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Abstract

Income is an important correlate for neraus phenomena in the social sciences. But
many surveys collect data with jussingle question coverirall forms of incomeThis
raisesgssues of qualityand these are heightened when individuals are asked about the
household total rather than own @mese aloneData are typically banded, implying a loss
of information. We investigate the reliabily o f -q @ € is tlajalasging the ONS
OmnibusandBritish Social Attitudes (BSA) surveyas exampledVe first compare the
distribuions of income in thee survey$ individualincomein the Omnibus and
householdncomein the BSAT with those intwo other much larger UK survetisat
measure income in much greater detail. Second, we investigate an implication of
restricting the single question to individuacome and interviewing only one adult per
household: total i n c csiwmanoksarved. \&tsepeforecdaenimé s & hous
the relationship between inddaal and household income in one of the comparator
surveys Third, afterimposingbands on cmparator survegata, we measure the
information losfrom banding with Generalised Entropy indicége then assess its

impact on the use of income as a covariate. Disaggregation by gender proves fruitful in
much of the analysis.
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1. Introduction

Income is an imprtant correlate of numerous phenomena in the social sciences and
information on income is therefore very commonly sought in social surveys. But in many
surveysjncome is not grincipal focus of interestind limitations on the length of
interview mean tht detailed income questions cannot be aske@ consequence,
information is often collected with just a single question covering all forms of income
This raisegjuestionf data quality Problems may be exacerbated whesgpondents

are asked not abotheir own individual income but about theuseholdotal. The data

in singlequestion surveyare also typically banded, implying a loss of information on
the withinband variation in incomeShere is a tradeff between the extent and detail of
incomequestions and the accuracy of the resulting income estinidtisgpaper explores
this tradeoff. We illustrate the issues using two major UK surveys, the Office for
National Statistics Omnibus survey (OMN) and the NatCen British Social Attitudes
survey BSA). These provide examples of the two main formé sf i -gquedticad

survey the OMN collectingnformation onindividual income, the BSA seeking
information from one individual on total income in his or her household.

First, suppose that we are coméd to a single question. What is the cost in terms
of loss of accuracy? Waddress this by comparitige distributions of income in the
singlequestionsurveys withthose in two surveythat collect incomelatain great detail
the Family Resources SurvéyRS) and the Expenditure and Food Survey (EF%

FRS is the principal source of information on the distribution of income in the UK. The
forerunner of the EFS, the Family Expenditure Survey (FES), had the same role until the
mid-1990s. Our comparisomsovide an indirect method of assessing the quality of the
income @ta collected irsinglequestion surveys. They complement the limiteate

direct evidencérom comparisons of the sarmaividualsbanswerdothto a single

guestion and to a battery afiestions on different forms of income (e.g. Foster and

! Other examples of UK surveys that collect information on total income (individual or household) with a
single questiomclude the British Crime Survey, the British Election Study,Giizenship Swey, the

Health Survey for England, and the Natiomehvel Suvey. Examples of crossationalsinglequestion
surveys includ the European Social Survey, Eurobarometer tflamd¢hternational Social Survey
Programme.



Lound 1993 Berthoud 2004 and research using cognitive methods to assess how people
respond to single questions on income (e.g. Collins and White.1996)

Secondsuppose we are limited to individuatome, as consequence of
collecting just information on owmcomeandof interviewing justone person per
household a common design in marsynglequestionsurveys What do we lose
compared with household incomi?s often household income thatomost interest to
the analyst. If incomes are pooled within the household, individual welfare and behaviour
will be affected by the incomes of the other household members. We examine the
relationship between individual income and household income périadhe FRS,
which does interview all adults in the household.

Third, if a single question means that we only get banded data, how much
information do we lose and what are the consequer@asared to the situation in
which (perfectly measured) dateeaollected in continuous forrhanding results ia
loss of information. Taking the OMN banding as one of our examples, we use
Generalised Entropy measures to quantify the loss under different assumptions about the
part of the distribution that is of mosterest. We then discuss the implications of the
loss for the use of income as a covariate, whether in descriptive analysis or as an
explanatory variable in a regression model.

Sections &b investigatehe threequestiongust outlined. Section Bavesthe way
by describing theurveys we usand their meagement of incomeSection 6 concludes.

2. Data on Incomes
ThesinglequestionOMN and BSA are botlong-runningsurveys. The Office for

National Statistics (ONS) condudtse former every month. lcommon with surveys of

this type in other countries,its i nt e n d e deffectsve ahdareliibke svdy of c o0 s t

obtaining information on a variety of topics
(ONS 2007). The NatomavStagt r es 6i Vabet headqual ity
to some of the UKG6és official stati sohi cs. The

social attitudes in Britain and like the OMN is drawn on by a wide range of different

users.



Both surveys$iave conventional muistage probability designs. Both interview
only one adult (selected at random) per sampled household. Adults are defined as aged 16
or over in the OMN and 18 or over in the BSA. The OMN response rate is typically
around 65 percent, yielding an achievechgke size each month of about 1,250 persons.
Our own interest in the OMN and our motivation for investigating the income data
stems from a module of questions on charitable donations that is sponsored three times a
year by the Charities Aid Foundati¢@AF) and the National Council for Voluntary
Organisations (NCVO). We analyse data only from those months in which this module
was conducted in 2004/5: July and October 2004 and February Z0@5e months are
spread relatively evenly through the finahgi@ar. We use the BSA sample for 2004,
which covers June to September. The response rate was 57 percent. Data collection in
both surveys is through fate-face interview.

Our comparator surveys, the FRS and EFS, share the same sampling frame as the
OMN and BSA (the Royal Mail Postcode Address Fia¥ohave multistage designs,
and again use fade-face interviewing. But both surveys interview all adults in
responding households. They operate continuously through the year, with the interviews
spread eenly, and havdar largersample sizesWe analyse microdata in both cases for
the entire financial year 2004/5. The household response rates in 2004/5 were 63 percent
in the FRS and 57 percent in the EFS. By these yardsticks, the levels of response in the
OMN and BSA seem reasonable (albeit they refer to individuals rather than hous&holds).
Theuse of two comparator surveys dempihtahsdi ses t
estimates otheincome distribution from the FRS and EFS are known to differeschat
(Department of Social Security 2000).

