who had
not replied; the purpose and plans of the study were presented and
discussed at society meetings; and articles about the study appeared
in a variety of dental journals.00 That under these circumstances
a larger percentage of members than of nonmembers should have
replied is not surprising, and this in turn might explain the smaller
percentage of returns from individuals with low incomes.6'

The California Medical-Economic Survey sent two successive
follow-up letters to physicians and dentists who did not return
the original questionnaire. On the whole, the three successive
samples differ little for either physicians or dentists. There are no
significant differences among the arithmetic mean incomes, median
incomes, standard deviations, or income distributions themselves.62
The one consistent difference among the samples is that for both

60 Ibid., pp. 210-2.
61 Unfortunately no data are available to test this hypothesis. The data pub.
lished for the three states do not segregate members from nonmembers and it is
therefore impossible to determine whether the lower average income for all
dentists is due solely to a greater weighting of nonmembers.
62 The measures for the different samples are summarized in the accompanying
table.

PHYSICIANS DENTISTS
Arith- Standard Arith- Standard
metic deviation metic deviation

INDIVIDUALS Median mean of income Median mean of income
REPLYING TO income income distribution income income distribution

(dollars)
Original letter 2,700 3,651 3,523 2,300 2.745 1,918
First follow-up 2,700 3,483 3,311 2,400 2,710 1,836
Second follow-up 2,500 3,497 3,426 2,700 3,071 1,964

All letters 2,700 3,572 2,500 2,769

California Medical-Economic Survey, pp. 7', 74. The standard deviations
were computed from the frequency distributions.

The significance of the differences among the arithmetic mean incomes for
each profession was tested by the analysis of variance and found not significant.
In each set of standard deviations even the largest and smallest do not differ
significantly and hence the whole set scarcely can.

The significance of the differences among the frequency distributions was
tested by the x2 test. For physicians, x2 is 25.96; the number of degrees of free-
dom, 22; and the probability of the observed x2 being exceeded by chance, .25.
For dentists the corresponding figures are i 5.01, 14, and For neither are the
differences larger than might have been expected from chance.
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physicians and dentists the percentage of general practitioners
among those replying was larger for each successive letter; but even
these differences are quantitatively so small that they do not ap-
pear to be statistically significant.

Though too meagre to justify a definite conclusion, the evidence
presented on this important question of the refusal bias suggests
first, that there are significant geographical differences among the
percentage refusing to reply; second, that these differences are not
associated with geographical differences in income; third, that
while within each community or region there may be differences
between the willingness of different income groups to respond,
these differences cannot be large; and fourth, that if such differ-
ences do exist, the lower income groups are probably the least
willing to reply.

The evidence from our samples on the second of the questions
noted above—namely, the accuracy of the answers of those who
reply—is qualitative rather than quantitative, and derives from a
detailed study of individual questionnaires. This study suggests
a number of possible sources of bias in the replies, none of which
appear to be particularly serious.

Perhaps the most important source of bias arises from request-
ing information on income for a number of years. The difficulty
of answering accurately for all years tends toward the insertion of
approximate incomes, and, even more important, toward the in-
sertion of the same or very nearly the same income for each year.
While this tendency may not affect the average for the period
as a whole, it does damp fluctuations in income over the period.
This tendency is, of course, more important the longer the period
for which information is requested. It therefore affects most the
samples collected in

Some respondents seem to have been confused about the mean-
ing of 'gross' and 'net' professional income and of 'professional
expenses' to be deducted from the former in arriving at the latter.
Although the instructions were fairly explicit even in the first set
of questionnaires, and were made increasingly detailed and precise
in each succeeding set, there are indications that some respondents
included nonprofessional income and salaries from professional
work with income from independent professional practice, or de-
ducted living expenses as well as strictly professional expenses in
deriving net income, or interpreted 'net' in the sense of 'net tax-



446 APPENDIX A
able income'. However, relatively few questionnaires seem to have
been affected by such errors. So far as they affect the final results,
they probably, on balance, make for a downward bias in net in-
come.

The examination of the schedules suggests that the answers of
accountants and dentists are probably most accurate, and those of
lawyers and physicians least accurate. Because of the shorter period
covered, the two earlier sets of questionnáires—those sent out in
1933 and probably more accurate than the last set—
those sent out in 1937.

d The editing of the questionnaires
The last possible source of bias in obtaining the sample of usable
questionnaires is the processing of returned questionnaires before
their actual use in the statistical analysis—the weeding out of the
'unusable' returns and the correction of 'obvious' errors. Many
unusable questionnaires offer no serious problem—the respondent
will have made a notation to the effect that he is 'not in practice',
'employed on salary', 'retired', or that he has reported income from
'incidental part-time work'; gross income will be less than net
income; gross income less reported expenses will not equal net
income; a firm member will indicate that he is reporting solely his
own income; etc. Other questionnaires cannot be classified so
simply. There is an inevitable tendency to regard as suspect a ques-
tionnaire that deviates widely in any respect from other question-
naires or from what is expected on the basis of other knowledge.
The real problem of editing is how to decide whether each of these
is really an error or simply an 'extreme' case. If, implicitly or
explicitly, the rule 'exclude wherever doubtful' is followed, the
extremes will inevitably tend to be eliminated, with resulting
biases depending on their characteristics. On the other hand, if
the rule 'include wherever doubtful' is followed, the extremes
will be included, but so also will the erroneous returns.

The choice between these alternatives is necessarily arbitrary.
Both involve errors of unknown magnitude and direction. In
editing the present samples, an attempt was made to steer between
the Scylla of excluding doubtful cases and the Charybdis of in-
cluding them; but the course followed varied somewhat for the
different samples. The 1933 samples were edited by different per-
sons and at a different time than the later samples. In the editing
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TABLE A 6

Number of Questionnaires Returned

Number Usable, and Number not Usable, by Reasons

SAMPLE & YEAR
SENT OUT

NOT

ENOT USABL
Not in

Deceased
or pendent

SEC
No

usable
in for-

AU SE

Other
reasonsTOTAL 1 USABLE 2 USABLE retired practice 8 mation

Physicians
t 2,882 2438 103 215 65 6i
2 i,686 1,588 g8 17 66 14 1

3 1,647 1,577 70 10 9 50 1

Dentists
r 1,609 1,499 110 8 68 20 14

2 (1935) 1,171 1,122 49 11 20 6 12

Lawyers
1 i,i6i 1,050 111 22 68 9 12
2 (1937) 1,260 1,063 197 i8 79 91 9

Certified public accountants
1 (1933) 977 679 298 21 171 19 87
2 (1935) 1,255 1,062 193 14 143 12 24

3 (1937) 853 752 101 15 57 19 10

Consulting engineers
1 (1933) 804 415 389 59 227 43 6o

Exdudes questionnaires returned by post office as undeliverable.
2lncludes all questionnaires containing any usable information. The numbers
in this column are therefore somewhat larger than the numbers on which
most of the results in the text are based.
lncludes questionnaires on which the respondent indicate4 he was a salaried

employee or 'not in public practice'. For accountants and engineers also includes
questionnaires for incorporated firms.
'Includes questionnaires rejected for miscellaneous reasons such as: respondent
indicated independent professional activity was purely incidental to other full-
time work; questionnaire duplicated another returned by member of thesame
firm; respondent practised outside continental United States.

of the 1938 samples, Scylla exercised the stronger attraction while
in the editing of the later samples the course was set somewhat
closer to Charybdis. This difference is brought out clearly by
Table A 6, which gives data on the number of questionnaires dis-
carded for various reasons. For each of the professions for which
more than one sample was taken, the percentage of schedules dis-
carded is largest for the 1933 sample.

It is doubtful that the difference in procedure could have led to
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serious discrepancies between the samples; or either procedure to a
considerable bias in any one sample. Many of the questionnaires
discarded were eliminated on the basis of explicit annotations on
the returns. Most of the remainder, those in the discarding of
which the judgment factor was decisive, are included in the cate-
gory entitled 'no usable information', and even in the earlier
samples are relatively few. The major differences among the pro.
fessions are in the category 'not in independent practice' and these
•accord with the known characteristics of the professions: salaried
employment is most frequent in accountancy and engineering,
the two professions that show the largest percentage of question.
naires discarded for this reason.

