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l. INTRODUCTION

1. TheU. S. Census Bureau is re-engineering its data processing systems for economic
surveys (and the Annual Survey of Manufactures (ASM)). Thisis being done by replacing
much of the edit-and-imputation portions of different,census-specific systems with a general-

purpose subsystem called "Plain Vanilla' (PV). Plain Vanilais so named because it provides
basic editing and imputation capabilities that a system designer can augment with survey

specific code (i.e. toppings) to suit particular tastes. Section Il describes our editing ad

imputation operations for economic censuses prior to re-engineeringand Section 111 describes
the re-engineering effort. Section IV describes the components of PV. The final sectio

discusses some of our experiences in developing and implementing PV.

. EDITING AND IMPUTATION OPERATIONS IN THE 1992 ECONOMIC
CENSUSES AND 1995 ASM

2. The 1992 economic censuses were managed by three different Census Burea
divisions. Construction Division conducted the Census of Construction Industries; Industry
Division conducted the Censuses of Manufactures and Mineral Industries; and Service
Division conducted the Censuses of Retal Trade, Wholesale Trade, Finance and Real Estate,
Services, and Utilities. Asaresult, the Census Bureau used three independent editing ad
imputation systems to conduct the 1992 economic censuses. The 1995 ASM used a
additional editing and imputation system, which was rebted to the system used by the Census
of Manufactures. Each of these four editing and imputation systems was very large, custom
designed, and custom programmed with large quantities of custom code to edit each item
These four editing and imputation systems each performed the following functions:

F1. Validated and supplied survey codes for industries, commodities, and geographt
areas,

F2. Imputed for nonresponse (This included mass imputation for “small” companies
which were not required to file reports.),

F3. Checked all data items and automatically produced “clean” records, and

F4. Screened for potential reporting problems and identifying questionable records fo
analyst review.

3. Functions F2 and F3 were performed by the SPEER system and associated, census-
specific satellite routines. SPEER (Structured Program for Economic Editing and Referrals)
uses Fellegi and Holt (1976) methodology to perform ratio edits (Greenberg (1984)
Greenberg and Surdi (1984); Greenberg, Draper, and Petkunas (1990)) The satellite routines,
on the other hand, do not use Fellegi and Holt methodology and can be used to performd
other types of edits, such asbalancing (i.e. additivity) edits. At the time of the processing of
the 1992 economic censuses (and the 1995 ASM), census-specific edis and imputations were
coded directly into the system code of both SPEER and the satellite routines.

4, Table 1 summarizes the processing characteristics of the editing and imputatio
operations for the 1992 Economic Censuses and the 1995 ASM. The dfferent Census Bureau
divisions kept somewhat different statistics on how many records required corrections. h
genera, the statistics in Table 1 focus on analyst correctons rather than computer corrections.
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For Services Division, statistics are available for corrections made throughtheir correction
system. Theseinclude analyst corrections but they also includesome generalized adjustments
done on large numbers of records. These general adjustmats were monitored by the analysts
but the actual corrections were made by machine. Industry Division had a two-step approach
to editing and imputation. The first step identified write-in entries that had to be clericaly
coded and identified certain data deficiencies that were considered to be critical. In tle
second step, cases were referred for analyst review andcorrection. Construction Division also
used a two-step approach of clerical screening followed by analyst review.

5. Table 2 categorizesthe dataitemsin the 1992 Economic Censuss by the type of edits
the data items were subjeded to. Of the 662 data items across the eight censuses, 515 of the
items were subjected to balance edits. Table 2 also lists the numbe of “balancing complexes’
present in the edits for each economiccensus. For simple-1d balancing, a balancing complex
isasingle equation, and for nested-1d and 2d balancing a balancing complex is a dependent
set of equations.