Since the OMN and BSA cover Great Britain (the UK excluding Northern
Ireland), we limit analysis of the FRS and EFS to the same basis. Again for reasons of
differing coverage, in all four surveys we analyse qagple who are aged 19+.

Imposing these criteria, we have unweighted sample sizes of 5,102 persons in the OMN,

2 Results from the charitable donations module are reported in CAF and NCVO (2005, 2006) and
Micklewright and Schnepf (2007).

¥ The OMN rates for themonths we analyse were 67 percent in July, 66 percent irb&camd 64 percent
in February.



3,162 persons in the BSA, 44,993 persons (in 26,073 households) in the FRS and 11,128
persons (in 6,261 households) in the EFS.

The OMN and BSAdata contain a weight for each individual that adjusts for the
higher probability of a person being interviewed in small househetish we apply
throughout. The FRS and EFS have weights that take account of (measured) differential
nonrresponse, which wagain apply. From 2005/6, the OMN also has-response
weights and we test their impact below for data from thatYear.

Differences in composition between the achieved samples in the four surveys
could help explain any differences found in the distrioutsf income. In the Appendix
we focus on the comparison of the OMN with the FRS and consider gender, age,
employment status and education, all factors that have a considerable impact on income.

Compositional differences do not impact clearly in one doact
Measurement of income with a single question

Income data are collected similar ways in the two singlejuestion surveys, and in both
cases the question refers to gross income, before deductions for tax and social insurance
OMN respondents are sha a card listinggroups of annuahcomei 33 in 2004/5 and

11 possible sources of income (intended to be exhaustiedy are asked:

OWill you please |l ook at this card and
income from all these sources b&faleductions from income tax, National

l nsurance etc. O

Although the card lists annual amounts, respondents seem free to give an annual
equivalent of their current weekly or monthly income if they wish to do so.

In the BSA, respondents are first asked Whethey (or their partner) receive
each of a large number of different state benefits. Next they are asked what is their main

* Seehttp://www.statistics.gov.uk/about/services/omnibus/sample.asp

® These ar@arnings from employnme or selfemployment, pension from former employer,

personal/private pension, state pension, child benefit, income support, other state benefits, interest from
savings, other kinds of regular allowance, other sources e.gangimo source of income

t



source of income from a card listing a number of possibilities (including earnings,
various forms opension, student loans etd)nally they ae shown another card with 17
letters indicéing both bands of annueslcome and their weekly equivalents and are
asked:

OWhich of the | etters on this card repres

from al l sources before tax?56

The povision of both annual and weekly amounts on the card again suggests that
respondents are free to choose the time period to which their reported incomes refer.

Although the methods of collection are similar, an important difference is that the
OMN asks fo information onindividualincome while the BSA seeks the total income of
thehouseholda distinction that we take up in the next section

The two sets oincome band areshown in the Appendix. Band width increases
with income. The OMN groups are cleadhosen so as to obtain a roughly even spread
of the sampleapart from the topntervalof £36,400+, which contaireghtpercent of
persons responding to the income question, only one other group (£5,20039)£6
containsoverfive percent. From 2006/ an additional six closed intervals were added for
high incomes so thdlhe topinterval is now £52,000+. The top interval in the BSA of
£56,000+, which refers to household incoemtains 12ercent of the sample providing
information on income.

Themsk for parti-qgueatnitend ns war Wesy ngHheul d no

underestimated:

OFirstly, the respondent has to interpret
gross [or net] income. Secondly, he or she must retrieve the information from

memory, tlirdly make a judgement about the information, and finally, find the
appropriate answer category to tické. I f r
[time periods] to the intervals presented in the questions, they will have to convert

theiranswerstdite appr opriate interval é. For those



i ncome, the calcul ation of t he amount
White 1996: 3).

Even whera remindeis given ofdifferentpossibletypes of incomeas occurs in both

the OMN and BSA, respondents mdgil to consider alsourceslf they attempt to give

annual totals, they may fail to recall how their income varied over the previous 12 months
on account of job changes, unemployment or sickness (most people in the UK do not
needto submit annual tax returns)né, where the single question refers to the household
total, as in the BSA, respondents may be very uncertantofmesother than their own,

compounding the problems of collecting data on individual income .alone

Nonresponse to the income question

Although te useof a single question is designed in part to reduce respondent laurdien
thus to increase response to an enquiry into incoso@se people decline to provide the
requested information. This threatens data gualihe OMN and the BSA illustrate the
problem: both suffer from item nemresponse for incomand in neither case is the
occurrenceof missing data anywhere ngandom. In the OMN, 9.4 percent of
respondents in our 2004/5 sample declined to answer thméquestion. Noenesponse
is slightly higher in the BSA to thguestion orhousehold income: 11.7 percenoiar
sample. (These figuresfer to unweighted data.)

Those answering the OMN income question are notably younger (with an average
age of 48 compad to 57 for those not responding), better educated (18 percent with a
degree compared to 12 percent for those not answering), in employment (61 percent
compared to 48 percent), more likely to have supervisory positions in their current or last
job (27 pecent compared to 20 percent), and less likely to beeseffloyed (10 percent
compared to 18 percent). Respondents to the BSA income question are again more likely
to be employed and have a lower average age. Married people and those in smaller
householdg$who presumably find it easier to report the household total requested in the

BSA) are also more likely to provide data.

bec



This pattern of nomesponseavill have animpact on the measured distributions of
income since several of the characteristics condeaine correlated with income. In the
case of the OMN, we investigatdds by first estimatingegression models of the natural
log of income for persons providing information. The banded nature of the data was
allowed forwith a model for grouped data isated by maximuntikelihood?® The
models were estimated separately for men and women and contained a wide range of
explanatory variables often included in explanations of income based on human capital
theory e.g. education, age, and occupation. Coefieigpically had the expected sign
and were often highly significant (whidself speaks well of the data). We then used the
results to impute income for persons not responding to the income question. Median
imputed annual income for the nogspondents &as £8,434, which is 30 percent below
the £11,902 we estimate for respondents (we interpolate linearly in the critical band).
However, s1ce nonrespondents represent less than 10 percent of the total sample, the
bias in estimates of average income induzgéxcluding them is quite small

We restrict analysis of the OMN and the BSA in the rest of the paper to persons
providing income data. However, it is worth noting that users of these surveys, or the
survey organisers, could impute the missing data imiw@ner above or in some other
way. (Individuals could be assigned by ONS or NatCen to the appropriate income band
on the basis of the imputed figure with a indicator variable included in the microdata to
show if imputation had occurred)mputation is aleady undertaken by ONS to deal with

norntresponse to individual income questions in the FRS and EES below.
Measurement of income in the comparator surveys

The income data in the FRS and the EFS are collected in much more detail than in the
OMN andBSA and there is little doubt that these two surveys should provide superior
measures of individual and household income. Both surveys collect information
separately on each possible income source. They both collect exact amounts, rather than

requesting iformation in banded form. The information provided by respondents is

® Theintreg procedure in Stata @Persons reporting zero income are treated as having annual income of
£1.)Results are available from the authors on request.
" An alternative would be to constructvightbased on an estimated model for the responsepiiii.



verified during interview where possible. For example, 60 percent of earnings data in the
FRS was verified from payslips in 1998/9 (Frosztega 2000, para 5.2).

