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Abstract

Business surveys conducted by the U.S. Census Bgsesarally make initial contaetith the respondents by mail
and provide a variety of regpse optionsmail, securénternetcollection,fax, andtelephone. There are many
hypotheses about the merits ath collection methodTelephoneollection can be more expensive for the data
collection agency thamail, internet, andax. However telephone anthternetcollection can provide better quality
data than mail and fax collection becaoséhe opportunity for checking data during the data collection process
Using historic data fromato ongoing programs, wiavestigate data quality adianction ofdatacollection mode
using various quality measuréscluding the unitesponse ratand thequantity response rate.

1. Introduction

The term “quality’asused by statisticians to describe data does notdsivgle accepted meaning. Statistical
agencies and organizations often defiagaquality by various dimensions. Eurostat (20fa8)examplejdentifies
six dimensions taataquality: relevance, accuracy, timeliness, accessibility and clarity, comiitsratid
coherence Ofthese dimensions, accuracy is the most impoktacause “without accuracgther quality features
are irrelevarit(Biemer and Lyberg2003 p. 19. However, accuracyhich is usually defined in terms of total
survey erroi(samping error + nonsamplingrror), is difficult, if not impossibléo measuréSee Biemer and
Lyberg, pp. 3443). Therefore, in this paper, when we use the term “data quality” (or “qualitg’mean reporting
accuracy. Moreover, we assume thatwkeiesof the edited data amdrrect.

The mode oflata collectior{i.e., the mediunused toobtaina survey unit’'sesponseto survey questiondas an
effect on the quality of theeporteddata. Different modes (1) provide access to different types of pe@attract
different types of respondents; and (3) elicit different respodgegié et al., 2009)Businessurveysprograms)
conductedy the Economic Directorate of the U.S. Census Bureau are predominatelgira@listered and employ
a large variety of data collection techniques, including-mased methods, telephebased methods, computer
based methods, electroriased methodgndadministrative recordbased rathods (Nicholls et 312000). Hence,
businesses haweveraresponse options

There are many hypotheses about the merits ofdateleollection method Telephonecollection can be more
expensive for the data collection agency thmil, internet and faxcollection. However, elephone anthternet
colledion can provide betteruglity data than mail and fax collectitbiecause of the ability for reime editing
during the data collection proce&dmer and Lyberg, 2003)illimack and Nichols (2010) provide evidence that
electronic data collection instruments can improve data quality by aidiregdnretrieval and collection process,
especially if “they are designed around spreadsheet applications.”

Here,we explicitly link quality topostdata collection processing procedures, specifically editing, imputatioh,
analyst reiew. The first two procedures are applied automatically to the collected dataecatieisigned to obtain
accurate tabulatiorfsom all eligible units Analyst eview is performed selectivelyn this framework, we ssune
that as the percentage of retdfireported dataincreasesthequality of the collected data likewise increaséfe
studythe quality of surveylataas a function oollection modehrough various measures tlasess how much of
thedatareportedby respondentareretained after all data processing has been compldiegially important, we
examine interactions betweenit size and collection mode

! Any viewsexpressed in this paper are those of the authors and not necessarily thedd.8f Census Bureau.
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In general, analyst procedures in business su@gesignedo improve the quality of the key estimates oatst
This is usually best accomplished by unit nonresponse faljpwf the large cases expected to contribute
substantially to the estimate, followed by intensimalyst research for auxiliary data sources such as publicly
available financial reports t@place imputed values with equivalent data (Thompson and Oliver,.2Ba2jhe
smaller cases that mayly be reviewed bynachine checks, the effectiveness of the data collection mode
(instrument) for obtaining accurate reported data is especiallyriamio

The Census Bureau is trying to increase the usage of internet collectianaiveut for its economic programs
For the two studiedurveys internet collection has been increasing. Given the skewed populatbtisearesultant
focus onobtaining reported data from the largest units, the first researchaqutsit we examine is whether the
increased use of internet collection is an acthedoard phenomenorr gonfined to the larger unitdf the latter is
true, then protocols or collection instruments designed for small busirgssgidbe examined. In terms of data
guality, we specifically examinghether internet collection appears toiln@roving data quality in terms of
preserved repted dataagain assessing whether the “improvemerif’it exists-- is limited to the large cases

We introduce our notation and metrics in Sectiorir2Section 3, we apply these metrics to historic data from two
ongoing programs: the Quarterly Services Survey (QSS) and the Annuall Expienditures Survey (ACES).

