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SAMPLE DESIGN -

Annual Housing Survey.—The estimates

for each of the 20 SMSA's are based on

data collected from the 1976 Annual

Housing Survev {AHS) WhICh was con-

ducted by the Bureau of the Census

acting as collectron agent for the Depart-

ment of Housmg and Urban Develop- . .
ment. In ‘each of the 20 SMSA s, the data )
were collected for the 12- month Dernod )

from Apnl 1976 throug\ March 1977
with one- twelhh ‘of the sampie units,

being vmtecl each month.
T
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Data for the first group of 19 SMSA's
were collected for the AHS from April
1974 through March 1975, and data for a
second group of 21 SMSA's were col-
lected from Aprit 1975 through March
1976. The sample housing units for each
group of the AHS SMSA's are interviewed
on a rotating basis.

For each group of SMSA's, the largest
SMSA from each of the four geographic
regions is represented by a sample of
about 15,000 designated housing units
evenly divided between the central city
and the balance of the respective SMSA.
All remaining SMSA’s are each repre-
sented by a sample of about 5,000
designated housing wunits distributed
proportionately between the central city
and the balance of the respective SMSA
based on the distribution of total housing
units in each sector,

The largest SMSA’s in the. third group
(1976-77) are: Houston, Tex., New York,
M.Y., St. Louis, Mo.-lil,, and Seattle-
Everett, Wash,

The remaining SMSA’s in the third
group are: Allentown-Bethlehem-Easton,
Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.Y., Cleveland, Ohio, Den-

ver, Colo., Grand Rapids, Mich.,
Honolulu, Hawaii, Indianapolis, Ind., Las
Vegas, Nev., Louisville, Ky.-Ind.,
Okiahoma City, Okla., Omaha, Nebr.-

lowa, Providence-Pawtucket-Warwick,
R.l.-Mass., Raleigh, N.C., and Sacra-
mento, Calif.

In this SMSA, 4,686 units were eligible
for interview, Of these sample units, 138
interviews were not obtained because, for
occupied sample units,
were not at home after repeated visits or
were unavailable for some other reason;
or, for vacant units, no informed re-

" spondent could be found after repeated

visits. In addition to the units el igibte for
interview, 330 unns were visited but were

not eligible for mterwew because they -

were found to be condemned, unfit,

dé'molished, converted to group quarters
use, etc. ‘

.

S_election of the sé_mble.—The sample ‘for.

the SMSA's which are 100-percent

the occupants .

permit-issuing (Honolulu, Las Vegas, New
York, and Sacramento} was selected from
two sample frames—units enumerated in
the 1970 Census of Population and Hous-
ing in areas under the jurisdiction of

permit-issuing offices {the permit-issuing -

universe}) and units. constructed in per-
mit-issuing areas since the 1970 census
(the new construction wuniverse). In
addition, the sample for the 16 SMSA's
which are not 100-percent permit-issuing
included a sample selected from a third
frame—those: units located in areas not
under the jurisdiction of permit-issuing
offices {the nonpermit universe).
Sampling operations, described in the
following paragraphs, were performed
separately within the central city and the
balance of the SMSA for each of the
sample frames. The overall sampling rate

o]

used to select the sample for each SMSA

was determined by the size of the samp!é. h

Thus, for the four largest SMSA's, the
overall sampling rate differed by central
city and balance of the SMSA since the
sample was divided equally between the
central city and the balance of the SMSA.
The remaining SMSA’s had an overall
sampling rate about the same for the
sample selected from both the central
city and balance of the SMSA, since the
sample was distributed proportionately
between the central city and the balance
of the SMSA according to the distri-
bution of total housing units in each
sector.

The major portion of the sample was
selected from a file which represented the

- 20-percent sample of units enumerated in

permit-issuing areas of the SMSA during
the 1970 Census of Population and Hous-
ing. This file contained records for occu-
pied housing units, vacant housing units,
and units in certain special places or
group quarters. Sampling operations were

..done separately for the special place and

group quarters records and for the.occu- . .

pied and vacant housing unit records.

. Before the sample was selected from the

occupied and vacant housing unit.records,
the occupied housing unit records were

Black} and the vacant housing unit

. stratified by race of head (non-Black/-
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records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units,
The occupied housing unit records were
further stratified so that each unit was
assigned to 1 of 50 strata according to its
tenure, family size, and household in-
come category as iliustrated by the
following table:

Tenure

Renter—
Family size

Owner—
Family size

Household
income

12345+ | 12345+

Under $3,000 . . .
$3,000-$5,999, . .
$6,000-$9,999. . .
$10,000-$14 999 .
$15,000 and over .

Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to 1 of 100 strata for either
the central city or for the balance, and
the vacant housing unit records were
assigned to 1 of the 4 vacant strata for
either the central city or for the balance
of the SMSA. A sample of housing unit
records was then selected to produce
one-half of the desired sample size. How-
ever, the housing unit record adjacent to
each of the above sample housing unit
records was also selected to be in sample,
thereby insuring the necessary designated
sample size,

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {ED} within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected to produce one-quarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an
expected four sample units, thereby
insuring the necessary designated sample
size.

The second' frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since January 1970 (i.e., the new con-

struction universe), The sample selection
trom the list of new construction building
permits was an independent operation
within this SMSA. Prior to sample selec-
tion, the list of permits was chronologi-
cally stratified by the date the permits
were issued and clusters of an expected
four {usually adjacent} housing units were
formed. These clusters were then sampled
for inclusion at the overall sampling rate.

For those SMSA’s which are not
100-percent permit-issuing, the remainder
of the AHS sample was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices (i.e.,
the nonpermit universe). The first step in
the sampling operation for the universe
was the selection, using the overall
sampling rate, of a sample of census
enumeration districts within these areas.
Prior to this sample selection, the ED's
were stratified by census tract within the
central city and within the balance of the
SMSA. The probability of selection of an
ED was proportionate to the following
measure of size:

Group guarters
population in
_1970 census ED
3

Number of housing
units in 1970 +
census ED

The sample ED's were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four, or a multiple of four
housing units. At the time of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housing units,

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all wnits in
existence at the time of interview are in
sample, Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Coverage improvement sample selec-
tion.—The Coverage !mprovement Pro-
gram was undertaken to correct certain
deficiencies in the AHS-SMSA sample
from the permit-issuing and new con-
struction universes. The coverage de-
ficiencies included the following units:

1. New construction from building
permits issued prior to January 1970,
but completed after April 1, 1970.

2. Mobile homes placed in parks either
missed during the 1970 census or
established since the census.

3. Units missed in the 1970 census.

4. Units converted to residential use
that were nonresidential at the time of
the 1970 census.

5. Houses that have been moved onto
their present site since the 1970
census.

6. Mobile homes placed outside parks
since the 1970 census or vacant at the
time of the 1970 census,

Coverage improvement for deficiency
1.—A sample of new construction units
whose permits were issued before January
1970, but completed after April 1970,
was selected independently for each
SMSA. The sampling was carried out in
two stages for one-and-two-unit struc-
tures and in three stages for three-or-
more-unit structures. These units were
sampled at one-fourth the rate of units
originally selected for the AHS-SMSA
sample (regular AHS units).

The first stage was a sample of permit
offices and the second stage a sample of
the 1969 permits within each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolulu, Hawaii, SMSA,
and Grand Rapids, Mich.,, SMSA, an

-additional sample of 1968 permits for

three-or-more-unit  structures was in-
cluded in the second stage sampling, For
the third stage, structures of size three or
more were divided into clusters of an
expected size of four units and a sample
of clusters was selected. This procedure
added an estimated 625 new construc-
tion units to the coverage of the housing
inventory of this SMSA.,

Coverage improvement for deficiency
2 —In permit-issuing areas, a sample of
mobile homes placed in a park missed by
the census or established after the census
was selected in two stages. First, for each
1976-77 SMSA, a sample of tracts was
selected and canvassed. All parks were
listed and then matched back to the 1970
census to identify parks missed by the
census and parks established after the

App-43
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census. Second, the parks were divided
into clusters of an expected size of four
sites and a sample of clusters was selected
and interviewed. Each of the sample units
represented the same number of units
that the regular AHS sample units repre-
sented. This procedure added an esti-
mated 395 units to the coverage of the
housing inventory of this SMSA,

Coverage improvement for deficiencies
3-6.—The remaining missed units were
sampted by one of two procedures. The
first procedure was designed to represent
units from the following types of missed
structures (structures that had no chance
of selection for the AHS)!

1. Structures missed

census,

2. Structures that were completely

nonresidential_in the 1970 census but

contain units converted to residential
use.

3. Mobile homes that had been placed

outside parks since the 1970 census

and had a utility hookup, or vere on

the sité but not occupied on April 1,

1970, or had no utility hookup but

were occupied by persons with no

usual residence elsewhere.

4, Houses that had been moved onto

their present site’

census, .
Initially, a subsample of regular AHS
units ‘was sefected at a rate of 1 in
22.2152. Then succeeding structures, in a
defined path of travel to the right of the
structure containing the sample unit,
were listed until eight structures {exclud-
ing the sampie unit structure) were found
that had been eligible to be selected for
the AHS. Finally, the intervening struc-
tures that did not have a chance of
selection in the AHS were identified and
units within these structures were inter-
viewed. In cases where the interviewer
workload would have been too great, a
representative subsample of units withi.n
these structures was selected. This
procedure added an estlmated 4 516 unlts
1o the coverage of the housmg |nventory
of this SMSA,

The second proced.lre was des:gned to
represent missed unlts frorn structures
represented |n the AHS These m|ssed
units were

in the 1970

App—44 i

A

since the 1970

f facent) .
selected from the 1970 census listing of

1. Units missed in the 1970 census.

2. Units converted to residential use
since the 1970 census in structures
that contained some residential units
in 1970.

First, a subsample of reguiar AHS units in
multi-unit structures of 1ess than 10 units
was selected from the permit-issuing uni-
verse, Second, for the multi-unit struc-
tures selected, all units were ltisted and
matched to the 1970 census. Any missed
units were then assigned for.interview.
This procedure added an estimated 71t
units to the coverage of the housing

~_inventory of this SMSA.,

Building loss sample selection.—Some
tables in this report show estimates of
characteristics of housing units removed
from the housing inventory since 1870
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
interview). For the permit-issuing uni-
verse, the sample upon which these esti-

' mates were based was the regular AHS

sample previously described. Since the
addresses of these sample units were
known to exist in 1970, the AHS inter-
viewers could detefmine which of the
sample units were no longer considered to
be part of the housing inventory. From
these units, estimates were obtained for
both whole structure losses [i.e., lost
units in structures in which all housing
units were removed from the inventory)
and part structure 1osses [i.e., lost.units in

structures in which some, but not all, of,

the units were removed from the inven-
tory}.

- For each of the SMSAs with a non- -
.. permit universe, it was necessary to select.

an independent sample with® which to

measure lost units because of the area:

sample technique employed for -the

" regular AHS sample. For this independent:.

a cluster of four {usually ad-
housing unit addresses was

sample,

addresses .for each sample ED. Since these

_ addresses were known to exist-in 1970, . .
. the AHS interviewer, determined, those -

sample units that were.no longer con-
sidered part of the housing inventory,
From these units, only.estimates-of.whole

. the foliowmg rat|o

structure losses were obtained {i.e., lost
units in structures in which all housing
units were removed from the inventory).

1870 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory (i.e., the housing
inventory that existed at the time of the
1970 census) are based on either 20-, 15-,
or 5-percent sample data collected in
April 1970 for the Decennial Census of
Population and Housing. A detailed
description of the sampie design’ em-
ployed for' the 1970 census can be
obtained in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

ESTIMATION

The AHS sample produced two types of
estimates for each SMSA: Estimates' per-
taining to characteristics of the housing
inventory at the time of the interview
{i.e., the 1976 housing inventory) and
estimates pertaining to characteristics of -
units removed from the housing in-
ventory since 1970 (i.e., 1970-1976 lost
units}. Each type of estimate employed
separate, although similar, estimation
procedures. ,
1976 housing inventory.—The AHS esti-
mates of characteristics of the 1976
housing inventory employed a one-stage
ratio estimation procedure, Prior to the

_tmplementation of the ratio estimation .

procedure, the basic irv_eight (i.e., the
inverse of the prébability of selection) for .
each interviewed sample housing unit was
adjusted to account for the 138 noninter-
views previously mentioned. The non-
|ntervnew adjustrnent factor was equal to

N R

" Weighted count'ef " Weighted count of
interviewed ' + noninterviewed
housing units: . housing units
Weighted count of interviewed housing |
units

Within each sector of-each SMSA, -3
‘noninterview factor was computed sepa-
ratety for B0 noninterview cells for sam-

. ple housing units-from the permit-issuing - =
~universe (where the cells consisted of 1 or

more of the different-strata used in the:-
stratification of the universe as previously
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illustrated). In addition, a noninterview
factor was computed for one noninter-
view cell for new construction sample
housing units from both the permit-
issuing universe and the coverage im-
provement universe, ©ne noninterview
cell for mobile homes, and one noninter-
view cell for sample units from both the
nonpermit universe (if applicable) and the
coverage improvement universe (if units
were not included above).

The following ratio estimation pro-
cedure was employed for all sample
housing units from the permit-issuing
universe, This factor was computed
separately for ali sample housing units
within each permit-issuing universe non-
interview cell mentioned previously. The
ratio estimation factor for each cell was
equal to the following:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

For each SMSA, the numerators of the
ratios were obtained from the 1970
Census of Population and Housing
20-percent file of units enumerated in
areas under the jurisdiction of permit-
issuing offices. The dengminators of the
ratios were obtained from weighted
estimates of all the AHS sample units
within the corresponding ratio estimation
categories using the existing weight {i.e,,
the basic weight times the noninterview
factor}. The computed ratio estimation
factor was then applied to the existing
weight for each sample unit within the
corresponding ratio estimation category.

The effect of this ratio estimation
procedure was to sormewhat reduce the
variance due to the variation in sample
size of strata used in the sample selection
of the permit-issuing universe, thereby
reducing the sampling error below. what
would have been obtained by simply
weighting the resuits of the sample by the
inverse of the probability of selection.
Ordinarily, this would have been con-
trolled by sampling within the strata
during the sample,selection process. How-
ever, prior to the AHS sample selection
within each SMSA, units already selected
for other Census Bureau surveys were
deleted. from the permit-issuing universe,

Thus, some variation in sample size was
introduced during the AHS sample sefec-
tion process,

1970-1976 lost units.—The AHS estimate
of characteristics of the 1970-1976 lost
units employed a one-stage ratio esti-
mation procedure which is similar to the
ratic  estimation procedure described
previously. The file of 1970-1976 lost
units was matched to the 1970 census file
to obtain the 1970 characteristics of the
lost units. Some lost units did not match,
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment
factor was equal to the following ratio:

Weighted count of Weighted count of
matched lost units nonmatched lost units

Woeighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for whole
structure losses and part structure |osses.
The effect of this estimation procedure
was to reduce the sampling error below
what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection.

Ratio estimation procedure of the 1970
Census of Population and Housing -~ This
report presents data on the housing
characteristics of the 1970 housing in-
ventory from the 1970 Census of Popu-
lation -and- Housing. The statistics based
on 1970 census sample data employed a
ratio estimation procedure which was
applied separately for each of the three
census samples. A detailed description of
this ratio estimation procedure can be
found in the 1970 Census of Housing
report, Volume !, Housing Characteristics
for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and non-
sampling errors. The following is a
description of the sampling and non-
sampling * errors associated with the

AHS-SMSA sample and of the non-
sampling errors associated with the 1970
census estimates. A description of the’
sampling errors associated with the
sample estimates from the 1970 census
can be found in the 1970 Census of
Housing report, Volume 1, Housing
Characteristics for States, Cities, and
Counties, Part 1,

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about ail cases, definitional difficulties,
differences in the interpretation of ques-
tions, inability or unwillingness to pro-
vide correct information on the part of
respondents, mistakes in recording or
coding the data, and other errors of
collection, response, processing, coverage,
and estimation for missing data. Non-
sampling errors are not unique to sample
surveys since they‘can, and do, oceur in
complete censuses as well,

Obtaining 2 measurement of the total

_nonsampling error associated with the

estimates from a survey is very difficult,
considering the number of possible
sources of error. However, an attempt
was made to measure some of the non-
sampling errors associated with the
estimates for both the 1970 Census of
Population and Housing and the 1976
AHS-SMSA sample.

1970 census.—A number of studies were
conducted to measure two types of
general errors associated with 1970 cen-
sus estimates—"'coverage’’ and “'content”’
errors. The *'coverage’” errors determined
how completely housing units
counted in the census and included space
errors, definitional errors, and occupancy
errors. The "content”™ errors measured
the accuracy of the data collected for
enumerated housing units. These errors
were measured by reinterviews, record
checks, and other surveys.

The detailed results of these studies, as
well as the methodology employed, are
presented in the 1970 Census of Popu-.
lation and Housing Evaluation and
Research Program Reports, Series
PHC(E}-5, The Coverage of Housing in
the 1970 Census, and PHC{E)-10, Accu-

App-45
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racy of Data for Selected Housing Charac-
teristics as Measured by Reinterviews.

AHS-SMSA. —For the 1976 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-

ponents of the nonsampling error asso-

ciated with the AHMS estimates. A rein-
terview program was conducted for a
sample of the AHS bouseholds. These
hiouseholds were revisited and answers to
some of the questions on the AHS ques-

tionnaire were obtained again. The orig- -

inal interview and the reinterview were
assumed to be two independent readings
and thus, were the basis for the measure-
ment of the accuracy of the AHS data
collected from interviewed hauseholds,

As part of the reinterview, a check was
made at each of these households to
determine if the following was done
during the original interview:

1. The correct unit was visited,

2. The correct number of housing
units were interviewed at that address.
3. The correct information on "Year
Built" was obtained.

4. The correct information on ‘Ten-
ure” was obtained. l

5. The correct information on "House-
hold Composition®’ was obtainli?d.

6. The correct information on “Type
of Housing Unit”" was obtained,

7. The correct information on “Occu-
pancy Status’’ was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance

limits were derived to determine which ~

interviewers passed or failed this rein-
terview check. The results of this study
are available and are presented in the
following Census Bureau memorandum,
“Response Error in the Annual Housing
Survey as Measured by Reinterviews—
Year [11 {1976-1977} SMSA Sample.”

Some of the results of this study are
presented below (note that these results
are based on the reinterviews across all
Year 11l SMSA's and not for any specific
SMSA): .

1. For a;tit'udin:al’itér_ns which were
not reconciled {i.e., after the question
is answeréd inf the feimerview, the
enumerator does not. present.the pre-

App-46

vious response and then ask the
respondent to decide upon the best
answer), approximately 67 percent of
the indices of inconsistency showed
moderate levels of response dis-
agreement while the remaining 33
percent showed high levels.

2. Some differences beyond those due
to sampling error did occur. Most of
the categories affected by bias were
categories of attitudinal items.

The range for evaluating inconsistency
is from 0—100, The rule of thumb is that
indices below 20 are low; indices from
2050 are moderate, indicating that
there is some problem with inconsistent
reporting; those over 50 are high, indicat-
ing that improvements are needed in the
method used to collect these data or that
the category concepts themselves are
ambiguous, .

The results of this study were based on

sample data so there is sampling error .

associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into
account when considering the results of
this study.

Coverage errors. —With respect to errors
of coverage and estimation for missing
data, the AHS new construction sample
had deficiencies in the representation of
conventional new construction. Due to
time constraints, only those building
permits issued more than § months

- before the survey ended were eligible. to

be sampled to represent conventional new
construction in permit-issuing areas for
this SMSA. Also, permits were sampled
on a monthly basis and were divided

equally among the 12 panels in which

interviews were conducted. Due to this .

procedu{re, some of the permits issued in

November 1975 through October 1976

were riol interviewed because they were
assigned to panels in which the inter-

viewinéj had alre'adv been completed. In’

this SMSA, 5.0 percent of the permits

sampled’ were not interviewed because of
this procedure. This percentage does not
include ‘permits issued during the last 5

months of the survey. However,’ these |

permits issued during the last 5 months of

the survey do not necessarily represent‘.;‘

missed housing units since, due to the
relatively short time-span involved, it is
possible that construction of these units
was not completed at the time the survey
was conducted and they were not eligible
for interview. In addition to these defi-
ciencies, new construction in special
places that do not require building per-
mits, such as military bases, are also not
adequately represented.

The Coverage Improvement Program
also had certain deficiencies. It appears
that the listing procedure used to find
units missed in the 1970 census, units
converted from noonresidential to resi-
dential, houses moved onto their present
site, and mobile homes placed outside
parks, was not very efficient for finding
nonresidential conversions. Such con-
versions were primarily in business
districts, whereas the listing procedure
started from a residential unit.

Deficiencies also exist in ED's where
area sampling methods are used. It had
been assumed that all units located inside
these ED's would be represented in the
sample. However, it-has been estimated
that the 1976 AHS sample missed as
much as 2 percent of all housing units in-
these ED's because they were not listed
during the canvassing.

Rounding errors.—For errors associated
with processing, the rounding of esti-
mates introduces another source of error
in the data, the severity of which depends
on the statistic being measured. The
effect of rounding is significant relative to
the sampling error only for small percent-
ages or small medians, when these figures
are derived from relatively large bases
(e.g., median number of persons per
household}.” This means that confidence
intervals formed from the standard errors
given may be distorted and this should be
taken into account when considering the
results of the survey, ’

Samplingj errors for the AHS-SMSA

sample.—The particular sample used for
this survey is one of a large number of
possible sampies of the same size that
could. have been selected. using the same
sample design. Even if the same sched-
ules, instructions, and interviewers were
used, estimates from each of the different
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samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
provide a measure of this variation among
the estimates from the possibie samples
and thus, is a measure of the precision
with which an estimate from a sample
approximates the average result of all
possible samples,

As calculated for this report, the
standard error aiso partially measures the
variance in the estimates due to response
and interviewer errors {nonsampling
errors}, but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates
depends on both the sampling and non-
sampling error measured by the standard
error,
sampling errors not measured by the
standard error.

The sample estimate and its estimated
standard error enabie one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each
sample, then:

“1. Approximately 68 percent of the
intervals from one standard error be-
Jow the estimate to one standard error
above the estimate would include the
average resuit of all possible samples.
2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
a‘bove the estimate would include the
average result of all possible samples.
3. Approximately 25 percent of the
intervals from two standard errors
below the estimate to two standard
errors” above the estimate would in-
clude the average resuit of all possible
samples.

The average result of all possible
samples either is or is not contained in
any particular computed interval. How-
ever, far a particular sample, one can say
with specified confidence that the average

hiases, and some additional non-’

result of all possible samples is included
in the constructed interval,

The figures presented in the following
tables are approximations to the standard
errors of various estimates shown in this
report for this SMSA. In order to derive
standard errors that would be applicable
to a wide variety of items and also could
be prepared at a moderate cost, a number
of approximations were reguired. As a
result, the tables of standard errors pro-
vide an indication of the order of mag
nitude of the standard errors rather than
precise standard errors for any specific
items.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1976 housing inventory as well as
estimates of characteristics of the
1970-1976 lost units. Linear inter-
polation should be used to determine the
standard errors for estimates not speci-
fically shown in this table. The standard

TABLE 1. Standard Errors for Estimated
Number of Housing Units in the 1976 Hous-
ing Inventory and for Estimated Number of
1970-1976 Lost Units for the Allentown-
Bethlehem-Easton, Pa.-N.J, SMSA, for the

Central City, and for the Balance of the
SMSA
{68 chances out of 100] ]
Standard error
Size of
estimate In Notin
SMSA central | central
city City
0...... . 50 50 60
100..... 70 70 80
200..... 100 100 110
500 ..... 160 160 170
700 ..... 190 180 200
1,000 ... 230 220 240
2,500 ... 370 350 380
5000 ... 510 480 530
10,000 .. 720 670 740
25,000 .. 1,110 970 | 1,130
50,000 .. 1,490 1,160 | 1,610
75,000 . 1,730 1,090 | 1,720
100,000 . 1,870 — | 1,840
150,000 . 1,960 - -
200,000 . 1,790 - —

errors on the AHS estimates of the
population in housing units shown in
tables A-1, B-1, and C-1 of part A of this
report are 6,420 for the total SMSA,
4,000 for the central city of the SMSA,
and 5,610 for the batance of the SMSA.

The reliability of an estimated percent-
age, computed by using sample data for
both numerator and denominator,
depends upon both the size of the
percentage and the size of the total upon
which the percentage is based. Estimated
percentages are relatively more retiable
than the corresponding estimates of the
numerators of the percentages, particu-
larly if the percentages are 50 percent or
more.

Table [l presents the standard errors of
estimated percentages of the 1976 hous-
ing " inventory as well as estimated
percentages of the 1970-1976 lost units.
Two-way interpolation should be used to
determine standard errors for estimated
percentages not specifically shown in
table I1. )

Included in tables | and Il are esti-
mates of standard errors for estimates of
zero and zerc percent. These estimates of
standard errors are considered as over-
estimates of the true standard errors and
should be used primarily for construction
of confidence intervals for characteristics
when an estimate of zero is obtained.

For'ratios, 100 {x/y), where x isnota
subclass of y, table || underestimates the
standard error of the ratio when there s
little or no correlation between x and V.
For this type of ratio, a better approxi-
mation of the standard error may be
obtained by tetting the standard-error of
the ratio be approximately equal to:

where: x = the numerator of the
ratio
y = .the denominator of the
ratio
o, = the standard error of
the numerator
oy = the standard error of

the denominator

Hiustration of the use of the standard
error tables. —Table A-1 of part A of this
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TABLE I, Standard Errors for Estimated Percentages of Housing Units in the 1976 Housing
Inventory and for Estimated Percentages of 1970-1976 Lost Units for the Allentown-
Bethlehem-Easton, Pa.-N.J., SMSA, for the Central City, and for the Balance of the SMSA

(68 chances out of 100)

Estimated percentage’
Base of
percentage Oor Yor 5or 10 or 25 or 50
100 99 85 90 75
100 ....... 35.1 35.1 35.1 35.1 35.1 36.7
200 ....... 21.3 21.3 21.3 21.3 225 26.0
500 ....... 9.7 9.7 9.7 9.9 14.2 16.4
700 ..,.... 7.2 7.2 7.2 83 12.0 13.9
1,000...... 5.1 6.1 5.1 7.0 10.1 11.6
2500...... 2.1 2.1 3.2 4.4 6.4 7.3
5000...... 1.1 1.1 2.3 3.1 4.5 5,2
10,000..... 5 7 1.6 2.2 3.2 3.7
25,000, .... 2 5 1.0 1.4 2.0 2.3
50,000..... 1 3 7 1.0 1.4 1.6
75,000..... 07 3 B .8 1.2 1.3
100,000, ... .05 .2 5 7 1.0 1.2
150,000. ... .04 2 A4 6 8 .9
200,000. ... .03 .2 4 5 7 8

' Standard errors are presented to nearest one-tenth of one percentage point except when the
standard error is less than fifteen-hundredths of one percentage point; in those cases, the standard
error is shown to nearest one-hundredth of one percentage point.

report shows that in 1876 there were
137,900 owner-occupied housing units in
this SMSA. Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
1,940. The following interpolation pro-
cedure was used;

The infarmation presented in the
following table was extracted from
table |. The entry for '"x"' is the one
sought.

Size of Standard
estimate error
100,000........ 1,870
137,800........ X
150,000........ 1,860

The entry for x is determined by
vertically interpolating between 1,870
and 1,960.

137,900—100,000 = 37,900
150,000- 100,000 = 50,000

37,900
50,000

1.870+ (1,960—1,870) = 1,940
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Consequently, the 68 percent confidence
interval, as shown by these data, is from
135,960 to 139,840 housing units. There-
fore, a conclusion that the average esti-
mate, derived from all possible samples,
of 1976 owner-occupied housing units
lies within a range computed in this way
would be correct for roughly 68 percent
of all possible samples. Similarly, we
could conclude that the average estimate
derived from all possible samples, lies
within the interval from 134,800 to
141,000 housing units with 90 percent
confidence; and that the average estimate
lies within the interval from 134,020 to
141,780 housing units with 95 percent
confidence. .

Table A-1 of part A also shows that of
the 137,900 owner-occupied housing
units, 29,100, or 21.1 percent, had two
bedrooms. Interpolation in table Il of the
appendix (i.e., interpolation on both the
hase and percent} shows that the standard
error of the 21.1 percent is approxi-
mately 0.8 percentage points. The
following interpolation procedure was
used: ~

The information presented in the
following table was extracted from
table 1i. The entry for “p’’ is the one
sought.

Estimated percentage
Base of
percentage 10 or 1.1 25 0or
90 ’ 15
100,000 . . . 7| al 10
137,900. ... _ p
150,000. ... .6 b B

1. The entry for cell 'a” is determined
by horizontal interpolation between
0.7 and 1.0.

21.1-10.0 = 11.1
25.0-10.0=15.0
11.1
0.7 + 5.0 {1.0-0.7) = .92
2. The entry for cell b’ is determined
by horizontal interpolation between .6
and .8.

21.1-10.0= 111
25.0-10.0=15.0
11.1

0.6+ 150 {0.8—-0.6) = .76

3. The entry for “p” was then deter-
mined by vertical interpolation
between .75 and .92.

137,900-100,000 = 37,900
150,000-100,000 = 50,000

37,900

'92_50.000

(.92-.75)= 0.8

Consequently, the 68percent confidence
interval, as shown by these data, is from
203 to 219 percent; -the 90-percent
confidenqe interval is from 19.8 to 22.4
percent; and the 95-percent confidence
interval is from 19.5 to 22.7 percent.

Differences —The standard errors show"n
are not directlty applicable to differences
between two sample estimates. The stand-
ard error of a difference between
estimates is approximately equal to the
square root of the sum of the squares of
the standard error of each estimate




APPENDIX B—Continued

considered separately, This formula is
quite accurate for the difference between
estimates of the same characteristic in
two different SMSA’s or the difference
between separate and uncorrelated
characteristics in the same SMSA. How-
ever, if there is a high positive correlation
between the two characteristics, the
formula will overestimate the true stangd-
ard error; but, if there is a high negative
correlation, the formula will under-
estimate the true standard error.
Hlustration of the computation of the
standard error of a difference.—Table A-1
of part A of this report shows that in
1976 there were 74,900 owner-occupied
units with three bedrooms in this SMSA.
Thus, the apparent difference, as shown
by these data, between owner-occupied
units with two bedrooms and owner-
occupted units with three bedrooms is
45,800. Table | shows the standard error
of 29,100 s approximately 1,170 and the
standard error of 74,900 is approximately
1,730. Therefore, the standard error of
the estimated difference of 45,800 is
about:

2,090 =\[(1,170}2 +(1,730)°

Consequently, the 68-percent confidence
interval for the 45,800 difference is from
43,710 to 47,890 housing units. There-
fore, a conclusion that the average
estimate, derived from all possible
samples, of this difference lies within a
range computed in this way would be
correct for roughly 68 percent of all
possible samples. Similarly, the
90-percent confidence interval is from
42,480 to 49,140 housing units, and the
95-percent confidence interval is from
41,620 to 49,980. Thus, we can conclude

with 85 percent confidence that the
i

number of 1976 owner-occupied units
with three bedrooms is greater than the
number of owner-occupied units with
two bedrooms since the 95-percent
confidence interval does not inctude zero
or negative values.

Medians —For medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for
measuring the reliability of the estimated
median is to determine an interval about
the estimated median so that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
nrocedure may be used to estimate
confidence limits of a median based on
sample data:

1. From table Il determine the stand-
ard error of a 50-percent characteristic
on the base of the median.

2. Add to and subtract from 60
percent, the standard error determined
instep 1.

3. Using the distribution of the charac-
teristic, read off the confidence inter-
val corresponding to the two points
established in step 2.

For about 68 out of 100 possible samples,
the average median from all possible sam-
ples would lie between these two values.

A two-standard error confidence
interval may be determined by finding
the values corresponding to 50 percent
plus and minus twice the standard error
determined in step 1. For about 95 out of
100 possible samples, the average median
from all possible samples would lie
between these two values.

Hlustration of the computation of the
95-percent confidence interval of a

median.—Table A-1 of part A of this
report shows the median number of
persons for owner-occupied housing units
is 2.B. The base of the distribution from
which this median was determined is
137,900 housing units.

1. Interpolation in table |l shows that
the standard error of 50 percent on a
base of 137,900 is approximately 1.0
percentage points.

2. To obtain a 95-percent confidence
interval on the estimated median, '
initially add to and subtract from 50
percent twice the standard error deter-
mined in step 1. This yields percentage
limits of 48.0 and 52.0.

3. From table A-1 of part A, it can be
seen by cumulating the frequencies for
the first two categories that 62,200
owner-occupied housing units, or 45,1
percent, had one or two persons (for
purposes of calculating the median,
the category of two persons is con-
sidered to be from 1.5 to 2.5 persons)
and that an additional 26,400 owner-
occupied housing units, or 19.1
percent, had three persons (i.e., 2.5 to
3.5 persans}.

By linear interpolation, the lower limit of
the 956-percent confidence interval is
found to be about:

2.6 +(3.5-25) (55-'%?—?—5'—1) =27

Similarly, the upper limit of the 95-per-
cent confidence interval is found to be
about:

52.0-45.1\ _
2.5+ ({3.5-2.5} (T) =29

Thus, the 95-percent confidence interval
ranges from 2.7 to 2.9 persons.

App-49
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SAMPLE DESIGN

Annual Housing Survey.—The estimates
for each of the 20 SMSA’s are based on
data collected from the 1976 Annual
Housing Survey {AHS) which was con-"
ducted by the Bureau of the Census
acting as collection agent for the Depart-
ment of Housing and Urban Develop-
ment. in each of the 20 SMSA's, the data
were collected for the 12-month period
from April 1976 through March 1877
with one-twelfth of the sample units
being visited each month.
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Data for the first group of 19 SMSA's
were collected for the AHS from April
1974 through March 1975, and data for a
second group of 21 SMSA’s were col-
lected from April 1976 through March
1976. The sample housing units for each
group of the AHS SMSA's are interviewed
on a rotating basis.

For each group of SMSA's, the largest
SMSA from each of the four geographic
regions is represented by a sample of
about 15,000 designated housing units

. evenly divided between the central city

and the balance of the respective SM5A.

‘All remaining SMSA's are each repre-

sented by a sample of about 5000
designated housing units distributed pro-
portionately between the central city and
the balance of the respective SMSA based

on the distribution of total housing units’

in each sector. ‘

The largest SMSA's in the third group
{1976-77) are: Houston, Tex., New York,
MN.Y., St. Louis, Mo.-lll., and Seattle-
Everett, Wash.

The remaining SMSA’s in the third
group are: Allentown-Bethlehem-Easton,
Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.Y., Cleveland, Ohio,
Denver, Colo., Grand Rapids, Mich.,
Honolulu, Hawaii, Indianapolis, Ind., Las
Vegas, Nev., Louisville, Ky.-Ind., Okia-
homa City, Okla.,, Omaha, Nebr.-lowa,
Providence-Pawtucket-Warwick, R.L.-
Mass., Raleigh, N.C., and Sacramento,
Calif. .
" In this SMSA, 4,813 units were eligible
for interview. Of these sample units, 196
interviews were not obtained because, for
occupied sample units, the occupants
were not at home after repeated visits or
were unavailable for some other reason;
or, for vacant units, no informed re-
spondent could be found after repeated
visits. In addition to the units eligible for
interview, 452 units weré visited but were
not eligible for interview, because they
were found to be condemned, unfit,
demolished, converted to group quarters
use, etc. :

Selection of the sample.—The sample for
the SMSA‘'s which are 100-percent

permit-issuing {(Honolulu, Las Vegas, New
York, and Sacramento)} was selected from
two sample frames—units enumerated in
the 1970 Census of Popuiation and Hous-
ing in areas under the jurisdiction of
permit-issuing offices (the permit-issuing
universe} and units constructed in permit-
issuing areas since the 1970 census (the
new construction universe). In addition,
the sample for the 16 SMSA’s which are
not 100-percent permit-issuing included a
sarmple selected from a third frame—those
units located in areas not under the
jurisdiction of permit-issuing offices (the
nonpermit universe}. ’
Sampling operations, described in the
following paragraphs, were performed
separately within the central city and the
balance of the SMSA for each of the
sample frames. The overall sampling rate
used to select the sample for each SMSA
was determined by the size of the sample.
Thus, for the four largest SMSA's, the
overal! sampling rate differed by central
city and balance of the SMSA, since the
sample was divided equally between the
central city and the balance of the SMSA.
The remaining SMSA’s had an overall
sampling rate about the same for the

-sample selected from both the central

city and balance of the SMSA, since the
sample was distributed proportionately
between the central city and the balance
of the SMSA according to the distri-
bution of total housing units in each
sector. '

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
permit-issuing areas of the SMSA during
the 1970 Census of Population and Hous-
ing. This file contained records for occu-
pied housing units, vacant housing units,
and units in certain special places or
group guarters. Sampling operations were
done separately for the special place and
group quarters records and for the occu-
pied and vacant housing unit records.
Before the sample was selected from the
occupied and vacant housing unit records,
the occupied housing unit records were
stratified by race of head (non-
Black/Black) and the vacant housing unit
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records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to 1 of 50 strata according to its
tenure, family size, and household in-
come category as illustrated by the
following table: :

Tenure

Renter—
Family size

Owner—
Famity size

Household
income

12345+ | 123485+

Under $3,000 . . .
$3,000-$5,999, . .
$6,000-$9,999. . .
$10,000-$14,999 .
$15,000 and over .

Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to 1 of 100 strata for either
the central city or for the balance, and
the vacant housing unit records were
assigned to 1 of the 4 vacant strata for
either the central city or for the balance
of the SMSA. A sample of housing unit
records was then selected to produce
one-half of the desired sample size. How-
ever, the housing unit record adjacent to
each of the above sample housing unit
records was also selected to be in sample,
thereby insuring the necessary designated
sample size.

Before the sample was selected from

the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district (ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected to produce one-guarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an
expected four sample units, thereby
insuring the necessary designated sample
size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since January 1970 (i.e., the new con-
struction universe}. The sample selection

from the list of ne\nlf construction building
permits was an independent operation
within this SMSA. Prior to sample selec-
tion, the list of permits was chrono-
logically stratified by the date the permits
were issued and clusters of an expected
four {usually adjacent) housing units were
formed. These clusters were then sampled
for inclusion at the overall sampling rate.

For those SMSA's which are not
100-percent permit-issuing, the remainder
of the AHS sample was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices (i.e.,
the nonpermit universe). The first step in
the sampling operation for the universe
was the sefection, using the overall
sampling rate, of a sample of census
enumeration districts within these areas,
Prior to this sample selection, the ED's
were stratified by census tract within the
central city and within the balance of the
SMSA. The probability of selection of an

. ED was proportionate to the following

measure of size:

Group quarters

Number of housing population in

units in 1970 +
census ED 1970 ct;nsus ED
4

The sample ED’s were then divided
into segments; i.e., small tand areas with
well-defined boundaries having an ex-
pected size of four, or a multiple of four
housing units. At the time of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, -units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Coverage improvement sampte selec-
tion.—~The Coverage tmprovement Pro-
gram was undertaken to correct certain
deficiencies in the AHS-SMSA sample
from the permit-issuing and new con-
struction universes. The coverage defi-
ciencies included the following units:

1. New construction from building
permits issued prior to January 1970,

but completed after April 1, 1970.

2. Mobile hames placed in parks either
missed during the 1970 census or
established since the census. '

3. Units missed in the 1970 census.

4. Units converted to residential use
that were nonresidential at the time of
the 1970 census.

5. Houses that have been moved onto
their present site since the 1970
Census.

6. Mobile homes placed outside parks
since the 1970 census or vacant at the
time of the 1970 census.

Coverage improvement for deficiency
1.—A sample of new construction units
whose permits were issued before January
1970, but completed after April 1970,
was selected independently for each
SMSA. The sampling was carried out in
two stages for one-and-two-unit struc-
tures and in three stages for three-or-
more-unit structures. These units were
sampled at one-fourth the rate of units
originally selected for the AHS-SMSA
sample {regular AHS units).

The first stage was a sample of permit
offices and the second stage a sample of
the 1969 permits within each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolulu, Hawaii, SMSA,
and Grand Rapids, Mich., SMSA, an
additional sample of 1968 permits for
three-or-more-unit  structures was in-
cluded in the second stage sampling. For
the third stage, structures of size three or
more were divided into clusters of an
expected size of four units and a sample
of clusters was selected. This procedure
added an estimated 1,767 new construc-
tion units to the coverage of the housing
inventory of this SMSA.

Coverage improvement for deficiency
2—In permit-issuing areas, a sample of
mobile homes placed in a park missed by
the census or established after the census
was selected in two stages. First, for each
1976-77 SMSA, a sample of tracts was
sefected and canvassed. All parks were
iisted and then matched back to the 1970
census to identify parks missed by the
census and parks established after the
census. Second, the parks were divided
into clusters of an expected size of four
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sites and a sample of clusters was selected
and interviewed. Each of the sample units
represented tha same number of units
that the regular AHS sample units repre-
sentqd. This procedure added an esti-
mated 1,960 units to the coverage of the
housing inventory of this SMSA,

Coverage improvement for deficiencies
3-6.-The remaining missed units were
sampled by one of two procedures. The
first procedure was designed to represent
units from the following types of missed
structures (structures that had no chance
of selection for the AHS):

1. Structures missed
Census.
2. Structures that were completely
nonresidential in the 1970 census but
contain units- converted to residential
use. ‘ :
3. Mobile homes that had been placed:
outside parks since the 1970 census
and had a utility hookup, or were on
the site but not occupied on April 1,
1970, or had no utility hookup but
were occupied by persons with no
usual residence elsewhere.
4. Houses that had been moved onto
their present site since the 1970
census,
Initially, a subsample of regular AHS
units was selected at a rate of 1 in
22.2152. Then succeeding structures, in a
defined path of travel to the right of the
structure containing the sample unit,
were listed until eight structures (ex-
cluding the sample unit structure} were
found that had been eligible to be
selected for the AHS. Finally, the inter-
vening structures that did not have a
chance of selection in the AHS were
identified and units within these struc-
tures were interviewed. In cases where the
interviewer workload would have been
too great, a representative subsample of
units within these structures was selected.
This procedure added an estimated 9,244
units to the coverage of the housing in-
ventory of this SMSA, .
The second procedure was designed to
represent missed units from structures
represented in the AHS. These missed
units were:

1. Units missed in the 1970 census.
2. Units converted to residential use

in the 1970
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sample

since the 1970 census in structures

that contained some residential units,

in 1970. '
First, a subsample of-regutar AHS unitsin
multi-unit structures of less than 10 units
was selected from the permit-issuing uni-
verse. Second, for the multi-unit struc-
tures selected, all units were listed and
matched to the 1970 census. Any missed
units were then assigned for interview.
This procedure added an estimated 2,060
units to the coverage of the housing in-
ventory of this SMSA.

Building loss sample selection.—Some
tables in this report show estimates of
characteristics of housing units removed
from the housing inventory since 1970
{i.e.. units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
interview). For the permit-issuing uni-
verse, the sample upon which these
estimates were based was the regular AHS
sample previously described. Since the
addresses of these sample units were
known to exist in 1970, the AHS inter-
viewers could determine which of the
sample units were no longer considered to
be part of the housing inventory. From
these units, estimates were' obtained for
both whole. structure losses (i.e., lost
units in structures in which all housing
units were removed from the inventory)
and part structure losses {i.e., lost units in
structures in which some, but not all, of
the units were removed from the’
inventory). .

For each of the SMSA’s with a non-
permit universe, it was necessary to select
an independent sample with which to-
measure lost units because of the area
technique , employed . for the
regular AHS sample. For this independent
sample, a cluster of four {usually ad-
jacent) housing unit addresses was
selected from the 1970 census listing of

. addresses for'each sample ED. Since these

addresses were known to exist in 1970,
the AHS. interviewer determined those
sample units that were no longer con-
sidered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained-{i.e., lost
units in structures in which all housing
units were removed from the inventory}. -

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory (i.e., the housing
inventory that existed at the time of the
1970 census) are based on either 20-, 15,
or Spercent sample data collected in

* April 1970 for the Decennial Census of

Population and Housing. A detailed
description of the sample design em-
ployed for the 1970 census can be
obtained in the 1970 Census of Housing
report, Volume |, Housing Characteristics

" for States, Cities, and Counties, Part 1.

ESTIMATION

The AHS sample produced two types of
estimates for each SMSA: Estimates per-
taining to characteristics of the housing
inventory at the time of the interview
{i.e., the 1976 housing inventory} and
estimates pertaining to characteristics of
units removed from the housing in-
ventory since 1970 (i.e., 1970-1976 lost

" units). Each type of estimate employed

separate, although similar, estimation

procedures.

1976 housing inventory.—The AHS esti-
mates of characteristics of the 1976
housing inventory employed a one-stage
ratio estimation procedure, Prior.to the
implementation of the ratio estimation
procedure, the basic weight (i.e., the
inverse of the probability of selection} for
each interviewed sample housing unit was -
adjusted to account for the 196 non-
interviews previously mentioned. The
noninterview adjustment factor was equal
to the following ratio:

Weighted count of

noninterviewe d
housing units

‘ Weighted count of
interviewed +
housing units

Weighted count of interviewed housing
’ units

Within each sector of sach SMGSA, a
noninterview factor was computed
separately for 50 noninterview cells for
sampie housing units from the permit-
issuing universe, (where the cells consisted
of 1 or more of the different strata used
in the stratification of the universe as
previously illustrated). In addition, a non-
interview factor was computed for one
noninterview cell for new construction
sample housing units from both the

permit-issuing universe and the coverage
X :
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-improvement universe, one noninterview
cell for mobile homes, and one non-
interview cell for sample units from both
the nonpermit universe {if applicable) and
the coverage improvement universe (if
units were not included above).

The following ratio estimation pro-
cedure was employed for all sample
housing units from the permitissuing
universe. This factor was computed
separately for all sample housing units
within each..permit-issuing universe non-
interview cell mentioned previously. The
ratio estimation factor for each cell was
equal to the following:

1970 census count of housing units from

permit-issuing universe in a cell

AHS sample estimate of 1970 housing
units from the cell

For each SMSA, the numerators of th(e
ratios were ‘obtained from the 1970
Census of Population and MHousing
20-percent file of units enumerated in
areas under the jurisdiction of pérmit-
issuing offices. The denominators of the
ratios were obtained from weighted
yestimates of all the AHS sample units
within the corresponding ratio estimation
categories using the existing weight {i.e.,
the basic weight times the noninterview
factor). The computed ratio estimation
factor was then applied to the existing
weight for each sampie unit within the
corresponding ratio estimation category.

The effect of this ratio estimation
procedure was to somewhat reduce the
variance due to the variation in sample
size of strata used in the sample selection
of the permit-issuing universe, thereby
reducing the sampling error below what
would have been obtained by simply
weighting the results of the sample by the
inverse of the probability of selection.
Ordmarnlv, this would have been con-
trofled " by sampling within the strata
during the sample selection process. How-
ever, ptior to the AHS sample selection
within each SMSA, units already selected
for other Census Bureau surveys were
deleted from the permit-issuing universe.
Thus, some variation in sample size was
introduced during the AHS samptle selec-
tion process.

1970-1976 lost units.—The AHS estimate
of characteristics of the 1970-1976 lost

units employed :a one-stage ratio esti-
mation procedure which is similar to the
ratio estimation procedure described
previously. The file of 1970-1976 lost
units was matched to the 1970 census file
to obtain the 1970 characteristics of the
lost units. Some lost units did not match.
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
lost units, The nonmatch adjustment
factor was equal to the foliowing ratio:

Weighted count of Weighted count of
matched lost units nonhmatched lost units

Weighted count of matched lost units

Within each sector of the SMSA, this

factor was computed separately for whole -

structure losses and part structure losses.
The effect of this estimation procedure
was to reduce the sampiing error below
what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing in-
ventory from the 1970 Census of Popu-
lation and Housing. The statistics based
on 1970 census sample data employed a
ratio estimation procedure which was
applied separately for each of the three
census samples. A detailed description of
this ratio estimation procedure can be
found in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and non-
sampling errors. The following is a
description of the sampling and non-
sampling errors associated with the AHS-
SMSA sample and of the nonsampling
errors associated with the 1970 census
estimates. A description of the sampling
errors associated with the sample esti-
mates from the 1970 census can be found
in the 1970 Census of Housing report,

Volume |, Housing Characteristics for
States, Cities, and Counties, Part 1.

Nonsampling errors.—in general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of gues-
tions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording or
coding the data, and other errors of
collection, response, processing, coverage,
and estimation for missing data. Non-
sampling errors are not unique to sample
surveys since they can, and do, occur in
complete censuses as well.

Obtaiﬁing a measurement of the total
nonsampling error associated with the
estimates from a survey is very difficult,
considering . the number of possible
sources of error. However, an attempt
was made to measure some of the non-
sampling errors associated with the
estimates for both the 1970 Census of
Population and Housing and the 1976
AHS-SMSA sample.

1970 census.—A number of studies were
conducted to measure two types of
general erraors associated with 1970 cen-
sus estimates—"coverage’’ and “content”
errors. The “coverage’ errors determined
how completely housing units were
counted in the census and included space
errors, definitional errors, and occupancy
errors. The "content” errors measured
the accuracy of the data collected for
enumerated housing units. These errors
were measured by reinterviews, record
checks, and other surveys.

The detailed results of these studies, as
well as the methodology emploved, are
presented in the 1970 Census of Popu-
lation and Housing Evaluation and
Research Program Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and PHC(E}-10, Accu-
racy of Data for Selected Housing Charac-
teristics as Measured by Reinterviews.

AHS-SMSA.—For the 1976 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error asso-
ciated with the AHS estimates. A rein-
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terview program was conducted for a

. sample of the AHS households. These

households were revisited and answers to
some of the questions on the AHS ques-
tionnaire were obtained again. The
original - interview and the reinterview
were assumed to be two independent
readings and thus, were the basis for the
measurément of the accuracy of the AHS
data collected from interviewed house-
holds.

As part of the reinterview, a check was
made at each of these households to
determine if the following was done
during the original interview:

1. The correct unit was visited.
2. The correct number of housing
units were interviewed at that address.
3. The correct information on ""Year
Built” was obtained. '
4. The correct information on “Ten-
ure’’ was obtained.
8. The correct information on *“House-
hold Composition” was obtained.
6. The correct information on *‘Type
of Housing Unit’’ was obtained.

, 1 The correct information on ““Occu-
pancy Status’ was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this rein-
terview check. The results of this study
are available and are presented in the
following Census Bureau memorandum,
“Response Error in the Annual Housing
Survey as Measured by Reinter-
views—Year IH (19761977} SMSA
Sample.”

Some of the results of this study are
presented below {note that these results
are based on the reinterviews across all
Year 111 SMSA’s and not for any specific
SMSA): :

1. For attitudinal items which were
not reconciled (i.e., after the question
_is answered in the reinterview, the
enumerator does not present the
previous response and then ask the
respondent to decide upon the best
answer), approximately 67 percent
of the indices of inconsistency showed
moderate levels of response disagree-
ment while the remaining 33 percent
showed high levels.
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2. Some differences beyond those due
to sampling error did occur. Most of
the categories affected by bias were
categories of attitudinal items. )

The range for evaluating inconsistency
is from 0—100. The rute of thumb is that
indices below 20 are low, indices from
20—-50 are moderate, indicating that
there is some problem with inconsistent
reporting; those over 50 are high, indi-
cating that improvements are needed in
the method used to collect these data or
that the category concepts themselves are
ambiguous.

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-

.sampling error. Therefore, the possibility

of such errors should be taken into
account when considering the results of
this study. !

Coverage errors.—With respect to errofrs
of coverage and estim_ation'for missing
data, the AHS new construction sample
had deficiencies in the representation of
conventional new construction. Due to
time constraints, only those building pet-
mits issued more than five months before
the survey ended 'were eligible to be
sampled to represent conventional new
construction in permit-issuing areas for
this SMSA. Also, permits were sampled
on a monthly basis and were: divided
equaily among the 12 panels in which
interviews were conducted. Due,to this
procedure, some of the permits issued in
November 1975 through Octobzr 1976
were not interviewed because they were
assigned to panels in which the inter-
viewing had already been completed. In
this SMSA, 6.2 percent of the permits
sampled were not interviewed because of
this procedure. This percentage does not

include permits issued during the last 5.

months of the survey. However, these
permits issued during the fast b months of
the survey do not necessarily i'epresent
missed housing units since, due to the
relatively short time span involiaed. it is
possible that construction of tifese units
was not completed at the time the survey
was conducted and they were not eligible
for interview. In addition to these defi-
ciencies, new construction in special
places that do not require building per-

. nohresidential

mits, such as military bases, are also not
adequately represented.

The Coverage Improvement Program
also had certain deficiencies. It appears
that the listing procedure used to find
units missed in the 1970 census, units
converted from nonresidential to resi-
dential, houses moved onto their present
site, and mobile homes placed outside
parks, was not very efficient for finding
conversions.. Such con-
versions were primarily in  business
districts, whereas the listing procedure
started from a residential unit.

Deficiencies also exist in ED's where -
area sampling methods are used. It had
been assumed that all units located inside
these ED’s would be represented in the
sample. However, it has been estimated
that the 1976 AHS sample missed as
much as 2 percent of all housing units in
these ED’s because they were not listed
during the canvassing.

Rounding errors.—For errors associated
with processing, the rounding of esti-
mates introduces another source of error
in the data, the severity of which depends
on the statistic being measured. The
effect of rounding is significant relative to
the sampling error only for small percent-
ages or smail medians, when these figures
are derived from relatively large bases
{e.g., median number of persons per
household}. This means that confidence
intervals formed from the standard errors
given may be distorted and this should be
taken into account when considering the
results of the survey.

Sampling" errors for the AHS-SMSA
sample.—The particular sample used for
this survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
uies, instructions, and interviewers were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible. samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
provide a measure of this variation among
the estimates from the possible samples
and thus, is a measure of the precision
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with which an estimate from a sample

approximates the average result of all

possible samples.

As calculated for this report, the
standard error also partially measures the
variance in the estimates due to response
and interviewer errors ({nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore,
depends on both the sampling and non-
sampling error measured by the standard

error, biases, and some additional non-

sampling errors not measured by the
standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible

samples with a known probability. For -

example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each
sample, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible sampies.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of ali possible samples.
3. Approximately 95, percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
clude the average resuit of all possible
samples. ' '

The average résult of all possible
samples either is or is not contained in
any particular computed interval. How-
ever, for a particular sample, one can say
with specified confidence that the average
resui‘t of all possible samples is included
in the constructed interval.

The figures presented in the following
tables are approximations to the standard
errors of various estimates shown in this
report for this SMSA. |n order to derive
standard errors that would be applicable
to a wide variety of items and also couid

the accuracy of the estimates

‘be prepared at a mdderate cost, a number

of approximations were required. As a
result, the .tables of standard errors pro-
vide an indication of the order of magni-
tude of the standard errors rather than
precise standard errors for any specific
items. .