However, neither the FRS nthre EFS provide perfect yardsticks. First, despite
the care and attention paid to collection of income in both surveys, both are known to
measure income imperfectly. For example, both surveys are said not to identify about a
third of investment income (Partment of Social Security 2000: 7Jhe same study
reported that the FRS éprovided an income di
in the FES (the forerunner to the EFS, measuring income in a very similar way) and that
t he FRS 0§ srepesestaionof some éow income households and under
representation of some tibpdpEsldof hi gh 1 ncome

Second, to the extent that OMN and BSA respondents do report incomes over a
12 month period (which is subject to doubt), oneusthoecognise that the FRS and EFS
data refer to a shorter perid@NS has long eschewed collecting annual income data in
these surveys in favour of weekly or monthly figures (respondents may provide figures
for earnings, for example, on either basshnnual income has a lower variance than
weekly or monthly income (Boheim and Jenkins 2006). We convert all income variables
in the FRS and EFS to their annual equivalents. There are also differences in the timing
of the surveys. In particular the BSA date aollected in June to September while the
FRS and EFS survey continuously through the year. We experimented with taking FRS
data from just Jun&eptember for the comparison but the results were very similar to the
full year data on which we focus. (Greatifferences would be found in a high inflation
period.)

Finally, the item nosresponse to income questions in FRS and EFS is a reminder
that this phenomenon is hard to avoid in any survey, no matter how detailed the

8 Atkinson and Miglewright (1983) discuss difficulties in comparing survey income aggregates with totals
from National Accounts.

°For the FRS, we use the gross weekly individual i nco
foreachs epar ate i ncome source. For the EFS, we use a var
i ncome (6P05106), wher e t-dtandingrvéntion is lefotoitheaesporideno Asmal 6 by

in the FRS, it is the sum of all separate indigdimcome source$Ve measure household income as the
sum across all individuals in the household of these varigbtase types of income are not strictly
personal, notably Housing Benefit for low income households. In the FRS, this is attributed to the
household reference person. We assume the analogous person in the OMN (if sampled within the
household) would include this sort of income in his or her personal total.

19 An important reason for this is the difficulty in collecting information on annual atsaiia recall that is
able to be verified (see, for example, Kemsdépl 1980: 71).



collection of income. Some 14 percefthe income information was obtained by proxy
from other household members in the 1998/9 FRS and interest from assets and savings
was imputed in 13 percent of cases where respondents refused or did not know the
required information (Frosztega 2000, ga4a2 and 5.1). Missing data on interest on

savings are also imputed in the EFS, although proxy responses are not allowed.

3 Comparisons of Income Distributions

A comparison of the distribution from a singjaestion survey with that from a survey

collecting detailed information on incomes is an indirect method of assessing the
reliability of t hcempamngdireclytiiesame mdivelusi Re s ear ch
answersvith bothmethods has found a mix of undand overstatement in responses to

a singlequestion Foster and Lound 1993) he differences we find in the distributions

from two surveys using contrasting methods of collection will reflect the net effect of

under and ovestatement, as well as other factors (such as differences in time patiod a
composition of samples). The 6édirectd resear
dominated by understatement, may be larger for individuals with more complicated

incomes, and may be greater for household income than individual income.

Individual incame

Figure 1 graphs the cumulative frequency distributmfirgross individual incoman the
OMN, FRS and EFS. (The Appendix gives the underlying datde1 gives estimates
of sekcted quantiles. Wassume a uniform distributievithin the bandsconcenedto
obtainthe estimates for the OMNThis assumption is fairly innocuous given band
widths and densitieand we apply it for all estimates from the OMN and the BSA in this
section. We do not interpolate in the top unbounded interval, and thimdetsrthe
choice in each case of the highest percentile to estimate.

Looking at the men, the first impression from the grigpdf a high degree of
similarity between the three sources. The differences in the cumulative percentages

between the OMN and the/o other surveys exceed two percentage points for only two

1C



groups for the FRS and three groups for the EFS. Consider the tails of the distributions:
the percentage of men with no income is 1.4 in the OMN, 2.7 in the FRS and 1.9 in the
EFS, while the figues for the top group of £36,400 or more @m@arkably similar12.9
percent, 13.2 percent and 13.1 percent respectiVblyquantiles in Table reveal the
general pattern more clearly. Th® gercentile in the OMN is alve those from the other
two suneys while elsewherehe OMN gives the lowest estimate of the three but often
not by muchThe 95 percent confidence interval for the percentage in the OMN up to
£16,640 (50.3 percent) contains the FRS figlite difference between th&'5
percentiles inhe FRS and EFS showsatthe choice of yardstick can influence the
picture obtained: the OMN is much closethe EFS. However, elsewhere the FRS and
EFS are in closer agreement with each other than with the @kENarger difference at
the bottom ofhe distribution is consistent with the hypothesis that Ofeldpondentare
indeed reporting annual incomes rather than annualising current incomes (which have a
higher variance) but this does not explain the similarity towards the top of the
distribution.

The comparison is different for womerhd largedifferenes between the OMN
and both the other twsurveysare clearly visible in Figure And all the OMN quantiles
are below those in both the FRS and EFS. The seven intervals fromifZs88® to
£10,H00i £11,439 have cumulative frequencies in the OMN that average 6.5 percentage
points higher than those in the FRS and 4.5 points higher than those in the EFS.
However, as forite men, the distributiornverge at high levels of income so that the
percentges in theop income group are again remarkasityilar in the three surveys (3
to 4 percent)The percentages with zero income also differ very fittle.