2 TESTS OF THE RELIABILITY OF THE DATA

An examination of sampling methods can, at best, establish a
presumption that certain biases are present and certain others, ab-
sent. But even though no biases are discovered, or whatever biases
are discovered can be corrected, the final sample cannot be judged
free from bias or the data accepted as accurate and reliable. If we
can think of a dozen possible sources of bias, it would be naive to
suppose that there were not a hundred overlooked. This need for
additional tests of the reliability of our data is enhanced by our
inability to evaluate properly certain recognized possible sources
of bias—for example, differences between persons who return ques-
tionnaires and those who do not. We have applied three types of
tests to our data: (a) comparison of the distribution of each sample
by geographic with the estimated distribution of all practi-
tioners; (b) comparison of different samples for the same profession
with one another; (c) comparison of our samples with other studies.

a Comparison with geographic distribution of all practitioners
The comparisons that we have made between the distributions of
the samples and the estimated distributions of all practitioners are
summarized in Table A 7. For physicians, the distributions com-
pared are by size of community class and region; for dentists,
lawyers, and certified public accountants, by states. No compari-

03 We have used the nine Census regi*ns and seven size of community classes
(see Ch. 5, footnote The total number of classes is less than 63 because all size
of community classes are not represented in all regions and because some classes
containing few returns were combined for the analysis.
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TABLE A 7

Comparison between Distributions of Samples by Geographic
Units and Estimated Distributions of All Practitioners

Physicians, Dentists, Lawyers, and Certified Public Accountants

NO. OP
PROPESSION UNIVEP.SE WITH WHICH DEGREES

& SAMPLE GEOGRAPHIC UNITS SAMPLE IS COMPARED OF FREEDOM JJ1

(i) (2) (6)
Physicians

Region and size of No. in 1931 2 57 236.47 less than
community .000000001

Regions only " $ less than
.00000 I

Size of community 6 65.77 less than
only .0000001

Size of community " 49 164.50 less than
within each region 8 .000000001

Region and size of 54 103.58 .00003
community

Region only 8 31.29 .0001

Size of community 6 i6.g6 .009
only

Size of community 46 71.37 .oo8
within each region8

Dentists

igss States Membership in A.D.A., 40 less than
Dec. .000000001

No. from Census of 40 179.07
Population, 1930

1935 Membership in A.D.A., 86.gg .ooooool
Dec. 81,

No. on Apr. I, 19368 135.1L less than
.000000001

Lawyers
1935 States No. Ifl 1935,0 40 325.26

Certified Public Accountants
States No. in '987 30 89.43 .oooooooo6

'937 30 143.31 less than
.00000000 1

'P is the probability that the observed would be exceeded by chance.
Leland, Distribution of Physicians, Table 42.

was computed separately for each region, and the resulting values summed.
£ R. P. Thomas, Dental Survey', Journal of the American Dental Association and the
Dental Cosmos, Jan. 1938, p. 158.
Ibid., p. The figure for Illinois was reduced from 11,370 to 6,ooo to correct for an

obvious overestimate. See notes to Table i, Ch. 1.
Based on a count of the Martindale-Hubbell Law Directory for. tgs6 made available by

Martindale-Hubbell.
' Estimates made by American Institute of Accountants.
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Sons have been made for consulting engineers, since there are no
data on the number of consulting engineers either by regions and
size of community classes, or by states.

As a measure of the discrepancy between the sample and uni-
verse distributions, we use the statistic entered in column 5 of
Table A 7. The values of x2 are not directly comparable, since they
are affected by the number of classes in the distributions. They can
be compared by reference to column 6, which gives P. the proba-
bility that the observed values of would be exceeded by chance.
The smaller the probability, the larger the discrepancy between
the sample and universe distributions.

For all professions, the estimated distributions of the universe
have been compared with the original sample distributions, before
correction for biases. The original distributions have been used be-
cause values of based on the corrected distributions cannot be
interpreted in probability terms. In judging Table A 7, however,
it should be borne in mind that the discrepancies it reveals for
lawyers and accountants are partly explained by the size of com-
munity and firm member biases noted above, and that the data
on which the substantive analysis in the text is based have been
corrected for these biases.64 No comparisons have been made for
the 1937 legal and medical samples because they are not random
among states.

The striking feature of Table A 7 is the extreme discrepancies
between the sample and universe distributions. The two differ
least, as measured by the probabilities associated with for the
1935 medical sample. Yet even for this sample, the largest value of
P is .oog, i.e., the discrepancy between the size of community dis-
tributions of the sample and universe is so large that it would be
exceeded by chance alone only 9 times in a thousand. For the other
medical sample and the other professions, the smallest discrepancy
is so large that it would be exceeded by chance alone less than
one time in a million.

64 Comparisons for lawyers and accountants based on both the original and ad-
justed distributions have already been presented above (see footnotes 26, 27, and
46). For accountants the differences between the comparisons based on the
original distributions and those based on the adjusted distributions are rela-
tively small, but for lawyers adjustment for the firm member and size of corn-
munity biases accounted for almost half of the discrepancy between the sample
and the universe.
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These large discrepancies are not subject to a clear and un-
ambiguous interpretation; they may reflect errors not in the
samples but in the estimated distributions of the universe. The
samples supposedly include only persons in independent prac-
dcc; the available data on the distribution of all practitioners
uniformly include not only persons in independent practice but
also salaried employees and some persons who are not in practice
either because they have retired or for other reasons. Moreover,
the distributions of all practitioners are estimates subject to a con-
siderable margin of error and are available for the year in which
the sample was chosen for only three comparisons. The inclusion
of salaried employees is the most serious deficiency: they not only
number almost one-sixth of all physicians and dentists and almost
one-third of all lawyers and certified public accountants, but also
are more concentrated in large and prosperous communities.

The comparisons in Table A 7 for dentists are instructive in
indicating the importance of using the correct universe. Though
our samples were restricted to members of the American Dental
Association, they were compared with both members and all
dentists. For each sample, is lower for the former comparison—
27 per cent lower for the 1933 sample, 36 per cent lower for the
1935 sample.65

Errors in the estimated distributions of all practitioners may
therefore explain part, possibly a large part, of the observed dis-
crepancies between the sample and universe distributions. It seems
unlikely, however, that they are entirely responsible for these dis-
crepancies. If they were, the discrepancies might be expected to be
least for physicians and dentists, the professions which contain
fewest salaried employees. Yet, according to Table A the dis-
crepancies are of about the same order of magnitude for these pro-
fessions as for lawyers and accountants.

For each profession included in Table A 7, we can compute the
ratio of the number of practitioners in the sample from a par-
ticular state to the estimated total number of practitioners in that
state. The existence of discrepancies between the sample and uni-
verse distributions means that these ratios vary from state to state.
To the extent that the discrepancies reflect factors common to.
all professions, the ratios for different professions will be corre-
SIS The are directly comparable because the number of degrees of freedom
is the same.
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lated. The inclusion of salaried employees in the estimated total
number of practitioners is one such factor, since salaried employees
in the different professions are presumably concentrated in the
same states. Similarly there may be some factors affecting the will-
ingness of individuals to reply that differ in strength from state
to state but affect all professions alike.66

To test the correlation, the ratios for each of the four professions
were ranked in order of magnitude.67 Though by no means iden-
tical, the four sets of ranks show a degree of similarity that would
be exceeded by chance only i6 times in ioo,ooo. The measure of
similarity, Xr2' is almost half as large as its maximum possible
value, i.e., as the value that it would attain if the ranks were
identical.°8 This finding suggests first, that much of the apparent
nónrepresentativeness of the samples is attributable to factors al
fecting all samples alike, such as errors in the estimated distribu-
tions of all practitioners or general forces affecting willingness to
reply; second, that such factors are not entirely responsible for the
apparent nonrepresentativeness of the samples; and third, that
much of the apparent nonrepresentativeness is attributable to
factors affecting particular professions or samples rather than
to factors affecting all professions and samples alike.

The nonrepresentativeness of our samples means that no great
confidence can be placed in our data on the number and propor.
tion of professional men in various states, regions, or size of com-
munity classes. This presumptive unreliability of the geographic
distributions of our samples is in itself not serious, since we have
little interest in using our samples to study the geographic dis-
tribution of professional men. But it inevitably arouses suspicion

86 Since the data were collected by a government agency, the attitude toward
the party in power might be such a factor..
67Ratios based on the 1935 samples were used for all professions. For dentists,
the number of members of the American Dental Association rather than the
total number of dentists was the denominator of the ratio. For accountants, the
numerator of the ratio was the number of accountants in the sample after cor-

for the firm member bias, and for lawyers, the number of lawyers in the
sample after correction for both the firm member and size of community
68 For the test of similarity, see Friedman, 'The Use of Ranks', pp. 675—701,
especially pp. 675—80, 694—5. The value of Xr2 IS 77.37; the mean value on the
chance hypothesis, 46; and its standard deviation, The probability stated
above assumes normally distributed. The value of that would be obtained.
if the ranks were ideütical is 184.
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about the reliability of the data on average income or the dis-
tribution of income by size. If the states (or other geographic
units) underrepresented in the samples tended to have relatively
many professional men with low incomes, income data for groups
of states would have an upward bias, and conversely. Moreover,
if there were such a bias for groups of states, it would be reason-
able to infer a similar bias within each state separately.

Fortunately, there appears to be no correlation between average
income and biases in the geographic distributions of the samples.
Rank difference correlation coefficients between the sample aver-
age income and the ratio of the sample to the estimated universe
are uniformly small (Table A 8).69 Four of the eight coefficients
computed are less than their standard errors, and all are less than
twice their standard errors; i.e., all might easily reflect merely
chance variation.70 This result was foreshadowed by similar cor-
relations described in Section ic, and it is confirmed by others de-
scribed below. The apparent absence of any relation between aver-
age income and the biases in the geographic of our
samples suggests that income figures for groups of states will not
be contaminated by the non-randomness of the geographic dis-
tributions; such figures will of course be subject to random errors
but not, on this score at least, to bias.

