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The design of an efficient sampling scheme for the study of the
19th century urban environment is a challenging problem for American ur-
ban history.l The historian faces three interesting difficulties. The.
first is a dilemma éhared by most étudents of geographic variations in
_ social life within large cities. In order to examine the relationship
of social 1life to the general form of the city, a researcher needs ob-
sefvations spread through the urban territory. At this scale, he must
ordinarily sacrifice detail to achieve uniform coverage. But to ekamine
the constraints and the routine which are part of everyday experience,
he needs close, continuous observations of small populations and small
areas. At this scale he must ordinarily sacrifice the attempt to achieve
uniform coverage of the city as a whole. Thus the historical study of
the American city has often followed two distinct lines of épproach: On
the one hand, gross patterns of change in urban land use have been in-
vestigated to und;rstand aspects of city change such as the dynamics of
city gfowth and the development of suburbanizétion.2 On the other hand,
intensive studies of the experience of entire neighborhoods . or single
ethnic or social groups have been conducted.3

The second’difficulgy consists of the many uncertainties in
dividing the 19th century cigy into a set of coherent physical and social
areas to be investigated. Our knowledge of the léth century urban
structure is limited. Recent important demographic and socio;economic
studies have been conducted for entire cities, rarely taking into
account differences among geographic areas and the diversity of the
urban territ:ory.4 The characteristics of archetypal types of urban

areas, such as the slum, the ethnic neighborhood, the zone of emergence,

the suburb are well known.5 Yet their interpenetration and their



organization in relation to other areas of the city are still to be
e%plored; Therefore the historian cannot easily use a research program
comparable to that of Park and Burgess who divided the Chicago of the
twenties into a plausible set of social areas in order to make intensive
observations in each.

The third problem arises from the fact that the historical
study of the relationship between social divisions and spatial arrange-
ments requires the_integration of Qery different types of information on
hoth the population characteristics and the city's physical structure.
Many different levels of information coming from sources usuallylkept sepa-
rated have to be collected and organized hierarchically. These are the
data on individual city dwellers, the families and households, the ethnic
and social groups on the one hand; the dwellings and houses, the streets
»and the neighborhoods, the larger districts of the city, on the other.7

In an attempt to resolve these three difficulties, a sample
of 127 areal units was drawn from the entire city of Detroit in 1880.

The design permits the historian to study the complex interplay between
popﬁlation characteristics and urban land use patterns at various geogra-
"phic levels. The sample areal units are representative of the city's

micro gnvironment. In them, one can observe the demégraphic, social, ethnic
structure of the population at the level of local life in relation to

the urban fabric of thé many neighborhoods of the city. Taken together,
they provide a meaningful description of the overall urban territory.

The combination of sample areas'fepresénts the city as a whole. Thus it
becomes possible to measure the diversity of local life in the light

of a general picture of the city.



Definition of ‘4 Sampling Unit

| So many complex and often hidden patterns develop in a multi-
ethnic city of immigrants that only a fine grain analysis peérmits one
to catch overlappiné phenomena, with different boundaries; One of the
main difficulties of a geographic sampling procedure is to define a
fle#ible unit of analysis, small enough to permit individual level obser-
vations of people and large enough to capture ethnic or socio-economic
clustering. However, the grid plan of the American city is a natural
sampling frame which can be ;sed to that end. The block front, repre-
senting one side of a four sided block, is its.smallest geographic
'component. It is a very flexible unit, easil? drawn on a map along one
street from one corner of the block to the other. When several frontages
are linked,Aone creatés a reconstruction of several urban forms: a
block; a street, a small neighborhood. The sampling unit used here

, . .

consists of a cluster of six fronts, in other words of one block and

. two opposing fronts (see Fig. 1)

Fig. 1



The sampling unit can be. divided into three independent units for pur-
poses of analysis: the'front; the'bléckibr.thejlarger‘cluster. Having

a multiple unit is necessary;-GiVen the diversity of the urban environ-
ment; there is no predetermined best areal unit wﬁich would permit omne
ﬁo'beSt study all types of inhabitants and of areas simultaneously.
Students of neighborhood activities have long recogniZed that geogra-
phic bbundaries vary with different phenomena.S‘Those defining an ethnic
cluster are not the same as those of a given social class neighborhood,
and in turn overlap with boundaries of non residential areas., Neighbor-
hoods have loose and shifting boundaries which cannot be predetermined
for sampling purposes. Rather than artificially delineating them,
selecting a geographic unit well fitted to the grid plan increases the

. . s * P
chances of measuring changing .neighborhood activities.

‘Broad Areas and Micro Environment

The problem then is to select those units which best represent
the variety of the urban environment: its rich structural fabric and
its diverse inhabitants. The city is a composite of broad specialized
zones, each of which characterized by a dominant type of land use
such as residential, commercjial, industrial or vacant.9 However, an
area characterized by one primary type of land use may have many other
land uses. Predominantly commercial blocks have their residential
frbnts; residential districts havg zones of craftmanship and retail
businesses; the city center has its vacant iots: Maip accesses and
thoroughfares cut across the city and superimposé a city wide logic
on loéal life. Therefore sampling small areas involves recognizing
first large areas and then understanding the types of population and

land use that interact within them. Unfortunately, no reliable prior



information on small scale patterns of land use and population was
available. We therefore decided to investigate the sources available °
to identify broad zones and then to design the sample of clusters so

that it is representative of those zones as well as of the city as a
. whole.
THE_SOURCES

Several sources of information are required for our method
which involves drawing a sample of clusters and then to take a census
of the population and land usage of the six individual blockfronts of
each cluster. First, one needs a detailed set of maps which identifies
not only blockfronts but also their lots and buildingé and where the
houses of each front are numbered. Second, one needs demographic and
socio-economic sources where tﬁe addresses of the listéd individuals
are recorded. These two sources héve to be matched to draw the sample.
In other words, all addresses for a front selected on the map have to
be searched in the population listings. When these are available, a
fairly accurate picture of the blockfront can be recoﬁstituted: on
the one hand, the lots and buildings, on the other, the population.
The two' basic bodies of data used for this purpose were the Federal

Census Manuscript Schedules of 1880 and The Atlas of the City of Detroit

published by E. Robinson and R.H. Pidgeon in 1885. The census enumera-
tion of every individual living in the city of Detroit is.a rich source
for the study of the demographic, ethnic and social structure of the
population.10 The enumeration also lists all addresses. The real estate
atlas which maps every hlock of the city permits one to study in detail

the urban form and land use near the time of the census enumeration.11




Fronts, Blocks and Clusters in the Atlas

Twéntymplates'of.tﬁe‘Robinson Atlas cover the city of Detroit.
For each block, parcels and built structures are designated: Houses are
numbered and the atlas contains many indications of non residential
buildings. Many fronts in the atlas cannot be found in the census manus-
cript because they were not enumerated by the census takers. A frontage
can be classified as '"non enumeréble" if it Was.impossible for a census
taker to visit it. This was the case for either totally empty fronts,

for fronts where houses face other streets and for fronts which are not

residential.
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one "'non enumerable" front, two ''non enumerable'" fronts
Fig. 2

Blocks and clusters are composed of enumerable and non enumerable

frontages (Fig.' 2). The ratio of enumérable to non enumerable frontages
varies in the city depending on the location, the type of land use and
the population density. Knowing this ratio is useful to define broad

areas of the city. It is a crude but practical indicator of population



density. The very populated areas are 1ikely'to have substantially

' fewetr non enumerable fronts.per block than the scarcely populated
areas. Population estimates can be computed for different sets of
blocks' in various areaé of the city if one knows the number of inha-
bited (enumerable) fronﬁages per block and the mean number of inﬁabi-
tants per enumerable frontage. The atlas therefore contains informa-
tion allowing us to divide the city into large geographic areas, not
only in terms of land use but also of population density. Once these
broad zones are defined, sampling clusters of six frgnts within them
may invoive two stgps:Afirst randomly selecting blocks, and second
randomiy selecting a corner of each block to determine the opposing

fronts.? (Fig. 3)
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.arrows indicate selected corners in the primary
blocks to determine the opposing fronts

Fig. 3




‘The ‘Fronts in the Census

When selecting clusters of .block fronts, we cannot assume

. that the individua% houses of each front would be found in the census
manuscripts in the same geographic order as the atlas; We know that

many census takers did not follow a strict route, but often shifted from
even to odd numbers, or visited parts of streets at one time and revisi-
ted the other parts later. This implies that a thorough search in the
census, of addresses selected from the atlas, is necessary to collect
the infofmation. All atlas addresses must be listed very carefully and
evéry-page of the ménuscripts scrutinized until the search is exhausted.
The Census Bureau's enumeration districts could sometimes be used to

narrow down the search in the documents.

Discrepancies between Atlaé and Census

Discrepancies always arise in the process of matching sources.
In drawing a geographic sample of clusters of the 19th century city, we
‘are using a census taken in 1880 and‘an atlas published in 1885. Discre-
pancies between the number of '"residential buildings'" per front in the
atlas and the number of "houses'" per front in the ceﬁsus schedules are
likely to arise due to the different dates of each survey and underenu-
meration in the.census. Yet this discrepancy can be computed and used

as a correction factor for some statistical analysis.

These preliminary observations on thg_sources 1ead_qs to a
few unsolved questions. How complete is the census of the population
of the clusters reported in the éensus manuscripts? How do we draw the
sample of clusters from the atlas and obtain a good representation of

the population? How do we select the clusters so that they accurately




represent the various areas of the.city? A pilot sample was drawn from

each of the two sources in order to help answer these questions.-

THE PILOT SAMPLE

Practically, the pilot sample is designed to give information
useful in determining the total number of clusters to sample in diffe-
rent areas of the city, while keeping the search in the census manus-
cripto to a manageable task. Understandably, there was no systematic
prior information availaole on the demographic, occupational, ethnic
and land use composition of fronts, blocks or clusters nor on the
) ggographic differences of these variables across the city. The pilot
Sample could not be conceived to give prior information on all variables
of interest. It was assumed that urban density is the most useful para-
meter to-predict the variability of major population characteristics.
Thus the pilot sample was intended to gain information on population
and building density across the city. Two independent systematic
samples were drawn, one comprising every fourth block on each of the
twenty atlas plates and the other a sample of street 'runs" from the

census manuscripts.

Pilot Sample of Blocks

~

The atlas contained sufficient detail so that each block
could be categorized into one of four classes.
P = Promisiné (Blocks containing almost all dwelling structures; at
least 3/4 of the buildings of the blocks being of the residential

type for the downtown area: plates 1, 2, 6, 11; 2/3 elsewhere)

ND = Non-Dwelling (Blocks mainly occupied by non residential esta-

blishments (industrial, commercial, etc.): at least 3/4 down-

town and at least 2/3 elsewhere).
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Vacant (Blocks containing no structures: 90 % or more vacant)

o~
[}

Other (All other blocks)

The results of this, categorization are shown in Table 1.

