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I .  INTRODUCTION 

All survey data must be edited to detect 
i mprobab I e response combi nat i ons on a 
quest ionnaire,  to make changes to keyed reported 
data when necessary, and to impute for missing 
items. The object ive of ed i t ing is to detect 
and correct errors that may have been caused by 
a misunderstanding of a survey question, fau l ty  
report ing,  or problems in data entry.  In 
general, s ta f f  responsible for a par t i cu la r  
survey designs the edi t  strategy and imputation 
methodology, develops procedures for l ink ing  the 
edi t  and imputation programs to the broader data 
processing system, and wri tes computer 
speci f icat ions for these a c t i v i t i e s .  For a new 
survey, programs are t y p i c a l l y  designed from 
scratci~ and must be thoroughly tested pr ior  to 
actual use -- a time consuming and labor 
intensive process. Programs are f requent ly 
i l ighly complex so that detecting and correct ing 
errors is a d i f f i c u l t  task. For continuing 
surveys complexit ies compound over time and 
in t roduct ion of modif icat ions to accommodate 
changes in questionnaire design can become 
d i f f i c u l t  -- i f  not r isky .  The need for 
multipurpose edi t  and imputation programs has 
become increasingly c lear .  

The flow of a data record through al l  stages 
of error  detect i on and correct i on i s a 
combination of automated procedures, manual 
review, and an in te rac t i ve  combination of the 
two. The order of various features in tile error 
detection and correct ion process varies from 
i n s t i t u t i o n  to i n s t i t u t i o n .  Programs for 
checking cons i stency between items on a 
questionnaire and imputing for missing data must 
be integrated with programs which assign and 
check Standard Industr ia l  C lass i f i ca t ion  (SIC) 
codes, evaluate geographic coding, and so on. 
We describe below the sequence of a c t i v i t i e s  at 
the Census Bureau for data consistency checks 
for the typical  economic establishment survey or 
census. 

The data co l lec t ion  instrument is a pr inted 
survey questionnaire which is mailed to the 
survey uni verse to be returned to the 
Je f fe rsonv i l l e ,  Indiana f a c i l i t y  of the Census 
Bureau where data is keyed. During data entry 
there are rudimentary checks to detect data 
entry errors.  The data entry clerk is alerted 
to possible errors by edit  checks and he/she can 
examine the form that has been keyed to 
determine i f  the value keyed was as reported or 
i f  there was a keying er ror .  Errors can be 
caused by data entered into the wrong key-code, 
extra or not enough d i g i t s ,  incor rec t l y  punched 
characters, or other problems of th is  sor t .  The 
data entry clerk is only responsible for 
correct ing keying errors and is not responsible 
for correct ions to respondent data. Detecting 
and preventing errors at the time of data entry 

is usually thought of as qua l i ty  control of the 
data entry process. Keyed data are sent to 
headquarters in Suit land, Maryland where they 
are run through an automated batch edi t  program 
which detects inconsistencies, makes changes to 
the keyed respondent data, and imputes for 
missing responses, see Greenberg and Petkunas 
(1987). 

Within the automated edi t  and imputation 
rout ines,  selected records are targeted as 
re fer ra l  cases and are directed for analyst 
review. The c r i t e r i a  t y p i c a l l y  are: ( I )  large 
change to reported data, (2) imputations for 
large establishments, and (3) unsuccessful 
imputation of a value that w i l l  pass tolerance 
checks. The analyst w i l l  review referra l  cases, 
make adjustments i f needed, and send 
establishment records back through the automated 
edi t  and imputation rout ines. The automated 
routines may accept the analyst changes and send 
the record to the tabulat ion record f i l e ,  or 
they may fur ther  adjust the data record. In the 
l a t t e r  case, the system may send the revised 
record d i r ec t l y  to the tabulat ion f i l e  or i t  
may, once again, d i rect  the record for analyst 
review. 

During the review process, an analyst can 
accept or overri  de act ions taken by the 
automated system. The analyst w i l l  have the 
respondent's quest ionnaire, w i l l  be able to cal l  
respondents by telephone, and w i l l  have the use 
of a l te rna t i ve  data sources to determine a 
reasonable number to impute for nonresponse or 
to adjust an assumed erroneous f i e l d  value. 
Changes made by the analyst are often quite 
subject ive and could be a source of subsequent 
edi t  f a i l u r e .  After an analyst wri tes the 
changes onto a referra l  document the changes are 
sent to Je f fe rsonv i l l e  to be keyed onto the data 
records. D a t a  records are run through batch 
edi t  processing again. A record can, once 
again, be targeted for changes and review, and 
th is  process can pass through several i t e ra t ions  
before reso lut ion.  

The cycle of automated routines followed by 
analyst review and back  again involves ( i )  
processing records at headquarters, (2) sending 
re fer ra l  l i s t i ngs  to Je f fe rsonv i l l e ,  (3) hand 
correct ions to referra l  documents, (4) keying of 
correct ions,  (5) sending correct ions back to 
headquarters, and (6) a subsequent cycle of 
processing at headquarters. There are ample 
opportuni t ies for delays and new errors ( for 
example, in keying), and these mul t ip ly  as the 
number of cycles grows. 

The need for an on- l ine ,  in te rac t i ve  analyst 
review capabi I i ty has been evi dent. The 
object ive is for an analyst to key correct ions 
d i r ec t l y  onto the data record during the review 
process and have changes edited as they are 
entered. Such a capab i l i t y  would streamline the 
review process, make i t  ~ore e f f i c i e n t ,  and 
reduce fur ther  errors.  We have added an on- 
l i ne ,  in te rac t i ve  ca i )ab i l i ty  into SPEER, which 
is described in Section I I I .  This capab i l i t y  
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makes the review process more e f fec t i ve  and time 
and cost e f f i c i e n t .  

The SPEER system was developed to adapt the 
innovations in ed i t ing made at S ta t i s t i c s  Canada 
by Fellegi and Holt (1976) and Sande (1976,1978, 
and 1981) to economic establishment surveys 
under ra t io  ed i ts .  Although SPEER was designed 
for  automated batch processing, the system has 
evolved the capab i l i t y  to perform in te rac t i ve  
review of re fer ra l  records and in te rac t i ve  data 
ent ry .  The system can incorporate a wide 
var ie ty  of user -spec i f i c ,  user-speci f ied 
requirements and is s u f f i c i e n t l y  f l e x i b l e  to 
accommodate diverse user expert ise wi th in a 
coherent s t ruc ture .  The design of SPEER has 
moved into the area of expert systems in an 
attempt to integrate mathematical methodologies 
with subject-matter exper t ise.  Survey s ta f f  are 
extremely knowledgeable about the survey 
quest ionnaire,  the target  populat ion, and in 
many instances spec i f ic  sources of response 
error  and nonresponse. The SPEER st ructure has 
been designed to allow th is  expert ise to be 
incorporated into the SPEER edi t  and imputation 
programs. 