69 For physicians, the correlations were computed both by states and by region
and size of community; for the other professions, only by states. See footnote

for a discussion of the validity of the test.
70 the risk of attempting to explain too much, it may be worth noting
that the observed coefficients are entirely consistent with known biases in the
samples and known deficiencies in the estimates of the universe. The medical
sample underrepresents small communities, where incomes are relatively low.
Hence, this factor alone would tend to produce a positive correlation between
average income and the ratio of the sample to the universe, when the correla-
tion is by region and size of community. Both observed correlations of this
type for physicians are positive. In all professions, salaried employees tend
to be concentrated in large and prosperous communities, where incomes are
relatively high. Our estimates of the universe are too large, and our ratios of
sample to universe too low, for states that contain many salaried employees.
This factor, then, would tend to produce a negative correlation. Four of the
five coefficients for the professions other than medicine are negative. For
physicians, the known bias in the sample would be less important relatively
to the deficiencies in the universe in a distribution by states than in a distribu-
tion by region and size of community. The correlation coefficient for physicians
by states not only is less than by region and size of community, but also is
negative.
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TABLE A 8

Rank Difference Correlation Coefficients between Sample Average
Income and Ratio of Sample to Universe

Physicians, Dentists, Lawyers, and Certified Public Accountants

lANE
YEAR OP NO. OP DIFFERENCE

PROFESSION GEOGRAPHIC AVERAGE ITEMS CORRELATION STANDARD
& SAMPLE UNITS UNIVERSE INCOME CORRELATED COEFFICIENT ERROR

(I) (1) (9) (4) (5) (6) ('j)
Physicians

1939 Region and size No. in 1931 59 .259 .151
of community

1935 " 1932 59 .131

States No. in active 1934 49 —.015 .144
practice, 1954k

Dentists
1995 " Membershipln 1992 49 —.216 .144

A.D.A., Dec.
91,

1935 " 1934 49 -—.245 .144

Lawyers'
No. in 1954 47 —.057 .147

Certified public accountants'
1935 States No. in 1934 47 .079 .147

1957 " 1936 47 —.112 .147

1 Leland, Distribution of Physicians, Table 42. -
Total number of physicians in each state as given in the Directory of the American Medi.

cal Association, multiplied by 1931 ratio for that state of total number of physicians In
active practice to total number of physicians (Leland, Table 14).
'Thomas, Dental Survey', p. 158.
'The ratios of sample to universe are based on the number of individuals in the sample
after correction for firm member and size of community biases. Average income is solely for
individual practitioners.
'Based on a count of Martindale-Hub bell Law Directori for 1936 made available by
Martindale-Hubbell.
The ratios of sample to universe are based on the number of individuals in the sample

after correction for firm member bias.
Estimates made by American Institute of Accountants.

For physicians, the availability of data from the sample on
type of practice permits one additional comparison with the uni-
verse. According to this sample, 22 per cent of all physicians
considered themselves complete specialists, 38 per cent, partial
specialists, and 40 per cent, general According to a
comprehensive count of the Directory of the American
Medical Association, 16.5 per cent of all physicians in active prac.
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tice were complete specialists, 15.6 gave 'special attention' to a
subject, and 67.9 per cent were in general practice.7' The large
difference between our sample and the directory count in the
percentage classified as partial specialists is of little significance,
since the distinction between partial specialists and general prac-
titioners is extremely vague.72 Of more interest is the consider-
ably higher percentage classified as complete specialists in the
sample. One possible explanation is the bias, noted in Section ib
iii, which is due to selecting the sample by laying a straight edge
marked off at equally spaced intervals along a column of names.
However, this explanation is contradicted by the comparisons
made below between our samples and other studies that presum-
ably do not have this bias. The percentage of complete specialists
in our sample is fairly close to the percentage in the other studies
and for three of four comparisons is below rather than above the
latter. The observed difference may therefore more reasonably
be attributed to (i) a general tendency for specialists to be more
willing to reply, (2) a difference in the wording and interpretation
of the question on type of practice, the inclusion among those
listed in the directory as 'in active practice' of some persons who
have retired or are not in practice and who tend to be classified
as general practitioners, the inclusion in the directory count
of unclassified nonmembers as general practitioners,78 or an
increase in the percentage of specialists from 1931 tO 1986. Though
there is no evidence on the relative importance of these factors,
the slight tendency for the percentage of specialists to be smaller
in our sample than in other samples suggests that point (i), if it
applies at all, probably applies to our samples less than to the
others. This would be consistent with the fact that the other
studies were all conducted by medical associations and hence prob-
ably evoked a better response from members, who indude a larger
percentage of specialists than of general practitioners.

b Comparison of different samples for the same profession
Two or three independent samples are available for each profes-
sion other than engineering. These samples cover spans of years
that overlap. Comparisons between the distributions of the
71 See Leland, Distribution of Physicians, p. 32.
72 See footnote 12 of Ch. 6.
78 See Leland, Distribution of Physicians, p. 17.
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samples for the overlapping years reveal larger discrepancies than
can reasonably be attributed to chance alone (Table A 9).74 At
the same time, the discrepancies are considerably smaller than
those between the sample and universe distributions (compare
Tables A 7 and A g). In part, the smaller discrepancies merely con-
firm our earlier finding that a large part of the observed discrep-
ancies between the sample and universe distributions is attrib-
utable to errors in the estimated distributions of the universe or

TABLE A 9

Comparisons between Distributions of Successive Samples for
Overlapping Years

Physicians, Dentists, and Certified Public Accountants

NO. OF
PROFESSION & GEOGRAPHIC YEAR OF DEGREES

SAMPLES COMPARED UNITS COMPARISON OF FREEDOM

(i) (2) (4) (5) (6)
Physicians

1933 Sc States 1932 54.59 .022

Size of community 1932 6 14.12 .029

Dentists
1933 Sc 1935 States 1932 31 66.67 .oooog

Certified public accountants 2
1933 & 1935 States 1932 34 48.52 .047

1997 & 1935 1934 29 39.03 .10

1 P is the probability that the observed x2 would be exceeded by chance.
2 Comparisons are between distributions not corrected for firm member bias.

to general forces affecting all samples alike. In part, also, they are
explained by the fact that similar methods were used to choose the
different samples for the same profession. Deficiencies in the sam-
pling methods would affect all samples alike and hence would not
produce discrepancies among them.

The observed discrepancies must reflect either changes in the
willingness of individuals to reply that were not uniform for all
states (or other units), or differences in the universes from which
the samples were drawn. Differences in the universe can hardly
be important for physicians or accountants since the samples for

74 No comparison was made for law because the legal sample is not random
among states. For the same reason, the 1937 medical sample was not compared
with the other medical samples.
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these professions were chosen from comprehensive lists at inter-
vals of only two years, and the distribution of all persons in the
professions is very stable. The dental samples, on the other hand,
were chosen from the membership lists of the American Dental
Association, which experienced a decline in membership of about
8 per cent from 1932 tO 1933• and then an increase of about 15 per
cent from 1933 to The decline and subsequent growth
were doubtless not the same in all states. This greater change in
the universe may be the reason why the dental samples differ more
from one another than the samples for the other professions.

The relatively small discrepancies between the geographic dis-
tributions of the samples appear uncorrelated with differences be-
tween average incomes. For each pair of samples in Table A g, we
have computed rank difference correlation coefficients by states
between (a) the ratio of the number in one sample to the number
in the other and (b) the difference between the average incomes
from the two samples. The correlation coefficients are uniformly
small (Table A io). Three are smaller than their standard errors,
and the fourth is only slightly larger than its standard error.

The differences between the nationwide average incomes for
years covered by more than one sample for the same profession
confirm the bias discussed in Section ia i. It was suggested there that
requesting information for a period of years from a sample chosen
from a list presumed to be comprehensive for the end of the period
would tend to impart an upward bias to the trend of income over
time. In consequence, the earlier of two samples would tend to
yield a higher average for an overlapping year. Seven of the ten
differences summarized in Table 5 (Ch. 2) are in the expected direc-
tion, and two of the three exceptions are for lawyers, for whom the
1937 sample is suspect on other grounds (see Sec. ib iv above).
Except for one of the accountancy comparisons, the positive dif-
ferences are moderate, the largest being 13 per cent. Even the 35
per cent difference between the 1929 averages from the 1933 and
1937 accountancy samples is not disturbing since the bias in
question should be larger the longer the time elapsing between
the selection of the samples, and between these dates and the date
for which the comparison is made. I.t is fair to conclude, there-
75 Based on data from the American Dental Association. These changes are net.
Others may well have taken place and may have affected the distribution of
members by states.



458 APPENDIX A
fore, that these comparisons give no evidence of the existence of
any biases other than those already noted.

A more detailed comparison between the average incomes from
successive samples is summarized in Chart A i, which contains
three panels. The panels for physicians and dentists compare the
1932 average incomes from the and 1935 samples; the panel
for accountants compares the 1934 average incomes from the

TABLE A io

Rank Difference Correlation Coefficients between the Ratio of the
Number of Persons in One Sample to the Number in Another
Sample for the Same Profession and the Difference in Average
Income, by States

Physicians, Dentists, and Certified Public Accountants

RANK

DIFFERENCE

PROFESSION & YEAR OP NO. OF CORRELATION STANDARD

SAMPLES COMPARED COMPARISON STATES COEFFICIENT ERROR

(i) (2) (5)
Physicians

1955 & 1933 1932 48 .1459

Dentists
1935 & 1933 1932 48 —.23 .1459

Certified public accountants
1935 & 1933 1932 46. .0944 .149
1937 & 1955 1934 46 .1148 .149

• The first correlation is based on the original number of persons, uncorrected
for the firm member bias, and on average incomes, also uncorrected. The second
correlation is based on the number of persons after correction for the firm mem-
ber bias, and on the average incomes of individuals practising alone (i.e., on
averages that exclude firm members).

and samples.7° Each point in the chart is for an indi-
vidual state. The vertical distance of the point from the zero axis
measures the difference between the two averages for a state (the
average from the earlier sample minus the average from the later
sample); the horizontal distance, the total number of persons from
that state who reported their incomes in the two samples.