INSERT TABLE 1

To determine the pilot sample of blocks, every block was numbered;

then every fourth block on each of the twenty plates was sampled (even
numbetéd plates: every other even numbered block; odd numbered ﬁlates:
every other odd numbered blocks). Then for each sampled block the number
of non enumerable frontages was determined. The number of non enumerable
frontages was subtraéﬁed from the total number of frontages for each
sample block to yield fhe number of enumerable frontages per block._

The mean nuﬁbers of enumerable‘frontages per type of block are shown

-

in Table‘2.

INSERT TABLE 2

‘Census Pilot Sample

The census pilot sample gave us some idea of the size of
frontages (e.g. numbers of households and persons per frontage) and of
the problems of tracing frontages in the census data. Information was
recorded for every 80th street inrfhe census m;ﬁuscript or more exactiy
for every 80th "run" under the same.street name in the manuscript. For
éacé‘fﬁn,-Qé.;éégfdeéwtgébmicr§filﬁ ;ééiuﬁumber, census page, street
name; houseinumbers, number of household and number of people in each

household. Every street or "run" recorded in this manner was then traced

in the atlas. Using this procedure, we were able to trace 87 frontages
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from the census in the atlas. In some cases, under the same street name,
the census takers had crossed the street many times, mixing odd and
even numbers. For some runs, we actually got several fronts of the

atlas (Fig. 4).

| | L
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- = —-: fronts enumerated in
one run

- Fig. 4

In other cases, under one street name, there were only one or two houses

.for a given front instead of the 15 or 20 existing in the atlas (Fig. 5).
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Fig. 5



At this point, it was obvious that the census enumeration was even more

disorganized than we had expected: It was.very rare that a front was -
fully listed in one run of thé'manuscript;'We knew'éhen’that a fair
amount of work wouié be necesSary to reorder the ménuscript census in
order to draw a. geographic sample. Yet we had collected enough prior

information to estimate gross land use and population characteristics.

"~ ANALYSTS OF PILOT SAMPLE DATA

Population Density in the Census and in the Atlas

It was expected that the most populated fronts of the~A£1as
(in'P:omising and Other type blocks) would also be densely populatedrin |
the census enumeration; similarly, the least populated fronts of the
Atlas (in Non—Dwelling and Vacgnt tfpe blocks) would be unenumerated
in the census. The confirming figures are displayed in Table 3 which
~ giyes the Atlas piate number, the street naﬁe, the stratum characteri-
‘ging the sampled frontage, the number of frontages actually sampled
- in each run and the total number of persons found in the census for'.
those frontages. As expected, the census provided little informatiomn
about blocks in the Other category and almost none for the Vacant and
Non-Dwelling blocks or for plétes 5, 14, 17 and 19. Thus, on the
_basis of the two pilot samples, it was clear that very little of the
population was contained in blocks categorized as Vacant or Non Dwel-

ling.

INSERT TABLE 3
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Estimating the total population

In order to insure the quality of our pilot matching of the
census manuscripts with the Robinson Atlas, we tried to predict the
total census population, known to be 116,340;13 from the data collected
from the P and O blocks. We first combined the data from the fronts in
P and O type blocks.14 We then computed the mean number of persons per
froqtage per street run for each plate. This meant that the data shown

in Table 3 were reduced to 33 "independent" frontage observations.

. The result of this condensation is shown in Table 4.

_INSERT TABLE 4

One simple estimate of the total population is given by:
P= L N, X, f., )

where Ni is the number of P or O blocks on the ith'plate, ii is the mean
number of persons per enumerable frontage and fi is the mean number of
enumerable frontages per bloék. For many of the plates, there were few
observations on the mean number of persons per frontage and we decided

to combine similar plates. This was done on the basis of the types

of blocks per plate (see Table l).AFormula (1) was then applied to

the eight resﬁlting combinations of plates. The data are shown in Table 5.
These combinations lead to 83,088 as an estimate of the total population

size, an underestimate by some 33,252,

INSERT TABLE 5
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In order to obtain some idea of the sampling error, the following for-

A
mula was used in computing an estimate of the variance of P

2 2
Sg, tegxcsE) @

where i refers to the ith of the eight plate groups shown in Table 5,
s% is the estimated variance of the mean number of persons per fron-

i
_ tage, Xi’ and s% is the variance of the mean number of enumerable

frontages ﬁer block, ?i' The variances used in determining this estima-

~ A 16
ted value V (P) are shown in Table 6.

INSERT TABLE 6

The;application of formula (2) to the values shown in Tables 5 and 6
yielded an estimated standard error of % as 10,409. Thus the total
population estimate 83,088 was 3.19 estimated standard errors below
tﬁe trueApopulation value of 116,340. This estimate, though quite
low, was nevertheless understandable. The factors contributing to it
inclqdé our.exclusion of the ND and V blocks and the small sample used
in estimating or computing ii (ranging between 3 and 6). Furthermore
the sysfematic sample of stfeets in the census was misleading. Many
streets appeared to be poorly recorded because information had been
located at only one place in the manuscript census.when, due to
revisitation, the same fronts were very often recorded in severall

different parts of the census volumes.
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Another estimate of 107,782 for the population total or an

estimate of .925 ( = %g%i%%%ﬂ) was made when considering only the well
,340.

enumerated fronts in/our pilot sample. The basic scheme was to divide
and atlas were poorly matched, i.e. when the census data contained
three or 1éss houses in a front that the atlas showed to have 4 or more
residential buildings; the second called major, was where census and
atlas were well matched, in other words where most houses on a front
had been enumerated in the census on one visit by the census taker.
Then formula (1) was applied to the twenty plates using only the data
from the major group and estimating the mean number of people per front

for the plates without census data.17

Geographic Variation of Population Density

' At iast we grouped the 20 plat;s into three classes according
to popula;ion density, on the basis ofAthe estimated number of people
per front in the P and O blocks and of the percentages of V and ND type
“blocks per plate. The first group comprised plates 5, 10, 17, 18, 19
and 20. These seemed to represent sparsely populated parts of the city -
each had at least 36 % Vacant or Non Dwelling unit blocks (see Table 1).
The next group comprised plates 1, 3, 4, 8, 15 and 16. These plates seemed,
on the other haﬁd, to represent the most densely populated areas of the
city. Finally the last group consisted of the remaining plates 2, 6, 7, 9,
11, 12, 13 and 1l4. Some details of the computations leading to this
grouping are shown in Table 7. Certain pilot sample summary statiétics
which characterize the 20 plates are shown in this table together with

the classification into the three classes of plates according to population
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denSity.

INSERT TABLE 7

‘Egtimating the Sample Size

The pilot sample provided us with a good idea of the variation
of both population and building density across the city. On this basis,
it was decided that the final sampling would be more intensive in the
class of plates representing the most populated areas of the city. To
obtain geographic representation, the sample would be drawn stratifying
by plate of the atlas. Independent random samples would be selected for
, each of the twenty plates. It was felt that drawing at least 100 clus-
ters; with the primary block being classified either Promising or Other,
would yield tolerably small standard errors for estimating residential
and popﬁlation cH;racteristics. Such a number would also keep the search
in the census manuscripts fo a manageable task. In order to estimate
other city.characteristics, we decided that 25 clusters would be selec-
ted from among the Non Dwelling and Vacant blocks.

Given the above design, we estimated the size of the sample
~in terms of household and pefsons which would be produced. One difficulty
was in estimating the number of enumerable frontages associated with
- each sampled cluster. The pilot sample provided only estimates by fronts

and by blocks. Sampling clusters requires the augmentation of the block
-by two opposing frontages. Therefore the observed pilot sample number
.of enumerable frontages per block, fi’ was adjusted upward in the three
~ groups of plates to reflect the inclusion of the opposing frontages.
These are the values fi* shown in Table 8. These values were quite suB-

jective; in densely populated areas, like group 2,.fi* might be as




- be’ selected and f by f ;¥+ This was, .computed as 8 930 persons.18
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large as one and.a half times'f.; for sparsely.populated“areas with

large

numbers of v and ND blocks there might | be l; tle difference

.)l '-.b bJ-w#-_"

between f and fi . The estlmated sample number pf pe! sons 1s glven

using formula (1) replacing N byin » the sample number, of blocks to

i

"l(
. . \_ \'
ARSI N

It was expected that tbere would be .an.average. of 5 .pgrsons, per. shouse-

flgtl M Drotsvenals LAFSI

R RS2

hold and thusxwe’estlmated that a sample of 100 clusters;would ,eontain

some l 786 households. However, even making the assumptlon ;that the

A K LA

fi* are known without error, the estimated $P§3d§£d9e£EQr?9§th¢qESti'

nate of the sampled number of persons is 961.19 The estimated standard

error of the estimate of the sampled number of households is 192.

INSERT TABLE 8

'THE ‘FINAL SAMPLING DESIGN >

In the end, 102 P and O blocks were selected with their

- opposing frontages. These included 12 blocks from among the 177 P and O

"blocks in category 1 - sparsely populated plates - or roughly 6.8 %;

40.of the 425 such blocks in category 2 - densely populated plates -
or roughly 9.4 % and 50 of the 650 blocks in category 3 - remaining
plates - or about 7.7 %. These ratios were applied separately to the
P and O block categories. Also, 25 or about 8.7 % of the 288 ND and V

blocks were sampled.

INSERT TABLE 9

The actual mechanics of drawing the sample were quite straightforward

_ given Table 9 and the tracings of the blocks as shown on the 20 plates
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of the atlas. The blocks of each type were serially numbered.on the
élate'and, using random numhets;'a simple random sample without replace-
ment of blocks was selected for each of the fogr bquk categories within
each plate.

