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1. Introduction

In the U.S. Consumer Expenditure (CE) Interview
Survey, consumer units (CUs) are asked to pro-
vide month-by-month reports of expenditures. Since
April 2003, the CE Interview Survey began utilizing
the Computer Assisted Personal Interview (CAPI)
instrument for data collection. The CAPI conver-
sion is expected to improve data quality by short-
ening the data processing time, reducing the invalid
responses, increasing accuracy by enforcing skip pat-
terns, and by checking consistency and range as data
are being entered. In this paper, the CAPI is com-
pared to the conventional paper-and-pencil personal
interview (PAPI) method by the mean expenditure,
count, and expenditure per count with respect to ex-
penditure categories, and respondent demographic
variables. We present an overview of the CE In-
terview Survey and CAPI application. Finally, we
describe the comparison study and present statisti-
cal tools for the study. The proposed methods are
applied to selected subsets of items from the CE In-
terview Survey.

2. The Consumer Expenditure Sur-
vey

The CE Survey collects data relating to family ex-
penditures for goods and services used in day-to-day
living (BLS Handbook, 1997, p.160). One major
use of the data is to provide the basis for revising
weights and associated pricing samples for the Con-
sumer Price Index (CPI). In addition, the Bureau of
Labor Statistics (BLS) uses the data to produce es-
timates of mean expenditures and to produce public
data sets of expenditures and income. The current
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survey consists of two separate surveys, the Inter-
view Survey and the Diary Survey, each with a dif-
ferent data collection technique and sample. The
principal reason for this use of multiple collection
modes is that some expenditures (generally small or
frequently purchased items) are believed to be more
readily captured through a diary, while other items
(generally purchases that are larger, less frequent, or
otherwise more salient) are more readily captured
through a periodic in-person interview (Eltinge et
al., 2000). The remainder of this paper will con-
sider only data from the CE Interview Survey. The
purpose of the CE Interview Survey is to obtain de-
tailed data on relatively large expenditure items such
as property, automobiles, or major appliances, or on
expenses which occur on a fairly regular basis, such
as rent, utility bills, and insurance premiums. The
CE Interview Survey includes rotating panels: each
CU in the sample is interviewed every 3 months over
five calendar quarters and then is dropped from the
survey. Approximately 20 percent of the addresses
are new to the Survey each quarter. The interviewer
uses a structured questionnaire to collect both de-
mographic and expenditure data in the Interview
survey. See Cho et al.(2004) for more detailed infor-
mation on the CE Interview Survey.

3. Section Description of CE Inter-
view Survey

The following list contains general descriptions of
expenditures collected in selected sections of the CE
Interview Survey in 2002 and 2004. We compared
all these sections at their aggregate levels between
2002 and 2004. Note that these descriptions do not
list all items collected in the sections.
Section 4A - Telephone services including cellular
service
Section 4B - Pre-paid phone card and pay phone
expenses
Section 4C - Utilities and fuels such as electricity,
natural or utility gas, piped-in water, cable/satellite
TV, and internet access



Section 4D - Utilities and fuels for rented vacation
properties
Section 5 - Property Construction, repairs to the
home, and maintenance for the home
Section 6A - Major household appliances such as
refrigerators and dishwashers
Section 6B - Small appliances such as toasters
and other household items such as computers,
electronics, and tools for the home
Section 7A - Maintenance or repair of household
items such as electronics and appliances
Section 7B - Expense for service contracts for the
maintenance or repair of household items
Section 8A - Expenses for furniture, infant’s
equipment, outdoor furniture and decorative items,
decorative items for the home, storage and travel
items, glassware and dinnerware, linens, and floor
and window coverings
Section 8B - Rental, leasing, or repair of furniture
Section 9A - Clothing and accessories for persons
age 2 and older
Section 9B - Clothing and accessories for persons
under age 2 and watches, jewelry, and wigs or hair
pieces
Section 9C - Repair of clothing, shoes, watches, or
jewelry and clothing rental and clothing storage
Section 9D - Expenses for sewing materials and
notions
Section 12A - Vehicle maintenance and repair,
parts, and equipment
Section 12B - Licensing of drivers and vehicles and
registration and inspection of vehicles
Section 12C - Other vehicle expenses such average
gasoline expenditures and expenditures on parking,
towing, and auto clubs
Section 15A - Out-of-pocket medical expenses
Section 16 - Educational expenses
Section 17A - Subscriptions to newspapers or mag-
azines, season tickets to sporting events or theater,
book clubs, CD and video clubs, reference books,
encyclopedias, club memberships, credit card fees,
and shopping club fees
Section 17B - One time or single admission expenses
for the items in 17A except memberships plus
photographic film and film developing
Section 19A - Miscellaneous expenditures
Section 19B - Contributions
Section 20A - Food and beverage expenses
Section 20B - Expenses for selected goods and
services