Table | presents .the standard errors
applicable to estimates of characteristics
of the 1976 -housing inventory as well as
estimates .of characteristics of the
1970-1976 lost units, .Linear interpola-
tion. should be used to determine the
standard -errors for estimates not specif-
ically shown in this table: The standard
errars on :the AHS estimates of the
population .in housing units shown in
tabies A-1, B-1, and C-1 of part A of this

TABLE 1, Standard Errors for Estimated
Number of Housing Units in the 1976
Housing Inventory and for Estimated Number
of 1970-1976 Lost Units for the Baltimore,
Md., SMSA, for the Central City, and for the
Balance of the SMSA. i

{68 chances out of 100}

Standard error
|

e | o | i

SMSA | ‘central | central

) " city city
O....... 190 170 190
100..... 190 170 190
200..... 190" 180 190
500 .. ... 310 [ 290 310
700 .. ... 360 380 360
1,000 430°| T 410 430
2,500 ‘690 650 680
5,000 970 920 | 960
10000 ..| 1,370 | 1290 1,350
25000 ..| 2140 1,990 | 2,120
50,000 ..! 2990 | 2,700 | 2,930
75000 ..| 3610 | 3170 3,520
100,000 .| 4,100 | ' 3490 | 3,980
150,000 .| 4,870 | 3,830 ) 4,650
200,000 .| 5440 | 3,840 5,100
250,000 .| 5870 [ 3510| 5380
300,000 .4 6190 | - 5520
400,000 .| 6550 |0 —| 5420
500,000 .| 6590 |, - -
600,000 .| 6,310 - -
700,000 . | 5670 - -

report are 21,480 for the total SMSA,
14,200 for the central city of the SMSA,
and 16,810 for the balance of the SMSA.
. The reliability of an estimated per-
centage, computed by using sample data
for "both numerator and denominator,
depends upon both the size of the per-
centage and the size of the total upon
which the percentage is based, Estimated
percentages are relatively more ‘reliable
than the corresponding estimates of the
numerators of the percentages, particu-
larly if the percentages are 50 percent or
more, .
Table 1} presents the standard errors of
estimated percentages of the 1976 hous-
ing inventory as well as estimated per-
centages of the 1970-1976 lost units.
Two-way interpolation should be used to
determine standard errors for estimated
percentages not specifically shown in
table 1.

Included in tables | and Il are esti-
mates of standard errors for estimates of
zero and zero percent, These estimates of
standard errors are considered as over-
estimates of the true standard errors and
should be used primarily for construction
of confidence intervals for characteristics
when an estimate of zero is obtained.

For ratios, 100 {x/y), where x is not a
subclass of v, table 11 underestimates the
standard error of the ratio when there is
little or no correlation between x and y.
For this type of ratio, a better approxi-
mation of the standard error may be
obtained by letting the standard error of
the ratio be approximately equal to;

wo(3) &) - Ge)

where: x = the numerator of the
: ratic
y = the denominator of the
ratio
o, = thestandard error of
the numerator
GV = the standard error of

the denominator

Hlustration of the use of the standard
error tables.—Table A-1 of part A of this
report shows that in 1976 there were
413,200 owner-occupied housing units in
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TABLE i1. Standard Errors for Estimated Percentages of Housing Units in the 1976 Housing
Inventory and for Estimated Percentages of 1970-1976 Lost Units for the Baltimore, Md., SMSA,
for the Central City, and for the Balance of the SMSA.

{68 chances out of 100}

Estimated percentage’
Base of =
percentage Oor 1or 5 or 10 or 250r 50
100 99 95 90 75
100 ....... 65.4 65.4 65.4 65.4 65.4 68.7
200 ....... 486 48.6 48.6 48.6 48.6 48.6
500 ....... 274 274 274 274 274 30.7
700 ....... 21,2 21.2 21.2 21.2 225 26.0
1.000...... 15.9 15.9 159 15.9- 18.8 21.7
2500...... 7.0 7.0 7.0 8.2 11.9 13.7
5000...... 3.6 36 4.2 5.8 8.4 9.7
10,000. . ... 1.9 1.9 3.0 41 5.9 6.9
25,000..... 7 9 1.9 26 3.8 4.3
50,000..... 4 .6 1.3 1.8 27 3
75000..... 3 B 1.1 1.5 2.2 25
100,000 2 4 .9 1.3 1.9 22
150,000 13 4 .8 1.1 1.5 1.8
200,000 09 .3 7 9 1.3 1.5
250,000 08 3 .6 8 1.2 1.4
300,000 06 2 .5 B 1.1 1.3
400,000 . 05 2 .5 7 9 1.1
500,000 . 04 2 A4 6 .8 1.0
600,000. . .. 03 2 4 5. 8| 9
700,000. ... " .03 2 4 .5 7 .8

' Standard errors are presented to the nearest one-tenth of one percentage point except when the
standard error is less than fifteen-hundredths of one percentage point; in those cases, the standard
errar is shown to the nearest one-hundredth of one percentage point.

this SMSA. Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
6,560. The following interpolation
procedure was used:

The information presented in the
following table was extracted from table
1. The entry for “'x’’ is the one sought.

Size-of Standard
estimate " error
400,000 ........ 6,660
413200 ........ X
500,000 ........ 6,590

The entry for x is determined by
vertically interpolating between 6,550
and 6,590.

hY
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413,200--400,000 = 13,200
'500,000—400,000 = 100,000

13,200 -
————={§,690-6,550} = 6,560

50 +
6.550 100,000

Consequently, the 68-percent confidence
interval, as shown hy these data, is from
406,640 to 419,760 housing units. There-
fore, a conclusion that the average esti-
mate, derived from all possible samples,
of 1976 owner-occupied housing units
lies within a range. computed in this way
would be correct for roughly 68 percent
of all possible samples. Similarly, we
could conclude that the average estimate
derived from all possible samples, lies
within the interval from 402,700 to
423,700 housing units with 80 percent
confidence; and that the average estimate
lies within the interval from 400,080 to

426,320 housing units with 95 percent
confidence.

Table A-1 of part A also shows that of
the 413,200 owner-occupied housing
units, 88,400, or 21.4 percent, had two
bedrooms. Interpolation in table |1 of the
appendix (i.e., interpolation on both the
base and percent} shows that the standard
error of the 21.4 percent is approxi-
mately 0.8 percentage points. The follow-
ing interpolation procedure was used:

The information presented in the
table below was extracted from table

II. The entry for “p’ is the one
sought.
Base of Estimated percentage

percentage | 10 or 250r
90 214 75

400,000 . 7 a 9

413,200 . P

500,000 . 6 b .8

1. The entry for cell "a"” is deter-

mined by horizontai interpolation be-
tween 0.7 and 0.9.

21.4-10.0=11.4
25.0-10.0= 15.0

D07+ 00-07) - 85
0.7+%550 02" '

2. The entry for cell “b* is deter-
mined by horizontal interpolation
between 0.6 and 0.8.

 21.4-10.0-11.4
25.0-10.0=15.0

114
0.6+ r

6475 (08-061=.75

3. The entry for “p” was then de-
termined by vertical interpolation
between .75 and .85.

413,200—400,000 = 13,200
500,000—400,000 = 100,000

13,200

‘85”100,000

{.85-.75)=0.8
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Consequently, the 68-percent confidence
interval, as shown by these data, is from
206 to 22.2 percent; the 90-percent
confidence interval is from 20.1 to 22,7
percent; and the 95-percent confidence
interval is from 19.8 to 23.0 percent,

Differences.—The standard errors shown.

are not directly applicable to differences
between two sample estimates. The
standard error of a difference between

estimates is approximately equal to the

square root of the sum of the squares of
the standard error of each estimate con-
sidered separately. This formula is quite
accurate for the difference between
estimates of the same characteristic in
two different SMSA's or the difference
between separate and uncorrelated -char-
acteristics in the same SMSA. However, if
there is a high positive correiation
between the two characteristics, the
formula will overestimate the true
standard error; but, if there is a high
negative correlation, the formula will
underestimate the true standard error.

Hustration of the computation of the
standard error of a difference. —Table A-1
of part A of this report shows that in
1976 there were 232,500 owner-occupied
units with three bedrooms in this SMSA.
Thus, the apparent difference, as shown
by these data, between owner-occupied
units with two bedrooms and owner-
occupied units with three bedrooms is

144,100. Table | shows the standard error

of 88,400 is approximately 3,870 and the
standard error of '232,500 is approxi-
mately 5,720. Therefore, the standard
error of the estimated difference of
144,100 is about: :

6,910 = \/(3,870)2 +(5,720)?

Consequently, the 68-percent confidence
interval for the 144,100 difference is
from 137,190 to 151,010 housing units.
Therefore, a conclusion that the average

- Medians, —For

estimate, derived " from all possible
samples, of this difference lies within a
range computed in this way would be
correct for roughly 68 percent of all
possible samples. Similarly, the 90-per-
cent confidence interval is from 133,040
to 155,160 housing units, and the 95-per-
cent confidence interval is from 130,280
to 157.920. Thus, we can conclude with
95 percent confidence that the number of
1976 owner-occupied units with three
bedrooms is greater than the number of
owner-occupied units with two_bedrooms
since the 95-percent confidence interval
does not include zero or negative values,

medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for
measuring the reliability of the estimated
median is to determine an interval about
the estimated median so that there is a
stated degree of confidence that the
average median from all possible samples

lies within the interval. The following

procedure may be used to estimate con-
fidence. limits of a median based on
sample data:

1. From table 1Y determine the stand-
ard error of a 50-percent characteristic
on the base of the median.

2. Add to. and subtract from 50 per-
cent, the standard error determined in
step 1.

3. Using the distribution of the char-
acteristic, read off the confidence in-
terval corresponding to the two points
established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values, ! '

A two-standard error confidence in-
terval may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error de-
termined in step 1. For about 95 out of
100 possible samples, the average median

L3

fram all possible samples would lie be-
tween these two values.

Hlustration of the computation of the
95-percent confidence interval of a
median.—Table A-1 of part A of this
report shows the median number of
persons for owner-occupied housing units
i5 3.0. The base of the distribution from
which this median was determined is
413,200 housing units.

1. Interpolation in table 11 shows that
the standard error of 50 percent on a
base of 413,200 is approximately 1.1
percentage points.

2. To obtain a 95-percent confidence
interval on the estimated median,
initially add to and subtract from 50
percent twice the standard error de-
termined in step 1. This yields percent-
age limits of 47.8 and 52.2, .
3. From table A-1 of part A, it can be
seen by cumulating the frequencies for
the first two categories that 166,000
owner-occupied housing units, or 40.2
percent, had one or two persons (for
purposes of calculating the median,
the category of two persons is con-
sidered to be from 1.5 to 2.5 persons)
and that an additional 83,600 owner-
occupied housing units, or 20.2 per-
cent, had three persons {i.e., 2.6 to 3.5
persons).

’

By linear interpolation, the lower limit of
the 95-percent confidence interval is
found to be about:

478402\ _,
20.2

25+ (3.5-2.5) (

Similarty, the upper limit of the 95.
percent confidence interval is found to
be about:

52.2-40.2
2.5+(3.§—2.5)( o2 )—

Thus, t'he 95-percent confidence interval
ranges from 2.9 to 3.1 persons.
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SAMPLE DESIGN

Annual Housing Survey.—The estimates
for each of the 20 SMSA's.are based on
data collected from the 1976 Annual
Housing Survey (AHS) which was con-
ducted by the Bureau of the Census
acting as collection agent for the
Department of Housing and Urban
Development. In each of the 20 SMSA's,
the data were collected for the 12-month
period from April 1976 through March
1977 . with one-twelfth of the sample
units being visited each month.
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Data for the first group of 19 SMSA’s
were collected for the AHS from April
1974 through March 1975, and data for a
second group of 21 SMSA's were col-
lected from April 1975 through March
1976. The sample housing units for each

“group of the AHS SMSA's are interviewed

on. a rotating bhasis.

For each group of SMSA's, the largest
SMSA from each of the four geographic
regions is represented by a sample of
about 15,000 designated housing units
evenly divided between the central city
and the balance of the respective SMSA.
All remaining SMSA's are each repre-
sented by a sample of about 5,000
designated housing wunits distributed
proportionately between the central city
and the balance of the respective SMSA
based on the distribution of total housing
units in each sector.

The largest SMSA's in the third group
(1976-77) are: Houston, Tex., New York,
N.Y., St. Louis, Mo.-lll.,, and Seattle-
Everett, Wash.

. The remaining SMSA's in the third

group are: Allentown-Bethlehem-Easton,

Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.Y., Cleveland, Ohio,
Denver, Colo., Grand -Rapids, Mich.,

Honolulu, Hawaii, tndianapolis, Ind., Las
Vegas, Nev,, Louisville, Ky.-Ind., Okla-
homa City, Okla., Omaha, Nebr.-iowa,
Providence-Pawtucket-Warwick, R.l.-
Mass., Raleigh, N.C., and Sacramento,
Calif.

In this SMSA, 4,697 units were eligible
for interview, Of these sample units, 161
interviews were not obtained because, for
occupied sample units, the occupants
were not at home after repeated visits or
were unavailable for some other reason;
or, for vacant wunits, no informed
respondent could be found after repeated
visits. In addition to the units eligible for
interview, 526 units were visited but were
not eligible for interview, because they
were found to be condemned, unfit,
demolished, converted to group quarters
use, etc.

Selection of the sampie.—-The sampte for
the SMSA’s which are

100-percent

permit-issuing {Honolulu, Las Vegas, New
York, and Sacramento) was selected from
two sample frames—units enumerated in
the 1970 Census of Population and
Housing in areas under the jurisdiction of
permit-issuing offices {the permit-issuing
universe) and units constructed in permit-
issuing areas since the 1970 census {the
new construction universe). In addition,
the sample for the 16 SMSA's which are
not 100-percent permit-issuing included a
sample selected from a third frame—those
units located in areas not under the
jurisdiction of permit-issuing offices {the
nonpermit universe}.

Sampling operations, described in the
following paragraphs, were performed
separately within the central city and the
balance of the SMSA for each of the
sample frames. The overall sampling rate
used to select the sample for each SMSA
was determined by the size of the sample.
Thus, for the four largest SMSA's, the
overall sampling rate differed by central
city and balance of the SMSA, since the
sample was divided equatly between the
central city and the balance of the SMSA.
The remaining SMSA's had an overall
sampling rate about the same for the
sample selected from both the central
city and batance of the SMSA, since the
sample was distributed proportionately.
between the central city and the balance
of the SMSA according to the distri-
bution of total housing units in each
sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
permit-issuing. areas of the SMSA during
the 1970 Census of Population and
Housing. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations

_were done separately for the special place

and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from the
occupied and vacant housing unit records,
.the occupied housing unit records were
stratified by race of head {(non-
Black/Black) and the vacant housing unit
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records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to 1 of 50 strata according to its
tenure; family size, and household in-
come category as illustrated by the
following table: :

Tenure

Renter—
Family size

Owner—
Family size

Household
income

12345+ | 12345+

Under $3,000 . . .
$3,000-$5,999. . .
$6,000-$9,999, . .
$10,000-$14 999 |
$15,000 and over .

Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to 1 of 100 strata for either
the central city or for the balance, and
the vacant housing unit records were
assigned to 1 of the 4 vacant strata for
either the central city or for the balance
of the SMSA_ A sample of housing unit
records was then selected to produce
one-half of the desired sample size. How-
ever, the housing unit record adjacent to
each of the above sample housing unit
records was also selected to be in sample,
thereby insuring the necessary designated
sampie size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by

census tract and census enumeration

district (ED} within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected to produce one-quarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an
expected four sample units, thereby in-
suring the necessary designated sample
size.

The second frame from which - this
SMSA sample was selected was a list of
new construction huilding permits issued
since January 1970 {i.e., the new con-

struction universe). The sample selection
from the list of new construction building
permits was an independent operation
within this SMSA. Prior to sample
selection, the list of permits was chronoc-
logically stratified by the date the permits
were issued and clusters of an expected
four {usually adjacent} housing units were
formed. These clusters were then sampled
for inclusion at the overall sampling rate.

For those SMSA’s which are not
100-percent permit-issuing, the remainder
of the AHS sample was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices (i.e.,
the nonpermit universe). The first step in
the sampling operation for the universe
was the selection, using the overall
sampling rate, of a sample of census
enumeration districts within these areas.
Prior to this sample selection, the ED’s
were stratified by census tract within the
central city and within the balance of the
SMSA. The prohability of selection of an
ED was proportionate to the following
measure of size:

Group guarters
population in
1970 census ED
3

Number of housing
units in 1970 +
census ED

The sample ED's were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four, or a multiple of four
housing units. At the time of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housing units.

The next step was the selection of one
of these segments within each sample ED.

In the sample segments, all units in -

existence at the time of interview are in
sample. Thus, units’ enumerated in the
1970 census as well as units built since
the 1970 census are included.

Coverage improvement sample
selection.—The Coverage Improvement
Program . was undertaken to correct
certain deficiencies in the AHS-SMSA
sample from the permit-issuing and new
construction wuniverses. The coverage
deficiencies included the following units:

1. New- construction from building
permits issued prior to January 1970,
but completed after April 1, 1970.

2. Mobile homes placed in parks either
missed during the 1970 census or
established since the census.

3. Units missed in the 1970 census.

4. Units converted to residential use
that were nonresidential at the time of
the 1970 census.

6. Houses that have been moved onto
their present site since the 1970
census.

6. Mobhile homes placed outside parks
since the 1970 census or vacant at the
time of the 1970 census.

Coverage improvement for deficiency
1.—A sample of new construction units
whose permits were issued before January
1970, but completed after April 1970,
was selected independently for each
SMSA. The sampling was carried out in
two stages for one-and-two-unit struc-
tures and in three stages for three-or-
more-unit  structures. These units were
sampled at one-fourth the rate of units
originally selected for the AHS-SMSA
sample {reqular AHS units).

The first stage was a sample of permit

_offices and the second stage a sample of

the 1969 permits within each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolulu, Hawaii, SMSA,
and Grand Rapids, Mich., SMSA, an
additional sample of 1968 permits for
three-or-more-unit  structures was in-
cluded in the second stage sampling. For
the third stage, structures of size three or
more were divided into clusters of an
expected size of four units and a sample
of clusters was selected. This procedure
vielded no additional units to the coverage
of the housing inventory of this SMSA,

Coverage improvement for deficiency
2 —In permit-issuing areas, a sample of
mobile homes placed in a park missed by
the census or established after the census
was selected in two stages. First, for each
1976-77 SMSA, a sample of tracts was
selected and canvassed. All parks were
listed and then matched back to the 1970
census toidentify parks missed by the
census and parks established after. the
census. Second, the parks were divided
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into clusters of an expected size of four
sites and a sample of clusters was selected
and interviewed. Each of the sample units
represented the same number of units
that the regular AHS sample units
represented. This procedure added an

estimated 438 units to the coverage of’

- the housing inventory of this SMSA.

Coverage improvement for deficiencies
3-6.—The remaining missed units were
sampled by one of two procedures. The
first procedure was designed to represent
units from the following types of missed
structures {structures that had no chance
of selection for the AHS):

1. Structures missed .in the 1970
census. '

2. Structures that were completely
nonresidential in the 1970 census but
contain units converted to residential
use.

3. Mobile homes that had been placed
outside parks since the 1970 census
and had a utility hookup, or were on
the site but not occupied on April 1,
1870, or had no utility hookup but
were occupied by persons with no
usual residence elsewhere.

4. Houses that had been moved onto
their present site since the 1970
census.

Initially, a subsample of regular AHS
units was selected at a rate of 1 in
22.2152. Then succeeding structures, in a
defined path of travel to the right of the
structure containing the sample wunit,
were listed until eight structures (ex-
cluding the sample unit structure) were
found that had been eligible to be
selected for the AHS, Finally, the inter-
vening structures that did not have a
chance of selection in the AHS were
identified and units within these struc-
tures were interviewed. In cases where the
interviewer workload would have been
too great, a representative subsample of
units within these structures was selected.
This procedure added an estimated 7,990
units to the coverage of the housing
inventory of this SMSA.

The second procedure was designed to
represent missed units from' structures
represented in the AHS. These missed
units were:
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interview}.

1. Units missed in the 1970 census.

2. Units converted to residential use
since the 1970 census in structures
that contained some residential units
in 1970.

First, a subsample of regular AHS units in
multi-unit structures of less than 10 units
was selected from the permit-issuing uni-
verse. Second, for the multi-unit struc-
tures selected, all units were listed and
matched to the 1970 census. Any missed
units were ‘then assigned for interview.
This procedure added an estimated 658
units to the coverage of the housing
inventory of this SMSA.

Building loss sample selection.—Some
tables in this report show estimates of
characteristics of housing units removed
from the housing inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
For the permit-issuing uni-
verse, the sample upon which these
estimates were based was the regular AHS
sample previously described. Since the
addresses of these sample units were
known to exist in 1970, the AHS inter-
viewers could determine which of the
sample units were no longer considered to
be part of the housing inventory. From
these units, estimates were obtained for
both whole structure losses (i.e., lost
units in structures in which all housing
units were removed from the inventory}
and part structure losses (i.e., lost units in
structures in which some, but not all, of
the . units removed from the
inventory ).

For each of the SMSA’s with a non-
permit universe, i1 was necessary to select
an independent sample with which to
measure lost units because of the area
sample technique employed for the
regular AHS sample. For this independent
sample, a cluster of four (usually ad-
jacent) housing unit addresses was
selected from the 1970 census listing of
addresses for each sample ED. Since these
addresses were known to exist in 1970,
the AHS interviewer determined those
sample units that were ‘noc longer con-
sidered part of the housing inventory.
From these units, only estimates of whole

were

structure losses were obtained (i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 Census of Population and
Housing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census) are based on either 20-, 15,
or S5percent sample data collected in
April 1970 for the Decennial Census of
Population and Housing. A detailed
description of the sample design em-
ployed for the 1970 census can be
obtained in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

ESTIMATION

The AHS sample produced two types of
estimates for each SMSA: Estimates
pertaining to characteristics of the hous-
ing inventory at the time of the interview
{i.e., the 1976 housing inventory) and
estimates pertaining to characteristics of
units removed from the housing in-
ventory since 1970 {i.e., 1970-1976 {ost

“units). Each type of estimate emptoyed

separate, although similar, estimation
procedures.
1976 housing inventory.—The AHS

estimates of characteristics of the 1976
housing inventory employed a one-stage
ratio estimation procedure. Prior to the
implementation of the ratio estimation
procedure, the basic weight li.e., the
inverse of the probability of selection) for
each interviewed sample housing unit was
adjusted to account for the 161 non-
interviews previously mentioned. The
noninterview adjustment factor was equal
to the following ratio:

Weighted count of
noninterviewe d
housing units

Weighted count of
interviewed +
housing units
Weighted count of interviewed housing
units

Within each sector of each SMSA, a
noninterview factor was computed
separately for 50 noninterview cells for
sample housing units from the permit-
issuing universe {wheré the cells consisted
of 1 or more of the different strata used
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in the stratification of the universe as
previously illustrated). In addition, a non-
interview factor was computed for one
noninterview cell for new construction
sample housing units from both the
permit-issuing universe and the coverage
improvement universe, one noninterview
cell for mobite homes, and one non-
interview cell for sample units from both
the nonpermit universe (if applicable) and
the coverage improvement universe (if
units were not included above).

The following ratio estimation
procedure was employed for all sample
housing units from the permitissuing
universe. This factor was -computed

separately for all sample housing units -

within each permit-issuing universe non-
interview cell mentioned previously. The
ratio estimation factor for each cell was
equal to the following:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

For each SMSA, the numerators of the
ratios were obtained from the 1970
Census of Population and  Housing
20-percent file of units enumerated in
areas under the jurisdiction of permit-
issuing offices. The denominators of the
ratios were obtained from weighted
estimates of all the AHS sample units
within the corresponding ratio estimation
categories using the existing weight (i.e.,
the basic weight times the noninterview
factor}). The computed ratio estimation
factor was then applied to the existing
weight for each sample unit within the
corresponding ratio estimation category.

The etfect of this ratio estimation
procedure was to somewhat reduce the
variance due to the variation in sample
size of strata used in the sample selection
of the permit-issuing universe, thereby
reducing the sampling error below what
would have been obtained by simply
weighting the results of the sample by the
inverse of the probability of selection.
Ordinarily, this- would have been con-
trolled by sampling within the strata

during the sample selection process.
However, prior to the AHS sample
selection within each SMSA, units,

already selected for other Census Bureau

surveys were deleted from the permit-
issuing universe. Thus, some variation in
sample size was introduced during the
AHS sample sefection process.

1970-1976 lost units.—The AHS estimate
of characteristics of the 1970-1976 lost
units employed a one-stage ratio esti-
mation procedure which is similar to the
ratio estimation procedure described
previously. The file of 1970-1976 lost
units was matched to the 1970 census file
to obtain the 1970 characteristics of the
lost units. Some lost units did not match.
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
tost units. The nonmatch adjustment
factor was equal to the following ratio:

Weighted count of Weighted count of
matched lost units nonmatched lost units

Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for whole
structure losses and part structure losses.
The effect of this estimation procedure
was to reduce the sampling error below
what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. ‘ .

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data
employed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of this ratio estimation pro-
cedure can be found in the 1970 Census
of Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and

considering

" space errors,

nonsampling errors. The Ifc')llo'wiﬁg is a
description of the sampling and non-
sampling errors associated with the AHS-
SMSA sample and of the nonsampling
errors associated with the 1970 census
estimates. A description of the sampling
errors associated with the sample esti-
mates from the 1970 census can be found
in the 1970 Census of Housing report,
Volume |, Housing Characteristics for
States, Cities, and Counties, Part 1.

Nonsampling errors.—in general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of ques-
tions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording or
coding the data, and other errors of
collection, response, processing, coverage,
and estimation for missing data. Non-
sampling errors are not unique to sample
surveys since they can, and do, occur in
complete censuses as well.

Obtaining a measurement of the total
nonsampling error associated with the
estimates from a survey is very difficult,
the number of possible
sources of error. However, an attempt
was made to measure some of the non-
sampling errors associated with the esti-
mates for both the 1970 Census of
Population and Housing and the 1978
AHS-SMSA sample.

1970 census. —A number of studies were
conducted to measure two types of
general errors associated with 1970
census estimates—"'coverage’” and ‘‘con-
tent” errors. The ‘‘coverage” errors
determined how completely housing units
were counted in the census and included
definitional errors, and
occupancy errors. The “content’ errors
measured ~ the accuracy of the data
collected for enumerated housing units.
These errors = were measured by re-
interviews, record checks, and other
surveys. .

The detailed results of these studies, as
well as the methodology employed, are
presented in the 1970 Census of Popu- |
lation and Housing Evaluation and
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Research . Program Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and PHC{E)-10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Re-
interviews.

AHS-SMSA.—For the 1976 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error
associated with the AHS estimates. A
reinterview program was conducted for a
sample of the AHS households. These
households were revisited and answers to
some of the questions on the AHS ques-
tionnaire were obtained again. The
original interview and the reinterview
were assumed to be two independent
readings and thus, were the basis for the
measurement of the accuracy of the AHS
data collected from
households.

As p_ari of the reinterview, a check was

made 'at each of these households to
determine if the following was done
during the original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built” was obtained.

4.-The correct information on "“Ten-
ure’ was obtained.

5. The correct information on ““House-
hold Compaosition” was obtained.

6. The correct information on ""Type
of Housing Unit" was obtained.

7. The correct information on “'Occu-
pancy Status” was obtained.

This' check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view check. The results of this study are
available and are presented in the
following Census Bureau memorandum,
“Response Error in the Annual Housing
Survey as Measured by Reinterviews—
Year I (1976-1977) SMSA Sample.”

Some of the results of this study are
presented below {note that these results
are based on the reinterviews across all
-Year 1) SMSA’s and not for any specific
SMSA):
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interviewed

1. For attitudinal items which were
not reconciled (i.e., after the question
is answered in the reinterview, the
enumerator does not present the

previous response and then ask the

respondent to decide upon the best
answer), approximately 67 percent of
the indices of inconsistency showed
moderate levels of response disagree-
ment while the remaining 33 percent
showed high levels.

2. Some differences beyond those due
to sampling error did occur. Most of
the categories affected by bias were
categories of attitudinal items.

The range for evaluating inconsistency
is from 0—100. The rule of thumb is that
indices below 20 are low; indices from
2050 are moderate, indicating that
there is some problem with inconsistent
reporting; those over 50 are high,
indicating that improvements are needed
in the method used 1o collect these data
or that the category concepts themselves
are ambiguous. )

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into
account when considering the results of
this study.

Coverage errors.—With respect to errors
of coverage and estimation for missing
data, the AHS new construction sample
had deficiencies in the representation of
conventional new construction. Due to
time constraints, only those building
permits issued more than 5 months
before the ‘survey ended were eligible to

be sampled to represent conventional new

construction in permit-issuing areas for
this SMSA. Also, permits were sampled
on a monthly basis and were divided
equally among the 12 panels in which
interviews were conducted. Due to this
procedure, some of the permits issued in
November 1975 through October 1976
were not interviewed because they were
assigned to panels in which the inter-
viewing had already been compieted. In
this SMSA, 5.0 percent of the permits
sampled were not interviewed because of
this procedure. This percentage does not

include permits issued during the last 5
months of the survey. Houlvever, these
permits issued during the last 5 months of
the survey do not necessarily represent
missed housing units since, due to the
refatively short time-span involved, it is
possible that construction of these units
was not completed at the time the survey
was conducted and they were not eligible
for interview. In addition to these defi-
ciencies, new construction in special
places that do not require building
permits, such as military bases, are also
not adequately represented.

The Coverage |mprovement Program
also had certain deficiencies. It appears
that the listing procedure used to find
units missed in the 1970 census, units
converted from nonresidential to resi-
dential, houses moved onto their present
site, and mobile homes placed outside |
parks, was not very efficient for finding
nonresidential conversions. Such con-
versions were primarily in business
districts, whereas the listing procedure
started from a residential unit.

Deficiencies also exist in ED"s where
area sampling methods are used. It had
been assumed that all units located inside
these ED’s would be represented in the
sample. However, it has been estimated
that the 1976 AHS sample missed as
much as 2 percent of all housing unitsin .
these ED's because they were not listed
during the canvassing.

Rounding errors.—For errors associated .
with processing, the rounding of esti- -
mates introduces another source of error
in the datz, the severity of which depends
on the statistic being measured. The
effect of rounding is significant relative to
the sampling error only for small percent-
ages or small medians, when these figures
are derived from relatively large bases
{e.g., median number of persons per
household}. This means that confidence
intervals formed from the standard errors
given may be distorted and this should be
taken into account when considering the
results of the survey.

Sampling errors for the AHS-SMSA
sample.—TI:le particular sample used for
this survey is one of a large number of
possible samples of the same size, that
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could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and interviewers were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling errar. The stand-
ard error of a survey estimate attempts to
provide a measure of this variation among
the estimates from the possible samples
and thus, is a measure of the precision
with which an estimate from a sample
approximates the average result of all
possible samples.

As calculated for this report, the
standard error also partially measures the
variance in the estimates due to response
and interviewer errors {nonsampling
errors}, but it does not measure, as such,
any’ systematic biases in the data. There-
fore, the accuracy of the estimates
depends on both the sampling and non-
sampling error measured by the standard
errar, biases, and some additional non-
sampling errors not measured by the

standard error.
The sample estimate and its estimated

standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each
sample, then:

1. Approximately 68 percent of the
intervals from one standard error
below the estimate to one standard
error above the estimate would include
the average result of all possible
samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors
below the estimate to 1.6 standard
errors above the estimate would
include the average result of all
possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would
include the average result of all
‘possible samples.

-

The average result of atl possible
samples either is or is not contained in
any particular computed interval. How-
ever, for a particular sample, one can say
with specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the following
tables are approximations to the standard
errors of various estimates shown in this
report for this SMSA. In order to derive
standard errors that would be applicable
to a wide variety of items and also could
be prepared at a moderate cost, a number
of approximations were required. As a
result, the tables of standard errors
provide an indication of the order of

magnitude of the standard errors rather
than precise standard errors for any,

specific items,

Table | presents the standard errors
applicable to estimates of characteristics
of the 1976 housing inventory as well as
estimates of characteristics of the 1970-

TABLE I. Standard Errors for Estimated Num-
ber of Hausing Units in the 1976 Housing
Inventory and for Estimated Number of
1970-1976 Lost Units for the Birmingham,
Ala., SMSA, for the Central City, and for
the Balance of the SMSA | :

{68 chances out of 100}

Standard error
. in Notin
ess:;::e SMSA cer]trat cerlltrgl

city city
o...... 70 70 70
100.. ... 80 80 80
200. . ... 120 110 110
500..... 190 180 180
700. . ... 220 210 210
1,000 . .. 260 260 260
2,500 ... 420 400 400
5,000 . .. 590 560 ‘570
10,000 . . 830 790 810
25,000 1,290 1,190 1,270
50,000 1,770 1,540 1,780
75,000 2,110 1,690 2,170
100,000 2,360 1,710 2,480
150,000 2,710 — 3,000
200,000 2,900 - -
250,000 . 2,970 - -

1976 “lost units. ‘Lirear interpotation’
should be used to determine the standard
errors for estimates not specifically shown
in this table. The standard errors on the
AHS estimates of the population in
housing units shown in tables A-1, B-1,
and C-1 of part A of this report are
9,470 for the total SMSA, 8,870 for the
central city of the SMSA, and 6,690 for
the balance of the SMSA.

The reliability of an estimated percent- -
age, computed by using sample data for

- both numerator and denominator, de-
* pends upon both the size of the percent-

age and the size of the total upon which
the percentage is based. Estimated per-
centages are relatively more reliable than
the borresponding estimates of the nu-
merators of the percentages, particularly
if the percentages are 50 percent or more,

Table I presents the standard errors of
estimated percentages of the 1976 housing
inventory as well as estimated percentages
of the 1970-1976 lost units. Two-way
interpolation should be used to determine
standard errors for estimated percentages
not specifically shown in table Il.

Included in tables | and Il are estimates
of standard errors for estimates of zero
and zero percent. These estimates of
standard errors are considered as over-
estimates of the true standard errors and
should be used primarily for construction
of confidence intervals for characteristics
when an estimate of zero is obtained.

For ratios, 100 {x/y), where x is not a

subclass of y, table |l underestimates the

standard error of the ratio when there is
little or no correlation between x and v.
For this type of ratio, a better approxi-
mation of the standard error may be ob-
tained by letting the standard error of
the ratio be approximately equal to:

o (@) o) - (x)

where: x = the numerator of the
ratio
y = the denominator of the
- ' ratio
g, = the standard error of
the numerator
0y = the standard error of -

the denominator
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-

TABLE II. -Standard .Errors for Estimsted Percentages of Housing Units in the 1976 Housing
toventory and for Estimated Percentages of 1970-1976 Lost Units for the Birmingham, Ala.,
SMSA, far the Central City, and for the Balance of the SMSA

{68 chances out of 100}

Estimated percentage’
Base of ;
percentage Dor 1or Sor I 100 25 or 50
100 99 a5 20 15
100....... 41.0 41.0 41.0 410 410 417
200....... 25.8 25.8 25.8 25.8 25.8 295
500....... 12.2 12.2 - 12.2 12.2 16.2 18.6
.700.. ... .. 9.0 9.0 1 9.0 9.5 137 . 15.8
1,000 ..... 6.5 6.5 6.5 7.9 114 13.2
2500 ..... 2.7 27 36 5.0 7.2 8.3
5000 ..... 1.4 1.4 2.6 35 5.1 59
10,000 .. .. 0.7 0.8 1.8 | 25 36 4.2
25,000 . ... 0.3 0.5 1.1 1.6 2.3 2.6
50,000 0.14 04 0.8 1.1 1.6 1.9
75,000 0.09 - 03 0.7 0.9 1.3 15
100,000 0.07 0.3 0.6 0.8 1.1 1.3
150,000 0.05 0.2 0.5 06 0.9 1.1
200,000 0.03 0.2 0.4 0.6 08 0.9
260,000 0.03 0.2 0.4 0.5 07 08

! Standard errors are presented 10 nearest one-tenth of one percentage point except when the
standard error is less than fifteen-hundredths of one percentage point; in those cases, the standard
errar is shown to nearest one-hundredth of one percentage point.

Hlustration of the use of the standard
error tables.—Table A-1 of part A of this
report shows that in 1976 there were
173,400 owner-occupied housing units
in this SMSA. Interpolation in table |
of this appendix shows that the standard
error of an estimate of this size is ap-
proximately 2,800. The following inter-
polatiqn procedure was used:

The information presented in the
following table was extracted from

tahle 1. The entry for “x" is the one
sought.

Size of Standard
estimate error
150,000. ....... 2,710
173400........ X
200,000........ ! 2,900

The entry for x is determined by
vertically interpolating between 2,710
and 2,800.
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173,400-150,000 = 23,400
200,000—150,000 = 50,000
23,400
2,710 +50'000 {2,900-2,710) = 2,800

Consequently, the 68-percent confidence
interval, as shown by these data, is from
170,600 to 176,200 housing units.
Therefore, a conclusion that the average
estimate, derived from all possible
samples, of 1976 owner-occupied housing
units lies within a range computed in this
way would be correct for roughily 68
percent of afl possible samples. Similarly,
we could conclude that the average esti-
mate derived from all possible samples,
lies within the interval from 168,920
to 177,880 housing units with 90 percent
confidence; and that the average estimate
lies within the interval from 167,800 to
179,000 housing units with 95 percent
confidence.

Table A-1 of part A also shows that of
the 173,400 owner-occupied housing
units, 54,900, or 31.7 percent, had two

bedrooms. Interpolation in table Il of the
appendix (i.e., interpolation on both the
base and percent} shows that the standard
error of the 31.7 percent is approxi-
mately 0.9 percentage points. The follow-
ing interpolation procedure was used:

The information presented in the
following table was extracted from

table 1. The entry for “p’" is the one
sought.
Estimated percentage
Base of -
percentage 25 or 31.7 50
75

150,000. . . . 0.9 a 1.1
173,400. . .. p
200,000. . .. 08 b 0.9

1. The entry for cell “a" is determined
by horizontal interpelation between
09 and 1.1.

31.7-250=6.7
50.0-25.0 = 25.0

0.9 +27(1.1-0.9) = .95
25.0 :

2. The éntry for cel! b’ is determined
by horizontal interpolation between
0.8 and 0.9

31.7-25.0=6.7
50.0—25.0 = 25.0
6.7 B

0.8 +5z5 (0.9-0.8) = 83

a_

3. The entry for “p
mined by vertical
tween .83 and .95.

was then deter-
interpolation be-

173,400-150,000 = 23,400
200,000—150,000 = 50,000
23,400

Consequently, the 68-percent confidence
interval, as shown by these data, is from
30.8 to 32.6 percent; the 90-percent
confidence interval is from 30.3 to 33.1
percent; and the 95-percent confidence
interval is from 29.9 to 33.5 percent.
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Differences. —The standard errors shown
are not directly applicable to differences
between two sample estimates. The
standard error of a difference between
estimates is approximately equal to the
square root of the sum of the squares
of the standard error of each estimate
considered separately. This formula is
quite accurate for the difference between
estimates of the same characteristic in
two different SMSA's or the difference
between separate and uncorrelated char-
acteristics in the same SMSA. However,
if there is a high positive correlation be-
tween the two characteristics, the
formula will overestimate the true stand-
ard error; but, if there is a high negative
correlation, the formula will under-
estimate the true standard error.

Hiustration of the computation of the
standard error of a difference.—Table
A-1 of part A of this report shows that
in 1976 there were 92,100 owner-
occupied units with. three hedrooms in
this SMSA. Thus, the apparent difference,
as shown by these data, between owner-
occupied units with two bedrooms and
owner-occupied units with three bed-
rooms is 37,200. Table | shows the stand-
ard error of 54,900 is approximately
1,840 and the standard error of 92,100
is approximately 2,280. Therefore, the
- standard error of the estimated difference
of 37,200 is about;

2,930 =4(1,840)% + (2,280)°

Consequently, the 68-percent confidence
interval for the 37,200 difference is from
34,270 to 40,130 housing units. There-
fore, a conclusion that the average esti-
mate, derived from all possible samples,
of this difference lies within a range
computed in this way would be correct
for roughly 68 percent of all possible
samples. Similarly, the 90-percent confi-

dence interval is from 32,510 to 41,890
housing units, and the 95-percent confi-
dence interval is from 31,340 to 43,060,
Thus, we can conciude with 95 percent
confidence that the number of 1976
owner-occupied units with three bed-
rooms is greater than the number of
owner-occupied units with two bedrooms
since the 95-percent confidence interval
does not include zero or negative values.

Medians. —For medians presented in cer-
tain tables, the sampling error depends
on the size of the base and on the distri-
bution upon which the median is based.
An approximate method for measuring
the reliability of the estimated median
is to determine an interval about the
estimated median so that there is a
stated degree of confidence that the

average median from all possible samples.

lies within the interval. The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:

1. From table 1l determine the stand-
ard error of a bO-percent characteristic
on the base of the median.

2. Add to and subtract from 50 per-
cent, the standard error determined
instep 1.

3. Using the distribution of the char-
acteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible
samples, the average median from all
possible samples would lie between these
two values.

A two-standard-error confidence in-.

terval may be determined by finding
the values corresponding to 50 percent
plus and minus twice the standard error
determined in step 1. For about 95 out
of 100 possible samples, the average
median from all possible samples would
lie between these two values.

Hlustration of the comptitation of the
985-percent confidence' interval of a
median.—Table A-1 of part A of this
report shows the median number of
persons for owner-occupied housing units
is 2.7. The base of the distribution from
which this median was determined is
173,400 housing units.

1. Interpolation in table Il shows that
the standard error of 50 percent on a
base of 173,400 .is approximately 1.0
percentage points.

2. To obtain a 95-percent confidence
interval on the estimated median,
initially add to and subtract from 50
percent twice the standard error de-
termined in Step 1. This vields percent-
age limits of 48.0 and 52.0.

3. From table A-1 of part A, it can be
seen by cumulating the frequencies
for the first two categories that
80,800 owner-occupied housing units,
or 46.6 percent, had one or two
persons (for purposes of calculating
the median, the category of two per-
sons is considered to be from 1.5 to
2.5 persons) and that an additional
34,800 owner-occupied housing units,
or 20.1 percent, had three persons
{i.e., 2.5 to 3.5 persons).

By linear interpolation, the lower limit
of the 95-percent confidence interval is
found to be about:
) 48.0-46.6
b+ {3.6-2. =2,

2.5 +{3.5-2.5) 201 ) 2.6

Similarly, the upper limit of the 95
percent confidence interval is found to be

about:

52.0—46.6\ _
2.5 + (3.5-2.5) ( 207 ) =2.8

Thus, the 95-percent confidence interval
ranges from 2.6 to 2.8 persons.
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SAMPLE DESIGN

Annual Housing Survey.—The estimates
for each of the 20 SMSA's are based on
data collected from the 1976 Annual
Housing Survey {(AHS} which was con-
ducted by the Bureau of the Census
acting as collection agent for the Depart-
ment of Housing and Urban Deveiop-
ment. in each of the 20 SMSA's, the data
were collected for the 12-month period
from April 1976 through March 1977
with one-twelfth of the sample units
being visited each month.
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Data for the first group of 19 SMSA’s
were collected for the AHS from April
1974 through March 1975, and data for a
second group of 21 SMSA’s were col-
lected from April 1975 through March
1976. The sample housing units for each
group of the AHS SMSA's are interviewed
on a rotating basis.

For each group of SMSA’s, the largest
SMSA from each of the four geographic
regions is represented by a sample of
about 15,000 designated housing units
evenly divided between the central city
and the balance of the respective SMSA.
All remaining SMSA’s are each repre-
sented by a sample of about 5,000
designated housing units distributed
proportionately between tha central city
and the balance of the respective SMSA
based on the distribution of total housing
units in each sector.

The largest SMSA‘s in the third group
{1976-77) are: Houston, Tex., New York,
N.Y., St. Louis, Mo.-lil.,, and Seattle-
Everett, Wash.

The remaining SMS5A’s in the third
group are: Allentown-Bethlehem-Easton,

Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.Y., Cleveland, OChio,
Denver, Colo.,, Grand Rapids, Mich.,

Honolulu, Hawaii, Indianapolis, Ind., Las
Vegas, Nev., Louisville, Ky.-Ind., Okla-
homa City, Okla., Omaha, Nebr.-iowa,
Providence-Pawtucket-Warwick, R.l.-
Mass., Raleigh, N.C., and Sacramento,
Calif. '

In this SMSA, 4,928 units were eligible
for interview. Of these sample units, 287
interviews were not obtained because, for
occupied sample units, the occupants
were not at home after repeated visits or
were unavailable for some other reason;
or, for vacant units, no informed
respondent could be found after repeated
visits. In addition to the units eligible for
interview, 354 -units were visited but were
not eligible for interview, because they
were found to be condemned, unfit,
demdlished, converted to group quarters
use, etc.

Selection of the sample.—The sample for
the SMSA’s which are 100-percent

permit-issuing (Honolulu, Las Vegas, New
York, and Sacramento} was selected from
two sample frames—units enumerated in
the 1970 Census of Population and Hous-
ing in areas under the jurisdiction of
permit-issuing offices {the permit-issuing
universe) and units constructed in permit-
issuing areas since the 1970 census (the
new construction universe). In addition,
the sample for the 16 SMSA’s which are
not 100-percent permit-issuing included a
sample selected from a third frame—those
units located in areas not under the
jurisdiction of permit-issuing offices (the

nonpermit universe},
Sampling operations, described in the

following paragraphs, were performed
separately within the central city and the
balance of the SMSA for each of the
sample frames. The overall sampling rate
used to select the sample for each SMSA
was determined by the size of the sample.
Thus, for the four largest SMSA’s, the
overall sampling rate differed by centrai
city and balance of the SMSA, since the
sample was divided equally between the
central city and the balance of the SMSA.
The  remaining SMSA's had an overall
sampling rate about the same for the
sample selected from both the central
city and balance of the SMSA, since the
sample was distributed proportionately
between the central city and the balance
of the SMSA according to the distri-
bution of total housing units in each

sector,
The major portion of the sample was

selected from a file which represented the
20-percent sample of units enumerated in
permit-issuing areas of the SMSA during
the 1970 Census of Population and
Housing. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from the
occupied and vacant housing unit records,
the occupied housing unit records were
stratified by race of head (non-
Black/Black) and the vacant housing unit
records were stratified into four cate-
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gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to 1 of b0 strata according to its
tenure, family size, and household in-
come category as illustrated by the
following table:

Tenure
Household Owner— Renter—
income Family size | Family size
12345+ | 12345+

Under $3,000 . . .
$3,000-$5,999. . .
$6,000-$9,999. . .
$10,000-$14,999 .
$15,000 and over .

Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to 1 of 100 strata for either
the central city or for the balance, and
the wvacant housing unit records were
assigned to 1 of the 4 vacant strata for
either the central city or for the balance
of the SMSA. A sample of housing unit
records was then selected to produce one-
half of the desired sample size. However,
the housing unit record adjacent to each
of the above sample housing unit records
was also selected to be in sample, thereby
insuring the necessary designated sample
size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district (ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected to produce one-quarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an
expected four sample units, thereby
insuring the necessary designated sample
size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued

-since January 1970 (i.e., the new con-
struction universe). The sample selection
from the list of new construction building

permits was an independent operation
within this SMSA. Prior to sample selec-
tion, the list of permits was chrono
logically stratified by the date the permits
were issued and clusters of an expected
four {usually adjacent} housing units were
formed. These clusters were then sampled
for inclusion at the overall sampling rate.
For those SMSA’s which are not
100-percent permit-issuing, the remainder
of the AHS sample was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices {i.e.,
the nonpermit universe). The first step in
the sampling operation for the universe
was the selection, using the overall
sampling rate, of a sample of census
enumeration districts within these areas.
Prior to this sample selection, the ED’s
were stratified by census tract within the
central city and within the balance of the
SMSA. The probability of selection of an
ED was proportionate to the following
measure of size:
Group quarters
population in

1970 census ED
3

Number of housing
units in 1970 +
census ED

4

The sample ED’s were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four, or a multiple of four
housing units. At the time of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housing units. '

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Coverage improvement sample selec-
tion.—~The Coverage " Improvement Pro-
gram was undertaken to correct certain
deficiencies in the AHS-SMSA sample
from the permit-issuing and new con-
struction universes. The coverage defi-
ciencies included the following units:

1. New construction from building

permits issued prior to January 1970,

but completed after April 1, 1970.

" was selected

2. Mobile homes placed in parks either
missed during the 1970 census or
established since the census,

3. Units missed in the 1970 census.

4. Units converted to residential ‘use
that were nonresidential at the time of
the 1970 census.

5. Houses that have been moved onto
their present site since the 1970
census.

6. Mobile homes placed outside parks
since the 1970 census or vacant at the
time of the 1870 census.

Coverage improvement for deficiency
1.—A sample of new construction units
whose permits were issued before January
1970, but completed after April 1970,
independently for each
SMSA. The sampling was carried out in
two stages for one-and-two-unit struc-
tures and in three stages for three-or-
more-unit structures. Thaese units were
sampled at one-fourth the rate of units
originally selected for the AHS-SMSA
sample {regular AHS units).

The first stage was a sample of permit
offices and the second stage a sample of
the 1969 permits within each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolulu, Hawaii, SMSA,
and Grand Rapids, Mich., SMSA, an
additional sample of 1968 permits for
three-or-more-unit  structures was in-
cluded in the second stage sampling. For
the third stage, structures of size three or
more were divided into clusters of an
expected size of four units and a’sample
of clusters was selected. This procedure
added an estimated 743 units to the
coverage of the housing inventory of this
SMSA,

Coverage improvement for deficiency
2 —In permitissuing areas, a sample of
mobile homes placed in a park missed by
the census or established after the census
was selected in two stages. First, for each
1976-77 SMSA, a sample of tracts was
selected and canvassed. All parks were
tisted and then matched back to the 1970
census to identify parks missed by the
census and parks established after the
census.’ Second, the parks were  divided
into clusters of an expected size of four
sites and a sample ‘of clusters was selected
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and interviewed. Each of the sample units
represented the same number of units
that the regular AHS sample units repre-
sented, This procedure added an esti-
mated 579 units to the coverage of the
housing inventory of this SMSA.

Coverage improvement for deficiencies
3-6.—The remaining missed units were
sampled by one of two procedures. The
first procedure was designed to represent
units from the following types of missed
structures (structures that had no chance
of selection for the AHS):

1. Structures missed in the 1970
census,

2. Structures that were completely
nonresidential in the 1970 census but
contain units converted to residential

use,

3. Mobile homes that had been placed

outside parks since the 1970 census
and had a utility hookup, or were on
the site but not occupied on April 1,
1970, or had no utility hookup but
were occupied by persons with no
usual residence elsewhere.

4, Houses that had been moved onto
their present site since the 1970
census.

Initially, a subsample of regular AHS
units was selected at a rate of 1 in
22.2152, Then, succeeding structures, in a
defined path of travel to the right of the
structure containing the sample unit,
were listed until eight structures (ex-
cluding the sample unit structure) were
found that had been eligible to be
selected for the AHS. Finally, the inter-
vening structures that did not have a
chance of selection in the AHS were
identified and units within these struc-
tures were interviewed. In cases where the
interviewer workload would have been
too great, a representative subsample of
units within these structures was selected.
This procedure added an estimated 5,167
units to the coverage of the housing in-
ventory of this SMSA.

The second procedqre was designed to
represent missed units from structures
represented in the AHS. These missed
units were: .

1. Units missed in the 1970 census.
App-44

2. Units converted to residential use
since the 1970 census in structures
that contained some residential units
in 1970.

First, a subsample of regular AHS units in
multi-unit structures of lass than ten units

-was selected from the permit-issuing uni-

verse. Second, for the multi-unit struc-
tures selected, all units were listed and
matched to the 1970 census. Any missed
units were then assigned for interview,
This procedure added an estimated 1,942
units to the coverage of the housing in-
ventory of this SMSA.

Building loss sample selection.—Some
tables in this report show estimates of
characteristics of housing units removed
from the housing inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
interview). For the permit-issuing uni-
verse, the sample upon which these esti-
mates were based was the regular AHS
sample previously described., Since the
addresses of these sample units were
known to exist in 1970, the AHS inter-
viewers could determine which of the
sample units were no longer considered to
be part of the housing inventory. From
these units, estimates were obtained for
both whole structure losses (i.e., lost
units in structures in which all housing
units were removed from the inventory)
and part structure losses li.e., lost units in
structures in which some, but not all, of
the units were removed from the in-
ventory).

For each of the SMSA's with a non-
permit universe, it was necessary to select
an independent sample with which to
measure lost units because of the area
sample technique employed for the
regular AHS sample. For this independent
sample, a cluster of four (usually adija-
cent) housing unit addresses was selected
from the 1970 census listing of addresses
for each sample ED. Since these addresses
were known to exist in 1970, the AHS
interviewer determined those sample
units that were no longer considered part
of the housing inventory. From these
units, only estimates of whole structure
losses were obtained (i.e., lost units in

structures in which all housing units were
removed from the inventory),

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census) are based on either 20-, 15,
or DBpercent sample data collected in
April 1970 for the Decennial Census of
Population and Housing. A detailed
description of the sample design em-
ployed for the 1970 census can be
obtained in the 1970 Census of Housing
report, Volume f, Housing Characteristics
for States, Cities, and Counties, Part 1.

ESTIMATION

The AHS sample produced two types of
estimates for each SMSA: Estimates per-
taining to characteristics of the housing
inventory at the time of the interview
{i.e., the 1976 housing inventory} and
estimates pertaining to characteristics of
units removed from the housing in-
ventory since 1970 {i.e., 1970-1976 lost
units). Each type of estimate employed
separate, although similar, estimation
procedures.

1976 housing inventory.—The AHS esti-
mates of characteristics of the 1976
housing inventory employed a one-stage
ratio estimation procedure. Prior to the
implementation of the ratio estimation
procedure, the basic weight (i.e., the
inverse of the probability of selection) for

.each interviewed sample housing unit was

adjusted to account for the 287 nonin-
terviews previously mentioned. The
noninterview adjustment factor was equal
to the following ratio: .

Weighted count of
noninterviewe d
housing units

Weighted count of
interviewed +
housing units
Weighted count of interviewed housing
units

Within each sector of each SMSA, a
noninterview factor was computed
separately for 50 noninterview cells for
sample housing units from the permit-
issuing universe (where the cells consisted
of 1 or more of the different strata used
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in the stratification of the universe as
previously illustrated). In addition, a
noninterview factor was computed for
one noninterview cell for new construc-
tion sample housing units from both the
permit-issuing universe and the coverage
improvement universe, one noninterview
cell for mobile homes, and one non-
interview cell for sample units from both
the nonpermit universe (if applicable) and
the coverage improvement universe (if
units were not included above).