Once a block was selected and located on the atlas plate tracing, then

the Rand Table of random digits was used to choose one of the, usually
four, block corners. The usually two opposing frontages were then included
to make up the cluster (see fig. #3 and footnote # 12). The sampled

- clusters are displayed in the map below.
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"THE - SAMPLE

A Centgus of '127- Clusters -

ﬁaéed‘on.an eihaustiyé search in thg‘manuscript census; the’
1final sample includes 12,185 people.zorThis compfises 2,410 houséholdév
on 721 frontages or 127 clusters. 353 frontages aré~actually inhabiteé.
_ The others are non residential or ﬁore generally non enumerable. The-
mean hpusehold size was 5.58, the mean number of people per front was
- 33.47 (minv= 1;'max =,152).21 A full land use and population census
has been taken of each unit. From the atlas and other SOurceé,ﬁall
‘the physiéai characteristics of each front have been recérded.22
A detailéd land use survey has been’conducted to record the numﬁer
and types of parcels, theAnumber and types of buildings, (residential,
non residéntial, small unnumbered buildings, stables); and the speci~
fic type of occupancy in egch lot and built structure: types of resi-
dénces, of #anufacture, of'craftmanship, of commerce, of business an&
professional_services, of public and quasi public services; types of
‘transportation, communication and ufilities equiﬁment; amount of unuéed
space. Each area land use system is thus fully.descfibed and can be
corfelated with popuiation characteristics. |
_ From the ceﬁsus manuscripts,.the demographic, occupational and ethnic
characteristics of evefy individual living on ﬁhe fronts have been
coded. This total enﬁmeration of the clusters is essential to study
problems: of density, household structﬁre, family size, family compo-
éitioﬂ and demographic behavior, aé weli as for the study of éomplex
ethnlc and social distribution patterns. The final sample includes a

variety of data-sets, each corresponding to one level of data collec-

tion and/or analysis: the individual file of 12,185 people, the family
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file .(2,410 casés), the front file (720Q. cases), the block file (127

cases), the cluster file‘(l27icaSes);?3‘~

“The Discrepancy Rate between the Sources

A simple measure of discrepancy between‘thg two sources -

. the Atlas énd the Census -is given_by subtracting the number of
houses-found in the census from the number of residential buildings
pictured in the atlas for each front. A scatter'plot of the number

of residential buildings per front against the number of housesAin

the census sﬁows thaf the discrepancy rate is low and regular (Fig. 6).
The'discrepancytitself varies from -3 to 12 (Fig. 7). Tﬁe mean.disc:e-
pancy ié only 1.62 houses per front. It is accounted for bylhouses
built between 1880 and 1885 (é,g.,housés shown in the atlas buf not
found in the census). and in some cases,‘byfhouses_found in the census

at addresses in between atlas addresses.
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' SCATTER PLOT .- .
N= 349 OUT OF 720 12.RESIBLDG VS. 75.HOUSES.

RESIBLDG : .
24. 000 + : A , ES
, _ . "
+ #* #*
. % 3
% * :
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Number of Residential Buildings per Front in the Atlas
against Number of Houses per Front in the Census Manuscript.
There are 349 inhabited fronts (out of 364 listed in the
census) with information in both sources.

Fig. 6



HISTOGRAM/FREQUENCIES

MIDPOINT

-3.0000
-2.0000
-1.0000
O.
1.0000
2.0000
3.0000
4.0000
5. 0000
6.0000
7.0000
8.0000
9.0000
10. 000
11.000
12.000

HIST2

«6
1e4
7.2

26. 1
19.8

. 1649
123
646
4.6
le1
2.0

«6

R .Y
.0.
0.
«3

MISSING

TOTAL

23

COUNT FOR B80.DISCREPA (EACH X= 3)

+X

+XX

+XXAXXAXXKX
20.9.90.90.0.0.90.9.90.09.,0.0.6090.090099999.0.099.9.0.94
£2.9.9.0.0.9.0.0.9.9,0.0,0,0.9.90.9.0.9.0.6.0.0 1
£2:9.0.:0.0.90.9.0.9.0.9.9.0.0.0.0.9.0.9.04
22.9.9.0.9.9.0.9.9.9.9.9,0.0.0.4
+XXAXXXXX

+XXXXXX

+XX

+XXX

+X

+X

+

+

+X

(INTERVAL WIDTH= 1.0000)

~ Discrepancy between the two sources: number of residential

building per front in the atlas -~ number of houses per

* front in the census.

For example, there are 91 fronts or 26.17% of the inhabited
fronts where the number of houses in the census is the same
than the number of residential buildings in the atlas.

Fig. 7
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The 'Standard Errors of Estimates -

Some aspects of the representativeness of the sample can ‘
be judged by checking to see how known population characteristics

(from.published census figures) are estimated from our sample. Many

of these characteristics are proportions. For example the proportions.

éf inhabitants who were whites, the probortibn born in Canada; the
proportioné:of females in the working population. In each of these
cases the estimated proportion is a ratio where both numerator and
denominator'a?e subject to sampling variability.

| Suppose that the populafion propértion to be éétimated'

from the saﬁple-is designated by

R =X/Y

vhere Y is the population number of persons and X is the number of

‘those having the attribute. In such a case R is estimated by
r=xly

" where x and y éfe‘sahpié";éiiﬁééés of X and Y respectively.
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For the sampling design used, x and y are given by

h
x=Zw L
hei P gop HO
and
H 2
y=Zw L vV
h=l D g=1 P®

where H is.the number of strata, ay is'the numﬁer of clﬁsteré in
stratum h,24 LY i§ a weight associated with tﬁe h-th stratum and is
proportioned to'Nh/ﬁhf the ratio of-the population number.of cluster
to the sample number of clusters in the .h-th étratum,~énd X o and
' Vho are the sample totals for thefl-th cluster within the h-th
stratumﬁzs
Due to the stratifigation by plgte of the atlas Vhichl
permitted us to.achieve geographic covefage, some piates have only one
sampledhcluster per stratum. In computing r, strata having one (or
less) sampleq cluéters present no difficulty. However in estimating
the varia#ce of r (or its.square réot, the standard error .of r), 6ne
needs two .or more sample observations or cluster per stratum. In com-
puting the standard error of r, denoted by SE(r), the 80 strata'wéré

reduced to:27. by combining similar strata.so that each ¢ombined stra-

tum had at least two sampled clusters.
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In figure 8 ve display the, sample estimate, r, for each of ten
- population ratios. A range of one standard error above and below the

_sample estimate is also indicated,’® Finally.the true:population value
from the published census 1s indicated by an "/ ?,%Z;xhlllay.&

. e e P T ST AR PR PP SR S PR SEs R
NS SCUEI LTI PSS SRR ST S .

born in Cana— England Germany Color: o Worklng pop.
sBEenl et g o d8 e B.
S I St AL TR s e el s (;19 : 52

Ireland Poland W. Méles Females

-ﬁxii‘ifi'i" 52‘15‘15.22 TR

IR L B " 79.09 23.31

one standard ' 62.91 - . : : ;X:
error » .

7.14..,

.
~
~

2'0698;37

1.78

BNV

¢ Bt YA

sample proportion- | 61.91‘8.77 4 BI 6.3 13.}62 ‘><;}.77A1.38 77,89 [22.11

one gtandard - . Saaqd S
error . T T TR

opula , .7f~;' } . 7 'f c 'fi o ‘  |
B‘3P°rgi >‘: » o - 76.69 - '20.91

Lo
;5O
D

lo
|s
|on

1222 - -

- o ;xéo.as
Fig. 8 S ' o
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‘CONCLUSION

| . This sampling procedufe.is.only’one way tO'Saﬁple'datal

for the study. of differential pfoceééea'of seétlemént in a qity; It

. ta~be§t tO'conééntrate the'analysia.on the‘felationship between
'spatiél and socia; érganization in small areés;zs Tﬁe 1880 sample

has been duplicated for 1900 and enlarged to include clusters within
.fhe expanded city limits. This permits us to study the évolution of
the 1880 gampléd clusterg.over time iﬁ.relation to the cﬁange in the
city structure,.size.and poéulation. Other methods»sﬁould be explored,
‘ with differen£ emphasis, such‘that a variety of possible sampling
‘echeﬁes can Be deveiobed for the historical study of thé ﬁrbén‘
énVironmént. The success of quantitative ufban_history calls fof

the use ofvsampling methods which cén-cope ﬁith the rich téxturg of -

the urban phenomengn.



TABLE 1

T ..-Block-Categorization by Atlas Plate

5. . .Number'of Blocks < " G i

Sl Proportion

Plate # .Pfomiéing. w' Non-Dwelling . Vacant ~ Other Total 'V or ND

1 29 15 o0 28 72 .a
2., 6 10 o 9 8 .12
3':A. - 68 . . 0 . - 0 . "o"' 68 . -0-
& s 0 | 3 30 8 . .04
5 | 5 e u 1 . 28 .39
6 69 | 9 o . & 8 . .10
7. .o SR S 0 12 109 .03
s s o s 25 e o4

9 .. 28 13 . 48 .15

o
w

10 f 21 20 14 55 .36
u 73 v 1Y o2 14 '1ob .13
2 w0 1 o1 07
13 g L R S 29 122 .06

-
~

15 a2 - 1 T .06
T 49 i'(i o - 2 16 e1 .03
18 18 0 s 42-% R YA Y1 | _'.50
TR e | o0 foelm T .ss

20 . 5 0 2 5 3,

Totals -

Y-
P
~

67 221 340 1540
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- 10

1

12
13
14
15

16

17
18

19

20

TABLE 2

. . Pilot Block Sample

' Mean Numbers of Enumerable Frontages Per Block

4

By Type of Block

(éaﬁple Size in Parentheseé)

: "?r'ox'iising* " 'Non-Dwelling '

3.§ooo (8). 4.0000 (1)
3.4375 (16) 1.7500 (4)
3.7059 (17) m— (0)
'3.0909 (11) - (0)
.2.5000_(2) - (0)
3.3125 (16) 1.0000 (1)
3.5000 (24) — (0
3.3750 (24) - (0)
3.1667 (6) - -  (0)
3.2857 (7) -——
3.1579 (19) o.oboo (2)
‘.3.2592 26) 0.0000 (2)
| 3.2609 (23) — (0
3.0000 (4) 0.0000 (1)
2.9000 (10) 1.0000 (1)
2.8000 (15) -— (0
2.2500 (4) —
2.5667 (3) -— (0
-—  (0). -~ (0)
4.0000 (1) -~ (0)

Vacant

.5000

1.0000

- 1.5000

2.0000
1.0000

1.5000

~ 0.0000

0.0000.

.3333
.6364
.9231

1.1667

o)
(0)

)

@)
@)
©)
©
(2)
W .
)
@
W
()
W
)
0>
(15)
()
a3
)

"Oﬁher

4.0000

3.250

2.0000
2.0000
2.5000
3.0000
é.oooo
2.3333
3.0000
3.0000

2.3750

12.3333

2.6000
2.5000

2.1429

2.1429

2.600

2.5000

. 3.3333(¢9)

1
0)
(4)
(3)
(4)

“)

3
(5)
3)

(2)

(1)

(8

(6)
(5)
(2)

¢))

€))
(5)
(2)

Total

Sample Size -

18
21
17

17

21
28
29
12
14
25

© 30

| 31
12
16
17
26
21

18

389



Plate #

1
-1

)

o o

© ® ® o

10
1
12
12

12
13 -

13
13
15

' 'Street Name .

TABLE 3

Ch

‘ Michigan

.”ééragum

Shelby w
‘La:heﬁ P
Baubian P

4Cliff6rd P and O
High St. E. P
. ﬁenry St. P

Woodward P and 0
Hastings | P
Larned P
Cfogham P
Dequinder P
Prospect P
Macomb - P
St. Antoine P
Kentucky P
Arndt P
Adair o

Arndt P

‘Front P
Locust 0
Huron P
Wabash - P
Myrtle P
23rd Ave. ‘P
Noble P
0

© ‘- No, of

- No., ofl

- Frontages " "People
1 e

6 i 386
1 24
5 56
4 134
1 10
2 62
1 3

5 ‘120 .
5 114
3 41
4 49
1 4
5 64
l' 32
1 45
1 24
3 68
1 25
5 50
1 18
-3 16

1 6
5 78
3 35
:



Plate f{

15
16
16
16
18

.20

TABLE 3 (Cont.)