4. PAPI to CAPI Conversion

The CE Interview Survey introduced the CAPI in-
strument to the field in the data collection month
April 2003. As of that date, field representatives
(FRs) began collecting all cases in the CAPI in-
strument even if the FR previously interviewed the
CU on paper. At the time of implementation, the
CAPI interviewing experience levels of the FRs var-
ied. Many FRs conducted CAPI interviews for other
surveys using DOS-based software such as CASES.
The Census Bureau programmed the CAPI instru-
ment in Windows-based software called Blaise.

The questions changed very little from the last
paper form in 2001 and the first CAPI instrument
in 2003. However, the approach to asking the ques-
tions changed. On paper, the FR introduced the sec-
tion, presented the reference period, listed each item
collected in the section, and then collected detailed
expenditure information on any items purchased by
the CU. On paper, the FR marked ‘no’ next to any
item not purchased. In CAPI, the FR introduces the
section, presents the reference period, begins listing
each item collected in the section, but instead of
waiting until the respondent has heard the whole
list, the FR immediately collects detailed expendi-
ture information on any items purchased by the CU
then continues asking about the remaining items. In
CAPI, the FR makes no entries for items or services
not purchased by the CU.

In addition, the authors note the following change
in Section 4C: The focus shifted from the grouping
the utility expenses by property in PAPI to focus-
ing on the individual utilities in CAPI. The CE In-
terview Survey still collects the property associated
with the utility, but the questionnaire no longer uses
property as a recall tool for received utility bills.

5. Previous Findings

The CAPI test team (2003) of the CE division
conducted a preliminary comparison study between
CAPI and PAPI data in terms of respondents, re-
sponse rates, mean expenditure, and interview time.
CAPI data were collected on approximately 3000
addresses per quarter in the first three quarters of
2002 in the study. CAPI data were then compared
with PAPI data for the normal production during
the same time period. The team found that de-
mographic characteristics of respondents, expendi-
ture levels, and overall length of interview time were
quite similar between CAPI and PAPI. However, the
team observed difference in the average number of
reported expenditures per CU between two modes.

The comparison study by The CAPI test team



provided important results. However, the CAPI in-
strument was not quite established during the test-
ing time. Insurance expenditure counts and dollar
amounts collected in the CAPI dress rehearsal, for
example, were too low because the CAPI instrument
did not carry forward some previous insurance pol-
icy information. In addition, interviewers who con-
ducted CAPI were not as experienced as the ones
with PAPI. The team compared PAPI and CAPI
data that were partially processed data with the first
three quarters, and with the first three interviews.
We used the Phase 3 processed data (from the sec-
ond interview through the fifth interview) from all
four quarters.

See Bradburn et al (1991), Fuchs et al. (2000),
Lamas et al. (1996) and references cited therein for
more information on the CAPI data collection.

