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During the 1977 Economic Censuses, the Census 
Bureau assigned geographic c l ass i f i ca t i on  codes 
("geocodes") to approximately seven mi l l ion  
establishments which were wi th in the scope of the 
economic censuses. To evaluate the geocoding, a 
random p robab i l i t y  sample of addresses was se- 
lected for  independent research. The evaluat ion,  
when completed, w i l l  be used (I)  to determine the 
overal l  accuracy of the geocoding system, and (2) 
to pinpoint  flaws in the geocoding system. 

Although not yet completed, the prel iminary 
resu l ts  show a s i gn i f i can t  improvement over past 
economic censuses. These ear ly resul ts indicate 
that ,  for  those addresses for which geocodes 
could be determined c l e r i c a l l y ,  the correct  geo- 
codes were assigned to approximately 96 percent 
of the addresses. 

There are three elements necessary for  geo- 
coding: ( I)  the addresses, (2) the reference 
f i l e s ,  and (3) the coding algorithm which t ies  
the f i r s t  two elements together.  Of these three 
elements, only the reference f i l e s  and the coding 
algori thm can be contro l led to any great extent .  
The addresses can be cont ro l led only to the ex- 
tent  that  they are processed into a format com- 
pat ib le  wi th the reference f i l e s .  Too many 
var iables such as spel l ing er rors ,  keying er rors ,  
incor rect  ZIP codes, and others, can render some 
addresses v i r t u a l l y  uncodable on the computer. 

The 1977 Economic Censuses geocoding system 
consi sted of four major computer programs: ( I )  
the standardizer, (2) the header match, (3) the 
deta i l  match, and (4) the PAIR program. Together 
these programs provide the means to l ink  the ad- 
dress f i l e s  to the reference f i l e s ,  to assign 
geocodes, and to assess geocode qua l i t y .  The 
automated computer geocoding system was fu r ther  
enhanced by a c le r i ca l  operation to improve the 
geocode qua l i t y  of cases of su f f i c i en t  importance. 

When the economic census addresses (house 
number and s t reet  name) were del ivered for  geo- 
coding, they ~ere freeform. The standardizer 
program formatted the st reet  addresses to resem- 
ble the Address Reference Fi le (ARF) records, 
analyzed addresses as to the type of address, and 
subst i tu ted standard abbreviations fo r  spel l ing 
var iat ions of s t ree t  type and d i rec t i on .  I t  also 
adjusted the post o f f i ce  name, i f  necessary, fo r  
compat ib i l i t y  w i th  the City Reference Fi le (CRF), 
and i t  val idated the ZIP/State combination. I f  
the ZIP/State combination did not agree, and i f  
the ex is t ing State abbreviat ion was i l l e g a l ,  a 
new State abbreviat ion v~s derived from the 
Social Securi ty Administrat ion (SSA) or Internal 
Revenue D i s t r i c t  (IRD) number, and va l idat ion was 
again attempted. I l lega l  ZIP/State combinations 
were f lagged. The standardizer also set f lags 
i den t i f y i ng  the level of coding required, and 
clustered header address components (post o f f i ce  
name, State abbreviat ion,  and ZIP code) in to a 
separate f i l e  for  independent coding by the 
header match process. 

In the header match process, the header 
c lusters were matched to the CRF using the ZIP 
sor t  code (a device for  pa r t i t i on ing  the re fer -  
ence f i l e s )  as the major match key. An exact 
match on the ZIP sor t  code and post o f f i ce  name 

is flagged as a high confidence match (a mismatch 
on State abbreviat ion was to le ra ted ) .  

Clusters that  did not match exact ly were ex- 
amined for  CRF name s im i l a r i t i es  w i th in  the ZIP 
key p a r t i t i o n s .  A character match algori thm 
which scored name s i m i l a r i t i e s  on a scale from 
0 to I0 was used to detect possible name mis- 
spel l ings (I0 being a "perfect"  match). These 
clusters were also matched to the CRF using the 
State abbreviat ion as the major match key. 
Header c lus ter  addresses that  matched only to the 
State abbreviat ion or the f i r s t  three d ig i t s  of 
the ZIP key wi thout  any post o f f i ce  name simi-  
l a r i t i e s  were regarded as force coded. The CRF 
candidate with the highest match confidence (even 
i f  force coded) provided the geocode (or geo- 
codes, in case of t ies)  that  was assigned to a 
header c lus ter  address. These codes were t rans- 
mitted to the PAIR process. 