Survey s ta f f  have a rather propr ie tary  
fee l ing about the i r  data -- and on balance that  
fee l ing is valuable. They have a great deal of 
expert ise which they bring to processing tasks 
and they pride themselves on producing the best 
products they can. They w i l l  not w i l l i n g l y  
t r us t  the i r  data to a "black box" to which they 
cannot contr ibute and over which they have 
l i t t l e  cont ro l .  In the end, the survey s ta f f  
does bear respons ib i l i t y  for the data products 
and they must know that the i r  special expert ise 
is being u t i l i z e d .  In the design of a 
multipurpose edi t  and imputation system one must 
pay careful a t tent ion to user acceptance --  and 
acceptance i s enhanced by f l  exi bi I i ty  and 
comprehensib i l i ty .  

One of the sa l ient  benefi ts in a multipurpose 
edi t  and imputation system is that a wide range 
of survey s ta f fs  can partake of advances in edi t  
methodology. To the extent that rigorous 
ed i t ing methods and processing procedures form 
the core of a general system, these techniques 
can be brought to users who otherwise would not 
have ready access to them. Moreover, a 
multipurpose edi t  and imputation s t ructure which 
l inks edi t  and imputation funct ions while not 
locked into any single imputation method w i l l  
give users the opportuni ty to test  and evaluate 
diverse techniques for imputat ion. In th is  
discussion, we do not concentrate on any 
pa r t i cu la r  imputation methodology wi t I l in SPEER 
but rather address the edi t  system as a whole 
and regard imputation as a user defined 
component. 

In Section I I ,  we describe SPEER capabi l -  
i t i e s ,  s t ruc ture ,  and basic methodology. We do 
not go into great depth and refer the reader to 
Greenberg (1981, 1982, 1987a and 1987b) and 
Greenberg and Surdi (1984) for  more detai l  on 
methodology. We describe the expert system 
aspects of SPEER and discuss how working with 
users led to the evolut ion of the SPEER 
system. In Section I I I  we describe the on- l ine,  
i n te rac t i ve  features in SPEER for review of 
re fer ra l  documents and as a Computer Assisted 
Data Entry device --  CADE, in the emerging 

jargon. In Section IV we describe actual uses 
of SPEER. 

I I .  METHODOLOGY IN SPEER 

SPEER is a multipurpose edi t  and imputation 
system for numeric data under ra t io  ed i ts .  For 
our purpose, a typ ica l  establishment record w i l l  
consist of a vector with numeric data f ie lds  

(x I . . . . .  Xn). 

A ra t io  edi t  is the requirement that the 
quot ient of two f i e l d  values l ies  between 
prescribed bounds which are read into the system 
as parameters. A typ ica l  ra t io  edi t  is of the 
form 

L i j  <__ x i /xJ  < U i j  

where L. and U are the lower and upper 
allowed ~ m i t s  fo lJ the ra t io  of x- to x . .  For 
example, the ra t io  of the annual ~otal ~a lar ies 
paid to construct ion workers divided by annual 
to ta l  hours worked by construct ion workers must 
be wi th in reasonable l i m i t s .  

SPEER is divided into four main components: 
Edit Generation, Edit Checking, Error Local iza- 
t i on ,  and Imputation. 

I f  

L12 _< Xl/X 2 _< UI2 

L23 _< x2/x 3 <__ U23, 

are two ra t io  ed i ts ,  the implied edi t  is 

L12L23 <_ Xl/X 3 <__ U12U23. 

Star t ing with a set of user supplied e x p l i c i t  
edi ts the Edit Generation subroutine f i r s t  
derives al l  implied ed i ts .  These are returned 
to the survey s ta f f  so they can evaluate the 
logical  impl icat ions of the ra t ios and bounds 
they provided. At th is  stage inconsistencies in 
the user-supplied bounds can be detected and any 
unexpected impl icat ions of the e x p l i c i t  edits 
can be examined. Adjustments to the bounds are 
made and the revised l im i t s  are processed 
through the edi t  generator for  subsequent 
analys is .  This process can be repeated. Af ter  
subject-matter spec ia l i s ts  are sa t i s f i ed  with 
the e x p l i c i t  ra t ios they are entered into the 
edi t  routines as parameters. Note that since 
there are n f ie lds  and each edi t  consists of 
exact ly two f i e l ds ,  there w i l l  be 

n 
(2) : n(n-1} /2 

edi ts and any pa i r  of f ie lds  w i l l  be j o i n t l y  
contained in some ed i t .  

The implied edits allow for multiway 
comparisons between f ie lds  to aid in determining 
po ten t i a l l y  erroneous values. For a general 
discussion of the uses of implied edits for both 
categorical and continuous data, see Fellegi and 
Holt (1976). In Greenberg (1981 and 1982) we 
show how edits are generated for SPEER and 
provide a number of examples. 
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Edit checking is a very simple operat ion;  the 
program determines which edi ts pass or f a i l  for  
a given record. The f u l l  set of edi ts  - - b o t h  
e x p l i c i t  and impl ied --  are used in the Edit 
Checking rout ine•  I f  a l l  edi ts pass and no data 
values are missing, the record is considered 
acceptable. I f  no edi ts f a i l  but some data 
items are missing the record is sent for  
imputation of the missing f i e l d s .  In addi t ion 
to the use of current reported data for  ed i t  
checking, data can also be checked against p r io r  
year data or against admin is t ra t ive  data 
values. Pr ior -year  edi t  checks are extensive ly  
used in the Annual Survey of Manufactures 
adaptation of SPEER --  see Section I I I  and 
Greenberg (1981). 

I f  one or more edi ts are fa i l ed  by a record, 
the record is sent to Error Loca l iza t ion to 
determine a set of f i e lds  to delete so that  the 
remaining f i e l ds  w i l l  be mutual ly cons is tent .  
That i s ,  the remaining f i e lds  w i l l  j o i n t l y  f a i l  
no ed i t s .  Typ ica l l y  the ob jec t ive  is to delete 
as few f i e l ds  as possib le.  Fields can be 
weighted to r e f l ec t  t h e i r  overal l  r e l i a b i l i t y  
with more r e l i ab l e  f i e l ds  having a higher 
weight.  The ob ject ive then becomes to delete a 
weighted minimal set of f i e l ds  so that the 
remaining are mutual ly cons is tent .  