IIl.  RE-ENGINEERING THE EDITING AND IMPUTATION SYSTEM FOR
ECONOM IC CENSUSES (AND ASM)

6. In 1994, managers of the Census Bureau’s economic censuses became concerne

about the large amounts of time and resources that were required tadevel op and maintain four

separate editing and imputation systems. These four systems perform similar functions but
for different trade areas. Consequently, management formed a working group to study tke

needs of the economic areas to seeif common needs could be handled by a common system.
. The working group concluded that the following types of edits were common to all fou

existing systems:

(a) testing of item relationships through ratio tests;
(b) the testing and balancing of groups of items that were defined to be additive; and
(c) validating codes assigned to industries, geographic locations, and kinds of business.

7. The group recommended that a ganeral-purpose editing and imputation subsystem be
developed. The group alsorecommended that edit designers reevaluate the need to include all
the item-specific tests currently being performed. Management decided to form a dedicatel
team of technical specialists b develop the recommended subsystem. The team consisted of
two subject-matter specialists, a mathematical statistician-programmer, two programmig
specialists, a full-time and a part-time mathematical statistician, and a team leader wik
subject-matter and edit design and processing backgrounds. In addition, the team had tvo
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consultants with significant background in editing and imputation methodology.

Table 1. Processing Characteristics for Editing and Imputation in the 1992 Economic Censuses and 1995
ASM

Census Records Number of “analyst” | Number of
Bureau processed corrections (see text) analysts
organizational Survey [thousands] [thousands] [FTES]
unit
Construction | 1992 Census of 573 35 (step 1) 5
Division Construction Industries 50 (step 2)
1992 Census of Mineral 31
Industries 75 (step 1)
Industry 200 (step 2) 40
Division 1992 Census of 382
Manufactures
1995 Annual Survey of 57 6 (step 1) 20
Manufactures 40 (step 2)
1992 Census of Utilities 244 approx. 200
1992 Census of 495 approx. 400
Wholesale Trade
Services #?;ieCensus of Retail 1,562 approx 1,100
Division 55
1992 Census of Finance 586 approx 400
and Real Estate
1992 Census of 2,034 approx 900
Services
8. The development team recently completed the development of the Plain Vanila

subsystem for editing and imputation. PV provides basic editing and imputation capabilities
that subject-matter programmers can augment with custom code, as needed . For example,
PV performs only deterministic imputations--the hot-deck imputations used to handle tle

Census of Construction’s unit nonresponse must be handled otiside of PV. PV isnot a stand-

alone system but must be incorporated into survey-specific processing systems.

9. The PV subsystem consists of the following software described in more detail n
Section 1V
. Modules for performing verification edits, ratio edits, and balance edis
(written in FORTRAN so that they can be linked with FORTRAN and COBOL
legacy systems);
. Program for generating implicit ratio-edits (also written in FORTRAN);
. Program for processing survey-specific script files, which specifiesthe edits
and imputations to be performed (written in SAS); and

2SAS
is aregistered trademarks of SAS Institute Inc.
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Programs for determining ratio-edit parameters from historical data (also written

in SAS).

Number of
Number of dataitems balancing
complexes
Survey . . . . .

Total | Subject | Subject | Subjectto | Subjectto | Subject || Do not Do
toonly | toonly | bothratio | neither to involve involve
ratio balance | & balance | ratio nor SPEER || ratio ratio
edits edits edits balance ratio edits edits