These results refer to 2004/0&ftwre ONS providesveightsto partially correct
for unit nonrespons tothe OMN. Their use with the 2005/06 data pusiyeshe
estimate of thenedian for men by about 1 percent and moves that for women slightly
down?? Our findings on item nomesponsédor incomein 2004/05 reported above imply
that weights to account fdinis would bring the estimated medians down, probably by

M with the exception fthe zero income groyphese results imply that there is first order stochastic
dominance of the distributions with the cumulative OMN percegtdggher than those in the other surveys
at all income levels.

2 These results refer to the months in 2005/06 when the CB¥charitable donations module was
included in the survey: June and October 2005 and February 2006.
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around 3 or 4 percent. The OMN medians would fall still further below those in the other
surveys.

Figure 2probes the different picture for meandwomen in more detail, focusing
on the comparison Wi the FRS and separating the samples by age and labour force
status. The distribution for active men aged less than 65 is very similar in the two
sources. However, for inactive men of this age and for men aged 65 and over the
distributions differ quite #t, especially in the middle two thirds for the former and the
bottom two thirds for ta latter. The OMN medians are 78 percent ande88ent
respectivelyof the FRS estimate3his is consistent with the hypothesis that a single
guestion on income prodas more accurate answers from people with earnings from
employment than it does from those not in work and reliant on benefit income or
pensionsAge may also be a factddowever, for the women, sizeable differences
between the distributions are found fbe subsample of active persons below statutory
retirement age as well as for the inactavel those above retirement age.

We further disaggregated the active women aged less than 60 into those with
dependent children present in the household and Whitseut. (Women cannot be linked
with their own children in the OMNJhe same broad pattern as for all active women
less than 60 was found (results not shown). But the distributions are much closer for
women in households witkhib children: the OMN mediais 95percent ofthe FRS figure
compared to 8percent for the women with childrefThe distinction is not important for
men.)We hypothesise that women with children are failing to include state benefit
income associated with the childreaich as childbenefit (a universal benefit received in

respect of all children and paid to the mother).
Household income
A single question othetotal income in the household raises issues that go beyond the

measuremdrof individual income alone. Kowledgecan be egected to be ledsr

ot her s dhanf mc¢ o mven. &iers where couples pool all incomeaifoint bank

account, partnemayha e i mper fect i nf or mat-taxxfigureen each

12
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(the account receiving net salaries, net benefit paymegtigterest and dividends etc).
The resulseems more likely tbe undeireportingthan ovesreporting.

We view the switch from reporting individual income to household income as a
6treat ment &8 and c on saxgeementdl dvauatieifarhesvark. Wevi t h
compare the estimated quantiles in the two staglestion surveys OMN and BSAI
for multi-adult households, in each case as a percentage of the corresponding FRS
guantiles for individual and household gross income respectively. This deopa
involves a change in survey as well as t
concept. We therefore also compar-adult he q

households in the two surveys. Individual and household income are tedmsains

i n a

he 6

uant

group and the difference between the two sets of quantiles (again given as a percentage of

corresponding FRS quantiles) is unaffected by the treatment. In effect we evaluate the
effect of the treatment bybéconsidering a

The final column of Table 2 shows that BSA quantiles for the raditit

o0di

households, as a percentage of those in the FRS, are well below the corresponding figures

for individual income in the OMN shown i
asking for household rather than individual income appears to have a negative net impact
on the groupdéds ability to report i ncome
larger towards the bottom of the distribution. In the top half of the distriutien

household income figures in the BSA, relative to the FRS, are about 10 percentage points
below the individual figures in the OMN. (See also the cumulative percentages for the
income bands in Table A2.) This difference is about the same for men amehwo

Although the household figures for women are in general lower than those for men (that
is, the BSA quantiles as a percentage of the FRS quantiles are typically lower), they are
no worse than they are for individual incoinehere they are also lower.

However, we have yet to take into account the picture for the control group of
single-adult households for whom individual and household income are the same by
definition. For them, the BSA figures in the second columriyeerthan the OMN
figures in he first column, substantially so for men in particular. In other words, the
effect of the change in survey alone from OMN to BSA appears to result in higher figures

being reported. We cannot rule out that this reflects a difference in composition between

13
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the BSA and OMN samples of single adults. But this possibility aside, the results
suggests that t he ef fadult househbldstistewven lardgerttamt me nt 6
suggested above. The slightly different wording of the income question in the BSA an

in particular, the prior questioning of respondents about receipt of different state benefits

and income sources, may improve reporting of incperese something that is only

revealed when looking at the singldult households.

4, The Relationshipbetween Individual and Household Income

A surveythatcollects information on individual income atithtinterviews only one
adult per householas in the OMN, will not observetal income in the household
(except forsingleadult households). Some péomvill haveaccess to more incontiean
their own. Others will need to share their income with other people in the household,
such as a spouse who does not work. Some households pool all their income: rightly or
wrongly this is the assumption typically ngaith most analyses of individual wellbeing
and behaviour in the social scien¢sse e.g. Burtort al2007) Users of data in surveys
like the OMN therefore need a guide to the relationship between individual and
household incomaNhat is lost by the foion individual income?

We address this questidsy comparing the two measures in the FRS for 2004
The analysis is again restricted to adults in Britain aged 19 or over and the income
concept is again gross income from all sources, expressed in aamml Household
income is the sum across all persons in the household of the individual figures.

Table 3summarises the distributions of individual income and of household
income per adult (thkousehold total divid&by the number of adultd The resultsor
men are not surprising: both the mean and the variance of household income per adult are
substantially lower than for individual inconmaen sharing households with people who

on average have lower incomes than themse@vasversely,lie mean for womn rises

13\We are not trying to measuneusehold welfare in this exercise, so we do not adjust thdriotahefor
the household with an equivalencalscthat takes account size (including children) or composition.
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in the switch to household income per adultiband this was less predictalilso does
the variance.