The following ratio estimation pro-
cedure was employed for all sample
housing units from the permit-issuing
universe. This factor: was computed
separately for all sample housing units
within each permit-issuing universe
noninterview cell mentioned previously.
The ratio estimation factor for each cell
was equal to the following:

1970 census count of housing units from -
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

For each SMSA, the numerators of the
ratios were obtained from the 1970
Census of Population and Housing
20-percent file of units enumerated in
areas under the jurisdiction of permit-
issuing offices, The denominators of the
ratios were obtained from weighted
estimates of all the AHS sample units
within the corresponding ratio estimation
categories using the existing weight (i.e.,
the basic weight times the noninterview
factor). The computed ratio estimation
factor was then applied to the existing
weight for each sample unit within the
corresponding ratio estimation category.

The effect of this ratio estimation
procedure was to somewhat reduce the
variance due to the variation in sample
size of strata used in the sample selection
of the permit-issuing universe, thereby
reducing the sampling error below what
would have been obtained by simply
weighting the results of the sample by the
inverse of the probability of selection.
Ordinarily, this would have been con-
trolled by sampling within the strata
during the sample selection process. How-
ever, prior to the AHS sample selection
within each SMSA, units already selected
for other Census Bureau surveys were

deleted from the permit-issuing universe,
Thus, some variation in sample size was
introduced during the AHS sample selec-
tion process.

1970-1976 lost units.—The AHS estimate
of characteristics of the 1970-1976 lost
units employed a one-stage ratio esti-
mation procedure which is similar to the
ratio estimation procedure described
previously. The file of 1970-1976 {ost
units was matched to the 1970 census file
to obtain the 1970 characteristics of the
lost units. Some lost units did not match.
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adijustment
factor was equal to the following ratio:

Weighted count of ' Weighted count of
matched lost units’ nonmatched lost units

Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for whole
structure losses and part structure losses.
The effect of this estimation procedure
was to reduce the sampling error below
what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing in-
ventory from the 1970 Census of Popula-
tion and Housing. The statistics based on
1970 census sample data employed a
ratio estimation procedure which was

applied separately for each of the three

census samples. A detailed description of
this ratio estimation procedure can be
found in the 1970 Census of Housing
repart, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and non-
sampling errors. The following is a
description of the sampling and non-

sampling errors associated with the AHS-
SMSA sample and of the nonsampling
errors associated with the 1970 census
estimates. A description of the sampling
errors associated with the sample esti-
mates from the 1970 census can be found
in the 1970 Census of Housing report,
Volume |, Housing Characteristics for
States, Cities, and Counties, Part 1,

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of ques-
tions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording or
coding the data, and other errors of
colfection, response, processing, coverage,
and estimation for missing data. Non-
sampling errors are not unique to sample
surveys since they can, and do, occur in
complete censuses as well.

Obtaining a measurement of the total
nonsampling error associated with the
estimates from a survey is very difficult,
considering the number of possible
sources of error. However, an attempt
was made to measure some of the non-
sampling errors associated with the esti-
mates for both the 1970 Census of
Population and Housing and the 1976
AHS-SMSA sample.

1970 census. —A number of studies were
conducted to measure two types of
general errors associated with 1970
census estimates—'‘coverage” and ‘‘con-
tent’” errors. The “coverage’ errors
determined how completely housing units
were counted in the census and included
space errors, definitional errors, and
occupancy errors. The “content” errors
measured the accuracy of the data col-
lected for enumerated housing units.
These errors were measured by rein-
terviews, record checks, and other
surveys.

The detailed results of these studies, as
well as the methodology employed, are
presented in the 1970 Census of Popula-
tion and Housing Evaluation and Re-
search Program Reports, Series PHC(E)-5,
The Coverage of Housing in the 1970
Census, and PHC{E)-10, Accuracy of
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Data for Selected Housing Characteristics
as Measured by Reinterviews.

AHS-SMSA.—For the 1976 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error asso-
ciated with the AHS estimates. A
reinterview program was conducted for a
sample of the AHS households. These
households were revisited and answers to
some of the questions on the AHS ques-
tionnaire were obtained again. The ori-
ginal interview and the reinterview were
assumed to be two independent readings
and, thus, were the basis for the measure-
ment of the accuracy of the AHS data
collected from interviewed households.

As part of the reinterview, a check was
made at each of these households to
determine if the following was done
during the original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built” was obtained.

4. The correct information on “Ten-
ure” was obtained.

5. The correct information on ""House-
hold Composition®’ was obtained.

6. The correct information on “Type
of Housing Unit’" was obtained.

7. The correct information on *‘Occu-
pancy Status” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view check. The results of this study are
available and are presented in the fol-
lowing Census Bureau memorandum,
“*Response Error in the Annual Housing
Survey as Measured by Reinterviews—
Year |il (1976-77) SMSA Sample.”

Some of the results of this study are
presented below (note that these results
are based on the reinterviews across all
Year 11l SMSA’s and not for any specific
SMSA):

1. For attitudinal items which were

not reconciled li.e., after the question

is answered in the reinterview, the

enumerator does not present the pre-

vious response and then ask the
App-46

respondent to decide upon the best
answer}, approximately 67 percent of
the indices of inconsistency showed
moderate levels of response disagree-
ment while the remaining 33 percent
showed high levels.

2. Some differences beyond those due
to sampling error did occur. Most of

the categories affected by bias were’

categories of attitudinal items.

The range for evaluating inconsistency
is from 0—100. The rule of thumb is that
indices below 20 are low, indices from
20-50 are moderate, indicating that
there is some problem with inconsistent
reporting; those over 50 are high, indi-
cating that improvements are needed in
the method used to collect these data or
that the category concepts themselves are
ambiguous.

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into
account when considering the results of
this study.

Coverage errors.—With respect to errors
of coverage and estimation for missing
data, the AHS new construction sample
had deficiencies in the representation of
conventional new construction. Due to
time constraints, only those building
permits issued more than 5 months
bhefore the survey ended were eligibfe to
be sampled to represent conventional new
construction in permit-issuing areas for
this SMSA. Also, permits were sampled
on a monthly basis and were divided
equally among the 12 panels in which
interviews were conducted. Due to this
procedure, some of the permits issued in
November 1975 through October 1976
were not interviewed because they were
assigned to panels in which the inter-
viewing had already been completed. In
this SMSA, 4.6 percent of the permits
sampled were not interviewed because of
this procedure. This percentage does not
include permits issued during the last 5
months of the survey. However, these
permits issued during the last 5 months of
the survey do not necessarily represent
missed housing units, since, due to the
relatively short time span involved, it is

possible that construction of these units
was not completed at the time the survey
was conducted and they were not eligible
for interview. In addition to these defi-
ciencies, new construction in special
places that.do not require building per-
mits, such as military bases, are also not
adequately represented.

The Coverage Improvement Program
also had certain deficiencies. It appears
that the listing procedure used to find
units missed in the 1970 census, units
converted from nonresidential to resi-
dential, houses moved onto their present
site, and mobile homes placed outside
parks, was not very efficient for finding
nonresidential conversions. Such con-
versions were primarily in business
districts, whereas the listing procedure
started from a residential unit.

Deficiencies also exist in ED’'s where
area sampling methods are used. It had
been assumed that all units located inside
these ED's would be represented in the
sample. However, it has been estimated
that the 1976 AHS sample missed as
much as 2 percent of all housing units in
these ED's because they were not listed
during the canvassing.

Rounding errors.—For errors associated
with processing, the rounding of esti-
mates introduces another source of error
in the data, the severity of which depends
on the statistic being measured. The
effect of rounding is significant relative to
the sampling error only for small per-
centages or small medians, when these
figures are derived from relatively large
bases {e.qg., median number of persons per
household}. This means that confidence
intervals formed from the standard errors
given may be distorted and this should be
taken into account when considering the
results of the survey.

Sampling errors for the AHS-SMSA
sample.—The particular sample used for
this survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and interviewers were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
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the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
provide a.measure of this variation among
the estimates from the possible samples
and, thus, is a measure of the precision
with which an estimate from a sample
approximates the average result of all
possible samples.

As calculated for this report, the
standard error also partially measures the
variance in the estimates due to response
and interviewer errors {nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates
depends on both the sampling and non-
sampling error measured by the standard
error, biases, and some additional non-
sampling errors not measured by the
standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each
sample, then:

1. Approximately 68 percent of the
intervals from one standard error
below the estimate to one standard
error above the estimate would include
the average result of all possible
samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors
below the estimate to 1.6 standard
errors above the estimate would
include the average result of all
possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate ‘would
include the average result of al}
possible samples,

The average result of all possible
samples either is or is not contained in
any particular computed interval. How-
ever, for a particular sample, one can say
with specified confidence that the average

result of all possible samples is included
in the constructed interval.

The figures presented in the following
tables are approximations to the standard
errors of various estimates shown in this
report for this SMSA. In order to derive
standard errors that would be applicable
to a wide variety of items and also could
be prepared at a moderate cost, a number
of approximations were required. As a
result, the tables of standard errors pro-
vide an indication of the order of magni-
tude of the standard errors rather than
precise standard errors for any specific
items,

Table | presents the standard errors
applicable to estimates of characteristics
of the 1976 housing inventory as well as
estimates of characteristics of the 1970-
1976 lost wunits. Linear interpolation
should be used to determine the standard
errors for estimates not specifically shown

TABLE 1. Standard Errors for Estimated Num-
ber of Housing Units in the 1976 Housing
Inventory and for Estimated Number of
1970-1976 Lost Units for the Buffalo,
N.Y., SMSA, for the Central City, and for
the Balance of the SMSA

{68 chances out of 100}

Standard error
Size of In Not in
estimate SMSA central | central
city city
0...... 110 100 110
100..... 110 100 110
200..... 150 140 150
500. . ... 230 220 240
700. ..., 280 260 280
1,000 ... 330 310 330
2500 . .. 520 490 530
5,000 ... 740 690 740
10,000 1,040 a70 1,040
25,000 1620 1,460 1,610
50,000 2,230 1,880 2,200
75,000 . 2,660 2,070 2,580
100,000. . 2,990 2,080 2,850
160,000, . 3,430 1,520 3,160
200,000, . 3,690 - 3210
250,000. . 3,790 - 3,020
300,000. . 3,760 - —
400,000. . 3,220 - -

in this table. The standard errors on the
AHS estimates of the population in
housing units shown in tables'A-1, B-1,
and C-1 of part A of this report are
12,600 for the total SMSA, 7,490 for the
central city of the SMSA, and 11,140 for
the balance of the SMSA.

The reliability of an estimated percent-
age, computed by using sample data for
both numerator and denominator, de-
pends upon both the size of the percent-
age and the size of the total upon which
the percentage is based. Estimated per-
centages are relatively more reliable than
the corresponding estimates of the
numerators of the percentages, particu-
larly if the percentages are 50 percent
or more. .

Table 1| presents the standard errors of
estimated percentages of the 1976 hous-
ing inventory as well as estimated percent-
ages of the 1970-19786 lost units. Two-
way interpolation should be used to de-
termine standard errors for estimated
percentages not specifically shown in
table .

Included in tables | and Il are esti-
mates of standard errors for estimates
of zero and zero percent. These estimates
of standard errors are considered as
overestimates of the true standard errors
and should be used primarily for con-
struction of confidence intervals for
characteristics when an estimate of zero
is obtained. '

For ratios, 100 (x/vy), where x is not
a subclass of vy, table |{ underestimates
the standard error of the ratio when there
is little or no correlation between x and
y. For this type of ratio, a better approxi-
mation of the standard error may be
obtained by letting the standard error of
the ratio be approximately equal to:

woff) ) - )

where: x = the numerator of the
ratio
y = the denominator of the
ratio
g, = thestandard error of
the numerator
oy = the standard error of

the denominator
App-47
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TABLE ). Standard Errors for Estimated Percentages of Housing Units in the 1976 Housing
Inventory and for Estimated Percentages of 1970-1976 Lost Units for the Buffalo, N.Y.,
SMSA, for the Central City, and for the Balance of the SMSA

{68 chances out of 100}

Estimated percentage’
Base of Qor tor 5or 10 or 25 or 50
percentage 100 a9 95 90 15
100, ...... 52.4 524 524 524 52.4 52.5
200....... 356.5 35.5 355 35.5 355 37.1
500....... 18.1 18.1 18.1 18.1 203 23.5
700, ... ... 136 13.6 136 13.6 - 17.2 19.8
1,000 ..... 9.9 99 9.9 10.0 144 16.6
2500 ..... 4.2 4.2 46 6.3 9.1 10.6
5000 ..... 2.2 2.2 3.2 45 6.4 74
10,000 . ... 1.1 1.1 2.3 3.1 4.5 5.2
25000 .... 4 7 14 20 29 3.3
50,000 . ... 2 5 1.0 14 2.0 2.3
75,000 . ... .18 A B 1.1 1.7 19
100,000. . . . A1 3 7 1.0 14 1.7
150,000. . . . .07 3 B B8 1.2 1.4
200,000. . .. 06 2 5 7 1.0 1.2
250,000. . .. .04 2 5 B 9 1.0
300,000. . .. 04 2 4 8 8 1.0
400,000, . . . 03 2 4 5 7 B

'Standard errors are presented to the nearest one-tenth of one percentage point except when
the standard error is less than fifteen-hundredths of one percentage point; in those cases, the
standard error is shown to the nearest one-hundredth of one percentage point.

Hiustration of the use of the standard
error tables.—Table A-1 of part A of this
report shows that in 1976 there were
275,900 owner-occupied housing units
in this SMSA. Interpolation in table | of
this appendix shows that the standard
error of an estimate of this size is ap-
proximately 3,770. The following inter-
polation procedure was used:

The information presented in the
following table was extracted from

table |. The entry for “x’’ is the one
sought.

Size of Standard
estimate error
250,000. . ...... 3,790
2769800........ X
300,000........ 3,760

The entry for x is determined by ver-
tically interpolating between 3,790
and 3,760.
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275,900-250,000 = 25,900
300,000-250,000 = 50,000

25,900 _
3,790-2500 (3,790-3,760) = 3,770

Consequently, the 68-percent confidence
interval, as shown by these data, is from
272,130 to 279,670 housing wunits.
Therefore, a conclusion that the average
estimate, derived from all possible
samples, of 1976 owner-occupied housing
units lies within a range computed in
this way would be correct for roughly
68 percent of all possible samples. Simi-
larly, we could conclude that the average
estimate derived from all possible
samples, lies within the interval from
269,870 to 281,930 housing units with
90 percent confidence; and that the aver-
age estimate lies within the interval from
268,360 1o 283,440 housing units with
95 percent confidence.

Table A-1 of part A also shows that of
the 275,900 owner-occupied housing
units, 56,800, or 206 percent, had two
bedrooms. Interpolation in table |l of
the appendix (i.e., interpolation on both
the base and percent) shows that the
standard error of the 20.6 percent is
approximately 0.8 percentage points.
The following interpolation procedure
was used:

The information presented in the table
below was extracted from table Il. The

entry for ’p” is the one sought.

Estimated parcentage
Base of
percentage 10or 25 or

90 206 75

250,000. . .. B a 9

275,900. . .. P

300,000. . .. B b 8

1. The entry for cell *‘a’’ is determined
by horizontal interpolation between
06 and 0.9.

20.6-10.0=106
25.0-10.0=150

10.6 _
0.6 + 7- o (0.9-0.6) = 81

2. The entry for cell “"b’’ is determined
by horizontal interpolation between
0.6 and 0.8.

20.6-10.0=106
25.0-10.0=15.0
10.6

—= {0.8-0.6) = .74
0.6+15_0{08 0.6)

3. The entry for “p’" was then deter-
mined by vertical interpolation be-
tween .74 and .81.

275,900-250,000 = 25,800
300,000-250,000 = 50,000

25,900

81 ~50,000

(.81-.74)=08

Consequently, the 68-percent confidence
interval, as shown by these data, is from
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19.8 to 214 percent; the 90-percent
confidence interval is from 19.3 to 21.9
percent; and the 95-percent confidence
interval is from 19.0 to 22.2 percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two sample estimates. The stand-
ard error of a difference between esti-
mates is approximately equal to the
square root of the sum of the squares of
the standard error of each estimate con-
sidered separately. This formula is quite
accurate for the difference between esti-
mates of the same characteristic in two
different SMSA‘s or the difference be-
tween separate and uncorrelated char-
acteristics in the same SMSA. However,
if there is a high positive correlation
between the two characteristics, the
formula will overestimate the true stand-
ard error; but, if there is a high negative
correlation, the formula will underesti-
mate the true standard error.

Hlustration of the computation of the
standard error of a difference.—Table A-1
of part A of this report shows that in
1976 there were 149,100 owner-occupied
units with three bedrooms in this SMSA.
Thus, the apparent difference, as shown
by these data, between owner-occupied
units with two bedrooms and owner-
occupied units with three bedrooms is
92,300. Table | shows the standard error
of 56,800 is approximately 2,350 and the
standard error of 149,100 is approxi-
mately 3420. Therefore, the standard
error of the estimated difference of
92,300 is about:

4,150 = /{2,350)* + (3,420

Consequently, the 68-percent confidence
interval for the 92,300 difference is from
88,150 to 96,450 housing units. There-
fore, a conclusion that the average esti-

mate, derived from all possible samples, -

of this difference lies within a range com-

puted in this way would be correct for
roughly 68 percent of all possible samples.
Similarly, the 90-percent confidence
interval is from 85,660 to 98,940 housing
units, and the 95b-percent confidence
interval is from 84,000 to 100,600. Thus,
we can conciude with 95 percent con-
fidence that the number of 1976 owner-
occupied units with three bedrooms is
greater than the number of owner
cccupied units with two bedrooms since
the 95-percent confidence interval does
not include zero or negative values.

Medians.—For medians presented in
certain tables, the sampling error depends
on the size of the base and on the distri-
bution upon which the median is based.
An approximate method for measuring
the reliability of the estimated median is
to determine an interval about the esti-
mated median so that there is a stated
degree of confidence that the average
median from all possible samples lies
within the interval. The following pro-
cedure may be used to estimate confi-
dence limits of a median based on sample
data:

1. From table !l determine the stand-
ard error of a b0-percent characteristic
on the base of the median.

2, Add to and subtract from 50 per-
cent, the standard error determined
instep 1.

3. Using the distribution of the char-
acteristic, read off the confidence
interval corresponding to the two
peints established in step 2.

For about 68 out of 100 possible samples,
the average median from all possible
samples would lie between these two
values.

A two-standard error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error de-
termined in step 1. For about 95 out of
100 possible samples, the average median

from all possible samples would lie be-
tween these two values.

Hlustration of the computation of the
95-percent confidence interval of a
median.—Table A-1 of part A of this re-
port shows the median number of persons
for owner-occupied housing units is 2.9,
The base of the distribution from which
this median was determined is 275,900
housing units,

1. Interpolation in table Il shows that
the standard error of 50 percent on a
base of 275,900 is approximately 1.0
percentage points.

2. To abtain a 95-percent confidence
interval on the estimated median,
initially add to and subtract from 50
percent twice the standard error de-
termined in step 1. This yields percent-
age limits of 48.0 and 52.0.

3. From table A-1 of part A, it can be
seen by cumulating the frequencies
for the first two categories that
119,200 owner-occupied housing units,
or 43.2 percent, had one or two
persons {for purposes of calculating
the median, the category of two
persons is considered to be from 1.6
to 2.5 persons} and that an additional
46,600 owner-occupied housing units,
or 169 percent, had three persons
(i.e., 2.5 to 3.5 persons).

By linear interpolation, the lower {imijt

of the 95-percent confidence interval is
found to be about:

48.0-43.2\ _
2.5+(3.5—2.5}( 69 )—2.8

Similarly, the upper limit of the 95-per-
cent confidence interval is found to be
about:

52.0-43.2)
2.5+ {3.56-2.5) (_'16'—9'—) =3.0

Thus, the 95-percent confidence interval
ranges from 2.8 to 3.0 persons.

App-49
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SAMPLE DESIGN

Annual Housing Survey.—The estimates
for each of the 20 SMSA’'s are based on
data collected from the 1976 Annual
Housing Survey (AHS) which was con-
ducted by the Bureau of the Census
acting as collection agent for the
Department of Housing and Urban
Development. In each of the 20 SMSA's,
the data were collected for the 12-month
period from April 1976 through March
1977 with one-twelfth of the sample
units being visited each month.

Data for the first group of 19 SMSA’s
were collected for the AHS from April
1974 through March 1975, and data for a
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second group of 21 SMSA’s were
collected from April 1975 through March
1976. The sample housing units for each
group of the AHS SMSA’s are interviewed
on a rotating basis.

For each group of SMSA's, the largest
SMSA from each of the four geographic
regions is represented by a sample of
about 15,000 designated housing units
evenly divided between the central city
and the balance of the respective SMSA.
All remaining SMSA’s are each repre-
sented by a sample of about 5,000
designated housing units distributed
proportionately between the central city
and the balance of the respective SMSA
based on the distribution of total housing
units in each sector.

The fargest SMSA's in the third group
(1976-77) are: Houston, Tex., New York,
N.Y., St. Louis, Mo.-lll., and Seattle-
Everett, Wash.

The remaining SMSA’s in the third
group are: Allentown-Bethlehem-Easton,

Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.Y., Cleveland, Obio,
Denver, Colo.,, Grand Rapids, Mich.,

Honolulu, Hawaii, Indianapolis, Ind., Las
Vegas, Nev.,, Louisville, Ky.-Ind,
Oklahoma City, Okla.,, Omaha, Nebr.-

lowa, Providence-Pawtucket-Warwick,
R.l.-Mass., Raleigh, N.C., and Sacra-
menta, Calif.

In this SMSA, 4,908 units were eligible
for interview, Of these sample units, 279
interviews were not obtained because, for
occupied sample units, the occupants
were not at home after repeated visits or
were unavailable for some other reason;
or, for vacant units, no informed re-
spondent could be found after repeated
visits, |n addition to the units eligible for
interview, 319 units were visited but were
not eligible for interview, because they
were found to be condemned, unfit,
demolished, converted to group quarters
use, etc.

Selection of the sample.—The sample for
the SMSA's which are 100-percent
permit-issuing {Honolulu, Las Vegas, New
York, and Sacramento)} was selected from
two sample frames—units enumerated in

the 1970 Census of Population and
Housing in areas under the jurisdiction of
permit-issuing offices {the permit-issuing
universe} and units constructed in permit-
issuing areas since the 1970 census {the
new construction universe). In addition,
the sample for the 16 SMSA’s which are
not 100-percent permit-issuing included a
sample selected from a third frame—those
units located in areas not under the
jurisdiction of permit-issuing offices (the
nonpermit universe).

Sampling operations, described in the
following paragraphs, were performed
separately within the central city and the
balance of the SMSA for each of the
sample frames. The overall sampling rate
used to select the sample for each SMSA
was determined by the size of the sample.
Thus, for the four largest SMSA's, the
overall sampling rate differed by central
city and balance of the SMSA since the
sample was divided equally between the
central city and the balance of the SMSA.
The remaining SMSA's had an oaverall
sampling rate about the same for the
sample selected from both the central
city and balance of the SMSA, since the
sample was distributed proportionately
between the central city and the balance
of the SMSA according to the distri-
bution of total housing units in each
sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
permitissuing areas of the SMSA during
the 1970 Census of Population and
Housing. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from the
occupied and vacant housing unit records,
the occupied housing unit records were
stratified by race of head {(non-
Black/Black} and the vacant housing unit
records were stratified into four
categories pertaining to the value or rent
associated with the vacant housing units.
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The occupied housing unit records were
further stratified so that each wnit was
assigned to 1 of 50 strata according to its
tenure, family size, and household in-
come category as illustrated by the
following table:

Tenure

Renter—
Family size

Owner—
Family size

Household
income

123456+ | 12345+

Under $3,000 . . .
$3,000-$5,999. . .
$6,000-$9,999. , .
$10,000-514 999 .
$15,000 and over .

Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to 1 of 100 strata for either
the central city or for the balance, and
the vacant housing unit records were
assigned to 1 of the 4 vacant strata for
either the central city or for the balance
of the SMSA. A sample of housing unit
records was then selected to produce
one-half of the desired sample size, How-

ever, the housing unit record adjacent 1o

each of the above sample housing unit
records was also selected to be in sample,
thereby insuring the necessary designated
sample size.

Befare the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected to produce one-quarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an
expected four sample units, thereby
insuring the necessary designated sample
size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since January 1970 li.e., the new con-
struction universe}. The sample selection
from the list of new construction building

permits was an independent operation
within this SMSA. Prior to sample selec-
tion, the list of permits was chrono-
logically stratified by the date the permits
were issued and clusters of an expected
four {usually adjacent) housing units were
formed. These clusters were then sampled
for inclusion at the overall sampling rate.

For those SMSA’'s which are not
100-percent permit-issuing, the remainder
of the AHS sample was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices (i.e.,
the nonpermit universe). The first step in
the sampling operation for the universe
was the selection, using the overall
sampling rate, of a sample of census
enumeration districts within these areas.
Prior to this sample selection, the ED's
were stratified by census tract within the
central city and within the halance of the
SMSA. The probability of selection of an
ED was proporticnate to the following
measure of size:

Number of housing Group quarters

L {ation in
units in 1970 popu
census ED 1970 ce;nsus ED

The sample ED's were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four, or a multiple of four
housing units. At the time of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Coverage improvement sample selec-
tion.—The Coverage Improvement Pro-
gram was undertaken to correct certain
deficiencies in the AHS-SMSA sample
from the pemmit-issuing and pew
construction unijverses. The coverage
deficiencies included the following units:

1. New construction from building
permits issued prior to January 1970,
but completed after April 1, 1970.

2. Mobile homes placed in parks either
missed during the 1970 census or
established since the census.

3. Units missed in the 1970 census.

4. Units converted to residential use
that were nonresidential at the time of
the 1970 census.

5. Houses that have been moved onto
their present site since the 1970
census.

6. Mobile homes placed outside parks
since the 1970 census or vacant at the
time of the 1970 census.

Coverage improvement for deficiency
1.—A sample of new construction units
whose permits were issued before January
1970, but completed after April 1970,
was selected independently for each
SMSA. The sampling was carried out in
two stages for one-and-two-unit struc-
tures and in three stages for three-or-
more-unit structures. These units were
sampled at one-fourth the rate of units
originally selected for the AHS-SMSA
sample (regular AHS units).

The first stage was a sample of pérmit
offices and the second stage a sample of
the 1969 permits within each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolulu, Hawaii, SMSA,
and Grand Rapids, Mich., SMSA, an
additional sample of 1968 permits for
three-or-more-unit structures was in-
cluded in the second stage sampling. For
the third stage, structures of size three or
more were divided into clusters of an
expected size of four units and a sample
of clusters was selected. This procedure
added an estimated 5,329 new construc-
tion units to the coverage of the housing
inventory of this SMSA.

Coverage improvement for deficiency
2. —In permit-issuing areas, a sample of
mobile homes placed in a park missed by
the census or established after the census
was selected in two stages. First, for each
1976-77 SMSA, a sample of tracts was
selected and canvassed. All parks were
listed and then matched back to the 1970
census to identify parks missed by the
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census and parks established after the
census. Second, the parks were divided
into clusters of an expected size of four
sites and a sample of clusters was selected
and interviewed. Each of the sample units
represented the same number of units
that the regular AHS sample units
represented. This procedure yielded no
additiona! units to the coverage of the
housing inventory of this SMSA.

Coverage improvement for deficiencies
3-6.—The remaining missed units were
sampled by one of two procedures. The
first procedure was designed to represent

units from the following types of missed’

structures (structures that had no chance
of selection for the AHS):

1. Structures missed
census.

2. Structures that were completely
nonresidential in the 1970 census but
contain units converted to residential
use.

3. Mobile homes that had been placed
outside parks since the 1970 census
and had a utility hookup, or were on
the site but not occupied on Aprit 1,
1970, or had no utility hookup but
were occupied by persons with no
usual residence elsewhere.

4, Houses that had been moved onto
their present site since the 1970
CENSUS.

in the 1970

Initially, a subsample of regular AHS
units was selected at a rate of 1 in
22.2162, Then succeeding structures, in a
defined path of travel to the right of the
structure containing the sample unit,
were listed until eight structures (ex-
cluding the sample unit structure) were
found that had been eligible to be
selected for the AHS. Finally, the inter-
vening structures that did not have a
chance of selection in the AHS were
identified and units within these struc-
tures were interviewed. |n cases where the
interviewer workload would have been
too great, a representative subsample of
units within these structures was selected.
This procedure added an estimated 10,437
units to the coverage of the housing
inventory of this SMSA. .

The second procedure was designed to
represent missed units from structures
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represented in the AHS. These missed
units were:

1. Units missed in the 1970 census.

2. Units converted to residential use
since the 1970 census in structures
that contained some residential units
in 1970.

First, a subsample of regular AHS units in

multi-unit structures of less than 10 units

was selected from the permit-issuing uni-
verse. Second, for the multi-unit struc-
tures selected, all units were listed and
matched to the 1970 census. Any missed
units were then assigned for interview.
This procedure added an estimated 2,787
units to the coverage of the housing
inventory of this SMSA.

Building loss
tables in this report show estimates of
characteristics of housing units removed
from the housing inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
interview). For the permit-issuing uni-
verse, the sample upon which these esti-
mates were based was the regular AHS
sample previously described. Since the
addresses of these sample units were
known to exist in 1970, the AHS inter-
viewers could determine which of the
sample units were no longer considered to
be part of the housing inventory. Fram
these units, estimates were obtained for
both whole structure losses (i.e., lost
units in structures in which all housing
units were removed from the inventory}
and part structure losses {i.e., lost units in
structures in which some, but not all, of
the units were removed from the
inventory ).

For each of the SMSA's with a non-
permit universe, it was necessary to select
an independent sample with which to
measure lost units because of the area
sample technique employed for the
regular AHS sample. For this independent
sample, a cluster of four (usually
adjacent} housing unit addresses was
selected from the 1970 census listing of
addresses for each sample ED. Since these
addresses were known to exist in 1970,
the AHS interviewer determined those
sample units that were no longer con-

sample selection.—Some .

sidered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained {i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census) are based on either 20-, 15,
or 5-percent sample data collected in
April 1970 for the Decennial Census of
Population and Housing. A detailed
description of the sampie design em-
ployed for the 1970 census can be ob-
tained in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

ESTIMATION

The AHS sample produced two types of
estimates for each SMSA: Estimates
pertaining to characteristics of the hous-
ing inventory at the time of the interview
{i.e,, the 1976 housing inventory) and
estimates pertaining to characteristics of
units removed from the housing in-
ventory since 1970 (i.e.,r 1970-1976 lost
units). Each type of estimate employed
separate, although similar, estimation
procedures.

1976 housing inventory.—The AHS esti-
mates of characteristics of the 1976
housing inventory employed a one-stage
ratio estimation procedure. Prior to the
implementation of the ratio estimation
procedure, the basic weight (i.e., the
inverse of the probability of selection) for

each interviewed sample housing unit was

adjusted to account for the 279 non-
interviews previously mentioned. The
noninterview adjustment factor was equal
to the following ratio:

Weighted count of Weighted count of
interviewed + noninterviewe d
housing units housing units
Weighted count of interviewed housing
units

Within each sector of each SMSA, a
noninterview factor was computed
separately for 50 noninterview cells for
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sample housing units from the permit-
issuing universe (where the cells consisted
of 1 or more of the different strata used
in the stratification of the universe as
.previously illustrated). In addition, a
.noninterview factor was computed for
one noninterview cell for new construc-
tion sample housing units from both the
permit-issuing universe and the coverage
improvement universe, one noninterview
cell for mobile homes, and one nonin-
terview cell for sample units from both
the nonpermit universe {if applicable) and
the coverage improvement universe {if
units were not included above).

The following ratio estimation pro-
cedure was employed for all sample
housing units from the permit-issuing
universe. This factor was computed
separately for all sample housing units
within each permit-issuing universe
noninterview cell mentioned previously.
The ratio estimation factor for each cell
was equal to the following:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

For each SMSA, the numerators of the
ratios were obtained from the 1970
Census of Population and Housing
20-percent file of units enumerated in
areas under the jurisdiction of permit-
issuing offices. The denominators of the
ratios were obtained from weighted
estimates of all the AHS sample units
within the corresponding ratio estimation
categories using the existing weight (i.e.,
the basic weight times the noninterview
factor). The computed ratio estimation
factor was then applied to the existing
weight for each sample unit within the
corresponding ratio estimation category.

The effect of this ratio estimation
procedure was to somewhat reduce the
variance due to the variation in sample
size of strata used in the sample selection
of the permit-issuing universe, thereby
. reducing the sampling error below whyt
would have been obtained by simply
weighting the results of the sample by the

inverse of the probability of selection.

Ordinarily, this would have been con-
trolled by sampling within the strata

during the sample selection process. How-
ever, prior to the AHS sample selection
within each SMSA, units already selected
for other Census Bureau surveys were
deleted from the permit-issuing universe,
Thus, some variation in sample size was
introduced during the AHS sample selec-
tion process.

1970-1978 lost units.—The AHS estimate
of characteristics of the 1970-1976 lost
units employed a one-stage ratio esti-
mation procedure which is similar to the
ratio estimation procedure described
previously. The file of 1970-1976 lost
units was matched to the 1970 census file
to obtain the 1970 characteristics of the
lost units. Some lost units did not match.
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment
factor was equal to the following ratio:

Weighted count of Weighted count of
matched fost units nonmatched lost units

Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for whole
structure losses and part structure losses.
The effect of this estimation procedure
was to reduce the sampling error below
what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample  data
employed a ratio estimation procedure
which was applied separately for each of

'the three census samples, A detailed

description of this ratio estimation
procedure can be found in the 1970
Census of Housing report, Volume I,
Housing Characteristics for States, Cities,
and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and non-
sampling errors. The following is a
description of the sampling and non-
sampling errors associated with the
AHS-SMSA sample and of the non-
sampling errors associated with the 1970
census estimates. A description of the
sampling erors associated with the
sample estimates from the 1970 census
can be found in the 1970 Census of
Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of ques-
tions, inability or unwillingness to
pravide correct information on the part
of respondents, mistakes in recording or
coding the data, and other errors of
collection, response, processing, coverage,
and estimation for missing data. Non-
sampling errors are not unique to sample
surveys since they can, and do, occur in
complete censuses as well.

Obtaining a measurement of the total
nonsampling error associated with the
estimates from a survey is very difficult,
considering the number of possible
sources of error. However, an attempt
was made to measure some of the non-
sampling errors associated with the
estimates for both the 1970 Census of
Popufation and Housing and the 1976
AHS-SMSA sample.

1970 census.—A number of studies were
conducted to measure two types of
general errors associated with 1970
census estimates—’‘coverage” and ‘‘con-
tent” errors. The ‘‘coverage’ errors
determined how completely housing units
were counted in the census and included
space errors, definitional errors, and
occupancy errors. The “content” errors
measured the accuracy of the data col-
lected for enumerated housing units.
These errors were measured by rein-
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terviews, record checks, and other
surveys.

The detailed results of these studies, as
well as the methodology employed, are
presented in the 1970 Census of Popu-
lation and Housing Evaluation and
Research Program Reports, Series
PHC{E)}-B, The Coverage of Housing in
the 1970 Census, and PHC(E}-10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Re-

interviews.

AHS-SMSA. —For the 1976 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error
associated with the AHS estimates. A
reinterview program was conducted for a
sample of the AHS households. These
households were revisited and answers to
some of the questions on the AHS
questionnaire were obtained again. The
original interview and the reinterview
were assumed to be two independent
readings and thus, were the basis for the
measurement of the accuracy of the AHS
data collected from interviewed house-
holds.

As part of the reinterview, a check was
made at each of these households to
determine if the following was done
during the original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built” was obtained.

4, The correct information on ‘‘Ten-
ure'’ was obtained.

5. The correct information on “House-
hold Composition” was obtained.

6. The correct information on *‘Type
of Housing Unit" was obtained.

7. The correct information on
*Occupancy Status’’ was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this rein-
terview check. The results of this study
are available and are presented in the
following Census Bureau memorandum,
“Response Error in the Annual Housing
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Survey as Measured by Reinterviews—
Year 111 {1976-1977} SMSA Sample.”

Some of the results of this study are
{note that these results are based on "the
reinterviews across all Year |ll SMSA's
and not for any specific SMSA):

1. For attitudinal items which were
not reconciled {i.e., after the question
is answered in the reinterview, the
enumerator does not present the
previous response and then ask the
respondent to decide upon the best
answer), approximately 67 percent of
the indices of inconsistency showed
moderate levels of response disagree-
ment while the remaining 33 percent
showed high levels.

2. Some differences beyond those due
to sampling error did occur. Most of
the categories affected by bias were
categories of attitudinal items.

The range for evaluating inconsistency
is from 0—100. The rule of thumb is that
indices below 20 are low; indices from
2080 are moderate, indicating that
there is some problem with inconsistent
reporting; those over 50 are high, in-
dicating that improvements are needed in
the method used to collect these data or
that the category concepts themselves are
ambiguous.

The results of this study were based on
sample data, so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into
account when considering the results of
this study.

Coverage errors.—-With respect to errors
of coverage and estimation for missing
data, the AHS new construction sample
had deficiencies in the representation of
conventional new construction. Due to
time constraints, only those building
permits -issued more than 5 months
before the survey ended were eligible to
be sampled to represent conventional new
construction in permit-issuing areas for
this SMSA. Also, permits were sampled
on a monthly basis and were divided
equally among the-12 panels in which

interviews were conducted. Due to this'_r

procedure, some of the permits issued in

November 1975 through October 1976
were not interviewed because they were
assigned to panels in which the inter-
viewing had already been completed. In
this SMSA, 7.1 percent of the permits
sampled were not interviewed because of
this procedure. This percentage does not
include permits issued during the last 5
months of the survey. However, these
permits issued during the last § months of
the suivey do not necessarily represent
missed housing units since, due to the
relatively short time span involved, it is
possible that construction of these units
was not completed at the time the survey
was conducted and they were not eligible
for interview. In addition to these
deficiencies, new construction in special
places that do not require building
permits, such as military bases, are also
not adequately represented.

The Coverage Improvement Program
also had certain deficiencies. 1t appears
that the listing procedure used to find
units missed in the 1970 census, units
converted from nonresidential to resi-
dential, houses moved onto their present
site, and mobile homes placed outside
parks, was not very efficient for finding
nonresidential conversions. Such con-
versions were primarily in business
districts, whereas the listing procedure
started from a residential unit.

Deficiencies also exist in ED’s where
area sampling methods are used. It had
been assumed that ail units located inside
these ED's would be represented in the
sample. However, it has been estimated
that the 1976 AHS sample missed as
much as 2 percent of all housing units in
these ED’s because they were not listed
during the canvassing.

Rounding errors. —For errors associated
with processing, the rounding of esti-
mates introduces another source of error
in the data, the severity of which depends-
on the statistic being measured. The
effect of rounding is significant relative to
the sampling error only for small per-
centages or small medians, whergthese
figures are derived from relatively large
bases {e.g., median number of persons per
household). This means that confidence
intervals formed from the standard errors
given may be distorted and this should be
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taken into account when considering the
‘results of the survey.

Sampling errors for the AHS-SMSA
sample.—The particular sample used for
this survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same
schedules, instructions, and interviewers
were used, estimates from each of the
different samples would differ from each
other. The deviation of a sample estimate
from the average of all possible samples is
defined as the sampling error. The
standard error of a survey estimate
attempts to provide a measure of this
variation among the estimates from the
possible samples and thus, is a measure
of the precision with which an estimate
from a sample approximates the average
result of all possible samples.

As calculated for this report, the
standard error also partiaily measures the
variance in the estimates due to response
and interviewer errors (nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates
depends on both the sampling and non-
sampling error measured by the standard
error, biases, and some additional
nonsampling errors not measured by the
standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each
sample, then:

1. Approximately 68 percent of the
intervals from one standard error
below the estimate to one standard
error above the estimate would include
the average result of all possible
samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors
below the estimate to 1.6 standard
errors above the estimate would

include the average result of all

possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard

- errors above the estimate would in-
clude the average result of all possible
samples.

The average result of all possible
samples either is or is not contained in
any particular computed interval. How-
ever, for a particular sample, one can say
with specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the following
tables are approximations to the standard
errors of various estimates shown in this
report for this SMSA. In order to derive
standard errors that would be applicable
to a wide variety of items and also could
be prepared at a moderate cost, a number
of approximations were required. As a
result, the tables of standard errors
provide an indication of the order of
magnitude of the standard errors rather
than precise standard errors for any
specific items.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1976 housing inventary as well as
estimates of characteristics of the
1970-1976 lost units. Linear interpola-
tion should be used to determine the
standard errors for estimates not specifi-
cally shown in this table. The standard
errors on the AHS estimates of the
population in housing units shown in
tables A-1, B-1, and C-1 of part A of this
report are 22,000 for the total SMSA,
12,820 for the central city of the SMSA,
and 17,470 for the balance of the SMSA,

The reliability of an estimated per-
centage, computed by using sample data
for both numerator and denominator,
depends upon both the size of the per-
centage and the size of the total upon
which the percentage is based. Estimated
percentages are relatively more reliable
than the corresponding estimates of the
numerators of the percentages, particu-
larly if the percentages are 50 percent or
more,

Table || presents the standard errors of
estimated percentages of the 1976 hous-

ing inventory as well as estimated per-
centages of the 1970-1976 ltost units.
Two-way interpolation should be used to
determine standard errors for estimated
percentages not specifically shown in
tabte 1.

Included in tables 1 and It are esti-
mates of standard errors for estimates of
zero and zero percent. These estimates of
standard errors are considered as over-
estimates of the true standard errors and
should be used primarily for construction
of confidence intervals for characteristics
when an estimate of zero is obtained.

TABLE }. Standard Errors for Estimated
Number of Housing Units in the 1976
Housing Inventory and for Estimated
Number of 1970-1976 Lost Units for the
Cleveland, Ohio, SMSA, for the Centrai
City, and for the Balance of the SMSA

{68 chances out of 100)

Standard error?
Size of
estimate In Notin
SMSA central central
city city
0....... 180 160 190
100..... 180 160 190
'200..... 190 180 180
500 ..... 300 290 300
700 ..... 360 340 360
1,000 ... 430 400 430
2,500 ... 680 640 680
5000 ... 950 900 9260
10,000 1,350 1,260 1,350
25,000 2,120 1,960 2,110
50,000 2,960 2,670 2,930
75,000 . 3,570 3,150 3,510
100,000 . 4,080 3,490 3,960
150,000 . 4,860 3,890 4,630
200,000 . 5,460 4,000 5,070
250,000 . 5,920 3,830 5,340
300,000 . 6,290 - 5470
400,000 . 6,770 — 5,340
500,000 . 6,990 - -
600,000 . 6,950 -— -
700,000 . 6,660 - -

! For estimates pertaining 1o new
construction in the central city of the SMSA,
the standard errors shown in the table should
be muttiplied by a factor of 1.5,
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For ratios, 100 (x/y), where x isnot a
subclass of y, table Il underestimates the
standard error of the ratio when there is
little or no correlation between x and y.
For this type of ratio, a better approxi-
mation of the standard error may be
obtained by letting the standard error of
the ratio be approximately equal to:

o) J62) - Gr)

where: x = the numerator of the
ratio
y = the denominator of the
ratio
oy = the standard error of
the numerator
oy = the standard error of

the denominator

Hiustration of the use of the standard
error tables. —Table A-1 of part A of this
report shows that in 1976 there were
428,700 owner-occupied housing units in
this SMSA. Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
6,830. The following interpolation
procedure was used:

The information presented in the
following table was extracted from

fore, a conclusion that the average esti-
mate, derived from all possible samples,
of 1976 owner-occupied housing units
lies within a range computed in this way
would be correct for roughly 68 percent
of all possible samples. Similarly, we
could conclude that the average estimate
derived from all possible samples, lies
within the interval from 417,770 to
439,630 housing units with 90 percent
confidence; and that the average estimate
lies within the interval from 415,040 to
442,360 housing units with 95 percent
confidence.

Table A-1 of part A also shows that of
the 428,700 owner-occupied housing
units, 91,900, or 21.4 percent, had two
bedrooms. Interpolation in table I of the
appendix {i.e., interpolation on both the

base and percent) shows that the standard
error of the 21.4 percent is approxi-
mately 0.8 percentage points. The follow-
ing interpolation procedure was used:

The information presented in the
following table was extracted from
table Il. The entry for "'p’’ is the one
sought.

Estimated percentage
Base of
percentage 10 or 25 or
90 214 75
400,000 . .. .6 a 9
428,700, ... p
500,000 . ... .6 b .8

TABLE ). Standard Errors for Estimated Percentages of Housing. Units in the 1976 Housing
Inventary and for Estimated Percentages of 1970-1976 Lost Units for the Cleveland, Ohio,
SMSA, for the Central City, and for the Balance of the SMSA

(68 chances out of 100)

table |. The entry for “x’’ is the one
sought.

Size of Standard
estimates efror
400,000 ........ 6,770
428,700 ........ X
500,000 ........ 6,990

The entry for x is determined by
vertically interpolating between 6,770
and 6,990.

428,700—400,000 = 28,700
500,000-400,000 = 100,000

6,77 28,700 770) = 6,830
770+ W{B.QQO-—G. ) =8,

Consequently, the 68-percent confidence
interval, as shown by these data, is from
421,870 to 435,530 housing units. There-
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Estimated percentage'
Base of
percentage O0or 1or 5or 10or 250r 50
100 99 95 90 75
100 ....... 64.7 64.7 64.7 64.7 64.7 67.7
200 ....... 47.8 47.8 478 47.8 41.8 479
500 ....... 26.8 26.8 26.8 26.8 26.8 30.3
700 ....... 20.7 20.7 207 20.7 222 256
1,000...... 15.5 15.5 15.5 15.5 18.5 214
2500...... 6.8 6.8 6.8 8.1 11.7 13.6
5000...... 3.5 3.5 4.2 5.7 8.3 9.6
10,000..... 1.8 1.8 3.0 41 5.9 6.8
25000..... 7 9 1.9 26 3.7 4.3
50,000..... 4 .6 1.3 1.8 2.6 3.0
75000..... 2 5 1.1 1.5 21 25
100,000. ... .2 4 9 1.3 1.9 2.1
150,000 . ... A2 3 8 1.0 1.5 1.7
200000.... .09 3 .7 9 1.3 1.5
250,000. ... .07 3 .6 8 1.2 1.4
300,000. ... 06 2 5 q 1.1 1.2
400,000. ... 05 .2 5 .6 9 1.1
500,000.... 04 2 4 6 .8 1.0
600,000.... 03 2 4 5 .8 9
700,000.... .03 2 4 5 7 8

! Standard errors are presented to the nearest one-tenth of one percentage point except when the
standard error is less than fifteen-hundredths of one percentage point; in those cases, the standard
error is shown 10 the nearest one-hundredth of one percentage point. For estimates pertaining to
new construction in the central city of the SMSA, the standard errors shown in the table should be

multiplied by a factor of 1.5.
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1. The entry for cell ““a’’ is determined
by horizontal interpolation between
0.6 and 0.9.

21.4-100=11.4
25.0-10.0=15.0

11.4
0.6 + — (0.9-0.6) = .83
15.0( 8

2. The entry for celi “b’" is determined
by horizontal interpolation between
0.6 and 0.8.

21.4-10.0=114
25,0-10.0= 15.0

06+ 2 08-06)=.75
15.0

et

3. The entry for “p
termined by vertical
between .75 and .83.

interpolation

428,700-400,000 = 28,700
500,000—400,000 = 100,000

28,700

83— 00,000

(.8B3—.75)=0.8

Consequently, the 68-percent confidence
interval, as shown by these data, is from
206 to 222 percent; the 90-percent
confidence interval is from 20.1 to 22.7
percent; and the 95-percent confidence
interval is from 19.8 to 23.0 percent.

Differences. —The standard errors shown
are not directly applicable to differences
between two sample estimates. The
standard error of a difference between
estimates is approximately equal to the
square root of the sum of the square of
the standard error of each estimate con-
sidered separately. This formula is quite
accurate for the difference between esti-
mates of the same characteristic in two
different SMSA’s or the difference be-
tween separate and uncorrelated charac-
teristics in the same SMSA. However, if
there is a high positive correlation
between the two characteristics, the
formula will overestimate the true stand-
ard error; but, if there is a high negative

was then de-

correlation, the formula will underesti-
mate the true standard error.

Hiustration of the computation of the
standard error of a difference. —Table A-1
of part A of this report shows that in
1976 there were 233,800 owner-occupied
units with three bedrooms in this SMSA.
Thus, the apparent difference, as shown
by these data, between owner-occupied
units with two bedrooms and owner-
aoccupied units with three bedrooms is
141,900. Table | shows the standard error
of 91,900 is approximately 3,910 and the
standard error of 233,800 is approxi-
mately 5,770. Therefore, the standard
error of the estimated difference of
141,900 is about:

6,970 =J(3.910)’ +{5,770)*

Consequently, the 68-percent confidence
interval for the 141,900 difference is
from 134,930 to 148,870 housing units.
Therefore, a conclusion that the average
estimate, derived from all possible
samples, of this difference lies within a
range computed in this way would be
correct for roughly 68 percent of all
possible samples. Similarly, the 90-per-
cent confidence interval is from 130,750
to 153,050 housing units, and the 95-per-
cent confidence interval is from 127,960
to 155,840. Thus, we can conclude with
95 percent confidence that the number of
1976 owner-occupied units with three
bedrooms is greater than the number of
owner-occupied units with two bedrooms
since the 95-percent confidence interval
does not include zero or negative values.

Medians.—For medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for
measuring the reliability of the estimated
median is to determine an interval about
the estimated median so that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval, The following
procedure may be used to estimate confi-

dence limits of a median based on sample
data:

1. From table Il determine the stand-
ard error of a b0-percent characteristic
on the base of the median,

2. Add to and subtract from 50 per-
cent, the standard error determined in
step 1.

3. Using the distribution of the char-
acteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values,

A two-standard error confidence in-
terval may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error de-
termined in step 1. For about 95 out of
100 possible samples, the average median
from all possible samples would lie
between these two values.

lllustration of the computation of the
95.percent confidence interval of a
median.—Table A-1 of part A of this
report shows the median number of
persons for owner-occupied housing units
is 3.0. The base of the distribution from
which this median was determined is
428,700 housing units.

1. Interpolation in table Il shows that
the standard error of 50 percent on a
base of 428,700 is approximately 1.1
percentage points.

2. To obtain a 95-percent confidence
interval on the estimated median,
initially add to and subtract from 50
percent twice the standard error de-
termined in step 1. This yields percent-
age limits of 47.8 and 52.2.

3. From table A-1 of part A, it can be
seen by cumulating the frequencies for
the first two categories that 175,800
owner-occupied housing units, or 41.0
percent, had one or two persons {for
purposes of calculating the median,
the category of two persons is con-
sidered to be from 1.5 to 2.5 persons)
and that an additional 80,300 owner-
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occupied housing units, or 18.7 per-

47.8-41.0 52.2-41.0
cent, had three persons {i.e., 25t0 3.5 25+(3.5-2.5) —?BT-) =29 2.5+ (3.5-2.5) (—-1—87—-) = 3.1
persons}. ) ’

By linear interpolation, the lower limit of Similarly, the upper limit of the 95-per-

the 95-percent confidence interval is cent confidence interval is found to be

Thus, the 95-percent confidence interval
found to be about: about:

ranges from 2.9 to 3.1 persons.
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SAMPLE DESIGN

Annual Housing Survey.—The estimates -

for each of the 20 SMSA's are based on
data collected from the 1976 Annual
Housing Survey [AHS) which was con-
ducted by the Bureau of the Census
acting as collection agent for the Depart-
ment of Housing and Urban Develop-
ment. In each of the 20 SMSA's, the data
were collected for the 12-month period
from April 1976 through March 1977
with one-twelfth of the sample wunits
being visited each month,
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Data for the first group of 19 SMSA's
were collected for the AHS from April
1974 through March 1975, and data for a
second group of 21 SMSA’s were col-
lected from April 1976 through March
1976. The sample housing units for each
group of the AHS SMSAs are interviewed
on a rotating basis.

For each group of SMSA's, the largest
SMSA from each of the four geographic
regions is represented by a sample of
about 15,000 designated housing units
evenly divided between the central city
and the balance of the respective SMSA.
All remaining SMSA's are each repre-
sented by a sample of about 5,000
designated housing units distributed
proportionately between the central city
and the balance of the respective SMSA
based on the distribution of total housmg
units in each sector,

The largest SMSA's in the thlrd group
(1976-77) are: Houston, Tex., New York,
N.Y., 5t. Louis, Mo.-lll., and Seattle-
Everett, Wash, -

The remaining SMSA’s in the third
group are: Allentown-Bethlehem-Easton,
Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.Y., Cleveland, Ohio,
Denver, Colo., Grand Rapids,
Honolulu, Hawaii, Indianapolis, Ind., Las
Vegas, Nev., Louisville, Ky.-Ind., Okla-
homa City, Okla., Omaha, Nebr.-lowa,
Providence-Pawtucket-Warwick, R.I.-
Mass., Raleigh, N.C., and Sacramento,
Calif, .

in this SMSA, 4,901 units were eligible
for interview. OFf these sample units, 187
interviews were not obtained because, for
occupied sample ,ugits, the occupants
were not at home after repeated visits or
were unavailable for some other reason:
or, for vacant units, no informed respond-
ent could be found after repeated visits.
In addition to the units eligible for

_ interview, 414 units were visited but were

not eligible for interview, because they
were found to be condemned, unfit,
demolished, converted to group quarters
use, etc.

Selection of the sampte,—The sample for
the SMSA's which are 100-percent

Mich,,

permit-issuing {Honolulu, Las Vegas, New
York, and Sacramento) was selected from
two sample frames—units enumerated in
the 1970 Census of Population and
Housing in areas under the jurisdiction of
permit-issuing offices (the permit-issuing
universe} and units constructed in
permit-issuing areas since the 1970 census
{the new construction universe}). In
addition, the sample for the 16 SMSA's
which are not 100-percent permit-issuing
included a sample selected from a third
frame—those units located in areas not
under the jurisdiction of permit-issuing
offices ({the nonpermit universe).
Sampling operations, described in the
folfowing paragraphs, were performed
separately within the central city and the
balance of the SMSA for each of the
sample frames. The overall sampling rate .
used to select the sample for-each SMSA
was determined by the size of the sample.
Thus, for the four largest SMSA’s,, the
overall sampling rate differed by central
city and balance of the SMSA, since the
sample was divided equally between the_
central city and the balance of the SMSA
The '‘remaining SMSA's had an 0V_BI:§|__|
sampling rate about the same for: the,
sample selected from both the cer:_tgg!
city and balance of the SMSA, since, the
sample was distributed propmtionagely
between the central city and the balance
of the SMSA according to the distribu-
tion of total housing units in each sector.
The major portion of the sample was
selected from a file which represented the
20-percent sémple of units enumerated in
permn—ussumg areas of the SMSA dunng
the 1970 Census of Population and Hous-
ing. This file contained records for oc-
cupied housing units, vacant housing
units, and units in certain special places
of group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from the
occupied and vacant housing unit records,
the occupied housing unit records were
stratified by race of head (non-Black/
Black) and the vacant housing unit
records were stratified into four cate-
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gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to 1 of 5O strata according to its
tenure, family size, and household in-
come category as illustrated by the
following table: -~

Tenure

Renter— -
Fam_ ily size

Owner—
Family size

Household
. income

123454 | 12345+

Under $3,000 . . .
$3,000-$5,999. . .
$6,000-$9,999. . .
$10,000-$14,999 .
$15,000 and aver .

