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CHAPTER 1.
Introduction and Background

GENERAL QUALITY ASSURANCE PHILOSPHY
FOR 1990

In the early 1980’s, the Census Bureau looked at its
quality control approach and the analyses for 1980 census
operations attempting to answer several questions. What
was the quality of the product? What were the errors and
what were the deficiencies in the process? Particular
interest was placed on the quality control techniques used
and, where problems existed, what were these problems
and how could they have been prevented? In this light,
what should be the approach for the 1990 census?

The Census Bureau recognized the problems of relying
on the inspection and repair method that was used for
1980 operations. This approach had not been completely
successful. It was decided that the Deming philosophy with
its approach toward total quality improvement would better
serve the decennial census program.

Four major components to the 1990 quality assurance
approach were decided upon, namely: build quality into the
system; constantly improve the system; integrate respon-
sibility for quality with production; and, clearly differentiate
between quality assurance and quality control.

To “build quality in”" an operation as large as a decen-
nial census is not easy. It was necessary to identify ways to
approach such a large-scale operation completed by a
temporary workforce during a very short period of time.
Several areas were identified:

» Design operations to be straight-forward and efficient
* Train the staff
* Measure what has been learned during training

» Measure performance and give feedback during the
operation

Assume the staff wants to do a good job; it is our
responsibility to give them the tools to improve

The operations were designed with the intent that the
system could be constantly improved. However, a system
cannot constantly improve in such a decentralized envi-
ronment unless tools are provided to the staffs and
supervisors to do so. A major challenge was to design a
system where it was possible to measure the quality of the
work, quantify error characteristics, and provide the infor-
mation back to management in a time frame where it could
be used.

EFFECTIVENESS OF QUALITY ASSURANCE

The integration of the responsibility for quality with
production grew out of experience in 1980 when the
production and quality responsibilities resided in different
management areas. Production was the responsibility of
one group in one part of the organization, while quality was
the responsibility of the quality control area in another part
of the organization. Management always asked how things
were going, but it was perceived in terms of quantity, not
quality, of work. Therefore, the perceived priority within the
organization’s structure was on the production side. The
quality control staffs seemed to always be a ““‘thorn’ to the
production staffs. This promoted an adversarial relation-
ship within the organization.

To eliminate this antagonism, the production side was
made responsible for quality, also. With this added respon-
sibility, not only did the job have to get done; the job, now,
had to be done well.

Quality assurance is different from quality control. But, it
is difficult for most people to understand the difference.
The Census Bureau has long implemented quality control
and has applied it to virtually all operations. Quality assur-
ance is a much broader idea. It includes the whole concept
of management responsibility for how well an operation
functions. Quality assurance includes all components of
management: production, timeliness, and accuracy. Qual-
ity assurance is the responsibility of everyone—no one is
exempt. Quality control is only one part of the broader
guality assurance concept.

The Census Bureau employs a lot of the separate
components of quality assurance, but integrating it under
one umbrella was a change in philosophy and manage-
ment approach. This change was one of the most difficult
aspects of the new philosophy to implement during the
1990 decennial census.

Quality Assurance for 1990

To support the new philosophy, a concerted effort was
made to design quality inspection plans integral to an
overall quality assurance approach. Staff consulted and
met with sponsors and users of the specifications. Certain
aspects were specified to enable measurement of learn-
ing, continued performance improvement, and overall pro-
cess quality. Staff also specified and assisted in the
development of systems, both manual and automated, to
provide management and supervisors with information.
This information supported continual improvement of the
process, of a unit of clerks, and of an individual.

It was necessary to sell the new philosophy by educat-
ing both management and staff through the use of semi-
nars on this approach. Several pilot programs, outside the

3
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decennial area, were undertaken to show the effects of the
new approach on the process. The various aspects of the
approach were tested during the census test cycle. It was
necessary to be constantly vigilant as it was a cultural
change for all—and it was easy to revert to the old ways.
There was success on some fronts and less success on
others.

To obtain both timely and accurate measurements of
performance, was one of the Census Bureau's major
goals. To achieve this, an attempt was made to simplify
manual records and summaries, and software was devel-
oped to support the quick capture of data quality. An active
quality inspection activity was maintained to measure the
performance, both during training and during production.

Another goal of the new approach was to make sure
trainees understood their job before leaving training. An
important aspect of *'building quality in” is to train the
worker well on what they are to do. Staff worked hard on
specifying what was to be covered in training. It was
important to make sure the trainees understood the job
before they left the training room. To achieve this goal,
practice work was instituted wherever possible and tests
were developed to be given after training to obtain a
measure of learning.

Another goal, and perhaps the most visible, was to
provide timely feedback. Without effective feedback the
system would remain static. Feedback makes the worker
aware that others are interested in how well their job is
going. Effective feedback enables the worker to know how
well he/ she is performing, and in what areas there can be
improvement. For feedback to be effective, it must be
timely and relevant to the main components of the tasks
being performed. Feedback given 2 weeks after the work
has been completed or on components of the system over
which a worker has no control is of little benefit to anyone.

The new quality assurance approach was pervasive
throughout the census. It was integrated at all levels and
across virtually all operations. The remainder of this sec-
tion will focus on the areas of automation, communication,
training, and measurement techniques to illustrate some of
the specific actions taken to bring about improvement in
total quality.

Automation—The increased use of automation made it
possible to apply the new quality assurance approach to
areas that would have been impossible in 1980. With the
placement of automation equipment at the field district
office level, more consistent application of procedures
could be expected. The software would do the more
complicated tasks the diversified staffs could not be expected
to do throughout the country. Here, consistency in imple-
mentation is equated to quality. Automation and the asso-
ciated ability to control the materials by identification
number permitted the census materials to be processed on
a flow basis as they were received. In 1980, all forms for a
defined geographic area had to be collected before any

4

guestionnaire could be processed. This allowed the pro-
cessing in both the district offices and the processing
offices to proceed; thus enhancing productivity directly and
quality indirectly.

