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ccupational measures of socio- 
economic status (SES) are 0 routinely used in public health 

research. Indeed, aside from gender and age, 
occupational SES is probably the most 
widely invoked explanatory variable in such 
research.’ Furthermore, occupational infor- 
mation - such as that contained in death 
certificates - is frequently the only socio- 
economic data available.2 

To date, the occupational SES measure 
used most widely within the New Zealand 
research community has been the Elley- 
Irving (E-I) ~ c a l e . ~ - ~  However, given the un- 
certain conceptual rationale for that scale, 
and following the shifts which have occurred 
over the past decade in the occupational 
structure, as well as broader demographic 
and social changes, there appeared to be 
good grounds for developing a new local 
instrument. This paper presents the results 
of such an exercise in the development and 
construct validation of the New Zealand 
Socioeconomic Index (NZSEI), an occupa- 
tional scale of SES. 

The rationale of this investigation rests 
on two premises. First, it is assumed that a 
person’s occupation is a reasonable basis on 
which to allocate them in the socio-economic 
hierarchy.6 This is the conceptual basis for 
the development of the scale. Second, the 
assumption is made that differences in life 
chances and lifestyles flowing from place- 
ment in the socio-economic hierarchy will 
be reflected in the patterning of key health 
indicators.’ This is the analytical rationale 
behind the validation of the NZSEI. 

The development of the NZSEI is prem- 
ised on a ‘returns to human capital’ model 
of the stratification p r o c e ~ s . ~ , ~  Specifically, 
it is proposed that there exists a fundamen- 
tal relationship between cultural capital or 
resources (education) and access to material 
rewards (income), and that this relationship 
is mediated through the occupational struc- 
ture (see Figure 1). 

The validation of the NZSEI relies on the 
concept of construct validity;IO that is, test- 
ing whether relationships predicted by theory 
are empirically borne out - in this case, 
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Figure 1 : ‘Returns on Human Capital’ Path Model of 
Occupational Stratification. 

whether known and theoretically informed patterns of socio-eco- 
nomic determination for a range of health indicators are con- 
firmed.” Drawing on data from the 1992-93 Household Health 
Survey (HHS), three measures are used - in health status, health- 
related behaviour and lifestyles, and receipt of health services, 
respectively. The reliability of the NZSEI will also be assessed by 
comparing the results with those obtained from the E-I scale. 

Methods 

The Statistical Algorithm 
Putting the ‘returns on human capital’ concept of the stratifi- 

cation process into operation involves specifying a path model 
represented by a series of regression equations and generating 
scores for the unmeasured variable, occupation. These equations 
are estimated iteratively in such a way as to minimise the regres- 
sion coefficient of income on education - the direct effect - and 
maximise the indirect effect of the same relationship mediated 
through occupation, generating scores in the process.I2 Because 
of its known confounding effect, age is also included in the model. 

The model is represented in diagrammatic form in Figure 1. 
The arrows linking the variables are represented in the algorithm 
as regression coefficients, and the model as a whole is represented 
by a series of linear regression equations. The three explanatory 
variables age, income, and education, are used to derive a value 
for the unknown occupational SES variable. This is calculated in 
such a way as to minimise the regression coefficient (n4J directly 
linking income with education. This is not worked out exactly, or 

Step 1: lnitialise the education and income weights at any 
reasonable starting point, and from these construct an 
initial 0. 

Step 2: Regress i on a and o -+ P41 ’ P43 

Regress o on e and a + P31 ’ P32 

P21 
Regress e on a + 

Step 3: Compute 0’ = Pd3(i - P4,a)  + P3*e + P3,a  
Standardise 0’ 
Compute scores as means of 0’ for y,, ....yk 
Compute 0” using the new scaling 

I 
P42 

Step 4: Regress i on a, e and 0” 4 

If minimum on p42 , step out 
Go back to step 2 and substitute 0” for o 

Figure 2:The NZSEI Algorithm. 

in one step, but uses an iterative optimal scaling technique known 
as an alternating least squares algorithm to approximate scores 
which result in a minimal 1342. The result is a series of scores for 
each occupation which represent an optimally weighted combi- 
nation of income and education variables, corrected for age, based 
on the assumptions of our model (i.e. no direct education-income 
link).These are the values ofthe NZSEI; they represent the scores 
for an occupational SES scale. 