Thus,’
housing unit records from this universe
were ‘assigned to 1 of 100 strata for either
the' centrat city or for the balance, and
the™vacant ' housing unit records were
assigned to 1 of the 4 vacant strata for
ei't'ﬁ_e'r the central city or for the balance
of the SMSA. A samiple: of hotsing unit
recotds was then selected to produce
&rlk-nalf of the desired sample size."How-
468’ the housing unit record adjacent to

S5 . of ‘the above sample housing unit

récotds was also selected to be in sample,
ther‘"eby insuring the necessarv desrgnated
sample size. o

Before the' sample was selected from’

tf'le group quarters énd specral place

records the records were stratlfred by,

census tract “and  ceénsus enumeratron
dlstnct (ED) wnthm the central mty and
wnhn the balance of ‘the SMSA A
sample of speclal place records was then
selected to produce one-quarter of the
desrred sample size. However at the time

of ‘the mtervrew the units at each of the

sample specral places weré’ I!sted and
subsampled at a rate to produce an
expected four sample units, thereby in-
surlng the necessarv desrgnated sampte
size.

The second frame from which this
SMSA sarnple was selected was a list of

new constructlon burldmg permits issued

since Januarv 1970 {i.e.. the new con-

for this ‘SMSA, the occupied.

struction universe}. The sample selection
from the list of new construction building
permits was an independent operation
within this SMSA. Prior to sample
selection, the list of permits was chrono-
logically stratified by the date the permits
were. issued and clusters of an expected
four {usually adjacent} housing units were
formed. These clusters were then sampled
for inclusion at the overall sampling rate.

For those SMSA's which are not
100-percent permit-issuing, the remainder
of thet AHS sample was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices {i.e.,

the nonpermit universe). The first step in’

the ‘'sampling operation for the universe
was the selection, using the overall sam-
pling rate, of a sample of census enumera-

tion districts within these‘areas. Prior to

this sample selection, the ED's were
stratified by census tract within the
central city and within the balance of the
SMSA. The probability of selection of an
ED was proportionate to the foltowing
measure of size:

Group quarters
population in
1970 census ED.

3 -

Number of housing
units in 1970
census ED )

The sample ED's were then divided.

into segments; i.e., smail land areas with
weli-defined’ ‘boundaries having an ex-
pected size of four, or a multipte of four
housing units. At the time of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housrng un:ts

“The! next step ‘was the selection of one
of these segments within each sample ED.
In the sample“'ségments, all units in
existence at the time of interview are in
sample Thus units enumerated in the
1970 Census '35 well as units built since
the 1970 census are included. .

Coverage improvement sample selec-
tion.—The Coverage Improvement Pro-
gram was undertaken to correct certain
deficiencies in the AHS-SMSA sample
from the permit-issuing and new con-
structlon universes. The coverage defi-
cieficies included the following units:

was selected

1. New construction from building
permits issued prior to January 1970,
but conjpleted after April 1, 1970.

2. Mobile homes placed in parks either
missed during the 1970 census or
established since the census.

. 3. Units missed in the 1970 census.

4, Units converted to residential use
that were nonresidential at the time of
the 1970 census.

5. Houses that have been moved onto
their present site since the 1970 cen-
sus. _ .

6. Mobile homes ptaced outside parks
since the 1970 census or vacant at the
time of the 1970 census. . Cos

Coverage improvement for deficiency
7.—A sample of new constructidn units

~ whose permits were issued before January

1970, but completed after April 1970,
independentiy for ~gach’
SMSA. The sampling was carried out in
two stages for one-and-two-unit strue-
tures and in three stages for three-or-
more-unit structures. These units were

- sampled at one-fourth the rate of units

originally setected for the AHS-SMSA
sample {reqular AHS units).

The first stage was a sample .of permit
offices and the second stage a sample of
the 1969 permits within, each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolulu, Hawaii, SMSA,
and Grand Rapids, Mich., SMSA, an
additional sample of 1968 permits.for
three-or-more-unit  structures  was in-
cludéd in the second stage sampling. For
the third stage, structures of size three or
more were divided into clusters of an
expected size of four units and a sample
of clusters was selected. This procedure
added an estimated 4, 120 new construc-
tion units to the coverage of the housrng
inventory of this SMSA’ -

Coverage impravemenr for deficiency
2 —In permit-issuing areas, a sample of
mobite homes placed in a park missed by
the census or established after the census
was selected in twa stages. First, for each
1976-77 -SMSA, a sample of tracts was
selected and canvassed. All parks were
listed and then matched back to the 1970
census to identify parks missed by the
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census and parks established after the
census. Second, the parks were divided
into ctusters of an expected size of four
sites and a sample of clusters was setected
and interviewed. Each of the sample units
represented the same number of units
that the regular AHS sample units repre-
sented. This procedure added an esti-
‘mated 6,125 units to the coverage of the
housing inventory of this SMSA.

Coverage improvement for deficiencies
3-6.—The remaining missed units were
sampled by one of two procedures. The
first procedure was designed to represent
units from the following types of missed
structures (structures that had no chance
of selection for the AHS):

1. §tructures missed in the 1970
census.

2. Structures that were completely
nonresidential in the 1970 census but
contain units converted to residential
use.

3. Mobile homes that had been placed
outside parks since the 1970 census
and had a utility hookup, or were on
the site but not occupied on April 1,
1970, or had no utility hookup but
were occupied by persons with no
usual residence elsewhere.

4. Houses that had been movéd onto
their present site since the 1970
census. =

Initially, a subsample of regular AHS
units was selected at a rate of 1 in
22.2152. Then, succeeding structures, in a
defined path of travel to the right of the
structure containing the sample unit,
were listed until eight structures (ex-
cluding the sample unit structure} were
found that had been eligible to be
selected for the AHS. Finally, the inter-
vening structures that did not have a
chance of selection in the AHS were
identified and units within these struc-
tures were interviewed. In cases where the
interviewer workload woutd have been
too great, a representative subsample of
units within these structures was selected.
This procedure added an estimated 4,621
units to the coverage of the housing
inventory of this SMSA.

The second procedure was designed to
represént missed units from structures
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represented in the AHS. These missed
units were:

. 1. Units missed in the 1970 census.
2. Units converted ito residential use
since the 1970 census in structures
that contained some residential units
in 1970.
First, a subsample of regular AHS units in
multi-unit structures of less than 10 units
was selected from the permit-issuing uni-
verse. Second, for the multi-unit struc-
tures selected, all units were listed and
matched to the 1970 census. Any missed
units were then assigned for interview.

- This procedure vyielded no additional

units to the coverage of the housing
inventory of this SMSA.

Building loss sample selection.—Some
tables in this report show estimates of
characteristics of housing units removed
from the housing inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part oi the
housing inventory at the time of the AHS
interview)., For the permit-issuing uni-
verse, the sample upon which these esti-
mates were based was the regular AHS
sample previously described. Since the
addresses of these sample units were
known to exist in 1970, the AHS inter-
viewers could .determine which of the
sample units were no longer considered to
be part of the housing inventory. From

"these units, estimates were obtained for

both whole structure losses (i.e., lost
units in structures in which all housing
units were removed from the inventory)
and part structure losses {i.e., lost units in
structures in which some, but not all, of
the units were removed from the
inventory). ‘

For each of the SMSA’s with a non-
permit universe, it was necessary to select
an independent sample with which to
measure lost units because of the area
sample technique employed for the
regular AHS sample. For this independent
sample, a cluster of four {usually ad-
jacent}) housing wunit addresses was
selected from the 1970 c¢ensus listing of
addresses for each sample ED. Since these
addresses were known to exist in 1970,
the AHS interviewer determined those
sample wnits that were no longer con-

sidered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained (i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census) are based on either 20-, 15-,
or 5percent sample data coilected in
April 1970 for the Decennial Census of
Population and Housing, -A detailed
description of the sample design em-
ployed for the 1970 census can be ob
tained in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1

ESTIMATION

The AHS sample produced two types of

estimates for each SMSA: Estimates per-
taining to characteristics of the housing
inventory at the time of the interview
{i.e., the 1976 housing inventory) and
estimates pertaining to characteristics of
units removed from the housing in-
ventory since 1970 {i.e., 1970-1976 lost
units). Each type of estimate employed
separate, although similar, estimation
procedures.

1976 housing inventory.—The AHS esti-
mates of characteristics of the 1976
housing inventory employed a one-stage
ratio estimation procedure. Prior to the
implementation of the ratio estimation
procedure, the basic weight (i.e., the
inverse of the probability of selection) for
each interviewed sample housing unit was
adjusted to account for the 187 noninter-
views previously mentioned. The non-
interview adjustment factor was equal to

the following ratio:
Weighted count of Weighted count of
interviewed + noninterviewed
housing units housing units
Weighted count of interviewed housing
units

Within each sector of each SMSA, a
noninterview factor was computed sepa-
rately for 50 noninterview cells for sam-
ple housing units from the permit-issuing
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universe (where the cells consisted of 1 or
more of the different strata used in the
stratification of the universe as previously
illustrated). In addition, a noninterview
factor was computed for one noninter-
view cell for new construction sample
housing units from both the permit-
issuing universe and the coverage im-
provement universe, one noninterview
cell for mobile homes, and one noninter-
view cell for sample units from both the
nonpermit universe (if applicable} and the
coverage improvemnent universe (if units
were not included above).

The following ratio estimation pro- -

cedure was employed for all sample hous-
ing units from the permit-issuing universe.
This factor was computed separately for
all sample housing units: within each
permit-issuing universe noninterview cell
mentioned previously. The ratio estima-
tion factor for each cell was equal to the
following:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1870 housing
units from-the cell

For each SMSA, the numerators of the
ratios were obtained from the 1970 Cen-
sus of Population and Housing 20-percent
file of units enumerated in areas under
the jurisdiction of permit-issuing offices.
The denominators of the ratios were
obtained from weighted estimates of all
the AHS sample units within the corres-
ponding ratio éstimation categories using
the existing weight (i.e., the basic weight
times the noninterview factor). The
computed ratio estimation factor was
then applied to the existing weight for
each sample unit within the correspond-
ing ratio estimation category.

The effect of this ratio estimation
procedure was to somewhat reduce the
variance due to the variation in sample
size of strata used in the sample selection
of the permit-issuing universe, thereby
reducing the sampling error below what
would have been obtained by simply
weighting the results of the sample by the
inverse of the probability of selection.
Ordinarily, this would have been con-
trolled by sampling within the strata
during the sample selection process. How-
ever, prior to the AHS sample selection

within each SMSA, units already selecterli
for other Census Bureau surveys were
deleted from the permit-issuing universe.
Thus, some variation in sample size was
introduced during the AHS sample selec-
tion process.

1970-1976 lost units.—The AHS estimate
of characteristics of the 1970-1976 lost
units employed a one-stage ratio esti-
mation procedure which is simitar to the
ratio estimation procedure described pre-
viously. The file of 1970-1976 lost units
was matched to the 1970 census file to
obtain the 1970 characteristics of the lost
units. Some lost units did not match.
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
fost wnits. The nonmatch adjustment
factor was equal to the following ratio:

Weighted count of Weighted count of
matched lost units nonmatched lost units

Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for whole
structure losses and part structure losses.
The effect of this estimation procedure
was to reduce the sampling error below
what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection.

Ratio estimation procedure of the 1970

_Census of Population and Housing.—This

report presents data on the housir{g
characteristics of the 1970 housing in-
ventory from the 1970 Census of Popu-
lation and Housing. The statistics based
on 1970 census sample data employed a
ratio estimation procedure which was
applied separately for each of the three
census samples. A detailed description of
this ratio estimation procedure can be
found in the 1970 Census of Housing
report, Votume 1, Housing Characteristics
for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

~ There are two types of possible errors

associated with estimates based on data

from sample surveys—sampling and non-
sampling errors, The following is a
description of the sampling and non-
sampling errors associated with the
AHS-SMSA sample and of the non-
sampling errors associated with the 1970
census estimates. A description of the
sampling errors associated with the
sample estimates from the 1870 census’
can be found in the 1970 Census of’
Housing report, Volume |,
Characteristics for States, Cities,
Counties, Part 1. .

and”

\
. Nonsampling errors.—In general, non-

sampling errars can be attributed to many’
sources: Inability to obtain information’
about all cases, definitional dlfﬂculties"‘
differences in the interpretation of ques’
tions,

respondents, mistakes in recording or
coding the data, and other errors of
collection, response, processing, coverage,’
and estimation for missing data. Non-
sampling errors are not unique to sample
surveys since they can, and do, occur in
complete censuses as well.

Obtaining a measurement of the totat
nonsampling error “associated with the
estimates from a survey is very dlff:cult
considering the number of posmble'
sources of error. However, an attempt
was made to measure some of the nom:
sampling errors associated with the esti-
mates for both the 1970 Census’ of
Population and Housing and the 1976
AHS-SMSA sample.

1970 census.—A number of studies were
conducted to measure two types r')f
general errors associated wath 1970 cen-
sus estimates—" ‘coverage” and ’ ‘content”’
errors. The “‘coverage’’ errors determmed
how completely housing units virére
counted in the census and inctuded space
errors, definitional errors, and occupancy
errors. The “‘content” errors meastfred
the accuracy of the data collected for
enumerated housing units. These errors
were measured by reinterviews, record
checks, and other surveys.

The detailed results of these studles, as
well as the methodology employed, are
presented in the 1970 Census of Popula-
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tion and Housing Evaluation and Re-
search Program Reports, Series PHC(E)-5,
The Coverage of Housing in the 1970
Census, and PHC(E)-10, Accuracy of
Data for Selected Housing Characteristics
as Measured by Reinterviews.

AHS-SMSA.—For ‘the 1976 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error asso-
ciated with the AHS estimates. A rein-
terview program was conducted for a
sample of the AHS households. These
househo!ds were revisited and answers to
some of the questions on the AHS ques-
tionnaire were obtained again. The orig-
inal interview and the reinterview were
assumed 1o be two independent readings
and thus, were the basis for the measure-
ment of the accuracy of the AHS data
collected from interviewed households.

As part of the reinterview, a check ‘was
made at each of these households to
determiqe if the following was done
during the original interview:

1. The correct unit was visited.

2. The correct number of housing units
were interviewed at that address,

3. The correct information on ‘Year
Built"” was obtained.

"4, The correct information on “Ten-
‘ure” was obtained.

5. The correct information on *"House-
hold Composition’” was obtained.

6. The correct information on “Type
of Housing Unit” was obtained.

7. The correct information on **Occu-
pancy Status” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this rein-
terview check. The results of this study
are available and are presented in the
following Census Bureau memorandum,
"Response Error in the Annual Housing
Survey as Measured by Reinterviews—
Year {11 {1976-1977) SMSA Sample.”

Some of the results of this study are
presented below (note that these results
are hased on the reinterviews across all
Year [l SMSA’s and not for any specific
SMSA):
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1. For attitudinal items which -were
not reconciled {i.e., after the question
is answeéred in the reinterview, the
enumerator does not present the pre-
vious response and then ask the
respondent to decide upon the best
answer), approximately 67 percent of
the indices of inconsistency showed
moderate levels of response disagree-
ment while the remaining 33 percent
showed high levels.

2. Some differences beyond those due
to sampling error did occur. Most- of
the categories affected by bias were
categories of attitudinal items.

The range for evaluating inconsistency
is from 0-100. The rule of thumb is that
indices below 20 are low; indices from
20-50 are moderate, indicating that
there is some problem with inconsistent

reporting; those ower .50 are high,, in-

dicating that improvements, are needed. in
the method used to collect these data or

" that the category concepts themselves are

ambiguous. T |

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into
account when considering the resufts of
this study.

Coverage errors. —With respect to errors
of coverage and estimation for missing
data, the AHS new construction sample

had deficiencies in the representation of .
conventional new construction. Due to.
‘time constraints, only those building per:

mits issued more than:5 months, before
the survey ended were eligible to be
sampled to represent conventional new
construction in pt_ermit-issuin'g areas for
this SMSA. Also, permits were sampled
on a monthly basis and were divided
equally among the 12" panels in ‘which
interviews were conducted. Due to this
procedure, some of the permits issued in
November 1975 through October 1976
were not interviewed because they were
assigned to panels in which the inter-
viewing had already been completed. In
this SMSA, 4.5 percent of the permits
sampled were not interviewed because of
this procedure. This percentage does not

include permits issued'during the last 5
months of the survey. However, these
permits issued during the last 5 months of
the survey do not necessarily represent
missed housing units, since, due to the

" relatively short time span involved, it is

possible that construction of these units
was not completed at the time the survey
was conducted and they were not eligible
for interview. In addition to these defi-
ciencies, new construction in - special
places that do not require building,
permits, such as military bases,. are also’
not adeguately represented. : :

The Coverage Improvement Program
also haq certain deficiencies. It appears
that the listing procedure used to find
units missed in the 1970 census, units
converted fromm nonresidential to resi-
dential, houses moved onto their present-
site, and mobile homes placed outside
parks, was not very efficient for finding
nonresidential conversions. * Such con--
versions were_ primarily in  business,
districts, whereas the listing procedure
started from a residential unit."*

Deficiencies also exist in.ED's where
area sampling methods are used. It had
been assumed that all units located inside.
these ED’s would be represented in the
sample.' However, it has been estimated
that the 1976 AHS' sample missed as
much-as 2 percént of all housing units in
these ED’s because they were not listed
during the'canvassing.

Rounding errors. —For errors associated
with processing, the. rounding of.
estimates introduces another s.o'u'rc_egof
error in the data, the severity of which
depends ‘on the statistic being measured.
The effect :of rounding.-is significant
relative to-the sampling error only for
small percentages or small-medians, when
these figures are derived fram relatively
targe bases (e.g., median number of
persons per household). This means that
confidence. intervals formed from the
standard errors given may be distorted
and this.should be taken ifAto account
when considering the results of the sur-
vey.

7

Sampling errors ‘for = the ‘AHS-SMSA
sample.—The particular samplé used for
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this survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sche-
dules, instructions, and interviewers were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
provide a measure of this variation among
the estimates from the possible samples
and _thus, is a measure of the precision
with which an estimate from a sample
approximates the average result of all
possible samples. .

As calculated for this report, the
standard error also partially measures the
variance in the estimates due to response
and interviewer errors {nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates

- depends on both the sampling and non-
sampling error measured by the standard
error, biases, and some additional non-
sampling errors not measured by the
standard error. ‘

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each
sample, then: :

1. Approximately 68 percent of the
intervals from one standard error
below the estimate to one standard
error above the estimate would include
the average result of all possible
samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the.estimate would include the
average result of all possible samples,

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-

clude the average result of all possible
samples.

The average result of all possible
samples either is or is not contained in
any particular computed interval. How
ever, for a particular sample, one can say
with specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the following
tables are approximations to the standard
errors of various estimates shown in this
report for this SMSA. In order to derive
standard errors that would be applicable
to & wide variety of items and also could

. be prepared at a moderate cost, a number

of approximations were required. As a
result, the tables of standard errors pro-
vide an indication of the order of mag-

TABLE 1. Standard Errors for Estimated Num-
*ber of Housing Usiits in the 1976 Housing
Inventory and for Estimated Number of
1870-1976 Lost " Units for the Denver,
Cola., SMSA, for the Central City of the
SMSA and for the Balance of the SMSA

{68 chances out of 100)

~

- Standard error

~errors  for

Size of In Not in
astimate SMSA -} central | central
city ity
0...... 140 140 140
100..... 140 140 | - 140
200. . ... 170 160 170
500..... 260 260 270

700.....]- 310 310 320
1,000 ..: 370 370 380

2500 ...{ 590 580 | 600
5,000 ...|~ 830| 820 | 850
10,000 1,170| 1,140 { 1,190
25,000 1840| 1760 | 1,870
50,000 2550 | 2370 | 2810
75,000 3,080 | 2750 | 3,150
100,000..|. 3.490| 2990 | 3,580
160,000. .| 4,130 3,170 | 4,250
200,000..[ 4590 | 2970 | 4740
260,000. .| 4,920 ~| 5120
300,000..| 5,150 —| 5390
400,000. .| 5,350 - -
500,000. . |

5,230 - -

nitude of the standard errors rather than
precise standard errors for any specific
items.

Table | presents the standard errors
applicabie to estimates of characteristics
of the 1976 housing inventory as well as
estimates of characteristics of the 1970-
1976 lost units. Linear interpolation
should be used to determine the standard
estimates not specifically |
shown in this table. The standard errors
on the AHS estimates of the population
in housing units shown in tables A-1,
B-1, and C-1 of part A of this report are
15,940 for the total SMSA, 9,920 for the
central city of the SMSA, and 18,340 for
the balance of the SMSA.

The reliabiiity of an estimated percent-
age, computed by using sample data for
both numerator and denominator, de-
pends upon both the size of the percent-

"age and the size of the total upon which

the percentage is based. Estimated per-
centages. are- relatively more reliable than
the corresponding estimates of the nu-
merators of the percentages, particularly
if the percentages are 50 percent or more.

Table Il presents the standard errors
of estimated percentages of the 1976
housing inventory as well as estimated
percentages of the 1970-1976 lost units.
Two-way interpolation should be used to
determnine standard errors for estimated
percentages not specifically shown in
table I1. o

included in tables | and ! are esti-
mates of standard errors for estimates of
zero and zero percent. These estimates of
standard errors ‘are considered as over-
estimates of the true standard errors and
should be used primarily for construction
of confidence intervals for characteristics
when an estimate of zero is obtained.

Far ratios, 100 (x/y), where x isnot a
subclass of vy, table |1 underestimates the
standard error of the ratio when there is
littte or no correlation between x and y.
For this type of ratic, a better approxi-
mation of the standard error may be ob-
tained by letting the standard error of
the ratio be approximately equal to:

wos) ) (o)
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TAQQ.E it. Standard Errors for Estimated Percentages of Housing Units in the 1976 Housing
tnventory and for Estimated Percentages of 1970-1976 Lost Units for the Denver, Colo., SMSA,
for the Central City of the SMSA, and for the Balance of the SMSA

{68 chances cut of 100)

ara ' Estimated percentage’

i :

-, Base-of :

percentage G or 10r "5 or 10 or 25 or 50

: 100 99 . 95 80 | 75

100....... 58.1 58.1 58.1 58.1 58.1 58.9
200....... 410 410 410 410, 41.0 Ly
500....... 21.7 21.7 21.7 21.7 228 264
700. ... ... 16.6 16.6 16.6 16.6 19.3 223
1,000 .. ... 12.2 12.2 12.2. 12.2. 16.1 18.6
2500 ,. ... 5.3 5.3 5.3 7.4 10.2 11.8
5000 .. ... 2.7 2.7 36 5.0 7.2 , 83
10,000 . ... 14 14 286 35 5.1 59,
25,000 .. .. 6 7 16 . 221 . 32 37
50,000 . ... 3 5 1.1 16 23 26
75,000 . ... 2 4 9 13 19 .22
100,000. - . . 14 4 8 1.1 16f . 09
150,000. . . . .09 3 7 9 13(. 15
200,000.... | - .07 3 6 8 1.1 ‘13
250,000. . . . 08 2 5 7 1.0 1.2
300,000. . . . .05 2 5 6| 9t 1.1
400,000. . . . 03 2 4 6 8 9
500,000. . . . .03 2 4 5 7| 8

’Standard errors are presemed to the nearest one-tenth of one parcentage paint excephwhen
the standard error is less than fifteen-hundredths of one percentage point; in those cases, the

standard error is shown to the nearest one-hundredth of one percentage point. /.{,
- AL
wh‘ere:.x. = the numerator of the table |. The entry for “x o is the one
S ratio sought.
£ ¥ = the denominator of the
T -
N o ratio Size of Standard
oy s the standard error of estimate error
.7 i', - . the numeratar .
P @, = the standard error of 300,000 ........ 5,150
R the denominator 31,200 ... ... 0w T x
’ 400,000 ........ ooty 5,380

Eips.—Table A-1 of part A of this
ws that in 1976 there were

‘owner-accupied housing units

"SMSA. Interpolation in table |
of tﬂ’s appendix shows that the standard
error of an estimate of this size is ap-
proximately 5,170. The following inter-
polat'iqn procedure was used:

.

.- The information presented in the
following table was extracted from
LIS ¥

L

The entry for x is determined by
vertically interpolating between 5,150
and 5,350.

311,200-300,000 = 11,200
400,000-300, 000 = 100,000

11,200

5,150 +750,000

=5,170

{5,350—5,150)

Consequently, the 68-percent confidence

interval, as shown by these data, is from-

306,030 to 316,700 housing units. There-
fore, a conclusion that the average esti-
mate, derived from all possible samples,
of 1976 owner-occupied housing units
ties within a range computed in this way
would be correct for roughly 68 percent
of all possible samples. Similarly, we
could conclude that the -average estimate:
derived from all possible samples, lies
within the interval from 302,930 to
319,470 housing units with 90 percent
confidence; and that the average estimate
lies within the interval from 300,860 to
321,540 housing units with 95 percent
confidence.

Table A-1 of part A also shows that
of the 311,200 owner-occupied housmg
units, 83,800, or 26.9 percent, had two
bedrooms. Interpolation in table Il of
the appendix {i.e., interpolation on both
the “base and percent) shows that the’
standard - error of the 26.9 percent is
approximately 0.9 percentage points.
The "followirg interpolation procedure
was used:

The information presented in the
following table was .extracted from

table Il. The entry for “p’ is the
one-sought.

i+ Estimated pér_centage

Base of

percentage 250r. 269 | 50
N 75

300000 ... o8| a| 11
-311,200. . .. P
400,000. . . . 8 b 9

- b

1. The entry for cell “a” is determined
by horizontal mterpolatmn between '
09 and 1.1

269-250=19
. . 50.0-250=250

PR

09 250(1 1-09)= 92

2.°The entry for cell “b'" is determined
by bhoriZontal interpolation. between
0.8 and 0.9,
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26.9-25.0 =19
50.0—25.0 = 25.0

0 250(09 —0.8)=

3. The entry for “p” was then deter-
mined by vertical interpolation be-
tween .81 and .92. ) '

311,200-300,000 = 11,200
400,000—-300,000 = 100,000
11,200

92— m (.92—.81} =09

Consequently, the 68-percent confidence
interval, as shown by these data, is from
26.0 to 27.8 percent; the 90-percent
confidence interval is from 255 to
28.3 percent; and the 95-percent confi-
dence interval is from 25.1 to 28.7
percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two sample estimates. The
standard error of a difference between
estimates is- approximately equal to the
square root of the sum of the squares
of the standard error of each estimate
considered separately. This formula is
quite accurate for the difference between
estimates of the same characteristic in
two different SMSA’s or the difference
between separate and uncorrelated char-
acteristics in the.same SMSA. However,
if there is a high positive correlation
between \t!le two characteristics, the
formula will overestimate the true stand-
ard error; but, if there is a high_negative
correlation,” the formula will
_estimate the true standard error.

Illustrarron of the compuratfon of the
standard error ofa drfference ~Table A-1
"of part A of this report shows that in
1976 there were 122,300 owner-occupied
units with three bedrooms in thls SMSA.
Thus, the apparent dlfference as shown
by these data, between owner-occupied
units with two "bedrooms and owner-
occupied units with three bedrooms is
38,500. Table | shows the standard error
of 83,800:is;approximately 3,220 and the
stardard error of 122,300 is approxi-

under-

Ve

mately 3,780. Therefore, the standard
error of the estimated difference of
38,500 is about:

4,970 =-\[(3,220)2 + {3,780)?

Consequently, the 68-percent confidence

interval for the difference is from 33,630

fo 43,470 housing units. Therefore, a
conclusion that the average estimate,
derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly
68 percent of all possible samples. Simi-
Iarly‘;\ the 90-percent confidence interval
is from 30,550 to 46,450 housing units,
and the 95-percent confidence interval
is from 28,660 to 48,440. Thus, we can
conclude with 95 percent confidence
that the number of 1976 owner-occupied
units with three bedrooms is greater than

the number of owner-occupied units with

two bedrooms since the 95-percent

.confidence interval does not include zero

or negative values.

Medians.—For medians presented in cer-
tain tables, the sampling error depends
on the size of the base and on the distri-
bution upon which the median is based.
An approximate .method for measuring

the reliability of the estimated median

is to determine an interval about the
estimated median so that there is a stated
degree of confidence that the - average
median from all possible samples lies
within the interval. The following pro-
cedure may be used to estimate confi-
dence limits of a median based on sample
data: )

1. From table |l determine the stand-
ard error of a 50-percent characteristic
on the base of the median.

2. Add to and subtract from 50 per-
cent,- the -standard error determined
instep 1.

3. Using the distribution of the char-
acteristic, read off the confidence in-
terval corresponding to the two points
established in step 2.

For about 68 out of 100 possible samples,
the average median from all possible
samples would lie between these two

values.

95.percent confidence

e

A two-standard error confidence inter-
val may be determined by finding the val-
ues corresponding to 50 percent plus and
minus twice the standard error determined
in step 1. For about 95 out of 100 possi-
ble samples, the average median from all
possible samples would lie between these
two values.

Hlustration of the computation of the
interval of a
median,—Table A-1 of part A of this re-
port shows the median number of persons
for owner-occupied housing units is 2.9.
The base of the distribution from which
this median was determined is 311,200,
housing units.

1. Interpolation in table |l shows that
the standard error of b0 percent on a
base of 311,200 is approximately 1.8
percentage points.

2. To obtain a 95-percent confidence
interval on the estimated median,
initially add to and subtract from 50
percent twice the standard error de-
termined in step 1. This yields percent-
age limits of 46.4 and 53.6.

3. From table A-1 of part A, itcan be
seen by cumulating the frequencies
for the first two categories that
136,500 owner-docupied housing units,
or 439 percent, had one or two per-
sons (for purposes of calculating the
median, the category of two persons
is considered to be from 1.5 to 2.5
persons) and that an additional 52,800
owner-occupied housing units, or 17.0
percent, had three persons li.e., 26
to 3.5 persons).

By linear interpolation, the lower limit of
the 95-percent confidence interval is
found to be about:

46.4-439
) 2.5+(3.5—2.5)( 17.0 ) 2.6 -“»“-5
Slmllariy, the upper limit of the 95
percent confidence interval is found to be

about: : .

25+ 526 2E82) 5,

" Thus, the 95-percent confidence mtervat

ranges from 2.6 to 3.1 persons,

App-49

-
"} B




Grand Rapids 1976



Appendix B

Source and Reliability of the Estimates

SAMPLEDESIGN .............. App-42
Annual Housing Survey . ....... App-42
Selection of the sample . ....... App-42
Coverage improvement sample

selection .................. App-43
Coverage improvement for
deficiency 1 . ............ App-43
Coverage improvemant for
deficiency 2 ............. App-43
Coverage improvement for
deficiencies 3-6........... App-44
Building loss sample selection ... App-44
1970 Census of Population and
Housing ................... App-44

ESTIMATION ........... ... App-44
1976 housing inventory ........ App-44
1970-1976 lost units .. ........ App-45
Ratio estimation procedure of

the 1970 Census of Population
and Housing .. ...........-.. App-45

RELIABILITY OF THE ESTIMATES App-45

Nonsamplingerrors ... ........ App-45
1970 census . ... ..counnnn App-45
AHSSMSA ............... App-46
Coverage ermors . . .......... App-46
Roundingerrors ........... App-46

Sampling errors for the AHS-

SMSAsample . ........00nn.- App-47
Illustration of the use of the
standard error tables .. ... .. App-48
Differences ... ............ App-49
ltustration of the computa-
tion of the standard error of
adifference ............. App-49
Medians . ... .. .......nnn App-49
Hlustration of the computa-
tion of the 95-percent confi-
dence interval of a median .. App-49

SAMPLE DESIGN

Annual Housing Survey.—The estimates
for each of the 20 SMSA's are based on
data collected from the 1976 Annual
Housing Survey (AHS) which was con-
ducted by the Bureau of the Census
acting as collection agent for the
Department of Housing and Urban
Development. In each of the 20 SMSA's,
the data were collected for the 12-month
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period from April 1976 through March
1977 with one-twelfth of the sample
units being visited each month.

Data for the first group of 19 SMSA’s
were collected for the AHS from April
1974 through March 1975, and data for a
second group of 21 SMSA's were col-
lected from April 19758 through March
1976. The sample housing units for each
group of the AHS SMSA's are interviewed
on a rotating basis.

For each group of SMSA's, the largest
SMSA from each of the four geographic
regions is represented by a sample of
about 15,000 designated housing units
evenly divided between the central city
and the balance of the respective SMSA,
All remaining SMSA’s are each repre-
sented by a sample of about 5,000
designated housing units distributed
proportionately between the central city
and the balance of the respective SMSA
based on the distribution of total housing
units in each sector.

The largest SMSA’s in the third group
{1976-77) are: Houston, Tex., New York,
N.Y. St. Louis, Mo.lll., and Seattle-
Everett, Wash.

The remaining SMSA’s in the third
group are: Allentown-Bethlehem-Easton,

Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.Y., Cleveland, Chio,
Denver, Colo., Grand Rapids, Mich,,

Honolulu, Hawaii, Indianapolis, Ind., Las
Vegas, Nev., Louisville, Ky.Ind., Okla-
homa City, Okla.,, Omaha, Nebr.-lowa,
Providence-Pawtucket-Warwick, R.l.-
Mass., Raleigh, N.C., and Sacramento,
Calif.

In this SMSA, 4,730 units were eligible
for interview. Of these sample units, 199
interviews were not obtained because, for
occupied sample units, the occupants
were not at home after repeated visits or
were unavailable for some other reason;
or, for wvacant wunits, no informed
respondent could be found after repeated
visits. In addition to the units eligible for
interview, 382 units were visited but were
not eligible for interview, because- they
were found to be condemned, unfit,
demolished, converted to group quarters
use, efc,

Selection of the sample.—The sample for
the SMSA's which are 100-percent
permit-issuing (Honolulu, Las Vegas, New
York, and Sacramento} was selected from
two sample frames—units enumerated in
the 1970 Census of Population and Hous-
ing in areas under the jurisdiction of
permit-issuing offices {the permit-issuing
universe) and units constructed in permit-
issuing areas since the 1970 census (the
new construction universe). In addition,
the sample for the 16 SMSA's which are
not 100-percent permit-issuing inctuded a
sample selected frem a third frame—those
units located in areas not under the
jurisdiction of permit-issuing offices (the
nonpermit universe).

Sampling operations, described in the
following paragraphs, were performed
separately within the central city and the
balance of the SMSA for each of the
sample frames. The overall sampling rate
used to select the sample for each SMSA
was determined by the size of the sample.
Thus, for the four largest SMSA's, the
overall sampling rate differed by central
city and balance of the SMSA since the
sample was divided equally between the
central city and the balance of the SMSA.
The remaining SMSA’s had an overall
sampling rate about the same for the
sample selected from both the central
city and balance of the SMSA, since the
sample was distributed proportionately
between the central city and the balance
of the SMSA according to the distri-
bution of total housing units in each
sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
permit-issuing areas of the SMSA during
the 1970 Census of Population and Hous-
ing. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from the
occupied and vacant housing unit records,
the occupied housing unit records were
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stratified by race of head {non-
Biack/Black) and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to 1 of 50 strata according to its
tenure, family size, and household
income category as illustrated by the
following table:

Tenure

Housshold
income

Renter—
Family size

Owner—
Family size

12345+ | 123456+

Under $3,000 . . .
$3,000-$5,999, . .
$6,000-$9,999. . .
$10,000-$14,998 ,
$15,000 and over .

Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to 1 of 100 strata for either
the central city or for the balance, and
the vacant housing unit records were
assigned to 1 of the 4 vacant strata for
either the central city or for the balance
of the SMSA. A sample of housing unit
records was then selected to produce
one-half of the desired sample size. How-
ever, the housing unit record adjacent to
each of the above sample housing unit
records was also selected to be'in sample,
thereby insuring the necessary designated
sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census  tract
district (ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected to produce one-quarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an
expected four sample wunits, thereby
insuring the necessary designated sample
size.

and census enumeration.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since January 1970 (i.e., the new con-
struction universe). The sample selection
from the list of new construction building
permits was an independent operation
within this SMSA. Prior to sample selec-
tion, the list of permits was chrono-
logically stratified by the date the permits
were issued and clusters of an expected
four {usually adjacent) housing units were
formed, These clusters were then sampled
for inclusion at the overall sampling rate.

For those SMSA’s which are not
100-percent permit-issuing, the remainder
of the AHS sample was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices {i.e.,
the nonpermit universe). The first step in
the sampling operation for the universe
was the selection, using the overall
sampling rate, of a sample of census
enumeration districts within these areas.
Prior to this sample selection, the ED's
were stratified by census tract within the
central city and within the balance of the
SMSA. The probability of selection of an
ED was proportionate to the following
measure of sjze:

Group quarters
population in
1870 census ED
3

Number of housing
units in 1970 +
census ED

The sample ED's were then divided
into segments; i.e., small land areas with

~well-defined boundaries having an ex-

pected size of four, or a multiple of four
housing units. At the time_of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1270 census are included.

Coverage improvement sample selec-
tion.—The Coverage Improvement Pro-
gram was undertaken to correct certain

deficiencies in - the AHS-SMSA sample
from the permit-issuing and [new con-
struction universes. The coverage defi-
ciencies included the following units:

1. New construction from building
permits issued prior to January 1970,
but completed after April 1,/1970.

2. Mobile homes placed in parks either
missed during the 1970 ‘census or
established since the census. '
3. Units missed in the 1870 census.

4. Units converted to residential use
that were nonresidential at the time of
the 1970 census. )
5. Houses that have been moved onto
their present site since ‘the 1970
census.

6. Mobile homes placed om‘:side parks
since the 1970 census or vacant at the

time of the 1970 census.

Coverage improvemnent for deficiency
1.—A sample of new construction units
whose permits were issued befon"e January
1970, but completed after Abril 1970,
was selected independently [for each
SMSA. The sampling was carried out in
two stages, for one-and-two-Unit struc-
tures and in three stages for‘ three-or-
more-unit structures. These u‘nits were
sampled at one-fourth the rate of units
originally selected for the AHS-SMSA
sample (regular AHS units).

The first stage was a sample|of permit
offices and the secaond stage a sample of
the 1969 permits within each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolulu, Hawaji, SMSA,
and Grand Rapids, Mich., SMSA, an
additional sample of 1968 pérmits for
three-or-more-unit structures -was
included in the second stage |sampling.
For the third stage, structures of size

., o
three or more were divided into clusters

) I,
. of an expected size of four units and a

sample of clusters was selected. This
procedure added an estimated (153 new
construction units to the coverage of the
housing inventary of this SMSA,{

Coverage improvement for c‘feficiency

2—In permit-issuing areas, a s‘ample of
mcbile homes placed in a park missed by
the census or established after the census

. L
was selected in two stages. First, for each
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1976-77 SMSA, a sample of tracts was
selected and canvassed. All parks were
listed and then matched back to the 1970
census to identify parks missed by the
census and parks established after the
census, Second, the parks were divided
into clusters of an expected size of four
sites and a sample of clusters was selected
and interviewed. Each of the sample units
represented the same number of units
that the regular AHS sample units repre-
sented. This procedure added an esti-
mated 620 units to the coverage of the
housing inventory of this SMSA.

Coverage improvement for deficiencies
3-6.—The remaining missed units were
sampled by one of two procedures. The
first procedure was designed to represent
units from the following types of missed
structures (structures that had no chance
of selection for the AHS):

1. Structures missed in the 1970
census. -

2. Structures that were completely
nonresidential in the 1970 census but
contain units converted to residential
use:

3. Mobile homes that had been placed
outside parks since the 1970 census
and had a utility hookup, or were on
the site but not occupied on April 1,
1970, or had no utility hookup but
were occupied by persons with no
usual residence elsewhere.

4. Houses that had been moved onto
their present site since the 1970

census.

Initially, a subsample of regular AHS
units was selected at a rate of 1 in
22.2152. Then, succeeding structures, in a
defined path of travel to the right of the
structure containing the sample unit,
were listed until eight structures [(ex-
" cluding the sample unit structure) were
found that had been eligible to be
selected for the AHS. Finally, the inter-
vening structures that did not have a
chance of selection in the AHS were
identified and units within these struc-
tures were interviewed. In cases where the
interviewer workload would have been
too great, a representative subsample of
units within these structures was selected.
This procedure added an estimated 2,158
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units to the coverage of the housing
inventory of this SMSA.

The second procedure was designed to
represent missed units from structures
represented in the AHS. These missed
units were:

1. Units missed in the 1970 census,

2. Units converted to residential use
since the 1970 census in structures
that contained some residential units
in 1970.

First, a subsample of regular AHS units in
multi-unit structures of less than 10 units
was selected from the permit-issuing uni-
verse. Second,-for the multi-unit struc-
tures selected, all units were listed and
matched to the 1970 census. Any missed
units were then assigned for interview.
This procedure added an estimated 171%
units to the coverage of the housing
inventory of this SMSA.

Building loss sample selection.—Some
tables in this report show estimates of
characteristics of housing units removed
from the housing inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
interview). For the permitissuing
universe, the sample upon which these

estimates were based was the regular AHS

sample previously described. Since the
addresses of these sample units were
known to exist in 1970, the AHS inter-

. viewers could determine which of the

sample units were no longer considered to
be part of the housing inventory. From
these units, estimates were cbtained for
both whole structure losses (i.e., lost
units in structures in which all housing
units were removed from the inventory)
and part structure losses [i.e., lost units in
structures in which some, but not all, of
the units were removed from the in-
ventory}. '

For each of the SMSA's with a non-
permit universe, it was necessary to select
an independent sample with which to
measure lost units because of the area
sample technigue employed for the
regular AHS sample. For this independent
sample, a cluster of four ({usually ad-
jacent}) housing unit addresses was
selected from the 1970 census listing of

addresses for each sample ED. Since these
addresses were known to exist in 1970,
the AHS interviewer determined those
sample units that were no longer con-
sidered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained (i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census) are based on either 20, 15-,
or 5-percent sample data collected in
Agpril 1970 for the Decennial Census of
Population and Housing. A detailed
description of the sample design em-
ployed for the 1970 census can be
ohtained in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

ESTIMATION

The AHS sample produced two types of
estimates for each SMSA: Estimates
pertaining to characteristics of the hous-
ing inventory at the time of the interview
{i.e., the 1976 housing inventory) and
estimates pertaining to characteristics of
units removed from the housing in-
ventory since 1970 (i.e.,, 1970-1976 lost
units). Each type of estimate employed

separate, although similar, estimation
procedures.
1976 housing inventory.—The AHS

estimates of characteristics of the 1976
housing inventory employed a one-stage
ratio estimation procedure. Prior to the
implementation of the ratio estimation
procedure, the basic weight (i.e., the
inverse of the probability of selection) for
each interviewed sample housing unit was
adjusted to account for the 199 non-
interviews previously mentioned. The
noninterview adjustment factor was equal
to the following ratio:

Weighted count of
interviewed +
housing units
Weighted count of interviewed housing
units

Weighted count of
noninterviewe d
housing units
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Within each sector of each SMSA, a
noninterview factor was computed
separately for 50 noninterview cells for
sample housing units from the permit-
issuing universe {where the cells consisted
of 1 or more of the different strata used
in the stratification of the universe as
previously illustrated). In addition, a
noninterview factor was computed for
one noninterview cell for new construc-
tion sample housing units from both the
permit-issuing universe and the coverage
improvement universe, one noninterview
cell for mobile homes, and one non-
interview cell for sample units from both
the nonpermit universe {if applicable} and
the coverage improvement universe {if
units were not included above).

The following ratio estimation pro-
cedure was employed for all sample
housing units from the permit-issuing
universe. This factor was computed
separately for all sample housing units
within each permit-issuing universe non-
interview cell mentioned previously. The
ratio estimation factor for each cell was
equal to the following:

1970 census count of housing units from
permit-issuing universe in a cell
AMS sample estimate of 1970 housing
units from the cell

For each SMSA, the numerators of the
ratios were obtained from the 1970
Census of Population and Housing
20-percent file of units enumerated in
areas under the jurisdiction of permit-
issuing offices. The denominators of the
ratios were obtained from weighted
estimates of all the AHS sample units
within the corresponding ratio estimation
categories using the existing weight {i.e.,
the basic weight times the noninterview
factor). The computed ratic estimation
factor was then applied to the existing
weight for each sample unit within the
corresponding ratio estimation category.

The effect of this ratio estimation
procedure was to somewhat reduce the
variance due to the variation in sample
size of strata used in the sample selection
of the permit-issuing universe, thereby
reducing the sampling error below what
would have been obtained by simply
weighting the results of the sample by the
inverse of the probability of selection.

Ordinarily, this would have been can-
trolled by sampling within the strata
during the sample selection process.
However, prior to the AHS sample
selection within each SMSA, units already
selected for other Census Bureau surveys
were deleted from the permit-issuing
universe, Thus, some variation in sample
size was introduced during the AHS
sample selection process. '

1970-1976 lost units.—The AHS estimate
of characteristics of the 1970-1976 lost
units employed a one-stage ratio esti-
mation procedure which is similar to the
ratio estimation procedure described
previously. The file of 1970-1976 lost
units was matched to the 1970 census file
to obtain the 1970 characteristics of the
lost units. Some lost units did not match.
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment
factor was equal to the following ratio:

Weighted count of
matched Jost units

Weighted count of
nonmatched lost units

Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for whale
structure losses and part structure losses.
The effect of this estimation procedure
was to reduce the sampling error below
what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data
employed a ratic estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of this ratio estimation
procedure can be found in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data |
from sample surveys—sampling and non-
sampling errors. The folloé\'fing i5 a
description of the sampling and non- |
sampling errors associated |with the
AHS-SMSA sample and of {the non-
sampling errors associated with the 1970

census estimates. A description of the
sampling errors associated ’with the
sample estimates from the 15?70 census

can be found in the 1970 Census of
Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: |nability to obtain iqformation
about all cases, definitional difficulties,
differences in the interpre'tation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording or
coding the data, and other |errors of
collection, response, processing, coverage,
and estimation for missing data. Non-
sampling errars are not unique|to sample
surveys since they can, and do, occur in
complete censiises as well,

Obtaining a measurement of the total
nonsampling error associated| with the
estimates from a survey is very difficult,
considering the number of, possible
sources of error. However, an attempt
was made to measure some of the non-
sampling errors  associated lwith the
estimates for both the 1970 Census of
Population and Housing and |the 1976
AHS-SMSA sample.

1870 census,—A number of studies were
conducted to measure two | types of
general errors associated with 1970
census estimates—""coverage” and ‘‘con-
tent” errors. The ‘‘coverage’” errors
determined how completely ho'using units
were counted in the census and included
space errors, definitional errors, and
occupancy errors, The ‘““content’” errors
measured the accuracy of 'the data
collected for enumerated housing units.
These errors were measured by

App-45 ~



APPENDI X B—Continued

reinterviews, record checks, and other
surveys, '

The detailed results of these studies, as
well as the methodology employed, are
presented in the 1970 Census of Popu-
lation and Housing Evaluation and
Research Program Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and PHCI(E}-10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Re-
intervie:ws.

AHS-SMSA.—For the 1976 AHS-SMSA
sampie, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error
associated with the AHS estimates. A
reinterview program was conducted for a
sample of the AHS households. These
households were revisited and answers to
some of the questions on the AHS
questionnaire were obtained again. The
original interview and the reinterview
were assumed to be two independent
readings and thus, were the basis for the
measurement of the accuracy of the AHS
data collected from interviewed house-
holds.

As part of the reinterview, a check was
made at each of these households to
determine if the following was done
during the original interview:

1. The correct unit was visited.

2. The correct number of housing units
were interviewed at that address.

3. The correct information on “Year
Built” was obtained.

4. The correct information on "'Ten-
ure’’ was obtained,

5. The correct information on “"House-
hold Composition’” was obtained.

6. The correct information on ""Type
of Housing Unit’” was obtained.

7. The correct information on "Occu-
pancy Status’” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
{imits were derived to determine which
interviewers passed or failed this rein-
terview check. The results of this study
are available and are presented in the
following Census Bureau memorandum,
*’Response Error in the Annual Housing

App-46

Survey as Measured by Reinterviews—
Year |1l {1976-1977) SMSA Sample.”

Some of the results of this study are
presented below {note that these resuits
are based on the reinterviews across all
Year Ill SMSA's and not for any specific
SMSA):

1. For attitudinal items which were
not reconciled {i.e., after the question
is answered in the reinterview, the
enumerator does not present the pre-
vious response and then ask the
respondent to decide upon the best
answer}, approximately 67 percent of
the indices of inconsistency showed
moderate levels of response disagree-
ment while the remaining 33 percent
showed high levels.

2. Some differences beyond those due
to sampling error did occur. Most of
the categories affected by bias were
categories of attitudinal items.

The range for evaluating inconsistency
is from 0—100. The rule of thumb is that
indices below 20 are low; indices from
20-50 are moderate, indicating that
there is some problem with inconsistent
reporting; those over 50 are high, indi-
cating that improvements are needed in
the method used to collect these data or
that the category concepts themselves are
ambiguous.

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into
account when considering the results of
this study.

Coverage emors.—With respect to errors
of coverage and estimation for missing
data, the AHS new construction sample
had deficiencies in the representation of
conventional new construction, Due to
time constraints, only those building
permits -issued more than 5 months
before the survey ended were eligible to
be sampled to represent conventional new
construction in permit-issuing areas for
this SMSA. Ailso, permits were sampled
on a monthly basis and were divided
equally among the 12 panels in which
interviews were conducted. Due to this
procedure, some of the permits issued in

November 1975 through October 1976
were not interviewed because they were
assigned to panels in which the inter-
viewing had already been completed. In
this SMSA, 6.6 percent of the permits
sampled were not interviewed because of
this procedure. This percentage does not
include permits issued during the last &
months of the survey. However, these
permits issued during the last 5 months of
the survey do not necessarily represent
missed housing units since, due to the
relatively short time-span involved, it is
possible that construction of these units
was not completed at the time the survey
was conducted and they were not eligible
for interview, In addition to these defi-
ciencies, new construction in special
places that do not require building
permits, such as military bases, are also
not adequately represented.

The Coverage Improvement Program
also had certain deficiencies. It appears
that the listing procedure used to find
units missed in the 1970 census, units
converted from nonresidential to resi-
dential, houses moved onto their present
site, and mobile homes placed outside
parks, was not very efficient for finding

nonresidential conversions. Such con-
versions were primarily in  business
districts, whereas the listing procedure

started from a residential unit.

Deficiencies also exist in ED's where
area sampling methods are used. It had
been assumed that all units located inside
these ED's would be represented in the
sample. However, it has been estimated
that the 1976 AHS sample missed as
much as 2 percent of all housing units in
these ED’s because they were not listed
during the canvassing.

Rounding errors.—For errors associated
with processing, the rounding of esti-
mates introduces another source of error
in the data, the severity of which depends
on the statistic being measured. The
etfect of rounding is significant relative to
the sampling error only for small percent-
ages or small medians, when these figures
are derived from relatively large bases
{e.q.. median number of persons per
household). This means that confidence
intervals formed from the standard errors
given may be distorted and this should be
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taken into account when considering the
results of the survey.

Sampling errors for the AHS-SMSA
sample.—The particular sample used for
this survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and interviewers were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
provide a measure of this variation among
the estimates from the possible samples
~and thus, is a measure of the precision
with which an estimate from a sample
approximates the average result of all
possible samples.

As calculated for this report, the
standard error also partially measures the
variance in the estimates due to response
and interviewer errors (nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates
depends on both the sampling and non-
sampling error measured by the standard
error, biases, and some additional non-
sampling errors not measured by the
standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each
sample, then:

1. Approximately 68 percent of the
intervals from one standard error
below the estimate to one standard
error above the estimate would include
the average result of all possible
samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors
below the estimate to 1.6 standard
errors above the estimate would

include the average resuft of all
possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would
include the average result of all

possible samples.

The average result of all possible
samples either is or is not contained in
any particular computed interval. How-
ever, for a particular sample, one can say
with specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the following
tables are approximations to the standard
errors of various estimates shown in this
report for this SMSA. In order to derive
standard errors that would be applicable
to a wide variety of items and also could
be prepared at a moderate cost, a number
of approximations were required. As a
result, the tables of standard errors pro-
vide an indication of the order of magni-
tude of the standard errors rather than

TABLE . Standard Errors for Estimated
Number of Housing Units in the 1976 Hous-
ing Inventory and for Estimated Number of
1970-1976 Lost Units for the Grand Rapids,
Mich., SMSA, for the Central City, and for
the Balance of the SMSA

{B8 chances out of 100)

Standard error
Size of
estimate fn Notin
SMSA central central
city city
0...... 50 40 50
100 . ... 70 70 70
200 . ... 100 90 100
500 .... 150 150 160
700 . ... 180 180 190
1,000 . .. 220 210 220
2,500 ... 340 330 350
5000 ... 480 460 490
10,000 . . 680 630 690
25,000 .. 1,040 880 1,050
50,000 .. 1,380 930 1,380
75,000 .. 1,580 - 1,560
100,000 . 1,690 - 1,630
150,000 . 1,680 — -

precise standard errors for any specific
items.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1976 housing inventor\} as well as
estimates of characteristics of the
1970-1976 lost units, LinearI interpola-
tion should be used to detei*rmine the
standard errors for estimates |[not speci-
fically shown in this table. Th;e standard
errors on the AHS estimates of the
population in housing unitsi shown in
tables A-1, B-1, and C-1 of part A of this
report are 5500 for the toltal SMSA,
2,300 for the central city of the SMSA,
and 4,570 for the balance of the SMSA.

The reliability of an estimated per-
centage, computed by using s‘ample data
for both numerator and denominator,
depends upon both the size Cl)f the per-
centage and the size of the total upon
which the percentage is based.| Estimated
percentages are relatively more reliable
than the corresponding estimates of the
numerators of the percentages, particu-
tarly if the percentages are b0 percent or
more,

Table 1l presents the standard errors of

estimated percentages of the 1‘976 hous-
ing inventory as well as estimated per-

centages of the 1870-1976 bost units.
Two-way interpolation should be used to
determine standard errors forestimated
percentages not specifically lshown in
table (I,

Included in tables | and (]I are esti-
mates of standard errors for estimates of
zero and zero percent. These esltimates of
standard errors are considereld as over-
estimates of the true standard :errors and
should be used primarily for construction
of confidence intervals for characteristics
when an estimate of zero is obt‘ained.