76 The panel for accountants refers solely to individuals practising alone, i.e.,
excludes firm members. The latter were excluded because of the firm member
bias.
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The general bias arising from the time elapsing between the

selection of the samples is reflected in the tendency for the points
to be above the zero axis. The chart reveals nothing further about
this bias. Its purpose is rather to test whether, aside from this
general bias, the differences between the samples can be attributed
to random sampling fluctuations. If the differences were random,
they would tend to vary most from the average nationwide dif-
ference for states contributing the fewest returns to the samples,
and to vary least for states contributing the largest number of
returns. The rapidity with which the state differences might be
expected to converge toward the nationwide difference is indi-
cated by the heavy curved lines in each panel, which represent
approximately the nationwide difference plus and minus one
standard deviation.77 On the other hand, if the differences were
attributable not to random factors but to differential biases vary-
ing from state to state, there would be no tendency for the state
differences to approach the nationwide diffekcnce as the number
of returns increased.

The chart is entirely consistent with the hypothesis that the
differences are random. For each profession, the points converge
toward the nationwide difference as the number of returns in-
creases. Moreover, the points converge in the manner indicated

77 The plotted standard deviation lines are rough approximations computed
from the formula —

(TI —2? q
22 2i

where and are the arithmetic mean incomes for a state from the earlier
and later samples respectively, and r is the product moment correlation
coefficient between the arithmetic means. 022 was assumed equal to and each

equal to where is the variance of an individual observation, i.e., the
variance of the sample as a whole, and n, the total number of returns from a
state in both samples, These assumptions imply that the two samples contain
the same number of returns from each state and have equal variances. Neither
implicit assumption is correct but both are fair approximations. The correla-
tion coefficients were computed by converting the rank difference correlation
coefficient between the means (r') into the product moment correlation coeffi-

cient (r) by the formula r = 2.Sifl The numerical values assigned the stand-
ard deviations for the sample as a whole and the correlation coefficients are:

Physicians 4,100 .6
Dentists 2,500 .5
Accountants .6
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by the standard deviation lines, and their distribution about these
lines does not deviate significantly from the distribution that
random factors would produce.78 The chart therefore gives no evi-
dence that, aside from the general bias noted, there are any other
biases that affect the successive samples for the same profession
differently.

c Comparison of our samples with other studies
Data on professional income for the period covered by our samples
are rare. There are a fair number of studies for physicians and
dentists, two fragmentary studies for lawyers, one for consulting
engineers, and none for certified public accountants. Three of
these studies are sufficiently extensive to warrant and permit de-
tailed comparison with our data. These are the studies of the 1929
incomes of physicians and of dentists made under the auspices
of the Committee on the Costs of Medical Care; and the Cali-
fornia Medical-Economic Survey, which covered both physicians
and dentists for the years 1929—34. Only very general comparison
with the other studies is feasible.

i Incomes of physicians in 1929. Data on 1929 income was ob-
tained by the Committee on the Costs of Medical Care from over
5,000 physicians in independent practice who replied to a question-
naire mailed to 20,000 physicians throughout the nation. The re-
suits of this study were presented and analyzed by Leven.79 His
book includes, in addition, a brief analysis of more than 6,ooo
questionnaires obtained by the American Medical Association in

78 The observed distributions of the differences compared with the expected
distributions, computed on the assumption that the differences are normally
distributed, are:

NUMBER OF DIFFERENCES FOR
PHYSICIANS DENTISTS ACCOUNTANTS

Observed Expected Observed Expected Observed Expected
Larger than a 12 7.6 11 7.8 7 '7.3

to mean 9 13 16.7 15 15.7
Mean to—a 16.4 17 16.7 i6 15.7
Less than — ii 7.6 8 7.8 8

Total 48 48 49 49 46 46

The discrepancy between observed and expected distributions is greatest for
physicians. Yet even this discrepancy would be exceeded by chance alone more
than one time in 20.
70 Incomes of Physicians.
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a study, restricted to its members, covering 1928. The
questionnaires used by the Committee on the Costs of Medical
Care asked only for gross income; net incom was estimated on the
basis of the relation between net and gross income revealed by the
American Medical Association sample.

Arithmetic mean and median gross and net incomes from the
other samples are reasonably consistent with those from ours
(Table A 1 i). The averages from the American Medical Associa-
tion sample are uniformly highest, as might be expected from its
overrepresentation of members. The, averages from our 1933 sample
(referred to in the table as the Department of Commerce sam-
ple) are somewhat higher than those from the Committee's
sample, although, on a priori grounds, the differences might be ex-
pected to be in the opposite direction. Our sample was taken at
a later date and hence should have a downward bias relatively to
the Committee's. However, the differences are small—the largest
is less than four per cent—and, for the arithmetic means, are only
slightly larger than their standard errors.8° Moreover, the averages
presented by Leven are weighted averages of the averages for size
of community classes, the weights being the estimated total num-
ber of physicians in each size of community class. This adjustment
was made because the Committee's sample seemed to underrepre-
sent both very small and very large communities. The average
gross income yielded directly by the sample can be computed from
the data Leven presents and is given in Table A ii. It is almost
identical with the average from our i sample.Sl

The distribution of the Committee's sample by size of gross in-
come differs somewhat from the corresponding distribution for
1929 of our sample. Although the standard deviations of
the two distributions are very close, $11,790 for the Committee's
sample and $11,835 for our sample,82 the observed difference be.
tween the distributions as a whole would be exceeded by chance

80 The standard error of the difference between the arithmetic means is approxi-
mately $300 for gross income and $173 for net income.
81 It was noted in Sec. ib ii above that our samples underrepresent the smaller
communities. The resulting upward bias in average income seemed too slight
to justify correction. This upward bias may, however, have been larger in 1929
than in 1932, the year for which it was tested, and may partly explain the
failure of our averages to be below those from the Committe's sample.
82 The difference between the two standard deviations is not statistically
significant.
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CHART A 2

Distribution of' Gross Income by Size

APPENDIX A

I

0

alone less than one time in a thousand.83 The difference between
the two distributions is therefore statistically significant. At the
same time, as Chart A 2 shows, the difference is so small that it
is hardly significant in any other sense.84 The Committee's sample
contains relatively more very low incomes and relatively fewer
intermediate incomes. These differences may reflect the under-
representation of small communities in our sample. The distribu-
tions of net income differ somewhat more than the distributions
of gross income, but since the Committee's distribution of net in-
come was derived from its distribution of gross income by using
ratios of net income to gross income, this crimparison is of slight
importance.
83 X2 iS 46.8, with i8 degrees of freedom.
84 The reason so minor a thiference is statistically significant is, of course, that
the samples are so large.
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Comparison is possible not only between the nationwide data

from the two samples but also between the arithmetic mean gross
incomes in each size of community class within each region. While
our size of community classes are not identical with those used by
Leven, the differences are slight.85 Chart A constructed in the
same way as Chart A i, summarizes the comparison. Each point
in the chart is for a size of community and regional cell, or for a
size of community class or region as a whole. The vertical distance
of the point from the zero axis measures the difference between
the average from the Committee's sample and the average from
our sample; the horizontal distance, the square root of the num-
ber of physicians in our sample. The heavy curved lines include
a range of one standard deviation on either side of the zero axis,
since zero is the expected difference on the hypothesis that the
two samples represent the same universe.86 If the differences be-
tween the samples reflected sampling fluctuation alone, the points
should converge toward the zero axis as the number of returns
increased. On the other hand, if the differences reflected bias, there

85 The two classifications differ at the extremes. We use the classes under 2,500,
and 2,500—10,000, whereas Leven uses under 5,000, and 5,000—lo,00o; at the
other extreme, Leven uses the classes and i,ooo,ooo and
over, whereas we use the one class, 500,000 and over. Since Leven does not give
the number of returns in each cell, we were unable to combine his class inter-
vals. Consequently we compared our class 500,000 and over with his class
500,000—1,000,000 and at the lower extreme compared the overlapping class in-
tervals.
86The standard deviation is approximate. Since Leven does not give the number
of returns in each cell, the standard deviation is computed on the assumption
that the ratio of the number in the Committee's sample to the number in our
sample is the same for each cell as for the entire country. For simplicity, the
standard deviation of an individual observation is assumed equal for the two
samples, an assumption that is approximately correct. On these assumptions,
the standard deviation of the difference between the averages in any cell is

0 2r -
Vp

where is the standard deviation of an individual observation, i.e., the stand-
ard deviation of the sample, p is the ratio of the number in the Committee's
sample to the number in our sample, and r is the correlation between the cell
averages from the two samples. a was taken as $11,790, p as 246, and r as .64.
The productmoment correlation coefficient was estimated from the rank differ-
ence correlation coefficient.
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CHART A 3
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would be no tendency for the points to converge. It is clear from
the chart that the points do converge in the manner indicated by

lines. The distribution of the points
about the standard deviation lines does not differ significantly from
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the distribution that chance alone would produce.87 Interestingly
enough, the average from the Committee's sample is larger than
the average from our sample for more than half the cells, out of
59, although the difference between the nationwide averages is in
the opposite direction.