Each ra t io  edi t  involves exact ly two f i e lds  
and the er ror  l o ca l i za t i on  rout ines in SPEER 
take advantage of th is  s t ruc tu re .  We represent 
the pattern of fa i l ed  edi ts  by a graph in which 
f i e l ds  correspond to nodes and arcs represent 
f a i l ed  edi ts  between the corresponding nodes. 
The graph in Figure i ind icates that f i e l d  3 
fa i l ed  edi ts  with f i e l ds  I ,  2, 4, and 5; f i e l d  4 
f a i l s  edi ts with f i e lds  2 and 3 and so on. 

Q @ 

Figure I .  Failed Edit Graph 

The ob ject ive  is to delete a subset of the nodes 
in th i s  graph so that  there are no arcs 
remaining; thus there are no remaining fa i l ed  
ed i t s .  A (minimal weighted) set of nodes 
selected for  de let ion in the graph corresponds 
to a (minimal weighted) set of f i e lds  to target  
for  co r rec t ion .  Let us assume that  correspond- 
ing to the diagram above, f i e l d  2 and f i e l d  3 
are targeted for  de le t ion .  As there are no arcs 
j o i n i ng  the remaining nodes the corresponding 
f i e l ds  are mutual ly cons is tent .  

One can select imputation values for  the 
deleted f i e lds  so that  a l l  f i e l ds  on a record 
w i l l  be mutual ly cons is tent .  That is ,  i t  is 
possible to assign values to f i e lds  2 and 3 in 
such a way as to ensure that  they are consistent 
with each other and the remaining f i e l ds  so that  
a l l  f i e l ds  are mutual ly cons is tent .  The 
procedure for  se lect ing nodes to remove from the 
f a i l ed  ed i t  graph is described in Greenberg 
(1981). New f i e l d  values are assigned in the 
imputat ion subroutines of SPEER. 

The underly ing methodology in the Error 
Loca l iza t ion rout ine employees the methods 
introduced in Fel legi  and Holt (1976). A fa i l ed  
ed i t  matr ix is set up in which rows of the 
matr ix correspond to fa i led  edi ts and columns 
correspond to f i e l d s .  To f ind a minimal 
weighted set of f i e lds  to revise on an edi t  
f a i l i n g  record, one solves, in p r i n c i p l e ,  a Set 
Covering Problem. A discussion of the Set 
Covering Problem as applied to er ror  
l o c a l i z a t i o n  for  automated edi t  and imputation 
is contained in Garfi nkel ,  Kunnathur, and 
Liepins (1986) and Liepins,  Garf inkel and 
Kunnathur (1982). 

Suppose (a f te r  re-order ing i f  necessary) that  
f i e l ds  x I . . . . .  × for  k<n were reported and not 
targeted for c~ange by--the error  l o c a l i z a t i o n  
subrout ine.  This means that  they are mutual ly 
cons is tent .  In p a r t i c u l a r ,  for  a l l  i , j < k ,  the 
ra t ios  

Lij < xi/x j < Uij, 

are satisfied, that is, all edits involving 
these fields are satisfied; so these fields are 
mutually consistent. If k=n, then the complete 
record is consistent. Assume now that k<n, and 
l e t  us establ ish an imputation range for  
x~1or~it$ Note that for a l l  j<k we have the 

Lk+l, j < Xk+i/x j < Uk+l, j 

and by mu l t i p l y ing  through by x we also have 
the pair of inequalities J 

XjLk+l ,  j <__ Xk+ I <__ XjUk+l, j 

where x j ,Lk+ l , j  Uk+ l , j  are known constants for  

a l l  j<k.  Each j = l ,  . . . .  k determines an in terva l  
in wh--ich Xk+ I must reside to be cons{stent 
with x • Thus, i f nXk_Ivte~r z I i es i n the 
in te rsec t ion  of the k i als defined above, 
i t  w i l l  be consistent--with each of the f i e lds  x 
for  j = l  . . . . .  k. Since the e x p l i c i t  edts-i  ar~ 
cons is tent ,  the in te rsec t ion  is not empty, see 
Greenberg (1981), and i t  is referred to as the 
feas ib le  region for f i e l d  x k. This region can be 
represente-d by the shaded area below, where the 
parenthesis represent upper and lower l i m i t s  
for  x based on the various x . That i s ,  
l e f t  k+land r igh t  paranthesi~ represent, 

respec t ive ly ,  XjLk+l, j and XjUk+l, j for each 
j<k• Note that the innermost bounds for the 
f-e-asible region do not necessari ly come from the 
same ra t io  ed i t .  

( ( ( ( . . . . . . . . . . .  ) ) ) ....... ) 

Figure 2. Feasible Region 

Under each implementation to date, f i e lds  
have been imputed sequent ia l l y .  For each f i e l d  
to be imputed --  whether missing or deleted due 
to ed i t  f a i l u res  --  the feas ib le  region is 
der ived. An imputation value is selected which 
l i es  wi th in  the feas ib le  region and thus w i l l  be 
consistent  with every other f i e l d  value on the 
record; e i ther  reported and accepted or imputed 
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at an ea r l i e r  stage. The imputations are based 
on strategies selected by subject-matter 
spec ia l is ts  and they are incorporated into the 
SPEER system. Since each imputation w i l l  l i e  
wi th in the feasible region, one can guarantee 
that no imputed value w i l l  f a i l  the ed i ts .  

In each actual use of SPEER, the routines for 
Edit Generation, Edit Checking, and Error 
Local izat ion have remained ( v i r t u a l l y )  
unchanged. However the imputation procedures 
were d i f f e ren t  for each implementation. The 
imputation rules are designed by survey s ta f f  
based on special considerations and appropriate 
s t a t i s t i c a l  procedures. For example, in some 
wel l -def ined cases a blank can be reasonably 
inferred to represent a zero and one imputes a 
zero for blank in these cases. At times 
respondents report in d i f f e ren t  units than 
specif ied by the ins t ruc t ions .  In these cases, 
the imputation is the resul t ing conversion to 
requested un i ts .  Administrat ive data form the 
basis for imputation in other cases. Regression 
models in which the f i e l d  to be imputed is the 
dependent var iable can be employed (Greenberg 
and Surdi 1984). Whatever the methods used, for 
each f i e l d  to be imputed an imputation module is 
created which contains a sequence of imputation 
rules provided by survey s ta f f  for that f i e l d .  

The fo l lowing schematic may represent the 
SPEER structure:  

] MODU 

[ ED,IT CHECK B 

I ERROR lOCALIZATION I 

m I . . . . . . . . . . . .  
IMPUTATION I 

_E _lJ ' " 'MOD!LE~ . . .  [ MODJLEn, 

Figure 3. SPEER Structure 

In the segment labeled "IMPUTATION" the system 
derives the feasible region for imputation as 
was described e a r l i e r .  The sequence of 
imputation rules for f i e l d  x. is embedded in 
Module i .  In addit ion t o l t h e  highly f i e l d  
speci f ic  rules as described above, each module 
contains a simple regression model which can be 
used as a generic imputation in the absence of 
appl icable expert rules and each contains a 
defaul t  imputation. 