‘Street. Name ‘Stratum
Wabash P
Miphigan ' P

| Sullivan P
Wabash P
Second Ave. P
Chene P

4 No. of No. of
" 'Froritages ‘People

1 21

1 7

1 74

"~ 5 50

2 18

2 21



TABLE 4

No. of.-Effectively

fiate'Number
1
¢ 2

3

10
11
12 .
13

14
15
16
17
18
19 .

20

1

2

# Persons/

64.33
24.00, 11,20
33.50, 10.00
31.00

3.00, 24.00, 22.80

13.67, 12.25, 4.00

12.80, 32.00, 45.00

24.00

22.67

25.00

10.00, .18.00, 5.33

-6.00, 15.60, 11.67, 8.00, 15.75

48.00,. 21.00

.7.00, 74.00, 10.00



Plate numbers

5,10,°17, 18, 19, 20
1, 9, 14, 15
3, 4, 16
2, 6, 11
7
- 8
12

13

TABLE 5

. Xi.
mean - -

‘# of P & O Blocks

177
199
198
236
106
110
111

115

1252

14.00
39.25
27;50

18.33
10.00 -
30.00
11.00

11.60

fi
o mean
'#_ of enumerable frontages

2.560

2.9434
3.2041
3.2069
3.3571-
3.3333
3.2593

3.0323

ii+1i

. 6,195
22,990

17,446

13,873

3,559
11,000
3,980

4,045

83,088



'Plate numbers

5, 10, 17, 18, 19,

1, 9, 14, 15
‘;, 4, 16
2; 6, 11

7

8
12
13

TABLE 6

20 20,33

104.56

107.92
13.98
9.33
86.33

14,33
4.16 .

2
o BE

2

.01955

.01119

.01273
.01498
.01644
.01424
.02733
.02900



Table 7

Average i ‘ Proportion . No. Enum. Estimate Estimate
Persons per /P or 0 'ND or V Frontages of Popula- of Population . Block
Plate # Frontage Blocks ‘Blocks per Block tion Size per Block Categorization

1 64.33 57 .21 . 3.1765 11,648 204.3 2
2 17.60 72 ‘ .12 3.4706 4,398 61.1 3

3 21.75 68 | .00 3.7059 5,481 80.6 2 -
4 31.00 65 .04 3.1333 6,314 97.1 2
5 - 7 .39 2.2000 -— - 1

6 16.60 77 S .00 3.0500 3,899 50.6 3
7 9.97 106 - .03 3.3571° - 3,548 33.5 3
8 29.93 110 .04 . 3.3333 10.974 99.8 2
9 2.00 41 a5 3.0909 3,041 4.2 3
10 22.67°° 35 .36 /3.0000 2,380 © 68.0 1
11 125.00 87 .13 © 3.1429 6,836 . 78.6 3
12 C11.11 111 .07 3.2592 4,019 T 36.2 3
13 11.40 115 .06 - 3.0323 3,975 34.6 3
14 - A U ©2.6000 - - - 3

15 34.50 . 60 - .06 2.8000 . 5,796 96.6 2
16 30.33 65 .03 2.7647 5,450 83.9- 2

17 — 43 .58 © 2.1818 S— | - 1
18 9.00 42 .50 2.3000 869 A 20.7 1
19 - 30 - . .58, 2.,6000 - - 1
20 1

10.50 10 . 3.0000 315 31.5



‘Category A

ks

Plate Group

5, 10,

17-20°

, 8, 15, 16

, 9, 11-14

TABLE &

Pilot Sample. , o Sample Size‘

Mean # persons/,front,'-lﬁ-(.i P and 0 Blocks, n,

Pilot Sample = ~_
# enum. front/block, f

i.j

14.0567 | 12
32,3858 S 40
14,1261 ' 50

2.5000
3.1759

3.1636 .

2.75

4.30

4.10



Table 9
SAMPLE DESIGN

quulatidn’Size . "Samgle:Size
Plate # = P o N~». . V. . . ...... . P _ O ND \'
5 5 12 0 11 0 1 0 1
- 10 21 14 - 0 20 1 1 0 2
17 . 13 30 1 59 1 2 0 6
18 18 26 0 42 "1 2 0 4
19 "6 24 0 41 0 2 0 4
20 5 5 0 24 1 0 0 2
Total
Group 1 68 109 1 197 4 8 0 19
1 29 28 15 0 3 3 1 0
3 68 0 0 ©0 6 0 0 0
‘ 4 35 30 0 3 4 3 0 0
L 8 85 25 .0 4 e 2 0 0.
15 42 18 3 1 4 1 0 0
16 49 16 0 2 '5' 1 (4] _ 0
‘Total . ‘ '
Group 2 308 - 117 - 18 10 30 10 1 Q
2 63 9 . 10 © 4 1 1 0
6 69 8 9 0 5 -1 1 0 -
7 94 12 3 o 7 1 0 0
9 28 13 4 3 2 1 0 0
‘11 73 14 11 2 6 1 1 0
12 100 11 7 1 8 1 1 0
13 86 29 1 6 7 2 0 1
14 23 18 3 2 2 1 0 0
Total . 4 .
‘ Group 3 536 114 48 14 ' 41 9 _ 4 1
Grand . .
Total 912 340 67 221 75 27 5 20
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‘ i=3 - In addi'tion to W.G. Cochran, Sampling Téchniques New York, 1963,
the. historian may wish to consult R.S. Schofield "Sampling in Histori-
. cal Research" in E.A. Wrigley, Nineteenth Century Society Cambridge,

, 1972 146-190.
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- F. Stuart Chapin;'Urban'Land Use Planring, New York, 1957

10 - For selected references on the use of the manuscript census by
historians, see J.B. Sharpless and R.M. Shortridge, '"Biased Under-
enumeration in Census Manuscripts: Methodological Implications." Journal

- 'of ‘Urban History, Vol. I, number 4, August 1975: 409-439.

}1>f_E,-Robinson and R.H. Pidgeon, Atlas of the City of Detroit and

Suburbs 'Embracing Portions of Hamtramck, Springwélls'andAGreenfield
Townships New York, 1885 '

12 - If the blocks are selected without replacement and if any of
the 4 corners can theﬂ'be_indépendently chosen for each block, there
is a possibility of overlapping fronts between clusters if two selected

~brimary blocks happen to be contiguous.

- - -

r t
] 1}
H 1 E Front 2b is in clusters A & B
: c -
2 : - Front '3b is also in clusters
d 2.b d 3 b A&B
c Pe ¢ '
— a |
] N ]
: &
' '
(Y |
A B

};i'..'—'_isga;;s_ticsof ‘the Population of the United Stdtes at the 10th Census-
“'June ‘1, 1880 Washington D.C., 1883: 420




- 14 - Ignoring.the one‘N.D;'frontage.éf plate 1
~ .'ﬂf oL ‘ R

15 - P involves the sum of products of random variables. Formulae for

hﬁariances‘of‘such products may be'found in L.A. Goodman. "On the'E#act

Variance of Products." Journal of "the ‘American Statistical ASSociation 55

(1960) 708-713

16 - Variances shown in table 6 are computed with the féllowing formula:

o =2
2 Lz, - %)
X

"n(ni‘ -1

17 - For the 5 plates without census data (5, 14, 17-19), we estimated

. the mean number of people per front. A scatter plot of the number of

»;‘pebple per frontiagainst the Z of P and 0 blocks per plate for the 15

plates with census data, led us to elassify them into three‘g:oups:

1) few people per front (< 21) and small proportion of P and O blocks
(< 65 Z): plates 20 and 10

2} many people per front (> 60) and large proportion'of'P.and O blocks - -
(@4 70 Z) plates 2, 6,7, 8,9, 11, 12, 13, 15, 16

3) middle group. less than 42 people per front and above 70 A of P and
0 blocks in the plate. plates 1,3 and 4

_ On the basis of the proportion of P and O blocks, plates 5, 17, 18 and

19 were assigned to group 1 and plate 14 to group 3. At this stage, ‘these
~ plates lacking census data were assigned the mean number of people per .
front for their assigned group.

18 -




19 -.

20. - Including a research trip to the University of Pittsburgh library,
where the original manuscripts are deposited, to read the few unreadable

pages of the microfilm of the National Archives,

21 - Our prediction was most inaccurate for ii’ the mean number of people
per front in category 3. We had corrected some of this expected underes-
timation by generally overestimating f.*, the mean number of enumerable

fronts per cluster:

- category mean number of people/front mean number of enumerable fronts/clﬁster
Pilot sample Final sample Estimated . .Final sample
14.05 17.68 .. 12,75 1.81
32.38 32.46  4.30 ~3.70

14012 - 35.69 400 0 3.69

22. - The 1880 City Directory of Detfoit, 966 p; J.W. Weeks and co. Detroit, .
1880. |

23 - These are the most commonly used. The routines for match merging the
data-sets and computing summary statistics at various levels of analysis

are available in the Michigan Interdctiye Data Andlysis System. See D.J. Fox

and K.E. Guire, Documentation for ‘MIDAS, revised edition August 1974, Statis-
tical Research Laboratory of The University of Michigan, Ann Arbor, Miéhigan

48104.



24. - The stratum of ‘a cluster of & fronts is iderntified by:its primary

block.

T25 = In ‘the’ or1g1na1 sample de31gn there were 80° strata -‘twenty plates,

1-each.with ‘four types of blocks:: However, only four different sampling

fractions were used, and thus there are only four dlfferent values of

W

h These correspond effectively to P and O blocks for each of the 3

groups of plates shown in Table 9 and to the ND and V' blocks over all

platés. The actual weights used were taken as being proportional to Ni/_;ni

where the constant of pfoportionality was chosen so that the weighted

sum of the sample number of persons in each of these four categories

reproduced the total sample size of 12,185 persons. Details are shown

- below.

. Grguﬁ .

S W=

N,

177
425
650
288

5

12
40
50
25

-N:/n L

i i

14.75
10.625
13.000

11.52

1.2162
.8761
1.0719

. 9499

sempié'#‘ef'persons

433

4597

6823
332

-



'26. - The formula for the estimated variance of r is given- by

Var (r) %§2[Var (y) + r2 var (x) - 2r Cov (1.!,‘}’_)]

where
H 8 .,
= ] - ]
O O
. H % - 2
V) =2 I (x' -x')
" helgel " TR
and
. - H T& _
o ' -t | EE— |
Cov(x,y) hil §=1 (x ho = X h)l(?r het yh)
Also,
. .o
X' ho T ¥ xha,
: ,
Y ha = Yh Yha
and : y! -l :h YA
h 3 o=l ha,
il
‘aha=l ho



Finally the standard error of r is given by.