Both the Committee's sample and our 1937 sample furnish data
on the percentage of physicians who consider themselves general
practitioners, partial specialists, complete specialists. While

PERCENTAGE OF ALL PHYSICIANS

Comm. on Costs D. of
of Med. Care C. sample

General practitioners 56.7
Partial specialists 20.7 39.9
General practitioners and partial specialists 774 78.5
Complete specialists 22.6 21.5

Total 100.0 100.0

the percentage of physicians who dassified themselves as com-
plete specialists is very similar for the two samples, the divi-
sion of the other physicians between general practitioners and
partial specialists is very different. However, as noted above, the
vagueness of the distinction between the general practitioner and
the partial specialist makEs this difference of little significance.

These comparisons between our medical samples and that of the
Committee on the Costs of Medical Care are comforting. The
samples are remarkably similar in practically all respects despite
marked differences between the agencies conducting the surveys,
the dates at which they were made, the sampling methods, and the
questionnaires used.

ii In comes of dentists in 1929. The study of dental incomes in
1929 made by the American Dental Association in cooperation
87 The expected and observed of the points for the individual cells
are:

OBSERVED EXPECTED

Larger thanc, 12 94
c,tOO 25 20.1

otO—a 13 20.1

Lessthan—a 9 94
Total 59 59.0

x' between the observed and expected 15 446 and would be exceeded by chatice
in more than one-fifth of random samples. The regional and size of community
averages are, of course, not independent of the averages for the separate celis
and hence have been exduded from the above comparison.
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with the Committee on the Costs of Medical Care is less directly
comparable with our samples than the Committee's study of the
incomes of physicians. A minor difficulty is that the Committee's
dental study was restricted to 20 states. About g,ooo dentists were
circularized in these states and over 5,000 returns containing usable
information on income obtained. A more important difficulty is
that our sample is restricted to members of the American Dental
Association, whereas the Committee's sample is not.

To facilitate comparability, arithmetic mean net and gross in-
comes in 1929 have been computed from our sample for the
twenty states covered by the Committee's sample and have been
corrected for the restriction of our sample to members (Table A 12).
The corrected averages were computed from the original averages
by multiplying the latter by the correction factor derived in Sec-
tion ia iv for the country as a whole. The same correction factor
was used for both net and gross income, though it was derived
from net income data alone. Consequently, the estimate of the
average gross income of all dentists is even rougher than the esti-
mate of the average net income.

Table A 12 also includes two sets of averages from the Com-
mittee's sample: the original averages derived directly from the
sample; and the final estimates for the 20 states presented by Leven,
who was responsible for the analysis of the dental sample as well
as the medical sample. These final estimates embody two adjust-
ments. First, the net incomes of dentists who reported gross in-
come but not net income were estimated on the basis of the rela-
tionship between net income and gross income revealed by the
remaining returns, and these estimated net incomes were added
to the original sample.88 Second, a correction was made for the in-
clusion in the sample of a larger percentage of members than of
nonmembers.

The final estimates from the Committee's sample are somewhat
higher than those from our sample, as might be expected from the
general tendency for the earlier of two samples to yield a higher
average for the overlapping year. The average net income is
or 8.4 per cent, higher; the average gross income, $508, or 6.7 per

88 No such adjustment was made for the Department of Commerce sample.
However, the percentage of respondents who reported gross income but not net
income was five times as large in the Committee's sample as in the Department
of Commerce sample.
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TABLE A 12

Arithmetic Mean Gross and Net Incomes

Dentists in 20 States: Department of Commerce and Committee on
Costs of Medical Care Samples, 1929

GROSS INCOME NET INCOME

Arith. Arith.
No. of mean No. of mean
returns income returns income

(dollars) (dollars)
Dept. of Commerce 1933 sample, for
20 states covered by Comm. on
Costs of Med. Care sample

Original 879 8,702 855 5,076

Adjusted for restriction to Amer.
Dental Assn. members1 7,623 4,447

Comm. on Costs of Med. Care sam-
pie for 20 states

Original1 5,493 8,279 4,705 5,011

Final estimate (corrected for re-
turns giving gross income but
not net income and for over-
representation of members) 8 4,820

in first line multiplied by .876.
I Maurice Leven, l4actice of Dentistry and the Incomes of Dentists in' Twenty
States: :929 (University of Chicago Press, 1932), pp. 75—7.

8lbid., p. 207.

cent, higher. Part of this difference is doubtless due to the under-
representation of new entrants in the Committee's sample noted
by Leven.89 His final estimates do not allow for this underrepre-
sentation, although he indicates that correction for it would lower
the average net income by about $65.90 The rest of the difference
in net income, $308, is slightly less than twice its standard error,
while, even without correction for this factor, the difference in
gross income is also slightly less than twice its standard error.9' On
the whole, then, the agreement is fairly good.
89 Practice of Dentistry, p. '99.
OOIbid. Leven states that this would be the effect on the income of general prac-
titioners. However, since 8g per cent of the dentists were general practitioners
the same figure may without serious error be used for all dentists.
91 The standard error of the difference between the means is for net income,
and $271 for gross income.
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The difficulty of correcting characteristics other than the arith-

metic mean for the restriction of the Department of Commerce
sample to members makes precise comparison of the samples with
respect to these characteristics impossible. The uncorrected fre-
quency distributions of net and gross income by size naturally
differ more than would be expected from chance alone; so also do
the distributions of the samples by states.92 As Chart A 4 indicates,
the differences between the frequency distributions of net and
gross income are consistent with the tendency for nonmembers to
have lower incomes than members. The distribution from the
Committee's sample includes relatively more low incomes and
relatively fewer intermediate incomes. This divergence appears
more marked in the gross income distribution than in the net in-
come distribution because of the wider dispersion of the former;
it is definitely present in both. Both the gross and net income dis-
tributions from the samples have smaller standard
deviations than the corresponding distributions from our sample.93
Though not particularly large in magnitude, this difference is in
the opposite direction from what might be expected. As noted in
92 The values of x2 and the number of degrees of freedom for these compari-
sons are as follows:

NO. OF
DEGREES OF

FREEDOM

Distributions of income by size
Gross income 5o.i 19
Net income (C.C.M.C. original distribution) 30.9 i8
Net income (C.C.M.C. distribution adjusted to in-

dude dentists reporting gross but not net income)
Distributions of returns by states 74.9 19

For 19 degrees of freedom x2 will exceed 30.14 once in twenty times from chance;
36.19, once in a hundred times; and 43.82, once in a thousand times. For iS
degrees of freedom the corresponding values are 28.87, 34.80, and 42.91. The
C.C.M.C. distributions were taken from Practice of Dentistry, pp. 84, 88, 189.
The Department of Commerce distributions compared with them include only
dentists in the 20 states covered by the C.C.M.C. study.
98 The values of the standard deviations are:

COMM. ON THE COSTS DEPT. OF

OF MED. CARE COMMERCE

<dollars)
Gross income 6,817 7,456
Net income 4,107 4,217

The difference between the standard deviations is statistically significant for
gross income but not for net.
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Section ia iv, a sample restricted to members of the Dental Associa-
tion might be expected to be more concentrated than a sample in-
cluding all dentists.

iii Incomes of physicians and dentists in California. The study
sponsored by the California Medical Association is probably the
most intensive study of its kind ever made. In January 1935, ques-
tionnaires were mailed to every physician and dentist in Cali-
fornia.94 The initial mailing list included over 9,ooo physicians
and almost 6,ooo dentists. Completed questionnaires were finally
received from over 3,00o physicians and almost 2,000 dentists,95
or from about a third of all physicians and dentists in the state.

The questionnaires requested information on income for each
year from 1929 to 1933, and for the first nine months of 1934.
The incomes reported for i were raised to full-year equivalents.
Physicians and dentists on salary as well as those in independent
practice were included in the sample. Most of the data presented
seem to be for both groups together, although this is not entirely
clear. In this respect, as well as in the inclusion of income from
salaried positions along with income from independent practice,
the California sample is not comparable with the Department of
Commerce sample. It is difficult to evaluate the importance of this
noncomparability. The inclusion of full-time salaried employees
would tend to lower arithmetic mean incomes; but the inclusion
of supplementary salaries of persons in independent practice
would tend to raise them. An additional source of noncompara-
bility is that the Survey's dental sample covers both members of
the American Dental Association and nonmembers, whereas our

94 Osteopaths, hospitals, and public health agencies were also included in the
study. In addition a large sample of families was interviewed and information
obtained on their incomes, expenditures for medical and dental care and other
purposes, and their need for medical and dental care.

Two reports dealing with the study have been issued: California Medical-
Economic Survey, and Dodd and Penrose, Economic Aspects of Medical Seruice.
The first contains the statistical tables and graphs included in the second, but
none of the text of the report by Dodd and Penrose.

"Every person whose name appeared in the March, 1984 Roster of Physi-
cians and Surgeons, and in the September, Dentists' Directory, . . . was
solicited by means of questionnaires", Dodd and Penrose, p. 8.
95 In addition to the original mailing, individuals failing to reply were circu-
larized a second time; and those failing to reply to the follow-up were cir-
cularized once again.
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sample covers members only. This is less serious, however, than
may appear, since members were overrepresented in the Survey's
dental sample.°°

Our 1933 sample of California physicians yields average gross
incomes between $847 and $1,321 higher than the corresponding
averages from the Survey (Table A 13). Our later medical samples,
on the other hand, yield average gross incomes between $203 and
$1,278 lower than the corresponding averages from the Survey.
While these differences seem fairly large, the number of physicians
in our samples for California is so small that all of the differences
might easily have arisen from chance.97 Moreover, that the earlier
sample is higher, and the later samples lower accords with what
might be expected from the oft-repeated characteristics of samples
taken at different dates.