Suppose a given f i e l d  is selected for 
imputat ion. F i rs t  the feasible reqion for the 
missing f i e l d  is computed. Next the program 
reaches into the imputation module to obtain 
candidates for the value to be imputed. The 
f i r s t  appl icable rule is examined and an 
imputation is derived based on th is  ru le.  I f  
the derived value f a l l s  wi th in the feasible 
region, i t  is accepted as a val id imputat ion. 
I f  not, the second rule is accessed and an 
imputation value is derived and checked against 
the feasible region. This continues unt i l  an 
acceptable value is reached. The value 
u l t imate ly  selected as the imputation w i l l  
t y p i c a l l y  be derived from subject-matter based 
rules and th is  value w i l l  be consistent with al l  

other f ie lds  on the record because i t  is forced 
to l i e  wi th in the feasible region. I f  no rule 
supplied by subject spec ia l is ts  provides an 
acceptable imputat ion, a feasib le defaul t  
imputation is selected and the record is 
targeted for analyst review. 

Let us provide an example of what a rule 
sequence might look l i ke .  Suppose one is to 
impute for a f i e l d  such as Annual Payroll (APR) 
on an economic census or survey. For 
concreteness, le t  us couch our discussion in 
terms of the 1987 Economic Censuses. Under the 
f i r s t  rule the system might derive an imputation 
based on 1987 Administrat ive Data value for 
APR. I f  that value does l i e  wi th in the feasible 
region, i t  is accepted as the imputation for 
f i e l d  APR. I f  the value derived does not l i e  in 
the feasible region the system might next derive 
a candi date i mputat i on based on 1986 
Administrat ive Data for APR. I f  the candidate 
based on 1986 Administrat ive Data is not 
sui table we pass to a th i rd  opt ion; for example, 
a regression model using one or more related 
f ie lds  might be employed to derive a candidate 
imputat ion. This examination of candidate 
imputation values continues unt i l  a candidate is 
examined which l ies  wi th in the feasib le 
region. 

Imputation rules can be extremely f i e l d -  
spec i f i c .  For example, suppose some f i e l d  is to 
be reported in tons. Assume that the feasible 
region allows val id responses to be between 500 
and 1,000 tons and tile value 1,800,OOU was 
reported and deleted as an er ror .  The f i r s t  
appl icable option might be to div ide the 
reported value by 2,000 based on analyst 
information that respondents sometimes report in 
pounds rather than tons. We would derive 900 
tons and observing that th is value is feasible 
accept i t  as the val id imputat ion. A common 
error  in report ing economic data is that 
respondents sometimes provide answers in dol lars 
rather than in thousands as per i ns t ruc t ions .  
For f ie lds  in which th is  error may occur, the 
f i r s t  rule is usually to divide the reported 
response by 1,000. By having the feasib le 
region to examine, one can in fe r  i f  d iv id ing the 
reported value by I000 y ie lds an acceptable 
value to use for correct ing the f i e l d .  The 
feasible region serves as a screening tool in 
determining whether to accept any candidate 
imputat ion. 

We provide a few examples of survey speci f ic  
rules taken from the 1987 Census of Construction 
Indust r ies.  Two f ie lds  are Cost of Materials 
(CM) and Subout (SO) --  payments made to 
subcontractors. For some establishment records, 
CM may be f a i r l y  high and SO may be blank ( i . e . ,  
not reported).  The sub jec t -s ta f f  inference is 
that the report ing establishment does the actual 
construct ion a c t i v i t i e s  and does not subout to 
contractors.  Thus, SO w i l l  ,be set to (imputed 
as) zero. Conversely, i f  SO is high and CM is 
blank, the reasonable inference is that the 
report ing unit  is a general contractor and CM is 
to be imputed as zero. I f  they are both blank, 
the arguments above do not per ta in.  

Another example from th is  census concerns the 
f i e lds  Supplementary Labor Costs (SLC), 
Voluntary Payments (VP) and Legally Required 
Payments (LE). The f i e l d  LE consist of 
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government required addi t ional  labor cost such 
as social secur i ty payments, unemployment taxes, 
and a few others. The f i e l d  VP covers expenses 
such as health plans, ret irement fund 
contr ibut ions and so on. The to ta l  

SLC = VP + LE 

is supplemental labor costs. On some records, 
due to misunderstanding of the question, 
respondents put al l  of VP into LE. Hence, VP = 
0 and LE is detected as high, but the value for 
SLC (which now equals LE) is a reasonable 
value. When such a case is detected, a port ion 
of the LE value is moved into VP and LE is 
adjusted as wel l .  This type of action would 
general ly have been taken by an analyst when 
reviewing a record. This is an example of 
another type of rule we have incorporated i t  
into the SPEER code. Examples of the use of 
these subject-matter decision rules bu i l t  into 
the imputation protocols abound for each imple- 
mentation of SPEER. 

In addit ion to the very survey - speci f ic  
rules noted here, there are also rules of a inore 
general nature which can be u s e d  across 
surveys. Under the adaptation of SPEER for the 
Annual Survey of Manufactures, a family of 
regression models is employed. The variable to 
be imputed is viewed as the dependent var iable 
with one or more correlated f ie lds  serving as 
independent var iables.  I f  the independent 
variables are present, the model can derive a 
candidate imputation value. When the pr ior  year 
value of the missing f i e l d  is ava i lab le ,  th is  
var iable is also used in the model. 

The imputation modules (shown in Figure 3.) 
contain the survey and f i e l d  speci f ic  expert 
information as provided by subject-matter 
spec ia l i s t s .  In the terminology of expert 
systems, they form the knowledge base. Although 
SPEER was not i n i t i a l l y  designed to be an expert 
system, the need for an expert system philosophy 
in SPEER became apparent very quickly when 
worki ng with prospect i ve users. Systems 
cur rent ly  in use do incorporate sub jec t -s ta f f  
expert ise through a sequence of ru les.  Subject 
s ta f f  are t y p i c a l l y  very re luctant  to replace 
such systems with programs that do not have the 
capab i l i t i es  to take advantage of the i r  
experience and knowledge. 

The mathematical procedures embedded in the 
other SPEER system components form the dr iver  
routines which access the knowledge base and 
assist in select ing from among the decision 
rules.  We have described the ideas taken from 
an expert system structure which allow us to 
blend subject-matter expert ise with mathematical 
procedures. In SPEER the mathematical procedure 
and the subject-matter rules can be treated as 
separate. One can extend the mathematical 
methods and revise the flow of the system as a 
whole, unencumbered by survey-speci f ic  
considerat ions. The survey-speci f ic  rules can 
be examined in the i r  own r i gh t ;  updated and 
revised as needed, independent I y from the 
programs through which they are appl ied. On the 
other hand, the mathematical procedures and 
decision rules are inte~Irated. The mathematical 
procedures provide a framework to assist in 
choosing the most appropriate decision rule and 

to ensure that the value imputed w i l l  pass al l  
appl icable ed i ts .  As an expert system for edi t  
and imputation SPEER does more than provide a 
vehicle for accessing expert rules;  i t  also 
provides a mathematical framework to help decide 
from among the rules, choosing only rules which 
are val id for the record under considerat ion. 