The increased use of automation made it possible for
the Census Bureau to improve the capture, analysis, and
dissemination of information on the status of the opera-
tions. For example, in the processing offices there was the
Computer Assisted Tracking System (CATS) to monitor
material work flow. Software and computer facilities enabled
the Census Bureau to perform extensive analysis of data
incorporating statistical techniques in the decision mech-
anisms and making the results available on a timely basis
to the processing and field management staff as well as
headquarters. The keying operations in the processing
offices and the clerical edit operation and reinterview
program in the field were operations where the computer
played major roles.

For keying, sample selection, quality decisions on work
units, and information reports on keyers and errors were
produced by the computer. The computer calculated the
appropriate statistics from the inspected data during veri-
fication. This information was provided to supervisors
immediately and stored for headquarters’ personnel for
monitoring.

In the clerical edit operation, the computer aggregated
data and generated output on the quality level and char-
acteristics of errors for the supervisors to review.

For operations in the field where enumerators were
required to visit housing units to obtain information, a
reinterview program was established to detect falsification
of data. One component of this operation involved the
computer analysis of content and workflow data for each
enumerator’'s geographic area. From this analysis, enumer-
ators with workflow or content characteristics significantly
different from coworkers in the same geographic area
were identified for reinterview, unless the situation could
be explained by the supervisor. This system enabled the
Census Bureau to expand coverage and to minimize field
reinterview cost.

One of the basic properties for an effective quality
assurance program is the speed with which feedback is
given. Automation provided a means by which data and its
interpretation could be turned around rapidly. During pro-
cessing of the 1980 census, it was not unusual for the
manual recordkeeping to have a backlog of several weeks,
making the value of such data worthless for feedback.
Automation also improved production because operations
were accomplished in much less time. Check-in of the malil
returns was faster and better. We generated new listings
for nonresponse followup, and did not have to use the
same address register over and over again.

Communication—One of the elements for a successful
quality assurance program is effective communication.
This includes the ability to obtain, evaluate, interpret, and
distribute information to improve the planning and design

EFFECTIVENESS OF QUALITY ASSURANCE
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of an operation, as well as to help identify problems and
their causes during implementation. In general, good com-
munication is one of the keys to producing the best product
possible.

Working Groups—Working groups at the headquarters
level was one effort to maintain good communication.
Interagency groups were important during the planning
and implementation of quality assurance operations that
required the assistance of outside agencies. Working
groups were established with the Government Printing
Office for the printing of the 1990 questionnaires and
forms, and with the U.S. Postal Service for the various
postal operations such as the Advance Post Office Check
and Casing operations.

These working groups’ initial focus was to bring together
representatives from each agency to plan and design the
best system possible. This was accomplished by reviewing
ideas, understanding each agency’s guidelines, and taking
advantage of the experience and expertise within each
agency. These working groups met periodically to discuss
assignments, set priorities, and review specifications and
procedures. This type of cooperation established respect
and a better understanding of the operation and each
agency'’s responsibility. Once the various operations started,
the working groups stayed intact. The emphasis then
changed to monitoring the operation and resolving prob-
lems. All problems were discussed with each member of
the working group to develop the best solution.

Internal census working groups were developed to plan
and design the best system possible for various operations
for which the Census Bureau had sole responsibility.
Working groups normally consisted of an analyst from
each discipline necessary to design and implement a
specific operation. These individuals made up the commu-
nication team to plan and monitor the implementation of
the operation. Their functions included evaluating ideas,
defining objectives and requirements, reviewing specifica-
tions and procedures, as well as monitoring and problem
solving.

Reduced Supervisor Ratio—To improve employees’ per-
formance, supervisors must provide timely and accurate
feedback. One barrier to doing this is the lack of enough
time. After reviewing the supervisor's tasks, the Census
Bureau decided to require first line supervisors to manage
fewer employees. This enabled each supervisor to have
more time for reviewing employees’ work, interpreting the
feedback data, and providing the necessary counseling
and retraining to improve workers’ weaknesses.

Quality Circles—By definition, a quality circle is the con-
cept of management and employees, as a team, periodi-
cally discussing quality status, issues, and problem reso-
lutions.This concept was primarily used in the processing
offices. The quality circle group for a specific operation
generally met once a week. The results from each meeting

EFFECTIVENESS OF QUALITY ASSURANCE

were documented and distributed to all employees and
management staff. Suggestions were implemented where
possible. This was especially useful in the coding opera-
tions.

On-Site Observers—Another organizational component estab-
lished to improve operational performance was on-site
observers in both field and processing offices. This observer
was referred to as a quality assurance technician (quality
assurance technician). Their primary responsibilities included
enhancing local management’s awareness of quality assur-
ance objectives and importance, as well as assisting in
monitoring the adherence to the quality assurance require-
ments.

A quality assurance technician was in each of the 13
Regional Census Centers and each of the 7 processing
offices. To perform their responsibilities, each quality assur-
ance technician performed analysis and on-site observa-
tion to monitor the quality assurance requirements. If a
guality assurance technician identified inconsistencies, the
information was articulated in person, or by telephone, to
local management for investigation and appropriate action.
The quality assurance technician also acted as a consult-
ant. This was especially important in assisting local man-
agement to make administrative or operational decisions
that did not adversely affect quality assurance require-
ments.

The primary skills essential to performing their tasks
were a thorough knowledge of the operations and their
guality assurance requirements and the ability to effec-
tively communicate these. All recommendations, problem
identification, advice, and status reports had to be com-
municated orally to management and documented.

Problem Resolution—In the processing offices, a problem
resolution system was established. The purpose of this
system was two-fold; first, it provided local management
with a vehicle to identify problems or request clarification
to procedures or software and receive quick resolution.
Secondly, it allowed appropriate headquarter divisions an
opportunity to participate in the decision to minimize any
negative affect on their specific requirements.

