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Measuring disadvantage: changes in the
underprivileged area, Townsend, and
Carstairs scores 1981-91

Susan A Dolan, Brian Jarman, Madhavi Bajekal, Pat M Davies, Debbie Hart

Abstract
Objective - To compare the intercensal
change for each of the underprivileged
area (UPA), Townsend, and Carstairs
scores calculated from 1981 and 1991 cen-
sus data.
Setting - England and Wales.
Methods - The method described enables
comparison ofchange in composite scores
such as the UPA, Townsend, and Carstairs
scores which are derived from normalised
variables. The national values of equi-
valent variables derived from the censuses
are calculated and normalised on the same
baseline of the 1981 electoral ward mean
and SD values. The resultant change in
composite scores for different censuses can
then be compared directly.
Main outcome measure - Change in the
composite score values for the 1991 census
when compared with the 1981 census.
Results - For England and Wales, the UPA
score increased by 5 62 units (0.35 of the
SD) but the Townsend and Carstairs
scores fell by 2*39 and 1*13 units re-
spectively) 0-71 and 0-33 of the SDs).
Conclusion - The Townsend and Carstairs
scores are good measures ofmaterial dep-
rivation and show a general improvement
as such between 1981 and 1991. The UPA
score, however, includes additional factors
relating to family structure, social dep-
rivation, and health need and shows a de-
cline in the overall situation.

(Jr Epidemiol Comm Health 1955;49(Suppl 2):S30-S33)

censuses and compare the intercensal change
in the scores.
The UPA, Townsend, and Carstairs scores

have been calculated previously by this de-
partment using the census ward level small area
statistics for the 9265 wards existing in England
and Wales on the day of the 1981 census (City
of London district counting as one ward). The
details of the component variables and de-
velopment of the resulting scores have been
documented elsewhere.35 All variables are de-
fined as ward proportions of a relevant resident
population except for three Townsend vari-
ables, in which the household is the unit used
to construct the variable (proportion without
a car, in overcrowded housing, and not in
owner occupied housing). All three scores are
calculated using summation of the normalised
variables (using the Z score method) after any
necessary transformation (see table for details).
In addition, a variety of weights are applied to
the individual UPA variable Z scores before
summation. These weights were calculated
from scores given to each variable in a survey
of the workload of one in 10 randomly selected
UK general practitioners. The Townsend and
Carstairs variable Z scores are arbitrarily as-
signed a weight of unity. The means and SDs
used in calculating the Z scores and the weights
applied to them to obtain the composite scores
are shown in the table.

Method
The following paragraphs describe the de-
rivation of equivalent national component vari-
ables and the calculation of comparable scores.
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Earlier work has shown that the underprivileged
area (UPA, otherwise known as the Jarman 8),
Townsend, and Carstairs scores are useful in
the measurement of health status and material
disadvantage because there is strong correlation
between these composite scores and various
measures of health and other disadvantage, for
example standardised mortality ratios (SMRs)
and proportions of permanently sick and
unemployed."2 For this reason they are used
by various health and local authorities as "dep-
rivation scores", in order to assist in targeting
particular areas for funding or health pro-
motion. The scores themselves were also
strongly correlated with one another in 1981,2
since they all seemed to measure similar factors
contributing to disadvantage. The object of
the current paper is to detail derivation of
equivalent scores from the 1981 and 1991

VARIABLES
It was desirable to extract counts, as defined
in 1981, from the 1991 census and calculate
scores based on the national (England and
Wales) variable values for both censuses for
comparison. There had been two types of cen-
sus changes affecting this study - alteration of
the popular base and redefinition of some of
the table counts.67 A further problem dis-
covered after the 1991 census is that of under
enumeration.

POPULATION BASE
Clearly all counts were potentially affected by
alteration of the population base. This change
meant that, compared with 1981, there were
additional residents in wholly absent house-
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S31Measuring disadvantage - 1981-91

Variable and score changes for underprivileged area (UPA), Townsend, and Carstairs scores 1981-91