The key issue of interest to any user of survey data such as these is the
relationship between the different income concepts at the indivilel Figure 3plots
the natural logs of the two variables. The lower correlation coefficient for women
summarises the weaker association between the two income candbpis caseThe
datapoints on the 45 degree line are for persons living in siadult households, for
whom individual income equals household income per adult by definition. (Their
exclusion has relatively little impact on the correlation coefficients.) Including this group
in the figureqabouta fifth of the sample), around 40 pent of either sex has household
income per adult that is within 20 percent of individual income. However, while just over
a half of women have income per adult that exceeds their individual intdomes true
of only a quarter of men (the patteefleding the means in Table.3

The diagrams show clearly the many persons, especially women, who have low
individual income but substantially higher household income per adult. Among women
with below £2,500 of individual income (1 in 10 of the sample), asyraaahalf have
household incane per adult of £10,000+, and theanmhousehold income per adist
abovethat forwomen with individual inome of£2,500 £10,000. (At £13,450, ih fact
equals the median fadl women.) Many fewer men with individual inoe in this
category have high levels of household income per adult. Low income women are more
likely to be living in high income households than are low income men. Moviting to
other end of thdistribution, however, only a minority of persons with indisal income
of £25,000 or more have household income per adult that is much below this level. And
almost all persons at this level of individual income have household income per adult that
is above the median. On aver awtehto women O6gain
household income per head and at higher | eve
women are more likely to be living in households with other higher income people (often
their partners) than are high income men.

What are the implicationd these comparisons for the user of a survey like the
OMN who believes that household rather than individual income is relevant for a topic

under investigation? First, low individual income needs to be treated with caution,
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especially in the case of woméviany women with low income of their own live in
households with income per adult that is much higher. Second, high individual ircome
generally associated with high household income (by definition, once individual income
is high enough). FRS data shdvat virtually all persons in the top 20 percent of the
distribution of individual income (taking men and women together) are in the top half of
the distribution of household income per adult, and 3 out of 4 are above the top quartile.
Third, it is worth renembering that individual income and household income are the
same for singladult households. Hence, this group is worth investigating aéogesée
Micklewright and Schnepf 200,7although the behaviour and circumstances of people
living with no otheradults may differ from other people in a number of ways. Users
pooling several months of OMN data will obtain reasonaided samples of persons in
single-adult households.

5. Information Loss through Income Banding and its Implications

Survey designercan economise by asking for income information in bands; indeed with
a single question it may not be possible to obtain greater precision. Hence banded data
are almost invariably found in the singleestion surveys. Collection in bandwplies a

loss ofinformationcompared taollection on acontinuousscale We estimate the extent

of that loss anthen assess its implications. A maintained assumption is that the banded
variable is prfectly measured, i.eespondents do assign themselwethe correct

income category. (We return to this assumption at the end of the section.)

The extent of information loss

We illustrate the problem by dividing the EFS sample into the grolugoss individual
incomedefined bythe OMNbands. We can now think of thdseing withingroup
information and betweegroup information in the EFS measure. The former would be
lost within the OMN or in any other survey collecting banded data. The latter would be
retained (provided one is prepared to estimate the band mearsibyraga form for the

within-band distributions).
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A natural way to measutbe loss of information is to splité variation of
income intowithin-band and betweelmand components. We do this with the Generalised
Entropy (GE) class of indice$hesendicesare commonly used to decompose income
inequality into betweegroup and withirgroup components, where the groups could be
areas of a country, ethnic groups etc (see e.g. Jenkins 1991, Cowell 1995k The
indicesar@addi ti vely dectoompiostabdti 16,1 meauwalnigt y ( o
present application) can be expressed as the stime iokequalitywithin groups and that
betweergroups the latter being a function of the group medr®e general formula of
the GE indies is given below. Auirtherattraction of this class is embodied in the
parametera, that indicates the weight to be given to distances between incomes at
different parts of the distribution. The most frequently used values=afe 1, and 2,
which result respectively in ¢hGE index corresponding to the mean log deviation, the

Theil index, and half the square of the coefficient of variation (CV).

- a[%gvi/yf—l} &)
By choosinga = 2, the analyst gives most weight in the calculation to income differences
at the top of the distribution. Wita = 0, most weight is given to the differences at the
bottom of the distribution, whila = 1 represents an intermediate positidn.

Table 4shows the results of decomposing gross individual income in the EFS
using these tlee cases, taking men and women together. We use three different variants
of the bands: the 33 bands used in the 2004/MN0Oike 39 bands useihce 2005/6,
which include six additional bands for higher incomes, and a variant in which we
drastically collapse the 2005/6 bands into just 8 bands, chosen so as to contain roughly
equal numbers of individuals. In each case we report the percentage of the variation of

income that is witim-bandi the information that would be lost in a banded variable. The

1n our case the incomes of the groups do not overlap (unlike incorpesple in different regions or
ethnic groups). We could therefore have decomposed the Gini coefficient, the most popular measure of
income inequality, since in the case of rmrerlapping groups this index too is additively decomposable.
However, we prefethe GE indices since by varying the paramatee can allow for different views on

the part of the distribution that is of most interest.

17



figure in brackets is the proportion of the witihand variation that comes from the top
unbounded interval.

The results are striking. If variatias measurd with the halfCV? we conclude
that the 2004/5 OMN banding loses as much adfahthe variation inincome. But
almost all of this is in the top unbounded interval (which contains 1 in 12 of the sample).
On the other hand, use of the mean log deviation, implying most interest in differences at
the bottom of the distribution, results in almost all theaten beingbetweerband. The
banding in this case implies only a very small lost of information. Use of the Theil index,
a popular measure of income inequality, leads to the conclusion that little more than 10
percent of the variation would be lost thgh banding. Looking down the rows in the
tablerevealsthat the adding of the extra income categories in the 2005/6 OMN will only
have reduced the loss of witHiand variation by a moderate amount as measured by the
half-CV?2. The final line shows thatlarge reduction in the number of income groups
(albeit one designed to achieve an even spread of the sample across the new bands)
would lead to only very modest increases in information loss.