The differences between the average net incomes from the two
studies are naturally similar to the differences between the average
gross incomes. The averages from our 1933 sample are higher, and
from our 1935 and 1937 samples lower, than the corresponding
averages from the Survey. The differences between the 1933 sample
and the Survey are again sufficiently small to be attributable to
sampling fluctuations.98 The differences between the later samples
and the Survey, however, cannot be interpreted in this way. The
smallest of the three differences for the 1935 sample is 2.2 times
its standard error; the largest, times its standard error.°° Three

96 Dodd and Penrose infer that members are seriously overrepresented from the
fact that 66.5 per cent of the respondents reported themselves as members,
whereas, according to the Association's records, only 41.3 per cent belonged to
the American Dental Association. This discrepancy may, however, merely
reflect the tendency noted by Leven for individuals not listed on the Associa-
tion's membership rolls to report themselves as members. (See Sec. ia iv above;
Leven, Practice of Dentistry, pp. 2oo—i; Dodd and Penrose, p. 270.) It seems
likely that both factors were at work, and hence that the overrepresentation
of members, while present, is.. less serious than Dodd and Penrose believe.
97 The standard error of the difference between the means is larger than $540
for the '933 sample, $720 for the 1935 sample, and $970 for the 1937 sample.
98 The relevant standard error is larger than $210.
99 The relevant standard error is about $270. The smaller standard error for
net income than for gross income explains why the differences between the
average net incomes are, and the differences between the average gross incomes
are not, statistically significant even though the former are numerically smaller
than the latter.
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TABLE A

Arithmetic Mean Gross and Net Incomes, and
Number of Persons Covered

California Physicians: Department of Commerce Samples and
California Medical-Economic Survey, 1929—1934

1929 1930 1931 1932 1933 1934

Grqss Income
Arithmetic mean (dollars)

Cal. Med.-Ec. Survey 11,049 10,092 8,868 7,195 6,456 6,911
Dept. of Commerce

1933 sample 11,896 11,0*1 io,i8g 8,177
1955 sample 6,o67 5,537 5.940
1937 sample 9,771 g,6io 8.649 6,686 6,253 6,607

Difference between means (dollars)
Cal. Med.-Ec. Survey minus
Dept. of Commerce

19s3 sample —847 —929 —1,521 —98*
1935 sample • +1,128 +919 -4-971
1937 sample +1,278 +482 +219 +509 +203 +504

Number of persons covered
Cal. Med..Ec. Survey 1,154 1,212 1,285 1,361 1,470
Dept. of Commerce

1953 sample 202 214 219 225
1935 sample 111 115 119
5957 sample 5* 54 6* 68 76

Net Income
Arithmetic mean (dollars)
Cal. Survey 6,657 5,984 5,069 4,146 5,572 4,068
Dept. of Commerce

1933 sample 6.680 6,i66 5,500 4.308
1935 sample 3,157 2,969 3,254
1937 sample 5,336 5,221 4,424 3,104 3,065 5,489

Difference between means (dollars)
Cal. Med..Ec. Survey minus
Dept. of Commerce

sample —23 —182 —431 —162
1955 sample +989 -4-603 +814
1937 sample +1,321 +763 +645 +1.042 +551 +579

Number of persons covered
Cal. Med.-Ec. Survey 1,524 1,643 1,756 2,757
Dept. of Commerce

1933 sample 200 250 255 216
110 11* 115

1937 sample 49 47 50 6o 76

California Medical-Economic Survey, Formal Report on Faclual Data (California Medical
Association, 1937), pp. 94—5.



RELIABILITY OF SAMPLES 475
of the six differences for the 1957 sample are less than twice their
standard errors, but the other three are all more than twice
their standard errors.10° The later date at which the 1937 sample
was selected makes the differences between it and the Survey un-
derstandable. But this explanation will not serve for the 1935
sample.

Comparison of the distributions of net income by size supports
the view that the sample does, not differ significantly from
the Survey but that the 1935 sample does. While the discrepancy
between the 1929 distributions of income from the two studies
would be exceeded by chance more than half the time, the dis-
crepancy between the distributions from our 1935 sample
and the Survey would be exceeded by chance less than one time in
a hundred.'°1 We have been unable to find any explanation of
the difference between our 1935 sample and the Survey.'02

The percentage of complete specialists in our 1937 sample, 25
per cent, is considerably lower than the percentage in the Survey,
34 per cent. So far as this discrepancy represents more than a dif-
ference in the interpretation of the term 'complete specialists', it
reflects upon the adequacy of the Survey data rather than ours,
since only 20 per cent of California physicians were listed as com-
plete specialists in the 1931 Directory of the American Medical
Association.108

The average gross and net incomes of California dentists (Table
A 14) give no reason to suspect the reliability of either of our
dental samples. The original averages from our samples are con-
sistently above the corresponding averages from the Survey, as is
to be expected from the restriction of our samples to American
Dental Association members. With two exceptions, the averages

100 The relevant standard error is larger than $360.
101 x' for the 1929 distributions is io.6 with 12 degrees of freedom; a x' of
ii would be exceeded by chance half the time. x1 for the distributions
is '54 with degrees of freedom; a x2 of 15.1 would be exceeded by chance only
once in a hundred times.
102 One hypothesis tested was that the difference was attributable to a dis-
crepancy between the distributions of the samples by size of community. How-
ever, there appears to be no such discrepancy. x' between the size of community
distributions is with 5 degrees of freedom; the probability of this value
being exceeded by chance is 04.
108 See Leland, Incomes of Physicians) p. 17.
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TABLE A 14

Arithmetic Mean Gross and Net Incomes, and
Number of Persons Covered

California Dentists: Department of Commerce Samples and
California Medical-Economic Survey, 1929—1984

1929 1930 1931 1932 1933 1934

Cross Income
Arithmetic mean (dollars)
Cal. Med.-Ec. Survey 8.680 7,163 5,633 4,936 5,444
Dept. of Commerce, original

1933 sample 9,439 8,416 6,436
'935 sample 6,o27 5.406 5,719

Dept. of Commerce, adjusted for
restriction to members of Amer.
Dental Assn.

sample 8,296 8,165 7,280 5,567

sample 5,815 4,676 4,947

Difference between means (dollars)
Cal. Med.-Ec. Survey minus
Dept. of Commerce, original

1933 sample —911 —1.131 —1,253 —803
1935 sample —394 —470 —p75

flept. of Commerce, adjusted
1933 sample +384 +143 —117 -4-66
1935 sample +420 +260 +497

Number ol fersons covered

Cal. Med.-Ec. Survey 720 781 839 965 866
of Commerce

1933 sample 110 122 125 129
1935 sample 93 gg

Net Income
Arithmetic mean (dollars)
Cal. Med..Ec. Survey 5,095 4,772 9,968 3,012 2,769 2,956
Dept. of Commerce, original

1933 sample 5,408 5,478 4,721 3,299
1935 sample 3,247 2,792 3,023

Dept. of Commerce, adjusted for
restriction to members of Amer.
Dental Assn.

1933 sample 4,678 4,738 4,084 2,854
1955 sample 2,809 2,415 2,615

Difference between means (dollars)
Cal. Med.-Ec. Survey minus
Dept. of Commerce, original

1939 sample —319 —706 —755 —287
1935 sample —235 —23 —67

Dept. of Commerce, adjusted
1935 sample +417 +54 —ii6 +158
1935 sample +203 +554 +541

'Original arithmetic means multiplied by This yields arithmetic mean of a hypothetical
sample containing the same percentage of American Dental Association members as listed on
the membership rolls (41.3 per cent) on the assumption that the average income of
members exceeds that of nonmembers by per cent.
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TABLE A 14 (cont.)
1929 1930 1931 1932 1933 1934

Net income (cont.)
Number of j,ersons covered
Cal. Med.-Ec. Survey 920 979 1.048 1,615 976
Dept. of Commerce

1933 sample io8 118 128

1955 sample 95 100 100

California Medical-Economic Survey, pp. 9g—ioo.

corrected for this bias are below those from the Survey. The dif-
ferences are all sufficiently small to be attributable to sampling
fluctuations.'°4 Moreover, the Survey overrepresents members and
hence has a slight upward bias. Since the correction applied to our
samples purports to make full allowance for their restriction to
members, the upward bias in the Survey data would explain the
lower corrected averages from our samples.'°5

Comparisons of the distributions of the samples by size of com-
munity and by size of net income on the whole confirm the absence
of any significant differences between our samples and the Sur-
vey.1O°

In sum, the only significant discrepancy revealed by these com-
parisons is between our 19S5 medical sample and the Survey. This
sample appears, at least for California, to have a downward bias
of some importance.

iv Other studies of the incomes of physicians. Three additional
studies of medical incomes with which our samples can be com-
pared are for Wisconsin, Michigan, and Utah.