6. Comparison Study

6.1 Comparison Data

We selected PAPI data from the 2nd through 5th
interviews of the Year 2002 and CAPI data from
the Year 2004. Both 2002 and 2004 share the same
sample design. That means that the primary sam-
pling units (PSUs) stayed the same and PSU group-
ings for the variance estimation also stayed the same.
The data used for this analysis was generated from
the monthly expenditures (MTABQ) files and the
CU characteristics and income (FMLYQ) files of the
Phase 3 databases. We didn’t include Pension and
Social Security expenditures which were stored in
the income (ITAB) file. There are 22 sections in the
CE Interview Survey. We chose twelve sections out
of 22, and those twelve sections are the nearly exact
translations of PAPI version to CAPI version. We
avoided sections with significant changes. Numer-
ically, we can conduct the same analyses for those
sections. However, those sections provide less of a
simple methodological conclusion when we observe
the differences. In addition, they would provide less
insight into prospective effects of further changes.
Note that we considered only the components of the
mean monthly expenditure of the CE Interview Sur-
vey that contribute to current CE production esti-
mates. In other words, we used only the univer-
sal classification codes (UCCs) which were collected
through the CE Interview Survey and used for pub-
lishing expenditures. Consequently, the “Overall
Mean” entries are based on data from the UCCs for
which publication is based on the interview reports.
In addition, the entries for “Food” are based on food
UCCs that are published from interview data; simi-
larly for other subgroups included.

6.2 Notations

The remainder of this paper presents methodology
and empirical results for expenditures, counts, ex-
penditures per count, and other estimators observed
in the CE Interview Survey. Define θ̂cm as the ex-
penditure obtained from the CU c for month m and
wcm associated weight. Then a weighted estimator
of the mean monthly expenditure is:

¯̂
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∑
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∑
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wcmθ̂cm

∑
c

∑
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wcm

where m is from January to December. The mean
monthly count and the mean monthly expenditure
per count are defined in a similar way. We made
a CPI-adjustment for each selected section of 2004
expenditures in order to compare the 2004 expendi-
ture with the 2002 expenditure accurately. The BLS
provides CPIs for both overall and detailed expendi-
ture categories on the CPI website. We noted that
five out of twelve selected sections had the opposite
direction from the overall CPI. Define θ̂CAPI

2004 to be
the original 2004 dollar values and θ̂CAPI to be the
CPI-adjusted values from the CAPI method. The
conversion formula from 2004 money to 2002 money
is the following:

θ̂CAPI = θ̂CAPI
2004 × CPI2002

CPI2004

We examined the statistical significance of the fol-
lowing test statistic:
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,

V̂BRR: the variance estimates by the balanced
repeated replication method,
θ̂α: αth replicate estimator which is 13 × 1 vector,
I13: 13× 13 identity matrix.

Note that the variance formula takes into account
the covariance structure between the PAPI and the
CAPI versions.



Table 1: Reporting Consumer Unit

Section PAPI PAPI CAPI CAPI
Overall 31322 1.00 31077 1.00
Section 4 30748 0.98 30420 0.98
Section 5 5321 0.17 4455 0.14
Section 6 11266 0.36 10374 0.33
Section 7 2245 0.07 2612 0.08
Section 8 7516 0.24 7226 0.23
Section 9 15144 0.48 13898 0.45
Section 12 28067 0.90 28061 0.90
Section 15 20092 0.64 18432 0.59
Section 16 8372 0.27 7743 0.25
Section 17 23584 0.75 22066 0.71
Section 19 22790 0.73 21417 0.69
Section 20 27831 0.89 25890 0.83

7. Numerical Result

7.1 Comparing Point Estimators

In the CE Interview Survey, each selected CU is
asked to participate in a total of five interviews. The
first interview collects data for only bounding pur-
poses, and was not considered in the paper. The sec-
ond through fifth interviews are conducted at three-
month intervals. In each of these interviews, the CU
is asked to report expenditures for the past three
months. The Table 1 presents sections, total num-
ber and proportion of reporting CUs of PAPI, total
number and proportion of reporting CUs of CAPI.
We observed that the CAPI had smaller proportion
of reporting CUs in ten sections out of twelve.

We compared the mean monthly expenditure per
CU of overall and selected sections between PAPI
and CAPI. The Table 2 presents sections, mean
monthly expenditure estimates of the PAPI and the
CAPI data, difference between mean monthly ex-
penditure estimates, standard error estimates of the
PAPI data and the CAPI data, standard error esti-
mates of the difference, and test statistics. The cut-
off point using the student t test at α = 0.05 is 2.021.
We observed that CAPI data had smaller mean ex-
penditure in seven sections out of twelve. Among
those seven sections, three sections were statistically
significant. Note that the sections with statistically
significant differences are marked with the asterisks.

In addition, we observed that CAPI data had
larger standard error estimates in eight sections out
of twelve. Standard error estimate of overall expen-
diture in CAPI is also larger than the one in PAPI.