SE(r) .=V Var(r)

‘see Leslie Kish; Survey Sampling, New York, 1965, chap. 6: "unequal clusters"

ZzlfAStatistics of the Population of the United States at the 10th Census,

op. cit.: 536-541, 420, 876

28~ See Olivier Zunz "Detroit en 1880 : espace et ségrégation" Center for
‘Reséa:ch on Social Organization of The University of Michigan, Working Paper

# 121, August 1975. Forthcoming in Annales E.S.C.
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The design of an efficient sampling scheme for the study of popu-

lation and space in the 19th century is a éhallenging problem for his-
Luri;ms.1 To cxamine‘tﬁe relatioﬁshib of social life to the general form
of the ¢ity, a researcher must have in his s;mple observations that cover
the whole territory. Working on that scale however, he ordinarily sacri-
flees detail to achieve coverége; But to examine the congtraints and the
rout ine which are part of'every&ay experience, he.néeds thét very detail--
intenstve nhsérvutioﬁs of émgll populations. and small aréas. When ﬁe'
has that detail, he ordinarily sacrifices the attembt to achieve uniform
coverage of thc‘city as a whole. The two goals have seemed mutually
exclusive in anyjsingle sampling design. Thus the historical study of
the American city has often followed two distinct lines of approach: on .
the one hand, g;oss ﬁattefns in urban land use have béen.ihvestigatea fo
understand-aspepts éf the city's change, its dynamics of growth,Athe de-
velopment of suburbanization, for éxample.2 On the otﬁer hénd, intensive
studies.of theiexperien;e of neighborhooés or single ethnic or sécial
groups have beén conducted. > |

The samﬁling scheme that we.preéent hererwas conceiQed to stu&y
the city of  Detroit in the late 19th century, bothlin the diversity of its
neighborhoods and in its eﬁtirety. It is an areal'sample of 127 geo-
graphic units drawn from the entire city. We capture Detroit in a snap-
shot in 1880-1885 when it was still a medium size city of 116,340 in-
habitants. The sample was conceived fo méet four ériteria: to rgpresept
the whole city population in terms of demograph&, ethnicity and occupa;
‘tion which are the three most important sets of variables detailed in the
U.S. census records; to represent geégraphic clustering .in smali neigh-
borhoods so as to study how variousrcafegories of people were collected in

the urban environment andthe forms and intensities of their clustering;




to represent the interplav " otween population characteristics and land use
pattern:: and finally, to poovide o baseline for studying the city's later

development and transformation when intensive urbanization and changes in
the immigration patterns, economic geography and community organization
overtook it. |

In attempting to‘satisfy these conditions, we faced three basic
difficu[tiés. The first dilficulty came from uncertainties as tq'how:to
divide ‘the 19th éentury citv into coherent physical and social areas for
investigation. Knowledge of the 19th century urban structure is incom-
plete. The late 19th century city, it ié said, was in transition from the
"walking city" of the ante bellum period to the segregatéd me;fo@olis of
the 20's. 1t had ceased to'be the commercial city of the 1850's, small
in scale-with many different-typeé of people and activities juxtaposed
despite'important socio-ethnic cleavages. But it wés not yet the giapt 
industrial metropolis,with.neat patterns of residential’Ségfegation;.:The‘
-chafacteristics of archetypal u?ban areas, Such'és the'slpm, the_éthpiﬁx'
neighborhpod, the zone of eﬁergénce, and the suburb are well‘kﬁown;a
" Yet their 1nterpenetra£ion and their.orgénization,in relation to qthe#
areas of the city have been little explored. The cify in tranéitioﬁ has,'
been defined more by what it was not rather than by what it was. In Qrder
to defineit morevclearly, Qe decided to sample all types of.aréas in the’
city: residential, non residential, even vacant, so as to fully lo-
cate social space within urban space.

Tlie second problem arose from the fact thét to study the relationship
.”§etween socigl7qiv§sions‘andrsgqgialrarranggmgptg7negqirgs.thg,integragipn"
of very differenﬁ types of information on bqth the population cha;ac-

teristics and the city's physical structure. Mahy different levels




of information coming from sources usually kept separated have to be collected
and Ofganized hierarchically. These are the data on individual city dwellers,
the families and households, the ethnic and social groups on the one h;nq;
the dwellings and'houses, the streets and the neighborhoods, the larger
districts of the city, on the other.5 Matching different types of in?
formation for each sample unit requires of course that good historical
sources be available. Fortunateiy such is the case for Detroit: ghe first
comprehensive real estate atlas of the city of Detroit (the Robinson and
Pidgeon atlas) is a detailed land use survey and appeared in 1885;6 the
manuscript of the 1880 U.S. census lists addresses for all individuals enu- o
merated.7
The third prébleﬁ, the most complex, was to decide the form-—-size ana
shape-of the areal units to be selected. The sample areal units were to
be representative of the city's micro environment. In them, one should be
able to oﬁserve the population's demographic, social,‘and ethnic life an§. i
structure at the local level. Taken together, they should provide a meaninmg-
ful description of the overall urban territory; the combination of sample
areas should represent the city as a whole. Thus it becomes possible to -
measure the diversity of local life in the light of a general picture
" of the city, ’ .
The following presentation describes the sampling unit and the
sources of the study; it also presents the analysis of a.pilot sample
chosen to alleviate some of our uncertainties befo?e we drew the final

sample.

Definition of a Sampling Unit

So many complex and often hidden patterns develop in a multi-

ethnic city of immigrants that only a fine grain analysis permits one to




catch overlapping phenomena, with different boundaries. One of the
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mainndifficulties'of a gedgraphic sampling procedure is to define a flexiblé,
unig‘;% analysis, small enough to permit'individual level observations
of people and large énough.to capture ethnic or socio-economic clﬁstering;
However, thé grid plan of the American city is a natural sampling frame
which can be used to that end. The block front, representing one side of
a four sided block, is its smallest geographic component. It is a very
flexible unit, easily drawn on a map along one street from one corner of
the block to the other. When several frontages are linked, one creates

{
a reconstrucfion of several urban forms: a block, a street, a small neigh-

borhood. The sampling unit used here consists of a cluster of six fronts;

in other words of one block and two opposing fronts (see Fig. 1).

||

Fig. 1

The sampling unit can be divided into three units for purposes of

anéiysis:“the frént, the block or the larger cluster. The block is the:
simplest one; it is geometrically well defined. But it is well known that

city blocks often cover widely different realities. On the same bloék,

the front on the main street is often different from the fronts on the




small streets, or the outside of the bldck differs from the inside. We

chose the triple unit of front block and cluster of 31x fronts to- maintain
’Za fine level of resolution to catch subtle patterns of concentration and
scattered patterns of dominance. ‘The addition to the primary block of

two randomly selected.opp031ng fronts perinits. us: to represent streets on
'v”both sides without including alt opp031ng fronts.' The triple unit gives
'the possibility of changing levels with d1fferent analysis and/or com=
paring the same ana1y31s at several geographic levels.. The-front is to
Z';be used for a fine survey . of the hou31ng pattern. .The block is' more appro-
: priate for questions related to urban densities. The cluster is a large

enough unit to capture clustering patterns at a small nelghborhood level
A

“-“fd‘(inhabited clusters have a. mean of 123 inhabitants in the 1880 final

‘“"sample) Using the three 1evels consecutively permits the measuring of
lgeographic variations 1n0103teringpatterns of different ethn1c1ty, so-
i;. cial classes, age groups and other characteristics of the population* or
'ffin the.contiguity of residences‘and non re51dentialAactivities. Having
}-a multiple unit is necessary. Given the diversity.of the urban environ-
- ment, there is no predetermined areal unit which would best permit one
to study all types of inhabitants and areas simultaneously. Students
: of neighborhood activ1ues have long recognized that geographic boundaries
. .vary with different phenomena.8 Those deflnlng an ethnlc cluster are not
;the same as those.of a given social class neighborhood, and in turn overlap
with boundaries of non residential areas. Neighborhoods have loose and
. shifting‘houndaries which cannot be predetermined for sampling pdrposes.

" Rather than artificially delineating them, selecting a geographic unit well

fitted to the grid plan and sampling a large number of units increases the




' chances of noaauring chaagilg neighborhood accivicies. The analysis
of the same phenomeuoa at differenc geographic levels. the analysis of sets
of units in epecific parts of the city and the addition of all units to-
gether wvuld pernit us to study many questions related to the geography of
tho city ané the distribution of demographic, ethnic and social patterns.
Given the eource materials available and the overall aims of the study
‘-1t was decided to draw some probability sample of the six-front clusters
(using the atlas as a sampling frame) and then collect.data(fron the census
' ﬁanuséripts and the atlas) on all perso@s living in the selected clusters
‘and on all'huiléingé. The considerations leading up td'the fiﬁal design

v'ef.thelprobability aample depended on the information available, the atlas

B}

" and census manuscripts, tempered by economic and other feasibility con-
o straints.7 We discues some ih?ortaﬁt'aépects of these data sources before
presenting the eample design.

The Sources

 'The téu basic bodies of data used for saﬁpling were "The Aﬁlas of

E-the City of Detroit_published by E.tRobinson and R.H. Pidgeon in 1885

aad the Federal Qchauﬁ Manuscript: Schedules of 1880. The stias provided a
i détailed aet.of mapg'which 1déntified ﬁot énly blockfronts but alse their

" lots and buildings and the house tumbers. The Census Schedules provided.
_dinngraphic and socio-economic data for the listed individuals with their

l .addresses. Teo draw the gawple these two sources héd to bevma;ched. All

addresses for amy fromt selected had to be searched in- the population lis-
tings. Thus a fcitly nccurate picture of the blockfrbnc was reconstituted:

‘¢R the one hnnd. the lotoe and buildings, on the othnr. the popdlltlnl

3,




Fronts, Blocks and Clusters in the Atlas

The Robinson ‘Atlas covers the city of Detroit in twenty plates.
For each block, parcels and buildings are designated. Houses are numbered
and the atlas contains many indications of non residential buildiﬁgs. Many
fronts in the atlas cannot be found in the census manuscript because they
were not enumerated by the census takers. A frontage was classified as
"non enumerable" if it was impossible for a census té%ér to visit it. This

was the case for either totally empty fronts, for fronts where houses faced

other streets and for fronts which were not residential.

<
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BIOka and clusters are cbmioﬁed 0of cnumerable and non enunerable fron-

tages (Fig. 2). The ratio of énumerdble to non enumerable frontages varies
in the city depending on thé location, the type of land use and the popula-
tion density. Knowing this ratio is liseful asva.means of defining areas of

the city. It is a crude but praétical indicator of population density.