The alternating least squares algorithm’ is summarised in Fig- 
ure 2. The age, income, and education variables are represented 
by a, i and e. Occupational SES scores are represented by 0, where 
0’ and 0’’ are revisions of this within each iteration of the algo- 
rithm, and g, ...g, are the SES scores for the k occupations. The 
SES scores are finally scaled on a continuum from 10 to 90. The 
algorithm for deriving the NZSEI scores is outlined in more de- 
tail in the Appendix. 

Dataset - Scale Development 
The NZSEI was developed using data from the 1991 Census 

of  Population and Dwellings. The census database contains the 
individual records of 3,373,926 resident New Zealanders. Age, 
income and educational information was drawn from this data- 
base for male and females in the full-time workforce over the age 
range 2 1 to 69. This reduced the dataset to 1,05 1,419 persons. 

For those currently in the workforce, occupational data in the 
Census were coded into the New Zealand Standard Classifica- 
tion of Occupations 1990 (NZSC090).I3 This is based on the In- 
ternational Standard Classification of Occupations 1988 (ISCO88) 
and replaces the previous New Zealand standard, NZSC068.I4 
The occupational data for the 1991 Census was also coded into 
NZSC068, the occupational standard for the E-I scale, thus per- 
mitting conversion of scores between NZSEI and E-I. 

The NZSC090 classification contains 10 major groups, which 
are sub-divided into 24 sub-major groups, 97 minor groups, 260 
unit groups and 563 groups. The NZSEI is based on aggregations 
at the minor group (or three-digit) level because the breakdown 
of  occupations at  this level is detailed enough to be of utility in 
social research and also based on sufficient numbers within each 
occupational category to give stable estimates. E-I scores were 
allocated according to the 1981 Census version.s 

The income variable in the Census dataset records total per- 
sonal income for the year preceding the Census and is collected 
within bands. For the purposes of  the analysis a mid-point was 
taken in each of these bands and this value was assigned as an 
income score to all individuals in that band. In the open-ended 
top income bracket a mid-point was assigned using data from the 
Household Economic Survey, which records exact income val- 
ues. In order to normalise the skewed distribution of income scores, 
logs were taken and the resulting values used in the algorithm. 

The education variable in the 1991 census dataset was repre- 
sented by qualifications achieved. In order to obtain a common 
metric for the purposes of the statistical analysis, these were con- 
verted into equivalent years of formal education ranging from 10 
years - for those with no qualifications - through to 19 years (for 
postgraduate qualifications). 
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Dataset - Construct Validation 
The data used for the construct validation exercise were from 

Statistics New Zealand’s 1992-93 HHS.IS More than 7,000 New 
Zealanders were surveyed during a 12-month period from the 
usually resident, non-institutionalised, civilian population living 
in private households. We further narrowed the scope for our analy- 
ses to the full-time workforce, resulting in a dataset of almost 
3,000. 

Three variables were derived using the following questions: 
(a) Self-assessed health: “Overall would you say your health is 

excellent, good, not so good, or poor?”. 
(b) Smoking: “Would you describe yourself as a tobacco smoker, 

an ex-smoker, or a non-smoker?” 
(c) GP visits: Since this time last year, how many times have you 

seen a doctor or been visited by a doctor?”. 
For the purposes of the analysis these items were converted 

into binary variables and percentages as follows: (a) per cent 
“poor” or “not so good” health; (b) per cent who were currently 
smokers; (c) percent who had visited a general practitioner (GP) 
in the previous year. 

Since the HHS dataset only contained NZSC090 occupation 
codes, E-I scores could not be assigned directly. Many NZSC090 
codes spanned more than one E-I class. In these cases the E-I 

Table 1 : NZSEl Scores for occupational groups: Sub- 
Major (2-digit) Level, NZSCOSO. 