Both surveys use the Standard Economic Processing System (StEP8peidatithe U.S. Census Bureau for
economic surveys (Sigman, 2001), which aBas to profit from the system’s staard data flagging rules,
respondent definitions, and existing metrics.

2. Definitionsand Metrics
2.1. Definitions

For many economic programs, there is a need to distinguish betwesmitag (sampling) unit, the reporting unit,
and the tabulation i A survey unit is an entity selected from the underlying statistical populati@mafarly
constructedinits (i.e. from the fime). A reporting unit is an entity from which data are collected. Reporting units
are the vehicle for obtaining data and may or may not correspond tceg suit/for several reasongorexample,

a company may request several forms (one per establishment) or a graomglefl £stablishments may request to
report onasingle consolidated fornT.hus, the surveunit(s) establisheeporting uni¢s) for their convenience.
Lastly, atabulation unit houses the data used in estimation. In the case of multiple reportirigrorgfor the same
unit, form data are consolidated to create a tabulation unit. In the case okaspagting unit providing data for
several establishments or other categories (e.g., industry), tréimgpunit data may be split among the different
catgyories. Note that the original definition of the survey unit etagnge in composition over time (perhaps due to
mergers, acquisitions, or divestitures), and the associated repowingtalation units may likewise change.

Following the U.S. Census Beau Quality StandardMgthodology and Statistics Council, 2Q;1arespondent is
an eligible reporting unit for which
e an attempt was made to collect data

e the unit belongs to the target population
e theunit provided sufficient data to be classified as a response

Surveysestablish their rules for respondent definitions by establishing reqilatadtems and conditions for
requirement. A survey can elect to have one or more required data itemayaretjoire all required items provide
sufficient data or that some combinationiteims provide sufficient data-or example, a survey could require
sufficient data for two items, for one of two items, or for one of two itemsnadipg on the unit’s classification
(e.g, one item if unit sells aterial on thénternet a different item otherwise). These definitions are established
before data collection begins and are not expected to change.

In the Economic Directorate, data are sufficient if processed data fields amwuaited data. Therespondent
directly provides the valueis the data collection periodExamples of reported data includsalaluesthat are
reported by the respondeott the formand that pass data editiatavaluesthat are reported by the respondienan
analyst and datavaluesthat are reported on the form and receive minor corrections from an aealystiyide
original value by 1,000)



Standard 3.8f the Office of Management and Budget Statistical Stand&mteral Register Notice, 200&ates

that “Agercies must add codes to collected data to identify aspects of data qualithéawilection (e.g., missing
data)in order to allow users to appropriately analyze the datales added to convert information collected as text
into a form that permits imediate analysis must use standardized codes, when available, to enhance
comparability! StEPS identifies changes to collected data using two flags: a flag that idethéfimmodule where
thedatachange occurrec(g, review and correction, simple imputation, imputation) and a flag teatifiés the
source of the final item value.Q, wrong units, summing error, instructed by respondent to use companyt@jeb si

Although StEPS provides tools for correctly flagging each data itenmtiégrity checkson these flags can be easily
disabled especially on the source flag. Moreover, StEPS allows usstbjectively determine whetherflag a
value as “Analyst Corrected” (treat as reported) or “Analyst Imputed” @sahputed). The metricescribel
assume that the standard flagging rules have been properly and obliysigtelied. Our applications do
incorporateknown exceptiongrovided by subject matter expenighich we discuss in Section 3

2.2. Quality M easures
We use four qualityneasures to link quality to data collection mode.

The Unit Response Rate (URR) is the unweighted proportion oésponding reporting unitdn each statistical
period, StEPS automatically computes theR as

R
E+U

URR =

(1)

Where

R = count of reporting units that were eligible for data collecticthdrstatistical period and classified as a
respondent

E = count of reporting units that were eligible for data collection in the statigiriod

U = count of reporting units the statistical period whose eligibility for reporting could not be determined

The numerator of the URR can be further crdsssified to study contributions from mutually exclusive domains
such as sampling unit type (certainty or noncertainty)ata dollection mode.

Business populations are highly skewed, and large units consequently adednicl samples with certainty or with
very high probability (small design weights). Computing aweighted rate reduces the influencesofall units on
theprogram leveURR. However, we are interested in the interaction between response, size of thedidita
collection mode.For this study, we use certainty status (certainty units versus reintertnits) as a proxy for unit
size. We examine interaction between data quality (in terms of retained regate®dunit size, and data collection
mode.