All problems were documented and transmitted to head-
quarters for review. The Decennial Operations Division
consulted with the sponsoring division who generated the
specification. After a solution was reached, it was docu-
mented and sent to various subject matter divisions for
clearance. Upon clearance, the resolution was transmitted
to all processing offices.

Training—One component of the total quality assurance
concept is the education and training of production staff.
The goal as management was to institute training on the
job. The census created over 400,000 temporary jobs in
more than 2 dozen major field and processing operations.
The majority of the jobs were for field enumerators. We
strengthened enumerator training, pay, and management.
Enumerator training was more interesting and relevant to
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the job. It included learn-by-doing exercises and more
training on map-reading. The Census Bureau improved the
level of supervision given the enumerators by reducing the
ratio of enumerators to crew leaders. Crew leaders reviewed
enumerators’ work daily to detect errors in the early
phases of work.

The Census Bureau worked to improve the training
materials for all 1990 census operations. Training ses-
sions, held during the test censuses and the 1988 Dress
Rehearsal, were observed and recommendations were
made for improvements. Many of the training sessions
used a multimedia format. The Census Bureau prepared a
series of video tapes for many of the operations in the
processing offices, including a general quality assurance
overview video. Two divisions, Field Division and Geogra-
phy Division, used computer-based instruction for part of
their training. The computer-based instruction helped stan-
dardize the training that was held at multiple sites. The
computer-based training also improved the quality of any
additional training necessitated by staff turnover while the
operations were underway.

As part of the Census Bureau’s training to prepare to
process the questionnaires, a 3-week integrated test was
held in January 1990 at the Baltimore Processing Office.
One purpose of the test was to train supervisors from the
seven processing offices with hands-on implementation of
software and work flow procedures. Comments and obser-
vations from the test were reviewed and adjustments to
operations were made to improve the efficiency of the
processing.

Measurement Techniques—Regardless of the operation,
one of the basic objectives of a successful quality assur-
ance system is the ability to accurately measure perfor-
mance by identifying errors, documenting the characteris-
tics of the errors, and providing information to management
on error level and characteristics so that feedback can be
given. Due to the diversity of decennial operations, the
methodologies used to meet this objective differed. The
following discussion focuses on the primary techniques
used.

Pre-Operational Sampling—For some census operations
neither a prior sample frame existed nor time constraints
allowed for sampling completed work. The address list
development operations are such an example.

For the Prelist operation, since the listers were creating
the address list, no prior lists existed from which a sample
could be selected. Selecting a sample after the workunit
was completed also was not feasible due to operational
constraints which included: (1) verification of a sample
after the initial listing would require the lister to be idle
while this listing was done and the quality decision deter-
mined; (2) any decision would be reached after a substan-
tial amount of work already would have been completed;
and, (3) such an approach would require an independent
staff of quality assurance listers in the field at the same
time as the regular listers presenting a difficult manage-
ment and public perception problem.
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These characteristics resulted in the development of an
early sample of work done prior to the actual start of the
operation. A body of work was used to match to the actual
data as it was done, thereby providing immediate measure-
ment of the quality of the job. The benefits of this approach
were: (1) quality assurance listings were completed weeks
ahead of time, managed under their own organizational
structure and controls; (2) quality assurance data were
immediately available to supervisory personnel to be used
to measure the quality of the listing work; and (3) the initial
identification of the sample was used as a means for listing
managers to gain experience prior to the start of the
operation.

If a workunit showed an unacceptable level of errors,
the supervisors researched the case to determine if the
enumerator was indeed accountable for the error, and if
so, took the appropriate action ranging from a discussion
of the specific case to retraining or reassignment to a
different area. In severe cases the workunit would be
reworked by a different individual.

Data on all aspects of the quality assurance operation
were maintained for both concurrent monitoring and the
creation of a post-operational database for analysis.

A variant of this technique was used for the coding
operations. A sample of the non-computer coded cases
was selected prior to coding, replicated three times and
distributed among three workunits and coded indepen-
dently. A measure of the individual coding quality level for
each coder was obtained by comparing the coding results
for this sample against the “true” codes determined by the
three coders using the majority rule to decide on differ-
ences among the coders.

Post-Operational Sampling—For the majority of the cen-
Sus processing operations, it was possible to measure the
guality and provide feedback by selecting a sample from
the workunit subsequent to the operation. These opera-
tions included most of the clerical and all of the data entry
operations.

The quality assurance was independent or dependent
based on the level of automation of the processing oper-
ation. Automation allowed for an independent verification
in all of the data entry operations. Other clerical processing
operations were dependently verified.

During independent verification sample cases were
selected, the operation replicated, and the results com-
pared to the original data. If the number of detected
differences exceeded a predetermined tolerance, the workunit
was rejected and was redone.

For the dependent verification, a sample of work was
reviewed to determine the level of errors. If this number
exceeded a predetermined tolerance, the workunit was
rejected.

The quality statistics were monitored at both the workunit
and clerk level. Workunit data was used to determine
workunit acceptance. The clerk data provided characteris-
tics of errors at the individual clerk level. It then was used

EFFECTIVENESS OF QUALITY ASSURANCE
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to identify areas of difficulty where additional training may
be required or where procedures may be incomplete.

Post-operational sampling using independent verifica-
tion was used for all data entry operations. Post-operational
sampling using dependent verification was used for most
clerical processing jobs. Some of these included: Edit
Review, Search/Match, Microfilm Duplication, and the
FACT 90 operations.

Concurrent Monitoring—For some operations either there
did not exist an adequate sample frame from which to
select a pre-operational sample or the selection of such a
sample would have interfered with the actual enumeration
process. The selection of a post-operational sample also
would have interfered with the enumeration process.