For ratios, 100 {x/y}, wheré X is not a
subclass of y, table Il underestimates the
standard error of the ratio whén there is
little or no correlation betweeh x and vy,
For this type of ratio, a better approxi-
mation of the standard errolr may be
obtained by letting the standard error of

the ratio be approximately equal to:

o) J6) - )
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TABLE (1. Standard Errors for Estimated Percentages of Housing Units in the 1976 Housing
Inventory and for Estimated Percentages of 1970-1976 Lost Units for the Grand Rapids, Mich.,
SMSA, for the Central City, and for the Balance of the SMSA

{68 chances out of 100}

Estimated percentage®
Base of
percentage Oor 1or Sor 10 or 250r 50
100 99 95 90 15
100 ...... 334 334 334 334 334 354
20 ...... 20.0 20.0 20.0 20.0 21.7 25.0
500 ...... 9.1 9.1 9.1 9.5 13.7 15.8
700 ... ... 6.7 6.7 6.7 8.0 11.6 13.4
1,000 ..... 4.8 4.8 49 6.7 9.7 11.2
2500 ..... 2.0 2.0 3.1 42 6.1 7.1
5000 ..... 1.0 1.0 2.2 3.0 4.3 5.0
10,000 . ... 05 | 0.7 1.5 21 a1 35
25,000 . ... 0.2 04 1.0 1.3 1.9 22
50,000 .. .. 0.1 0.3 0.7 1.0 1.4 1.6
75,000 . ... 0.07 0.3 0.6 0.8 1.1 1.3
100,000 . .. 0.05 0.2 0.5 0.7 1.0 1.1
150,000 . .. 0.03 0.2 0.4 0.5 08 09
200,000 . . . 0.03 0.2 0.3 05 0.7 08
250,000 . .. 0.02 0.14 0.3 0.4 0.6 0.7
300,000 ... 0.02 0.13 0.3 0.4 0.6 0.6
400,000 . ., 0.0 0.1 0.2 0.3 0.5 0.6
500,000 ... 0.0t 0.10 0.2 0.3 0.4 05

' Standard errors are presented to nearest one-tenth of one percentage point except when the
standard error is less than fifteen-hundredths of ane percentage point; in those cases, the standard
error is shown to nearest one-hundredth of one percentage point.

Let: x = the numerator of the
ratio
y = the denominataor of the
ratio
o, = the standard error of the
numerator
oy = the standard error of the

denominator

Hlustration of the use of the standard
error tables. —Table A-1 of part A of this
report shows that in 1976 there were
136,100 owner-occupied housing units in
this SMSA. Interpolation in tabte | of this
appendix shows that the standard error of
an estimate of this size is approximately
1,680. The following interpolation
procedure was used:

The information presented in the
following table was extracted from
table 1, The entry for “'x” is the one
sought.
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Size of Standard
estimate eqror
100,000 ....... 1,690
136,100 .. ... .. X
150,000 ....... 1,680

The entry for x is determined by
vertically interpolating between 1,680
and 1,690 '

136,100—-100,000 = 36,100
150,000—-100,000 = 50,000
1,690 36,100 {1,690--1,680) = 1,680
) 50,000 ! ‘ '
Consequently, the 68-percent confidence
interval, as shown by these data, is from
134,420 to 137,780 housing units. There-
fore, a conclusion that the average esti-
mate, derived from alt possible samples,

of 1876 owner-occupied housing units
lies within a range computed in this way
would be correct for roughly 68 percent
of all possible samples. Similarly, we
couid conclude that the average estimate
derived from all possible samples, lies
within the interval from 133,410 to
138,790 housing units with 90 percent
confidence; and that the average esti-
mates lies within the interval from
132,740 to 139,460 housing units with
95 percent confidence.

Table A-1 of part A also shows that of
the 136,100 owner-occupied housing
units, 31,500, or 23.1 percent, had two
bedrooms. Interpolation in table 11 of the
appendix (i.e., interpclation on both the
base and percent)} shows that the standard
error of the 23.1 percent is appiroxi-
mately 0.8 percentage points. The follow-
ing interpolation procedure was used:

The information presented in the
following table was extracted from
table Il. The entry for *'p” is the one
sought.

Estimated percentage
Base of
percentage | 10 or 250r
90 231 75
100,000 . 0.7 a 1.0
136,100 . p .
150,000 . 0.5 b 0.8

1. The entry for cell ““a” is determined
by horizontal interpolation between
0.7 and 1.0.

23.1-10.0= 131
25,0-10.0=15.0

07+13'1(10 0.7)= 96
Too1s0 T T )

2. The entry for cell “’b" is determined
by horizontal interpolation between
0.5and 0.8.

23.1-10.0=13.1
25.0-10.0=15.0

13.1
0.5+ o (0.8—0.5) = .76

15
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3. The entry for “p’" was then de-
termined by vertical interpolation
between .76 and .96,

136,100—-100,000 = 36,100
150,000—-100,000 = 60,000

36,100

{.96—-.76) = 0.8
50,000

96—

Consequently, the 68-percent confidence
interval, as shown by these data, is from
223 to 23.9 percent; the 90-percent
confidence interval is from 21.8 to 24.4
percent; and the 95-percent confidence
interval is from 21.5 to 24.7 percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two sample estimates. The stand-
ard error of a difference between esti-
mates is approximately equal to the
square root of the sum of the squares of
the standard error of each estimate
considered separately. This formula is
quite accurate for the difference between
estimates of the same characteristic in
two different SMSA's or the difference
between separate and uncorrelated
characteristics in the same SMSA. How-
ever, if there is a high positive correlation
between the two characteristics, the
formula witl overestimate the true stand-
ard error; but, if there is a high negative
correlation, the formula will underesti-
mate the true standard error,

Hlustration of the computation of the
standard error of a difference. —Table A-1
of part A of this report shows that in
1976 there were 71,300 owner-occupied
units with three bedrooms in this SMSA.
Thus, the apparent difference, as shown
by these data, between owner-occupied
units with two bedrooms and owner-
occupied units with three bedrooms is
39,800. Table | shows the standard error
of 31,500 is approximately 1,130 and the
standard error of 71,300 is approximately
1,850. Therefore, the standard error of the
estimated difference of 39,800 is about:

1,920 = \/cmso)2 +(1,550)?

Consequently, the 68-percent confidence
interval for the 39,800 difference is from
37,880 to 41,720 housing units, There-
fore, a conclusion that the average esti-
mate, derived from all possible samples,
of this difference lies within a range
computed in this way would be correct
for roughly 68 percent of all possible
samples. Similarly, the 90-percent con-
fidence interval is from 36,730 to 42,870
housing units, and the 95-percent con-
fidence interval is from 35,960 to 43,640.
Thus, we can conclude with 95 percent
confidence that the number of 1976
owner-occupied units with three bed-
rooms is greater than the number of
owner-cccupied units with two bedrooms
since the 95-percent confidence interval
does not include zero or negative values.

Medians.—For medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for
measuring the reliability of the estimated
median’ is to determine an interval about
the estimated median so that there is a
stated degree of confidence that the
average median from all possible samptes
ties within the interval. The following
procedure may be used to estimate con-
fidence limits of a median based on
sample data:

1. From table |l determine the stand-
ard error of a bO-percent characteristic
an the base of the median,

2. Add to and subtract from 50
percent, the standard error determined
instep 1.

3. Using the distribution of the char-
acteristic, read off the confidence
interval corresponding to the two
points established in step-2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values,

A two-standard error confidence in-
terval may be determined by finding the
values corresponding to b0 percent plus

and minus twice the standlard error
determined in step 1, For about 95 out of
100 possible samples, the averalge median
from all possible samples would lie be-
tween these two values.

Hlustration of the computation of the
95-percent confidence fnten!ra! of a
median,—Table A-1 of part 'A of this
report shows the median number of

“persons for owner-cccupied housing units

is 3.0. The base of the distribution from
which this median was determined is
136,100 housing units. '

1. Interpolation in table 1| shows that
the standard error of 50 pe#cent ona
base of 136,100 is approxirg'aately 1.0
percentage points.

2. To obtain a 95-percent qonfidence
interval on the estimatedI median,
initially add to and subtraclt from 50
percent twice the stand?rd error
determined in step 1. Trllis yields
percentage limits of 48.0 and 52.0.

3. From table A-1 of part A, it can be
seen by cumulating the frequ'encies for
the first two categories thlczt 56,400
owner-occupied housing units, or 41.4
percent, had one or two persons {for
purposes of calculating thé median,
the category of two persans is con-
sidered to be from 1.5 to 2.'|.5 persons)
and that an additional 23,300 owner-
occupied housing units, or |17.1 per-
cent, had three persons {i.e., 2.5 to 3.5
persons}.

By linear interpolation, the lower limit of
the 95.percent confidence interval is
found to be about:

48.0-41.4

2.5 +(3.5-2.5) (_"—)‘
17.1

Similarly, the upper limit of the 95-per-

cent confidence interval is found to be

about:

20-41.4
2004,

. 5
25+ (3.5-2.b) (
17.1

Thus, the 95-percent confidence interval
ranges from 2.9 to 3.1 persons.
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SAMPLE DESIGN

Annual Housing Survey.--The estimates
for each of the 20 SMSA’s are based on
data collected from the 1976 Annual
Housing Survey {AHS} which was con-
ducted by the Bureau of the Census
acting as collection agent for the Depart-
ment of Housing and Urban Develop-
ment. In each of the 20 SMSA’s, the data
were collected for the 12-month period
from April 1976 through March 1977
with one-twelfth of the sample units
being visited each month.

App-42 .

Data for the first group of 19 SMSA's
were collected for the AHS from April
1974 through March 1975, and data for a
second group of 21 SMSA’s were col-
lected from April 1975 through March
1976. The sample housing units for each
group of the AHS SMSA's are interviewed
on a rotating basis.

For each group of SMSA's, the largest .

' SMSA from each of the four geographic

regions is represented by a sample of
about 15,000 designated housing units
evenly divided between the central city
and the balance of the respective SMSA.

" All remaining SMSA’s are each repre-

sented by a sample of about 5,000
designated housing units distributed
propartionately between the central city
and the balance of the respective SMSA

_based on the distribution of total housing

units in each sector,

The largest SMSA's in the third group
(1976-77) are: Houston, Tex., New York,
N.Y., St. Louis, Mo.lll., and Seattle-
Everett, Wash,

The remaining SMSA's in the third
group are: Allentown-Bethlehem-Easton,

Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.Y., Cleveiand, Ohig,
Denver, Colo;, Grand Rapids, Mich.,

Honolulu, Hawaii, Indianapolis, Ind., Las
Vegas, Nev., Louisville, Ky.-Ind., Okia-

homa City, Qkla.,, Omaha, Nebr.-lowa,

Providence-Pawtucket-Warwick,
R.l.-Mass.,, Raleigh, N.C., and Sacra-
mento, Calif.

In this SMSA, 4,492 units were eligible
for interview, Of thesé sample units, 225
interviews were not obtained because, for
occupied sample units, the occupants
were not at home after repeated visits or
were unavailable for some other reason;
or, for vacant units, no informed respond-
ent could be found after repeated visits.
In addition to the units eligible for
interview, 457 units were visited but were
not eligible for interview, because they
were found to be condemned, unfit,
demolished, converted to group quarters
use, etc.

Selection of the sample.~The sample for
the SMSA’s which are 100-percent

permit-issuing {Honolulu, Las Vegas, New |
York, and Sacramento) was selected from * -~
two sample frames—units enumerated in
the 1970 Census of Population and Hous-
ing in areas under the jurisdiction of
permit-issuing - offices (the permit-issuing
universe) and units constructed in
permit-issuing areas since the 1970 census
(the new construction universe}. In
addition, the sample for the 16 SMSA's
which are not 100-percent permit-issuing
included a sample selected from a third
frame—those units located in areas not
under the jurisdiction of permit-issuing
offices {the nonpermit universe).’ _
Sampling operations, described in thé
following paragraphs, were performed
separately within the central city and the
balance of the SMSA for each of the
sample frames. The overall sampling rate
used to select the sample for each SMSA
was determined by the size of the sample.
Thus, for the four largest SMSA's, the
overall sampling rate differed by central
city and balance of the SMSA, since the
sample was divided equally between the
central city and the balance of the SMSA.,
The remaining SMSA's had an overall
sampling rate about the same for the
sample selected from both the central
city and balance of the SMSA, since the
sample was distributed proportionately

- between the central city and the balance

of the SMSA according to the distribu-
tion of total housing units in each sector.
The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
permit-issuing areas of the SMSA during
the 1970 Census of Population and Hous-
ing. This file contained records for occu-
pied housing units, vacant housing units,
and units in certain special places or
group quarters. Sampling operations were
done separately for the special place and
group quarters records and for the occu-
pied and vacant housing unit - records.
Before the sample was selected from the
occupied and vacant housing unit records,
the occupied housing unit records were
stratified by race of head {non-Black/
Black} and the vacant housing unit
records were stratified into four cate-
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gories pertaining to the value or rent

associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to 1 of 50 strata according to its
tenure, family size, and household in-
come category as illustrated by the fol-
lowing table: .

Tenure

Renter—
Family size

Owner—
Family size

Household
. income |

12345+ ( 12345+

Under $3,000 . . .
$3,000-$5,999. . .
$£6,000-$5,999. . .
$10,000-$14,999 .
$15,000 and over .

Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to 1 of 100 strata for either
the central city or for the balance, and
the vacant housing unit records were
assigned to 1 of the 4 vacant strata for
either the central city or for the balance
of the SMSA. A sample of housing unit
records was then selected to produce
one-half of the desired sample size. How-
ever, the housing unit record adjacent to
each of the above sample housing unit
records was also selected to be in sample,
thereby insuring the necessary designated
sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract *and census enumeration
district (ED) within the centra! city and
within the balance of the SMSA. A
sample of special place records was then
selected to produce one-quarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an
expected four sample units, thereby
insuring the necessary designated sample
size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since January 1970 (i.e., the new con-
struction universe), The sample selection

from the list of new construction building
permits was an independent operation
within this SMSA. Prior to sample selec-
tion, the list of permits was chronologi-
cally stratified by the date the permits
were issued and clusters of an expected
four (usually adjacent) housing units were
formed. These clusters were then sampled
for inclusion at the overall sampling rate,

For those SMSA’'s which are not
100-percent permit-issuing, the remainder
of the AHS sampie was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices [i.e.,
the nonpermit universe}. The first step in
the sampling operation for the universe
was the selection, using the overall sampl-
ing rate, of a sample of census enumera-
tion districts within these areas. Prior to
this sample selection, the ED’s were
stratified by census tract within the
central city and within the balance of the
SMSA. The probability of selection of an
ED was proportionate to the following
measure of size:

. Group quarters
Number of housing population in

units in 1970 * 1970 census ED
census ED D

The sample ED’s were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four, or a multiple of four
housing units. At the time of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included,

Coverage improvement sample selec-
tion.—The Coverage Improvement Pro-
gram was undertaken to correct certain
deficiencies in the AHS-SMSA sampile
from the permit-issuing and new con-
struction universes. The coverage de-
ficiencies included the following units:

|
|
1
|

1. New construction from| building
permits issued prior to Januqry 1970,
but completed after April 1, 1970.

2. Mobile homes placed in pa:rks either
missed during the 1970 census or
established since the census,

3. Units missed in the 1970 census.

4. Units converted to residential use
that were nonresidential at the time of
the 1970 census. i

5. Houses that have been moved onto
their present site since the 1970
census,

6. Mobile homes placed outs}ide parks
since the 1970 census or vacant at the
time of the 1970 census.

|
Coverage improvement for deficiency

1.—A sample of new construction units
whose permits were issued before January
1970, but completed after April 1970,
was selected independently f‘or each
SMSA. The sampling was carriPTd out in
two stages for one-and-two-unit struc-
tures and in three stages for |three-or-
more-unit structures. These units were
sampled at one-fourth the ratel of units
originally selected for the AHS-SMSA
sample (regular AHS units). )
TFhe first stage was a sample of permit
offices and the second stage a slample of
the 1969 permits within each of the
selected permit offices. In the Ng.w York,
N.Y., SMSA, Honolulu, Hawaii, SMSA,
and Grand Rapids, Mich.,, SMSA, an
additional sample of 1968 pe}mits for
three-or-more-unit  structures |was in-
cluded in the second stage sampling. For
the third stage, structures of size three or
more were divided into clusters of an
expected size of four units and 'a sample
of clusters was selected. This procedure
added an estimated 1,398 new %:onstruc-
tion units to the coverage of the housing
inventory of this SMSA. |
Coverage improvement for dL-ﬁciency
2 —In permit-issuing areas, a sample of
mobile homes placed in a park n:1issed by
the census or established after the census
was selected in two stages. First, for each
1976-77 SMSA, a sample of tracts was
selectgd and canvassed. All pa:rks were
listed and then matched back to }he 1970

census to identify parks missed by the

App-43
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census and parks established after the
census. Second, the parks were divided
into clusters of an expected size of four
sites and a sample of clusters was selected
and interviewed, Each of the sample units
represented the same number of units
that the regular AHS sample units rep-
resented. This procedure vyielded no
additional units to the coverage of the
housing inventory of this SMSA.

Coverage improvement For deficiencies
3-6.—The remaining missed units were
sampled by one of two procedures. The
first pracedure was designed to represent
units from the following types of missed
structures {structures that had no chance
of selection for the AHS):

1. Structures missed in the 1970
census.

2. Structures that were completely
nonresidential in the 1970 census but
contain units converted to residential
use.

3. Mobile homes that had been placed
outside parks since the 1970 census
and had a utility hookup, or were on
the site but not occupied on April 1,
1970, or had no utility hookup but
were occupied by persons with no
usual residence elsewhere.

4. Houses that had been moved onto
their present site since the 1970
census.

Initially, a subsample of regular AHS
units was selected at a rate of 1 in
22.2152, Then, succeeding structures, in a
defined path of travel to the right of the
structure containing the sample unit,
were listed until eight structures {(exclud-
ing the sampie unit structure) were found
that had been eligible to be selected for
the AHS. Finally, the intervening struc-
tures that did not have a chance of
selection in the AHS were identified and
units within these structures were inter-
viewed. In cases where the interviewer
workload would have been too great, a
representative subsample of units within
these structures was selected. This
procedure added an estimated 1,639 units
to the coverage of the housing inventory
of this SMSA.

The second procedure was designed to
represent missed units from structures
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represented in the AHS. These missed
units were:

1. Units missed in the 1970 census.

2. Units converted to residential use
since the 1970 census in structures
that contained some residential units
in 1970.

First, a subsample of regular AHS units in
multi-unit structures of less than 10 units
was selected from the permit-issuing
universe. Second, for the multi-unit
structures selected, all units were listed
and matched to the 1970 census, Any
missed units’ were then assigned for inter-
view. This procedure yielded no addi-
tional units to the coverage of the housing
inventory of this SMSA.

Building loss sample selection.—Some
tables in this report show estimates of
characteristics of housing units removed
from the housing inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the

. housing inventory at the time of the AHS

interview). For the permit-issuing uni.
verse, the sample upon which these esti-
mates were based was the regular AHS
sample previously described. Since the
addresses of these sample units were
known to exist in 1970, the AHS inter-
viewers could determine which of the
sample units were no longer considered to
be part of the housing inventory. From
these units, estimates were obtained for
both whole structure tosses (i.e., lost
units in structures in which all housing
units were removed from the inventory)
and part structure losses {i.e., lost units in
structures in which some, but not all, of
the units were removed from the inven-
tory).

For each of the SMSA's with a non-
permit universe, it was necessary to select
an independent sample with which to
measure lost units because of the area
sample technigque employed for the regu-
tar AHS sample. For this independent
sample, a cluster of four (usually ad-
jacent} housing wunit addresses was
selected from the 1970 census listing of
addresses for each sample ED. Since these
addresses were known to exist in 1970,
the AHS interviewer determined those
sample units that were no longer con-

sidered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained (i.e.} lost
units in structures in which all hqusing
units were removed from the inventory).

1970 Census of Population and Hous-
ing.—~The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census} are based on either 20-, 15,
or S-percent sample data collected in
April 1970 for the Decennial Census of
Population and Housing. A detailed
description. of the sample design em-
ployed for the 1970 census can be ob-
tained in the 1970 Census of Housing
report, Volume !, Housing Characteristics
for States, Cities, and Counties, Part 1.

ESTIMATION

The AHS sample produced two types of
estimates for each SMSA: Estimates
pertaining to characteristics of the hous-
ing inventory at the time of the interview
{i.e., the 1976 housing inventory) and
estimates pertaining to characteristics of
units removed from the housing inven-
tory since 1970 f{i.e,, 1970-1976 lost
units}. Each type of estimate employed
separate, although similar, estimation
procedures.

1976 housing inventory.—The AHS esti-
mates of characteristics of the 1976
housing inventory employed a one-stage
ratio estimation procedure. Prior to the
implementation of the ratio estimation
procedure, the basic weight (i.e., the
inverse of the probability of selection) for
each interviewed sample housing unit was
adjusted to account for the 225 nonin-
terviews previously mentioned. The non-
interview adjustment factor was equal to
the following ratio:

Weighted count of Weighted count of
interviewed + neninterviewed
housing units housing units
Weighted count of interviewed housing
units

Within each sector of each SMSA, a
noninterview factor was computed
separately for 50 noninterview cells for
sampie housing units from the permit-
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issuing universe (where the cells consisted
of 1 or more of the different strata used
in the stratification of -the universe as
previously illustrated). In addition, a
noninterview factor was computed for
one noninterview cell for new construc-
tion sample housing units from both the
permit-issuing universe and the coverage
improvement universe, one noninterview
cell for mobile homes, and one noninter-
view cell for sample units from both the
nonpermit universe (if applicable} and the
coverage improvement. universe {if units
were not included above).

The following ratio estimation pro-
cedure was employed for all sample hous-
ing units from the permit-issuing universe.
This factor was computed separately for
all sample housing units within each
permit-issuing universe noninterview cell
mentioned previously. The ratio esti-
mation factor for each cell was equal to
the following:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

For each SMSA, the numerators of the
ratios were obtained from the 1970
Census of Population and Housing 20-per-
cent file of units enumerated in areas
under the jurisdiction of permit-issuing
offices. The denominators of the ratios
were obtained from weighted estimates of
all the AHS sample units within the
corresponding ratio estimation categories
using the existing weight {i.e., the basic
weight times the noninterview factor}.
The computed ratio estimation factor was
then applied to the existing weight for
each sample unit within the correspond-
ing ratio estimation category,

The effect of this ratio estimation
procedure was to somewhat reduce the
variance due to the variation in sample
size of strata used in the sample selection
of the permit-issuing universe, thereby
reducing the sampling error below what
would have been obtained by simply
weighting the results of the sample by the
inverse of the probability of selection.
Ordinarily, this would have been con-
trolled by sampling within the strata
during the sample selection process. How-
ever, prior to the AHS sample selection

within each SMSA, units already selected
for other Census Bureau surveys were
deleted from the permit-issuing universe,
Thus, some variation in sample size was
introduced during the AHS sample selec-
tion process. -

1970-1976 lost units,~The AHS estimate
of characteristics of the 1970-1976 lost
units employed a one-stage ratio estima-
tion procedure which is similar to the
ratioc estimation procedure described
previously, The file of 1970-1976 lost
units was matched to the 1970 census file
to obtain the 1970 characteristics of the
tost units. Some lost units did not match.
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment
factor was equal to the following ratio:

Weighted count of Weighted count of
matched lost units nonmatched lost units

Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for whole
structure losses and part structure losses.
The effect of this estimation procedure
was to reduce the sampling error below
what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing in-
ventory from the 1970 Census of Popula-
tion and Housing. The statistics based on
1970 census sample data employed a
ratio estimation procedure which was
applied separately for each of the three
census samples. A detailed description of
this ratio estimation procedure can be
found in the 1970 Census of Housing

_ report, Volume |, Housing Characteristics

for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data

|

|
from: sample surveys—sampling!and ‘non-
sampling errors, The follow:ing is a
description of the sampling and- non-
sampling errors associated with Ithe AHS-
SMSA sample and of the nopsampling
errors associated with the 1970 census
estimates. A description of the sampling
errors associated with the sample esti-
mates from the 1970 census can‘ be found
in the 1970 Census of Housir;g report,
Volume 1, Housing Characteristics for
States, Cities, and Counties, Part 1.

Nonsampling errors.—in general, non-
sampling errors can be attri butetlj to many
sources: Inability to obtain inlforrnation
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording or -
coding the data, and other errors of
collection, response, processing,! coverage,
and estimation for missing data. Non-
sampling errors are not unique 10 sample
surveys since they can, and do, occur in
complete censuses as well,
Obtaining a measurement of the total
nonsampling error associated [with the
estimates from a survey is very, difficult,
considering the number of! possible
sources of error. However, an attempt
was made to measure some of) the non-
sampling errors associated with' the esti-
mates for both the 1970 Census of
Population and Housing and the 1976
AHS-SMSA sample. |

1870 census, —A number of studies were
conducted 1o measure two [types of
general errors associated with 1970
census estimates—''coverage’” and
“content’’ errors. The “‘coverage’ errors
determined how completely hodsing units
were counted in the census and included
space errors, definitional errors, and occu-
pancy errors, The ‘‘content’” errors
measured the accuracy of the{data col-
lected for enumerated housilng units,
These errors were measured by reinter-
views, record checks, and other surveys,

The detailed results of these studies, as
well as the methodology emplloyed, are
presented in the 1970 Census|of Popu-
lation and Housing Evalua{ion and
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Research Program Reports, Series
PHC(E}-5, The Coverage of Housing in
the 1970 Census, and PHC(E}-10, Ac-
curacy of Data for Selected Housing

Characteristics as Measured by Reinter--

views.

AHS-SMSA.—Faor the 1976 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error as-
sociated with the AHS estimates. A
reinterview program was conducted for a
sample of the AHS households, These
households were revisited and answers to
some of the questions on the AHS
questionnaire were obtained again. The
original interview and the reinterview
were assumed to be two independent
readings and, thus, were the basis for the
measurement of the accuracy of the AHS

data collected from interviewed house-

hoids.

As part of the reinterview, a check was
made at each of these households to
determine if the following was done
during the original interview:

1. The correct unit was visited.

2. The correct number of housiné
units were interviewed at that address,
3. The camect information on *Year
Built™ was obtained.

4. The correct information on ‘Ten-
ure'’ was obtained.

5. The correct information on “House-
hold Composition” was obtained.

6. The correct information on “Type
of Housing Unit"” was obtained.

7. The correct information on “Occu-
pancy Status’’ was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
fimits were derived to determine which
interviewers passed or failed this reinter-
view check. The results of this study are
available and are presented in the follow-
ing Census Bureau memorandum,
“"Response Error in the Annual Housing
Survey as Measured by Reinterviews—
Year 111 {1976-1977) SMSA Sample.”

Some of the results of this study are
presented below (note that these results
are based on the reinterviews across all
Year |1l SMSA's and not for any specific
SMSA):
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1. For attitudinal items which were
not reconciled (i.e,, after the question
is answered in the reinterview, the
enumerator does not present the
previous response and then ask the
respondent to decide upon the best
answer}, approximately 67 percent of
the indices of inconsistency showed
moderate levels of response disagree-
ment while the remaining 33 percent
showed high levels.

2, Some differences beyond those due
to sampling error did occur. Most of
the categories affected by bias were
categories of attitudinal items,

The range for evaluating inconsistency
is from 0—100, The rule of thumb is that
indices below 20 are low; indices from
20-50 are moderate, indicating that
there is some problem with inconsistent
reporting; those over 50 are high, indicat-
ing that improvements are needed in the
method used to collect these data or that
the category concepts themselves are
ambiguous.

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore the possibility
of such errors should be taken into

"account when considering the results of

this study.

Coverage errors.—With respect to errors
of coverage and estimation for missing
data, the AHS new construction sample
had deficiencies in the representation of
conventional new construction. Due to
time constraints, only those building
permits issued more than 5 months
before the survey ended were eligible to
be sampled to represent conventional new
construction in permit-issuing areas for
this SMSA. Also, permits were sampled
on a monthly basis and were divided
equally among the 12 panels in which
interviews were conducted. Due to this
procedure, some of the permits issued in

November 1975 through October 1976 .

were not interviewed because they were
assigned to panels in which the inter-
viewing had already been completed. In
this SMSA, 4.7 percent of the permits
sampled were not interviewed because of
this procedure. This percentage does not

include permits issued during the last b
months of the survey. However, ‘these
permits issued during the last 5 months of
the survey do not necessarily represent
missed housing units since, due to the
relatively short time-span involved, it is
possible that construction of these units
was not completed at the time the survey
was conducted and they were not eligible
for interview. In addition to these de-
ficiencies, new construction in special
places that do not require building per-
mits, such as military bases, are also not
adequately represented.

The Coverage Improvement Program
also had certain deficiencies. It appears
that the listing procedure used to find
units missed in the 1970 census, units
converted from nonresidential to resi-
dential, houses moved onto their present
site, and mobile homes placed outside
parks, was not very efficient for finding
nonresidential conversions. Such con-
versions were primarily in business
districts, whereas the listing procedure
started from a residential unit,

Deficiencies also exist in ED's where
area sampling methods are used. It had
been assumed that atl units located inside
these ED’s would be represented in the
sample. However, it has been estimated
that the 1976 AHS sample missed as
much as 2 percent of all housing units in
these ED’s because they were not listed
dur‘ing the canvassing.

Rounding errors,—For errors associated
with processing, the rounding of esti-
mates introduces another source of error
in the data, the severity of which depends
on the statistic being measured. The
effect of rounding is significant relative to
the sampling error only for small per-
centages or ‘small medians, when these
figures are derived from relatively large
bases (e.g., median number of persons per
household). This means that cenfidence
intervals formed from the standard errors
given may be distorted and this should be
taken into account when considering the
results of the survey.

Sampling errors for the AHS-SMSA
sample.—The particular sample used for
this survey is one of a large number of
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possible samples of the same size that
could have been selected using the same
sample- design. Even if the same sched-
ules, instructions, and interviewers were
used, estimates from each of the different
samples would differ from each other,
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
provide a measure of this variation among
the' estimates from the possible samples
‘and, thus, is a measure of the precision
with which an estimate from a sample
approximates the average result of all
possible samples,

As calculated for this report, the
standard error also partially measures the
variance in the estimates due to response
and interviewer errors {nonsampling er-
rors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling error measured by the standard
error, biases, and some additional non-
sampling errors not measured by the
standard error, -

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each
sample, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate 1o one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
" below the estimate to two standard
errors above the estimate would in-
clude the average result of ail passib!e
samples.

The average result of all possible
samples either is or is not contained in
any particular computed interval, How-
ever, for a particular sample, one can say
with specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the following
tables are approximations to the standard
errors of various estimates shown in this
report for this SMSA. In order to derive
standard errors that would be applicable
to a wide variety of items and also could
be prepared at a moderate cost, a number
of approximations were required. As a
result, the tables of standard errors
provide an indication of the order of

‘magnitude of the standard errors rather

than precise standard errors for any

- specific items.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1976 housing inventory as well as
estimates of characteristics of the 1970
1976 lost units. Linear interpolation
should be used to determine the standard

TABLE |. Standard Errors for Estimated Num-
ber of Housing Units in the 1976 Housing
Inventory and for Estimated Number of
1970-1976 Lost Units for the Honoluls,
Hawaii, SMSA, for the Central City, and for
the Balance of the SMSA

{68 chances out of 100}

Standard error
S'?e of In Not.in
estimate SMSA central | central
city city

0...... 50 60 50
100..... 70 70 70
200..... 100 100 100
500..... 170 170 160
700. . ... 200 200 190
1,000 ... 230 230 230
2,500 ... 370 370 360
5000 ... 520 520 510
10,000 .. 730 720 | 710
25,000 1,110 1,100 1,080
50,000 1,490 1,430 1,430
75,000 .. 1,720 1,600 1,620
100,000, . 1,850 1,650 1,700
1560,000. . | 1,900 - -
200,000. . 1,660 { - -

errors for estimates not specifically shown
in this table. The standard eI:'rors on the
AHS estimates of the populatlion in hous-
ing units shown in tables A-ll, B-1, and
C-1 of part A of this report are 6,850
for the total SMSA, 5,970 fof the central
city of the SMSA, and 4,730 for the
balance of the SMSA.

The reliability of an estimated per-
centage, computed by using Isample data
for both pumerator and dtlenominator.
depends upon both the size [of the per-
centage and the size of the|total upon
which the percentage is based. Estimated
percentages are relatively m:ore reliable
than the corresponding estimates of the
numerators of the percentages, particularly
if the percentages are 50 percént or more.

Table Il presents the staridard errors
of estimated percentages ch the 1976
housing inventory as well as estimated
percentages of the 1970-197@ lost units.
Two-way interpolation should be used
to determine standard erro:rs for esti-
mated percentages not specifically shown
in table 1.

included in tables | and |ll are esti-
mates of standard errors for estimates
of zero and zero percent. |These esti-
mates of standard errors art-:‘i considered
as overestimates of the true standard
errors and should be used p:rimarily for
construction of confidence intervals for
characteristics when an estimate of zero
is obtained.

For ratios, 100 (x/y), whflrre X is not
a subclass of y, table |l underestimates
the standard error of the ratiolwhen there
is little or no correlation betwsleen x andy.
For this type of ratio, a better approxi-
mation of the standard error Imay be ob-
tained by letting the standard error of the

. : . |
ratio be approximately equal to:

w3 (—‘éi)’+(—31;)’

where: x = the numerator of the
ratio
y = the denominator of the
ratio ‘
g, = the standarcli error of
’ the nu merator
oy = the standarcli error of

the denominator
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TABLE I1. Standard Errors for Estimated Percentages of Housing Units in the 1976 Housing
Inventory and for Estimated Percentages of 1970-1976 Lost Units for the Honolulu, Hawaii,
SMSA, for the Central City, and for the Balance of the SMSA

(68 chances out of 100)

. . Estimated percentage!
Base of
percentage Oor 1or Sor 10 or 25 or 50
100 8 95 90 75
100....... 35.6 35.6 356 356 356 = 37.1
200....... 21.6 21.6 216 216 227 26.3
500, ..... . 9.9 - 9.9 9.9 10.0 144 16.6
700....... 7.3 7.3 7.3 84 12.2 14.0
1,000 ..... 5.2 5.2 5.2 7.0 10.2 11.7
2500 ..... 2.2 2.2 3.2 45 6.4 g 74
K000 ..... 1.1 1.1 23 3.2 45 '5.3
10,000 .. .. 0.5 0.7 1.6 22 | 3.2 3.7
25,000 . ... 0.2 .05 1.0 - 14 2.0 23
50,000 .... | 0.1 0.3 0.7 1.0 1.4 1.7
75,000 . ... 0.07 0.3 06 0.8 1.2 . 14
100,000. . .. 0.07 0.2 05 | 0.7 |- 1.0 1.2

' Standard errors are presented 10 nearest one-tenth ‘of one percentage point except when the
standard error is less than fifteen-hundredths of one percentage point; in those cases, the standard
error is shown to nearest one-hundredth of one percentage point.

Hiustration of the use of the standard
error tables.~Table A-1 of part A of this
report shows that in 1976 there were
96,100. owner-occupied housing units in
this SMSA. Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
1,830. The following interpolation pro-
cedure was used:

The information presented in the
following table was extracted from table [.
The entry for “x" is the one sought.

© Size of Standard
estimate error
75000 ......... 1,720
96,100 ......... X
100,000......... ’ ‘ 1,850

The entry for x is determined by
vertically interpolating between 1,720
and 1,850.
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96,100-75,000 = 21,100
100,000-75,000 = 25,000 -
21,100

1,720 + ———

55500 |1-850~1.720) = 1,830

Consequently, the 68- percent confidence
interval, as shown by these data, is from
94,270 to 97,930 housing units. There-
fore, a conclusion that the avei'age esti-
mate, derived from all possible samples,
of 1976 owner-occupied housing units
lies within a range computed in this way
would be correct for roughly 68 percent
of all possible samples. Similarly, we
could conclude that the average estimate
derived from all possible samples, lies
within the interval from 93,170 to 99,030
housing units with 90 percent confidence;
and that the average estimate lies within
the interval

housing units with 95 percent confidence.

Table A-1 of part A also shows that of
the 96,100 owner-occupied housing units,
12,900, or 134 percent, had two bed-
Interpolation in table H of the
‘interpolation on both the

rooms.
appendix (i.e.,

‘0.8 percentage points,

from 92,440 to 99,760

base and percent) shows that the standard
error of the 13.4 percent is approximately
The following
interpolation procedure was used:

The information presented in the
following table was extracted from
table Il. The entry for “p” is the one
sought. '

Estimated percentage
Base of -
percentage 10or 250ar
: 90 13.4 75
75000 ....| 08 al| 12
96,100 ... . . p
100,000. . . . © 0.7 b | -1.0

In r

1. The entry for cel is determined
by horizontal interpolation between
0.8and 1.2, '

134-100= 34
"25.0~10.0= 15.0

0.8 150(12 08)

2. The entry forcell “b" is determined
by horizontal interpolation between
0.7 and 1.0.

13.4-100= 3.4
25.0-10.0= 15.0

07+15—0(10 —0.7)=.77

o

p"” was then deter-
interpolation be-

3. The entry for
mined by vertical
tween .77 and .89.

96,100—75,000 = 21,100
100,000-75,000 = 25,000 .

89-2019% o5 771-0.8
25,000

r

Consequently, the 68-percent confidence
interval, as shown by these data, is from
12.6 to 14.2 percent; the 90-percent con-
fidence interval is from 12 1to 14.7 per-
cent; and the 95-percent confidence in-
terval is from 11.8 to 15.0 percent.




»

APPENDIX B—Continued

Differences.—The standard errors shown
are not directly applicable to differences
between two sample estimates. The
standard error of a difference between
estimates is approximately egual to the
square root of the sum of the squares of
the standard error of each estimate con-
sidered separately. This formula is quite
accurate for the difference between esti-
mates of the same characteristic in two
different SMSA’s or the difference be-
tween separate and uncorrelated char-
acteristics in the same SMSA. However,
if there is a high positive correlation be-
tween the two characteristics, the form-
ula will overestimate the true standard
error; but, if there is a high negative
correlation, the formula will under-
estimate the true standard error.

Hlustration of the computation of the
standard error of a difference.—Table A-1
of part A of this report shows that in
1976 there were 56,500 owner-occupied
units with three bedrooms in this SMSA.
Thus, the apparent difference, as shown
by these data, between owner-occupied
units with two bedrooms and owner-
occupied units with three bedrooms is
43,600. Table | shows the standard error
of 12,900 is approximately 800 and the
standard error of 56,500 is approximately
1,6560. Therefore, the standard error of
the estimated difference of 43,600 is
about:

1,740 =\ (800)? + (1,550)2

Consequently, the 68-percent confidence
interval for the 43,600 difference is from
41,860 1o 45,340 housing units. There-
fore, a conclusion that the average esti-
mate, derived from all possible samples,
of this difference lies within a range com-
puted in this way would be correct for
roughty 68 percent of all possible sam-
ples. Similarly, the 90-percent confidence
interval is from 40,820 to 46,380 hous-

ing units, and the 95-percent confidence
interval is from 40,120 to 47,080. Thus,
we can conclude with 95 percent confi-
dence that the number of 1976 owner-
occupied units with three bedrooms is
greater than the number of owner-
occupied units with two bedrooms’since
the 95-percent confidence interval does

.not include zero or negative values,

Medians.—For medians presented in cer-
tain tables, the sampling error depends on
the size of the base and on the distri-
bution upon which the median is based.
An approximate method for measuf'ing
the reliability of the estimated median is
to determine an interval about the esti-
mated median so that there is 3 stated
degree of confidence that the average
median from all possible samples lies
Wwithin the interval. The following pro-
cedure may he used to estimate confi-
dence limits of a median based on sample
data: ‘

1. From table Il determine the stand-
ard error of a 50-percent character-
istic on the base of the median.
2. Add to and subtract from 50 per-
cent, the standard error determined
in step 1.

3. Using the distribution of the char-
acteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible samples,
the average median from all possible sam-
ples would lie between these two values.

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-

- tween these two values,

Hlustration of the computation of the
85-percent confidence interval of a

1
|

median.—Table A-1 of part A of this re-
port shows the median number of persons
for owner-occupied housing units is 3.5.
The base of the distribution from which
this median was determined| is 96,100
housing units.

1. Interpolation in table 11|shows that
the standard error of 50 percent on a
base of 96,100 is approximately 1.2
‘percentage points.

2. To obtain a 95-percent confidence
interval on the estimate}d median,
initially add to and subtraFt from B0
percent twice the standard error
determined in step 1. This vyields
percentage limits of 47.6| and 52.4.
3. From 1able A-1 of part {\, it can be
seen by cumulating the lfrequencies
for the first two categories that 31,700
owner-occupied housing units, or 33.0
percent, had one or two plersons {for
purposes of calculating the median,
the category of two persons is con-
sidered to be from 1.5 to 2.?5 persons};
that an additional 17,000 owner-
occupied housing units, o( 17.7 per-
cent, had three persons {i.e., 2.5 to
3.5 persons}); and that an| additional
20,700 owner-occupied housing units,
or 21.5 percent, had fouIJr persons
{i.e., 3.5 to 4.5 persons).

l
By linear interpolation, . the Jower limit
of the 95-percent confidence|interval is
found to be about:

47.6-33.0\ _
2.5+ {3.5-2.5) (—173-—)— 3.3

Similarly, the upper limit of the 95-
percent confidence interval is found to be
about:

62.4-33.0-17.7\ _
35+ (45-35) (——-57—5-—1—) =386

Thus, the 95-percent confidence interval
ranges from 3.3 to 3.6 persons. '

App-49
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SAMPLE DESIGN

Annual Housing Survey.—The estimates
for each of the 20 SMSA’s are based on
data collected from the 1976 Annual
Housing - Survey {AHS) which was con-
ducted by the Bureau of the Census acting
as collection agent for the Department
of Housing and Urban Development. In
each of the 20 SMSA’s, the data were
collected for the 12-month period from
April 1976 through March 1977 with
one-twelfth of the sample units being
visited each month.
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Data for the first group of 19 SMSA's
were collected for the AHS from April
1974 through March 1975, and data for

‘a second group of 21 SMSA's were col-

lected from April 1975 through March
1976. The sample housing units for each
group of the AHS SMSA's are interviewed
on a rotating basis.

For each group of SMSA's, the largest
SMSA from each of the four geographic
regions is represented by a sample of

‘about 15,000 designated housing units

evenly divided between the central city
and the balance of the respective SMSA,
All remaining SMSA’s are each repre-
sented by a sample of about 5,000
designated housing units distributed pro-
portionately between the central city
and the balance of the respective SMSA
based on the distribution of total housing
units in each sector,

The largest SMSA's in the third group
(1976-77) are: Houston, Tex., New York,
N.Y., St. Louis, Mo.-lll., and Seattle-
Everett, Wash.

The remaining SMSA’s in the third
group are: Allentown-Bethlehem-Easton,
Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.Y., Cleveland, Ohio,

Denver, Colo., Grand Rapids, Mich.,
Honolulu, Hawaii, Indianapolis, Ind.,
Las Vegas, Nev., louisville, Ky.Ind.,

Oklahoma City, Okla., Omaha, Nebr.-
lowa, Providence-Pawtucket-Warwick,
R.L-Mass., Raleigh, N.C., and Sacramento,
Calif.

In this SMSA, 16,025 units were
eligible for interview. Of these sample
units, 903 interviews were not obtained
because, for occupied sample units, the
occupants were not at home after re-
peated visits or were unavailable for some
other reason; or, for vacant units, no
informed respondent could be found
after repeated visits. In addition to the
units eligible for interview, 1,284 units
were visited but were not eligible for
interview, because they were found to be
condemned, unfit, demolished, converted
to group quarters use, etc.

Selection of the sample.—The sample for
the SMSA’s which are 100-percent
permit-issuing (Honolutu, Las Vegas, New
York, and Sacramento} was selected from
two sample frames—units enumerated in
the 1970 Census of Population and
Housing in areas under the jurisdiction
of permit-issuing offices (the permit-
issuing universe) and units constructed
in permit-issuing areas since the 1970
census {the new construction universe}.
In addition, the sample for the 16
SMSA's which are not 100-percent
permit-issuing included a sample selected
from a third frame—those units located
in areas not under the jurisdiction of
permit-issuing offices (the nonpermit
universe).

-Sampling operations, described in the
foilowing paragraphs, were - performed
separately within the central city and
the balance of the SMSA for each of the
sample frames. The overall sampling
rate used to select the sample for each
SMSA was determined by the size of
the sample. Thus, for the four largest
SMSA’s, the overall sampling rate differed
by central city and balance of the SMSA,
since the sample was divided equally
between the central city and the balance
of the SMSA, The remaining SMSA’s had
an overall sampling rate about the same
for the sample setected from both the
central city and balance of the SMSA,

- since the sample was distributed pro-

portionately between the central city
and the balance of the SMSA according
to the distribution of total housing units
in each sector.

The major portion of the sample was
selected from a file which represented
the 20-percent sample of units enu-
merated in permit-issuing areas of the
SMSA during the 1970 Census of Popula-
tion and Housing. This file contained
records for occupied housing units, vacant
housing units, and units in certain special
places or group quarters. Sampling opera:
tions were done separately for the special
place and group quarters records and for

. the oceupied and vacant housing unit
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records. Before the sample was selected
from the occupied and vacant housing

unit records, the occupied housing unit

records were stratified by race of head
{non-Black/Black) and the vacant housing
unit records were stratified into four
categories pertaining to the value or rent
associated with the vacant -housing units.
The occupied housing unit records were

further stratified so that each unit was.

assigned to 1 of 50 strata according to
its tenure, family size, and household
income category as illustrated by the
following table: '

Tenure

Household
income

Renter—
Family size

Owner—
Family size

12345+ | 12345+

Under $3,000 . . .
$3,000-$5,999, . .
$6,000-$9,999. ., .
$10,000-$14,999 .°
$15,000 and over .

Thus, for this SMSA, the occupied
housing unit records from - this universe
were assigned to 1 of 100 strata for
either the central city or for the balance,
and the vacant housing unit records
were assigned to 1 of the 4 vacant strata
for either the central city or for the
balance of the SMSA. A sample of
housing unit records was then sefected
to produce one-half of the desired sample
size. However, the housing unit record
" adjacent to each of the above sample
housing unit records was also selected
to be in sample, thereby insuring the
necessary designated sample size.

Before the sample was selected from

the group quarters and special place -

records, the records were stratified by
census tract and census enumeration
district (ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
. selected to produce one-quarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an ex-
pected four sample units, thereby in-

suring the necessary designated sample
size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since January 1970 (i.e., the new'con-
struction universe}. The sample selection
from the list of new construction building
permits was an independent operation
within this SMSA. Prior to sample selec-
tion, the list of permits was chrono-
logically stratified by the date the permits
were issued and clusters of an expected
four {usually adjacent) housing units
were formed. These clusters were then
sampled for inclusion at the overall
sampling rate.

For those SMSA's which are not 100-
percent pe}mit-issuing, the remainder of
the AHS sample was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices (i.e.,
the nonpermit universe). The first step
in the sampling operation for the universe
was the selection, using the overall sam-
pling rate, of a sample of census enumera-
tion districts within these areas. Prior
to this sample selection, the ED’s were
stratified by census tract within the

‘central city and within the batance of the

SMSA. The probability of selection of
an_ED was proporti_onate to the following
measure of size:

Number of housing
units in 1970 +
census ED

Group quarters
population in
_1970 census ED
3

The sample ED's were then divided
into segments; i.e., small land areas with
well-defined boundaries .having an ex-
pected size of four, or a multiple of four
housing units. At the time of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housing units.

The next step was the selection of one
of these segments within each sample
ED. In the sample segments, all units in
existence at the time of interview are
in sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.,

Coverage improvement sample selection.—
The Coverage Improvement Program was
undertaken to correct certain deficiencies
in the AHS-SMSA sample from the
permit-issuing and new construction
universes. The coverage deficiencies in-
cluded the following units:

1. New construction from building

permits issued prior to January 1970,

but completed after April 1, 1970,

2. Mobile homes placed in parks either

missed during the 1970 census or
. established since the census.

3. Units missed in the 1970 census.

4. Units' converted to residential use
that were nonresidential at the time of
the 1970 census.

B. Houses that have been moved onto
their present site since the 1970 census.
6. Mobile homes placed outside parks
since the 1970 census or vacant at the
time of the 1970 census.

Coverage improvement for deficiency 1.—
A sample of new construction units
whose permits were issued before January
1970, but completed after April 1970,
was selected independently for each

"SMSA. The sampling was carried out in

two stages for one-and-two-unit structures
and in three stages for three-or-more-
unit structures. These units were sampled
at one-fourth the rate of units originally
selected for the AHS-SMSA sample
{regular AHS units).

The first stage was a sample of permit
offices and the second stage a sample of
the 1969 permits within each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolulu, Hawaii, SMSA,
and Grand Rapids, Mich., SMSA, an
additional sample of 1968 permits for
three-or-more unit structures was included
in the second stage sampling. For the
third stage, structures of size three or
more were divided into clusters of an
expected size of four units and a sample
of clusters was selected. This procedure
added an estimated 10,593 units to the
housing inventory of this SMSA.

Coverage improvement for deficiency 2.—
In permit-issuing areas, a sample of mobile
homes placed in a park missed by the
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census or established after the census
was selected in two stages. First, for each
1976-77 SMSA, a sample of tracts was
selected and canvassed. Al parks were
listed and then matched back to the 1970
census to identify parks missed by the
census and parks established after the
census. Second, the parks were divided
into clusters of an expected size of four
sites and a sample of clusters was selected
and interviewed. Each of the sample
units represented the same number of
units that the regular AHS sample units
represented. This procedure added an
estimated 2,270 units to the housing
inventory of this SMSA,

Coverage improvement for deficiencies
3-6.—The remaining missed units were
sampled by one of two procedures. The
first procedure was designed to represent
units from the following types of missed
structures {structures that had no chance
of selection for the AHS}:

1. Structures missed inthe 1970 census.
2. Structures that were completely
nonresidential in the 1970 census but
contain units converted to residential
use.

3. Mobile homes that had been placed
outside parks since the 1970 census
and had a utility hookup, or were on
the site but not occupied on April 1,
1970, or had no utility hookup but
were occupied by persons with no
usual residence elsewhere.

4, Houses that had been moved onto
their present site since the 1970
census.

Initially, a subsample of reqular AHS
units was selected at a rate of 1 in
22.2152. Then, succeeding structures in a
defined path of travel to the right of the
structure containing the sample unit were
listed until eight structures {excluding the
sample unit structure) were found that
had been eligible to be selected for the
AHS. Finally, the intervening structures
that did not have a chance of selection
in the AHS were identified and units
within these structures were interviewed.
In cases where the interviewer workload
would have been too great, a representa-
tive subsample of units within these
structures was selected. This procedure
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added an estimated 6,815 units to the
housing inventory of this SMSA,

The second procedure was designed
to represent missed units from structures
represented in AHS. These missed units
were: ’

1. Units missed in the 1970 census.

2. Units converted to residential use
since the 1970 census in structures
that contained some residential units
in 1970,

First, a subsample of regular AHS units
in multi-unit structures of less than 10
units was
issuing universe. Second, for the multi-
unit structures selected, all units were
listed and matched to the 1970 census.
Any missed units were then assigned
for interview. This procedure added an
estimated 830 units to the housing in-
ventory of this SMSA.

Building loss sample selection.—Some
tables in this report show eostimates of
characteristics of housing units removed
from the housing inventory since 1970
(i.e., units enumerated in the 1970
census that no longer existed as part of
the housing inventory at the time of
the AHS interview). For the permit-
issuing universe, the sample upon which
these estimates were based was the
regular AHS sample previously described.
Since the addresses of these sample units
were known to exist in 1970, the AHS
interviewers could determine which of
the sample units were no longer con-
sidered to be part of the housing inven-
tory. From these units, estimates were
obtained for whole structure losses (i.e.,
lost units in structures in which all
housing units were removed from the
inventory} and part structure losses {i.e.,
lost units in structures in which some,
but not all, of the units were removed
from the inventory).

For each of the SMSA’s with a non-
permit universe, it was necessary to select
an independent sample with which to
measure lost units because of the area
sample technique employed for the
regular AHS sample. For this independent
sample, acluster of four {usually adjacent}
housing unit addresses was selected from

selected from the permit- -

the 1970 census listing of addresses for
each sample ED. Since these addresses
were known to exist in 1970, the AHS
interviewer determined those sample
units that were no longer considered part
of the housing inventory, From these
units, only estimates of whole structure
losses were obtained (i.e., lost units in
structures in which all housing units were
removed from the inventory). s

1970 Census of Population and Housing.—
The estimates pertaining to the 1970
housing inventory {i.e., the housing in-
ventory that existed at the time of the
1970 census) are based on either 20-,
15-, or 5-percent sample data cotlected
in April 1970 for the Decennial Census
of Population and Housing. A detailed
description of the sample design em-
ployed- for the 1970 census can be ob-
tained in the 1970 Census of Housing
report, Volume |, Housing Characteristics

 for States, Cities,' and Counties, Part 1.

ESTIMATION

The AHS sample produced two types of
estimates for each SMSA: Estimates
pertaining to characteristics of the
housing inventory at the time of the
interview (i.e., the 1976 housing inven-
tory) and estimates pertaining to charac-
teristics of units removed from the
housing inventory since 1970 (i.e., 1970-
1976 lost units). Each type of estimate
employed separate, although similar,
est}mation procedures.

1976 housing inventory.—~The AHS esti-
mates of characteristics of the 1976
housing inventory employed a one-stage
ratio estimation procedure. Prior to the
implementation of the ratio estimation
procedure, the basic weight {i.e., the
inverse of the probability of selection)
for each interviewed sample housing unit
was adjusted to account for the 903
noninterviews previously mentioned. The
noninterview adjustment factor was
equal to the following ratio:

Weighted count of
interviewed +  noninterviewe d
housing units housing units
Weighted count of interviewed housing
units

Weighted count of
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Within each sector of each SMSA, a
noninterview factor was computed sep-
arately for B0 noninterview ceils for
sample housing units from the permit-
issuing universe {where the cells consisted
of 1 or more of the different strata used
in the stratification of the universe as
previously illustrated). In addition, a non-
interview factor was computed for one
noninterview cell for new construction
sample housing units from both the
permit-issuing universe and the coverage
improvement universe, one noninterview

" cell for mobile homes, and one noninter-

view cell for sample units from both the
nonpermit universe (if applicable} and
the coverage improvement universe (if
units were not included above).

The following ratio estimation pro-
cedure was employed for all sample
housing units from the permit-issuing
universe. This factor was computed sep-
arately for all sample housing units
within each permit-issuing universe non-
interview cell mentioned previously.
The ratio estimation factor for each cell
was equal to the following:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

For each SMSA, the numerators of the
ratios were obtained from the 1970

Census of Population and Housing 20-.

percent file of units enumerated in areas
under the jurisdiction of permit-issuing
offices. The denominators of the ratios
were obtained from weighted estimates
of all the AHS sample units within the
corresponding ratio estimation categories
using the ‘existing weight {i.e.,, the basic
weight times the noninterview factor).
The computed ratio estimation factor was
then applied to the existing weight for
each sample unit within the correéspond-
ing ratio estimation category.