The very populated areas are likely to have substantially fewer non enumerable

fronts per block than the scarcely populated areas. Population estimates can
be computed for different sets of blocks in various areas of the city if one
.knows the number of inhabited (enumerable) frontages per block and the mean
number of inhabit#nts per enumerable frontage. The atlas therefore contained
inEOrmétion‘aliowing us to divide the city into large geographic areas, not
only in terms of land use but also of population density. Oﬂce these broad
. zones are defiﬁgd, sampling clusters of six fronts within them may involve
two steps: first randomly selecting blocks, and second randomly selecting a

corner. of each block to determine the opposing fronts.9 (Fig. 3)

- - - -
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arrows indicate selected corners in the primary
-blocks to determine the opposing fronts

Fig. 3

Discrepancies between Atlas and Census

When selecting clusters of block fronts, we cannot assume that the

individual_houses of each front would be found in the census manuscripts in




the same geographic order as the atlas. We know that many census takers
did not follow a strict route, but often shifted from even to odd numbers,
or visited parts of streets at one time and revisited the other parts later.
This implies that a thorough search in the census, for addresses selected
from the atlas, is necessary to collect the information. All atlas addresses
must be listed very carefﬁlly and every page of the manuscripts scrutinized
until the search is exhausted.10 Obviously, discrepancies always arise in
the process of matching sources. In drawing a geographic sample of clusters
from the 19th century city, we were using a census taken in 1880 and an atlas
published in 1885, Discrepancies between the number of 'residential buil-
dings" per front in the atlas and the number of "houses" per. front in the
census schedules are likely to arise due to the different détes of each
survey and underenumeration in the census. Yet this dis;repancy could
be computed and might be used as a correction factor for some statistical
aﬁal&sis; |

These preliminary observations on the sources led us to a few unsolved
questions. How complete for our clusters was the enumeration of the popu-
latioﬁ reported in the census manuscripts? How were we to draw the samﬁle
of clustefs from the atlas and obtain a good representétion of the popu-
lation? How to select the clusters so that they accurately represent the
various areas of the city? A pilot sample was drawn from each of the
two sources in order to help answer these questions and to give information
useful in determining the total number of clﬁsters to sample in different
areas of the city, while also keeping manageable the search in the census
manuscripts.

The Pilot Samples

No sysﬁematic information for the demographic, occupational, ethnic
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and land use composition of fronts, blocks or cluster, or for the geo-
graphic differences of these variables across the city had ever been as-
sembled. The pilot samples could not provide information on all variables
of interest. It was assumed that urban density is the most useful parameter
for predicting the variability of major population characteristics. Thus
the pllot samples were intended to gain information on population and buil-
ding density across the city. Two independent systematic samples were drawnm,
one comprising every fourth block on each of the thnty atlas plates and

the other a sample of street 'runs'--~that is of subsets of the population

listings under the Same street name from the census manuscripts.

Pilot Sample of Blocks

, The atlas contained sufficient detail so that each of the 1540

city blocks could be placed in one of four classes.’

P r Pxomising; Blocks containing almost all dwelling structures.

ND = Non Dwelling: Blocks mainly occupied by non residential establish-
ments (industrial, commercial, etc.) .

V » Vacant: Blocks containing no structures, 907 or more vacant.

-Q = All other blocks.

For P and ND blocks, we treated thevdowntown area a little differently

than the rest of the city in order to take into account the density de-

cline ffom the center to the periphery. This decline_was expected and

indeed Qisible in the atlas. Plates 1,2,6, and 11 roughly cgﬁprised all

the éréa within one mile of the city center. In those plates, 3/4 of the

dwelling structures of a block had to be residential for that block to qua-

lify fot'P; and 3/4 ND to qualify for ND. Elsewhere a ratio of 2/3 w§s con-

sidered aﬁfficient. The results of this categorization are shown in table 1.

INSERT TABLE 1




-11-

"To determine the pilot sample of blocks, -every block was numbered;:then
«every. fourth-block on each of the twenty plates was sampled ( even numbered
1plates: .every other even numbered block; odd numbered plates: every other

i odd numbered block). Then for each sampled block the :number of non-enu-
imerable. frontages was determined. The number of non -enumerable frontdges
vwas subtracted from the total number of frontages for -each sample block to
syield the number of enumerable frontages per block. The mean.numbers of

:enumerable frontages per type of block are shown in Table 2.

INSERT TABLE 2
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Census Pilot Sample

The census pilot sample gave us some idea of the size of frontages
(e.8. pumbers of households and persons per frontage) and of the problems
of tracing fronCages in the census data. Information was recorded for every
80th street in the census manusciipt, or more exactly for every 80th"run"
of comsecutive persons listed as living on the same street in the manuscript.
For each run, we recorded the microfilm reel number, census page, street
name, house nunbéra, number of households and number of people in each
household; Every street or "run" recorded in this manner was then traced
in the atlas; Using this procedure, we were able to locate 87 fiontages
in the atlas, In some cases, under the same street name, the census takers
, had crossed the street many times, mixing odd_and even numbers. For some

runs, we &actually got several fronts of the atlas (Fig.4).

- - =: fronts enumerated in
one run

‘In other cases, under one street name, there ware omnly ome or two howses

for a givem front instead of the 15 or 20 existing in the atlas (Pig. 5).
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Fig. 5

:
At téis point, it was obvious that the ceﬁsus enuncration was even more
disorganized than we had expected. It was very rare that a front was fully
listed in one run of the manuscript. Yet we had collected enough information
to est;mate gross land use and population characteristics.

ANALYSIS OF PILOT SAMPLE DATA

Population Size and Density: The Census and the Atlas !

I

As was expected, the most populated fronts of the Atlas (in Promising
and Other type blocks) were also densely populated in the census enumeration;
similarly, the least populated fronts of the Atlas (in Non-Dwelling and Va-
cant type blocks) were unenumerated in the census. The census provided
relatively little information about blocks in the Other category and almost
none for the Vacant and Non-Dwelling blocks or for plates 5, 14, 17 and
19. In order to insure the quality of our pilot matching of the census
manuscripts with the Robinson Atlas, we tried to predict the total census
populgtion, known to be 116,340,11 from the data collected from the P
and O type blocks. We first combined the data from the fronts in P and O type.blocks.
We then ;;mputed the mean number of persons per frontage per street run for
each plate. This means that the original 87 frontages (or segment

of ‘frontage) observations--see fig. 4 and S—- yere consolidated into

33 "independent" frontage observations for the 20 plates. One single
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estimate of the total population is given by:
P= % N, X, £, (1)

where Ni is the number of P or O blocks on the ith plate, X is the mean

number of persons per enumerable frontage and‘fi is the mean number of
enumerable frontages per block. Since four plates were without sample data(see
table 3), and seven contained only one observation, we decided to combine
plates on the basis of the type of blocks in them (see table 1); Plates 7,
8,12, 13 were the most dense plates with more than 100 blocks. Each had

at least 3 frontage observations; thus we kept each of them separated. Then

we lumped plates 5,10, 17-20. These plates comprehended peripheral areas

‘with at least 45% ND and V type blocks. The last groups comprised plates

1,9,14,15 (Mixed land use but a very large number of O type blocks), 2,

6,11 (mixed land use but a very large number of P type blocks), 3,14,16, (no
ND at all). Formula (1) was then applied to the eight resulting com;
binations of plates. The data are shown in table 3. These combinations
lead to 83,088 as an estimate of the total population size, an underestimate

by 33,252.

INSERT TABLE 3
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In order to obtain some idea of the sampling error, the following formula

was used in computing an estimate of the variance of P:

%) (2)

where i refers to the ith of the eight plate groups shown in table 5, Si is
the estimated variance of the mean number of persons per frontage, i;, and
2, .

sf 1is the variance of the mean number of enumerable frontages per block,

fi . The variances used in determining this estimated value 6 (3) are shown
in table 3.13

The application of formula (2) to the‘va]ues shown in table 3 yielded
an estimated standard error of ; as 10,409. Thus the total population
estimate 83,088 was 3.19 estimated standard errors below the true popu-
lation value of 116,340. This estimate, though quite low, was nevertheless
undersfandable. The factors contributing to it include our exclusion of the
ND and V blocks and the small sample used in estimating or computing ii and
~n A ' )
V (P) (ranging between 3 and 6 frontage observations per group of plates).
Furthermore the systematic sample of street runs in the census was misleading.
Many actual block fronts had been poorly recorded in our pilot sample be-
cause information had been located at only one place in the manuscript
census when, due to revisitation, the same fronts were most likely recorded

in several different parts of the census volumes.

Another estimate of 107,782 for the population total or an estimate of

107,782
116,340

fronts in our pilot sample. The basic scheme was te divide the pilot

.925 (= ) was made when considering only the well enumerated
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sample into two parts: the first, called minor, was where census and

~atlas were poorly matched, i.e. when the census data contained three or less

houséé'in'é front that the atlas showed to have 4 or more residential buil-
dings; theﬁéecond, qalied major, was where census ahd atlas were well matched,
in'ofhér wprds where mostrhouses on a front had been enumerated in the census
oh.onev§iéit bf the census taker. Then formula (1) was applied to the twenty
plates usiné}oﬁly the data from the major group and estimating the mean num-
bér_of'people-per ffont for the plates witﬁout census data in the pilot sam-
plé;14

'At this stage in the analysis of the pilot sample data, we-knew that
much wOfk was neécessary to reorder th manuscript census in order to locate

pérsoné living in a sampled front. Yet we felt that a thorough search

in the mahuscript census was manageable and would suffice in order to match

the'twq sources. We had to gain some idea of geographic variation on den-

sitylpafterns before deciding on how to stratify the final sample.

Geographic Variation of Density Patterns

Bdilding and population densities reflect the variety of the urban

scene that we wanted to capture. To be sure, our pilot sample was composed

of two' véfy small systematic samples. Population estimates that we derived
from it were not fully reliable. Yet we feit that we now knew enough to

group tﬁe‘tWenfy plateé of the atlas into several density classes. By analyziﬁg
the estimated'pOpulation per ffont and the types of blocks per plate, nlpat—

tern emerged. The peripheral plates--5,10,17-20--werec all more than two

"miles from the city center. As we had already noticed, they were almost va-

cant. The remaining plates could be divided into two other groups on the

basis of éstimated population per block. Plates 1,3,4,8,15 and 16 seemed to
represent the mostdensely populated areas of the city with at least 80 people

per city block. The last group consisted of the remaining plates 2,6,7,9,
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11,12, 13, and 1l4. The computations leading to the classification into the

three classes -of plates according to population density are shown on table 4.

INSERT TABLE 4



opposing ffon;ages. Therefore the observed pilot sample number of enumerable

‘each of the three groups of plates to reflect the inclusion of the opposing

'?;*. . The estimated sample number of persons is given using formula (1)
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Estimating the Sagg;é Size
The analysis of the pilot sample data helped us to achiéve two results:

it acﬁuainted ﬁs with the procedure of matching the sources to draw the clus-
tef ééq?ié; it glléwed us to divide the city into three large density areas.
Gi&én';;fuaﬁglysis of Population estimates and types of blocks, we felt that
draﬁiﬁg‘at least.ldO clusters, the primary bleck being classified either
Promising or Other, would yield tolerably small standard errors for esti-
mating :esidéntial.and population characteristics., Such a number would
also kéep ;Be»search in the census manuscripts te a manageable task. In
order té estima:e_ogher city characteristics, we decided that 25 clusters
would be'seleéted from the Non Dwelling and Vacant blocks.