The Wisconsin study, made by a committee of the State Medical
Society, covered 1930 incomes as reported on state income tax re-

104 Minimum estimates of the relevant standard errors of the difference between
the arithmetic mean gross incomes are $4oo for the 1933 sample and for
the .1935 sample; of the difference between the arithmetic mean net incomes,
$220 for the sample and $230 for the '985 sample.
105 See footnote 96 above. The correction we make accepts the estimate of 41.3
per cent cited in the Survey as the percentage of dentists who were members of
the dental association in (see California Medical-Economic Survey, p. 73).
The basis of our estimate of 30 per cent as the excess of the income of members
over that of nonmembers is given in Sec. ia iv above.
106 A comparison of the distribution of the samples in 1933 by size of commu-
nity yields a 2.9 with 5 degrees of freedom. The probability of this value
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turns filed by physicians.107 studies based on income
tax returns are subject to a serious upward bias because they omit
persons whose incomes were below the exemption limit. This diffi-
culty is, however, less serious for Wisconsin than for most other
states because a much larger percentage oi persons are required
to file returns.'08 Income tax returns were found for 2,129 of an
estimated 2,836 physicians in active practice. The committee in
charge of the study estimated that considerably fewer than 500 of
the 707 physicians omitted failed to file because of low incomes.
The downward bias arising from the tendency toward understate-
ment of income on tax returns probably offsets, in this study at least,
most if not all of the upward bias arising. from the omission of
persons who did not file tax returns.

Our samples agree remarkably well with the Wisconsin study
(Table A 15). The largest difference between the arithmetic means
for all physicians is between mean net incomes from the Wisconsin

being exceeded by chance is The results of the comparisons of the net in
come distributions are as follows:

PROBABILITY

THAT WOULD

NO. OF DECREES BE EXCEEDED

OF FREEDOM BY CHANCE

Cal. Med.-Ec. Survey compared with
1933 sample

1929 8 9.2 .3
1930 9 10.7 .3
1931 8 6.6 .6

1932 7 4.5 .7

Cal. Med.-Ec. Survey compared with
1955 sample

1932 6 94 .15

1933 6 4.6 .6

This last set of results, though showing no significant differences, is somewhat
disturbing since the distributions from the Department of Commerce samples
were not corrected for the restriction of the samples to members.
107 The results of the study appear in Wisconsin Medical Journal, Supplement,
Dec. 1932, pp. 939—67.
108 The exemption limits in Wisconsin in 1930 were $8oo for single individuals
and $t,6oo for married persons. In addition, the income tax authorities can
request returns from any individual, regardless of his income. Typically, the
assessors retain on their mailing lists individuals who have paid a tax in any
of the preceding few years.
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study and our sample; and even this difference, $408, might
easily have arisen from chance.10° Despite the slenderness of our
sample, the averages for the separate groups of physicians—general
practitioners and partial specialists, and complete specialists—are

TABLE A 15

Arithmetic Mean Gross and Net Incomes, and
Number of Persons Covered

Wisconsin Physicians: Department of Commerce Samples and
Study of Wisconsin State Medical Society, 1930

GROSS INCOME NET INCOME
General General

prac. prac-
titioners titioners

and and
All partial Complete All partial Complete

physi. special. special. physi. special. special.
clans ists ists clans ists ists

Arithmetic mean income (dollars)
Wisconsin study 12,468 4,704 2,945 8,542
Dept. of Commerce
samples for Wisconsin

1933 sample 7,767 4,296
1937 sample 7,575 5,515 12,952 4,555 2,986 8,318

Number of f'ersons covered
Wisconsin study 2,129 1,460 669 2,129 1,460 66g
Dept. of Commerce
samples for Wisconsin

1933 sample 43 4*
sample 17 12 5

Wisconsin Medical journal, Supplement, Dcc. 1932, pp. 939—67.

very close. Finally, the percentage of physicians in our 1937 sample
who designated themselves complete specialists—28 to 30 per cent
—is almost exactly the same as the percentage of physicians in the
Wisconsin sample who were listed as complete specialists—si per
cent.

The Michigan data are from a questionnaire survey conducted
by the State Medical Society."° Information Ofl 1931 income was

109 The standard error of the difference between the arithmetic mean net in-
comes is approximately $6oo for the 1933 sample and $i,00o for the 1937
pie. The corresponding standard errors for gross income are even larger.
110 See Report of the Committee on Survey of Medical Services and Health
Agencies (Michigan State Medical Society, Ch. V. VI.
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TABLE A i6

Arithmetic Mean Gross and Net Incomes, and
Number of Persons Covered

Michigan Physicians: Department of Commerce Samples and
Study of Michigan State Medical Society, 1929 and 1931

CROSS INCOME NET INCOME
1929 1931 1929 1931

Arithmetic mean income (dollars)
Michigan study

All returns 9,976 6,590 63o6 3876
Returns reporting for both 1929 and 1931 9,976 7,546 6,306 4,497

Dept. of Commerce samples for Michigan
1933 sample 9,997 7,188 6,801 4,282
1937 sample 10,385 7,000 5,722 4,293

Number of persons covered
Michigan study

All returns 592 1,289 592 1,289
Returns reporting for both 1929 and 592 592 592 592

Dept. of Commerce samples for Michigan
1933 sample 73 78 74 78
lg37sample 13 15 13 13

Report of the Committee on Medical Services and Health Agencies (Michigan
State Medical Society, 1933), Ch. V, VI.

reported by 1,289 of the almost 5,000 physicians estimated to be in
private practice. Only 592 of these, however, reported income in
1929. The average incomes from this study are reasonably similar
to those from our samples for Michigan (Table A i6). The differ-
ences vary from $21 to about $6oo and all are well within the range
of sampling variation.'11

The Utah data are from a questionnaire survey made by the
Utah State Medical Association and cover 1929—31, and 1933.112
Although returns were received from only 94 physicians, these
constitute almost a fifth of all physicians practising in the state.
Of the three studies under discussion, this is the only one with
which our data fail to check satisfactorily. While the and

111 The standard error of the difference between the arithmetic mean net in-
comes is approximately for the sample and $i ,ooo for the i 937 sample.
The corresponding standard errors for gross income are even larger.
112 See A Survey of Medical Services and Facilities of the State of Utah—i934,
December (Utah State Medical Association).
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1935 samples do not differ from the Utah sample more than might
be expected from chance, the 1933 sample does (Table A i7)."8
The arithmetic mean net incomes from our 1933 sample are sub-
stantially below those from the Utah study in all three years for
which the comparison can be made. The difference is $2,826 for
1929, $1,964 for 1930, and $1,836 for 1931. Each difference is con-
siderably more /than twice its standard error. While the arithmetic
mean gross incomes differ somewhat less, those from our 1933
sample are consistently lower. It seems clear that the 1933
for Utah has a sizable downward bias. The other samples seem
satisfactory. A further test of the 1937 sample is that the per.
centage of physicians reporting themselves as complete specialists,
17 per cent, is almost identical with the corresponding percentage
from the Utah study, i6 per cent.

v Incomes of dentists in Minnesota. As part of a general study of
the economics of dentistry in Minnesota, the University Relations
Committee, comprising representatives from the State Dental
Association and the University of Minnesota School of Dentistry,
obtained completed questionnaires from about 6oo of the 2,000
dentists in Minnesota."4 The questionnaires asked for gross and
net income in 1933 and 1934. Our 1935 dental sample checks
closely with this more extensive sample (Table A i8). The original
arithmetic means from our sample are slightly higher than those
from the Minnesota. study. However, these are not entirely com-
parable since our sample is restricted to American Dental Associa-
don members. Arithmetic means corrected for this bias are be-
tween $ioo and $i6o lower than the corresponding averages from
the Minnesota study. These differences are all well within the
range of sampling fluctuation; 115 moreover, since' the Minnesota

113 The approximate standard errors of the differences between arithmetic
mean net' incomes are:

1933 sample: 1929, $1,000; 1930, $8oo; 1931, $450;
1935 sample: $500;
1937 sample: 1929, 1930, $530; 1931, $3oo; 1933, $goo.

The corresponding standard errors for gross income are larger.
114 See 'Report of the University Relations Committee', North-West Dentistry,
April 1936, pp. 79—88.
115 Approximate standard errors of the differences are: net income, $Roo; gross
income, $300.
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TABLE A 17

Arithmetic Mean Gross and Net Incomes, and
Number of Persons Covered

Utah Physicians: Department of Commerce Samples and
Utah State Medical Association Study, 1929—1931 and 1933

1929 '930 193! '933
Gross Income

mean income (dollars)
Utah study 9,644 8,683 7,151 5,661
Dept. of Commerce sample for Utah

1933 sample 8,073 6,984 5,688
1935 sample 5,428

19s7 sample 9,994 9,248 7,940 5,853

Number of persons covered
Utah study 94 94 94 94
Dept. of Commerce sample for Utah

l933sample 10 11 11

1935 sample 8
1937 sample 31 27 28 3'

Net Income
Arithmetic mean income (dollars)
Utah study 6,532 5,202 4,139 3,038
Dept. of Commerce sample for Utah

1933 sample 3,706 3,238 2,303
1935 sample 3,032
1937 sample 6,883 5,702 4,685 3,369

Number of persons covered
Utah study 94 94 94 94
Dept. of Commerce sample for Utah

1933 sample ii ii 11

1935 sample 8
1937 sample 29 27 28 30

A Survey of Medical Services and Facilities of the State of Utah—i934, December
(Utah State Medical Association).

study was sponsored by the State Dental Association, it is likely that
it overrepresents Association members. The quartiles and medians,
as well as the arithmetic means, are similar. These measures are
not corrected for the restriction of our sample to members. Pre-
sumably for this reason, the measures from our sample higher
in eight out of twelve comparisons.
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TABLE A i8

Arithmetic Mean, Median, and Quartile Gross and Net Incomes,
and Number of Persons Covered

Minnesota Dentists: Department of Commerce 1935 Sample and
Study of Minnesota University Relations Committee, 1933—1934

CROSS INCOME NET INCOME

1933 1934 1933 1934
Arithmetic mean income (dollars)

Minnesota study 3,739 3,981 2,149 2,378
Dept. of Commerce 1935 sample for Minnesota

Original 3,886 4,205 2,168 2,394
Adjusted for restriction to members • 3,889 2,005 2,214

First quartile (dollars)
Minnesota study 2,350 2,496 1,304 1,507
Dept. of Commerce 1935 sample for
Minnesota 2,500 2,375 1,357 1,250

Median (dollars)
Minnesota study 3,42C 3,695 1,992 2,260
Dept. of Commerce 1935 sample for
Minnesota 3,666 3,500 2,115 2,400

Third quartile (dollars)
Minnesota study 4,759 5,073 2,822 3,112
Dept. of Commerce 1935 sample for
Minnesota 4,900 5,875 2,500 3416

Number of persons covered
Minnesota study 6oo 600 6oo 6oo•
Dept. of Commerce 1935 sample for
Minnesota 44 49 42 47

'Report of the University Relations Committee', North-West Dentistry, April
1936, PP. 79—88.