The effect of this ratio estimation
procedure was to somewhat reduce the
variance due to the variation in sample
size of strata used in the sample selection
of the permit-issuing universe, thereby
reducing the sampling error below what
would have been obtained by simply
weighting the results of the sample by

the inverse of the probability of selection.
Ordinarily, this would have been con-
trolled by sampling within the strata
during the sample selection process.
However, prior to the AHS sample selec-
tion within each SMSA, units already
selected for other Census Bureau surveys
were deleted from the permit-issuing
universe. Thus, some variation in sample
size was introduced during the AHS
sample selection process.

1970-1976 lost units.—The AHS estimate
of characteristics of the 1970-1976 lost
units employed a onestage ratio estima-
tion procedure which is similar to the
ratio estimation procedure described pre-
viousty. The file of 1970-1976 lost units
was matched to the 1970 census file to
obtain the 1970 characteristics of the
lost units. Some lost units did not match.
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment
factor was equal to the following ratio:

Weighted count of
matched lost units

Weighted count of matched lost units

Weighted count of

Within each sector of the SMSA, this
factor was computed separately for whole
structure losses and part structure losses.
The effect of this estimation procedure
was to reduce the sampling error below
what would have heen obtained by simply
weighting the results of the sample by the
inverse of the probability of selection.

Ratic estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing char-
acteristics of the 1970 housing inventory
from the 1970 Census of Population and
Housing. The statistics based on 1970
census sample data employed a ratio
estimation procedure which was applied
separately for each of the three census
samples. A detailed description of this
ratio estimation procedure can be found
in the 1970 Census of Housing report,
Volume |, Housing Characteristics for
States, Cities, and Counties, Part 1,

nonmatched lost units

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and non-
sampling errors. The following is a de-
scription of the sampling and nonsampling
errors associated with the AHS-SMSA
sample and of the nonsampling errors
associated with the 1970 census esti-
mates. A description of the sampling
errors associated with the sample esti-
mates from the 1970 census can be found
in the 1970 Census of Housing report,
Volume |, Housing Characteristics for
States, Cities, and Counties, Part 1.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording or
coding the data, and other errors of col-
lection, response, processing, coverage,
and estimation for missing data. Non-
sampling errors are not unique to sample
surveys since they can, and do, occur in
complete censuses as well.

Obtaining a measurement of the total

nonsampling error associated with the
estimates from a survey is very difficult,
considering the number of possible
sources of error. However, an attempt
was made to measure some of the non-
sampling errors associated with the
estimates for both the 1970 Census of
Population and Housing and the 1976
AHS-SMSA sample.

1970 Census.—A number of studies were
conducted to measure two types of
general errors associated with 1970
census estimates--"coverage’’ and "con-
tent” errors. The “coverage’’ errors
determined how completely housing
units were counted in the census and
included space errors, definitional errors,
and occupancy errors. The “‘content”
errors measured the accuracy of the data
collected for enumerated housing units.
These errors were measured by reinter-
views, record checks, and other surveys.
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The detailed results of these studies,
as well as the methodology employed,
are ‘presented in the 1970 Census of
Population and Housing Evaluation and
Research Program  Reports, Series
PHC(E}-5, The Coverage of Housing in
the 1970 Census, and PHC(E)-10, Accu-
racy of Data for Selected Housing Char-
acteristics as Measured by Reinterviews.

AHS-SMSA.—For the 1976 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the compo-
nents of the nonsampling error associated
with the AHS estimates. A reinterview
program was conducted for a sample of
the AHS households. These households
were revisited and answers to some of the
questions on the AHS questionnaire
were obtained again. The original inter-
view and the reinterview were assumed
to be two independent readings and,
thus, were the basis for the measurement
of the accuracy of the AHS data collected
from interviewed households.

" As part of the reinterview, a check
was made at each of these households
to determine if the following was done
during the original interview:

1. The correct unit was visited.
2.The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built” was obtained.

4, The correct information on ‘Ten-
ure” was obtained.

5. The correct information on “House-
hold Composition”” was obtained.
6. The correct information on “Type
of Housing Unit’’ was obtained.

7. The correct information on “Occu-
pancy Status’’ was obtained.

This check was made for interviewer
evaluation and control. That s, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view check. The results of this study are
not yet available; however, it is believad
that they will be similar to the results of
the Year 1l {1975-78) AHS SMSA reinter-
view study which were presented in the
following Census Bureau memorandum,
“Response Error in the Annual Housing
Survey Data—Year || SMSA Sample.”
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Some of the results of this study are
{note that these results are based aon the
reinterviews across all Year || SMSA's and
not for any specific SMSA.}:

1. The results indicate that the inter-
viewers are doing a good job. From a
total of 207 interviewers checked, 10
failed in classification checks, 7 in
household composition, and 2 in
content reinterview.

2. Of the nonattitudinal items which
had enough data to compute reliable
measures of response error, approxi-
mately 55 percent of these items had
low levels of inconsistency in responses
and about 45 paercent had moderate
levels of inconsistency in responses.

3. For the attitudinal items, approxi-
mately 75 percent of the indices
showed low levels of inconsistency
when reconciled; i.e., after the ques-
tion is answered in the reinterview,
the -enumerator presents the previous
response and then asks the respondent
to decide upon the best answer. The
remaining items showed moderate
levels of inconsistent response.

4. When no reconciliation was done
for these six attitudinal items, about
half of the items showed moderate
levels of inconsistency, 30 percent
were in the low level and 20 percent
were in the high inconsistency level.

The range for evaluating inconsistency
is from 0-100. The rule of thumb is that
indices betow 20 are low; indices from
20-50 are moderate, indicating that there
is some problem with inconsistent re-
porting; those over B0 are high, indicating
that improvements are needed in the
method used to collect these data or that
the category concepts themselves are
ambiguous.

The results of this study were based
on sample data, so there is sampling
error associated with these estimates
of nonsampling error. Therefore, the
possibility of such errors should be taken
into account when considering the
results of this study.

Coverage errors.—With respect to errors
of coverage and estimation for missing

data, the AHS new construction sample
had deficiencies in the representation of
conventional new construction. Due to
time constraints, only those building
permits issued more than 5 months before
the survey ended were eligible to be
sampled to represent conventional new
construction in ‘permit-issuing areas for
this SMSA. Also, permits were sampled
on a monthly basis and were divided
equally among the 12 panels in which
interviews were conducted. Due to this
procedure, some of the permits issued in
November 1975 through October 1976
were not interviewed because they were
assigned to paneis in which the inter-
viewing had already been completed. In
this SMSA, 9.0 percent of the permits
sampled were not interviewed because
of this procedure. This percentage does
not include permits issued during the
last 5 months of the survey. However,
these permits issued during the last 5
months of the survey do not necessarily
represent missed housing units, since,

"due to the relatively short time span

involved, it is possible that construction
of these units was not completed at the
time the survey was conducted and they
were not eligible for interview. In addition
to these deficiencies, rew construction
in special places thal do not require
building permits, such as military bases,
are.also not adequately represented.

The Coverage Improvement Program
also had certain deficiencies. It appears
that the listing procedure used to find
units missed in the 1970 census, units
converted from nonresidential to resi-
dential, houses moved onto their present
site, and mobile homes placed outside
parks was not very efficient for finding
nonresidential conversions. Such con-
versions were primarily in business dis-
tricts, whereas the listing procedure
started from a residential unit,

Deficiencies also exist in ED’s where
area sampling methods are used. It had
been assumed thati all units located inside
these ED's would be represented in the
sample. However, it has been estimated
that the 1976 AHS sample missed as
much as 2 percent of all housing units in
these ED’s because they were not listed
during the canvassing.
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Rounding errors.—For errors associated
with processing, the rounding of esti-
mates introduces ancther source of error
in the data, the severity of which depends
on the statistic being measured. The
effect of rounding is significant relative
to the sampling error only for small
percentages or small medians when these
figures are derived from relatively large
bases (e.g., median number of persons
per household). This means that confi-
dence intervals formed from the standard
errors given may be distorted and this
should be taken into account when con-
sidering the results of the survey.

Sampling errors for the AHS-SMSA
sample.—The particular sample used for
this survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same schedutes,
instructions, and interviewers were used,
estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts
to provide a measure of this variation
among the estimates from the possible
samples and, thus, is 2 measure of the
precision with which an estimate from a
sample approximates the average result
of all possible samples.

As calculated for this report, the
standard error also partially measures the
variance in the estimates due to response
and interviewer errors (nonsampling
errors); but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates
depends on both the sampling and non-
sampling error measured by the standard
error, biases, and some additional non-
sampling errors not measured by the
standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if ali possible samples were
selected, each of these surveyed under
essentially the same general conditions,

s

and an estimate and its estimated standard
error were calculated from each sample,
then:

1. Approximately 68 percent of the
intervals from one standard error
below the estimate to one standard
error above the estimate would include
the average result of all possible
samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors
below the estimate to 1.6 standard
errors above the estimate would in-
clude the average result of all possible
samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
clude the average result of all possible
samples. '

The average result of all possible
samples either is or is not contained in
any particular computed interval. How-
ever, for a particular sample, one can say
with specified confidence that the average
result of all possible samples is inciuded
in the constructed interval.

The figures presented in the accom- '

panying tables are approximations to the
standard errors of various estimates
shown in this report for this SMSA. In
order to derive standard errors that would
be applicable to a wide variety of items
and also could be prepared at a moderate
cost, a number of approximations were
required. As a result, the tables of stand-
ard errors provide an indication of the
order of magnitude of the standard errars
rather than precise standard errors for
any specific items.

.Table | presents the standard errors
applicable to estimates of characteristics
of the 1976 housing inventory as well as
estimates of characteristics of the 1970-
1976 lost units. Linear interpolation
should be used to determine the standard
errors for estimates not specifically shown
in this table.

- The standard errors on the AHS esti-
mates of population in housind units
shown in tables A-1, B-1, and C-1 of part
A of this report are 23,980 for the SMSA,
16,800 for the central city of this SMSA,
and 16900 for the balance of this SMSA.

TABLE I. Standard Errors for Estimated Num-
ber of Housing Units in the 1276 Housiny
Inventory and for Estimated Number of
1970-1976 Lost Units for the Houston,
Tex., SMSA, for the Central City, and for
the Balance of the SMSA

{68 chances out of 100}

Standard error’
Size of In Not in
estimate SMSA central | central
ety city
0...... 70 80 50
100. . ... 80 20 70
200.. ... 120 120 100
500..... 190 200 160
700. .... 220 230 190
1,000 ... 270 280 230
2,600 ... 420 440 360
5,000 . .. 600 620 ‘500
10,000 .. 840 880 710
25,000 1,330 1,380 1,110
50,000 1,860 1,930 1,540
75,000 2,260 2,330 1,880
100,000 2,590 2,660 2,100
150,000 3,130 3,170 2470
250,000 3910 3,860 2,910
500,000 5,040 4,530 -

' For estimates pertaining to new construc-
tion, the standard errors shown in the table
should be multiplied by a factor of 14 for
the total SMSA and the In central city esti-
mates, and 15 for the Not in central city
estimates.

The reliability of an estimated percent-
age, computed by using sample data for
both numerator and denominator, de-
pends upon both the size of the percent-
age and the size of the total upon which
the percentage is based. Estimated
percentages are relatively more reliable
than the corresponding estimates of the
numerators of the percentages, particu-
larly if the percentages are 50 percent or
more.

Tables 11 through IV present the
standard errors of estimated percentages
of the 1976 housing inventory as well as
estimated percentages of the 1970-1976
lost units. Two-way interpolation should
be used to.determine standard errors for
estimated percentages not specifically
shown in tables tl through 1V,

Included in tables | through IV are
estimates of standard errors for estimates
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of zero and zero percent. These estimates
of standard errors are considered as aver-
estimates of the true standard errors and
should be used primarily for construction
of confidence intervals for characteristics
when an estimate of zero is obtained.

For ratios, 100 {x/y), where x is not a
subclass of y, tahles Il through |V under-
estimate the standard error of the ratio
when there is little. or no correlation
between x and y. For this type of ratio,
a better approximation of the standard
error may be obtained by letting the
standard error of the ratio be approxi-
mately equal to:

ool ) ()

where: x = the numerator of the
ratio
¥ = the denominator of the
ratio
oy = the standard error of -

the numerator
oy, = the standard error of
the denominator

Hlustration of the use of the standard
error tables.—Table A-1 of part A of this
report shows that in 1976 there were
429,600 owner-occupied housing units
in this SMSA. Interpolation in table | of
this appendix shows that the standard
error of an estimate of this size is ap-
proximately 4,720. The following inter-
polation procedure was used:

The information presented in the
following table was extracted from table
l. The entry for “x” is the one sought.

Size of Standard
estimate error
250,000. ....... 3,910
429,500........ X
500,000........ 5,040

The entry for x is determined by
vertically interpolating ' between 3,910
and 5,040.

429,500-250,000 = 179,500
500,000—-260,000 = 250,000

179,500

3910 + 520,000

(5,040-3910) = 4,720
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TABLE 1. Standard Errors for Estimated Percentages of Hausing Units in the 1976 Housing
Inventory and for Estimated Percentages of 1970-1976 Lost Units for the Houston, Tex., SMSA

{68 chances out of 100)

Estimated percentage’

Base of
Oor 1or 5or i0or 25 ar
percentage 100 99 95 90 75 50
100. ...... 416 M6 4186 16 4186 42.2
200....... 26.3 263 26.3 26.3 26.3 299
500....... 12.5 125 12.5 125 16.4 18.9
700. . ..... 9.2 9.2 92 9.6 13.8 16.0
1,000 ..... 6.7 6.7 6.7 8.0 116 134
2500 ..... 28 2.8 37 5.1 7.3 84
5000 ..... 1.4 1.4 26 3.6 5.2 6.0
10,000 7 8 1.8 25 3.7 4.2
25,000 3 .5 1.2 16 2.3 2.7
50,000 14 4 .8 1.t 16 1.9
75,000 .09 3 7 9 1.3 1.5
100,000 .07 3 B 8 1.2 1.3
150,000. 05 2 5 7 .9 1.1
250,000. . .. .03 .2 A .5 7 .8
500,000. . .. 01 A2 3 4 .5 6

! Standard errors are presented to the nearest one-tenth of one percentage point except when
the standard error is less than fifteen-hundredths of one percentage point; in those cases, the
standard error is shown to the nearest one-hundredth of one percentage point. For estimated per-
centages pertaining to new construction, the standard errors shown in the table should be multi-
plied by a factor of 1.4.

TABLE II1. Standard Errors for Estimated Percentages of Housing Units in the 1976 Housing
lnventory and for Estimated Percentages of 1970-1976 Lost Units for the Central City of the
Houston, Tex., SMSA

{68 chances out of 100)

Estimated percentage’

Base of
Oor 1or 5or 10 or 25 or
percentage 100 9g 95 90 75 50
100....... 438 43.8 43.8 438 438 442
200, ...... 281 28.1 281 281 28.1 31.2
500, ...... 13.5 136 135 135 171 19.7
700....... 10.0 100 100 10.0 145 16.7
1000 ..... 7.2 7.2 7.2 84 12.1 14.0
2500 ..... 3.0 3.0 3.8 5.3 76 8.8
5000 ..... 15 18 2.7 3.7 5.4 6:2
10,000 .8 9 1.9 26 38 4.4
25,000 3 B 1.2 1.7 24 2.8
50,000 2 4 9 1.2 1.7 2.0
75,000 10 3 g 1.0 14 1.6
100,000, ... .08 3 B .8 1.2 14
150,000. . .. .05 2 5 7 1.0 1.1
250,000. . .. .03 2 4 5 .8 9
500,000. . .. .02 12 3 4 5 5

! Standard errors are presented to the nearest one-tenth of one percentage point except when
the standard error is less than fifteen-hundredths of one percentage point; in those cases, the
standard error is shown to the nearest one-hundredth of one percentage point. For estimated per-
centages pertaining to new construction, the stendard errors shown in the table should be mu!ti-
plied by a factor of 1.4.
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Consequently, ‘the 68-percent confi-
dence interval, as ‘shown by these data,
is from 424,780 to 434,220 housing
units. Therefore, a conclusion that the
average estimate, derived from all possible
samples, of 1976 owner-occupied housing
units lies within a range computed in this
way would be- correct” for roughly 68
percent of all possible sa'mples. Similarly,
we'could conclude that ‘the average esti-
mate derived from all possible samples,
lies within the interval from 421,950 to
437,050 housmg units with 90 percent
confidence; and the average estimate lies
within the interval from 420060 to
438,940 housing units with 95 percent
confidence.

Table A-1 of part A also shows that
of the 429,500 owner-occupied housing
units, 104,400, or 24.3 percent, had two
bedrooms. Interpolation in table Il of
the appendix’ (i.e.,
the base and percent} shows that the
standard error of the 243 percent is
approxumately 06 percentage points.
The fo1|owmg mterpolatlon procedure
was used:

. The .information presented. in the
followmg table was extracted from
table Il. The entry for “p" is the one
sought.

interpolation on both |

Base of Estimated percentage .
percentage 10 or 25 or
7 o] e M3
250,000. . . . . Y1 05| a 0.7
429,500 : p
500,000. .. ... 04 b 0.5

1 The entry for cell “a" is determined
by haorizontal |nterpolat|on between
+ 0.5and 0.7.

243-100=143
25.0-10.0=15.0

14.3
05+ 5% (0.7-05) =068

2. The entry for cell “b"" is determined
by- horizontal interpolation between
0.4 and 0.5.

243-100=143
25.0-100=15.0

14.3
04+150(05 —04) =050

was then deter-
interpolation be-

3.The entryrfor “p”’
mined by vertical
tween 0.50 and 0.69

429,500-250,000 = 179,600
500,000—250,000 = 250,000

179,500
0.69— 50,000 000 (0.69-0.50) =

Consequently, the 68-percent confi-
dence interval, as shown by these data,
is from 23.7 to 249 percent; the 90-
percent confidence interval is from 23.3
to 25.3 percent; and the 95-percent
confidence interval is from 23.1 to 25.5
percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two sample estimates. The
standard error of a difference between
gstimates is approximately equal to the
square root of the sum of-the squares
of the standard error of each estimate
considered separately. This formula is

-quite accurate for the difference between

estimates of the same characteristic in
two different SMSA's or the difference
between separate and uncorrelated char-
acteristics in the same SMSA., However,
if there is a high positive correlation be-
tween the two characteristics, the formula

W|1l overestimate the true standard error;

but if there is a high negative correlation,
the formula will underestimate the true
standard error.

Hiustration of the computation of the
standard error of a difference.—Table
A-1 of part A of this report shows that
in 1976 there were 239,300 owner-
occupied units with three bedrooms in
this SMSA. Thus, the apparent differ-

- ence, as shown by these data, between

owner-gccupied units with two bedrooms
and owner-occupied units with three

* bedrooms is 134,900. Table | shows the

standard error of 104 400 is approxi-

mately 2,640 and the standard error of
239,300 is approximately 3,830, There-
fore, the standard error of the estimated
difference of 134,900 is about

4,650 = /(2,640)° +(3,830)2

Consequently, the 68-percent confidence
interval for the difference is from
130,250 to 139,550 housing units. There-
fore, a conclusion that the average esti-
mate, derived from all possible samples,
of this difference lies within a range
computed in this way would be correct
for roughly 68 percent of all possible
samples. Similarly, the 90-percent confi-
dence interval is from 127,460 to
142,340 housing units, and the 95-percent
confidence interval is from 125,600 to
144,200. Thus, we can conclude with
95 percent confidence that the number
of 1976 owner-occupied units with
three bedrooms is greater than the
number of owner-occupied units with
two bedrooms since the 95-percent con-
fidence interval does not include zero or
negative values.

Medians.—For medians presented in cer-
tain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for
measuring the reliability of the estimated
median is to determine an interval about
the estimated median so that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate con-
fidence limits of a median based on
sample data:

1. From tables Il through IV, deter-
mine the standard error of a 50-percent
characteristic on the base of the
median,

2. Add to and subtract from 50 per-
cent, the standard error determined
in step 1.

3. Using the distribution. of the char-
acteristic, read off the confidence
interval corresponding to the two
points established in step 2.
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TABLE Iv. Standard Errors for Estimated Percentages of Housing Units in the 1976 Housing .
Inventory and for Estimated Percentages of 1970-1976 Lost Units for the Balance of the

Houston, Tex., SMSA

{68 chances out of 100}

Estimated percentage’
Base of
0or 1or Sar 10 or 25or
percentage 100 99 95. 90 75 5
100, . ..... 33.7 33.7 33.7 ‘33.7 - 33.7 35.7
200....... 1203 20.3 203 203 21.8 25.2
500....... 9.2 9.2 9.2 9.6 13.8 16.0
700....... 6.8 6.8 6.8 8.1 1.7 13.6
1,00 ..... 4.8 4.8 4.9 6.8 9.8 113
25600 ..... 2.0 2.0 3.1 43 6.2 71
5000...... 1.0 1.0 2.2 3.0 44 5.0
10,000 .... b 7 1.6 2.1 3.1 3.6
25,000 . ... 2 4 1.0 14 2.0 23
50,000 . ... .10 3 7 1.0 14 16
75,000 . ... 07 3 B 38 A 13
100,000. . .. .05 2 5 Ni 1.0 1.1
150,000. . .. .03 2 4 6 .8 9
250,000. . .. .02 .14 3 A4 6 7

!Standard errors are presented to the nearest one-tenth of one percentage point except when
the standard error is less than fifteen-hundredths of one percentage point; in those cases, the
standard error is shown to the nearest one-hundredth of one percentage point, For estimated per-
centages pertaining 1o new construction, the standard errors shown in the table should be multi-

plied by a factor of 1.5.

For about 68 out of 100 possibte samples,
the average median from all possible
samples would lie between these two
values.

A two-standard error confidence in-
terval may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error de-
termined in step 1. For about 95 out of
100 possible samples, the average median
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from all possible samples would lie
between these two values.

Hllustration of the computation of the
95-percent confidence interval of a
median.—Table A-1 of part A of this re-
port shows the median number of persons
for owner-occupied housing units is 3.0.
The base of the distribution from which

-

this median was determined is 429,500
- housing units.

1. Interpolation in table Il shows that
the standard error of 50 percent on a
base of 429,600 is.approximately 0.7
percentage points.

2.To obtain a 95-percent confidence
interval on the estimated median,
initially add to and subtract from S0
percent twice the standard error de-
termined in step 1. This vields per-
centage limits of 48.6.and 51.4. _
3. From table A-1 of part A, it can be
seen, by cumutating the frequencies
for the first two categories, that
171,700 owner-occupied housingunits,
or 40.0 percent, had one or two
persons {for purposes of calculating
the median, the category of two
persons is considered to be from 1.5
to 2.5 persons} and that an additional
82,800 owner-occupied housing units,
or 193 percent, had three persons
(i.e., 2.5 to 3.5 persons).

By linear interpolation, the lower limit
of the 95-percent confidence interval
is found to be about:

v

48.6—40.0
25+ (3.5—2.5)(——-——19'3 )— 29

Similarly, the upper limit of the 95-
percent confidence interval is found to
be about:
. X 514-400) _, .
2.5+(3.5—2.5}( 193 ) =31

Thus, the 95-percent confidence interval
ranges from 2.9 to 3.1 persons.
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SAMPLE DESIGN

Annual Housing Survey.—The estimates
for each of the 20 SMSA’s are based on
data collected from the 1976 Annual
‘Housing Survey (AHS) which was con-

ducted by the Bureau of the Census'

acting as collection agent for the De-
partment of Housing

‘the data were collected for the 12-month
period from April 1976 through March
1977 with one-twelfth- of the sample
units being visited each month.
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Honglulu, Hawaii,

~or,

) and Urban -
Development. In each of the'20 SMSA’s,

Data for the first group of 19 SMSA's
were colliected for the AHS from Abril

1974 through March 1975, and data for a
- second group of 21 SMSA's were col-
. Iected from April 1975 through March -
: 1976 The sample housing units for each

group of the AHS SMSA’s are |nterwewed

on a rotating basis.
For each group of SMSA 5, the targest

regions is represented by a sample of

. about 15,000 designated housing units
:'_ evenly divided between.the central city

and the balance of the respective SMSA.
All. remaining SMSA's are each’ repre-
sented by a sample of about 5000
demgnated ‘housing  units distributed
proportionately between the central city
and the balance of the respective SMSA

- based on the distribution of total housing

units in each sector.

The largest SMSA's in the third group
{1976-77) are: Houston, Tex., New York,
NY. St. Louis, Mo.- Ii!, and Seattle-
Everett Wash,

The remalnlng SMSA's in the third
group are: Allentown-Bethiehem-Easton,
Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.Y., Cleveland, Ohio,
Denver, Colo., Grand Rapids,
Indianapolis, Ind., Las
Vegas, Nev,, Louisville, KV.—Ind., Okla-
homa City, Okla., Omaha, Nebr.-lowa,
Providence-Pawtucket-Warwick,
R.l.-Mass., Raleigh, N.C.,
mento, Calif. co

.In this SMSA, 4,796 units were eligible
for interview. Of these sample units, 154
interviews were not obtained because,_fér
occupied sample units,

were unavailable for some other reason;
for vacant units, no informed re-
spondent could be found after repeated
visits. In addition to the units eligible for
interview, 418 units were visited but were

_not eligible for interview, because they
‘“were found to be condemned, unfit,

demolished, converted to group quarters

use; etc .

Selection of the sample.—,Th'e sample for
the SMSA's which are, 100-percent

Mich.,

_'SMSA from each of the four geographic .

and Sacra- -

the occupants .
" were not at home after repeated visits or

permit-issuing {(Honotulu, Las Vegas, New
York, and Sacramento) was selected from
two sample frames—units enumerated in

“the 1970 Census of Population and

Housing in areas.under the jurisdiction of

"permit-issuing offices {the permit-issuing

universe) and units constructed in permit-

Jissuing areas since the 1970 census {the

new construction universe). In addition,
the sample for the 16 SMSA’s which are
not 100-percent permit-issuing included a
sample selected from a third frame—those
units- located in areas not under the
jurisdiction of permit-issuing offices {the
nonpermit universe).

Sampling operations, described in the
following paragraphs, were performed
separately. within the central city and the
balance of the SMSA for each of the
sample frames. The overall sa_rnpling rate
used to select the sample for each SMSA
was determined by the size of the sample.
Thus, for the four largest SMSA's, the
overall sampling rate differed by central

‘city and balance of the SMSA since the
sample was divided equally between the
‘central city and the balance of the SMSA.
_ The remaining - SMSA’s had an overall

sampling rate ‘about the same for the
sample selected from' both ‘the central

;city and balance of the SMSA, since the

sample was distributed proportionately

between the centra_l‘c'i'ty and the balance

.of the SMSA according to the distri-

-bution of total housing units in each

- sector.

The major portion of the sample was
selected from a file which represented the
20-perceqt sample of units enumerated in
permit-issuing areas of the SMSA during
the 1970 Census of Population and
Housing. This file contained records for
occupied housing units, vacant housing
units, and wnits in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from the
occupied and vacant housing unit records,
the occupied housing unit records were
stratified by race of head (non-
Black/Black} and the vacant housing unit
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records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to 1 of 50 strata according to its
tenure, family size, and household in-
come category as illustrated by the
following table:

Tenure

Housshold
income

Owner—
Family size

Renter—
Family size

12345+ | 12346+

Under $3,000 . . .
$3,000-$5,999, . .
$6,000-$9,999, . .
$10,000-$14,999 . *
$15,000 and over .

Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to 1 of 100 strata for either
the central city or for the balance, and
the vacant housing unit records were
assigned to 1 of the 4 vacant strata for
either the central city or for the balance
of the SMSA. A sample of housing unit
records was then selected- to produce
one-half of the  desired sample size.
However, the housing unit record ad-
jacent to each of the above sample hous-
ing unit records was also selected to be
in sample, thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {ED} within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected to produce one-quarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an
expected four sample units, thereby
insuring the necessary designated sample
size.

The second frame from which this
"SMSA sample was selected was a list of
new construction building permits issued
since January 1970 {i.e., the new con-

struction universe}. The sample selection
from the.list of new construction building

permits was an independent operation

within this SMSA. Prior to sample selec-
tion, the list of permits was chrono-
logically stratified by the date the permits
were issued and clusters of an expected
four {usually adjacent} housing units were
formed. These clusters were then sampled
for inclusion at the overall sampling rate.

For those SMSA’s which are not
100-percent permit-issuing, the remainder
of the AHS sampie was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices {i.e.,
the nonpermit universe), The first step in
the sampling operation for the universe
was the selection, using the overatl
sampling rate, of a sample of census
enumeration districts within these areas.
Prior to this sample selection, the ED's
were stratified by census tract within the
central city and within the balance of the
SMSA. The probability of selection of an
ED was proportionate to the following
measure of size:

Group quarters

Number of housing population in

units in 1970 +
census ED 1970 cesnsus ED
4

The sample ED’s were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four, or a multiple of four
housing units. At the time of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included,

Coverage improvement sample selec-
tion.—The Coverage Improvement Pro-
gram was undertaken to correct certain

deficiencies in the AHS-SMSA sample ~

from the permit-issuing and new con-
struction universes. The coverage
deficiencies inctuded the following units:

1. New construction from building
permits issued prior to January 1970,
but completed after Apri! 1, 1970.

2. Mobile homes placed in parks either
missed during the 1970 census or
established since the census.

3. Units missed in the 1970 census.

4. Units converted to residential use
that were nonresidential at the time of
the 1970 census.

5. Houses that have been moved onto
their present site since the 1970
census,

6. Mobile homes placed outside parks
since the 1970 census or vacant at the
time of the 1970 census.

Coverage improvement for deficiency’
1.—A sample of new construction units
whose permits were issued before January
1970, but completed after April 1970,
was selected independently for each
SMSA. The sampling was carried out in
two stages for one-and-two-unit struc-
tures and in three stages for three-or-
more-tnit structures. These units were
sampled at one-fourth the rate of units
originally selected for the AHS-SMSA
sample {regular AHS units).

The first stage was a sampie of permit
offices and the second stage a sample of
the 1969 permits within each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolufu, Hawaii, SMSA,
and Grand Rapids, Mich., SMSA, an
additional sample of 1968 permits for
three-or-more-unit structures was in-
cluded in the second stage sampling. For
the third stage, structures of size three or
more were divided into clusters of an
expected size of four units and a sample
of clusters was selected. This procedure
added an estimated 1,674 new construc-
tion units to the coverage of the heousing
inventory of this SMSA.

Coverage improvement for deficiency
2 —in permit-issuing areas, a sample of
mobile homes placed in a park missed by
the census or established after the census
was selected in two stages. First, for each
1976-77 SMSA, a sample of tracts was
selected and canvassed. All parks were
listed and then matched back to the 1970
census to identify parks missed by the
census and parks established after the

App-43




APPENDIX B—Continued

census. Second, the parks were divided
into clusters of an expected size of four
sites and a sample of clusters was selected
and interviewed, Each of the sample units
represented the same number of units

that the regular AHS sample units repre-.

sented. This procedure added an esti-
mated 428 units to the coverage of the
housing inventory of this SMSA,

Coverage improvement for deficiencies
3-6.—The remaining missed units were
sampled by one of two procedures. The
first procedure was designed to represent
units from the following types of missed
structures (structures that had no chance
of selection for the AHS):

1. Structures missed in the 1970

Census.

2. Structures that were completely
nonresidential in the 1970 census but
contain units converted to residential
use.

3. Mobile homes that had been placed
outside parks since the 1970 census
and had a utility hookup, or were on
the site but not occupied on April 1,
1970, or had no utility hookup but
were occupied by persons with no
usual residence elsewhere.

4, Houses that had been moved onto
their present site since the 1970
census. i

lnitiall\}, a subsample of regular AHS
units was selected at a rate of 1 in
22.2152. Then succeeding structures, in a
defined path of travel to the right of the
structure containing the sample unit,
were flisted until eight structures {ex-
cluding the sample unit structure) were
found that had been eligible to be
selected for the AHS. Finally, the inter-
vening structures that did not have a
chance of selection in the AHS were
identified and units within these struc-
tures were interviewed. In cases where the
interviewer workload would have been
too great, a representative subsample of
units within these structures was selected.
This procedure added an estimated 5,361
units to the coverage of the housing in-
ventory of this SMSA,

The second procedure was designed to
represent missed units from structures
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represented in the AHS. These missed
units were:

1. Units missed in the 1970 census.
2. Units converted to residential use
since the 1970 census in structures

that contained some residential units
in 1970. -

First, a subsample of regular AHS units in
multi-unit structures of less than 10 units
was selected from the permit-issuing uni-
verse. Second, for the multi-unit struc-
tures selected, all units were listed and
matched to the 1970 census. Any missed
units were then assigned for interview.
This procedure added an estimated 2,286
units to the. coverage of the housing
inventory of this SMSA.

Building loss sample selection.—-Some
tables in this report show estimates of
characteristics of housing units removed
from the housing inventory since 1970
(i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
interview). .For the permit-issuing uni-
verse, the sample upon which these
estimates were based was the regutar AHS
sample previously described. Since the
addresses of these sample units were
known to exist in 1970, the AHS inter-
viewers could determine which of the
sample units were no longer considered to
be part of the housing inventory. From
these uhits, estimates were obtained for
both whole structure losses [i.e., lost
units in structures in which ali housing
units were removed from the inventory)
and part structure losses {i.e., lost units in
structures in which some, but not all, of
the units were removed from the in-
ventory}. .

For each of the SMSA’s with a non-
permit universe, it was necessary to select
an independent sample with which to
measure lost units because of the area
sample technigue employed for the
regular AHS sample. For this independent
sample, a cluster of four (usually adjacent}
housing unit addresses was selected from
the 1970 census listing of addresses for
each sample ED. Since these addresses
were known to exist in 1970, the AHS
interviewer determined those sample
units that were no longer considered part

of the 'housing inventory. From these
units, only estimates of whole structure
losses were obtained (i.e., lost units in
structures in which all housing units were
removed from the inventory). '

1970 Census of Popuiation and Hous-
ing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census) are based on either 20-,15,
or S5percent sample data collected in
April 1970 for the Decenniat Census of
Population and Housing. A detailed
description of the sample design em-
ployed for the 1970 census can be
obtained in the 1970 Census of Housing
report, Volume I, Housing Characteristics
for States, Cities, and Counties, Part 1.

ESTIMATION

The AHS sample produced two types of
estimates for each SMSA: Estimates per-
taining to characteristics of the housing
inventory at the time of the interview
(i.e., the 1976 housing inventory) and
estimates pertaining to characteristics of
units removed from the: housing in-
ventory since 1970 {i.e.,, 1970-1976 lost
units). Each type of estimate employed
separate, although similar, estimation
procedures.

1976 housing inventory.—The AHS esti-
mates of characteristics of the 1976
housing inventary employed a one-stage
ratio estimation -procedure. Prior to the
implementation of the ratio estimation
procedure, the basic weight (i.e., the
inverse of the probability of selection) for
each interviewed sample housing unit was
adjusted to account for the 154 non-
interviews .previously mentioned. The
noninterview adjustment factor was equal

to the following ratio:
Weighted count of Weighted count of
interviewed + noninterviewed
housing units housing units
Weighted count of interviewed housing
units

Within each sector of each SMSA, a
noninterview factor was computed
separately for 50 noninterview cells for
sample housing units from the permit-
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issuing universe (where the cells consisted
of 1 or more of the different strata used
in the stratification of the universe as
previously illustrated). In addition, a
noninterview factor was computed for
one noninterview cell for new, construc-
tion sample housing units from both the
permit-issuing universe and the coverage
improvement universe, one noninterview
cell for mobile homes, and one non-
interview cell for sample units from both
the nonpermit universe (if applicable) and
the coverage improvement universe {if
units were not included above}.

The following ratio estimation .pro-
cedure was employed for all sample
housing units from the permit-issuing
universe. This factor was computed
separately for all sample housing “units
within each permit-issuing universe non-
interview cell mentioned previously. The
ratio estimation factor for each cell was
equal to the following:

1970 census count of‘housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the ceil

For each SMSA, the numerators of the
ratios were obtained from the 1970
Census of Population and Housing 20-per-
cent file of units enumerated in areas
under the jurisdiction of permit-issuing
offices. The denominators of the ratios
were obtained from weighted estimates of
all the AHS sample units within the
corresponding ratio estimation categories
using the existing weight (ie., the basic
weight times the noninterview factor).
The computed ratio estimation factor was
then applied to the existing weight for
each sample unit within the corre-
sponding ratio estimation category.

The effect of this ratio estimation
procedure was to somewhat reduce the
variance due to the variation in sample
size of strata used in the sample selection
of the permit-issuing universe, thereby
reducing the sampling error below what
would have been -obtained by simply
weighting the results of the sample by the
inverse of the probability of selection.
Ordinarily, this would have been con-
trolled by sampling within the strata
during the sample selection process. How-
ever, prior to the AHS sample selection

within each SMSA, units already selected
for other Census Bureau surveys were
deleted from the permit-issuing universe.
Thus, some variation in sample size was

.introduced during the AHS sample selec-

tion process.

1970-1976 lost units.—The AHS estimate
of .characteristics of the 1970-1976 lost
units employed a one-stage ratio esti-
mation procedure which is similar to the
ratio estimation procedure described
previously. The file of 1970-1976 lost

units was matched to the 1970 census file

10 obtain the 1970 characteristics of the
lost units. Some lost units did not match.
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment
factor was equal to the following ratio:

Weighted count of Weighted count of
matched lost units nonmatched lost units

Weighted count of matched lost units

Within each sector of the SMSA, this

factor was computed separately for whole .

structure losses and part structure |osses.
The effect of this estimation procedure
was to reduce the sampling error below
what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing in-
ventory from the 1970 Census of Popu-
lation and Housing. The statistics based
on 1970 census sample data employed a
ratio estimation procedure which was
applied separately for each of the three
census samples. A detailed description of
this ratio estimation procedure can. be
found in the 1970 Census of Housing
report, Volume |, Housing Characteristics

for States, Cities, and Counties, Part 1,

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and non-

sampling errors.  The following is a
description of the sampling and non-
sampling errors associated with the AHS-
SMSA sample and of the nonsampling
errors associated with the 1970 census
estimates. A description of the sampling
errors associated with the sample esti-
mates from the 1970 census can be found
in the 1970 Census of Housing report,
Volume |, Housing Characteristics for
States, Cities, and Counties, Part 1.

Nonsampling “errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to ‘obtain information
about all cases, definitional difficulties,
differences in the interpretation of ques-
tions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording or
coding the data, and other errors of
collection, response, processing, coverage,
and estimation for missing data. Non-
sampling errors are not unigue to sample
surveys since they can, and do, occur in
complete censuses as well.

Obtaining a measurement of the total
nonsampling error associated with the
estimates from a survey is very difficult,
considering the number of possible
sources of error. However, an attempt
was made to measure some of the non-
sampling errors associated with the
estimates for both the 1970 Census of
Population and Housing and the 1976
AHS-8MSA sample.

1870 census. —A number of studies were

conducted to measure two types of
general errors associated with 1870
census estimates—"coverage” and ‘‘con-
tent’”” errors. The ‘‘coverage’” errors
determined how completely housing units
were counted in the census and included
space errors, definitional errors, and occu-
pancy errors. The ‘“content” errors
measured the accuracy of the data col-
lected for enumerated housing units.
These errors were measured by rein-
terviews, record checks, and other
surveys.

The detaifed results of these studies, as
well as the methodology employed, are
presented in the 1970 Census of Popula

" tion and Housing Evaluation and
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Research Program Reports, series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and PHC{E)-10, Accu-

racy of Data for Selected Housing
Characteristics as Measured by Re-
interviews.

AHS-SMSA.—For the 1976 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error asso-
ciated with the AHS estimates. A
reinterview program was conducted for a
sample of the AHS households. These
households were revisited and answers to
some of the questions on the AHS ques-
tionnaire were obtained again. The orig-
inal interview and the reinterview were
assumed to be two independent readings

and, thus, were the basis for the
measurement of the accuracy of the AHS
data collected from interviewed
households.

As part of the reinterview, a check was
made at each of these households to
determine if the following was done
during the original interview:

1. The correct unit was visited.

2. The correct number of housing.

units were interviewed at that address.
3. The correct information on ''Year
Built’* was obtained.
4. The correct information on “Ten-
ure” was obtained.

b, Thecorrect information on “House-
hold Composition’’ was obtained.
6. The correct information on “Type
of Housing Unit” was obtained.
7. The correct information on “*Oceu-
pancy Status” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this rein-
terview check: The resuits of this study are
available and are presented in the fol-
lowing Census Bureau memeorandum,
“Response Error in the Annual Housing
Survey as Measured by Reinterviews—
Year 11l (1976-1977) SMSA Sample.”

Some of the results of this study are
presented below (note that these results
are based on the reinterviews across all
Year Il SMSA’s and not for any specific
SMSA):
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1. For attitudinal items which were
not reconciled (i.e., after the question

is answered in the reinterview, the'

enumerator does not present the pre-
vious response and then ask the
respondent to decide upon the best
answer), approximately 67 percent of
the indices of inconsistency showed
moderate levels of response’ disagree-
ment while the remaining 33 percent
showed high levels.

2. Some differences beyond those due
to sampling error did occur. Most of
the categories affected by bias were
categories of attitudinal items.

The range for evaluating inconsistency
is from 0—100. The rule of thumb is that
indices below.20 are low, indices from
20-50 are moderate, indicating that
there is some problem with inconsistent
reporting; those over B0 are high, indi-
cating that improvements are needed in
the method used to collect these data or
that the category concepts themselves are
ambiguous.

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into
account when considering the results of
this study. ‘

- Coverage errors.—With respect to errors

of coverage and estimation for missing
data, the AHS new construction sample
had deficiencies in the representation of
conventional new construction. Due to
time constraints, only those building per-
mits issued more than five months before
the survey ended were eligible to be
sampled to represent conventiona! new
construction in permit-issuing areas for
this SMSA. Also, permits were sampled
on a monthly basis and were divided
equally among the 12 panels in which
interviews were conducted. Due to this
procedure, some of the permits issued in
November 1975 through October 1976
were not interviewed because they were
assigned to panels in which the inter-
viewing had already been completed. In

‘this SMSA, 5.8 percent of the permits

sampled were not interviewed because of
this procedure. This percentage does not

include permits issued during the last
months of the survey. However, these
permits issued during the tast 5 months of
the survey do not necessarily represent
missed housing units since, due to the
retatively short time span involved, it is
possible that construction of these units
was not completed at the time the survey
was conducted and they were not eligible
for interview. In addition to these defi-
ciencies, new construction in special
places that do not require building per-
mits, such as military bases, are also not
adequately represented.

The Cove?age Improvement Program
also had certain deficiencies. It appears
that the listing procedure used to find
units missed in the 1970 census, units
converted from nonresidential to resi-
dential, houses moved onto their present
site, and mobile homes placed outside
parks, was not very efficient for finding
nonresidential conversions. Such con-
versions were primarily in business
districts, whereas the listing procedure
started from a residential unit.

Deficiencies also exist in ED's where
area sampling methods are used. It had
been assumed that all units located inside
these ED’s would be represented in the
sample. However, it has been estimated
that the 1976 AHS sample missed as
much as 2 percent of all hdusing units in
these ED’s hecause they were not listed

_during the canvassing.

Rounding errors.—For errors associated
with processing, the rounding of esti-
mates introduces another source of error
in the data, the severity of which depends
on the statistic being measured. The
effect of rounding is significant relative to
the sampling error.only for small percent-
ages or small medians, when these figures
are derived from relatively large bases
(e.g.,, median number of persons per
household). This means that confidence
intervals formed from the standard errors
given may be distorted and this should be
taken into account when considering the
results of the survey.

Sampling errors for "the AHS-SMSA

sample.—The particular sample used for
this survey is one of a large number of
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possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and interviewers were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error, The stand-
ard error of a survey estimate attempts to
provide a measure of this variation among

the estimates from the possible samples

and, thus, is a measure of the precision
with which an estimate from a sample
approximates the average result of all
possible samples,

As calculated for this report, the
standard error also partially measures the
variance in the estimates due to response
and interviewer errors {nonsampling
errars), but it does not measure, as such,
any systematic hiases in the data. There-
fore, the accuracy of the estimates

depends on both the sampling and non--

sampling error measured by the standard
error, biases, and some additional non-
sampling errors not measured by the
standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a2 known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each
sample, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average resuit of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
betow the estimate to two standard
errors above the estimate would in-
clude the average result of all passible
samples. '

The average resuit of all possible
samples either is or is not contained in
any particutar computed interval. How-
ever, for a particular sample, one can say
with specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the following
tables are approximations to the standard
errors of various estimates shown in this
report for this SMSA. In order to derive
standard errors that would be applicable
to a wide variety of items and also could
be prepared at a moderate cost, a number
of approximations were required. As a

‘result, the tables of standard errors pro-

vide an indication of the order of magni-

TABLE I. Standard Errars for Estimated Num-
ber of Housing Units in the 1976 Housing
Inventory and for Estimated Number of
1970-1976 Lost Units for the Indianapolis,
Ind., SMSA, for the Central City and for
the Balance of the SMSA.

{68 chances out of 100)

Size of Standard arror!
estimate " In Notin
SMSA central | central
city city
0...... 110 110 90
100.. ... 110 110 100
200..... 140 150 140
500..... 230 230 220
700. . ... 270 280 260
1,000 ... 320 330 310
25600 ... 510 520 490
5,000 ... 720 730 690
10,000 1,020 1,030 970
25,000 .. 1,580 1.600 1,530
50,000 .. 2,200 2,190 2,150
75,000 . . 2,640 2,590 2610
100,000. . 2,980 2,880 2,990
150,000, . 3,490 3,230 -
200,000. . 3.820 3,360 —
250,000, . 4,030 3,280 -
300,000. . 4,130- - -
400,000. . 4,040 — —

'For estimates pertaining to new construc-
tion, the standard errors shown in the table
should be multiplied by a factor of 14 for
the total SMSA, the In central city, and the
Not in central city estimates,

tude of the standard errors rather than
precise standard errors for any specific
items,

Table | presents the standard errors
applicable to estimates of characteristics
of the 1976 housing inventory as well as
estimates of characteristics of the 1970-
1976 lost units. Lipear interpolation

‘should be used to determine the standard

errors for estimates not
shown in this table.

The standard errors ‘'on the AHS esti-
mates of population in housing units
shown in tables A-1, B-1, and C-1 of this
report are 12,210 for the SMSA, 9,870
for the central city of this SMSA, and
9,560 for the balance of this SMSA,

The reliability of an estimated percent-
age, computed by using sample data for
both numerator and denominator, de-
pends upon both the size of the percent-
age and the size of the total upon which
the percentage is based, Estimated per-
centages are relatively more reliable than
the corresponding estimates of the nu-
merators of the percentages, particularly
if the percentages are 50 percent or more.

Table Il presents the standard errors of
estimated percentages of the 1976

specifically

“housing inventory as well as estimated

percentages of the 1970-1976 lost units.
Two-way interpolation should be used to
determine standard errors for estimated
percentages not specifically shown in
table 1. '

Included in tables | and Il are esti-
mates of standard errors for estimates of
zero and zero percent. These estimates of
standard errors are considered as overesti-
mates of the true standard errors and
should be used primarily for construction
of confidence intervals for characteristics
when an estimate of zero is obtained."

For ratios, 100 {x/y), where x is not a
subclass of v, table Il underestimates the
standard error of the ratio when there is
little or no correlation between x and v.
For this type of ratio, a better approxi-
mation of the standard error may be
obtained by letting the standard error of
the ratio be approximately egual to:

woff) J) Gr)
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TABLE 11. Standard errors for Estimated Percentages of Housing Units in the 1976 Housing
Inventory and for Estimated Percentages of 1970-1976 Lost Units for the tndianapolis, Ind.,
SMSA, for the Central City of the SMSA, and for the Balance of the SMSA.

{68 chances out of 100}

Estimated percentage’
Base of
' percentage Qor 1or Sor 10 or- 250r 50
‘ 100 99 95 80 75
100, ...... 51.3 51.3 51.3 513 51.3 51.3
200....... 345 345 345 345 345 36.3
500....... 174 174 174 17 .4 199 229
700....... 13.1 13.1 13.1 131 16.8 194
1,000 ..... 9.5 95 9.5 9.7 14.0 16.2
2500 ..... 4.0 40 45 6.2 B9 " 103
5000 .... y 2.1 2.1 3.2 4.4 6.3 7.3
10,000 - ... 1.0 1.0 2.2 3.1 44 5.1
25,000 . ... 4 8 14 19 28 3.2
50,000 . ... 2 B 1.0 14 2.0 2.3
75,000 . ... 14 ) 8 1.1 1.6 1.9
100,000. . .. 11 3 7 1.0 1.4 1.6
150,000. . . . 07 3 -8 8 11| 13
200,000. . . . - 05 2 .5 7 1.0 1.1
250,000. . .. .04 2 4 6 9 1.0
300,000. . .. 04 2 4 B B 9
400,000. . . . 03 2 4 b 7 ' .8

1Standard errors are presented to the nearest one-tenth of one percentage point except when
the standard etror is less than fifteen-hundredths of one percentage point; in those cases, the
standard error is shown to the nearest one-hundredth of one percentage point. For estimated
percentages pertaining to new construction, the standard errors shown in the table should be

multiplied by a factor of 1.4,

where: x = the numerator of the
‘ ratio
y = the denominator of the
ratio
0, = the standard error of
the numerator
0y = the standard error of

the denominator

Hiustration of the use of the standard
error tables, —Table A-1 of part A of this
report shows that in 1976 there were
245,800 owner-occupied housing units in
this SMSA. Interpotation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
4,010. The following interpolation pro-
cedure was used:

The information presented in the fol-
jowing table was extracted from table 1.
The entry for “x’’ is the one sought.
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Size of Standard
estimate error
200,000........ 3,820
245800........ X
260000, ....... 4,030

The entry for x is determined by
vertically interpolating between 3,820
and 4,030.

245,800—-200,000 = 45,800
250,000-200,000 = 50,000
45,800

3.820 +m {4,030—3,820} = 4,010

Consequently, the 68-percent confi-
‘dence interval, as shown by these data, is
from 241,790 to 249,810 housing units.
Therefore, a conclusion that the average
estimate, derived from all possible sam-

ples, of 1976 owner-occupied housing
units lies within a range computed in this
way would be correct for roughly 68.
percent of all possible samples, Similarly,
we could conclude. that the average esti-
mate derived from all possible samples,
lies within the interval from 239,380 to
252,220 housing units with 90 percent
confidence; and that the average estimate’
jies within the interval from 237,780 to
263,820 housing units with 95 percent
confidence. . .

Table A-1 of part A also shows that of
the 245,800 owner-occupied housing
units, 74,100, or 30.1 percent, had two ..
bedrooms. Interpolation in table Il of the
appendix [i.e., interpolation on both the
base and percent} shows that the standard
error of the , 30.1 percent is approxi-
mately 0.9 percentage paints. The follow-
ing interpolation procedure was used:

The information presented in the fol-
lowing table was extracted from table I1.
The entry for “p” is the one sought.

Estimated pen:entége
Base of
percentage 2501
75 30.1 50
200,000. . .. 1.0 a 1.1
245,800 . .. Cop
250,000. . .. 9 b 1.0

| iy 1t

a" is deter-
interpolation

1. The entry for cel
mined by horizontal
between 1.0 and 1.1.

30.1-25.0=5.1
50.0-25.0=25.0

5.1
O+—=(11-1.0)=1.0
1.0 25.0( 1.0} 2 |

2. The entry for cell “b” is deter-
mined by horizontal interpolation
between 0.9 and 1.0.

30.1-25.0=5.1
50.0-25.0 = 25.0

5.1
0.9 +25.0(1.0—0.9) =.92

3. The entry for *“p" was then deter-
mined by vertical interpolation be-
tween 0.92 and 1.02.
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245,800-200,000 = 45,800
250,000-200,000 = 50,000
45,800

1.02—m {1.02—0.92)=09

Consequently, the 68-percent confi-
dence interval, as shown by these data, is
from 29.2 to 31.0 percent; the 90-pergent
confidence interval is from 28.7 to 31.5
percent; and the 95-percent confidence
interval is from 28.3 to 31.9 percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two sample estimates. The stand-
ard error of a difference between esti-
mates is approximately equal to the
square root of the sum of the squares of
the standard error of each estimate con-
sidered separately, This formula is quite
accurate for the difference between esti-
mates of the same characteristic in two
different SMSA's or the difference
between separate and uncorrelated char-
acteristics in the same SMSA. However, if
there is a high positive correlation be-
tween the two characteristics, the for-
" mula will overestimate the true standard
error; whereas, if there is a high negative
correlation, the formula wilt
estimate the true standard error.

Hllustration of the computation of the
standard error of a difference. —Table A-1
of part A of this report shows that in
1976 there were 124,800 owner-occupied
units with three bedrooms in this SMSA.
Thus, the apparent difference, as shown
by these data, between owner-occupied
units with two bedrooms and owner-
occupied units with three bedrooms is
50,700. Table | shows the standard error
of 74,100 is approximately 2,620 and the
standard error of 124,800 is approxi-
mately 3,230, Therefore, the standard
error of the estimated difference of
50,700 is about

4,160 =4/(2,620)? + (3,230)°

Consequently, the 68-percent confidence
interval for the difference is from 48,540

under-

to 54,860 housing units. Therefore, a

. conclusion that the average estimate,

derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
the 90-percent confidence interval is from
44,040 to 57,360 housing units, and the
95-percent confidence interval is from
42,380 to 59,020. Thus, we can conclude
with 95 percent confidence that the
number of 1976 owner-occupied units
with three bedrooms is greater than the
number of owner-occupied units with
two bedrooms since the 95-percent confi-
dence interval does not include zero or
negative values,

Medians, —For medians presented in cer-
tain tébles, the sampling error depends on
the size of the base and on the distribu-
tion upon which the median is based. An
approximate method for measuring the
reliability of the estimated median is to
determine an interval about the estimated
median so that there is a stated degree of
confidence that the average median from
all possible samples lies within the in-
terval. The following procedure may be
used to estimate confidence limits of a
median based on sample data:

1. From table |i determine the stand-
ard error of a 50-percent characteristic
on the base of the median.

2. Add to and subtract from 50 per-
cent, the standard error determined in
step 1.

3. Using the distribution of the char-
acteristic, read off the confidence in-
terval corresponding to the two points
established in step 2.

For about 68 out of 100 possible
samples, the average median from all
possible samples would lie between these
two values,

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median

from all possible samples would lie be-
tween these two values.

{Hustration of the computation of the 95-
percent confidence interval of a
median.—Table A-1 of part A of this
report shows the median number of
persons for oWner-occupied housing units
is 2.8. The base of the distribution from
which this median was determined is
245,800 housing units.

1. Interpolation in table || shows that
the standard error of 60 percent on a
base of 245,800 is approximately 1.0
percentage points. -

2. To obtain a 95-percent confidence
interval on the estimated median,
initially add to and subtract from 50
percent twice the standard error deter-
mined in step 1. This yields percentage
limits of 48.0 and 52.0.