In these situations a procedure was designed to verify
that the census employee understood the proper census
procedures before being allowed to work independently.
For these operations, supervisory personnel monitored/ observed
the census employee’s work for a specified period. At the
end of this period, based on the number of errors detected,
a decision was made as to whether the employee could
work independently or should be reassigned.

The operations where this technique was used included:
Urban Update/ Leave, Update/ Leave, and Telephone Assis-
tance.

Reinterview—The enumeration method used in most of
the country was either Mailout/ Mailback or Update/ Leave
with self-enumeration. Approximately 60 percent of the
housing units were enumerated by the household mailing
back the census questionnaire. In the remaining 40 per-
cent, consisting of list/ enumerate and nonresponse cases,
the enumeration was conducted by census enumerators.

To protect against census enumerators falsifying data
during the enumeration process, a sample of work was
selected daily from the enumerators to be reinterviewed.
By comparing the reinterview responses to the original
responses for selected roster items, it was determined
whether potential data falsification occurred. The cases
that showed evidence of potential data falsification were
researched by the supervisory staff to determine if actual
falsification had occurred and, if so, appropriate adminis-
trative action was taken.

Suppression of Pre-Operational Sample—The suppres-
sion of addresses to measure the proportion of addresses
added by enumerators was used in the Precanvass oper-
ation. Enumerators were instructed to canvass their geo-
graphic area, adding and updating the address list, as
necessary . A measure of the ability to perform was
obtained by measuring the proportion of suppressed addresses
returned as adds.
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Contents of the Report

This publication is one in a series of evaluation and
research publications for the 1990 Census of Population
and Housing. This report presents results of evaluations
for a variety of 1990 decennial census quality assurance
operations. This report provides results from census pre-
paratory operations, data collection operations, data
capture/ processing operations, and other operations, such
as search/match and the quality assurance tech pro-
grams.

The quality assurance program was implemented to
improve the quality of the operations and increase produc-
tivity. This report describes the analysis of each operation
and the effectiveness of each quality assurance plan. The
results from these analyses can be used to improve the
overall design of future operations required to conduct a
high quality decennial census.

ORGANIZATION OF THE REPORT

The organization of this report focuses on the analysis
of the major operations for which quality assurance plans
were utilized. Chapters include preparation for the census,
data collection, data capture/ processing activities, and
“other” operations.

The chapters are organized into two or three major
headings and the appendixes A and B. Within each major
heading and its component part, there are six sections: the
introduction and background, methodology, limitations,
results, conclusions, and reference. The first section pre-
sents background and a brief description of the quality
assurance operation being discussed. The second section
gives the sample design and statistical technique(s) used
to analyze the operation. The third section discuss any
constraints and/ or limitations that might have impact on
interpreting the results. The fourth section gives the results
of the evaluation of the quality assurance process. The
fifth section of each chapter presents a summary of the
data and any major recommendations for the future. The
final section will reference any documentation needed to
broaden the understanding of the topic.

Finally, in appendix A, there is a glossary of terms that
may be found throughout the report. It is hoped that the
report is written in understandable terms, but it is impossi-
ble to cover these topics without the use of some words
unique to the census or the quality assurance environ-
ment. The appendix B has facsimiles of all forms used
throughout this publication.



JOBNAME: No Job Name PAGE: 1 SESS: 113 OUTPUT: Mon Sep 20 08:22:22 1993 /psswO01/ disk2/ 90dec/ cphe/ 2/ chapter2

CHAPTER 2.
Preparatory Operations

The conduct of the 1990 decennial census required
much effort during the preparatory phase. Since the cen-
sus was taken primarily by households receiving a ques-
tionnaire, one major preparatory operation was the produc-
tion of the questionnaire packages. This chapter includes
discussions of the activities for the preparation of both
guestionnaire packages made up for the short and the long
forms.

Another critical preparatory activity is the creation of the
address list. For some areas of the country, an address list
was purchased from a commercial vendor. In other areas,
where a commercial list was not available or could not be
used, census enumerators created the address list in an
operation, called the Prelist. This chapter also includes a
discussion of the quality assurance for the Prelist opera-
tion.

SHORT-FORM PACKAGE PRODUCTION
Introduction and Background

For the 1990 decennial census, approximately 82.9
million short-form packages consisting of a short-form
guestionnaire (see form D-1 in appendix B), instruction
guide, motivational insert, and a return and an outgoing
envelope were produced. These materials were produced
using the following process: printing and imaging of the
guestionnaires, printing of the instruction guides and moti-
vational inserts, construction of the outgoing and return
envelopes, and assembly and packaging of the pieces.
After the contract for this process was awarded, the
Census Bureau met with the Government Printing Office
and the contractor to discuss any adjustments to the
guality assurance requirements or production system to
optimize efficiency of the short-form package production.

Before printing the questionnaires, a prior-to-production
run was performed by the contractors to demonstrate their
ability to produce a large-scale, full-speed production run
that would meet specifications. This included using a test
address file containing bogus addresses.

During production, representatives of the Census Bureau
or the Government Printing Office repeatedly visited the
contractor’s sites to ensure that the contractor followed
the quality assurance specifications and to monitor the
quality of the various processes. This included reinspec-
tion of the contractor’'s samples by the government repre-
sentative to confirm the contractor’s findings.

Methodology

The quality assurance plan consisted of visual and
mechanical on-line verification of samples of the package
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components during each stage of the production process.
A systematic sample of clusters of two or three consecu-
tive package components was used as the quality assur-
ance samples. If a systematic error was detected, a clean
out (expanded search) was performed forward and back-
ward of the defective sample cluster to isolate the prob-
lem. The contractors corrected all errors and recorded the
results of the inspection on the appropriate quality assur-
ance recordkeeping forms. The results were used for
feedback, process improvement, and later analysis.

An independent verification was performed by the Data
Preparation Division in Jeffersonville, Indiana, where a
subsample of the inspected questionnaires was selected
and reinspected.