Code Description NZSEl 

01 Armed Forces 54 

1 1 Leaislators and Administrators 77 

12 Corporate Managers 57 

21 Physical, Mathematical and Engineering Science 
Professionals 74 

22 Life Science and Health Professionals 71 

23 Teaching Professionals 69 

24 Other Professionals 71 

31 Physical Science and Engineering Associate 
Professionals 62 

32 Life Science and Health Associate Professionals 55 

33 Other Associate Professionals 56 

41 Office Clerks 43 

42 Customer Services Clerks 41 

51 Personal and Protective Services Workers 38 

52 Salespersons, Demonstrators and Models 33 

61 Market Oriented Agricultural and Fishery Workers 25 

71 Building Trades Workers 47 

72 Metal and Machinery Trades Workers 49 

73 Precision Trades Workers 48 

74 Other Craft and Related Trades Workers 38 

81 Industrial Plant Operators 48 

82 Stationary Machine Operators and Assemblers 34 

83 Drivers and Mobile Machinery Operators 40 

84 Building and Related Workers 44 

91 Labourers and Related Elementary Service Workers 31 

assignment was based on a proportionate allocation, with respond- 
ent income as recorded in the HHS being the final determining 
factor. 

Scale Development 
The NZSEI was derived at the minor group (3-digit) level of the 

1990 version of the New Zealand Standard Classification of Occu- 
pations (NZSC090) which comprises 97 occupations. The results 
were scaled on a 10 to 90 range for consistency with the interna- 
tional index. The three-digit results were used to derive sub-major 
group (two-digit) and major group (one-digit) results; at these lev- 
els there are 24 and 10 occupational classes respectively. To get 
NZSEI values at the higher levels of aggregation (major and sub- 
major groups), a weighted mean of the constituent three-digit oc- 
cupation NZSEI scores was calculated. Table 1 shows the index 
scores at the sub-major group (2-digit) level. Results at the minor 
group (3-digit) level are available from the authors. 

There are advantages and disadvantages to a continuous scale, 
and for many applications a discrete scale is preferable. We split 
the NZSEI into 6 groups, firstly as a starting point for users who 
prefer discrete classes, and secondly to provide a basis both for 
the NZSEI construct validation work and for the comparisons 
with the E-I scale (see Figure 4 and Table 3). 

The groups were split in such a way as to ensure each class 
consisted of a reasonable proportion of the popu1ation.Apax-t from 
this consideration, the splits were done at a point which was fairly 
arbitrarily assigned. The wider range of 20 was assigned to class 
6 as there was only one small occupation group (Non-Ordained 
Religious Associate Professionals) with an NZSEI score of less 
than 20. The breakdown of the workforce into each of the six 
NZSEI ‘classes’ is presented in Table 2. 

Since the NZSEI was produced in part as an update for the E- 
I scale, we wanted to look at the relationship between the two 
measures. As the E-1 Index was created using NZSC068, com- 
parisons between the two scales were carried out using the NZSEI 
scores based on the NZSC068 occupation groups. Figure 3 shows 
the distribution of NZSEI scores for people who were assigned 
each E-I category. 

The box and whisker plot shows the median NZSEI value as a 
cross, inside a box whose top and bottom lines represent the up- 
per and lower quartiles of NZSEI values respectively. The lines 

Table 2: Distribution of full-time workforce over NZSEI 
Classes. 

Class NZSEI Range % of Population 
~ 

1 75-90 5.0 
2 60-74 17.5 

3 50-59 20.7 

4 40-49 22.8 

5 30-39 16.5 

6 10-29 17.5 
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Elley-Irving 

:. I I *1 

projecting from the top and bottom of the box end at the maxi- 
mum and minimum NZSEI points. The,figure shows that, while 
there is a broad consistency between NZSEI and E-I scores, there 
is some overlap in the ranges, especially for the middle SES 
groups. i Construct Validation 

As a comparison of how the new scale compares to the E-I 
Index - and as a form of construct validation - we produced dot 
charts for each health variable against both NZSEI and E-I (see 
Figure 4). 