We compared the mean monthly counts per CU
of overall and selected sections between PAPI and

Table 3: Weighted Mean Monthly Counts

Section PAPI CAPI Diff Test Stat
Overall* 19.70 18.49 -1.20 -6.30
Section 4 5.08 5.06 -0.01 -0.37
Section 5* 0.12 0.11 -0.01 -2.95
Section 6* 0.24 0.22 -0.02 -3.06
Section 7* 0.04 0.05 0.01 4.12
Section 8 0.15 0.14 0.00 -0.29
Section 9* 0.47 0.39 -0.07 -6.58
Section 12* 1.76 1.65 -0.11 -5.50
Section 15* 0.95 0.91 -0.04 -2.57
Section 16 0.27 0.27 0.01 0.93
Section 17* 2.71 2.31 -0.40 -9.96
Section 19* 1.44 1.25 -0.18 -5.90
Section 20* 1.82 1.59 -0.23 -12.39

CAPI. The Table 3 presents sections, mean monthly
count estimates of the PAPI and the CAPI data,
difference between mean monthly count estimates,
standard error estimates of difference, and test sta-
tistics. We observed that CAPI data had smaller
counts in ten sections out of twelve. Among those
ten sections, nine sections were statistically signifi-
cant: overall counts in CAPI also decreased, and it
was statistically significant.

We also studied the unweighted expenditure and
counts. The unweighted expenditure and counts are
slightly larger than the weighted ones in each section
of both the PAPI and the CAPI. The unweighted ex-
penditure and counts followed the similar patterns
as the weighted ones. That means in cases where
weighted estimator showed a decrease in the CAPI,
unweighted ones also showed a decrease in CAPI. In
addition, we looked into non-zero expenditures. For
non-zero expenditures, mean expenditures of sec-
tions such as ‘Education Expense’ were increased a
great deal while sections such as ‘Utilities’ stayed
the same. That is because many CUs did not have
‘Education Expense’ expenditures and therefore did
not report it, while most CUs had ‘Utilities’ expen-
ditures and it is hard not to report to interviewers.

We compared the expenditure per count per CU
of overall and selected sections between PAPI and
CAPI. The Table 4 presents sections, expenditure
per count estimates of the PAPI and the CAPI data,
difference between expenditure per count estimates,
and test statistics. We observed that CAPI data
had larger expenditure per count in ten sections out
of twelve. Among those ten sections, eight sections
were statistically significant. Overall expenditure
per count was also increased and it was statistically



Table 2: Weighted Mean Monthly Expenditure

Section PAPI CAPI Diff se02 se04 se(Diff) Test Stat
Overall 2359.89 2329.63 -30.26 22.98 28.42 29.55 -1.02
Section 4* 260.28 256.82 -3.46 1.75 1.92 1.44 -2.40
Section 5 52.19 55.24 3.05 2.11 2.76 3.12 0.98
Section 6 53.24 56.28 3.04 1.23 1.56 1.90 1.60
Section 7* 3.37 4.53 1.16 0.16 0.21 0.33 3.52
Section 8* 43.14 47.78 4.64 1.79 1.57 1.91 2.43
Section 9 33.66 32.62 -1.03 0.94 1.19 1.33 -0.78
Section 12* 158.31 173.80 15.48 1.37 1.68 2.25 6.89
Section 15 87.38 83.67 -3.71 2.03 2.13 2.33 -1.59
Section 16 92.03 86.62 -5.42 4.94 4.68 3.86 -1.40
Section 17* 50.56 45.85 -4.72 0.92 0.90 1.10 -4.29
Section 19 191.92 191.12 -0.80 5.90 8.75 9.67 -0.08
Section 20* 70.63 63.11 -7.52 1.22 0.88 1.01 -7.45

Table 4: Expenditure per Count

Section PAPI CAPI Diff Test Stat
Overall* 119.81 125.97 6.16 5.38
Section 4 51.28 50.75 -0.53 -1.53
Section 5* 445.06 520.51 75.45 2.88
Section 6* 224.72 258.77 34.05 5.56
Section 7 87.90 90.55 2.65 0.41
Section 8* 297.02 331.97 34.95 3.30
Section 9* 72.14 83.25 11.11 4.55
Section 12* 90.13 105.58 15.45 18.04
Section 15 92.20 92.30 0.10 0.04
Section 16* 345.95 315.68 -30.26 -3.01
Section 17* 18.64 19.85 1.21 3.55
Section 19* 133.63 152.69 19.06 2.77
Section 20* 38.76 39.67 0.91 2.43

significant.