The SPEER programs can handle a large number 
of var iables.  The variables are t y p i c a l l y  
divided into basic and secondary. The basic 
variables are those fundamental to the 
operations of an establishment and these are 
edited j o i n t l y  in a core program as described 
above. The secondary items are grouped into 
s a t e l l i t e s  consist ing of related items and these 
items are edited against one another in each 
s a t e l l i t e .  F i rs t  the basic items are edited 
against each other and then the s a t e l l i t e  items 
are made to conform to the basic items as well 
as each other in the same s a t e l l i t e .  

In the actual implementations of SPEER, 
bui ld ing imputation modules can be a f a i r l y  
time-consuming process. SPEER s ta f f  works 
closely with subject-matter spec ia l is ts  to 
e l i c i t  t he i r  expert ise to design a hierachey of 
imputation rules. Attempting to convert the 
experience of subject analysts into a sequence 
of rules that cover a wide range of imputation 
scenarios is a d i f f i c u l t  process. When the 
process is complete, the subject-matter s ta f f  
does understand the new edit  and imputation 
system. They have a system that i s  r e l a t i v e l y  
easy to change, update, or revi se when 
necessary. The edi t  and imputation program 
resides with the operating d iv is ion as the i r  
product. 

I I I .  ON-LINE, INTERACTIVE SPEER 

The Enterprise S ta t i s t i cs  program consists of 
a series of publ icat ions based on data col lected 
in the censuses of Wholesale Trade, Retail 
Trade, Service Industr ies,  Manufacturers, 
Mineral Industr ies,  Construction Industr ies,  and 
selected Transportation indust r ies .  Two of the 
reports include: the Large Companies 
publ icat ion and the Aux i l ia ry  Establishment 
pub l ica t ion .  

The Large Companies publ icat ion is based on 
responses to questionnaires sent to companies 
with 500 or more employees in the industr ies 
above. The published tables show selected 
f inanc ia l  s t a t i s t i c s  of large companies. The 
Aux i l ia ry  Establishments publ icat ion presents 
data on aux i l i a ry  units of mult i -establ ishment 
f i rms. The primary functions of aux i l i a ry  
establishments are to manage, administer,  
service, or support the a c t i v i t i e s  of the other 
establishments of a company.  Examples of 
auxi l i a r y  establishments are research and 
development centers, warehouses, and 
administ rat ive o f f i ces .  Published tables furnish 
detai led f inancia l  s t a t i s t i c s  of aux i l i a r i es  by 
industry c l ass i f i ca t i on  of management or 
supporting service functions they provide, the i r  
employment size, and the i r  geographic locat ion .  

The f i r s t  implementations of SPEER were for 
the 1982 Enterprise Summary Report (ES-9100) and 
1982 Aux i l ia ry  Establishment Report (ES-9200). 
The Enterprise Summary Report provides data for 
tile Large Companies publ icat ion and the 
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Aux i l ia ry  Establishment Report provides the data 
for the Aux i l ia ry  Establishments pub l ica t ion .  

The decision was made to employ SPEER once 
again to edi t  these two report forms for the 
1987 Economic Censuses. We employed the most 
current version of the SPEER programs in order 
to take advantage of the newly developed on- 
l i ne ,  in te rac t i ve  capab i l i t i es  for review of 
re fer ra l  cases. Two versions of SPEER were 
designed; one for each of these programs. As 
subject matter s ta f f  were fami l i a r  with SPEER 
requirements due to work on the 1982 censuses, 
the development process went f a i r l y  qu ick ly .  

When the SPEER in te rac t ive  routines are used 
for processing of referra l  record, the system 
converses with the analyst using i t .  The 
analyst can override the decision rules residing 
in the batch version of the system and replace 
them based on his/her expert ise and aux i l i a ry  
information about the case under review. Using 
th is  system, the analyst accesses a speci f ic  
record and reviews the processing done by the 
automated system. The analyst t y p i c a l l y  has the 
or ig ina l  respondent quest ionnaire, can call  the 
respondent by telephone, or can access other 
related information not on the establishment 
data record. Based on th is  addit ional  
information and his/her own experience, an 
analyst may overrule the decision rules bu i l t  
into the automated system. 

The batch version of SPEER and the on- l ine ,  
in te rac t i ve  versions have the very same 
underlyin~ program. The di f ference is that the 
in te rac t i ve  version of the program pauses at 
selected points in the code to wait for input 
from the keyboard as i t  is in conversational 
mode with the user. In the remainder of th is  
sect ion, we w i l l  describe features in the 
in te rac t i ve  version and discuss how i t  is 
used. The system is menu-driven and allows a 
user to in teract  with al l  SPEER subroutines. 
The exact in te rac t i ve  capab i l i t i es  as well as 
screen display were dictated by subject 
spec ia l is ts  in the Enterprise S ta t i s t i cs  Branch, 
Economic Surveys Div is ion,  with whom we worked 
closely throughout. 

When using the in te rac t ive  version of SPEER 
to review a referra l  record, the analyst w i l l  
indicate which f i e ld  he/she wishes to examine. 
The program can display the current resid iny 
f i e l d  value, the reported value ( i f  any), 
candidate values derived from each imputation 
opt ion,  and the range of the feasible region. 
Provided with these system guidel ines,  the 
analyst has information at h is/her disposal to 
assist in the decision making process and w i l l  
select an imputation value for the f i e ld  under 
review. I f  there is reason to believe that the 
most appropriate imputation value l ies  outside 
the feasible region ( for  example, because of 
explanatory notes on the form or through a c a l l -  
back to the respondent), the analyst has the 
option of entering an imputed value outside the 
range. 

I f  there is a second f i e l d  to be reviewed on 
th is  record, the program can display on the 
monitor the feasible region, cur rent ly  residing 
value, the reported value ( i f  any), and 
candidate values for imputes derived according 
to each option as i t  did for the f i r s t  f i e l d .  
Note, however, that each of these values is 

based, in part ,  on the new value of the revised 
f i r s t  f i e l d .  As above, the analyst w i l l  
determine an appropriate imputation value to 
enter and move on to the next f i e l d ,  i f  any. 
Af ter  al l  f ie lds  have been examined and adjusted 
i f  needed, the review is complete. The revised 
record w i l l  be consistent and no fur ther  batch 
processing w i l l  be required. 