The upper panel of Figure 4 shows smoking levels plotted for 
each of the six E-I and NZSEI classes. There is a very similar 
distribution for both scales; a strong and more or less consistent 
gradient, except for the reversal at the lower end of the distribu- 
tion. Both scales are again closely similar for self-assessed health 

I l o t  1 

n I 

El6 El5 El4 El3 El? El I 

Elley-Irrtng Mtr(1981 Cereus Rrvfrlirnt 

ABOVE: Figure 3: Box Plots: Distribution of NZSEI 
Scores by Elley-Irving Class. 

BELOW: Figure 4: Distribution of health indicators by 
SES Class (NZSEI and E-I). 
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Percentage visited general practitioner in last year, by SES Class. 
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Table 3: Summary measures of effect for three health indicators, by NZSEI and E-I. 

Measure 
Current Smoker 

NZSEI E-l 
Poor Health 

NZSEl E-l 
GP Visits 

NZSEl E-l 

Rate Ratio” 1.70 2.13 1.43 1.65 1.30 1.09 
Rate Ratiob 1.76 2.14 1.27 1.53 1.06 1.03 
Rate Difference” 10.3 17.3 14.0 22.7 15.4 5.64 

1.70 Rate Differenceb 12.5 18.7 10.3 20.1 3.73 
11.9 Relative PAR (%) 37.7 36.0 30.5 26.1 24.7 

Absolute PAR 8.89 8.62 14.2 12.4 16.8 8.15 

_______ 

_____ 

Nofes: 
(a) Measures the difference between the fop group and the bottom group. 
(b) Measures the difference between the fop two groups and the bottom two groups. 

in the middle panel of the figure, although the gradient is not 
nearly as marked. Finally, the pattern of similarity continues in 
the lower panel, with a much weaker gradient; group one has a 
lower rate of general practitioner visiting in the previous year, but 
thereafter the rate seems to be relatively uniform. 

Some simple summary measures of the magnitude of inequali- 
ties across this range of socio-economic comparisons are presented 
in Table 3. The rate ratio measures the ratio of the rate of the 
lowest SES group to that of the highest group. A second rate ratio 
is presented, showing the comparison between the top two and 
bottom two groups.The rate difference, a measure ofthe absolute 
difference between the rates of the top and bottom groups, is simi- 
larly shown for these two splits. Finally, population-attributable 
risk (PAR) measures were produced. These represent the propor- 
tional or absolute reduction in rates that would occur in the hypo- 
thetical case that everyone had the rates of the highest SES group. 

As was apparent from the dot charts in Figure 3, the measures 
indicate that the E-I scale exerts greater discriminatory power over 
the range of the classes, except possibly for general practitioner 
visits. All of the measures show a fairly significant socio-eco- 
nomic effect, although as expected from Figure 3, general practi- 
tioner visits does so only for NZSEI and for comparisons be- 
tween the top and bottom single groups. 

Discussion 
This paper has developed, and provided a construct validation 

for, an occupationally-derived socio-economic index that provides 
a number of advances over the existing, and widely used, E-I scale. 
While controversy remains about the best way to measures social 
class,I6 the NZSEI has a number of strengths: it is up-to-date, 
using data from the recent 1991 Census and the NZSC090; it 
goes beyond the male full-time workforce to include women and 
thus derives scores of equal applicability to both males and fe- 
m a l e ~ ; ~ ~  its results are applicable to part-timers; the more rigor- 
ous conceptual basis of the scale facilitates a greater theoretical 
understanding of the mechanisms linking SES and social out- 
comes such as health status;18 a considerably more advanced and 
generic statistical model has been applied in order to derive the 
weights and scores that form the basis of the scale;E finally, there 
are direct linkages to an international equivalent - ISEI - and to 
the international standard occupational coding system, ISC088.9 

The results of the NZSEI analysis were largely as expected. 
Income was assigned a higher weighting than education, and this 
was the prime SES indicator in all analyses.Ig This result is in 
contrast to the recent work of Hauser and Warren which gives 
predominant weight to education.20 However, it should be noted 
that the criterion variable in this latter analysis was occupational 
prestige, and such rankings may be more heavily influenced by 
popular perceptions of the educational rather than the income at- 
tributes of occupations. 