Limitations

The reliability of the evaluation for the operation was
affected by and dependent upon the following:

1. The correctness of the quality assurance records
provided by the contractor.

2. The legitimacy of the samples delivered by the con-
tractor.

3. The sampled questionnaires at the end of the rolls (for
the roll-to-roll printing) representing the questionnaires
throughout the roll.

4. The use of the number of random errors detected as
the numerator in calculating the outgoing error rates. If
no random errors were detected, the estimated out-
going error rate was 0.0 percent.

5. The assumption of simple random sampling in calcu-
lating estimated error rate standard errors.

Results

The technical specifications for printing forms to be
filmed traditionally have been highly demanding with respect
to the quality of paper, printing, and finishing work (address-
ing, trimming, folding, etc). These rigorous technical require-
ments were driven by the data conversion system and by
the need to safeguard against the introduction of data
errors in processing questionnaires. While selected print-
ing specifications for the forms to be filmed were relaxed
somewhat for the 1990 census, the printing contract
specifications—monitored by means of quality assurance
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requirements that were an integral part of the contracts—gave
the Census Bureau a wide ‘“‘margin of safety,” ensuring a
top quality product and minimizing the introduction of data
errors at conversion.

In view of the fact that development of the 1990
software for the filming equipment was not finalized until
after the conclusion of all printing, the margin of safety was
considerably wider than in the 1980 census or than
anticipated for 1990. Despite the detection of errors doc-
umented in this report, no forms processing or data
conversion problems attributable to bad printing (or other
manufacturing steps) are known to have occurred with the
1990 forms. In addition to ensuring against widespread
random or systematic errors, the quality assurance con-
tractual requirements served to guard against any escala-
tion in the degree (or seriousness) of errors to the point
where the “true” (but unknown) tolerances might have
been strained or exceeded.

For the roll-to-roll printing process, the questionnaires
were offset printed on a web press. A large roll of paper
was run through the press and, upon printing approxi-
mately 48,000 questionnaires, the paper was immediately
re-rolled.

The results for the inspected questionnaires were recorded
on Form D-854, Roll-to-Roll Questionnaire Printing Verifi-
cation Quality Assurance Record. (See form in appendix
B.)

Of the 2,381 printed rolls of questionnaires, 5.1 percent
(122 rolls) were detected to be in error. Due to the 100
percent verification of every roll, there is no standard error.
The rolls were either “cleaned out” or rejected entirely.

Figure 2.1 shows the distribution of the types of errors
detected. Some individual samples contained more than
one type of error. The error types were as follows:

Code  Description

C Any unprinted spot in the index squares or
vertical bars is out-of-tolerance.

E Poor type quality or uniformity.

B Any measurement of the circle wall thickness

is out-of-tolerance.

Any measurement of the black ink density is
out-of-tolerance.

Other, specify.

Black and blue inks are out-of-register.
Any black spot is out-of-tolerance.
Image is misplaced or skewed.
Show-through is out-of-tolerance.

>

ITOO“

The most frequently occurring error was out-of-tolerance
unprinted spots in the index squares or vertical bars. Poor
type quality or uniformity was the second most frequent
error. Most of these errors occurred during the first half of
the operation. The quality assurance plan enabled early
detection of the errors and helped reduce the problem.

For the imaging, trimming, and folding process, the
guestionnaires were addressed and encoded using ion
deposition imagers. Variable respondent addresses, an
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interleaved 2 of 5 bar code, a census identification number,
a binary coded decimal code, variable return addresses
with corresponding postnet bar codes, and synchroniza-
tion control numbers were imaged on each questionnaire.

The results of the post-imaging inspection were recorded
on Form D-856, Addressed 100 Percent (Short) Question-
naire Verification Quality Assurance Record. (See form in
appendix B.)

The post-imaging estimated incoming error rate was 3.1
percent, with a standard error of 0.2 percent. The esti-
mated outgoing error rate was 0.8 percent, with a standard
error of 0.1 percent. Figure 2.2 gives the distribution of the
types of errors detected during this inspection. Some
clusters contained more than one type of error. The error
types were as follows:

Code  Description

T Other, specify (relative to personalization).

L BCD code not within specifications.

C Any unprinted spot in the index squares or
vertical bars is out-of-tolerance.

J Other, specify (relative to printing).

D Any black spot is out-of-tolerance.

K Bar code not within specifications.

B Any measurement of the circle wall thickness
is out-of-tolerance.

A Any reading of the black ink density is
out-of-tolerance.

M Postnet bar code not within specifications.

E Poor type quality or uniformity.

X Other, specify (relative to finishing).

EFFECTIVENESS OF QUALITY ASSURANCE
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Code  Description

] Improperly trimmed.

G Black and blue inks are out-of-register.
N Misplaced or skewed image.

Vv Improperly folded.

W Torn or damaged.

F Imaged is misplaced or skewed.

0] Poor type quality or uniformity.

Error type T, mostly wrinkled forms and scumming
(black grease or oil) during printing, was the most fre-
quently occurring error. The second most frequent error
was the binary coded decimal code not within specifica-
tions followed by out-of-tolerance unprinted spots in the
index squares or vertical bars. The other error types, not
directly related to imaging, were able to “‘slip’”” through the
pre-imaging inspection because the quality assurance plan
was designed to detect systematic, not random, errors.

No quality assurance records were received for the
printing of the instruction guides and motivational inserts.
The reason for this is not known.

The results of the inspected outgoing and return enve-
lopes were recorded on Form D-852, Envelope Printing/ Con-
struction Verification Quality Assurance Record. (See form
in appendix B.)

No quality assurance records were received from one of
the plants that constructed some of the envelopes. The
reason for this is not known. For the records received, from
the 1,988 samples inspected, the estimated incoming error

rate was 4.8 percent, with a standard error of 0.5 percent.
The estimated outgoing error rate was 3.3 percent, with a
standard error of 0.4 percent.