7.2 Comparing Distributions

Figure 1 displays a quantile-quantile (QQ) plot of
total monthly expenditures per CU in the CAPI
against total monthly expenditures per CU in the
PAPI, where expenditures were log-transformed and
the circles represented percentiles. The pth per-
centile is the value where p percent of the data lay
below or equal to the value. Under regularity condi-
tions, if the CU-level sample expenditures from both
the PAPI and the CAPI are the same, then the per-
centiles from the CAPI would approximately follow
the percentiles from the PAPI and the QQ plot in
Figure 1 should have its points arranged along a line
with a slope of 1 and an intercept of 0. We did not

observe any substantial deviation from this line ex-
cept at the 100th percentile.

We also plotted a QQ plot of monthly expenditure
data which only included the 95th to 100th per-
centiles, where expenditures were log-transformed
and the circles represented percentiles. Figure 2
showed how tail distributions differed between the
PAPI and the CAPI. We observed that expenditures
from the CAPI were slightly higher in high spending
CUs even after accounting for inflation.

Similarly, we plotted QQ plots of percentiles in
the original scale for the selected sections, such as
Section 7, Section 12, Section 17, and Section 20.
Figure 3 showed that Section 7 expenditures from
the CAPI were higher than the ones from the PAPI.
We did not observe any substantial deviation from
the line in Section 12, Section 17, and Section 20.

We compared family incomes between the PAPI
and the CAPI respondents. A QQ plot of family in-
come showed that the percentiles of family income
per CU from the CAPI approximately followed the
percentiles from the PAPI except at the 100th per-
centile. A QQ plot of family income data which
only included the 95th to 100th percentiles, how-
ever, showed that family income from the CAPI were
slightly higher in high income CUs even after ac-
counting for inflation.

Figure 4 presents side-by-side boxplots of the un-
weighted overall monthly counts separately for PAPI
and CAPI. The middle line in the box corresponds
to the median, the upper and lower bounds of the
box correspond to the sample upper and lower quar-
tiles, and the upper and lower whiskers correspond
to the largest and smallest sample values, respec-
tively. The median values were 18 for PAPI data



and 17 for CAPI data.

8. Summary

The preliminary results show a decrease in expendi-
tures and counts in the CAPI data when compared
to the PAPI data. However, we observed an increase
in the expenditure per count in the CAPI data. Sec-
tions whose expenditures were thought to be some-
what underestimated with PAPI such as Section 7
showed increase in CAPI, while sections whose ex-
penditures were thought to be somewhat overesti-
mated with PAPI such as Section 20 showed a de-
crease in CAPI. The CAPI does not allow interview-
ers much liberty in assigning the counts, especially
for the combined purchases. Therefore, the CE con-
siders the count from CAPI to be more accurate.
The PAPI and the CAPI data had similar distribu-
tions of both expenditure and counts. However, we
observed an increase in variability in the CAPI, and
noted a considerable number of extreme values in
the CAPI data. It would be of interest to consider
extensions to this work. For example, one could con-
sider the analysis of extreme values in the CAPI data
and investigate how they affect the variance and the
bias of the estimators. In addition, one could further
explore the sections with significant differences and
conduct a more detailed analysis at the UCC level.

This study is not a full-scale cross sectional study.
Although we selected sections with nearly exact
translation, and then adjusted expenditures accord-
ing to the CPI values in each section for higher com-
parability, we are aware of the fact that there are
other factors we were not able to adjust.
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Figure 1: QQ plot of Log (Monthly Exp)
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Figure 2: QQ plot of Log (Monthly Exp) in upper Tail
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Figure 3: QQ plot of Monthly Exp: Section 7 (non zero, up to 99th percentile)

Figure 4: Box plot of Monthly Counts for a CU