UPA score Row Resident Resident Residents in Residents in Unemployed Residents Residents who Residents in Score
pensioners children <5 households households overcrowded had moved households
living alone headed by lone headed by house headed by new

parent unskilled commonwealth

Weight (a) 6-62 4-64 3-01 3-74 3-34 2-88 2-68 2-5 -

1981 data: Ward mean (b) 0-225728 0-242967 0-130706 0-180831 0-287542 0-230986 0-306805 0-129818 0
Ward SD (c) 0-045696 0-031915 0-037076 0-089112 0-078384 0-080915 0-056707 0-115579 15-993571
National (d) 524 607 2 14 4-51 9-58 7-13 944 4-52 -

percentage
Contribution (e) 0-76 0-87 1 31 1-39 1 16 1-40 0-26 1 83 8-97

1991 data: National (f) 6-08 6-73 4 10 2 81 9 17 4-56 9-69 5 24 -

percentage
Contribution (g) 3-39 2-83 5-94 -0-52 0-86 -0-56 0-46 2 19 14-59

e = ax(((arc sine(sq root(d/100)))-b)/c)
g=ax(((arc sine(sq root(f/100)))-b)/c)

Townsend Row Unemployed Households Households without a car Households not owner Score
score overcrowded occupied

Weight (h) 1 1 1 1
1981 data: Ward mean (i) 2-176222 1 219934 32-627782 40-022859 0

Ward SD (j) 0439548 0 449573 15-320217 19-328506 3-386369
National percentage (k) 9-84 4-78 38-54 42-24
Contribution (1) 0 47 1.19 0 39 0 11 2-16

1991 data: National percentage (m) 9-39 2-09 32-41 32-54
Contribution (n) 0-37 -0-20 -0 01 -0-39 -0-23

For unemployed, households overcrowded: =hx(((natural logarithm (k+ 1)) - i)/j)
For households without car, not owner-occupied: 1 = hx((k- i)/j)
For unemployed, households overcrowded: n=hx(((natural logarithm (m+ 1)) -i)/j)
For households without car, not owner-occupied: n =hx((m- i)/j)

Carstairs Row Residents in Unemployed males Residents Residents Score
score households overcrowded without a car

headed by
unskilled

Weight (o) 1 1 1 1
1981 data: Ward means (p) 0-198032 0-087311 0-058021 0-248525 0

Ward SD (q) 0-095567 0-053716 0-042864 0-147713 3-458592
National percentage (r) 20-81 10-07 7-13 30-21
Contribution (s) 0 11 0-25 0-31 0-36 1-03

1991 data: National percentage (t) 17-94 11-03 4-56 24-24
Contribution (u) -0 19 0 43 -0-29 -0 04 -0 10

s =ox((r-p)/q)
u = ox((t-p)/q)

holds who returned forms after the census in
time for processing and imputed residents for
non-responding households. Residents in com-
munal establishments were unaltered. The im-
putation of residents, however, gave rise to
concern. The method used by the Office of
Population Censuses and Surveys (OPCS) in-
volves copying data from households absent on
census night who subsequently returned a form
in time for processing after matching with non-
responding households for basic household
characteristics - this involves estimation, and
thereby a degree of inaccuracy. Imputation
affects both numerator and denominator
counts and it is difficult to determine whether
there is a bias from information currently avail-
able. At ward level the proportion of residents
resulting from imputation varied widely - be-
tween 0 and 23%. The wards with the highest
proportion of imputed residents are in some of
the inner London boroughs, eg Kensington
and Chelsea, City of Westminster, Lambeth,
and Brent. The imputation level for England
and Wales as a whole, however, was 1 6%, and
this is only slightly lower than the percentage
of absent residents revealed by the census val-
idation survey (estimated at 2- 1%).9

TABLE COUNT REDEFINITION
Residents' social classlsocioeconomic group
The coding of occupations was changed from
the Classification of occupations (1980) to the
Standard occupational classification (1990-91) .'

This affected counts for derivation of the pro-
portions of residents in households headed by
an unskilled person, used in calculation of the
UPA and Carstairs scores. The OPCS has
shown that, in general, the discontinuity be-
tween the two classifications affects ap-
proximately 2% of occupations,'0 half of which
is due to domestic workers and cleaners being
transferred from social class IV to social class
V. Therefore this change will have little impact
on the differences between the variable values
in 1991 when compared with 1981.