Over 80 percent of the errors were attributed to poor
type quality or uniformity. However, these errors were not
critical. The other detected errors were uniformly distrib-
uted.

For the assembly process of the packages, a question-
naire, instruction guide, return envelope, and motivational
insert were inserted into the outgoing envelope.

The results of the inspected packages were recorded
on Form D-853, Sample Package Assembly Verification
Quality Assurance Record. (See form in appendix B.)

Based on the 5,382 samples inspected, the estimated
incoming error rate was 9.0 percent, with a standard error
of 0.4 percent. The estimated outgoing error rate was 6.7
percent, with a standard error of 0.3 percent. Figure 2.3
shows the distribution of the types of errors detected. The
types of errors were as follows:

Code  Description

Any material is torn or damaged.
Other, specify
Error unspecified.

Mailing package does not contain the proper
contents.

womaoOn

Over 60 percent of the errors detected were attributed
to torn or damaged material. These defective pieces were
not critical to usage, but were discarded. Bad print quality

EFFECTIVENESS OF QUALITY ASSURANCE

11



Figure is not available.


JOBNAME: No Job Name PAGE: 4 SESS: 114 OUTPUT: Mon Sep 20 08:22:22 1993 /psswO01/ disk2/ 90dec/ cphe/ 2/ chapter2

of the envelopes was the second most frequent error.
Regarding the E error type, these samples were detected
to be in error, but the type of error was not annotated on
the quality assurance form. The contractor’'s inspectors
were very meticulous, even the most minor of defects were
counted as errors.

For the packaging verification, there were two types of
packages: Mail-Out/ Mail-Back and Update/ Leave. For the
mail-out/ mail-back packages, a sample of ZIP Codes and
the 5-digit and residual sorts within the sampled ZIP Codes
were inspected. For the update/ leave packages, the mate-
rials were sorted by the appropriate field district office. A
sample of address register areas within each district office
was inspected.

The results of the inspection were recorded on Form
D-802, Packaging Verification: Mail-Out/ Mail-Back Quality
Assurance Record and Form D-803, Packaging Verifica-
tion: Update/ Leave Quality Assurance Record. (See forms
in appendix B.)

For the mail-out/ mail-back packages, approximately 8.1
percent of the sampled ZIP Codes (74 samples out of 915
samples) contained missing mailing packages. The stan-
dard error on this estimate is 0.8 percent. The missing
mailing packages accounted for 0.06 percent of the sam-
pled mailing packages. The standard error on this estimate
is 0.0 percent.

For the update/leave packages, approximately 12.6
percent of the sampled address register areas (131 sam-
ples out of 1,041 samples) contained missing packages.
The standard error on this estimate is 1.0 percent. The
missing packages accounted for 0.04 percent of the
sampled packages. The standard error on this estimate is
0.0 percent.

The missing packages for both the mail-out/ mail-back
and update/leave packages consisted of questionnaires
damaged during the imaging and/ or assembly operations.
The sequence numbers of the damaged questionnaires
were recorded and materials were regenerated. The regen-
erated packages were shipped as individual packages
rather than as bulk for the appropriate ZIP Codes. Thus,
the missing packages were accounted for in the sampled
ZIP Codes and address register areas.

Conclusions

The contractors were very cooperative with the on-site
government inspectors in allowing use of their equipment,
access to their facilities, and implementing the quality
assurance plan.

The quality assurance system had a positive effect on
the production of the short-form packages. The quality
assurance system allowed for the detection and correction
of systematic as well as random errors at each phase of
the production of the packages. The on-line verification
performed by the contractors during each stage of produc-
tion worked well. This on-line verification made it easy to
rectify unacceptable work and improve the production
process over time.
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The technical requirements for the production of the
short-form packages were more stringent than necessary
to process the questionnaires. Thus, regardless of the
seemingly high error rates, the quality of the production of
the packages was sufficient for the process.

As a result of the analysis of the production of the
short-form packages, the following are recommended:

1. Completion and receipt of the quality assurance forms
needs to be monitored closely to ensure the forms for
each production phase are completed correctly and
received on a timely basis at the Census Bureau.

2. Continue the practice of periodically having govern-
ment trained personnel on site to ensure the quality
assurance specifications are correctly followed and to
monitor the quality of the production of the packages.

3. Require the contractor to produce prior-to-production
samples.

4. Even though this was not a problem with the produc-
tion of the short-form packages, a method to control
addresses changed or deleted by the contractor should
be developed for future printing jobs requiring address-
ing.

5. Maintain the printing standards by which defects are
gauged. However, to further reduce the outgoing error
rate, the sampling interval for the verification of the
packaging of the questionnaires should be decreased
to detect missing pieces.

6. Since the collection of the sequence numbers of the
damaged questionnaires was sometimes confusing, a
more acceptable method of recording, regenerating,
and inserting the damaged questionnaires back into
the flow should be developed.
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LONG-FORM PACKAGE PRODUCTION
Introduction and Background

For the 1990 decennial census, approximately 17.2
million long-form packages consisting of a long-form ques-
tionnaire (see form D-2 in appendix B), instruction guide,
motivational insert, and a return and an outgoing envelope
were produced. These materials were produced using the
following multi-step process: printing and imaging of the
outer leafs (pages 1, 2, 19, and 20) of the questionnaires;
printing of the inside pages (pages 3-18) of the question-
naires; printing of the instruction guides and motivational
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inserts; printing and construction of the outgoing and
return envelopes; gathering, stitching, and trimming of the
guestionnaires; and assembly and packaging of the pieces.
After the contract for this process was awarded, the
Census Bureau met with the Government Printing Office
and the contractor to discuss any adjustments to the
quality assurance requirements or production system to
optimize efficiency of the long-form package production.

Before printing the questionnaires, a prior-to-production
run was performed by the contractors to demonstrate their
ability to produce a large-scale, full-speed production run
that would meet specifications. This included using a test
address file containing bogus addresses.