The precise figures in Tabledépend on the particular settimgterms of the
distribution concerned and the sets of income bamdluated. However, two general
messages are clear. First, a conclusiotheextent of information loss depends on
whet her oneds principal i nt édiseisutondri es i n di
towards the bottom. Second, a large amount of variation is between band even when there
is only a small number of income bantischoosing bands for singlguestion surveys
designers can benefit from a literature on optimal groupiggAghevli and Mehran
(1981) andDavies and Shorrock4989." This addresses a converse problem: statistical
offices that publish tabulated data on income distributions based on continuously
measured variables need to choose income ranges that preseehasriation in the

data as possible

Implications of the loss

15 See alsaCox (1957, who illustrates the problem with the example of a continuous variable measuring
health statusnoting that the choice of bands may be influenced by views on the desirability of certain
values, as in the case of blood pressimterest in grouping issues stretches back to Pearson (1920) and
beyond.
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What are the implications of the banding for users of the data? Thedianddpose
little problemif income is to bea dependent variable. Standard computer packages now
contain procedws for handling grouped dependent variablsse thaliscussiorof item
norrresponse in Section But most users of singlguestion surveys will seacome as a
potentialcorrelate of another variable under investigatian income will be seen as an
explanatory variable, which is our focus here
Many of theseusers will be unconcerneBlor example, the researcheno wishes
to crosstabulate a categorical variable of interest (e.g. voting intentions, method of travel
to work, etc) againstincomewouidde per fectly happy with the O]
bands. Indeed the detail would be substantially greater than needed, with the income
categories being collapsed for the analysis. The banding is sufficiently fine for
approximate quintile groups or decileogps to be identified. In fact, were a continuous
variable availableas in the FRS or EF8)come groups would need to be created for the
crosstabulationand hence information discarded
The more interesting case is the user who does want a contineasana but is
confronted with a categorical one. Ttlassic examples the researchevanting to do
regression analysis using income as one of the explanatory variables. A common practice
is to create a continuous variable by allocating individuals tanidgooint of their
income groups, with individuals in the top unbounded interval assigned to an estimate of
thegroup mearfwhich might be taken from external sources, e.g. the FRS in the case of
the OMN or BSA top interva).®
It may be temphg to contude thatsinceh e émoiidht 6 vari abl e meas
unobserved continuous income variable with error, there mustdimiation bias its
estimaté coefficient In a simple OLS regression model with one explanatory variable
the text bookesult is thaclassical measurement error in that variable leads to a
downwards las in the parameter estimdt¢ he o6i ron | aw of econometr
2001). But the measurement error in this cas@islassical in form, an 11D variable

uncorrelated with the unobrsed true values. Define thil@observedontinuous measure

1% Another common practice is to use a set of dymeariables corresponding to the income bands. But this
is impractical if the bands are large in number (as in the OMN and BSA) and many users in any case may
be unable to resist their urge for a continuous variable.
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of income across which bands have been plasédand the®d b s e r v -paints Zzmi d
Within each band the measurement erupr Z; i X;, which is absorbed into the
regressi on tanhasperfectmeégativeeorrelation witk. Given a
uniform distribution within each intervahe set ofmid-points Z;, have zero correlation
with the values of yother than through the top interwahere the errors above the
chosen miepoint are mboundedT he equati ondés error term i s t
uncorrelated with Z In practice, the withinterval distributions are not uniform, but in
our experiment reported below we still find correlations;airifl ythat are very close to
zero.
Theproperties of regression estimates using banded data arestadlished’
Hsiao (1983) provides a clear summamynderlining the importance of the uniform
distribution for consistency of the OLS estimator. Manski and Tanner (2002) is a recent
extensionTabl e 5 illustrates using EFS data. We I
alcohol and on clothing (recorded in the tweek EFS expenditure diaries) as a function
of their gross individual income (in each case selecting only individuals with positive
experd i tures). We first regress (log) expendit
inthesurvey, X and t hespoomt ©h ¢\&esmiaviebults,firstavith the
mid-points based on the 2004/5 OMN income bands and then on the greatlgambllap
bands used in Table 4 (less one, since the top band is now set at £36,400). We experiment
with both doubldog and semlog functional forms, excluding individuals with very low
incomes and very high incomes respectively to improve the model fit.
The sstimated coefficients when the maint variables are used are very close to
those obtained with the continuous variable, reflecting the properties established in the
literature. (The estimated standard errors are also very similar but caution is meeded i
their interpretation as the measurement error introduces heteroskedastioitygh the
increasing width of the bands as income ristisat has not been allowed for.)
However, several caveats are needed. First, the exclusion of individuals with very

low or very high incomes is essential for the pattern of results in this example. When we

" The original motivation was the netalestimate models in an era where computers could not handle the
6embarrassingly | arge quantity of informationd (Prai s
observations on dependent and independent variables, both measured continuoustpupeceigto cell

frequencies in crosmbulations, with the mean values of the observations in each cell employed in the

regression.
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estimate models that include all individuals, irrespective of their level of income, the

estimated coefficients on; dnd on Zdiffer substantially. This is a remind#hat the
properties establispednta teagreéswaloasuapplfopr
specifiedmodels, where the analyst is estimating the right model for the data. This

underlines the need for careful exploration of the data before seladtimgtional

form.*® Second, the maintained assumption throughout this section, that individuals do

report income in the correct band, is a strong one. Both our earlier results comparing

di stributions and the 0dir eanttypesbfiquegionat ur e c o
cast considerable doubt on its suitability. As a consequence, in practice there is very

|l i kely to be measurement error bpaisntion par an
variables, even in models that apparently fit the observégoint data satisfactorily,

and the form of that bias is hard to judge. Third, the properties summarised in Hsiao

(1983) and illustrated with our empirical findings in Table 5 refer only to regression

models for continuous dependent variables. Many ouwtceariables of interest in social

surveys are categorical (e.g. voting behaviour, attitudes, employment status). Manski and

Tanner (2002, Table VII) compare results from a binary logit model for home ownership

estimated using a migoint income variableral a conventional maximum likelihood

approach with results from models estimated with modified minimum distance and

maximum score methods. The latter do not assign individuals to thpaimts of the

income bands and impose no assumptions on the watnieh distribution of income. The

comparisons underline the need for caution when using banded data to explain categorial

outcome variables.

6. Conclusiorns

Single-question surveys of income are common given both the importance of income to
the investigatiorof many social phenomena and the competing demands from other
topics in the design of questionnaires for social surveys. In the UK, there is also a

recurring debate on whether to include a question on income in the decensiz(e.g.

18 A more suitable functional form, fitting the whole sample, could certainly be found for the OMN data,
involving more thara single parameter in income or log income.
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Collins and White1996 ONS 2008.*° It is therefore important that the quality and
nature of singleuestion data are assessed.

There is an important distinction between a sifgglestion on individual income
and one on the household total. We find from comparisonswitditions in single
guestion surveys with those in surveys collecting detailed income data that the household
total appears to be collected much less well than individual income. The differences are
especially notable at the bottom of the distributiame Tomparisons for men show that
single-questions on individual inconeanresult in distributions that correspond very
closely to those based on detailed income data, even at the top of the distribution.