In Figure 4 we show a very s impl i f ied  version 
of the in te rac t i ve  imputation display which can 
be seen by an analyst.  Using the 1987 Economic 
Censuses as example, consider the review of 
Annual Payroll (APR). The display shows an 
acceptable range (the feasible region) for APR 
from 250 to 750. The current value as was 
derived by the automated system is 375. The 
next value is the actual reported value of 82 
followed by the value derived from 1987 
Administrat ive Data and the candidate 
imputations based on 1986 Administrat ive Data, 
1982 Economic Census data, etc. The blank next 
to 1982 Economic Census posi t ion indicates that 
the 1982 Economic Census value was not avai lable 
to derive a candidate imputat ion. The values of 
225 and IRO are those derived from the 
appropriate regression models. The "average 
value impute" is based on the average value of 
the ra t io  of APR and some related f i e l d .  The 
ordering above ref lects  the order in which the 
rule options are applied by the batch version of 
the system. Note the "current value" 
corresponds to the f i r s t  acceptable candidate 
imputation opt ion. Observe also that the two 
regression models y ie ld  values outside the 
feasib le region. 

By having the range in which the imputed 
value must f a l l  to be consistent with al l  
f i e l d s ,  plus a var iety of opt ions, the analyst 
then has a s ign i f i can t  amount of information at 
h is /her  disposal to assist in the review of a 
referred case. The analyst can supply an 
imputed value other than one of those shown 
below through the use of "Option 8". He/she can 
also impute a value outside the feasible region 
and have the system accept the value through the 
use of a m u l t i p l i e r .  A m u l t i p l i e r  is used to 
extend the range of the feasible region by 
extending the l im i t s  of the ra t io  ed i ts .  For 
example, the analyst may discover through a 
cal l -back that the reported value is actual ly  
correct and re instate the value 82. 

IMPUTATION OPTIONS FOR APR 

A. RANGE OF APR: (250,750) 
B. CURRENT VALUE: 375 

OPTIONS 
i .  REPORTED VALUE: 82 
2. 1987 ADMINISTRATIVE DATA: 375 
3. 1986 ADMINISTRATIVE DATA BASED: 43U 
4. 1982 CENSUS DATA BASED: 
5. REGRESSION MODEL I: 22b 
6. REGRESSION MODEL 2: 180 
7. AVERAGE VALUE IMPUTE: 403 
8. ANALYST SUPPLIED VALUE: 

Figure 4. In teract ive Imputation Display 

Through whatever means, the anal yst may 
determine a revised imputation for f i e l d  APR and 
enter i t  on the data record. This value is 
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accepted by the program and f i e l d  APR is 
considered to be completed. 

I f  there is a second f i e l d  to be reviewed on 
th is  record, for  example, Number of Employees 
(EMP), the program once again can display on the 
terminal screen the feasib le region for EMP, 
cur rent ly  residing value, and candidate values 
for imputes derived according to each opt ion; as 
i t  did for APR. Note that the imputation rules 
for f i e l d  EMP w i l l  be d i f f e ren t  from those used 
for  APR. The feasib le region and each of the 
candidate imputation values is based, in par t ,  
on the new value of APR jus t  entered by the 
analyst .  As above, the analyst w i l l  determine 
an appropriate value for EMP, enter th is  value, 
and move on to the next f i e l d  to be reviewed, i f  
any. Af ter  al l  f i e lds  needing review have been 
examined and adjusted i f  needed, the review is 
compl ere. The revised record wi 11 be 
consistent ,  and no fur ther  batch processing w i l l  
be required. The analyst w i l l  return the 
completed record to the data base and select the 
next record for review. 

One of the most valuable features for the 
survey s ta f f  was the display of the feasib le 
region. This information served as a guide in 
the select ion of imputation opt ions. I f  the 
feasib le region was, for example, the interval  
(100,350) for some f i e l d ,  the analyst could 
enter a value of ,  for example, 500. The system 
would a le r t  the analyst that the value was 
outside the range and ask i f  that value was in 
fact desired. I f  the response was "yes", the 
range would be increased to (approximately) the 
new in terva l  (68,506). This is done through the 
use of a m u l t i p l i e r ,  and the upper l i m i t  would 
be mu l t ip l ied  by 10/7 and the lower by 7/10 and 
a l i t t l e  "margin of error"  would be added. For 
the record under review every ra t io  containing 
that  f i e l d  w i l l  also have i t s  upper and lower 
bounds expanded so that the new, previously 
"out-of-bounds" value w i l l  no longer be out of 
bounds, and hence f~ i l  no ed i ts .  The rat ios are 
reset to i n i t i a l  values for the next record. 
Thus, a non-typical record can be made 
acceptable to prevent unnecessarily forc ing 
conformity to pr io r  assumptions. 

The important observation from the 
perspective of an expert system is that a true 
expert (the analyst) converses with the 
automated expert program in order to augfnent the 
system expert ise and override decision rules as 
needed. Analysts have found th is  system easy to 
use, and i t  makes the i r  decisions in the review 
of establishment records less tenuous than has 
previously been the case. The design of the 
screen and many of the var iat ions in the system 
were based on requests from survey s t a f f .  The 
display shown above is an early version of the 
imputation screen. 

The in te rac t i ve  SPEER does much more than 
allow analysts to a l t e r  imputation decisions 
made by the batch programs. The program is menu 
driven with a large number of opt ions, which we 
describe below. In Figure 5. we disiJlay Screen 
One of the in te rac t i ve  SPEER used for re fer ra l  
cases on the Enterprise Summary Report, ES- 
9100. Screen One covers the basic items on the 
ES-glO0 report form. This is where a major 
port ion of an analyst 's  time w i l l  be focused 
because the basic items contain much of the 
important information about an ~.stablishment. 
The s a t e l l i t e  items are treated on subsequent 
screens. There are a to ta l  of 3 screens, 9 
basic ite.ns, and 46 s a t e l l i t e  items in the ES- 
910Q edi t  programs. The top l ine  contains 
spec i f i c  information i den t i f y i ng  the company. 
Included in th is  header l ine are the Census Fi le  
Number, the name of the establishment, the 1982 
category code, the 1987 category code, and the 
Microf i lm Reference number. 

The f i r s t  column on the l e f t  displays the 
mnemonics for each basic item: Number of 
Employees (EMP), Annual Payroll (APR), F i rs t  
Quarter Payroll (OPR), Fringe Benefits Required 
(FBR), Sales (SLS), Total Ending Assets (AET), 
Total Assets (TOT), Total Rental Payments (RPT), 
and Accumulated Depreciation for the End of Year 
(AOE). 