There were one or two unusual results, although these could 
be traced back to the income or education values in the Census 
dataset. Some occupations, such as religious professionals and 
farmers had very low income, and a correspondingly low NZSEI 
score. Problems of this kind appeared to occur most often with 
occupations with high numbers of self-employed, and this may 
indicate that for this group self-reported income is a somewhat 
unreliable indicator of material position.2’ 

Other results produced on the full Census dataset of all full- 
time workers, both male and female, and reported elsewhere 
showed a reasonable ‘fit’ to the scores generated in the interna- 
tional scale. l 7  Removing female workers from the New Zealand 
dataset - in order to approximate the international analysis more 
closely - improved this ‘fit’ considerably. Although there were 
systematic differences in the expected direction in occupational 
scores between males and females, the underlying structure of 
the statistical model remained the same for both groups. A simi- 
lar result held for the analysis by ethnic group. Adding part-time 
workers made little difference to the results. Although the final 
scores relate to the full-time workforce - males and females, all 
ethnic groups - they can also be accepted as closely indicative 
for part-timer workers as well. 

An exercise was also conducted to assess the correspondence 
of the NZSEI scores with those derived from the existing E-I scale. 
Although there was a clear association between the two scales, 
there was also a wide spread of NZSEI scores for each E-I group. 
Differences between the scales could be due to the different mod- 
els used, changes in the population between the time the scales 
were derived, or due to a change in population specifications (the 
E-I scale was based on data for males only, and also was restricted 
to those aged 25 to 44 years 

Central to the model of the stratification process - and 
underpinning the construct validation - is the assumption that 
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inequalities in the occupational order translate into correspond- 
ing variations in health chances and health outcomes. In order to 
carry out this analysis a categorical version of the NZSEI scale 
was used with occupations allocated to six groups. Except for the 
lowest group - which departs from the expected pattern - both 
smoking and self-assessed health demonstrate class gradients, as 
expected from the l i t e r a t ~ r e . ~ ~ ! ~ ~  In the case of general practitioner 
visits, however, the relationship was much less clear-cut (which 
also has support in the l i t e r a t ~ r e ) . ~ ~  

A further set of comparisons were carried out with the E-I 
scale. Comparisons with E-I using simple dot charts showed that 
NZSEI replicated the same patterns of relationship between SES 
and health outcome, although perhaps with less discriminatory 
power. 

Conclusion 
This paper has developed and tested a socio-economic index 

using an established statistical methodology. Although tested on 
certain health outcomes, it has been developed with a view to its 
widest possible application in social science research and official 
statistics. These scores have been generated on the most com- 
plete dataset available and detailed information has been provided 
for researchers wishing to use the scale. Linking data has been 
provided to earlier statistical series and to the existing E-I scale. 
Further work is clearly required on a number of issues, including 
rural occupations, the place of those outside the workforce, the 
position of women, household versus individual measures, and a 
categorical scale. In the meantime, however, the NZSEI, a con- 
tinuous occupational scale of SES, provides a robust, standard- 
ised and internationally comparable measure of occupational class. 
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Appendix - Description 

. -  . -  

of the algorithm 
The path model can be represented by three linear regression 

i 
o = D , , a + D 3 , e + ~  
e = R , , a + &  

equations. 
= R,, a + 1342 e + Dd3 o + E 

i, e and a are normalised income, education and age variables, 
and o is our unknown occupational SES variable, also normal- 
ised. The beta coefficients represent the arrows on the path dia- 
gram. 

By changing the values of o we alter the relationships between 
the three observable variables. What we want to do therefore is 
assign each individual an o score such that we get a minimal D,,. 
Since we are interested in an occupation-based SES scale, we 
have an added restriction that everyone in an occupation will have 
the same o score. 

In order to approximate a minimal D,,, the loss function we 
minimise is the total residual sum of squares, o,, for the model 
with the education-income path represented by B,, left out. Each 
of the variables can be described as a Cjxl) vector containing val- 
ues for each of the j people in the population. As input to the 
algorithm at each iteration we have vectors i, a, e and the SES 
estimate, Q. 