Individual establishment s t reet  addresses were 
matched to the ARF on ZIP sor t  key and s t ree t  
name. Establishments that  did not match on these 
keys were transmit ted to the PAIR process to be 
header or force coded. Limited equivocation was 
to lerated on s t reet  type, p re f i x  and s u f f i x  
d i rec t ions ,  ZIP code, and house number fo r  estab- 
lishments that  matched the ARF on ZIP key and 
street name. The equivocation was based on a 
scoring system that  penalizes combinations of 
s t reet  component mismatches. Geocodes were 
selected from the ARF record wi th the highest 
to ta l  point score wi th in  to lerated mismatch 
combinations. Whenever there was a choice of 
more than one set of geocodes possible for  a 
hQuse number s t reet  name combination in the ARF, 
only two sets of geocodes were t ransmit ted to 
the PAIR process from the deta i l  match. In case 
of a t i e ,  the primary geocode was selected on the 
basis of a prev ious ly  assigned (1972 Economic 
Censuses) geocode. Flags were set to ind icate 
t ies  and to indicate the qua l i t y  of the ARF 
match. The deta i l  coded establishment was t rans-  
mit ted to the PAIR process for  a f ina l  geocode 
and confidence level assignment. 

The geocodes, derived by the header and deta i l  
match processes, were aligned and adjudicated by 
the PAIR process. PAIR was used to perform an 
analysis of header and deta i l  geocodes, then 
confidence f lags,  to select  winning geocodes in 
case of header and/or deta i l  t i es .  PAIR provided 
the f ina l  confidence level of the selected code 
based upon the adjudicat ion process used to 
select  the code. I t  selected a universe for  
c le r i ca l  coding based upon the confidence f lag 
assigned and the importance of the establishment. 
Al l  force coded cases and important es tab l ish-  
ments that  were header coded with low confidence 
were transmit ted to the c le r i ca l  universe, which 
was approximately I00,000 cases. 

Once the geocodes were assigned, a random 
sample of addresses was selected from the 
Bureau's master sample tape of economic census 
establishments. The sample select ion was made on 
the basis of the unique l l - d i g i t  number assigned 
by the Bureau to i den t i f y  each economic estab- 
l ishment. I t  was decided to select  the sample 
by choosing cer ta in of the d ig i t s  of  the ID 
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equal to randomly chosen values so that  i f  the 
r reated i th  a f i l e  were destroyed i t  could be ~ w 

minimum e f f o r t .  Choosing every n cases from 
the master sample could not have accomplished 
th i  s. 

Since certa in d i g i t s  of th is  number are not 
randomly d i s t r i bu ted ,  these could not be used. 
However, since the check d i g i t  (MOD-IO) port ion 
of the ID number is randomly d i s t r i bu ted ,  a I0 
percent sample of the master sample was selected 
by a r b i t r a r i l y  choosing every establishment w i th  
a check diRit e~ual to 5. Even after the sample 
f i l e  had been unduplicated, the sample was too 
large for  our purposes so a 40 percent sample was 
selected u t i l i z i n g  one of the other randomly 
d is t r ibu ted  d ig i t s  of the ID. This yielded a 
desirable sample size of approximately 16,000 
cases. Once th i s  was done a subsample was se- 
lected, approximately 20 percent, fo r  an "on-the- 
ground" v e r i f i c a t i o n .  In the f u l l  sample the 
establishment addresses selected were located in 
2,179 of the 3,143 counties or county equivalents 
of the United Stat~s. 