edits edits

1992 Census of 63 19 17 26 1 10 0 3+
Construction

Industries

1992 Census of 78 8 26 43 1 14 0 8+
Mineral

Industries

1992 Census of 74 7 27 39 1 14 0 7+
Manufactures

1992 Census of 93 4 66 4 19 5 11 3
Utilities

1992 Census of 81 2 28 29 22 6 2 6
Wholesale

Trade

1992 Census of 59 1 27 13 18 7 2 8
Retail Trade

1992 Census of 56 1 34 3 18 4 4 3
Finance and

Real Estate

1992 Census of 158 2 127 6 23 5 2 4
Services

TOTAL 662 44 352 163 103 65 21 42+

9. These programmes are general purpose,in the sense that they do not have to be rewritten

to be applied to different surveys. ThePV module that processes ratio tests produces edited data
that passes all ratio tests. Similarly, the PV module that processes talance tests produces data that
passes dl balancetests. PV isunable to determine imputations that simultaneously satisfy ratio
testsand balancetests. For example, if one uses the ratio module and then the balance module,
itemsinvolved in both type of edits may not satisfy dl ratio edits at the conclusion of PV editing.
In the 1992 Economic Censuses, however, of the 515 itemsinvolved in balance tests, only 163
of these itemswere also involved in ratio tests (see Table2). Most, but not all, of these 163 items
were total items (as opposed to detail items) that werefirst ratio edited and then in subsequent
balance editing they were held fixed. For these items, non-simultaneous balance editirg
following ratio editing would not result in some ratio edits not being satisfied. Draper ard
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Winkler (1997) report on their recent research into determining imputations that simultaneously
satisfy both ratio and balance edits.

10. To incorporate PV into a survey-specific processing system, one performs tle
following steps:

STEP 1: Prepare a survey-specific script file for the script processor program
which creates survey-specific FORTRAN code.

STEP 2: Compile the FORTRAN code for the PV edit modules and tte
FORTRAN code from STEP 1.

STEP 3: Link the resulting object code into the survey-specific processimg
system.

STEP 4: Create parameter files and generate implicit ratio-edits.

IlV. COMPONENTSOF PV
1. Verification M odule

11.  The verification module verifies survey codes such as those for geographic area
(states, counties, places, ZIP, and Metropolitan Statistical Areas) and industries (Standad
Industrial Classification and North American Industrial Classification System). It does this
by comparing provided codes to a master reference list. In some cases, the verificatio
modul e returns another code associated with the matching code on the reference list.

2. Ratio Module

12.  Theratio module performsratio edits, followed by imputation of he minimum number

of edit-falling items. The PV programmers used the system code described by Winkler and
Draper (1996) and added to it code for 23 different imputation formulas. These formula

include regression models and functions of historic data, administrative data, or industry

averageratios. These imputation fomulas are general, instead of being census-specific code
as they were for the 1992 Censuses. For the 1997 Censuses (andthe 1996 ASM), subject-

matter experts will use the PV script file to define census-specific edits and imputations.

3. Balancing Module

13. The balancing module consists of submodules for performing the following thre
types of balancing:

Smple-one dimensional (1d) balancing: y=X + X+ ...+ X,
Nested-one dimensional (1d) balancing: Y1 = Xg + X+ o+ Xy

Yo = Xog t Xpo oo F X9

ym = Xml + Xm2 ..t an(m)
Z=Y;t Yo+ ..t Yn






Two-dimensional (2d) balancing:

X11 X12 Xin My
X1 X2 Xon r
Xml Xm2 an rm
C, C, C, V4

where r, = sum of row i, g = sum of columnj,andz=Xr, = X ¢ isfixed.
Each submodule first checks for addiivity. If additivity is present or if all items are missing,
no additional editing is performed.

14.  Thesubmodule for simple-1d edits can perform various adjustments commonly used
by subject-matter experts, such as checking for rounding errors and raking totals to tle
details' reported relative proportions, to historic relative proportions, or to industry-average
relative proportions. Other options include pbcing the residual into a Not-Specified-by-Kind
(NSK) category or setting data to missing when weight adjustment is used to handle iten
nonresponse. In addition, we developed a default 1d-balancing procedure, called “trim and
adjust”, that adjusts to additivity based on specified tem-quality weights and upper and lower
bounds for each item.

15.  For nested-1d balancing and 2d balancing, the balancing equations were represented
as anetwork with arcs corresponding to items ard residuals. This permitted us to decompose
the general nested-1d balancing problem into 16 special cases and to solve the 2d balancing
problem by using controlled rounding(Cox and Ernst, 1982) following iterative proportional
fitting. Sigman and Wagner (1997) provides additional details about the PV balancig

module.