During production, representatives of the Census Bureau
or the Government Printing Office repeatedly visited the
contractors’ sites to ensure that the contractors followed
the quality assurance specifications, and to monitor the
guality of the various processes.

Methodology

The quality assurance plan consisted of visual and
mechanical on-line verification of samples of the package
components during each stage of the production process.
A systematic sample of clusters of two or three consecu-
tive package components was used as the quality assur-
ance samples. If a systematic error was detected, a clean
out (expanded search) was performed forward and back-
ward of the defective sample cluster to isolate the prob-
lem. The contractors corrected all errors and recorded the
results of the inspection on the appropriate quality assur-
ance recordkeeping forms. The results were used for
feedback, process improvement, and later analysis.

The contract required the selection of a sample of
guestionnaires; some were inspected and the others were
not. The sampled questionnaires were shipped to the
Census Bureau's Data Preparation Division in Jefferson-
ville, Indiana, where a subsample of the inspected ques-
tionnaires was selected and reinspected. This served as
an independent verification of the quality of the production
of the packages. The uninspected questionnaires served
as the “Blue Label” samples; that is, randomly selected
copies packed separately and inspected only by the Gov-
ernment Printing Office when there was a problem. How-
ever, for this printing process, the Census Bureau was
given a dispensation by the Government Printing Office to
allow review of the samples by the Data Preparation
Division, if necessary.

Limitations

The reliability of the evaluation for the operation was
affected by and dependent upon the following:

1. The correctness of the quality assurance records
provided by the contractors.

2. The calibration and accuracy of the equipment used to
measure the printing attributes.
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3. The legitimacy of the samples delivered by the con-
tractors.

4. The re-creation and re-insertion into the work scheme
of all questionnaires containing actual addresses that
were used as samples for the binding and assembly
operations.

5. The representation of the outer leafs throughout the
roll (for the roll-to-roll printing) by the sampled outer
leafs at the end of the rolls.

6. The use of the number of random errors detected as
the numerator in calculating the outgoing error rates. If
no random errors were detected, the estimated out-
going error rate was 0.0 percent.

7. The assumption of simple random sampling in calcu-
lating estimated error rate standard errors.

Results

There was a cooperative effort between the Govern-
ment Printing Office and the Census Bureau (especially the
Administrative and Publications Services Division, the Decen-
nial Planning Division, and the Statistical Support Division)
in producing the long-form packages. This joint effort
allowed for the best experience in this type of printing, with
special emphasis regarding quality assurance, that the
Census Bureau has seen in a decennial setting.

The technical specifications for printing forms to be
filmed traditionally have been highly demanding with respect
to the quality of paper, printing, and finishing work (address-
ing, trimming, folding, etc). These rigorous technical require-
ments were driven by the data conversion system and by
the need to safeguard against the introduction of data
errors in processing questionnaires. While selected print-
ing specifications for the forms to be filmed were relaxed
somewhat for the 1990 census, the printing contract
specifications—monitored by means of quality assurance
requirements that were an integral part of the contracts—gave
the Census Bureau a wide ‘“‘margin of safety,” ensuring a
top-quality product and minimizing the introduction of data
errors at conversion.

In view of the fact that development of the 1990
software for the filming equipment was not finalized until
after the conclusion of all printing, the margin of safety was
considerably wider than in the 1980 census or than
anticipated for 1990. Despite the detection of errors doc-
umented in this report, no forms processing or data
conversion problems attributable to bad printing (or other
manufacturing steps) are known to have occurred with the
1990 forms. In addition to ensuring against widespread
random or systematic errors, the quality assurance con-
tractual requirements served to guard against any escala-
tion in the degree (or seriousness) of errors to the point
where the “true” (but unknown) tolerances might have
been strained or exceeded.

The quality assurance system had a positive effect on
the production of the packages. It allowed for the detection
and correction of systematic errors at each phase of the
production of the packages.
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The overall quality of the printing of the questionnaires
and production of the packages was better than originally
anticipated.

For the roll-to-roll printing process, the outer leafs
(pages 1, 2, 19, and 20) of the questionnaires to be filmed
were offset printed on a web press. A large roll of paper
was run through the press and, upon printing approxi-
mately 36,000 outer leafs, the paper was immediately
re-rolled.

The results for the inspected outer leafs were recorded
on Form D-854, Roll-to-Roll Questionnaire Printing Verifi-
cation Quality Assurance Record. (See form in appendix
B.) Of the 1,185 printed rolls of outer leafs, 9.2 percent
(109 rolls) were detected to be in error. Due to the 100
percent verification of every roll, there is no standard error.
Figure 2.4 shows the distribution of the types of errors. The
error types were as follows:

Code  Description

Other, specify.
Any measurement of the black ink density
is out-of- tolerance.

Any unprinted spot in the index squares or
vertical bars is out-of-tolerance.

Black and blue inks are out-of- register.
Poor type quality or uniformity.
Any black spot is out-of-tolerance.

ome O >4

Error type J, mostly due to paper shrinkage and scum-
ming (black grease or oil) during printing, was the most
frequently occurring error. Out-of-tolerance black ink den-
sity readings and out-of-tolerance unprinted spots in the

index squares or vertical bars were the second and third
most frequent errors, respectively.

For the imaging process of the outer leafs, the outer
leafs were addressed and encoded using inkjet spray.
Variable respondent addresses, an interleaved 2 of 5 bar
code, a census identification number, a binary coded
decimal code, variable return addresses with correspond-
ing postnet bar codes, synchronization control numbers,
and an imaging alignment character (‘*X"’) were imaged on
each outer leaf.

The results of the post-imaging inspection were recorded
on Form D-863, Addressed Sample Questionnaire Outside
Leaf Verification Quality Assurance Record. (See form in
appendix B.)