The 1977 Economic Censuses Geocoding Evalua- 
t ion is  divided into three phases. The f i r s t ,  or 
cont ro l ,  phase consists of the f u l l  sample of 
16,087 addresses with the f ina l  geocodes to which 
each address was assigned for  1977 Economic 
Censuses tabulat ion and publ icat ion purposes. 
This is the nhasq which is bein~ evaluated 
by the other two phases. The second, or c l e r i -  
cal,  phase consists of the same sample of ad- 
dresses, each address assigned an appropriate 
set of geocodes by a qua l i f ied  geocoding c le rk .  
The th i rd ,  or f i e l d ,  phase is comprised of the 
20 percent subsample of 3,057 addresses ver i f i ed  
"on-th e-ground ." 

In Phase I I  the addresses were c l e r i c a l l y  
researched using whatever geographic reference 
materials that  were avai lable independent of the 
ARF and the CRF. These references include the 
Bureau's GBF/DIME-Files, commercial c i t y  d i rec-  
t o r i es ,  c i t y  at lases, county highway maps, ZIP 
code d i rec to r ies ,  local telephone d i rec to r ies ,  
and any other avai lable resources. A f te r  each 
work uni t  was completed i t  was dependently 
ve r i f i ed  using a l o t  acceptance plan (AQL = 2.5 
percent) with normal inspect ion.  No provision 
was made for  e i ther  t ightened or reduced i n -  
spect ion; the v e r i f i e r  reworked the uni t  i f  i t  
f a i l ed  inspect ion. (N.B." The v e r i f i e r s  are 
more highly qua l i f i ed  at geocoding than the 
c lerks,  usual ly having several more years of 
experience.) At th i s  point every address in the 
work uni t  would have a complete set of geocodes, 
i . e . ,  State code, county code, place code (with 
a MOD-IO check d i g i t  computed on State x county 
x place), and census t r ac t  code (with a MOD-IO 
check d i g i t  computed on the t rac t  code). Since 
only re ta i l  data are tabulated to the census 
t r ac t  leve l ,  and then, only i f  the re ta i l  estab- 
l ishnent  is located inside a loca l l y -de f ined  
Central Business D i s t r i c t  (CBD) census t r a c t ,  
a l l  non- re ta i l  and a l l  non-CBD r e t a i l  cases are 
consigned to a c i ty -w ide  census t r ac t  number 
( 999 9.996 ). 

Some addresses at th is  stage may s t i l l  remain 
p a r t i a l l y  uncoded (indeterminate) at some level 
of geographic coding because of i n s u f f i c i e n t  
address information or a lack of reference 
mater ia ls .  However, during the 1977 Economic 

Censuses, every address is geographical ly coded 
to the "place" level with varying degrees of 
confidence. Therefore, a special set of geocodes 
was set up to i den t i f y  those addresses for  which 
c le r i ca l  geocodes could not be determined. The 
ve r i f i e r s  were inst ructed to research a l l  these 
cases aside from the qua l i t y  control plan. Where 
the v e r i f i e r  could not determine the complete 
geocodes, an attempt was made to telephone the 
establishment to ascertain as much information as 
necessary to assign geocodes (nearest in tersec-  
t ions ,  locat ion on a highway, intervening physi- 
cal features) .  

The f i e l d  phase, or Phase I I I ,  is ac tua l ly  a 
two-step operat ion. Since the sample select ion 
yielded a random national subsample of 3,057 
addresses representing 1,004 of the 3,143 counties 
or county equivalents in the United States, th is  
was to be a wide-spread operation involv ing a 
large number of Field Division in terv iewers.  As 
most f i e l d  interviewers are not fam i l i a r  with the 
geographic code st ructure and i t  is ,  at be st, a 
d i f f i c u l t  subject to teach second-hand in a 
t ra in ing  memorandum, a simpler method was devis'ed 
to get the needed address information from the 
f i e l d .  