The next two columns display data values for 
each of the basic items. All do l la r  values are 
displayed in thousands oF do l la rs .  Column two 
shows the data values as they appear a f ter  they 
are run through the complex edit  batch 

9999999901 The American Weigh CAT82-999A CAT87:9999 99991 
Mnem Current Reported ST Lower Upper 

EMP i000 i000 R 971 2963 
APR 32000 32000 R 17066 32947 
QPR 7111 3000 X 4267 11250 
FBR 2843 0 1545 5525 
SLS 120000 120000 R 74866 180415 

AET 66945 i00000 X 65632 69804 
TOT 60000 60000 R 57543 203031 
RPT 1200 0 I 64 2160 
ADE 50500 50500 R 14202 51510 

Action taken" Mult: 1.0 Analyst: TFP 2/14/88 Rank- 17 
Flags : AETDET AETDIMP TOTDET TOTDIMP ABTDET ABTDIMP FGCET 

ACTIONS: 0.Accept l. Delete 2.Run SPEER 3.Restore reported 
5.Impute 6.Restore complx 7.Next screen 8.Return 
9. View reported C.View complex M.Change mult 

FIGURE 5. Display for  ES-9100 Screen One 
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programs. Values in th i s  column are considered 
to be consistent  with each other .  Next are the 
o r i g i n a l l y  reported values for  each basic item 
for  t h i s  company. For those items whose 
reported value d i f f e r s  from the current value, 
the current value is h igh l igh ted .  

The four th column displays the current status 
f lag  for  each basic i tem. There are f i ve  
d i f f e r e n t  status f lags:  reported greater than 
zero and passed edi ts  (R), reported greater than 
zero and changed by SPEER edi t  (X), reported 
greater than zero and set equal to zero by SPEER 
ed i t  (Z), imputed to a pos i t i ve  value from zero 
( I ) ,  and a nonresponse set of zero (N). The 
f i na l  two columns display the lower and upper 
l i m i t s  of each basic i tem's feas ib le  region. A 
value must l i e  in th i s  region to be considered 
consistent  with a l l  other basic i tems. 

The f i r s t  l i ne  Following the data displays 
the record m u l t i p l i e r ,  the ana lys t ' s  
i d e n t i f i c a t i o n ,  today's date, and the company's 
rank. The company's rank shoves how large th i s  
p a r t i c u l a r  company is in re la t ion  to the en t i re  
universe. Typ ica l l y ,  companies with a rank of 
10 or higher w i l l  be given ~nore a t ten t ion  from 
the analys t .  

Flags displayed on the next l ine  describe 
changes to the en t i re  record - -  not j us t  the 
changes for  the basic items on screen one. This 
al lows the analyst to see a snapshot of the 
en t i re  record wi thout sc ro l l i ng  through a l l  the 
screens. For example, the f lag FGCET t e l l s  the 
analyst  the f i e l d  Capital Expenditures (CET) has 
been changed by a substant ia l  amount. The 
d e f i n i t i o n  of a "substant ia l  amount" being 
decided beforehand by subject -mat ter  
s p e c i a l i s t s .  

The menu contains I I  act ions designed by t~le 
subject -mat ter  s p e c i a l i s t s .  Ne describe each of 
them below. 

O. Accept : 
This option is used to ind ica te  that  the 
present status of the record is 
acceptable. This may be the status 
d i r e c t l y  a f t e r  the batch run wi th no 
analyst act ion or i t  may be a f te r  analyst 
changes have been made. When th is  option 
is entered, the record is sent back in to  
the database where i t remains unt i 1 
t abu la t i on .  

1. Delete: 
This option is designed to remove a record 
from the database. When th is  option is 
entered, a f lag is set and remains with the 
record. The record is then returned to the 
database where i t  w i l l  remain un t i l  a batch 
program deletes a l l  records wi th th i s  
f l ag .  Since the Delete option does not 
actual ly remove the record from the 
database instantaneously ,  i t  is s t i l l  
possible for  the analyst to access th is  
record i f  needed. 

2. Run SPEER: 
Invoking the SPEER edi t  allows the analyst 
to immediately see how the changes he has 
made w i l l  e f fec t  the rest of the record. 
This option also allows the analyst to 
perform a number" of "What i f ' s " .  That i s ,  

the analyst can t r y  a number of 
a l t e rna t i ves  to see how each one w i l l  
a f fec t  th is  record. 

3. Restore reported: 
This option re ins ta tes the o r i g i n a l l y  
reported data with one key s t roke.  This 
option is useful for  records that  may not 
conform to the edi ts  but whose reported 
data are determined to be cor rec t .  This 
e l iminates enter ing reported data for  every 
f i e l d .  

5. Impute: 
This option blanks out a l l  values to al low 
the analyst to impute an en t i re  record from 
jus t  one or two spec i f ied  data values. 
Typ ica l l y  an analyst w i l l  use th i s  option 
to impute the en t i re  record from f i e l ds  EMP 
and QPR using data from admin is t ra t i ve  
records. 

6. Restore complex: 
This option re instates the data values as 
they were o r i g i n a l l y  displayed at the s ta r t  
of th is  session. 

7. Next Screen: 
This option displays the next screen whicl~ 
contains other data i tems, t y p i c a l l y  
s a t e l l i t e  and deta i l  i tems. The subsequent 
screens also have menus and enable the 
analyst  to revise data. 

8. Return: 
This option returns the record to the 
database to be reviewed again at a l a te r  
t ime. This is helpfu l  i f  an analyst needs 
more informat ion to review a re fe r ra l  but 
that  informat ion is not immediately 
ava i lab le .  The analyst  can go on to 
another re fe r ra l  and come back to t i l i s  one 
when that  informat ion is ava i l ab le .  

9. View reported: 
This option displays a l l  the o r i g i n a l l y  
reported values on one screen. This gives 
the analyst a p ic ture  of the en t i re  
establ ishment wi thout  paging through a l l  
screens. 

C. View complex: 
This option displays a l l  the current ed i t  
values on one screen. Again, th i s  gives 
the analyst  a p ic ture  of the en t i re  
establ ishment wi thout  paging through a l l  
screens. 

M. Change mult :  
This allows the analyst to manually change 
the m u l t i p l i e r  for  th is  record. This w i l l  
overr ide the m u l t i p l i e r  that  is cu r ren t l y  
used, whether is was ca lcu la ted by the 
SPEER ed i t  or ca lculated manually by an 
ana lys t .  The analyst can also set the 
m u l t i p l i e r  equal to " i n f i n i t y "  which would 
al low the en t i re  record to pass ed i t s .  
This can be done  when res tor ing the 
reported data. 
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Actions 1, 3, 5, and 6 have  safeguards 
incorporated into them. I t  takes two keystrokes 
to invoke these act ions. After select ing one of 
these act ions, a bell sounds, the menu 
disappears, and a message is displayed. This 
guards against an analyst overwr i t ing the 
current data by mistake or delet ing a record 
from the universe by accident. 