ON =I ! (P41 a + P41 o f  
+Ib - (P,l a + P12 elf 
+k-P21d2 

This can also be written as: 

ON =E[(l, -P41al-P4101)2 + ( o ~ - P ~ ~ ~ ~ - P ~ ~ ~ ~ ) ~  +(e,-P21a,)21 
I 

= ~ f ( 1 , - P 4 1 a , - P 4 i h ~ r Y r ) ~  +(hlkyk -P1la l  + ( e , - P z ~ a , ) ~ l  
I 

The alternating least squares algorithm alternates between two 
steps in each iteration. The first step is to derive optimal transfor- 
mations (beta coefficients) based on given SES scores. In the sec- 
ond step we derive SES values, optimal on our loss function, for 
the transformations calculated in the first step. The steps are al- 
ternated until the algorithm converges. Since in each iteration we 
are improving on the results of the previous iteration, the loss 
function we are minimising necessarily reduces. The loss func- 
tion, oN, has a lower bound of zero, and therefore the algorithm 
will always converge. 

To initialise the Q(O) vector before the first iteration of the 
algorithm we decide on initial income and education weights (we 
used 0.5 for both, but experimented with other values), and from 
these construct a vector of weighted averages of income and edu- 
cation. This is then averaged over each occupation and normal- 
ised to give us our initial SES estimate, Q(O). 

We represent Q(O), which contains the occupation SES es- 
timates for each individual in the sample, as being equal to HYO), 

where Yo) is the (kxl) vector containing the SES estimates for 
each of the k occupations represented in the sample and H is the 
dummy corresponding to q ( O ) .  

1  0 "' 0 
I 0 _'' 0 
. . . .  . . . .  . . . .  
1 0 " '  0 
D l O O  
. . . .  . . . .  . . . .  
3 0 "' 1 
. . . .  . . . .  . . . .  
3 0 " '  1 

YI 
Y 2  

Y k  

After initialising Q(O), the next step is to calculate the beta co- 
efficients for the three regressions, with the B,, path excluded. 
These five coefficients represent our initial beta estimates, D(O). 

Next, we revise our SES estimates by minimising o, 
over yo). A minimum point, y' is calculated by differentiating o, 
by yo)'. 
-- do' - c [2P4i2h,21 + 2P11P4Ja~h~ - 2P411~h] + 2h~21 - 2 P J l a , h j  -2P12e~h]l 

dI I 

= 2E[(P432+l)h,2y-P4~(11 -P4la1)hl -PJiajh, - P 1 2 e ~ h ~ l  
1  

The resulting equation is set equal to zero, allowing us to cal- 
culate an optimal y .  

L?= 2r(P4j2 + I)HTHI'-P4JHT(i--Pdla)-P~IHTa-P]zHTPI 

= (P4]' + lWTHy' - - HT(P41( i -PP41a)+Pl le+P,ze)  
(P4I2 + l )HTHf= HT(P4](i-P41a)+P]la+P]ze) 

.,,= (HTH)-'HT(P,,(i-P41a) +!&la+ P J Z ~ )  - 
fP4]' 

They' scores are then used to derive a vector Q', which is nor- 
malised to obtain a new SES estimate, o(I). 
g'= Hy' - 

=& H ( H ~ H ) - ' H ~  ( P ~ , ( ! - P ~ ~ ~ ) + P ~ ~ ~ + P , , ~ )  

The p4:l) coefficient is next calculated by regressing i on a, e, 
and o(I). The o(') scores become the estimates for the next itera- 
tion, Q(O), and the process,is repeated. The algorithm converges to 
a stationary p,,, stopped in our case when the difference between 
the new p,, estimate and the last is less than 0.01. 

The technique described doesn't actually minimise p4,, or cor- 
respondingly maximise p,,p,,. Instead we minimise the residual 
sum of squares of the saturated model, with p,, included, plus the 
square of our usual least squares estimate for p,,. So, we are mini- 
mising on where: 

on = min o, + 
8 4 2  

While this is roughly the same as minimising p,,, it is not 

Although assigning a different criterion would result in a dif- 
identical. 

ferent solution, any such differences should not be large. 
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