While individual income appears better measuregketiare notable differences
between men and women, between people of working age and the elderly and, among
women, between those with children in the household and those in childless households.
These differences suggest groups where greater probing iadiegiof possible income
sources prior to the single question may be especially useful.

Although collection of individual income alone is likely to produce more accurate
answers, the user of the data is then left without an estimate of the househdicat®ta
common, only one person in each household is interviewed. We showed the relationship
in the UK between individual and household incoiffee results are again less
encouaging for womenWomen with low individual income armuch more likely tod
in households where there athersubstantial sources of income than are low income
men. Individual income and household income per adult have a lower correlation for
women than for memleverthelessye argued on several grounds timatividual income
datahave considerable value.

Lastly, we analysed the banding of singlgestion data. This results in a loss of
information that must be balanced against the much reduced costs of data collection. But
the loss may be quite small, although we showedthewerdict depends on what part of
the distribution is of most interest. We argued that the loss will matter little to many users
of the data. We then summarised the implications for users who want continuous

measurement of income for use as an explapatamiable in regression models.

¥ The 2007 Census Test included a question to each individual in the household on total gross income,
with 8 income bands. Séattp://www.statistics.gov.uk/census2001/pdfs/2007_test H1 form.pdf

22


http://www.statistics.gov.uk/census2001/pdfs/2007_test_H1_form.pdf

In addressing these issues, we posed the situation as-affta@a the one hand,
detailed questions on income lead to greater accuracy and more information but at greater
survey cost. On the other, singjaestion surws collect income data at much less cost
but there are losses of accuracy and information. Irrespective of how one views this
tradeoff, the detaileejuestion surveys will always have a place, as they provide
information on each component of income, ad @aglon the total for an individual or a
household. As far as the singjeestion surveys are concerned, there are definite losses
but they do not seem to be catastrophic. We need therefore to quantify the losses, which

is what the paper has done.
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Appendix

Composition of OMN and FRS samples

We report differences between the composition of our selected samples of 2004/5 OMN
and FRS data.

Gender The OMN includes a slightly higher share of men, 46.4 percent compared
to 48.2 percent in FRS.

Age. The averge age of women is the same in the two surveys, 48.7 years;
however, men are on average over two years older in the OMN, 49.4 years compared to
47.1 years in the FRS. The share of men that are aged up to 40 is seven percentage points
less in the OMN.

Employment statusBoth surveys contain a variable measuring ILO activity

status: employed, unemployed or inactive. The percentage in each category is strikingly
similar in the two surveys for both men and women. (Differences appear only in the first
decimal pace.) However, once we focus on the people of working age (defined as up to
age 59) the OMN figure for men in employment is three percentage points higher, 85.7
percent compared to 82.7 percent in the FRS. A comparison of income measurement in
FRS and thé&amily Expenditure Survey (the forerunner of the EFS) noted that the FRS
O0tendsstate®@vteme numbers not in employment 6 (
2000: 12).
Education Whi |l e the OMN has quite detailed in
educational attament, the FRS collects only limited information: whether the
respondent has a degree, O6éanother kind of qu
degree is very similar in the two surveys, 17.4 in the OMN and 18.7 in the FRS.
These results show tleemposition of the OMN and FRS sampids terms of
the variables concernédo be very similar. The lower share of younger men in the
OMN may be expected to slightly reduce estimates of mean income relative to the FRS.
However, the OMN has a slightlygier share of working age men in employment,

which should have the opposite impact.
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The OMNand BSAncome Bands

Tables Al and A2 give the bands and the distribution of our samples across them.
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Table Al: Cumulative frequencies (percent), individual icome, OMN, FRS and

EFS

Income band Men Women
(Es pa) OMN FRS EFS OMN FRS EFS
Zero 1.4 2.5 1.9 2.2 2.9 2.3
less than £520 2.1 3.3 2.9 4.3 4.1 3.9
£520 to less than £1,040 2.3 3.7 3.3 6.4 55 54
£1,040 to less than £1,560 2.6 3.9 3.6 8.3 7.2 6.8
£1,%0 to less than £2,080 3.3 4.2 4.0 9.8 8.7 8.2
£2,080 to less than £2,600 4.1 5.1 4.7 14.5 10.7 11.1
£2,600 to less than £3,120 5.2 6.0 6.0 17.2 14.9 15.2
£3,120 to less than £3,640 6.2 6.6 6.9 20.1 17.2 17.4
£3,640 to less than £4,160 7.6 7.5 8.2 22.8 19.7 20.0
£4,160 to less than £4,680 9.6 8.5 9.6 26.0 22.1 22.9
£4,680 to less than £5,200 11.4 9.6 10.6 30.7 24.8 25.3
£5,200 to less than £6,240  15.3 12.2 13.8 38.0 30.0 33.3
£6,240 to less than £7,280 17.9 15.2 17.5 44.2 35.7 39.1
£7,280 to lesdtan £8,320 21.2 19.1 20.9 48.4 40.9 44.4
£8,320 to less than £9,360 24.8 23.0 24.3 53.1 46.8 49.1
£9,360 to less than £10,400 28.4 26.9 27.4 58.0 51.9 53.8
£10,400 to less than £11,44( 32.8 30.8 31.0 61.9 56.6 58.0
£11,440 to less than £12,48( 36.1 349 34.0 66.1 61.1 61.8
£12,480 to less than £13,52( 39.5 38.6 37.7 68.9 65.0 65.2
£13,520 to less than £14,56( 42.0 42.2 41.2 72.3 68.9 68.9
£14,560 to less than £15,60( 46.4 45.6 44.8 75.4 72.2 71.7
£15,600 to less than £16,64( 50.3 49.0 47.6 77.8 74.9 74.8
£16,640 to less than £17,68( 52.6 52.2 50.8 80.0 77.5 77.2
£17,680 to less than £18,72( 55.5 55.3 54.1 81.8 79.9 79.4
£18,720 to less than £19,76( 58.1 58.2 57.2 83.1 82.1 81.4
£19,760 to less than £20,80( 62.3 61.1 60.0 85.5 84.1 83.3
£20,800 ¢ less than £23,400 68.5 67.1 66.6 88.0 87.5 86.8
£23,400 to less than £26,00( 74.1 72.6 72.6 90.9 90.3 89.5
£26,000 to less than £28,60( 77.5 77.2 77.6 93.0 92.4 91.4
£28,600 to less than £31,20( 81.0 81.1 81.3 94.5 94.1 93.5
£31,200 to less than £880 83.8 84.1 84.0 95.8 95.3 95.0
£33,800 to less than £36,40( 87.1 86.7 86.8 96.6 96.4 96.2
£36,400 or more 100.0 100.0 100.0 100.0 100.0 100.0
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Table A2: Cumulative frequencies (percent), household income, BSA and FRS
(individuals in multi -adult households)