Residents' economic position
Reclassification of students affected the counts
for derivation of the proportions of un-
employed, used in the calculation of all three
scores. In 1991 students were classified as eco-
nomically active if working or seeking work in
the week before the census; in 1981 all students
were classified as economically inactive. The
effect of this was compounded by the fact that
the 1991 census was held on 21st April which
was during term-time for some colleges but
not for others. In England and Wales 12% of
students were recorded as economically active
at the 1991 census but students as a whole
comprised only 4% of the resident population
aged 16 years and over. Therefore this change
is unlikely to have much affect on the differ-
ences seen between the 1981 and the 1991
values of variables used to measure un-
employment.
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Household overcrowding
The counts for the proportion of overcrowded
residents or households used in all three scores
were affected to varying degrees by the re-
classification of offices and shops used solely for
business. In 1991 these rooms were included
if they were an integral part of the ac-
commodation - in 1981 they were excluded.
It is not certain what difference, if any, this
change in definition will have, but it is likely
to be small.

Therefore a minority of the UPA variables
have been affected by redefinition of table
counts, but two of the Townsend and three of
the Carstairs variables are thus affected. It is
not anticipated that any of these changes will
be substantive.

UNDER ENUMERATION
The OPCS conducts a census validation survey
within a few weeks of each census in order to
estimate the accuracy of census data.9 This
survey showed that there were two sources of
error in the counts: under enumeration (due
to households missed by the enumerator or
people not being included on census forms)
and over imputation (by the OPCS of people
in "absent" households not returning a census
form in time for processing). This showed that
0 5% or 250 000 net (approximately) residents
were missing from the census figures. In ad-
dition, on comparing the adjusted census
counts to the 1981 based, rolled forward popu-
lation estimates (which are considered to be
accurate), it was discovered that there was a
further shortfall of nearly 1 million residents
not detected by the census validation survey.
The sex and age of people recorded in vital
statistics are known and therefore the OPCS
has been able to produce overall adjustment
factors for both sexes in five year age bands.8 It
has also been able to produce correction factors
which may be used for dwelling type and num-
bers of residents in relation to the ethnic group
or very broad geographical location (inner and
outer London, metropolitan areas, cities, and
non-metropolitan areas in general). The rel-
evant counts for which published adjustment
factors could reasonably be used were those of
children under 5 years and persons of pen-
sionable age (variables which are used in con-
struction of the UPA score). The values of the
factors were low (on average about 1-02) and, if
used, would have had little effect on the resultant
component variables. Therefore it was decided
not to use them in this study.

CALCULATION
The method used by this department for cal-
culation of the 1991 based scores was identical
to that used for the 1981 scores. In effect,
the same transformations were applied to the
census derived national variables and the same
weights were used for the normalised trans-
formed values (Z scores). The 1981 ward
means and SDs of the transformed variables
were used in all calculations of Z scores, which
meant that the value obtained for a score from

the 1991 data could be directly compared with
that for 1981. The means and SDs used are
shown in the table.

Results
The table shows that between 1981 and 1991
the national percentage values of five of the
UPA score variables increased (three de-
creased) and all but one of the Townsend and
Carstairs scores' values decreased (the ex-
ception being a small increase in the Carstairs
score of the percentage unemployed). The con-
tribution of each variable to the composite
scores is shown for each census. These values
are the weighted, normalised, transformed na-
tional values. The composite scores obtained
from the addition of these values are also
shown. There has been a national increase of
5-62 units in the UPA score for the period
1981-91 and national decreases of 2-39 and
1-13 units for Townsend and Carstairs scores
respectively. This department has calculated
the UPA, Townsend, and Carstairs scores from
the 1991 census data reaggregated into 1981
ward boundaries and has found that the ward
SDs are similar, and therefore it was reasonable
to use the 1981 SDs for the two censuses when
quantifying the intercensal changes in terms of
wards. The SDs are + 0 35, -0-71, and -0 33
for the UPA, Townsend, and Carstairs scores
respectively.

Discussion
In the context of quantifying change, it is ap-
propriate to consider first the robustness of the
scores in general. All three scores are com-
posite, which will tend to increase their ro-
bustness as such. The nature of some of the
variables, such as demographic proportions,
will tend to robustness as these are not easily
alterable by economic policy: these variables
include resident pensioners living alone, chil-
dren under 5, residents in households headed
by unskilled people and headed by people from
the new commonwealth. Among these vari-
ables, those which could be expected to in-
crease monotonely are resident pensioners
living alone and residents in households headed
by someone from the new commonwealth: one
could reasonably expect residents in house-
holds headed by the unskilled to decrease
monotonely. The variables which may lead to
scores that are not particularly robust, as their
values may show more erratic year-on-year
change (depending on circumstances) are: un-
employed and residents who had moved house.