The f i r s t  step of the f i e l d  phase, then, was 
fo r  the interv iewer to go to the address given 
for  the establishment and determine i f  the 
economic activity was conducted at that 
address. If it was not, then the interviewer 
attempted to determine from several sources at 
~hat address the establishment was phys ica l ly  
located and then went to v i s i t  the address. Once 
the establ ishment's address had been pos i t i ve l y  
ascertained, the in terv iewer then drew a sketch 
map of the locat ion,  using a standard sketch map, 
showing the bui ld ing in re la t ion  to i t s  s t ree t  
and the nearest in tersect ing (cross) s t ree ts .  
In addi t ion,  i f  the establishment was on or near 
any p o l i t i c a l  geographic boundaries, these were 
sketched in re la t ion to the s t reet  pat tern.  The 
interv iewer was also to indicate the name of the 
State, county and l o c a l i t y  where the es tab l ish-  
ment was located plus any remarks that  would 
ass is t  the geocoding operat ion. 

Af ter  a l l  the addresses had been returned from 
the f i e l d ,  the second step of the f i e l d  phase 
went in to e f fec t .  In the second step, qua l i f i ed  
geocoding c lerks,  select ing the appropriate 
reference maps, compared the sketch map to the 
best maps avai lable to determine in which State,  
county, and place ( i f  any) each address and 
establishment was located and assigned the 
appropriate geocodes. I f  i t  w~  ~ r e t a i l  f i rm 
in a c i t y  containing a census-recognized CBD 
t r a c t ( s ) ,  the clerk would determine also in which 
census t rac t  the establishment was located and 
assign the appropriate t r ac t  code. 

Af ter  a l l  of the addresses from Phases I I  and 
I I I  have been coded and ve r i f i ed ,  the data are 
to be keyed and transmit ted and matched back to 
the Phase I records for  the same establishments. 
The geographic codes from the three phases (in 
most cases only two phases) w i l l  be compared 
and, where di f ferences ex i s t ,  the di f ferences 
w i l l  be adjudicated and a determination of the 
reasons for  coding errors w i l l  be made. 

When a l l  of the discrepancies have been ad- 
judicated and r e c t i f i e d ,  the resul ts w i l l  be 
t a l l i e d  so as to demonstrate coding er ror  rates 
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in several d i f fe rent  categories, such as by 
State, by Standard Industr ia l  C lass i f icat ion,  by 
header versus detai l  coding, and several others, 
For example, one would not expect the same coding 
error rate for Mississippi as for  Massachusetts. 
The former is more rural with a larger incidence 
of non-detail codable addresses (P.O. boxes, 
rural routes, e t c . ) w h i l e  the l a t t e r  is ,  of 
course, the converse, being more urban. 

As was stated ear l i e r ,  the results of the 
evaluation are only prel iminary. As of this 
wr i t ing only 14,000 of the 16,000 addresses for 
Phase I I  have been geocoded and none of the ad- 
dresses for  Phase I I I .  However, of the 14,000 
addresses which have been geocoded, approximately 
12,700 were determined to have had the correct 
geocodes assigned during Phase I while only some 
500 were determined to have been i~ncorrectly 
coded. For another approximately 750 addresses, 
a complete set of geocodes could not be deter- 
mined, e i ther  because of poor address qua l i ty ,  
lack of reference materials, or i n a b i l i t y  to 

contact the establishment by telephone. The 
correct geocodes, then, were assigned to approxi- 
mately 96 percent of the establishments for which 
geocodes could be determined. This is a marked 
improvement over geocoding in the 1972 Economic 
Censuses where the evaluation revealed that the 
correct geocodes were assigned to only approxi- 
mately 90 percent of the addresses for which a 
geocode could be determined (4,086 correct, 511 
incorrect ,  202 indeterminate). 

This gain in the geocoding rate is in large 
part due to the improvements made to those two 
of the geocoding elements that can be control led- 
the reference f i l e s  and the coding algorithm. 
Because of the importance of accurate geocoding 
for the use of economic s ta t i s t i cs  for  planning 
and other purposes, the Bureau is constantly 
endeavoring to improve the accuracy of i ts  geo- 
graphic ac t i v i t i e s .  Evaluations of this type 
enable the Bureau to iden t i f y  those areas where 
future improvements can continue to be made. 
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