"FOllOWing'this design, ﬁé then estimated the size of the sample, that

is théynumber of households and persons it would produce. One difficulty

‘ was in estimating the number of enumerable frontages associated with each

sampled;ciuster;.tThe pilot sample provided estimates only by blocks. The

 sampling of clusters, it will be remembered, require augmenting the block by two

frontages~per.block,ffi, observed in the pilot sample.was adjusted upward in

frontages. These are the values fi* shown in table 5. These values were

determined quite subjectively;in densely populated arcas, like grqqpuz,.fi*

is as large as one and a half times ?i; for sparsely populated areas with

large numbers of V and ND blocks, there is little dilfcrence between fi and

"rgp_Lg}ggwﬂi»byvni,_;he,samplennumber,of~blocks,£0“be”selected,mand-fi by — e -

; . ' 15
ti*. This was computed as 8,930 persons, It was expected that there would

be an average of 5 persons per household and thus we estimated that asample
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of 100 clusters would contain some 1,786 households. However, even making
the assumption that the ?i* are known without error, the estimated stan-
3 dard error of the estimate of the sampled number of persons is 961.16

i ) The estimated standard error of the estimate of the sampled number of

_households is 192.

INSERT- TABLE 5

In the end iOZlP and O blocks were selected with their opposing.fron—
tageé. We sampled rather intensely in the most populated plates (Category
2),9.4% of the P and O blocks, that is 40 of the 425 such blocks.

Applying the séme'ratio to category one and three would have yielded too

{ many clusters, more than needed at at too great expense at the time of

| ‘ the data collection. We therefore reduced it to roughly 6.8% or 12

blocks from among the 177 P and O blocks in category one--sparsely popu-
lated plates; and about 7.7% or 50 of the 650 blocks in category 3--
remaining plates. These ratioé were applied separately to the P and

0 block categories. Also 25 or about 8.7% of the 288 ND and V blocks

were sampled, yielding a total sample of 127 geographic units.

INSERT TABLE 6
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f;e.actual mechaniés,of_drawing~the.sample were quite straightforward given
jéab1e~6 and- the tracings of the blocks as shown on the 20 plates of the
, ;atlés; The blocks of each type Vere serially numbered on the plate and,
Ti'uéing‘random-numbers, a simple random sample withoutreplacement qf blocks
':”]}ﬁaé éél;cted for each of thé'four block categories within each plate. ‘Oncg
%”‘a_block was selected and located on the atlas plate tracing, thén the Rand
" Téﬁie of random digits was used to éhdose one of the, usually four, block
corners. The usually two opposing frontages were then included:to make

up the cluster (see fig. #3 and footnote #9). The sampled clusters are

displayed'in the map below. The final design was thus a stratified sample--

by plate and block type~¥oflélusters.
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THE SAMPLE

A Census of 127 Clusters

Based on an exhaustive search in the manuscript census, the final
sample includes 12,185 people.l7. This comprises 2,410 houscholds on
721 frontages or 127 cluéters. 0f these,353 frontages were actually inhab-
ited., The others were non residential of more generally non enumerable.
The mean housghold size was 5.58, the mean number of people per front'was
33.47 (min = 1; ma# = 1_52).18 Aifull land use and population census has
been taken of each unit. From thé atlas and other sources, all the phy-
sical characteristics' of each front have been recorded.19 A detailed
land use survey has Beeﬁ conducted to'record the number énd types of ﬁar—
cels, the numbef and types of buildings, (residential, non residential,
‘small unnumbered buildings, stables), and the specific type of occupancy
in each lot and built structure: pres of residences, of manufacture, of
craftmanship, of commerce, of businesg and professional services, of pub-
lic and quasi public servicés; types of transportation, communication
and utilities eﬁuipment; amognt.of'unused space. Each area land use system
is thus fﬁlly descfibed and can be correlated with population characteristics.
From the census manuséripts, the demographic, occupational and ethnic cha-
racteristics of every individual living on the fronts have been coded. This
total enumeration of the clusters is.eésential to study the problems of den-
sity, household structu;e, family size, family composition and demographic
- behavior; as well as for the study of Complex ethnic and social distribution
patterns. The final sample resulted in a variety of data-sets, each cor-
respogdiﬁg_to one level of data collection and/or analysis: the indiiidual

file of 12,185 people, the family file (2,410 cases), the front file (720

cases), the block file (127 cases), the cluster file (127 cases)%0
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The Discrepancy Rate between the Sources

A simple measure of discrepancy between the two sources-- the Atlas
and the Census--wasgiven by subtracting the number of houses found 1n the
census from the number of residential buildings pictured in the atlas for
each front. A scatter plot of the number of residential buildings per
front againsf the number of houses in the census shows that the discrepancy
rate is low and reguiar (Fig.6). The discrepancy itself varies from -3 to
12. The mean discrepancy is oﬁl? 1.62 houses per front. It is acgounted for
by houses built between 1880 and 1885 (i.e. houses shown in the atlas but
not found in the cenéus), and in some cases, by houses found in the ceﬁSué

at addresses in between atlas addresses.

\
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SCATTER PLOT
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Number of Residential Buildings per Front in the Atlas
against Numbetr of Houses per Front in the Census Manuscript.
There are 349 inhabited fronts (out of 364 listed in the
census) with information in both sources.

Fig. 6
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The Standard Errors of Estimates

Some aspects of the representativeness of the sample can
be judged by checking to see how known population characteristics
(from published census figures) are estimated from our sample. Many
of these characteristics are proportions. For example the proportions
of inhabitants wﬁo were whites, the proportion born in Canada, fhe
proportions of females in the working population. In each of these
cases the .estimated proportion is a ratio where both numerator and
denominator are subject to sampling variability.

Suppose that the population proportion to be estimafed

from the sample is designated by

R = X/Y

where Y *is the population number of all persons in the population'and-
X is the number of those having the attribute. In-such a case R is

estimated by

r = x/y

where x and y are samplé estimates.of X and Y respectively.
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For the sampling design used, x and y are given by

H ay
x =1 Y1 z *ha,
=1 o=l
‘ind
H ay
y=Lw L Yy
h=l D g=1 DO

where H is the number of strata, ay is the number of clusters in
21 :
stratum h, LN is a weight associated with the h-th stratum and is

proportioned to Nh/nh’ the ratio of the population number of cluster

to the sample number of clusters in the h-th stratum, and x

ha and
Yho 2re the sample totals for the ®~th cluster within the h-th
B 22
" stratum.

Owing to the stratification by plate of the atlas which
permitted us to achieve geographic coverage; some plates have only one
sampled cluster per stratum. In computing r, strata having one (or
less) sampledclusters preséntednodifficglty. However in estimating
tﬁerrérroooe of r (or its~§qoarérroo£, thé standard érror bf r), one - » WVfi
needs two or more sample observations or cluster per stratum. In com-
puting the standard error of r, denoted by SE(r), the 80 strata were

reduced to 27 by combining similar strata so that each combined stra-

puméhéd.éttleas;ﬁtwg:ggqp}gq clusters.
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In figure 7 we display the sample estimate, 1, for ecach of ten population
ratios. A range of two standard errors above and below the sample estimate is al-

50 indicated.23 Finally the true population value from the published census

is indicated by an " X w28

Color ‘ Working pop:

Born in

U.S. Canada England Ireland Germanv Poland "~ White Black Males Females

1642
80.29 23.31 Two standard
lerrors
63.91
79..55
7.9 554
10.17 |
14.86 ' .
X 266 98.97 .
2.42
x
5.60 2-'8
9.24 ]
X 5.20
(
_ 6.34 1,52 : . 77.89] N
61l 91 8.77 4.80 - 13.62 1.46>< 97.77 - 1.38. 2911 [Sample %
97.53 |
5.8%<
4 .58
60[.76
N> .25 96.57
7.37
4.74 20 .45 Fopnlntion 7%
b
59.91
% :
19 7]T;o standard gi
75.49 ) errors )
i
10.821 %

ig. 7 !
Fig !
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Conclusion’

This sampling pfocedure is only one way to sample data féf.;he
study of differential processes of settlement in a city. FIt is best to
concentrate the ahalysis on the relationship between spatial and social
organigation in small areas. For instance, the 1880 sample has been
used to investigate the geographic distribufion of the ethnic, occupa-
tionél and socio-ethnic g%oups }ﬁ the city. We détermined:the forms.of
grouping and the type of spatial segregation that was'occurfing. To
take only one problem, ethnic segregation, the sample proved to be highly
sensitive to the subtler forms of clustering that would have been over-
looked, had ; simpler, more traditional design, been ﬁsed.25 Analysis
concerning the demography of the neighborhoods, the organizé;ion éf lo-
cal life in the city gnd the interplay between work and residence is
in prdgress. The 1880 sample has been'dupliqated for 1900 and enlarged
to include clusters within the expanded city limits. This pefmits us to
study the evolution of the 1880 sampled clﬁsters ovef time in relation to
the change in the city structure, size and population. Other methods
should be explored, with different emphasis, such that -a variety of
possible sampling schemes can be developed for the historical study of
‘the urban environment. The success of quantitative urban histqry calls
for the use of sampling methods which can cope with the rich texture of the

urban phenomenon.
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- TABLE 1

---“Block*Categorization by Atlas -Plate

| i “Number.:of Blocks

' - ‘Proportion

Plate {# Promising ‘* =~ Non-Dwelling Vacant - ‘Other -- 'Total .. - 'V or ND
1 29 15 0 28 72 - .21
2 .63 10 0 9 82 T .12
3 68 0 0 ) R
4 '35 0 3 30 "¢ 68 .04
5 5 -0 o1 .12 v 28 .39
g | 6 69 9 : 0 8 " 8 .10
7 9% 3 0 12 %7 109 .03
“f 8 85 0 ' 4 25 114 04
. 9 28 | 4 3 13 48 s
™ 10 21 o .20 14 Y .36

11 73 11 2 14 100 .13
| 12 100 7 1 11 119 .07
13 86 1 6 29 122 .06
‘ 14 23 3 ' 2 18 46 : 11
| 15 42 3 1 18 64 .06
| 16 49 0 2 16 67 .03
17 13 1 59 30 103 .58
18 18 0 42 24 o 84 .50
19 6 0 41 24 71 .58
20 5 | 0 24 5 34 .71
Totals 912 e 221 340 1540




TABLE 2

Pilot Block S

ample,

Mean Numbers of Enumerable Frontages Per Block

' Promising

Bleype - of

Block

(Sample Size in Parentheses)

Non-Dwelling

Plate
1 3.0000 (8)
2 3.4375 (16)
3 ©3.7059 (17)
4 3.0909 (11)
5 2.5000 (2) |
6 3.3125 (16)
7. 3.5000 (24)
8 3.3750 (24)
9 3.1667 (6)
10 3.2857 (7)
11 3.1579 (19)
12 3.2692 (26)
13 3.2609 (23)
14 3.0000 (4)
15 2.9000 (10)
16 2.8000 (15)
17 2.2500 (4)
s 2.6667 (3)
19 -== (0
20 j 4.0000 (1)