3. From table A-l of part A, it can be
seen by cumulating the frequencies for
.the first two categories that 108,600
owner-occupied.housing units, or 44.2
percent, had one or two persons (for
purposes of calculating the median,'
the category of two persons is con-
sidered to be from 1.6 to 2.5 persons)
and that an additicnal 43,000 owner-
occupied housing units, or 17.5 per-
cent, had three persons (i.e., 2.5to 3.5
persons).

By linear interpolation, the lower limit of
the 95-percent confidence interval is
found to be about:

48.0—44.2\
2.5+(3.5-—2.5)(T.5-——) 2.7

Similarly, the upper limit of the 95-
percent confidence interval is found to be
about:

52.0-44.2)
2.5+(3.5—2.5)( 75 )— 2.9

Thus, the 95-percent confidence interval
ranges from 2.7 to 2.9 persons.

App-49
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SAMPLE DESIGN

Annual Housing Survey.—The estimates
for each of the 20 SMSA’s are based on
data collected from the 1976 Annual
Housing Survey (AHS) which was con-
ducted by -the Bureau of the Census
acting as collection agent for the Depart-
ment of Housing and Urban Develop-
ment. In each of the 20 SMSA’s, the data
were collected for the 12-month period
from April 1976 through March 1977
with one-twelfth of the sample units
being visited each month.
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Data for the first group of 19 SMSA's
were collected for the AHS from April
1974 through March 1975, and data for a
second group of 21 SMSA’s were col-
lected from April 1975 through March
1976. The sample housing units for each
group of the AHS SMSA’s are interviewed
on a rotating basis.

For each group of SMSA’s, the largest
SMSA from each of the four geographic
regions is represented by a sample of
about 15,000 designated housing units
evenly divided between the central city
and the balance of the respective SMSA.
All remaining SMSA’s are each repre-
sented by a sample of about 5,000
designated housing units distributed
proportionately between the central city
and the halance of the respective SMSA
based on the distribution of total housing
units in each sector.

The largest SMSA's in the third group
{1976-77) are: Houston, Tex., New York,
N.Y., S5t Louis, Mo.-lll., and Seattle-
Everett, Wash.

The remaining SMSA's in the third
group are: Allentown-Bethlehem-Easton,

Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.¥Y., Cleveland, Ohio,
Denver, Colo., Grand Rapids, Mich.,

Honoluly, Hawaii, Indianapolis, ind., Las
Vegas, Nev., Louisville, Ky.-Ind., Okla-
homa City, Okla., Omaha, Nebr.-lowa,
Providence-Pawtucket-Warwick, R.l.-
Mass., Raleigh, N.C., and Sacramento,
Calif.

In this SMSA, 4,865 units were eligible
for interview. Of these sample units, 218
interviews were not obtained because, for
occupied sample units, the occupants
were not at home after repeated visits or
were unavaitable for some other reason;
or, for vacant units, no informed respond-
ent could be found after repeated visits.
In addition to the units eligible for
interview, 367 units were visited but were
not eligible for interview, because they
were found to be condemned, unfit,
demolished, converted to group quarters
use, etc.

Selection of the sample.—The sample for
the SMSA’s which are 100-percent

permit-issuing {Honolulu, Las Vegas, New
York, and Sacramento} was selected from
two sample frames—units enumerated in
the 1970 Census of Population and
Housing in areas under the jurisdiction of
permit-issuing offices {the permit-issuing
universe} and units constructed in permit-
issuing areas since the 1970 census (the
new construction universe}. In addition,
the sample for the 16 SMSA’s which are
not 100-percent permit-issuing included a
sample selected from a third frame—those
units located in areas not under the
jurisdiction of permit-issuing offices {the
nonpermit universe),

Sampling operations, described in the
following paragraphs, were performed
separately within the central city and the
balance of the SMSA for each of the
sample frames. The overall sampling rate
used to select the sample for each SMSA
was determined by the size of the sample.
Thus, for the four largest SMSA's, the
overall sampling rate differed by central
city and balance of the SMSA since the
sample was divided equally between the
centrai city and the balance of the SMSA.
The remaining SMSA’s had an overall
sampling rate about the same for the
sample selected from both the central
city and balance of the SMSA, since the
sample was distributed proportionately
between the central city and the balance
of the SMSA according to the distri-
bution of total housing units in each

+ sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
permit-issuing areas of the SMSA during
the 1970 Census of Population and Hous-
ing. This file contained records for occu-
pied housing units, vacant housing units,
and units in certain special places or
group quarters. Sampling operations were

-done separately for the special place and

group quarters records and for the occu-
pied and vacant housing unit records.
Before the sample was selected from the
occupied and vacant housing unit records,
the occupied housing unit records were
stratified by race of head (non-Black/
Black) and the vacant housing unit
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records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were

further stratified so that each unit was -

assigned to 1 of 60 strata according to its
tenure, family size, and household in-
come category as
following table:

Tenure
Household Owner— Renter—
income family size | family size
123458+ | 123456+

Under $3,000 ... ..
$3,000-$5,999 . ...
$6,000-89,999 . ...
$10,000-$14,999 ..
$15,000 and over ..

Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to T of 100 strata for either
the central city or for the balance. and
the vacant housing unit records were
assigned to 1 of the 4 vacant strata for
either the central city or for the balance
of the SMSA. A sample of housing unit
records was then selected in such a way as
to produce one-half of the desired sample
size. However, the housing unit record
adjacent to each of the above sample
housing unit records was also selected to
be in sample thereby insuring the
necessary designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district (ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected to produce one-quarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an
expected four sample units, thereby
insuring the necessary designated sample
stze.

The second frame from which this

SMSA sample was selected was a list of
new construction building permits issued

illustrated by the

since January 1970 (i.e., the new con-
struction universe). The sample selection
from the tist of new construction building
permits was an independent operation
within this SMSA. Prior to sample selec-
tion, the list of permits was chrono-
logically stratified by the date the permits
were issued and clusters of an expected
four {usually adjacent} housing units
were formed. These clusters were then
sampled for inclusion at the overall
sampling rate.

For those SMSA's which are not
100-percent permit-issuing, the remainder
of the AHS sample was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices (i.e.,
the nonpermit universe). The first step in
the sampling operation for the universe
was the selection, using the overall
sampling rate, of a sample of census
enumeration districts within these areas.
Prior to this sample selection, the ED’s
were stratified by census tract within the
central city and within the balance of the
SMSA. The probability of selection of an
ED was proportionate to the following
measure of size:

Group quarters
Number of housing population in
upits in 1970  + 1970 census ED
census ED 3
4

The sample ED’s were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four, or a multiple of four
housing units. At the time of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housing units.

The next step was the selection of one
of these segments within each sample ED.
in the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Coverage improvement sample selec-
tion.—The Coverage Improvement Pro-
gram was undertaken to correct certain
deficiencies in the AHS-SMSA sample
from the permit-issuing and new con-

struction universes. The coverage defi-
ciencies included the following units:

1. New construction from building
permits issued prior to January 1970,
but completed after Aprit 1, 1970.

2. Mobile homes placed in parks either
missed during the 1970 census or
established since the census.

3. Units missed in the 1970 census.

4, Units converted to residential use
that were nonresidential at the time of
the 1970 census.

5. Houses that have been moved onto
their present site since the 1970
census,

6. Mobile homes placed outside parks
since the 1970 census or vacant at the
time of the 1970 census.

Coverage improvement for deficiency
7.—A sample of new construction units
whose permits were issued before January
1970, but completed after April 1970,
was selected independently for each
SMSA. The sampling was carried out in
two stages for one-and-two-unit struc-
tures and in three stages for three-or-
maore-unit structures. These units were
sampled at one-fourth the rate of units
originally selected for the AHS-SMSA
sample {regular AHS units).

The first stage was a sample of permit
offices and the second stage a sample of
the 1969 permits within each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolulu, Hawaii, SMSA,
and Grand Rapids, Mich., SMSA, an
additiona! sample of 1968 permits for
thrae-or-more-unit  structures was in-
cluded in the second stage sampling, For
the third stage, structures of size three or
more were divided into clusters of an
expected size of four units and a sample
of clusters was selected. This procedure
added an estimated 812 new construction
units to the housing inventory of this
SMSA.

Coverage improvement for deficiency
2 —In permit-issuing areas, a sample of
mobile homes placed in a park missed by
the census or established after the census
was selected in two stages. First, for each
1976-77 SMSA, a sample of tracts was
selected and canvassed. All parks were
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listed and then matched back to the 1970
census to identify parks missed by the
census and parks established after the
census. Second, the parks were divided
into clusters of an expected size of four
sites and a sample of clusters was selected
and interviewed. Each of the sample units
represented the same number of units
that the regular AHS sample units repre-
sented. This procedure added an esti-
mated 3,189 units to the housing
inventory of this SMSA.

Coverage improvement for deficiencies
3-6.—The remaining missed units were
sampled by one of two procedures. The
first procedure was designed to represent
units fram the following types of missed
structures {structures that had no chance
of selection for AHS):

1. Structures missed in the 1970
census.

2. Structures that were completely
nonresidential in the 1970 census but
contain units converted to residential
use.

3. Mobile homes that had been placed
outside parks since the 1970 census
and had a utility hookup, or were on
the site but not occupied on April 1,
1970, or had no utility hookup but
waere occupied by persons with no usual
residence elsewhere.

4. Houses that had been moved onto
their present site since the 1970

census.

tnitially, a subsample of regular AHS
units was selected at a rate of 1 in
22.2152. Then succeeding structures, in a
defined path of travel to the right of the
structure containing the sample unit,
were listed until eight structures (ex-
cluding the sample unit structure) were
found that had been eligible to be
selected for the AHS. Finally, the inter-
vening structures that did not have a
chance of selection in the AHS were
identified and units within these struc-
tures were interviewed. In cases where the
interviewer workload would have been
too great, a representative subsample of
units within these structures was selected.
This procedure added an estimated 181
units to the housing inventory of this
SMSA,
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The second procedure was designed to
represent missed units from structures
represented in the AHS. These missed
units were:

1. Units missed in the 1970 census.

2. Units converted to residential use
since the 1970 census in structures
that contained some residential units
in 1970.

First, a subsample of regular AHS units in
multi-unit structures of less than 10 units
was selected from the permit-issuing uni-
verse. Second, for the multi-unit strue-
tures selected, all units were listed and
matched to the 1970 census. Any missed
units were then assigned for interview.
This procedure added an estimated 50
units to the housing inventory of this
SMSA,

Building loss sample selection.—Some
tables in this report show estimates of
characteristics of housing units removed
from the housing inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the
AHS interview). For the permit-issuing
universe, the sample upon which these
estimates were based was the regular AHS
sample previously described. Since the
addresses of these sample units were
known to exist in 1970, the AHS inter-
viewers could determine which of the
sample units were no longer considered to
be part of the housing inventory. From
these units, estimates were obtained for
whole structure losses {i.e., lost units in
structures in which all housing units were
removed from the inventory) and part
structure losses {i.e., lost units in structures
in which some, but not all, of the units
were removed from the inventory).

For each of the SMSA's with a non-
permit universe, it was necessary to select
an independent sample with which to
measure lost units because of the area
sample technique employed for the
regular AHS sample. ’For this independent
sample, a cluster of four {usually adjacent}
housing unit addresses was selected from
the 1970 census listing of addresses for
each sample ED. Since these addresses
were known to exist in 1970, the AHS
interviewer determined those sample

units that were no longer considered part

of the housing inventory. From these
units, only estimates of whole structure
losses were obtained (i.e., lost units in

- structures in which all housing units were

removed from the inventory).

1970 Census of Population and
Housing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census) are based on either 20-, 15,
or S-percent sample data collected in
April 1970 for the Decennial Census of
Population and Housing. A detailed
description of the sample design em-
ployed for the 1970 census can be
obtained in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

ESTIMATION

The AHS sample produced two types of
estimates for each SMSA: Estimates per-
taining to characteristics of the housing
inventory at the time of the interview
{i.e., the 1976 housing inventory) and
estimates pertaining to characteristics of
units removed from the housing in-
ventory since 1970 {i.e., 1970-1976 lost
units}). Each type of estimate employed
separate, although similar, estimation
procedures.

1876 housing inventory.—The AHS esti-
mates of characteristics of the 1976
housing inventory employed a one-stage
ratio estimation procedure. Prior to the
implementation of the ratio estimation
procedure, the basic weight li.e., the
inverse of the probability of selection} for
each interviewed sample housing unit was
adjusted to account for the 218 non-
interviews previously mentioned. The
noninterview adjustment factor was equal
to the following ratio:

Weighted count of
noninterviewed
housing units

Weighted count of
interviewed +
housing units
Weighted count of interviewed housing
units

Within each sector of each SMSA, a
noninterview factor was computed sepa-
rately for 50 noninterview cells for
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sample housing units from the permit
issuing universe {where the cells consisted
of one or more of the different strata
used in the stratification of the universe
as previously illustrated}. In addition, a
noninterview factor was computed for
one noninterview cell for new construc-
tion sample housing units from both the
permit-issuing universe and the coverage
improvement universe, one noninterview
cell for mobile homes, and one non-
interview cell for sample units from both
the nonpermit universe (if applicable} and
the coverage improvement universe (if
units were not included above).

The following ratio estimation pro-
cedure was employed for all sample
housing units from the permit-issuing
universe. This factor was computed sepa-
rately for all sample housing units within
each permit-issuing universe noninterview
cell mentioned previously. The ratio
estimation factor for each cell was equal
to the following:

1970 census count of housing units from
permit-issuing universe in a cell

AMHS sampte estimate of 1970 housing
units from the cell

For each SMSA, the numerators of the
ratios were obtained from the 1870
Census of Population and Housing
20-percent file of units enumerated in
areas under the jurisdiction of permit-
issuing offices. The denominators of the
ratios were obtained from weighted
festimates of all the AHS sample units
within the corresponding ratio estimation
fcategories using the existing weight (j.e.,
the basic weight times the noninterview
I:actor). The computed ratio estimation

actor was then applied to the existing
weight for each sample unit within the
corresponding ratio estimation category.
The effect of this ratio estimation
procedure was to somewhat reduce the
variance due to the variation in sample
Eize of strata used in the sample setection
pf the permit-issttiing universe, thereby
reducing the sampling error below what
would have been obtained by simply
weighting the results of the sample by the
fnverse of the probability of selection.
Drdinarily, this would have been con-
prolled by sampling within the strata
Huring the sample selection process. How-

ever, prior to the AHS sample selection
within each SMSA, units already selected
for other Census Bureau surveys were
deleted from the permit-issuing universe.
Thus, some variation in sample size was
introduced during the AHS sample selec-
tion process.

1970-1976 lost units.—The AHS estimate
of characteristics of the 1970-1976 lost
units employed a one-stage ratio esti-
mation procedure which is similar to the
ratio estimation procedure mentioned
previously. The file of 1970-1976 lost
units was matched to the 1970 census file
to obtain the 1970 characteristics of the
fost units. Some lost units did not match,
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
lost wunits. The nonmatch adjustment
factor was equal to the following ratio:

Weighted count of  Weighted count of
matched lost units * nonmaiched lost units

Weighied count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole structure losses and part structure
losses. The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the prob-
ahility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing in-
ventory from the 1970 Census of Popu-
lation and Housing. The statistics based
on 1970 census sample data employed a
ratio estimation procedure which was
applied separately for each of the three
census samples. A detailed description of
this ratio estimation procedure can be
found in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data

from sample surveys—sampling and non-
sampling errors. The following is a
description of the sampling and non-
sampling errors associated with the AHS-
SMSA sample and of the nonsampling
errors associated with the 1970 census
estimates. A description of the sampling
errors associated with the sample esti-
mates from the 1970 census can be found
in the 1970 Census of Housing report,
Volume 1, Housing Characteristics for
States, Cities, and Counties, Part 1.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of ques-
tions, inability or unwillingness to pro-
vide correct information on the part of
respondents, mistakes in recording or
coding the data, and other errors of
collection, response, processing, coverage,
and estimation for missing data. Non-
sampling errors are not unique to sample
surveys since they can, and do, occur in
complete censuses as well,

Obtaining a measurement of the total
nonsampling error associated with the
estimates from a survey is very difficult,
considering the number of possible
sources of error. However, an attempt
was made to measure some of the non-
sampling errors associated with the esti-
mates for both the 1970 Census of
Population and Housing and the 1976
AHSSMSA sample.

1970 census. —A number of studies were
conducted to measure two types of
general errors associated with 1970
census estimates—'coverage’’ and “‘con-
tent” errors. The ‘‘coverage’” errors
determined how completely housing units
were counted in the census and included
space errors, definitional errors, and
occupancy errors. The “content’ errors
measured the accuracy of the data col-
lected for enumerated housing units.
These errors were measured by rein-
terviews, record checks, and other
surveys.

The detailed results of these studies, as
well as the methodology employed, are
presented in the 1970 Census of Popu-
latien and Housing Evaluation and
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Research Program Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and PHCI(E)-10, Accu-
tacy of Data for Selected Housing
Characteristics as Measured by Re-
interviews.

AHS-SMSA.—For the 1976 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error
associated with the AHS estimates. A
reinterview program was conducted for a
sample of the AHS households. These
households were revisited and answers to
some of the guestions on the AHS gues-
tionnaire were obtained again. The
original interview and the reinterview
were assumed .to be two independent
readings and, thus, were the basis for the
measurement of the accuracy of the AHS
data collected from interviewed
households.

As part of the reinterview, a check was
made at each of these households to
determine if the following was done
during the original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on "Year
Built” was obtained.

4, The correct information on “Ten-
ure’” was obtained.

5. The correct information on “"House-
hold Composition’’ was obtained.

6. The correct information on ““Type
of Housing Unit” was obtained.

7. The correct information on *“Occu-
pancy Status’’ was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this rein-
terview check. The results of this study

are available and are presented in the fol-

lowing Census Bureau memorandum,
"Response Error in the Annual Hdusing
Survey as Measured by Reinterviews—
Year {1l (1976-1977) SMSA Sample.”

Some of the results of this study are
presented below {note that these results
are based on the reinterviews across all
Year |1l SMSA’s and not for any specific
SMSA):

App-46

1. For attitudinal items which were
not reconciled (i.e., after the question
is answered in the- reinterview, the
enumerator does not present the pre-
vious response and then ask the
respondent to decide upon the best
answer), approximately 67 percent of
the indices of inconsistency showed
moderate levels of response disagree-
ment while the remaining 33 percent
showed high ievels.

2. Some differences beyond those due
to sampling error did occur. Most of
the categories affected by bias were
categories of attitudinal items.

The range for evaluating inconsistency
is from 0—100. The rule of thumb is that
indices below 20 are low, indices from
20-50 are moderate, indicating that
there is some problem with inconsistent
reporting; those over 50 are high, indi-
cating that improvements are needed in
the method used to collect these data or
that the category concepts themselves are
ambiguous.

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into
account when considering the results of
this study.

Coverage errors.—With respect to errors
of coverage and estimation for missing
data, the AHS new construction sample
had deficiencies in the representation of
conventional new construction. Due to
time constraints, only those building per-
mits issued more than five months before
the survey ended were eligible to be
sampled to represent conventional new
construction in permit-issuing areas for
this SMSA. Also, permits were sampled
on a monthly basis and were divided
equally among the 12 panels in which
interviews were conducted. Due to this
procedure, some of the permits issued in
November 1975 through October 1976
were not interviewed because they were
assigned to panels in which the inter-
viewing had already been completed. In
this SMSA, 6.3 percent of the permits
sampled were not interviewed because of
this procedure. This percentage does not

include permits issued during the last &
maonths of the survey. However, these
permits issued during the last 5 months of
the survey do not necessarily represent
missed housing units since, due to the
relatively short time 'span involved, it is
possible that construction of these units
was not completed at the time the survey
was conducted and they were not eligible
for interview. In addition to these defi-
ciencies, new construction in special
places that do not require building per-
mits, such as military bases, are also not
adequately represented.

The Coverage Improvement Program
also had certain deficiencies. It appears
that the listing procedure used to find
units missed in the 1970 census, units
converted from nonresidential to resi-
dential, houses moved onto their present
site, and mobile homes placed outside
parks, was not very efficient for finding

nonresidential conversions. Such con-
versions were primarily in business
districts, whereas the listing procedure

started from a residential unit.

It is also felt that deficiencies exist in
ED’s where area sampling methods are
used. It had been assumed that all units
located inside these ED's would be repre-
sented in the sample. However, it has
been estimated that the 1976 AHS
sample missed as much as 2 percent of all
housing units in these ED’s because they
were not listed during the canvassing.

Rounding errors.—For errors associated
with processing, the rounding of esti-
mates introduces another source of error
in the data, the severity of which depends
on the statistic being measured. The
effect of rounding is significant relative to
the sampling error only for small percent-
ages or small medians, when these figures
are derived from relatively large bases
{e.g., median number of persons per
household). This means that confidence
intervals formed from the standard errors
given may he distorted and this should be
taken into account when considering the
results of the survey.

Sampling errors for the AHS-SMSA
sample.—~The particular sample used for
this survey is one of a large number of
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possible samples of the same size that
could have been selected using the same
sample design. Even if the same
schedules, instructions, and interviewers
were used, estimates from each of the
different samples would differ from each
other. The deviation of a sample estimate
from the average of all possible samples is
defined as-the sampling error. The stand-
ard error of a survey estimate attempts to
provide a measure of this variation among
the estimates from the possible samples
and, thus, is a measure of the precision
with which an estimate from a sample
approximates the average result of all
possible samples.

As calculated for this report, the
standard error also partially measures the
variance in the estimates due to response
and interviewer errors (nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates
depends on both the sampling and non-
sampling error measured by the standard
error, biases, and some additional
nonsampling errors not measured by the
tandard error.

The sample estimate and its estimated
tandard error enable one to construct
nterval estimates in which the interval
ncludes the average resuit of all possible
amples with a known probability. For
xample, if all possible samples were
elected, each of these surveyed under
ssentially the same general conditions,
nd an estimate and its estimated stand-
rd error were calculated from each
tample, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.
2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.
3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
clude the average result of all possible
samples.

The average result of all possible
samples either is or is not contained in
any particular computed interval. How-
ever, for a particular sample, one can say
with specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the following
tables are approximations to the standard
errors of various estimates shown in this
report for this SMSA. In order to derive
standard errors that would be applicable
to a wide variety of items and also could
be prepared at a moderate cost, a number
of approximations were required. As a
result, the tables of standard errors pro-
vide an indication of the order of magni-
tude of the standard errors rather than pre-
cise standard errors for any specific items.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1976 housing inventory as well as
estimates of characteristics of the
1970-1976 lost units. Linear inter-
polation should be used to determine the
standard errors for estimates not specif-
ically shown in this table.

TABLE 1. Standard Errors for Estimated
Number of Housing Units in the 1976
Housing Inventory and for Estimated Nember
of 1970-1976 Lost Units for the Las Vegas,
Nev., SMSA

(68 chances out of 100)

Standard error -

Size of
estimate In Notin
SMSA tentral | central

city city

0O....... 30 30 30
100..... 60 60 L1
200 ..... 80 80 80
500 ..... 120 130 120
700...,.. 150 150 140
1,000 ... 180 180 170
2500 ... 280 280 270
5000 ... 390 390 380
10,000 .. 540 540 630
25,000 .. 820 810 810
50,000 .. 1,080 1,000 § 1,070
75,000 .. 1,180 - | 1,200
100,000 1,200 - -

The standard errors on the AHS
estimates of the population in housing
units shown in tables A-1, B-1, and C-1 of
part A of this report are 4,770 for the
total SMSA, 3,310 for the central city of
the SMSA, and 4,400 for the balance of
the SMSA.

The reliability of an estimated percent-
age, computed by using sample data for
both numerator and denominator, de-
pends upon both the size of the percent-
age and the size of the total upon which
the percentage is based. Estimated
percentages are relatively more reliable
than the corresponding estimates of the
numerators of the percentages, particu-
larly if the percentages are 50 percent or
maore.

Table 11 presents the standard errors of
estimated percentages of the 1976
housing inventory as well as estimated
percentages of the 1970-1976 lost units.
Two-way interpolation should be used to
determine standard errors for estimated
percentages not specifically shown in
table {1.

For ratios, 100 (x/y], where x is not a
subclass of vy, table ! underestimates the
standard error of the ratio when there is
little or no correlation between x and y.
For this type of ratio, a better approxi-
mation of the standard error may be
obtained by letting the standard error of
the ratio be approximately equal to:

where: x = the numerator of the
ratio
y = the denominator of the
ratio
o, = the standard error of
the numerator
oy= the standard error of

the denominator

Hlustration of the use of the standard
error tables.—Table A-1 of part A of this
report shows that in 1976 there were
75,100 owner-occupied housing units in
this SMSA. interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
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TABLE NN, Standard Errors for Estimated Percentages of Housing Units in the 1876 Housing
Inventory and for Estimated Percentages of 1970-1976 Lost Units for the Las Vegas, Nev.,
SMSA, for the Central City and for the Balance of the SMSA.

{68 chances out of 100}

Estimated percentage’
Base of
percentage Oor 1or Sor 10 or 250r 50
100 99 95 a0 75
100 ....... 241 24.1 241 244 24.4 28.2
200 ....... 13.7 13.7 13.7 13.7 17.3 19.9
500 ....... 6.0 6.0 6.0 1.6 109 12.6
700 ....... 4.3 4.3 4.6 6.4 9.2 10.7
1,000...... 3.1 3.1 3.9 53 7.7 8.9
2500...... 1.3 1.3 2.5 3.4 4.9 56
5000...... .6 .8 1.7 24 3.5 4.0
10,000..... 3 .6 1.2 1.7 2.4 2.8
25,000..... .13 4 .8 1.1 1.5 1.8
50,000..... .06 3 .5 .8 1.1 1.3
75,000..... .04 2 4 6 9 1.0
100,000. ... .03 .2 4 .5 .8 9

- 1Standard errors are presented to the nearest one-tenth of one percentage point except when the
standard error is tess than fifteen-hundredths of one percentage point; in those cases, the standard
arrar is shown to the nearest one-hundredth of one percentage point.

1,180, The following interpolation pro-
cedure was used:

The information presented in the table
below was extracted from table |. The
entry for ”“x” is the one sought.

Size of Standard

estimate error
75000 ......... 1,180
75,100 ......... x
100,000 ........ 1,200

The entry for x is determined by ver-
tically interpolating between 1,180 and
1,200.

. 75,100-75,000 = 100
100,000—75,000 = 25,000

100 _
1,180 + z=pos (1,200-1.180) = 1,180

Consequently, the 68percent confi-
dence interval, as shown by these data, is
from 73,920 to 76,280 housing units.
Therefore, a conclusion that the average
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estimate, derived from all possible
samples, of 1976 owner-occupied housing
units lies within a range computed in this
way would be correct for roughly &8
percent of all possible samples. Similarly,
we could conclude that the average esti-
mate derived from all possible samples,
lies within the interval from 73,210 to
76,990 housing units with 90 percent
confidence; and that the average estimate
lies within the interval from 72,740 to
77,460 housing units with 95 percent
confidence. .

Tabie A-1 of part A also shows that of
the 75,100 owner-occupied housing units,
15,900, or 21.2 percent, had two bed-
rooms. Interpolation in table tl of the
appendix {i.e., interpolation on both the
base and percent} shows that the standard
error of the 21.2 percent is approxi-
mately 0.8 percentage points. The fal-
lowing interpolation procedure was used:

The information presented in the
table helow was extracted from table
Il. The entry for “p” is the one

sought.

Estimated percentage
Base of
percentage § 10 or 25 or
90 21.2 75
75,000 .. 0.6 a 0.9
75,100 .. P
100,000 . 0.5 b 0.8

1. The entry for cell "a” is determined.
by horizontal interpolation between
0.6 and 0.9.

21.2-10.0=11.2

25.0-10.0=15.0

11.2

6 + ——10.89--0.b) = 0.
0.6 50 {0.9--0.6) = 0.82

2. The entry for cell “*b'" is determined
by horizontal interpolation between
0.5 and 0.8,

21.2—-10.0=11.2
25.0—10.0 = 15.0
11.2

05+ 150 {0.8-0.5) = 0.72

3. The entry for "p'" was then de-
termined by vertical interpolation
between 0.72 and 0.82.

75,100—75,000 = 100
100,000—75,000 = 25,000

100

0‘82_25,000

{0.82-0.72)= 0.8

Consequently, the 68-percent confi
dence interval, as shown by these data, i
from 20.4 to 22.0 percent; the 90-percen
confidence interval is from 19.9 to 22.
percent; and the 95-percent confidenc
interval is from 19.6 to 22.8 percent.

Differences. —The standard errors sho
are not difectly applicable to difference
between two sample estimates. The stand
ard error of a difference between esti
mates is approximately equal to th
square root of the sum of the squares 0
the standard error of each estimate con
sidered separately. This formula is quit
accurate for the difference between esti
mates of the same characteristic in tw
different SMSA's or the differenc
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between separate and uncorrelated
characteristics in the same SMSA. How-
ever, if there is a high positive correlation
between the two characteristics, the
formula will overestimate the true stand-
ard error; but, if there is a high negative
correlation, the formula will under-
estimate the true standard error.

iHustration of the computation of the
standard error of a difference.—Table A-1
of part A of this report shows that in
1576 there were 38,900 owner-occupied
units with three bedrooms in this SMSA.
Thus, the apparent difference, as shown
by these data, between owner-occupied
units with two bedrooms and owner-
occupied units with three bedrooms is
23,000. Table | shows the standard error
of 15,900 is approximately 650 and the
standard error of 38,900 is approximately
950. Therefore, the standard error of the
estimated difference of 23,000 is_about

1,150 = \f(650)2 + {950)2

Consequently, the 68 percent confidence
interval for the 23,000 difference is from
21,850 to 24,150 housing units. There-
fore, a conclusion that the average esti-
mate, derived from all possible samples,
of this difference lies within a range
computed in this way would be correct
for roughly 68 percent of all possible
samples. Similarly, the 20-percent con-
fidence interval is from 21,160 to 24,840
housing units, and the 95percent con-
fidence interval is from 20,700 to 25,300.
Thus, we can conclude with 95 percent
confidence that the number of 1976
owner-occupied units with three bed-
rooms is greater than the number of
owner-occupied units with two bedrooms

since the 95percent confidence interval
does not include zero or negative values.

Medians. —For medians presented in cer-
tain tables, the sampling error depends on
the size of the base and on the distri-
bution upon which the median is based.
An approximate method for measuring
the reliability of the estimated median is
to determine an interval about the esti-
mated median so that there is a stated
degree of confidence that the average
median from all possible samples lies
within the interval. The following pro-
cedure may be used to estimate confi-
dence limits of a median based on sample
data:

1. From table i, determine the stand-
ard error of a 50-percent characteristic
on the base of the median.

2. Add to and subtract from 50
percent, the standard error determined
instep 1.

3. Using the distribution of the charac-
teristic, read off the confidence in-
terval corresponding to the two points
established in step 2.

For about 68 out of 100 possible
samples, the average median from all
possible samples would lie between these
two values,

A two-standard error confidence
interval may be determined by finding
the values corresponding to 50 percent
plus and minus twice the standard error
determined in step 1. For about 95 out of
100 possible samples, the average median
from all possible samples would lie be-
tween these two values.

Hllustration of the computation of the
95-percent confidence interval of a
median.—Table A-1 of part A of this

report shows the median number of
persons for owner-occupied housing units
is 2.8. The base.of the distribution from
which this median was determined is
75,100 housing units.

1. Interpolation in table Il shows that
the standard error of 50 percent on a
base of 75,100 is approximately 1.0
percentage points.

2. To obtain a 95 percent confidence
interval on the estimated median, ini-
tially add to and subtract from 50
percent twice the standard error de-
termined in step 1. This yields percent-
age limits of 48.0 and 52.0.

3. From table A-1 of part A, itcan be
seen by cumulating the frequencies for
the first two categories that 33,700
owner-occupied housing units, or 44.9
percent, had one or two persons {for
purposes of calculating the median,
the category of two persons is con-
sidered to be from 1.5 to 2.5 persons}
and that an additional 13,900 owner-
occupied housing wunits, or 185
percent, had three persons {i.e., 2.5 to
3.5 persons).

By linear interpolation, the lower limit of
the 95percent confidence interval is
found to be about:

48.0—44.9) .

25+ (3.5—2.51( 65

Similarly, the upper limit of the 9%per-
cent confidence interval is found to be
about:

§2.0-44.9\
2.5+{35-25) (TS—_)_ 2.9

Thus, the 95-percent confidence interval
ranges from 2.7 to 2.9 persons.
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SAMPLE DESIGN

Annual Housing Survey.—The estimates
for each of the-20 SMSA's are based on
data collected from the 1976 Annual
Housing Survey (AHS) which was con-
ducted by the Bureau of the Census
acting as collection agent for the Depart-
ment of Housing and Urban Develop-
ment. In each of the 20 SMSA’s, the data
were collected for the 12-month period
from April 1976 through March 1977
with one-twelfth of the sample units
being visited each month.

Data for the first group of 19 SMSA’s
were collected for the AHS from April
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1974 through March 1975, and data for a
second group of 21 SMSA's were col-
tected from April 1975 through March
1976. The sample housing units for each
group of the AHS SMSA's are interviewed
on a rotating basis. .

For each group of SMSA’s, the largest
SMSA from each of the four geographic
regions is represented by a sample of
about 15,000 designated housing units
evenly divided between the central city
and the balance of the respective SMSA.
All . remaining SMSA's are each repre-
sented by a sample of about 5,000
designated housing units distributed
proportionately between the central city
and the balance of the respective SMSA
based on the distribution of total housing
units in each sector.

The largest SMSA's in the third group
{(1976-77) are: Houston, Tex., New York,
N.Y., St. Louis, Mo.-lll.,, and Seattle-
Everett, Wash.

The remaining SMSA’s in the third
group are: Allentown-Bethlehem-Easton,
Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.Y., Cleveland, Ohio,
Denver, Colo., Grand Rapids, Mich.,
Honolulu, Hawaii, Indianapolis, Ind., Las
Vegas, Nev., Louisville, Ky.-Ind., Okla-
homa City, Okla., Omaha, Nebr.-fowa,
Providence-Pawtucket-Warwick,
R.1.-Mass., Raleigh, N.C., and Sacra-
mento, Calif.

In this SMSA, 4,896 units were eligible
for interview. Of these sample units, 288
interviews were not obtained hecause, for
occupied sample units, the occupants
were not at home after repeated visits or
were unavailable for some other reason;
or, for wvacant units, no informed
respondent could be found after repeated
visits. In addition to the units eligible for
interview, 363 units were visited but were
not eligible for interview, because they
were found to be condemned, unfit,
demolished, converted to group quarters
use, etc.

Selection of the sample.—The sampie for
the SMSA’s which are 100-percent
permit-issuing (Honolulu, Las Vegas, New
York, and Sacramento) was selected from

two sample frames—units enumerated in
the 1970 Census of Population and Hous-
ing in areas under the jurisdiction of
permit-issuing offices (the permit-issuing
universe) and units constructed in permit-
issuing areas since the 1970 census (the
new construction universe). In addition,
the sample for the 16 SMSA's which are
not 100-percent permit-issuing included a
sample selected from a third frame—those
units {ocated in areas not under the
jurisdiction of permit-issuing offices {the
nonpermit universe}.

Sampling operations, described in the
following paragraphs, were performed
separately within the central city and the
balance of the SMSA for each of the
sample frames. The overall sampling rate
used to select the sample for each SMSA
was determined by the size of the sample.
Thus, for the four largest SMSA's, the
overall sampling.rate differed by central
city and balance of the SMSA since the
sample was divided equally between the
central city and the balance of the SMSA.
The remaining SMSA's had an overall
sampling rate about the same for the
sample selected from both the central
city and balance of the SMSA, since the
sample was distributed proportionately
between the central city and the balance
of the SMSA according to the distri-
bution of total housing units in.each
sector. ' .

The major portion of the sample was
selected from a file which represented the’
20-percent sample of units enumerated in
permit-issuing areas of the SMSA during
the 1970 Census of Population and

_ Housing. This file contained records for

occupied housing units, vacant housing
units, and units in certain special places
or group dquarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from the
occupied and vacant housing unit records,
the occupied housing unit records were
stratified by race of head (non-
Black/Black) and the vacant housing unit
records were stratified into four cate-
gories pertaining to -the value or rent
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associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to 1 of 50 strata according to its
tenure, family size, and household in-
come category as illustrated by the
following table:

Tenure

Renter—
Family size

Owner—
Family size

Household
income

12345+ ] 12345+

Under $3,000 . . .
$3,000-$5,999, . .
$6,000-$9,999. . ,
$10,000-$14,999 .
$15,000 and over .

Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to 1 of 100 strata for either
the central city or for the balance, and
the vacant housing unit records were
assigned to 1 of the 4 vacant strata for
either the central city or for the balance
of the SMSA. A sample of housing unit
records was then selected to produce
one-half of the desired sample size. How-
ever, the housing unit record adjacent to
each of the above sample housing unit
records was also selected to be in sample,
thereby insuring the necessary designated
sample size,

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {(ED} within the central ciiy and
within the balance of the SMSA. A
sample of special place records was then
selected to produce one-quarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an
expected four sample units, thereby
insuring the necessary designated sample
size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since January 1970 (i.e., the new con-
struction universe). The samplie selection
from the list of new construction building
permits was an independent operation

within this SMSA. Prior to sample selec-
tion, the list of permits was chrono-
logically stratified by the date the permits
were issued and clusters of an expected
four {usually adjacent} housing units were
formed. These clusters were then sampled
for inclusion at the overall sampling rate.

For those SMSA’'s which are not
100-percent permit-issuing, the remainder
of the AHS sample was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices (i.e.,
the nonpermit universe}. The first step in
the sampling operation for the universe
was the selection, using the overall
sampling rate, of a sample of census
enumeration districts within these areas.
Prior to this sample selection, the ED's
were stratified by census tract within the
central city and within the balance of the
SMSA. The probability of selection of an
ED was propoftionate to the following
measure of size:

Group quarters
population in
1970 census ED
3

Number of housing
units in 1970 +
census ED

The sample ED's were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four, or a multiple of four
housing units. At the time of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, “all units in
existence at the time of interview are in
sample. Thus, units epumerated in the
1970 census as well as units built since

- the 1970 census are included.,

Coverage improvement sample selec-
tion.—The Coverage Improvement Pro-
gram was undertaken to correct certain
deficiencies in the AHS-SMSA sample
from the permit-issuing and new con-
struction wuniverses. The coverage
deficiencies included the following units:
1. New construction from building
permits issued prior to January 1970,
but completed after April 1, 1970.

2. Mobile homes placed in parks either
missed during the 1970 census or
established since the census.

3. Units missed in the 1970 census.

4. Units converted to residential use
that were nonresidential at the time of
the 1970 census.

5. Houses that have been moved onto
their present site since the 1970
census. -

6. Mobile homes placed outside parks
since the 1970 census or vacant at the
time of the 1970 census.

Coverage improvement for deficiency
1.—A sample of new construction units
whose permits were issued before January
1970, but completed after April 1970,
was selected independently for each
SMSA. The sampling was carried out in
two stages for one-and-two-unit struc-
tures and in three stages for three-or-
more-unit structures. These units were
sampled at one-fourth the rate of units
originally selected for the AHS-SMSA
sample {regular AHS units).

The first stage was a sample of permit
offices and the second stage a sample of
the 1969 permits within each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolulu, Hawaii, SMSA,
and Grand Rapids, Mich., SMSA, an
additional sample of 1968 permits for
three-or-more-unit  structures was in-
cluded in the second stage sampling. For
the third stage, structures of size three or
more were divided into clusters of an
expected size of four units and a sample
of clusters was selected. This procedure
added an estimated 249 "new construc-
tion units to the coverage of the housing
inventory of this SMSA.

Coverage improvement for deficiency
2—In permit-issuing areas, a sample of
mobile homes placed in a park missed by
the census or established after the census
was selected in two stages. First, for each
1976-77 SMSA, a sample of tracts was
selected and canvassed. All parks were
listed and then matched back to the 1970
census to identify parks missed by the
census and parks established after the
census. Second, the parks were divided
into clusters of an expected size of four
sites and a sample of clusters was selected
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and interviewed. Each of the sample units
represented the same number of units
that the regular AHS sample units
represented. This procedure added an
estimated 525 units to the coverage of
the housing inventory of this SMSA.

Coverage improvement for deficiencies
3-6.—The remaining missed units were
sampled by one of two procedures. The
first procedure was designed to represent
units from the following types of missed
structures (structures that had no chance
of selection for the AHS):

1: Structures missed

census.

2. Structures that were completely

nonresidential in the 1970 census but

contain units converted to residential
use.

3. Mobile-homes that had been placed

outside parks since the 1970 census

and had a utility hookup, or were on

the site but not occupied on April 1,

1970, or had no utility hookup but

were occupied by persons with no

usual residence elsewhere.

4. Houses that had been moved onto

their present site since the 1970

census,

Initially, a subsample of regular AHS
units was selected at a rate of 1 in
22.2152. Then succeeding structures, in a
defined path of travel to the right of the
structure containing the sample unit,
were listed until eight structures (ex-
cluding the sample unit structure) were
found that had been eligible to be
selected for the AHS. Finally, the inter-
vening structures that did not have a
chance of selection in the AHS were
identified and units within these struc-
tures were interviewed. In cases where the
interviewer workload would have been
too great, a representative subsample of
units within these structures was selected.
This procedure added an estimated 2,629
units to the coverage of the housing
inventory of this SMSA.

The second procedure was designed to
represent missed units from structures
represented in the AHS. These missed
units were:

in the 1970

1. Units missed in the 1970 census.
2. Units converted to residential use
since the 1970 census in structures
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that contained some residential units
in 1870.

First, a subsample of regular AHS units in
multi-unit structures of less than 10 units
was selected from the permit-issuing uni-
verse. Second, for the multi-unit struc-
tures selected, all units were listed and
matched to the 1970 census. Any missed
units were then assigned for interview.
This procedure added an estimated 3,577
units to the coverage of the housing
inventory of this SMSA.

Building loss sample selection.—Some

tables in this report show estimates of
characteristics of housing units removed
from the housing inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
interview}. For the permit-issuing uni-
verse, the sample upon which these esti-

mates were ' based was the regular AHS -

sample previously described. Since the
addresses of these sample units were
known to exist in 1970, the AHS inter-
viewers could determine which of the
sample units were no longer considered to
be part of the housing inventory. From
these units, estimates were obtained for
both whole structure losses (i.e., lost
units in structures in which all housing
units were removed from the inventory)
and part structure losses {i.e., lost units in
structures in which some, but not all, of
the units were removed from the
inventory):

For each of the SMSA’s with a non-
permit universe, it was necessary to select
an independent sample with which to
measure lost units because of the area
sample technique employed for the
regular AHS sample. For this independent
sample, a cluster of four (usually
adjacent} housing unit addresses was
selected from the 1970 census listing of
addresses for each sample ED. Since these
addresses were known to exist in 1970,
the AHS interviewer determined those

sample units that were no longer con-

sidered part of the housing inventory.

~ From these units, only estimates of whole

structure losses were obtained {i.e., lost
units in structures in which a!l housing
units were removed from the inventory).

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory (i.e., the housing

"inventory that existed at the time of the

1970 census) are based on either 20-, 15-,
or 5-percent sample data collected in
April 1970 for the Decennial’ Census of
Population and Housing. A detailed
description of the sample design em-
ployed for the 1970 census can be
obtained in the 1970 Census of Housing
report, Volume !, Housing Characteristics
for States, Cities, and Counties, Part 1.

ESTIMATION

The AHS sample broduced two types of
estimates for each SMSA: Estimates per-
taining to characteristics of the housing
inventory at the time of the interview
(i.e., the 1976 housing inventory} and
estimates pertaining to characteristics of
units removed from the housing in-
ventory since 1970 {i.e., 1970-1976 lost
units). Each type of estimate employed

separate, although similar, estimation
procedures,
1976 housing inventory.—The AHS

estimates of characteristics of the 1976
housing inventory employed a one-stage
ratio estimation procedure. Prior to the
implementation of the ratio estimation
procedure, the basic weight (i.e., the
inverse of the probability of selection} for
each interviewed sample housing unit was
adjusted to account for the 288 non-
interviews previously mentioned. The
noninterview adjustment factor was equal
to the following ratio:

Weighted count of Weighted count of
interviewed + noninterviewed
housing units housing units
Weighted count of interviewed housing
units

Within each sector of each SMSA, a
noninterview factor was computed
separately for b0 noninterview cells for
sémpie housing units from the permit-
issuing universe {where the cells consisted
of 1 or more of the different strata used
in the stratification of the universe as
previously illustrated). In addition, a
noninterview factor was computed for
one noninterview cell for new construc-
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tion sample housing units from both the
permit-issuing universe and the coverage

improvement universe, one noninterview

cell for mobile homes, and one non-
interview cell for sample units from both
the nonpermit universe {if applicable) and
the coverage improvement universe (if
units were not included above).

The following ratio estimation pro-
cedure was employed for all sample
housing units from the permit-issuing
universe. This factor was computed
separately for all sample housing units
within .each permit-issuing universe non-
interview cell mentioned previously. The
ratio estimation factor for each cell was
" equal to the following:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sampl e estimate of 1970 housing
units from the cell

For each SMSA, the numerators of the
ratios were obtained from the 1970
Census of Population and Housing
20-percent file of units -enumerated in
areas under the jurisdiction of permit-
issuing offices. The denominators of the
ratios were obtained from weighted
estimates of all the AHS sampie units
within the corresponding ratio estimation
categories using the existing weight (i.e.,
the basic weight times the noninterview
factor}. The computed ratio estimation
factor was then applied to the existing
weight for each sample unit within the
corresponding ratio estimation category.

The effect of this ratio estimation
procedure was to somewhat reduce the
variance due to the variation in sample
size of strata used in the sample selection
of the permit-issuing universe, thereby
reducing the sampling error below what
would have been obtained by simply
weighting the results of the sample by the
inverse of the probability of selection.
Ordinarily, this would have been con-
trolled by sampling within the strata
during the sample selection process.
However, prior to the AHS sample selec-
tion within each SMSA, units aiready
selected for other Census Bureau surveys
were deleted from the permit-issuing
universe. Thus, some variation in sample
size was introduced during the AHS
sampie selection process. )

.1970-1976 lost units.—The AHS estimate

of characteristics of the 1970-1976 iost
units employed a one-stage ratio esti-
mation procedure which is similar to the
ratio estimation procedure described
previously, The file of 1970-1976 lost
units was matched to the 1970 census file
to obtain the 1970 characteristics of the
lost units. Some lost units did not match.
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment

_ factor was equal to the following ratio:

Weighted count of Weighted count of
matched lost units nonmatched lost units

Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for whole
structure losses and part structure losses.
The effect of this estimation procedure
was to reduce the sampling error below
what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. ’

Ratio estimation procedure of the 1970
Census of Population and Housing.--This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of Popu-
fation and Housing. The statistics based
on 1970 census sample data employed a
ratio estimation procedure which was
applied separately for each of the three
census samples. A detaited description of
this ratio estimation procedure can be
found in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Coungies. Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and non-
sampling emors. The following is a
description of the sampling and non-
sampling errors .associated with the
AHS-SMSA sample and of the rion-
sampling errors associated with the 1970
census estimates. A description of ‘the

LT

sampling errors ' ‘associated with the
sample estimates from the 1970 census
can be found in the 1970 Census of
Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1. ’

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to cbtain information
about all cases, definitional difficulties,
differences in the interpretation of

-.questions, inability or unwillingness to
- provide correct information on the part

of respondents, mistakes in recording or
coding the data, and other errors of
collection, response, processing, coverage,
and estimation for missing data. Non-
sampling errors are not unigue to sample
surveys since they can, and do, occur in
complete censuses as well. ]

Obtaining a measurement of the total
nonsampling error associated with the
estimates from a survey is very difficult,
considering the number of possible
sources of error. However, an attempt
was made to measure some of the non-
sampling errors associated with the
estimates for both the 1970 Census of
Population and Housing and the 1976
AHS-SMSA sample.

+

1970 census —A number of studies were
conducted to measure two types of
general errors associated with 1970
censts “estimates—"coverage” and ‘‘con--
tent” errors. The ‘‘coverage’” errors
determined how completely housing units
were counted in the census and included
space errors, definitional errors, and occu-
pancy errors. The ‘‘content” errors
measured the accuracy of the data
collected for enumerated housing units.
These errors were measured by reinter-
views, record checks, and other surveys.

The detailed results of these studies, as
well as the methodology employed, are
presented in the 1970 Census of Popu-
lation and Housing Evaluation and
Research Program Reports, Series
PHCIE)-5, The Caoverage of Housing in
the 1970 Census, and PHCIE)-10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Re-
interviews. - N
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AHS-SMSA:.—For “the 1976 AHS-SMSA
sample, a study was conducted to obtain
a - measurement of some of the com-
ponents of the nonsampling error
associated with the AHS estimates. A
reinterview program was conducted for a
sample .of the AHS households. These
households were revisited and answers to
some of the questions on the AHS
questionnaire were obtained again. The
original interview and the reinterview
were assumed to be two independent
readings and thus, were the basis for the
measurement of the accuracy of the AHS
data collected from interviewed house-
holds.

As part of the reinterview, a check was
made at each of these households to
determine if the following was done
during the original interview:

1. The correct unit was visited.

2. The correct number of housing units
were interviewed at that address.

3. The correct information on *“Year
Built” was obtained. .

4. The correct information on “Ten-
ure” was obtained.

5, The correct information on “’"Hause-
hold Composition” was obtained.

6. The correct information on *Type
of Housing Unit” was obtained.

7. The correct information on “'Qccu-
pancy Status’’ was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view check. The results of this study, are
available and are presented in the
following Census Bureau memorandum,
“Response Error in the Annua! Housing
Survey as Measured by Reinterviews—
Year I1) (1976-1977) SMSA Sample.”’
. Some of the results of this study are
presented below (note that these results
are based on the reinterviews across all
Year Il SMSA’'s and not for any specific
SMSA):
1. For attitudinal items which were
not reconciled (i.e., after the guestion
is answered in the reinterview, the
enumerator does not present the
previous response and then ask - the
respondent to decide upon the best
answer), approximately 67 percent. of

App-46

the indices of inconsistency showed

moderate levels of response disagree-

ment while the remaining 33 percent
showed high levels.

- 2. Some differences beyond those due
to sampling error did occur. Most of
the categories affected by bias were
categories of attitudinal items.

The range for evaluating inconsistency
is from 0—100. The rule of thumb is that
indices below 20 are low; indices from
20-50 are moderate, indicating that
there is some problem with inconsistent
reporting; those over 50 are high,
indicating that improvements are needed

in the method used to collect these data’

or that the category concepts themselves
are ambiguous,

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibi!ity
of such errors should be taken into
account when considering the results of
this study.

Coverage errors.—With respect to errors
of coverage and estimation for missing
data, the AHS new construction sample
had deficiencies in the representation of
conventional new construction. Due to
time constraints, only those building
permits issued more than 5 months
before the survey ended were eligible to
be sampled to represent conventional new
construction in permit-issuing areas for
this SMSA. Also, permits were sampled
on a monthly basis and were divided
equally among the 12 panels in which
interviews were conducted. Due to this
procedure, some of the permits issued in
November 1975 through October 1976
were not interviewed because they were
assigned to panels in which the inter-
viewing had already been completed. In
this SMSA, 2.1 percent of the permits
sampled were not interviewed because of
this procedure. This percentage does not
include permits issued during the last 5
months of the survey. However, these
permits issued during the last 5 months of
the survey do not necessarily represent
missed housing units since, due to the
relatively short time-span involved, it is
possible that construction of these units

. was not completed.at_the time the survey, .

was conducted and they. were not eligible

" for interview. . In. addition to these defi-

ciencies, new construction in special
places that do not require building per-
mits, such as military bases, are also not
adequately represented.

The Coverage Improvement Program
also had certain deficiencies. It appears
that the listing procedure used to find
units missed in the 1970 census, units
converted from nonresidential to resi-
dential, houses moved onto their present
site, and mobile homes placed outside
parks, was not very efficient for finding
nonresidential conversions. Such con-
versions were primarily in business
districts, whereas the listing procedure -
started from a residential unit,

Deficiencies also exist in ED's where
area sampling methods are used. It had
been assumed that all units located inside
these ED's would be represented in the
sample, However, it has been estimated
that the 1876 AHS sample missed as
much as 2 percent of all housing units in
these ED’s because they were not listed
during the canvassing.

Rounding errors.—For errors associated
with processing, the rounding of esti-
mates introduces another source of error
in the data, the severity of which depends
on the statistic being measured, The
effect of rounding is significant relative to
the sampling error only for small per-
centages or small medians, when these
figures are derived from relatively large
bases {e.g., median number of persons per
household). This means that confidence
intervals formed from the standard errors
given may be distorted and this should be
taken into account when considering the
results of the survey.

Sampling errors for the AHS-SMSA
sample.—The particular sample used for
this survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and interviewers were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
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ard error of a survey estimate attempts'to
provide a measure of this variation among
the estimates from the possible samples
and thus, is a measure of the precision
with which an estimate from a sample
approximates the average result of all
possible samples.

As calculated for this report, the stand-
ard error also partially measures the
variance in the estimates due to response
and interviewer errors {nonsampling
errors), but it does not measure, as such,
~ any systematic biases in the data. There-
fore, the accuracy of the estimates
depends on both the sampling and non-
sampling error measured by the standard
error, biases, and some additional non-
sampling erors not measured by the
standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each
sample, then:

1. Approximately 68 percent of the
intervals from one standard error
below the estimate to one standard
error above the estimate would include
the average - result of all possible
samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors
below the estimate to 1.6 standard
errors  above the estimate would
include the average result of all
possible.samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would

include the average result of all’

possible samples.

The average result of all possible
samples either is or is not contained in
any particular computed interval.
However, for a particular sample, one can
say with specified confidence that the
average result of al! possible samples is
included in the constructed interval.

- The figures-presented in the following
tables are approximations to the standard
errors of various estimates shown in this
report for this SMSA. In order to derive
standard errors that would be applicable
to a wide variety of items and also could
be prepared at a moderate cost, a number

.of approximations were required. As a

result, the tables of standard errors
provide an indication of the order of
magnitude ,of the standard errors rather
than precise standard errors for any
specific items.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1978 housing, inventory as well as
estimates of characteristics of the
1970-1976 lost wunits. Linear interpo-
lation should be' used to determine the
standard errors for astimates not specif-
ically shown in this table, The standard
errors on the AHS estimates of the
population in housing units shown in

TABLE |. Standard Errors for Estimated
Number of Housing Units in the 1976 Hous-
ing Inventory and for Estimated Number of

1970-1976 Lost Units for the Louisville,

Ky.-Ind., SMSA, for the Central City, and for
the Balance of the SMSA

{68 chances out of 100]

Standard errar
Set o T
. SMSA central | central
city city
0...... .70 70 70
100 .... 20 80 - - 90
200 . ... 120 120 120
500 .... 190 190 190
700 .. .. 230 220 230
1,000... | 270 260 270
2,500 ... 430 420, 430
5000 ... 610 580 610
10,000 .. 860 810 850
25000 . . 1,330 1,230 1,330
50,000 .. 1,810 1,580 1,810
100,000 . 2,380 1,730 2,390
- 150,000 . 2,670 - 2,690
200,000 . 2,770 -
250,000 . 2,700 -
300,000 . 2,450 | -

o

tables-A-1, B-1, and C-1 of part' A of this
report are 9,730 for the total SMSA,
5,650 for the central city of the SMSA,
and 7,470 for the balance of the SMSA.