The Quantity Response Rate (QRR) is the weighted proportion of an estimate thsds reported datdJnlike the
URR, each item has its own QRR,there may be several QRR measures per survey. StEPS automatically
computes this measufer a given iterry as
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Where

= theunbiasedsampling weight for thé" tabulationunit
y; = the quantity of a key variable for tifetabulationunit
R, = 1ifi"tabulation unit retained its reported value for the itemtherwise

T = the estimated weighted total p{includesimputed datand nonresponse weight adjustment



Using weighted estimates incorporates the contribution of each tabulaficto the estimated totaliVe use the
QRR to examin¢heinteraction between data quality (in terms of retained reported data), dieewfit, and data
collection moddor eachkey item, considering the same credassifications as with the URR.

TheWeighted Volume Response Rate (WVRR) uses the frame measure of sig#S) instead of a survey
characteristigy) in (2). This eliminates several sources of confounding in our analysis. tRestenominatorT) is
neveradjusted for nonresponse, as frame MOS is available by definiti@ll fabulation unitsSecond, the
denominator of the WVRR is essentially constant throughout the surveymdishay change slightly due to status
changes in tabulation units). This facilitates comparisons betwestistdperiods on the same item, c.f. the QRR,
whose denominator withange each statistical perioiinally, unit response to a program can be determined by
single item, by more than one item (“and” relationships), or by respgrdione of a groupf items (“or”
relationships).In the latter case, the QRRs for the set of required items can vary quitenakiitg analys

difficult. We use the WVRR to examine data quality as a function of unit size and data cotieatien

The Sour ce of Data Item (SDI) measures the proportion sponding units that retain the@porteddata(i.e.,
reported vhue equals edited valu&r an iem Similar to (1), this prportion uses unweighted countSor multi
mode data collection, within an item, we compare the SDI by mode to degerrhéether there are particutiata
collectionmodes that retain a highproportion of the reported dat8y cross classifyinghe I by unit size we
can explore thanfluenceof the size on a particular collection mode as wélthe collection mode is effective, we
expect the SDI to approach 100%.

3. Quarterly Services Survey (QSS)
3.1. Background

The Quarterly Services Survey (QSS) is a principal economic indicator $efipsoducegjuarterly estimates of
total operating revenue and the percentage of revenue by class of custamearmigmt, business, consumers, and
individuals)for selected industriesThe survey alsproduces estimates of total operating expenses fromx@mpt
firms in industries that have a large #fiot-profit component. The QSS samecomprised o§ervice businesses
with paid employees that operate in the covered sectorew QSS sample selected every five years, and the
sample is updated quarterty teflect birthsand to (temporarily) exclude cof-scope and inactive caseSor

details on the QSS designdthe estimation methodologgeehttp://www.census.gov/services/gss/qsstectiotml

Businesses selected for the Q8&yrespond througthe internetby mail, fax,or telephone.Currently, the

prevalent forms of data collection antéernef form (paperquestionnaire), ando a lesser extent, fax. For our study,
we examine these modes separately and group the remaining (@oalgst phone contact, clerk phone contact,
respondent phones in, and touchtone data eintxya single‘other” category. The QSS collects reverfiten all

units and operating expenses from a subset of units, depending on theyimdwstich the unit operates.

For our study, we uskQSS data from 2009 through 2Q1ith revenue as the studigdm. Unfortunately, he
measure of size variable (census equivalent receipts) was not available igitddl ehitsin our historic data sets
Consequently, we cannot compute the WVRR for the QSS data.

Since response statuseistirelydetermined by reported reventiee URR is approximately the sagras theQRR
when response is representaiivéhe sense that small and large units are reporting at the samkikatgise, the
DI values vill be highly correlated with the two response rate measures.

3.2 QSS Results

In this section, w@resenthe results obtained when we applied our quality measures discus3ection 2 to QSS
data from the first quarter of 2009 (i.e., 2009Q1) to the last quarter of 281 2011Q4).

3.2.1 Response to the QSS by Size-of-Unit
Figure1 plots the URR fothe QSSfor all eligible units (green¥or the certainty units (blackandfor the non

certainty unitgpurple) Within sizeof-unit category (certainty/noncertainty/all), the URR are extremely stable
across time. However, the URR tbe certainty units is consistently higher thantiR for thenoncertainty
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