Original averages multiplied by .925. This correction factor assumes that 674
per cent of all dentists in Minnesota are members and that the income of mem-
bers is 30 per cent greater than that of nonmembers. The percentage of members
is based on Thomas, 'Dental Survey', pp. 155,

vi Incomes of lawyers. The only studies of legal incomes with
which we have compared our data are for Wisconsin nd New
York County.

The Wisconsin study was conducted by Dean Lloyd K. Garrison
and, like the Wisconsin study of physicians' incomes, is based on
income tax returns.116 Returns were found for 2,161 of an esti-

116 See 'Survey of the Wisconsin Bar', pp.
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mated total of 3,027 lawyers. The percentage of lawyers for whom
returns were not found is somewhat larger than the correspond-
ing percentage of physicians, and hence the resulting upward bias
may be somewhat larger. Although primarily restricted to lawyers
in independent practice, some lawyers in salaried posts were in-
cluded. The study covers the period 1927—32, but since we have
no data for lawyers prior to 1932 the comparison is necessarily
limited to that year. The arithmetic mean net income from our
1935 sample is very close to that from Garrison's sample—it is less

TABLE A 19

Arithmetic Mean Net Income, and Number of Persons Covered

Wisconsin Lawyers: Department of Commerce Samples
and Garrison's Sample, 1932

NO. OP

PERSONS ARITH. MEAN
COVERED NET INCOME, 1932

(dollars)
Garrison's sample a,i6i 3,517
Dept. of Commerce sample for Wisconsin

1935 sample 45' 3,3272
1937 sample 131

L. K. Garrison, 'A Survey of the Wisconsin Bar', Wisconsin Law Review, Feb.
'935.

I Number of individuals before weighting.
2Weigh.ted for firm member and size of community bias.

for size of community bias. No replies were received from Wisconsin
firms.

than $200 below the latter (Table A ig). The average from the
1937 sample, on the other hand, is almost $1,700 lower. Although
the variability of the incomes of lawyers is large and consequently
very sizable differences might arise from chance in a sample con-
taining so few as lawyers,'17 these results seem to support our
earlier conclusion that the 1937 legal sample is considerably less
reliable than the 1935 sample.

The data for New York County, on the other hand, indicate
exactly the opposite, since the 1937 sample agrees with the New
York County sample better than the 1935 sample (Table A 20).

117 The standard error of the difference between the means is about $1 ,ooo for
the 1957 sample and $700 for the 1935 sample.
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The New York data were compiled from questionnaires sent to
all lawyers in New York County (i.e., Manhattan).'18 Data on 1933
income were reported by 3,210 of an estimated total of 15,000
lawyers.'19 Of these, 2,667 specified that they were in prac-
tice'. The New York survey was restricted to Manhattan and in-
cluded income from salaried employment as well as from inde-
pendent practice, whereas our samples are for all five boroughs
of New York City and cover only income from independent prac-

TABLE A 20

Arithmetic Mean and Median Net Incomes,
and Number of Persons Covered

New York Lawyers: Department of Commerce Samples
and New York County Sample,

NO. OF

PERSONS NET INCOME IN 1933
Arith. mean Median

(dollars)
New York County sample for lawyers in
private practice1 2,667 6,664 3,210
Dept. of Commerce samples for
New York City

1935 sample 51 3,897 2,000
1937 sample 52 5,961 2,750

'Survey of the Legal Profession in New York County (New York County Law-
yers Association, 1936), p. ,8. Arithmetic mean is not presented but was com-
puted by us from frequency distribution.

of persons covered represents actual number for whom information
was reported. The mean and median incomes are corrected for firm member bias.

tice. These discrepancies between the samples may possibly ac
count for the $703 difference between the arithmetic means from
our 1937 sample and the New York County study; they are hardly
sufficient to account for the $2,767 excess of the latter over the mean
from our 1935 sample. However, an examination of the variability
of income makes this difference appear less serious. The varia-
bility of income is so large that, for a sample the size of our 1935
sample, a difference of $2,767 would be exceeded by chance alone

118 See Survey of the Legai Profession in New York County.
119 19,000 questionnaires were mailed.
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between g and i6 times in a hundred.12° The observed difference
may therefore be attributable to sampling fluctuations. An addi-
tional check on our samples is that they show about the same per-
centage division of lawyers between individual practitioners and
firm members as the New York County study. According to the
latter, 70 per cent of all lawyers in New York County are indi-
vidual practitioners and per cent are firm members.12' Accord-
ing to our 1935 sample, 66 per cent of all lawyers are individual
practitioners; according to our 1937 sample, 6g per cent.'22

vii Incomes of consulting engineers. The Bureau of Labor Sta-
tistics has recently published the results of an intensive study of the
incomes of engineers.123 This study covered engineers of all types,
among them independent consultants. Questionnaires were sent
to 173,151 professional engineers, 52,589 of whom replied. Data
on income were requested.for 1929, 1932, and 1934. Unfortunately,
few data were prepared for consulting engineers separately. The
only data on the income of consulting engineers in the final report
are the median, quartiles, and first and ninth deciles of 'monthly
engineering earnings'. In Table A 21 we have converted the
medians and quartiles into annual earnings by simply multiplying
by 12. This would clearly be an invalid conversion if the initial
data were really full-time monthly earnings, the information, re-
quested, since annual earnings depend not only on the monthly
rate but also on the fullness of employment. However, as the
Bureau of Labor Statistics report states, "it is questionable if such
a thing as a rate of compensation can be applied to this field of
engineering service [consulting engineering], for, unlike the other

120 The reason for the range is that the mean from our sample is a weighted
mean and hence its standard error is difficult to compute exactly. The figures
cited are based on a standard error between $1,650 and $1,980.
121 Survey of the Legal Profession in New York County, p. 12. The data on
which these percentages are based include all lawyers who reported organiza-
tion of practice, whether or not they reported net income.
122 This comparison is an additional check on our conclusion (Sec. ib iv) that
the 1935 sample requires correction for a firm member bias but the 1937 sample
does not. The percentage cited for the 1935 sample is corrected; the percentage
for the 1957 sample is not. The uncorrected percentage from the 1935 sample
iS 45; the corrected percentage from the sample, 86.
123 Andrew Fraser, Jr. under the direction of A. F. Hinrichs, Employment and
Earnings in the Engineering Profession, 1929 to '934, Bul. 682 (Bureau of
Labor Statistics,
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TABLE A 21

Quartile and Median Net Incomes,
and Number of Persons Covered

Consulting Engineers: Department of Commerce and
Bureau of Labor Statistics Samples, 1929 and 1932

1929 1932
Dept. of Dept. of

Commerce BLS Commerce ELS
sample sample • sample sample•

Third quartile (dollars) 14,805 8,772 4,785 5,160
Median (dollars) 7,943 5,268 2,178 2,940
First quartile (dollars) 3,570 3,492 33 1,728

No. of persons covered 47' 997 474 1,059

Anthew Fraser, Jr., Employment and Earnings in the Engineering Profession,
1929 to /934, Bul. 682 (Bureau of Labor Statistics, 1941), pp. i84, i8g.

'Medians and quartiles are corresponding measures for monthly engineering
earnings' multiplied by 12.

kinds of engineering employment, the rates reported were almost
necessarily derived directly from the earned annual incomes re-
ported".124 Despite this comment, the conversion may still not be
entirely valid since some consulting engineers may have entered
the amount normally earned during a month of reasonably full
employment. Any error in the conversion would presumably be
much more serious for 1932 than for 1929. Since the question-
naire was designed primarily for salaried employees, no explicit
instructions were given that net rather than gross income be
enterèd.125 In consequence, some engineers may have reported
gross income.

There is little similarity between the measures from the two
samples. The measures from our sample are higher for 1929 but
lower for 1932. The differences for 1929 are consistent with the

124 Ibid., p. 187.
125 The actual question was:

"Earned income (please give data for each year):
From salaries or personal services in both engineering and nonengi-

neering work
Average monthly rate from engineering work for time actually em-

ployed". Ibid., p. 215.
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known upward bias in our consulting engineering sample arising
from the inadequacy of the sampling list (see Sec. ia v). The dif-
ferences for 1932, however, are in the opposite direction. Conceiv-
ably, these may reflect the incorrectness of computing the annual
measures by multiplying the measures for 'monthly engineering
earnings' by measures computed directly from the Bureau of
Labor Statistics data on annual earnings might be lower than
those from our sample. We have been unable to test this possible
explanation.