The reliability of an estimated per-

centage, computed by using sample data
for poth numerator and denominator,
depends upon both the size of the per-
centage and the size of the total upon
which the percentage is based. Estimated
percentages are relatively more reliable
than the corresponding estimates of the
numeraters of the percentages, particu-
larly if the percentages are 50 percent or
more. .
Table |l presents the standard errors
of. estimated percentages of the 1976
housing inventory as well as estimated
percentages of the 1970-1976 lost units.
Two-way interpolation should be used to
determine standard errors for estimated
percentages not specifically shown' in
table I1.

included in tables | and Il are esti-
mates of standard errors for estimates of
zero and zero percent. These estimates of
standard errors are considered as over-
estimates of the true standard errors and
should be used primarily for construction
of confidence intervals for characteristics
when an estimate of zero is obtained.

For ratjos, 100 (x/y}, where x is not a
subclass of y, table || underestimates the
standard error of the ratio when there is
little or no correlation between x and v.
For this type of ratio, a better approxi-
mation of the standard error may be
obtained by letting the standard error of
the ratio be approximately equal to:

o) o) ()

where: x = the numerator of the
ratio
y = the denominator of the
ratio
o, = the standard error of
the numerator
oy = the standard error of

the denominator

Hiustration of the use of the standard
error tables, —Table A-1 of part_A of this
report shows that in 1976 there were
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'189,'_6'00 owner-occupied housing units in
this SMSA. Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
2,750. The following interpolation
procedure was used:

The information presented in the
following table was extracted from

TABLE 1i. Standard Errors for Estin';;:tgd. Percentages lo‘f:l-‘ld'ué‘iﬁg' Units in the 1976 Housing
inventary and for Estimated Percentages of 1970-1976 Lost Units for the Louisville, Ky.-Ind.,
SMSA, for the Central City, and for the Balance of the SMSA

(68 chances out of 100)

table |. The entry for “x’' is the one
sought..

Size of Standard
estimate error
150,000 ....... 2,670
189,600 ....... X
200000 ....... 2,770

The entry for x is determined by
vertically interpolating between 2,670
and 2,770.

189,600—150,000 = 39,600
200,000-150,000 = 50,000

39,600
50,000

2,670 + (2,770—2,670) = 2,750

Consequently, the 68-percent confidence
interval, as shown by these data, is from
186,850 to 192,350 housing units. There-
fore, a conclusion that the average esti-
mate, derived from all possibie samples,
of 1976 owner-occupied housing units
lies within a range computed in this way
would be correct for roughly 68 percent
of ali possible samples. Similarly, we
could conclude that the average estimate
derived from all possible -samples, lies
within the interval from 185,200 to
194,000 housing units with 90 percent
confidence; and that the average estimate
fies within the interval from 184,100 to
195,100 housing units with 95 percent
confidence.

Table A-1 of part A also shows that of
the 189,600 owner-occupied housing
units, 50,200, or 26.5 percent, had two
bedrooms. Interpolation in table H of the
appendix {i.e., interpolation on both the
base and percent) shows that the standard
error of the 26.5 percent is approxi-
mately 0.9 percentage points. The fol-
lowing interpolation procedure was used:

The information presented in the
following table was extracted from

App-18

Estimated percentage’
Base of
percentage Oor lor S50r 10 or 25 or 50
100 99 95 90 75

100 ...... 428 428 42.8 428 42.8 43.3

200 ... ... 27.3 27.3 27.3 27.3 27.3 30.6°

500 ...... 130 | 130 13.0 13.0 16.8 19.4

700 ...... 97 9.7 9.7 9.8 14.2 16.4

1,000 ..... 7.0 7.0 7.0 8.2 19 13.7

2500 ..... C 29 2.9 3.8 52 | 75 8.7

5000 ..... ' 15 1.5 2.7 - 37 5.3 6.1

10,000 . ... 7 9 19 26 3.7 43

25000 .... |* .3 ‘5 1.2 16 24 2.7
60,000 . . .. .15 A 8 1.2 1.7 1.9

100,000 . .. 07 3- 6 8 1.2 14

150,000 . .. .05 2 5 7 1.0 11
. 200,000 . .. 04 .2 4 .6 8 1.0

250,000 ... 03 2 4 5 7 9

300,000°. .. 02 2 3 5 7 .8

' Standard errors are presented to nearest one-tenth of one percentage point except when the
standard error is less than fifteen-hundredths of one percentage point; in thase cases, the standard
error is shown’'to nearest one-hundredth of one percentage paint.

table 1l. The entry for “p'’ is the one
sought.

‘ Estimated percentage
Base of -
percentage 250r 265 50 -
75
150,000 . .. 1.0 a 1.1
189,600 . .. P )
200,000 ... 8 b 1.0

1. The entry for cell **a”’ is determined
by horizontal interpolation between
1.0 and 1.1.

26.5—-25.0= 1.5
50.0—25.0 = 25.0

10+ (1.1-1.01 = 1.01
75.0

2. The entry for cell “’b"’ is determined
by horizontal interpolation between
0.8and 1.0.

26.56-25.0= 1.5
50.0-25.0 = 25.0

1.5
8+ — (1.0-0.8)=.
0.8 25_0( 8) = .81

3. The entry for “p’’ was then de-
termined by vertical interpolation
between .81 and 1.01.

189,600-150,000 = 39,600
200,000--150,000 = 50,000

39,600
1.91 ~50,000 {(1.01-81)=09
Consequently, the 68-percent confidence
interval, as shown by these data, is from
25.6 to 27.4 percent; the 90-percent
confidence interval is from 25.1 10 27.9
percent; and the 95-percent confidence
interval is from 24.7 to 28.3 percent.

Differences.—The standard errors shown
are not directly applicable to differences
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between two sample estnmates The stand
ard error of a Hlfference between esti-
mates is approximately equal to the
square root of the sum of the squares of
the standard error of each estimate con-
sidered separately. This formula is quite
accurate for the difference between
estimates of the same characteristic in
two different SMSA’s or the difference
between separate and uncorrelated char-
acteristics in the same SMSA. However, if
there is a high positive correlation
between the two characteristics, ' the
formula will overestimate the true stand-
ard error; but, if there is a high negative
correlation, the formula will underesti-
mate the true standard error.

Hllustration of the computation of the
standard error of a difference.—Table A-1
of part A of this report shows that in
1976 there were 98,300 owner-occupied
units with three bedrooms in this SMSA,
Thus, the apparent difference, as shown
by these data, between owner-occupied
units with two bedrooms and owner-
occupied units with three bedrooms is
48,100, Table | shows the standard error
_of 50,200 is approximately 1,810 and the
standard error of 98,300 is approximately
2,360. Therefore, the standard error of
the estimated difference of 48,100 is
about:

2,970 = ,(1,810}2 + {2,360)?

Consequently, the 68-percent confidence
interval for the 48,100 difference is from
45130 to 51,070 housing units. There-
fore, a conclusion that the average esti-
mate, derived from all possible samples,
of this difference lies within a range
computed in this way would be correct
for roughly 68 percent of all possible
samples. Similarly, the 90-percent con-
fidence interval is from 43,360 to 562,850

. housing units, and the 95- -percent con-
fidence interval'is from 42,160 to 54,040.

Thus, we can conclude with 95 percent
confidence that the number of 1976
owner-occupied units with three bed-
rooms is greater than the number of
owner-occupied units with two bedrooms
since the 95-percent confidence interval
does not include zero or negative values.

Medians,~-For medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for
measuring the reliability of the estimated
median is to determine an interval about
the estimated median so that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate con-
fidence limits of a median based on
sample data:

1. From table Il determine the stand-
ard error of a 50-percent characteristic
on the base of the median.

2. Add to and subtract from 50
percent, the standard error determined
instep 1.

3. Using the- distribution of the char-
acteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samptes would lie between two values.

A two-standard error confidence in-
terval may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error
determined in step 1. For about 95 out of
100 possible samples, the average median
from all possible samples would lie be-
tween these two values,

- . . ]

Hlustration of the computation of the
95percent confidence’ interval of a
median.—Table A-1 of part A of this
report shows the median number of
persons for owner-occupied housing units
is 2.9. The base of the distribution from
which this median was determined is
189,600 housing units.

1. Interpolation in table |1 shows that
the standard error of 50 percent on a
base of 189,600 is approximately 1.0
percentage points.

2. To obtain a 95-percent confidence
interval on the estimated median,
initially add to and subtract from 50
percent twice the standard error
determined in step 1. This vyields
percentage limits of 48.0 and 52.0.

3. From table A-1 of part A, it can be
seen by cumulating the frequencies for
the first two categories that 80,600
owner-occupied housing units, or 42.5
percent, had one or two persons (for
purposes of calculating the median,
the category of two persons is con-
sidered to be from 1.5 to 2.5 persons)
and that an additional -38,000 owner-
occupied housing units, or 20.0
percent, had three persons (i.e., 2.5 to
3.5 persons), .

By linear interpolation, the lower limit of
the 95-percent confidence interval is
found to be about:

48.0-42.5
2.5+ (3.5-2.5) [————=)= 2.8
( )( 20.0 )

Similarly, the upper limit of the
95-percent confidence interval is found to
be about:

: 52.0-42.5
25 +(35-25)|———])=3.0
{ }( 20.0 )

Thus, the 95-percent confidence interval
ranges from 2.8 to 3.0 persons.

App-49
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SAMPLE DESIGN

Annual Housing Survey.—The estimates
for each of the 20 SMSA’s are based on
data collected from the 1976 Annual
Housing Survey (AHS) which was con-
dui_:ted by the Bureau of the Census
acting as collection agent for the Depart-
ment of Housing and Urban Develop-
ment. In each of the 20 SMSA's, the data
were collected for the 12-month period
from April 1976 through March 1877
with one-twelfth of the sample units
being visited each month.
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Data for the first group of 19 SMSA's
were collected for the AHS from April
1974 through March 1975, and data for a.
second group of 21 SMSA's were col-
lected from April 1975 through March
1976. The sample housing units for each
group of the AHS SMSA’s are interviewed
on a rotating basis.

For each group of SMSA’s, the largest
SMSA from each of the four geographic
regions is represented by a sample of
about 15,000 designated housing units
evenly divided between the central city
and the balance of the respective SMSA.
All remaining SMSA’s are each repre-
sented by a sample of about 5,000
designated housing units distributed
proportionately between the central city
and the balance of the respective SMSA
based on the distribution of total housing
units in each sector. )

The largest SMSA's in the third group
(1976-77) are: Houston, Tex., New York,
N.Y., St. Louis, Mo.-lil,, and Seattle-
Everett, Wash.

The remaining SMSA’s in the third
group are: Allentown-Bethlehem-Easton,
Pa.-N.J., Baltimore, Md., Birmingham,
Ala.,  Buffalo, N.Y., Cleveland, Ohio,
Denver, Colo., Grand Rapids, Mich.,
Honolulu, Hawaii, Indianapolis, Ind., Las
Vegas, Nev., Louisville, Ky.-Ind., Okla-
homa City, Okla., Omaha, Nebr.-lowa,
Providence-Pawtucket-Warwick, R.l.-
Mass., Raleigh, N.C., and Sacramento,

Calif.
In this SMSA, 14,760 units were eli-

gible for interview. Of these sample units,
1,309 interviews were "~ not obtained
because, for occupied sample units, the
occupants were not at-home after - re-
peated visits or were:unavailable for some
other reason; or, for vacant units, no
informed respondent: could be found
after repeated visits. In addition to the
units eligible for interview,- 1,052 units
were visited but werelnot eligible for

interview, because they were found to be.

condemned, unfit, demalished, converted
to group quarters use, etc,

Selection of the sample.>-The sample'for
the SMSA's which , are-. 100-percent

permit-issuing (Honolulu, Las Vegas, New

York, and Sacramento) was selected from
two sample frames—units enumerated in
the 1970 Census of Population and
Housing in areas under the jurisdiction of
permit-issuing offices {the permit-i§§uing
universe) and units constructed in permit-
issuing areas since the 1970 census (the
new construction universe}. In addition,
the sample for the 16 SMSA’s which are
not 100-percent permit-issuing included a
sample selected from a third frame—those

units located in areas not under the

jurisdiction of permit-issuing offices {the
nonpermit universe}. )

Sampling operations, described in the
following paragraphs, were performed
separately within the central city and the
balance of the SMSA for each of the
sample frames. The overall sampling rate
used to select the sample for each SMSA
was determined by the size of the sample.
Thus, for the four largest SMSA's, the
overall sampling rate differed by central
city and balance of the SMSA, since the
sample was divided equally between the
central city and the balance of the SMSA,
The remaining SMSA's had an overall
sampling rate about the same for the
sample selected from both - the central
city. and balance of the SMSA,; 'since the
sample was distributed proportionately
between the central city and the balance
of the SMSA according to the distri-

bution of total housing units 'in each
sector. .
The major portion of the sample was

selected from a file which represented the
20-percent sample of units enumerated in
permit-issuing areas of the SMSA during
the 1970 Census of Population and
Housing. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from the
occupied and vacant housing unit records,
the occupied housing unit records were
stratified by race of head- {non-
Black/Black) and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value. or. rent
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associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to 1 of b0 strata accarding to its
tenure, family size, and household in-
come category as illustrated by the
following table:

Tenure

Housshold Renter—

income

Owner—
Family size

123456+ | 12345+

Under $3,000 . ..
$3,000-$5,999. . .
$6,000-$9,999, . .
$10,000-$14,999 .
$15,000 and over .

Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to 1 of 100 strata for either
the central city or for the balance, and
the vacant housing unit records were
assigned to 1 of the 4 vacant strata for
gither the central city or for the balance
of the SMSA. A sample of housing unit
records was then selected to produce
one-half of the desired sample size. How-
ever, the housing unit record adjacent to
each of the above sample housing unit
records was also selected to be in sample,
thereby insuring the necessary designated
sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district (ED) within the central city and
within the’ balance of the SMSA. A
sample of special place records was then
selected ‘to produce one-quarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an
expected four sample units, thereby
insuring the necessary designated sample
size. ' ‘

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued

since January 1970 {i.e., the new coh-

struction universe). The sample selection
from the list of new consiruction building

Family size’

permits was an independent operation
within this SMSA. Prior to sample selec-
tion, the list of permits was chrono-
logically stratified by the date the permits
were issued and clusters of an expected
four (usually adjacent) housing units were
formed. These clusters were then sampled
for inclusion at the overall sampling rate.

For those SMSA’s which are not
100-percent permit-issuing, the remainder
of the AHS sample was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing offices {i.e.,
the nonpermit universe). The first step in
the sampling operation for the universe
was the selection, using the overall sam-
pting rate, of a sample of census enu-
meration districts within these areas.
Prior to this sample selection, the ED’s
were stratified by census tract within the
central city and within the balance of the
SMSA. The probahility of selection of an
ED was proportionate to the following
measure of size:

Group quarters
population in
1970 census ED
3

Number of housing
units in 1970 +
census ED

The sample ED's were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four, or a multiple of four
housing units. At the time of the survey,
those segments that did not have- an
expected size of four were further sub-
divided to produce an expected four
sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the. time of interview are in
sample. Thus, units enumerated in the
1970 census as-well as units built since
the 1970 census are included.

Coverage improvement sample selec-
tion.—The Coverage- Improvement Pro-
gram was undertaken to correct certain
deficiencies in the AHS-SMSA sample
from the permit-issuing and new con-
struction universes. The coverage defi-
ciencies included the following units:

1. -New construction from building
permits issdied prior to January 1970,

but completed after April 1, 1970,

2. Mohile homes placed in parks either
missed during the 1970 census or
established since_ the census.

3. Units missed in the 1970 census.

4. Units converted to residential use
that were nonresidential at the time of
the 1970 census.

5. Houses that have been moved onto
their present site since the 1970
census. .

6. Mobile homes placed outside parks
since the 1970 census or vacant at the
time of the 1970 census.

Coverage improvement for deficiency
1.—A sample of new construction units
whase permits were issued before January
1970, but completed after April 1970,
was selected independently for each
SMSA. The sampling was carried out in
two stages for one-and-two-unit struc-
tures and in three stages for three-or-
more-unit structures, These units were
sampled at one-fourth the rate of units
originally selected for the AHS-SMSA
sample {regular AHS units}.

The first stage was a sample of permit
offices and the second stage a sample of
the 1969 permits within each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolulu, Hawaii, SMSA,
and Grand Rapids, Mich.,, SMSA, an
additional sample of 1968 permits for
three-or-more-unit  structures was in-
cluded in the second stage sampling. For
the third stage, structures of size three or
more were divided into clusters of an
expected size of four units and a sample
of clusters was selected. This procedure
added an estimated 10,540 new construc-
tion units to the coverage of the housing
inventory of this SMSA.

Coverage improvement for deficiency
2 —In permitissuing areas, a sample of
mobile homes placed in a park missed by :
the census or established after the census
was selected in two stages. First, for each
1976-77 SMSA, a sample of tracts was
selected and canvassed. All parks were
listed and then matched back to the 1970
census to identify parks missed by the
census and" parks established after the’
census. Second, the parks were divided
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into clusters of an expected size of four
sites and a sample of clusters was selected
and interviewed. Each of the sample units
represented the same number of units
that the regular AHS sample units repre-
sented. This procedure vielded no addi-
tional units to the coverage of the housing
inventory of this SMSA.

Coverage improvement for deficiencies
3-6.—The remaining missed units were
sampled by one of two procedures. The
‘first procedure was designed to represent
‘units from the following types of missed
structures {structures that had no chance
“of selection for the AHS):

. 1. Structures
s census.
2. Structures that were completely
nonresidential in the 1970 census but
contain units converted to residential
use,
3. Mobile homes that had been placed
"outside parks since the 1970 census
and had a utility hookup, or were on
the site but not occupied on April 1,
. 1970, or had no utility hookup but
. were occupied by persons with no
" usval residence elsewhere. ) ]
4. Houses that had been moved onto
their present site since the 1970
census,

missed in the 1970

Initially, a subsample of regular AHS
units was selected at a rate: of 1 in
22.2152. Then succeeding structures; in a
defined path of travel to the right of the
structure containing the sample unit,

were listed wntil eight structures (ex--

cluding the sample unit structure) were
found that had been eligible to be
selected for the AHS. Finally, the inter-
vening structures that did not have a
chance of selection in the AHS. were
identified and units within these struc
tures were interviewed. In cases where the
interviewer workload would have been
too great, a representative subsample of
units within these structures was selected.
This procedure added an estimated 73,171
units to the coverage of the housing in-
ventory of this SMSA.

The second procedure was designed to
represent missed units from structures
represented in the AHS. These missed
units were: - -
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1. Units missed in the 1970 census.
2. Units converted to residential use
since the 1970 census in structures
that contained some residential units
in 1970.

First, a subsample of régular AHS units in

multi-unit structures of less than 10 units ~

was selected from the permit-issuing uni-

verse. Second, for the multi-unit struc- -

tures selected, alt units were listed and
matched to the 1970 census. Any missed
units were then assigned for interview.
This procedure added an estimated
14,651 units to the coverage of the hous-
ing inventory of this SMSA,

Building loss sample selection.—Some
tabtes in this report. show estimates of
characteristics of housing units removed
from the housing inventory since 1970
(i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
interview). For the permit-issuing uni-
verse, the sample upon 'which these
estimates were based was the regular AHS
sample previously described. Since the
addresses of these sample units were
known to exist in 1970, the AHS inter-
viewers could determine which of the
sample units were no longer considered to
be part of the housing inventory. From
these units, estimates were obtained for
both whole structure losses (i.e., lost
units- in structures in which all housing
units were removed from the inventory}
and part structure losses (i.e., lost units in

" structures in which some, but not all, of

the units removed from the
inventory ).

For aach of the SMSA's with a non-
permit universe, it was necessary to sefect
an independent sample with which to
measure lost units because of the area
sample technique employed for the
regular AHS sample. For this independent
sample, a cluster of four {usually ad-
jacent) housing unit addresses was
selected from the 1970, census listing of
addresses for each sample £D. Since these
addresses were known to exist in 1970,
the AHS interviewer determined those
sample units that were. no longer con-
sidered part of the housing inventory.
From these units, only, estimates of whole
structure losses were obtained (i.e., lost

were

units in structures in which all housing
units were removed from the inventory).

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory li.e., the housing
inventory that existed at the time of the
1970 census) are based on either 20-, 15,
or S5-percent sample data collected in
April 1970 for the Decennial Census of
Population and Housing. A detailed
description of the sample design em-
ployed for the 1970 census can be
obtained in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

ESTIMATION

The AHS sample produced two types of
estimates for each SMSA: Estimates
pertaining to characteristics of the
housing inventory at the time of the
interview (i.e., the 1976 housing in-
ventory} and estimates pertaining to
characteristics of units removed from the
housing inventory since 1970 (ie.,
1970-1976 lost units). Each type of
estimate employed separate, although
similar, estimation procedures.

1976 housing inventory.—The AHS esti-
mates of characteristics of the 1976
housing inventory employed a one-stage
ratio estimation procedure. Prior to the
implementation of the ratio estimation
procedure, the basic weight (i.e., the
inverse of the probability of selection) for
each interviewed sample housing unit was
adjusted to account for the 1,309 non-
interviews previously mentioned. The
noninterview adjustment factor was equal
to the following ratio:

Weighted count of Weighted count of
interviewed + noninterviewed
housing units housing units

Weighted count of interviewed housing

units ]
Within each sector of each SMSA, a
noninterview factor was computed

separately for 50 noninterview cells for
sample housing units from the permit-
issuing universe (where the cells consisted
of 1 or more of the different strata used
in the stratification of the universe as
previously illustrated). In addition, a
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noninterview factor was computed for
one noninterview cell for new construc-
tion sample housing units from both the
permit-issuing universe and the coverage
improvement universe, one noninterview
cell for mobile homes, and one non-
interview cell for sample units from both
the nonpermit universe {if applicable} and
the coverage improvement universe (if
units were not included above).

The following ratio estimation pro-
cedure was employed for all sample
housing units from the permit-issuing
universe. This factor was computed
separately for all sample housing units
within each permit-issuing universe non-
interview cell mentioned previously. The
ratio estimation factor for each cell was
equal to the following:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1870 housing
units from the cell

For each SMSA, the numerators of the
ratios were obtained from the 1970
Census of Population and Housing 20-per-
cent file of units enumerated in areas
under the jurisdiction of permitissuing
offices. The denominators of the ratios
were obtained from weighted estimates of
all the AHS sample units within the
corresponding ratio estimation categories
using the existing weight {i.e., the basic
weight times the noninterview factor).
The computed ratio estimation factor was
then applied to the existing weight for
each sample unit within the corre-
sponding ratio estimation category.

The effect of this ratio estimation
procedure was to somewhat reduce the
variance due to the variation in sample
size of strata used in the sample selection
of the permit-issuing universe, thereby
reducing the sampling error below what
would have been obtained by simply
weighting the results of the sample by the
inverse of the probability of selection.
Ordinarily, this would have been con-
trolled by sampling within the strata
during the sample selection process. How-
ever, prior to the AHS sample selection
within each SMSA, units already selected
for other Census Bureau surveys were
deleted from the permit-issuing universe.
Thus, some variation in sample size was

introduced during the AHS sample
selection process.

1970-1976 lost units.--The AHS estimate
of characteristics of the 1970-1976 lost
units employed a one-stage ratio esti-
mation procedure which is similar to the
ratio estimation procedure described
previously. The file of 1970-1976 lost
units was matched to the 1970 census file
to obtain the 1970 characteristics of the
lost units. Some lost units did not mateh.
Thus, following the implementation of
the ratio estimation procedure, the
weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment
factor was equal to the following ratio:

Weighted count of Weighted count of
matched lost units nonmatched lost units

Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for whote
structure losses and part structure losses.
The effect of this estimation procedure
was to reduce the sampling error below
what would have been obtained by
simply weighting the resuits of the sample
by the inverse of the probabitity of
selection,

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing in-
ventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation 'procedure
which was applied separately for each of
the three census samples. A detailed
description of this ratio estimation pro-
cedure can be found in the 1970 Census
of Housing report, Volume |, Housing
Characteristics 'for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and non-
sampling errors. The following is a
description of "the sampling and non-
sampling errors’associated with the AHS-

SMSA sample and of the nonsampling
errors associated with the 1970 census
estimates. A description of the sampling
errors associated with the sample esti-
mates from the 1970 census can be found
in the 1970 Census of Housing report,
Volume |, Housing Characteristics for
States, Cities, and Counties, Part 1,

Nonsampling errors.—in general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of ques-
tions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording or
coding the data, and other errors of
collection, response, processing, coverage,
and estimation for missing data. Non-
sampling errors are not unique to sample
surveys since they can, and do, ocecur in
complete censuses as well.

Obtaining a measurement of the total
nonsampling error associated with the
estimates from a survey is very difficult,
considering the number of possible
sources of error. However, an attempt
was made to measure some of the non-
sampling errors associated with the
estimates for both the 1970 Census of
Poputation and Housing and the 1276
AHS-SMSA sample.

1970 census.—A number of studies were
conducted to measure two types of
general errors associated with 1970

5

census estimates—''coverage” and ‘con-

tent”” errors. The “‘coverage” errors
determined how completely housing units
were counted in the census and included
space errors, definitional errors, and
occupancy errors. The “content’’ errors
measured the accuracy of the data col-
lected for enumerated housing units.
These errors were measured by rein:
terviews, record checks, and other
sUurveys.

The detailed results of these studies, as
well as the methodology employed, are
presented in the 1970 Census of Popula-
tion and Housing Evaluation and
Research Program Reports, Series
PHC(E)-5, The Coverage of Housing ‘in
the 1970 Census, and PHC{E)-10, Accu-
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racy of Data for Selected Housing Charac-
teristics as Measured by Reinterviews.

AHS-SMSA.—For the 1976 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error asso-
ciated with the AHS estimates. A rein-
terview program was conducted for a
sample of the AHS households. These
households were revisited and answers to
some of the questions on the AHS
questionnaire were obtained again. The
original interview and the reinterview
were assumed to be two independent
readings and, thus, were the basis for the
measurement of the accuracy of the AHS
data collected from interviewed house-
holds.

As part of the reinterview, a check was
made at each of these households to
determine if the following was done
during the original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on ““Year
Built” was obtained.

4. The correct information on “Ten-
ure” was obtained.

5. The correct information on “House-
hold Composition” was obtained.

6. The correct information on *"Type
of Housing Unit”’ was obtained.

7. The correct information on *'Occu-
pancy Status’’ was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view check. The results of this study are
available and are presented in the fol-
lowing Census Bureau memorandum,
"Response Error in the Annual Housing
Survey as Measured by Reinterviews—
Year |11 (1976-77) SMSA Sample."”

Some of the results of this study are
{note that these results are based on the
reinterviews across all Year 11l SMSA's
and not for any specific SMSA):

1. For attitudinal items which were
not reconciled {i.e., after the question
is answered in the reinterview, the
enumerator does not present the
previous response and then ask the
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respondent to decide upon the best

answer), approximately 67 percent of

the indices of inconsistency showed
moderate levels of response disagree-
ment while the remaining 33 percent
showed high levels.

2. Some differences beyond those due
to sampling error did occur. Most of
the categories affected by bias were
categories of attitudinal items.

The range for evaluating inconsistency
is from 0-100. The rule of thumb is that
indices below 20 are low, indices from
20-50 are moderate, indicating that
there is some problem with inconsistent
reporting; those over 50 are high, in-
dicating that improvements are needed in
the method used to collect these data or
that the category concepts themselves are
armbiguous.

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore the possibility
of such errors should be taken into
account when considering the results of
this study.

Coverage errors.—With respect to errors
of coverage and estimation for missing
data, the AHS new construction sample
had deficiencies in the representation of
conventional new construction. Due to
time constraints, only those building
permits issued more than 5 months
hefore the survey ended were eligible to
be sampled to represent conventional new
construction in permit-issuing areas for
this SMSA,. ‘Also, permits were sampled
on a monthly basis and were divided
equatly among the 12 panels in which
interviews were conducted. Due to this
procedure, some of the permits issued in
November 1975 through October 1976
were not interviewed because they were
assigned to panels in ‘which the inter-
viewing had already been completed. In
this SMSA, 3.5 percent of the . permits
sampled were not interviewed because of
this procedure. This percentage does not
include permits issued ;during the last b
months of the survey. However, these
permits issued during the last 5 months of
the survey do not necessarily represent
missed housing units"'since, due to the
relatively short time;"sp"al'ﬁ' 'involved,; it is

possible that construction of these units
was not completed at the time the survey
was conducted and they were not eligible
for interview. In addition to these defi-
ciencies, new construction in special
places that do not require building per-
mits, such as military bases, are also not
adequately represented. '

The Coverage Improvement Program
also had certain deficiencies. It appears
that the listing procedure used to find
units missed in the 1970 census, units
converted from nonresidential to resi-
dential, houses moved onto their present
site, and mobile homes placed outside
parks, was not very efficient for finding
nonresidential conversions. Such con-
versions were primarily in business
districts, whereas the listing procedure
started from a residential unit.

Deficiencies also exist in ED's where
area sampling methods are used. It had
been assumed that all units located inside
these ED’'s would be represented in the
sample. However, it has been estimated
that the 1976 AHS sample missed as
much as 2 percent of all housing units in
these ED’s because they were not listed
during the canvassing.

Rounding errors.—For errors associated
with processing, the rounding of esti-
mates introduces another source of error
in the data, the severity of which depends
on the statistic being measured. The
effect of rounding is significant relative to
the sampling error only for small percent-
ages or small medians, when these figures
are derived from relatively large bases
{e.g., median number of persons per
household). This means that confidence
intervals formed from the standard errors
given may be distorted and this should be
taken into account when considering the
results of the survey.

Sampling errors for the AHS-SMSA
sample.—The particular sample used for
this survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and interviewers were
used, estimates from each of the different
samples would differ from each other.
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The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
provide a measure of this variation among
the estimates from the possible samples
and, thus, is a measure of the precision
with which an estimate from a sample
approximates the average result of all
possible samples.

As calculated for this. report, the
standard error also partially measures the
variance in the estimates due to response
and interviewer errors {nonsampling
errors}, but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy .of the estimates
depends on both the sampling and non-,
sampling error measured by the standard
error, biases, and some additional non-
sampling errors not measured by the
standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each
sample, then:

1. Approximately 68 percent of the
intervals from one standard error
below. the estimate to one standard
error above the estimate would include
the average result of all possible
samples.
2. Approximately 90 percent of the
intervals from 1.6 standard errors
below the estimate to 1.6 standard
errors above the estimate would in-
clude the average result of all possible
samples.
3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errars above the estimate would in-
clude the average result of all possible
samples.

The average result of ail possible
samples either is or is not contained in
any particular computed interval. How
ever, for a particular sample, one can say

with specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the following
tables are approximations to the standard
errors of various estimates shown in this
report for this SMSA. In order to derive
standard errors that would be applicable
to a wide variety of items and also could
be prepared at a moderate cost, a number
of approximations were required, As a

TABLE |. Standard Errors for Estimated
Number of Housing Units in the 1976
Housing Inventory and for Estimated Number
of 1970-1978 Lost Units for the New York,
N.Y., SMSA, for the Central City of the
SMSA, and for the Balance of the SMSA

{68 chances out of 100}

. Standard error’
Size of

estimate I Notin
SMSA central central
city ity
[+ 420 510 190
100..... 420 510 190
200..... 420 510 190
500..... 460 510 | 310
700..... 540 600 | 360
1,000 ... 650 710 | 430
2,500 1,030 | 1,130 | 690
5,000 1,450 | 1,600 970’
10,000 2,050 | 2,260 | 1,370
25,000 .. | 3,240 | 3,560 | 2,160
50,000 .. | 4,570 | 5,020 | 3,030
75,000 .. | 5590 | 6,130 | 3,680
100,000 . | 6,440 | 7,060 | 4,220
150,000 . | 7.850 | 8,590 ! 5,100
200,000 . | 9,020 | 9,850 | 5,800
250,000 . |70,040° {10,940 | 6,390
500,000 . | 13,860 |14,950 | 8,310
1,000,000 |18,620 |19,560 | 9,370
1,200,000 |[19,940 |20,690 | 9,020
1,600,000 |21,520 |21,840 -
2,000,000 23,280 |22,530 | - '~
2,500,000 |24:150 |21,760 -
3,000,000 | 24,220 - -
3,500,000 |23,510 - -
4,000,000 |21,920 - -

' For estimates pertaining to new construc-
tion, standard errors §hown in table should be
multiplied by a factor of 1.2,

result, the tables of standard errors pro-
vide an indication of the order of magni-
tude of the-standard errors rather than
precise standard errors for any specific
items.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1976 housing inventory as well as
estimates of characteristics of the
1970-1976 lost units. Linear inter-
polation should be used to determine the
standard errors for estimates not specif-
ically shown in this table, The standard
errors on the AHS estimates of the
population in housing uniis shown in
tables A-1, B-1, and C-1 of part A of this
report are 87,770 for the total SMSA,
78,6560 for the central city of the SMSA,
and 38,920 for the balance of the SMSA.

The reliability of an estimated per-
centage, computed by using sample data
for both numerator and denominator,
depends upon both the size of the per-
centage and the size of the total upon
which the percentage is based. Estimated
percentages are relatively more reliable
than the corresponding estimates of the
numerators of the percentages, particu-
larly if the percentages are 50 percent or
maore.

Tables Il through 1V present the stand-
ard errars of estimated percentages of the
1976 housing inventory as well "as esti-
mated percentages of the 1870-19786 lost
units. Two-way interpolation should be
used to determine standard errors for
estimated percentages not specifically
shown in tables t| through IV.

Included in tables | ‘through {V are
estimates of standard errors for estimates
of zero and zero percent. These estimates
of standard errors are considered as over-
estimates of the true standard errors and
should be used primarily for construction
of confidence intervals for characteristics
when an estimate of zero is obtained,

For ratios, 100 (x/y)}, where x is not a
subclass of v, tables |1 through IV under-
estimate the standard error of the ratio
when there is little or no correlation
between x and y. For this type of ratio, a
better approximation of the standard
error may be obtained by letting the
standard error of the ratio be approxi-
mately equal to:
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TABLE 1). Standard Errors for Estimated Percentages of Housing Units in the 1976 Housing
Inventory and for Estimated Percentages of 1970-1976 Lost Units for the New York, N.Y.,

SMSA
{68 chances out of 100}
Base of Estimated percentage'
percetage 0or 1or Sor 10 or 250r 50
100 99 95 . 90 75
500 ....... .45.8 45.8 45.8 45.8 45.8 45.9
700 .. ..... 376 37.6 376 376 37.6 38.8
1,000 ..... 29.7 29.7 29.7 29.7 29.7 325
2500 ..... 14.4 14.4 14.4 14.4 17.8 205
5000 ..... 7.8 7.8 7.8 8.7 12.6 " 145
10,000 . 4.0 4.0 4.5 6.2 8.9 10.3
25,000 1.7 1.7 2.8 3.9 5.6 6.5
50,000 .... .8 9 2.0 2.8 4.0 4.6
75,000 .... 6 7 ., 1.6 2.3 3.2 3.8
100,000 ... 4 6 1.4 1.9 2.8 3.2
150,000 ... 3 .5 1.2 1.6 2.3 2.7
200,000 ... 2 .5 1.0 1.4 2.0 2.3
250,000 ... 2 4 .9 1.2 1.8 )
500,000 ... .08 3 6 9 1.3 1.5
1,000,000 . . .04 .2 4 .6 9 1.0
1,200,000 . . .04 2 4 .6 B .9
1,500,000 .. .03 .2 4 .5 7 .8
2,000,000 .. .02 14 3 A4 .6 7
2,500,000 .. .02 A3 3 4 .6 B
3,000,000 .. .01 .12 3 A4 .5 6
3,500,000 .. .01 11 2 3 .5 . .5
4,000,000 .. .01 .10 .2 3 .4 .5

! Standard errors are presented to the nearest one-tenth of one percentage point except when
the standard error is less than fifteen-hundredths of one percentage point; in those cases, the
standard errgr is shown to the nearest one-hundredth of one percentage point. For estimates
pertaining to new construction, standard errors shown in table should be multiptied by a factor of

1.2
X (Ux)? (UY ) ’
100 (7) </ *t\yv"
where: x = the numerator of the
ratio
y = the denominator of the
ratio
g, = the standard error of
the numerator
av = the standard error of -

the denominator

Hlustration of the use of the standard
error tables.—Table A-1 of part A of this
report shows that in 1976 there were
1,548,100 owner-occupied housing units
in this SMSA. Interpolation in table | of
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this appendix shows that the standard
error of an estimate of this size is
approximately 21,690. The following
interpolation procedure was used:

The information' p’re'sented in the
following table was 'extracted from table

YR

I. The entry for “x” is the one sought.

Size of “F- Standard
estimate o error
1,500,000 .. ... | 21,520
1,5648,100....... . X
2,000,000....... - 23,280

The entry for k‘.“»is, determined by
vertically interpolating., between 21,520
and 23,280,

jere

1,548,100-1,500,000 = 48,100
2,000,000-1,500,000 = 500,600

21,520 + ;)%_'1?%)6 (21,520—-23,280)
- 21600 0%

Consequently, the 68-percent confidence
interval, as shown by these data, is from
1,626,410 to 1,569,790 housing units.
Therefore, a conclusion that the average
estimate, derived from all possible
samples, of 1976 owner-occupied housing
units fies within a range computed in this
way would be correct for roughly 68
percent of all possible sampies. Similarly,
we could conclude that the average esti-
mate derived from afl possible samples,
ties within the interval from 1,513,400 to
1,582,800 housing units with 90 percent
confidence; and that the average estimate
lies within the interval from 1,504,720 to
1,691,480 housing units with 95 percent
confidence.

Table A-1 of part A also shows that of
the 1,548,100 owner-occupied housing
units, 351,200, or 22,7 percent, had two
bedrooms. 1nterpolation in table .ll of the
appendix {i.e., interpolation on both the
base and percent) shows that the standard
error of the 22.7 percent is approxi-
mately 0.7 percentage points. The fol-
lowing interpolation procedure was used:

The information presented in the fol-
lowing table was extracted from table

Il. The entry for “p" is the one
sought,
Base of Estimated percentage
percentage

10 or 227 250r

90 75

1,500,000 . . 5 al .7
1,548,000 .. o

2,000,000 .. 4 b, .6

7

1. The entry for cell “'a™ is determined

by horizontal interpolation between

0.5and 0.7. '
22.7-10.0=12.7
25.0--10.0 = 15.0°

‘ 12.7 -
) 0.5+ 755(0.7-0.5)= .67




APPENDIX B—Continued

TABLE 1. Standard Errors for Estimated Percentages of Housing Units in the 1976 Housing
inventory and for Estimated Percentages of 1970-1976 Lost Housing Units for the Central City

of the New York, N.Y., SMSA

{68 chances out of 100)

Base of Estimated percentage!
percentage Oor 1or Sor 10 or 25 or 50
100 99 95 30 15
500 ....... 50.6 50.6 50.6 50.6 50.6 50.6
700 ....... 422 422 42,2 422 4272 42.7
1,000 ..... 33.8 338 33.8 338 33.8 35.8
2500 ..... 17.0 17.0 17.0 17.0 19.6 226
5,000 ..... 9.3 9.3 9.3 9.6 13.8 16.0
10,000 .... 4.9 4.9 4.9 6.8 9.8 11.3
25,000 . ... 2.0 2.0 3.1 - 4.3 6.2 7.2
50,000 .... 1.0 1.0 2.2 3.0 4.4 5.1
75,000 .... 7 .8 1.8 2.5 3.6 11
100,000 ... .5 .7 1.6 2.1 3.1 3.6
150,000 ... 3 .6 1.3 1.8 2.5 29
200,000 ... 3 .5 1.1 1.5 2.2 2.5
250,000 ... 2 4 1.0 1.4 2.0 23
500,000 ... .10 3 .7 1.0 1.4 1.6
1,000,000 .. .05 .2 .5 v 1.0 1.1
1,200,000 . . .04 .2 4 6 9 1.0
1,500,000 .. .03 .2 4 B .8 9
2,000,000 .. .03 2 .3 .5 .7 .8
2,500,000 .. 0.2 .14 3 4 .6 7

! Standard errors are presented to the nearest one-tenth of one percentage point except when
the standard error is less than fifteen-hundredths of one percentage point; in those cases, the
standard error is shown to the nearest one-hundredth of one percentage point. For estimates
pertaining to new construction, standard errors shown in table should be muitiplied by a factor of

1.2

2. The entry for cell “’b’’ is determined
by horizontal interpolation between
0.4 and 0.6.

22.7-10.0=12.7
25.0—10.0 = 15.0
12.7 _

0.4 + 755 (0.6-0.4} = .57

3. The entry for “p” was then deter-
mined by vertical interpolation be-
tween .67 and .67.

1,548,100-1,500,000 = 48,100
2,000,000-1,500,000 = 500,000

48,100

67— 256,000

(.67-57)=0.7

Consequently, the 68-percent confidence
interval, as shown by these data, is from

22.0 to 23.4 percent; the Qo?perc’ent ‘

confidence interval is from 21.6 to 23.8
percent; and the 95-percent confidence
interval is from 21.3 to 24.1 percent.

Differences.—The standard errars shown
are not directly applicable to differences
between two sample estimates. The stand-
ard error of a difference between esti-
mates is approximately equa! to the
square root of the sum of the squares of
the standard error of each estimate
considered separately. This formula is
quite accurate for the difference between
estimates of the same characteristic in
two different SMSA's or the.difference
between separate and uncorrelated
characteristics in the same SMSA. How-
ever, if there is a’high positive correlation
between the two' characteristics, the
formula witl overestimate the true stand-

ard error; but, if there is a high negative
correlation, - the formula will under-
estimate the true standard error.

Hlustration of the computation of the
standard error of a difference. =Table A-1
of part A of this report shows that in
1976 there were 712,900 owner-occupied
units with three bedrooms in this SMSA.
Thus, the apparent difference, as shown-
by these data, between owner-occupied
units with two bedrooms and owner-
occupied units with three bedrooms is
361,700. Table | shows the standard error
of 351,200 is approximately 11,590 and
the standard error of 712,900 is approxi-
mately 16,890. Therefore, the standard
error of the estimated difference of
361,700 is about:

19,670 = \[(15,&.90;2 +(11,590)?

Consequently, the 68-percent confidence
interval for the 361,700 difference is
from 342,030 to 381,370 housing units.
Therefore, a conclusion that the average
estimate, derived from all possible
samples, of this difference lies within a
range computed in this way would be
correct for roughly 68 percent of all
possible samples. Similarly, the 90-per-
cent confidence interval is from 330,230.
to 393,170 housing units, and the
95-percent confidence interval is from
322,360 to 401,040. Thus, we can con-
clude with 95 percent confidence that the
number of 1976 owner-occupied units
with three bedrooms is greater than the
number of owner-occupied units with
two bedrooms since the 95-percent
confidence interval does not include zero
or negative values.

Medians —For medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for
measuring the reliability of the estimated
median is to determine an interval about
the estimated median so that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate
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TABLE Iv. Standard Errors for Estimated Percentages of Housing Units in the 1976 Housing
taventory and for Estimated Percentages of 1970-1976 Lost Housing Units for the Balance of the

New York, N.Y., SMSA

{68 chances out of 100}

Base of Estimated percentage' .
percentage Dor 1o0r 5or 10 or 25 or 50
100 99 95 90 75
200 ....... 48.5 48.5 48.5 48.5 485 48.5
500 ....... 27.4 27.4 27.4 27.4 27.4 30.7
700 . ... ... 21.2 21.2 21.2 21.2 22.5° 25.9
1,000 ..... 15.9 15.9 15.9 15.9 18.8 21.7
2,500 ..... 7.0 7.0 7.0 8.2 11.9 13.7
5000 ..... 3.6 36 4.2 5.8 8.4 9.7
10,000 . 1.8 1.8 3.0 4.1 5.9 6.9
25,000 7 9 1.9 2.6 38 | a3
50,000 . ... A 6 1.3 1.8 2.7 3.1
75,000 . ... 3 5 1.1 1.5 2.2 2.5
100,000 ... 2 4 9 1.3 1.9 2.2
150,000 ... .13 4 8 1.1 1.5 1.8
200,000 . .. .09 3 7 9 1.3 1.5
260,000 . .. © .08 3 6 8 1.2 1.4
500,000 ... .04 2 4 6 8 1.0
1,000,000 . . .02 .13 3 4 6 7
1,200,000 . . .02 12 3 4 5 6

! Standard errors are presented to the nearest one-tenth of one percentage point except when
the standard error is less than fifteen-hundredths of one percentage point; in those cases, the
standard error is shown to the nearest one-hundredth of one percentage point. For estimates
pertaining to new construction, standard errars shown in table should be multiptied by a factar of

12

confidence limits of a median based on
sample data:

1. From table |l determine the stand-
ard error of a 60-percent characteristic
on the base of the median.

2. Add to and subtract from 50 per-
tent, the standard error determined
instep 1,

3. Using the distribution of the charac-
teristic, read off the confidence
interval corresponding to the two
points established in step 2.
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For about 68 out of 100 possibie
samples, the average median from all
possible samples would lie between these
two values.

A two-standard error confidence in-
terval may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error
determined in step 1. For about 95 out of
100 possible samples, the average median
from all possible samples would lie
between these two values.

v A

Hilustration of the computation of the
95percent confidence interval of a
median.—Table A-1 of part A of this
report shows the median number of
persons for owner-occupied housing units
is 3.2. The base of the distribution from
which this median was determined is
1,548,100 housing units.

1. Interpolation in table Il shows that
the standard error of 50 percent on a
base of 1,548,100 is approximately
0.8 percentage points.

2. To obtain a 95percent confidence
interval on the estimated median,
initially add to and subtract from 50
percent twice the standard error
determined in step 1. This vields
percentage limits of 48.4 and 51.6.
3.From table A-1 of part- A, it can bhe
seen by cumulating the frequencies for
the first two categories that 581,100
owner-occupied housing units, or 37.6
parcent, had one or two persons {for
purposes of calculating the median,
the category of two persons is con-
sidered to be from 1.5 to 2.5 persons),
and that an additional 280,100 owner-
occupied housing units, or 18.1
percent, had three persons {i.e., 2.5 to
3.5 persons). '

By linear interpolation, the lower limit of
the 95percent confidence interval is
found to be about:

48.4-37.5
2.5+ {3.5— } ——— ] =
{ 525)( 18.1 ) 3.1

Similarly, the upper limit of the 95-
percent confidence interval is found to
be about:

51.6—37.5) _
2.5+ (3.5--2.5) (—18~1—) =33

Thus, the 95-percent confidence interval
ranges from 3.1 to 3.3 persons.
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SAMPLE DESIGN

Annual Housing Survey.—The estimates
for each of the 20 SMSA's are based on
data collected from the 1976 Annual
Housing Survey (AHS) which was con-

“ducted by the Bureau of the Census

acting as collection agent for the
.Department of Housing and Urban
Development. tn each of the 20 SMSA's,
the data were collected for the 12-month
period from April 1976 through March
1977 with one-twelfth of the sample
units being visited each month,
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Data for the first group of 19 SMSA's
were collected for the AHS from April
1974 through March 1975, and data for a
second group of 21 SMSA's were col-
lected from April 1975 through March
1976. The sample housing units for each
group of the AHS SMSA’s are interviewed
on a rotating basis.

For each group of SMSA’s, the largest
SMSA from each of the four geographic
regions is represented by a sample of
about 15,000 designated housing units
evenly divided between the central city
and the balance of the respective SMSA.
All remaining SMSA’s -are each repre-
sented by a sample of. about 5,000
designated housing units distributed
proportionately between the central city
and the balance of the respective SMSA
based on the distribution of total housing
units in each sector.

The largest SMSA's in the third group
{1976-77) are: Houston, Tex., New York,
N.Y., St. Louis, Mo.-lll., and Seattle-
Everett, Wash.

The remaining SMSA’s in the third
group are: Allentown-Bethlehem-Easton,
Pa.-N.J., Baltimore, Md., Birmingham,
Ala., Buffalo, N.Y., Cleveland, Ohio,
Denver, Colo., Grand Rapids, Mich.,
Honolulu, Hawaii, Indianapolis, Ind., Las
Vegas, Nev., Louisville, Ky.-Ind., Okla-
homa City, Okla., Omaha, Nebr.-lowa,
Providence-Pawtucket-Warwick, R.l.-
Mass., Raleigh, N.C., and Sacramento,
Calif.

In this SMSA, 4,784 units were eligible

for interview. Of these sample units, 222 -

interviews were not obtained because, for
occupied sample units, the occupants
were not at home after repeated visits or

were unavailable for some other reason;

or, for vacant units, no informed
respondent could be found after repeated
visits. In addition to the units eligible for
interview, 536 units were visited but were
not eligible for interview, because they
were found to be condemned, unfit,
demolished, converted to group.quarters
use, etc.

Selection of the sample.—The sample for
the SMSA's which are 100-percent

permit-issuing {(Honolulu, Las Vegas, New
York, and Sacramento) was selected from
two sample frames—units enumerated in
the 1970 Census of Papulation and Hous-
ing in areas under the jurisdiction of
permit-issuing offices (the permit-issuing
universe) and units constructed in permit-
issuing areas since the 1970 census (the
new construction universe). In addition,
the sample for the 16 SMSA’s which are
not 100-percent permit-issuing included a
sample selected from a third frame—those
units located in areas not under the
jurisdiction of permit-issuing offices (the
nonpermit universe).

Sampling operations, described in the
following paragraphs, were performed
separately within the central city and the
balance of the SMSA for each of the
sample frames. The overall sampling rate
used to select the sample for each SMSA
was determined by the size of the sample.
Thus, for the four largest SMSA's, the
overall sampling rate differed by central
city and balance of the SMSA since the
sample was divided equally between the
central city and the balance of the SMSA.
The remaining SMSA’s had an overall
sampling rate about the same for the
sample selected from both the central
city and balance of the SMSA, since the
sample was distributed proportionately
between the central city and the balance
of the SMSA according to the distri-
bution of total housing units in each
sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
permit-issuing areas of the SMSA during
the 1970 Census of Population and Hous-
ing. This file contained records for occu-
pied housing units, vacant housing units,
and units in certain special places or
group quarters. Sampling operations were
done separately for the special place and
group quarters records and for the occu-
pied and vacant housing unit records.
Before the sample was selected from the
occupi'ed and vacant housing unit records,
the occupied housing unit records were
stratified by race of head (non-
Black/Black) and the vacant housing unit
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records were stratified into four cate-
gories pertaining to the wvalue or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to 1 of 50 strata according to its
tenure, family size, and household in-
come category as illustrated by the
following table:

Tenure
Household Owner— Renter—
income Family size | Family size
12345+ | 12345+
Under $3,000 . . .
$3,000-$5,999. . .
$6,000-39,999. , .

$10,000-514,999 .
$15,000 and over ,

Thus, for this SMSA, the occupied
housing unit records from this universe

were assigned to 1 of 100 strata for either -

the central city or for the balance, and
the vacant housing unit records were
assigned to 1 of the 4 vacant strata for
either the central city or for the balance
of the SMSA. A sample of housing unit
records was then selected to produce
one-half of the desired sample size. How-
ever, the housing unit record adjacent to
. each of the above sample housing unit
records was also selected to be in sample,
thereby insuring the necessary designated
sample size,
‘ Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {ED} within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected to produce one-quarter of the
desired sample size. However, at the time
of the interview, the units at each of the
sample special places were listed and
subsampled at a rate to produce an
expected four sample units, thereby
insuring the necessary designated sample
size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since January 1970 {i.e., the new con-
struction universe). The sample selection

from the list of new construction building

permits was an independent operation
within this SMSA. Prior to sample selec-
tion, the list of permits was chrono-
logically stratified by the date the permits
were issued and clusters of an expected
four {usually adjacent} housing units were
formed. These clusters were then sampled

for inclusion at the overall sampling rate.
For those SMSA's which are not
100-percent permit-issuing, the remainder
of the AHS sample was selected from a
frame consisting of areas not under the
jurisdiction of permit-issuing.offices (i.e.,
the nonpermit universe). The first step in
the sampling operation for the universe
was the, selection, using the overall
sampling rate, of a sample of census
enumeration districts within these areas.
Prior to" this sample selection, the ED's
were stratified by census tract within the
central city and within the balance of the
SMSA. The probability of selection of an
ED was proportionate to the following
measure of size: ’
Group quarters
population in

1970 census ED
3

Number of housing
units in 1970 +
census ED

4

The sample ED's were then divided

into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four, or a multiple of four
housing units. At the time of the survey,
those segments that did not have an
expected size of four were further sub-
divided to produce an expected four
sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since

* the 1970 census are included.

Coverage improvement sample selec-
tion.—The Coverage Improvement Pro-
gram was undertaken to correct certain
deficiencies in the AHS-SMSA sampie
from the permit-issuing and new con-
struction universes. The coverage
deficiencies included the following units:

1. New construction from building

permits issued prior to January 1970,
but completed after Aprit 1, 1970.

2. Mobile homes placed in parks either
missed during the 1970 census or
established since the census.

3. Units missed in the 1970 census.

4. Units converted to residential use
that were nonresidential at the time of
the 1970 census. '

5. Houses that have been moved onto
their present site since the 1970
census. '

6. Mobile homes placed outside parks
since the 1970 census or vacant at the
time of the 1970 census.

Coverage improvement for deficiency
1.—A sample of new construction units
whose permits were issued before January
1970, but completed after April 1970,
was selected independently for each
SMSA. The sampling was carried out in
two stages for one-and-two-unit struc-
tures and in three stages for three-or-
more-unit structures. These units were
sampled at one-fourth the rate of units
originally selected for the AHS-SMSA

"sample (regular AHS units).

The first stage was a sample of permit
offices and the second stage a sample of
the 1969 permits within each of the
selected permit offices. In the New York,
N.Y., SMSA, Honolulu, Hawaii, SMSA,
and Grand Rapids, Mich.,, SMSA, an
additional sample of 1988 permits for
three-or-more-unit  structures was in-
cluded in the second stage sampling. For
the third stage, structures of size three or
more were divided into clusters of an

-expected size of four units and a sample

of clusters was selected. This procedure
added an estimated 2,382 new construc-
tion units to the coverage of the housing
inventory of this SMSA.

Coverage improvement for deficiency
2.—In permit-issuing areas, a sampie of
mobile homes placed in a park missed by
the census or established after the census
was selected in two stages. First, for each
1976-77 SMSA, a sample of tracts was
selected and canvassed, All parks were
listed and then matched back to the 1970
census to identify parks missed by the
census and parks established after the
census. Second, the parks were divided
into clusters of an expected size of four
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