4. Script files

16.  Thescript file describes how PV processes a particular census or survey. In some of
our testing of PV, members of our centralized survey-planning staff pepared script files, with
minimal assistance required from PV programmers. In other testing, a PV programme
prepared a script file &ter meeting with subject-matter experts. In any case, the preparation
of script filesfor PV has partially replaced the two-step procedure of a subject-matter expert
first writing a specification andthen a programmer writing or modifying a program based on
that specification. Wehave found that the script file serves as an excellent communication
device that quickly describes for analysts and managers how their déa are being edited. Also,
the ease of modifying the script has signficantly speeded up our testing of alternative editing
and imputation options.

5. Parameter files

17.  Therearetwo types of PV editing parameters: ratio-type parameters and imputation
coefficients. Ratio-type parametersinclude ratio-test tolerances, industry-average ratios, and
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the trim-and-adjust upper and lower bounds. Imputation coefficients are used in regression-
model imputation formulas.

18.  Software was developed that determines ratio-tet tolerances by applying exploratory-
data-analysis (EDA) techniques to ratios of historical data. The software determines
symmetrizing transformations using the procedure described by Hoaglin et. al., (1983) and
then calculates the tolerances from the following “resistant fences’ formulas:
lower tolerance =q, - kH, upper tolerance =q,s + kH ,

where g, is the lower quartile, g, is the upper quartile, H is the interquartile range, andk is
aconstant. Thompson and Signan (1996a, 1996b) discuss choosing an appropriate value of
k and also compare the resistant-fences approach to alternative approaches.

V. PRELIMINARY EXPERIENCES

19.  ThePV Development Team finished its work in early 1997, and the first operational use
of PV occurred in the summer of 1997 for processing the 1996 ASM. This section describe
some of our experiences in developing and implementing PV.

1. PV-script benefits

20.  Thescript file describes how PV processes a particular census or survey. In some of our
testing of PV, members of our centralized survey-planning staff prepared script files, wit
minimal assistance required from PV programmers. In othertesting, a PV programmer prepared
a script file after meeting with subject-matter experts. In any case, the preparation of script files
for PV has partially replaced the two-step procedure of a subject-matter expert first writing a
specification and then a programmer writing or modiying a program based on that specification.
It was found that the script file serves as an excellent communication device that quickly
describes for analysts and managers how their dda are being edited. Also, the ease of modifying
the script has significantly speeded up our testing of alternative editing and imputation options.

2. Sizeof editing and imputation systems

21. PV has been successful in reducing the sizes of editing and imputation systems for the
economic censuses and ASM. Table 3 compares the number of different modules in theg
systemsbefore and after PV. Not only do the re-engineered systems have fewer modules, but
the sizes of the modules are also smaller.

3. 1996 ASM

22.  Thefirst operational use of PV was the editing and imputation of the 896 ASM. Prior
to this, PV was tested with 1995 ASM data. This testing revealed that some of the vey
complex procedures for ASM could not be implemented inPV. Some of these procedures
were implemented in custom code, butothers were re-evaluated and eliminated. The 1996
ASM used the PV ratio module to edit key items, followed by the use of the PV balancing
module. The key itemsincluded anumber of items that were also totals of simple-1d balance
complexes. Following ratio editing, these items were held fixed in thesubsequent balance
editing. The use of the PV balancing module eliminated much of the custom code in tle
ASM satellite edits.
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23.  Atthetime of writing this paper, production running ofthe 1996 ASM was only about
half completed. Based on a subjective evaluation, however, subject-matter analysts ae
pleased with the edit-and-imputation results.

Table 3. Number of modulesin editing-and imputation systems before and after PV

Number of editing-and-imputation

Census modules
Bureau Programming
organizational Survey After PV language
unit Before PV (includes PV

modul es)

1992 Census of Mineral

Industries

Industry 9 4

Division 1992 Census of FORTRAN
Manufactures

1995 Annual Survey of
Manufactures 8 4

1992 Census of Utilities

1992 Census of Wholesale

Trade
Services . 80 35 COBOL
Division ﬁgg:ensus of Retal (3PV modules

in Fortran)

1992 Census of Finance
and Real Estate

1992 Census of Services
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