Men Women
Income band
(Es pa) BSA FRS BSA FRS
less than 00 1.2 0.6 1.5 0.6
4,000 to 5999 3.0 1.0 3.8 1.0
6,000 to 7999 57 1.8 6.9 1.8
8,000 to 9999 10.0 4.0 11.7 3.9

10,000 to 11999 14.5 7.0 16.3 7.0
12,000 to 14999 21.4 13.1 22.6 135
15,000 to 17999 26.4 19.0 28.6 19.7
18,000 to 19999 30.9 22.7 34.8 23.7
20,000 to 22999 36.9 29.0 40.4 30.3
23,000 to 25999 440 348 47.3 36.4
26,000 to 28999 48.3 41.0 54.9 42.6
29,000 to 31999 55.2 46.9 61.4 48.7
32,000 to 37999 64.8 58.2 68.8 59.9
38,000 to 43999 72.0 67.4 76.6 69.1
44,000 to 49999 80.2 74.6 81.9 76.2
50,000 to 55999 855 80.2 86.1 81.4
56,000 + 100.0 100.0 100.0 100.0
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Table 1: Percentiles of individualgross ncome OMN, FRS and EFS

OMN as % OMN as %

Men OMN FRS EFS of FRS of EFS

PS5 3,025 2,340 2,808 129.3 107.7
P10 4,809 5,304 4,926 90.7 97.6
P25 9,407 9,828 9,58 95.7 98.2
P50 16,563 16,900 17,349 98.0 95.5
P75 26,640 27,248 27,336 97.8 97.5
P85 34,644 34,632 34,701 100.0 99.8

OMN as % OMN as %

Women OMN FRS EFS of FRS of EFS
PS5 676 884 858 76.5 78.8
P10 2,103 2,444 2,520 86.0 83.5
P25 4,516 5,200 5,150 86.8 87.7
P50 8,657 9,984 9,566 86.7 90.5
P75 15,467 16,640 16,713 93.0 92.5
P90 25,074 25,688 26,731 97.6 93.8
P95 32,073 33,020 33,789 97.1 94.9

Note: OMN percentiles estimated with the assumption of a uniform distribution in the
relevant range.
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Table 2 Percentiles of individual and touseholdgrossincome, OMN, BSA and FRS

6Control g 60Treat ment
individuals in individuals in

singleadult households multi-adult households

OMN BSA OMN BSA

as % as % as % as %

of FRS of FRS of FRS of FRS

Income individual household individual household
concept

Men

P5 59.5 76.8 146.3 70.3

P10 61.6 78.0 103.6 74.4

P25 69.3 92.1 101.7 81.6

P50 81.4 125.3 102.1 88.7

P75 87.4 118.7 100.2 91.5

P85 89.4 114.6 100.9 88.6
Women:

P5 67.7 80.0 148.7 63.1

P10 68.8 72.0 80.3 69.5

P25 67.4 72.2 91.2 78.9

P50 77.9 845 93.9 83.0

P75 83.8 104.5 95.4 87.3

P85 94.7 107.1 96.9 89.1
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Table 3 Individual grossincome and householdjross income per adil, FRS (£s pa)

Men Women
Mean Std. dev. Mean Std dev.
Individual income 22,372 29,650 12,742 14,678
Household income per 17,906 18,758 16,687 16,386

adult

Note: the unit of analysis in each case is the individual.

Table 4: Percentageof variation in income that is within-band and the proportion of
within -band variation generated bythe top interval, (EFS)

Mean log

Banding deviation Theil index L5 C\VP % individuals
(a=0) (a=1) (a=2) in top interval

OMN bands 2004/05 3.3 12.4 50.2 8.4
(0.50) (0.99) (0.99)

OMN bands 2005/06 2.3 7.7 41.9 3.5
(0.30) (0.99) (0.99)

8 bands, top interval 8.8 10.5 43.3 3.5

as for OMN 2005/06 (0.08) (0.72) (0.97)

Note: the proportion of the withiband variation that is generated by the top band is
shownin brackets. The tepand OMN band in 2004/05 starts at £36,400 and in 2005/06
at £52,000.

Table 5 Estimated coefficients on individual income in egressionf individual
alcohol and clothing expenditure, EFS

Income Log income
Alcohol Clothing Alcohol Clothing
6trued (cc 11.609 11.838 0.261 0.215
(0.982) (1.321) (0.020) (0.025)
oOmipadi nt 6 < 11.699 12.180 0.249 0.210
(1.023) (1.343) (0.019) (0.024)
oOmipadi nt 6 - 11594 11.787 0.248 0.208

(1.012)  (1.320)  (0.019)  (0.029

Sample size 6,180 5,283 5,693 4,704
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Note. Estimated standard errors are given in brackets. Alcohol and clothing expenditure
relate to a two week period and are in logs. In the modelimgtime in levels,

individuals with income above the ®9ercetile are excluded. In the model with income

in logs, individuals with income below £3,120 p.a. are excluded. The 7 band variable has
a top interval starting at £36,400, but otherwise is as the collapsed band variable used in

Table 4.
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Figure 1: Distributi on of individual gross income, amulative frequencies (percent),
OMN, FRS and EFS
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Note: we include angiegative amounts (caused by losses fromesalfloyment) with
the zerosn the FRS and EFS.
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Figure 2: Individual income distribution by activity and age, amulative frequencies
(percent), OMN and FRS
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Note: OMN sample sizes for men are 262 inactive and aged under 65, 492 retired, and
1307 active and under 65. Sample sizes for women are 450, 1276, and 834 respectively.
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Figure 3: Individual income and household incom@er adult, FRS (£s pa, logs)
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r=0.45

Note: Individuals with zero income are assigned £52. The correlation coefficients when
the two variables are in levels rather than logs is 0.84 for men and 0.47 for women.
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