0.0000

0.0000

0.0000

1.0000

4.0000 (1)

1.7500 (4)

©
0)
(0)
@
0
©
0
0)
2)
2)
©)

(1)
(L
(0)
RC)—

Sample Size

- Total
Vacant - Other
== (0) 3.3333 (9) | 18
- (0) 4.0000° (1) 21
-—— (0) -~ (0) 17
5000 (2) 3.250 ° (4) 17
1.0000 (2) 2.0000 (3) 7
= (0) 2.0000 (4) 21
(@ - 2.5000 (4) 28
~1.5000 (2) 3.0000 (3) 29
2.0000 (1) 3.0000 (5)1‘ 12
1.0000 (&) 2.3333 (3) 14
1.5000 (2) 3.0000_(2)_ 25
0.0000 (1) 3.0000 (1) 30
——=  (0) 2.3750 (8) 31
0.0000 (1) 2.3333 (6) 12
— (0) 2.6000 (5) 16
-—  (0) 2.5000 (2) 17
_+3333 (15) _ 2.1429 (7)———-—-26
.6364 (11) 2.1429 (7) 21
.9231 (13) 2.600 (5) 18
1.1667 (6) 2.5000 (2) 9




sus pilot samgle

Plate Numbers
# of effectively indepen-
dent frontages drawn from cen-

TABLE 3

ff of P & O'Blocks
5(0), 10(1), 17(0), 18(1),

19(0), 20(1) 177
1(1), 9(1), 14(0), 15(2) 199
3(2), 4(1), 16(3) . 198
2(2), 6(3), 11(1) 236
7(3) 106
8(3) 110
12(3) 1
13(5) 115

1252

f.
- i
Xi A mean
l mean 2§' # of enumerable SzEl N X T
# persons/frontage i frontages i iivd
14.00 20.33 2.500 .01955 6,195
39.25: 104.56 2.9434 .01119 22,990
27.50 107.92 3.2041 .01273 17,446
18.33 13.98 3.2069 .01498 13,873
10.00 9.33 3.3571 .01644 3,559
30.00 86.33 3.3333 .01424 11,000
11.00 14.33 - 3.2593 .02733 3,980
11.60 4.16 3.0323 .02900 4,045

83,088



Table 4
T
. Average # Proportion No. Enum. - Estimate Estimate
. - ' Persons per #f or O ND or V Frontages . of Popula- of Populdtion Block
Plate #; - Frontage Blocks Blocks ~  per Block tion Size per Block. . Categorization
| . . | .
1 64.33 57 .21 3.1765 11,648 204.3 2
2 17.60 ‘2 12 3.4706 4,398 61.1 3
3 21.75 68 .00 3.7059 5,481 80.6 2
b 31.00 65 .04 3.1333 6,314 97.1 2
5 i - 17 .39 2.2000 -- - 1
6 16.60 77 .10 ~3.0500 3,899 506 3
7 9.97 106 .03 3.3571 3,548 . 33.5 3
8 | 29.93 110 .04 3.3333 110.974 99.8 2
9 24.00 41 .15 3.0909 3,041 74.2 3
10 22.67 35 .36 3.0000 2,380 . 68.0 1
11 | 25.00 87 13 3.1429 6,83 78.6 3
12 . 1111 111 07 3.2592 4,019 36.2 3
13 11.40 115 .06 3.0323 3,975 3446 3
% - Y 11 2.6000 e | - 3
15 34.50 60 .06 2.8000 5,796 96.6 2
16. 30.33 65 .03 2.7647 5,450  83.9 2
17 -- 43 .58 2.1818 - R 1
18 9.00 42 .50 2.3000 869 20.7 T
19 i' - 30 .58 2.6000 - — 1
20 10.50 10 .71 3.0000 315 31.5 - 1
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 Ropulation Size

Table 6
SAMPLE DESIGN

[

Plate # P 0 ND v P 0O ND V 'f
5 5 12 0 11 0 1 0 1
10 21 14 0 20 1 10 2
17 13 30 1 59 1 2 0 6
18 18 24 0 42 1 2 0 4
19 6 24 0 41 0 2 0 4
20 5 5 0 24 1 0 0 2
Total :
Group 1 68 109 1 197 4 8 0 19
1 29 28 15 0 3 3 1 0
3 68 0 0 0 6 0 0 0
4 35 30 0o 3 4 3 0 0
8 85 25 0 4 e 2 0 ]
. 15 42 18 3 1 4 1 0 0
16 49 16 0o 2 5. 1070
Total
Group 2 308 117 18 10 30 10 1 0
2 63 9 10 0 4 1 1 0
6 69 8 9 0 5 1 1 0
7 94 12 3 0 7 1 0 0
9 28 13 4 3 2 1 0 0
11 73 14 11 2 6 1 1 0
12 100 11 7 1 8 1 1 0
13 86 29 1 6 7 2 0 1
14 23 18 3 2 2 1 0 0




© bridge, 1962.
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1 - In addition to W.G. Cochran, Sampling Techniques New York, 1963,
the historian may wish to consult R. S. Schofield "Sampling in His~
torical Research" in E.A. Wrigley, Nineteenth Century Society Cam-

bridge, 1972: 146-190.

2 - S. Bass Warner, The Private City, Philadelphia in Three Periods of
its Growth Philadelphia, 1968.

- K.T. Jackson, '"Urban Deconcentration in the Nineteenth Century: A
Statistical Inquiry" in L.F. Schnore, ed. The New Urban History
Princeton, 1975: 110-142,

3 - M. Rischin, The Promised City: New York's Jews, 1870-1914 Cam-

4 - R. Woods and A. Kennedy, The Zone of Emergence, Observations on
the Lower, Middle and Upper Working Class Communities of Boston,
1905-1914 Cambridge, 1962 (original manuscript, 1904-1914).

5 - Problems of record linkage have usually been studied in terms of
nominal linkages in various sources rather than of people and areas.
See E.A. Wrigley, ed. Identifying People in the Past London, 1973.

6 - E. Robinson and R.H. Pidgeon, Atlas of the City of Detroit and
Subirbs Embracing Portions of Hamtramck, Springwells and Greenfield
Townships New York, 1885.

7 - For selected references on the use of the manuscript census by
historians, see J.B. Sharpless and R.M. Shortridge, ''Biased Under-
enumeration in Census Manuscripts: Methodological Implications."
Journal of Urban History, Vol. I, number 4, August 1975: 409-439.

8 - R.D. McKenzie, The Neighborhood: a Study of Local Life in the
City of Columbus, Ohio Chicago, 1923.

- S. Keller, The Urban Neighborhood: A Sociological Perspective
New York, 1968.




9 - If the blocks are selected without replacement and if any of the

4 corners can then be independently chosen for each block, there is a
possibility of overlapping fronts between clusters if two selected pri-
mary blocks happen to be contiguous.

] ; -
' !
: 1 ' Front 2b is in clusters A & B
) ¢ >
= a Front 3b is also in clusters
d 2 b| - |4 3 b A& B
c ¢
f d 1
' [}
| []
1 '
| !
[ 4
A B

10 - The Census Bureau's enumeration districts boundaries are useful to
narrow down the search in the documents.

11 - Statistics of the Population of the United States at the 10th
Census - June 1, 1880 Washington, -D.C., 1883: 420.

~ ,
12 - P involves the sum of products of random variables. Formulae for

variances of such products may be found in L.A. Goodman "On the Exact
Variance of Products.' Journal of the American Statistical Association

55 (1960): 708-713.

13 - Variances shown in table 6 are computed with the following
formula:

=2
L(Xx, -
2 X; - X)
g — =5 ——
n(n - 1) ,
i4 - For the 5 plates without census data {3, 14, 17-19), we esti-
mated the mean number of peopice per front. A scatter plot of the

numbet "of people per front against the % of P and O blocks per plate’.
for the 15 plates with census data, led us to classify them into
three groups:

1) few people per front (<21) and small proportion of P and O blocks
€65%): plates 20 and 10



2) many people per front (»60) and large proportion of P and O blocks
(770%): plates 2, 6, 7, 8, 9, 11, 12, 13, 15, 16

3) middle group: less than 42 people per front and above 70% of P
and O blocks in the plate: plates 1, 3 and 4.

On the basis of the proportion of P and O blocks, plates 5, 17, 18
and 19 were assigned to group 1 and plate 14 to group 3. At this
stage, these plates lacking census data were assigned the mean num-
ber of people per front for their assigned group.

l_l l i i N

17 - Including o rescarch trip to the University of Pittsburgh library,
where the original manuscripts are deposited, to read tne few un-
readable pages of the microfilm of the National Archives.

18 - Our predlctlon was most inaccurate for X , the mean number of
people per front in category 3. We had corrdcted some of this ex-

pected underestimation by generally overeotlmatlng . *, the mean
number of enumerable fronts per cluster:

category ‘mean number of people/front mean number of enumerable fronts/clusters
Pilot sample Final sample Estimated Final sample
1 14.5 17.68 2.75 1.81
2 32.38 32.46 4.30 3.70

3 14.12 35.69 4.10 3.69

19 - The 1880 City Directory of Detroit, 966 p. J.W. Weeks and co. Detroit,
1880.

20 - These are the most commonly used. The routines for match merging

the data-sets and computing summary statistics at various levels of
analysis are available in the Michigan Interactive Data Analysis System.
See D.J. Fox and K.E. Guire, Documentation for MIDAS, revised edition
August 1974, Statistical Research Laboratory of The University of Michigan,
Ann Arbor, Michigan 48104.




21 - The stratum of a cluster of 6 fronts is identified by its primary
block.

22 - In the original sample design there were 80 strata - twehty'ﬁlataa,

each with four types of blocks. However, only four different sampling
fractions were used, and thus there are only four different values of

W . These correspond effectively to P and O blocks for each of the 3
groups of plates shown in Table 9 and to the ND and V blocks over all
plates. The actual weights used were taken as being proportional to Ni/ni
where the constant of proportionality was chosen so that the weighted

sum of the sample number of persons in each of these four categories
reproduced the total sample size of 12,185 persons. Details are shown

below.

w, sample # of persons

1.2162 433
.8761 4597
1.0719 6823
.9499 332




23 -~ The formula for the estimated variance of r is given by

Var (r) = %2 [Var (y) + r2 var (x) - 2r Cov (x,y)]

where
a
H h 2

Viy) =2 I '..-y')°5,
hel ge1 = ho h

and

=
*

Cov(x,y) =X & (x'. -x')(y'. -7
hel =1 | ho h ha

Also,

and



Finally the standard error of r is given by

SE(r) =/ Var(D o

see Leslie Kish, Survey Sampling, New York, 1965, chap. 6: "unequal clusters"

24 - Statistics of the Population of the United States at the 10th Census,

op. cit.: 536-541, 420, 876

25 ~ See Olivier Zunz "Detroit en 1880 : espace et ségrégation" Center for
Research on Social Organization of The University of Michigan, Working Paper

# 121, August 1975. Forthcoming in Annales E.S.C.