It has been shown for 1981 that these three
scores showed approximately the same areas
to be disadvantaged and this effect remained
when other scores were considered in addition.2
We have been able to quantify the consistency
over time for each score by examining the values
obtained for the 1981 and 1991 censuses, and
additionally the 1971 census for the UPA score.
The comparison has been done at local au-
thority level because ward level data were not
made available for 1971. Use was made of the
1971-81 change file made available by the
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OPCS specifically for comparison of 1971 and
1981 censuses. It was possible to derive a UPA
score from five of the eight variables (see
below). For the purposes of the 1971-81 com-
parison, a 1981 score was derived in the same
way. The 1981-91 comparison is based on the
full eight variable scores. The consistency was
assessed in terms of the Spearman rank cor-
relation coefficient and the results were as fol-
lows (coefficients 1971-81 and 1981-91 in
brackets): UPA score (089, 0-93) Townsend
(N/A, 096), and Carstairs (N/A, 0-97). The
five UPA variables for which it was possible,
from the tables supplied, to quantify change
for 1971-81 were as follows (change 1971-81
in brackets): resident pensioners living alone
(+27%), children under 5 (-26%), un-
employed (+ 86%), residents overcrowded
(-45%), and residents in households headed
by someone from the new commonwealth
(+38%). These results support the remarks
made on the relative stability of demographic
proportions compared with other variables that
are more easily affected by economic cir-
cumstance. The results displayed in the table
show change in the relevant variables for
1981-91 and are now discussed for each score.

UPA SCORE
The largest increase in the intercensal decade
occurred in the proportion of residents in
households headed by a lone parent - this has
nearly doubled. This is confirmed by the fact
that the contribution of this variable to the
score is nearly fivefold when compared with
1981. Large increases have also occurred in
the proportions ofresident children aged under
5 years and lone pensioners, whose con-
tributions to the score have increased by three-
fold and fourfold respectively. The two
variables with notable decreases are pro-
portions of residents in overcrowded house-
holds and in households headed by an unskilled
person (down by 36% and 38% respectively).
Their contribution to the score has become
negative when compared with 1981.

TOWNSEND SCORE
The values of all the Townsend proportions
have fallen, especially overcrowded households
and households that are not owner occupied
(down by approximately 56% and 23% re-
spectively). For this reason the contribution to
the score of three of the variables has become
negative.

CARSTAIRS SCORE
The values of all the Carstairs proportions have
fallen, save the number of men seeking work.
The largest fall, as with the other composite
scores, has been in the proportions of residents
in overcrowded households (36% reduction).

Conclusion
We have presented a methodology which may
be used for comparing intercensal changes for
any composite scores calculated from values
derived from normalised (Z) scores. Our results
show that the UPA, Townsend, and Carstairs
scores measure different components of health
disadvantage. Townsend and Carstairs scores
mainly measure material deprivation factors
and it is clear that these show a net im-
provement, in accordance with the overall in-
crease in disposable incomes in real terms
(although with wider differentials)." The com-
position of the UPA score has, in addition to
material deprivation factors, elements relating
to family structure, social deprivation, and
health need. This score shows a general wor-
sening in the overall absolute values of these
factors which outweigh the improvement in
material deprivation factors.
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Open discussion
BEN SHLOMO - There has been some debate about
which indices should be used. Although all of them
have very high correlations, additional remuneration
is only given to the extreme, the most deprived
general practices, and there are differences in the
classification. If you look at the changes between
1981-91, did the situation become even more di-
vergent or not?

JARMAN - The shape of the curve has changed and if
you use the 1981 means and SDs - that is, standardise
in the same way, there is actually a slightly higher
proportion of people currently deprived. In fact the
distribution of deprivation is wider, there are more
rich people and more poor people so more people are
included in the deprived areas. The cut off point for
payments to practices in deprived areas is much too
high. We sent out other questionnaires to GPs saying,
"Are you in a deprived area?" and more than 50% said
"yes" at a cut offpoint of 10, which is about half ofan
SD. The Department of Health actually pay at two
SDs, however. There is also the problem of enu-
meration districts, wards, and postcodes. In Scotland
they have used postcodes, in England and Wales
wards. The postcodes are less numerically accurate
but more geographically accurate. The general im-
pression talking to GPs is that they do not really care
enormously about the numerical precision but prefer
geographical precision - it seems more accurate - and
a postcode can be correctly located. One ofthe prob-
lems, however, is the boundary changes that occurred
between the censuses.
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