The SPEER programs can generate a large 
quant i ty of diagnostic information on a record- 
by-record basis. The choice of diagnostics to 
be displayed on the screen is one of the options 
given to survey s ta f f .  

In addit ion to a large amount of diagnostic 
information avai lable to the analyst at time of 
record review, information is also avai lable to 
managers to monitor the review process. 
Information is avai lable on the performance of 
ind iv idual  analysts and between analysts.  For 
example, one can monitor how often each analyst 
employed a m u l t i p l i e r ,  accepted the automated 
system actions, over-ruled the system, made a 
telephone cal l  to the respondent, and so on. In 
addit ion to monitoring performance of tile 
indiv idual  analyst to evaluate his/her work, one 
can observe s i m i l a r i t i e s  across analysts. One 
use of th is  capab i l i t y  is to detect the 
frequency with which the automated system has 
been over-ridden by the analysts to determine i f  
changes should be made in the automated 
system. As far as we know, these capab i l i t i es  
are the f i r s t  to monitor the a c t i v i t i e s  of 
ind iv idual  analysts, evaluate the i r  performance, 
and use th is  information to understand and 
perhaps improve th is  highly subject ive and 
important process. 

SPEER is wr i t ten in f a i r l y  simple FORTRAN and 
is easy to t ransfer  from one operating system to 
another and the programs were adapted to 
microcomputers with no d i f f i c u l t y .  The batch 
version of SPEER for the ES-9100 and ES-9200 
questionnaires was run on the UNISYS operating 
system pr imar i l y  due to communication l ines 
established between headquarters in Suit land and 
the Je f fe rsonv i l l e  processing center. After 
records were run in batch mode on the UNISYS 
mainframe, referra l  cases were down-loaded to a 
local area network. Analysts performed the i r  
review of referra l  cases using IBM 
microcomputers connected through the local area 
network sharing a single database. 

As noted above, when the in te rac t i ve  system 
is used, new data values are edited at the time 
they are entered onto a record. This capab i l i t y  
led to the development of an on- l ine data entry 
and edi t  program. This SPEER data entry systetn 
has been used by Industry Division for the 1989 
Annual Survey of Manufactures for late adds. 

The Annual Survey of Manufact~Jres (ASM) 
provides for intercensal year estimates of key 
measures of manufacturing a c t i v i t y  for industry 
groups and important indus t r ies .  These  key 
measures, as well as other detai led s t a t i s t i c s  
for manufacturing, are col lected in the censuses 
of manufactures. An annual survey has been 
taken each of the years between censuses 
s ta r t ing  with 1949. During intercensal periods, 
these annual surveys provide a continuous series 
of basic s t a t i s t i c s  for industr ies and they 
furnish benchmarks for current business 

indicators and for measures of indus t r ia l  
production and p roduc t i v i t y .  

After a certain time in the processing of any 
survey at the Census Bureau, data capture 
a c t i v i t i e s  for that pa r t i cu la r  questionnaire are 
closed down in Je f fe rsonv i l l e .  Records received 
a f ter  data entry f a c i l i t i e s  are closed at 
Je f fe rsonv i l l e  are referred to as late adds and 
must be entered onto the database by the 
analysts at headquarters. This is a t ime- 
consuming and cost ly process. 

Staff  responsible for the Annual Survey of 
Manufactures requested an in te rac t i ve  version of 
SPEER for data entry for late adds. Using th is  
system on microcomputers, data are edited as 
they are being entered, hence there is no need 
for fur ther  batch ed i t i ng .  The system is 
cur rent ly  being expanded and i t  w i l l  be 
t ransferred to the VAX. The programs are menu 
driven and fol low the basic SPEER structure with 
special ized screens and options designed 
according to the needs of the Annual Survey of 
Manufactures s ta f f  for th is  speci f ic  purpose. 

IV. IMPLEMENTATION EXPERIENCE 

Work started in 1980 on what evolved into the 
SPEER system. The or ig ina l  object ive was to 
design programs for the Annual Survey of 
Manufactures which incorporated the advances in 
methodology made hy Fellegi and Holt and by 
Gordon Sande at S ta t i s t i cs  Canada. We worked 
very closely with the s ta f f  in Industry Division 
to design an Annual Survey of Manufactures 
prototype. We i n i t i a l l y  had no in tent ion of 
developing a multipurpose, mul t i -user  system. 

We were approached by Enterprise S ta t i s t i cs  
s ta f f  in Economic Surveys Division to see i f  we 
could adapt these programs to edi t  the 1982 
Aux i l i a ry  Establishment Report and the 1982 
Enterprise Summary Report. The system was 
adaptable and was successful ly used for th is  
purpose. Shortly thereaf ter  the programs were 
again modified and used to edi t  the 
Manufacturing, Wholesale, Retail and Service 
Censuses for the 1982 Economic Censuses of 
Puerto Rico. Each time we used th is  system 
enhancements were made to the programs and about 
th is  time the name SPEER was adopted and we 
began to focus more on the mul t i -user  aspects of 
the programs. 

The next major a c t i v i t y  was to modify SPEER 
for the 1987 Census of Construction Industr ies 
in a project spread over two years. 
Construction Surveys Division programmers were 
assigned to work on the project along with 
survey s ta f f  to ensure that the SPEER expert ise 
resided in Construction Surveys Division af ter  
the project was completed. At the same time 
s ta f f  from Industry Division rev is i ted the work 
done ea r l i e r  and they designed an edit  system 
for the 1986 Annual Survey of Manufactures and 
the 1987 Census of Manufactures along the l ines 
of SPEER. The edi t  programs based on SPEER 
methods have subsequently been used on the 1988 
and 1989 Annual Survey of Manufactures. As 
discussed ea r l i e r ,  we are current ly  working with 
Industry Division Staff  to develop an 
in te rac t i ve  data entry system for late adds. 

We next rev is i ted the work with Enterprise 
S ta t i s t i cs  and employed SPEER for the 1987 
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Summary Enterprise Report and the 1987 Auxi l iary 
Establishment Report. These appl icat ions saw 
the f i r s t  use of the in teract ive edit  review 
capabi l i t ies  for referral  cases. 

For each appl icat ion,  the programs became the 
"property" of the operating d iv is ions.  Each 
div is ion is responsible for maintaining, 
updating, and using the system in subsequent 
surveys and censuses. We did not wait unt i l  we 
had a fu l l -b lown system with al l  desirable 
features before we ventured to use i t .  In a 
sense the system has been under continual 
development. The direct ion for change has been 
dictated by the needs and requests from 
users. I t  is in th is respect that we view the 
SPEER programs as having evolved into the system 
described in th is report.  
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