The post-imaging estimated incoming error rate was 2.4
percent, with a standard error of 0.7 percent. The esti-
mated outgoing error rate was 0.0 percent. Figure 2.5 gives
the distribution of the types of errors detected during this
inspection. The error types were as follows:

Code Description

A Any reading of the black ink density is
out-of-tolerance.

Other, specify (relative to printing).

Other, specify (relative to personalization).
Any black spot is out-of-tolerance.
Misplaced or skewed image.

Code numbers do not match.

V20 -«

Error types A (out-of-tolerance black ink density read-
ings) and J (mostly attributed to paper shrinkage) were the
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most frequently occurring errors. The third most frequent
error, error type T, was due to tracking (trails of ink) on the
forms during imaging.

Most of the errors were found during the roll-to-roll
printing stage rather than from the imaging process. This
implies that either the errors were random or went unde-
tected during the roll-to-roll printing phase.

For the inside pages (pages 3-18) of the questionnaires,
a large roll of paper was run through the press printing the
inside pages. After being printed, the inside pages were
trimmed and folded.

The results for the inspected signatures (entire grouping
of inside pages 3-18) were recorded on Form D-862,
Sample FOSDIC Questionnaire Signature Printing Verifica-
tion Quality Assurance Record. (See form in appendix B.)

The estimated incoming error rate was 3.2 percent, with
a standard error of 0.4 percent. The estimated outgoing
error rate was 0.0 percent. Figure 2.6 shows the distribu-
tion of the types of errors detected. The error types were
as follows:

Code Description

Any black spot is out-of-tolerance.

Any unprinted spot in the index squares or
vertical bars is out-of-tolerance.

Any measurement of the circle wall thickness
is out-of-tolerance.

Other, specify.

Poor type quality or uniformity.

Any measurement of the black ink density is out-of-
tolerance.

Black and blue inks are out-of-register.

@ M« W OO0

Out-of-tolerance black spots (type D) was the most
frequently occurring error. Out-of-tolerance unprinted spots

EFFECTIVENESS OF QUALITY ASSURANCE

in the index squares or vertical bars (type C) was the
second most frequent error. Out-of-tolerance circle wall
thickness measurements (type B) and error type J (black
grease or oil during printing) were the next most frequent
errors.

Quality assurance records were received for the printing
of the motivational inserts, but not for the instruction
guides. The reason for this is not known.

The results for the inspected items were recorded on
Form D-851, Instruction Guide and Motivational Insert
Printing Verification Quality Assurance Record. (See form
in appendix B.)

For the printing of the motivational inserts, eleven
clusters out of 1,239 inspected clusters were detected to
be in error. The estimated incoming error rate was 0.9
percent, with a standard error of 0.3 percent. The esti-
mated outgoing error rate was 0.0 percent. Unfortunately,
the type of errors detected for the defective clusters were
not specified on the quality assurance forms.

The results of the inspected outgoing and return enve-
lopes were recorded on Form D-852, Envelope Printing/ Con-
struction Verification Quality Assurance Record. (See form
in appendix B.)

Quality assurance records for only 109 samples (less
than 5 percent of the envelopes produced) were received.
None of the samples were detected to be in error. How-
ever, since all of the samples were selected in the same
time frame instead of throughout the process, no inference
can be made about the production of the envelopes.

The binding operation consisted of gathering the inner
pages into the outer leaf, stitching (stapling the pages
together on the spine), trimming, and folding. The results
for the inspected questionnaires were recorded on Form
D-849, Sample FOSDIC Questionnaire Gathering, Stitch-
ing, and Trimming Verification Quality Assurance Record.
(See form in appendix B.)

The estimated incoming error rate was 1.6 percent, with
a standard error of 0.2 percent. The estimated outgoing
error rate was 0.3 percent, with a standard error of 0.1
percent.

Figure 2.7 shows the distribution of the types of errors
detected. Some clusters contained more than one type of
error. The error types were as follows:

Code Description

Missing staple(s).

Improperly applied staple(s).
Misplaced staple(s).

Improperly trimmed.

Other, specify (relative to gathering).
Other, specify (relative to trimming).
Unsequential pages.

Other, specify (relative to stitching).
Error Unspecified.

“@O® - OImmTOo

The most frequently occurring error was missing sta-
ples. Improperly applied staples was the second most
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frequent error followed by misplaced staples and improp-
erly trimmed questionnaires. The errors were not critical to
usage and were manually corrected.

The assembly operation consisted of inserting a ques-
tionnaire, an instruction guide, a return envelope, and a
motivational insert into the outgoing envelope. The results
of the inspected packages were recorded on Form D-853,
Sample Package Assembly Verification Quality Assurance
Record. (See form in appendix B.)

Based on the 12,688 samples inspected, the estimated
incoming error rate was 0.3 percent, with a standard error
of 0.1 percent. The estimated outgoing error rate was 0.03
percent, with a standard error of 0.02 percent.

Figure 2.8 shows the distribution of the types of errors
detected. Some sampled packages contained more than
one type of error. The types of errors were as follows:

Code Description

D Other, specify

C Any material is torn or damaged.

B Mailing package does not contain the proper con-
tents.

A Address on the questionnaire is not visible through

the window of the outgoing envelope.

Almost 65 percent of the errors detected were attributed
to the envelopes not sealing properly due to the inserter
applying either too much or too little water on the glue flap
of the envelopes. Torn or damaged material was the
second most frequent error. These errors were minor and
not critical to usage. All errors found were corrected.

For the packaging verification, there were two types of
packages: Mail-Out/ Mail-Back and Update/ Leave. For the
mail-out/ mail-back packages, a sample of boxes from
each pallet was inspected. For the update/ leave pack-
ages, a sample of address register areas within each
district office was inspected.

The results of the inspection were recorded on Form
D-802, Packaging Verification: Mail-Out/ Mail-Back Quality
Assurance Record and Form D-803, P